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ICAEC2014

Welcome Message
Dear Colleagues and Friends,
On behalf of the Organizing Committee, it is a great pleasure to
welcome you to Bangkok, Thailand, for the International Conference
of Asian Environmental Chemistry.
ICAEC 2014 will continue as the leading international conference for
scientists, regulators and exhibitors presenting latest knowledge in all
areas of Environmental Chemistry.
We are very grateful to have received more than 200 short papers from 19 countries that will be
presented at this meeting. Almost half of the papers have been scheduled for oral presentations in
five parallel sessions and the rest have been arranged in poster presentations. A high quality
scientific presentation has been prepared. The scientific program will be made complete with
exhibitors, presenting their latest advances in the field of Environmental Chemistry. We are
extremely grateful to all supporters, exhibitors and scientific partners especially Convention Center,
Chulabhorn Research Institute for their support of the conference. We are very pleased to announce
that distinguished scientists give presentations as plenary and invited speakers.
The keyword for ICAEC 2014 is “young researchers, our dream”. In this spirit, we have planned
students to participate during the conference highlight session on Tuesday November 25th. It is very
good chance to hear how they feel and what they will tell us about the dream in our research.
We hope these efforts will provide great opportunities to know each other with scientist in the
international spirit of ICAEC 2014. We are sure that ICAEC 2014 will provide all the participants to
have a communication face to face and to discuss future collaboration.
Bangkok is spiritual hometown for life reflected in its friendly and welcoming people with smile.
The success of ICAEC 2014 will be promoted by the special atmosphere of Bangkok, an essential
element in generating synergies for collaboration and friendship. We wish all the participants to
enjoy conference and to have great memory of Thailand.
We are looking forward to welcoming you to ICAEC 2014 in Bangkok.

Prof. Takeshi Nakano
Chair, ICAEC2014
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Conference Information
Venue
Date
Organizer

Co-organizer

Supported by

Convention Center, Chulabhorn Research Institute
(54 Kamphaeng Phet 6 Talat Bang Khen, Lak Si Bangkok 10210 THAILAND)
November 24th - 26th , 2014
Japan Society for Environmental Chemistry
・Chulabhorn Research Institute
・United Nations University
・Department of Environmental Quality Promotion, Ministry of Natural Resources and
Environment Thailand
・Chulalongkorn University
・Kasetsart University
・Ministry of the Environment Government of Japan
・JICA
・The Japan Society for Analytical Chemistry
・Japan Society for Atmospheric Environment
・Japan Society for Bioscience, Biotechnology, and Agrochemistry
・Japan Society of Material Cycles and Waste Management
・Japan Society on Water Environment
・The Mass Spectrometry Society of Japan
・The Pharmaceutical Society of Japan
・Polymer Society of Thailand
・Society of Environmental Conservation Engineering
・The Society of Polymer Science, Japan
・The Society for Remediation of Radioactive Contamination in Environment

Reason why JEC will hold ICAEC 2014 in Thailand
Accompanied with rapid economic growth of South East Asian
countries, environmental pollution in these countries has become
major concern in recent years. Japan experienced severe
environmental pollution due to economic growth several decades ago,
including Minamata disease (methyl mercury poisoning) and Kanemi
Yusho (PCB intoxication). In order to establish sound management of
chemicals and prevent the re-occurrences of similar pollution
incidences, it is useful to share the experiences of Japan among South
East Asian countries. (In the ICAEC, stakeholders including
researchers in both countries will discuss to prevent environmental pollution by micro-pollutants.)
Thailand is a leading country in the South East Asian region and plays as a hub of networks by hosting
many international activities related to environmental protection. Furthermore, many Thai researchers
have studied in Japan while Japanese researchers have also worked in Thailand. Since active
collaborations between the two countries have been carried out, Thailand is most suitable place for
discussing the above topic.
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Outcome of ICAEC 2014
The expected outcomes are as follows;
 To declare importance to prevent pollution by micro-pollutants (declare a statement)
 To make clear environmental pollution by micro-pollutants in South East Asia, East Asia and South
Pacific region
 To strengthen relationship of researchers, particularly young researchers between Thailand and Japan

Executive Chair
Takeshi Nakano

Osaka University

Advisory Board Members
Kiwao Kadokami
Masatoshi Morita
Noriyuki Suzuki
Susumu Kawahara
Takumi Takasuga
Yoshinori Fujimine

Scientific Committee
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Haruhiko Nakata
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Ehime University
National Institute For Environmental Studies
Japan Society For Environmental Chemistry
Shimadzu Techno-Research Inc.
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Hyogo Pref. Institute of Environmental Sciences
National Institute for Environmental Studies
Saga University
Kumamoto University
Tokyo University of Agriculture And Technology
The University of Tokushima
Tokyo University of Agriculture And Technology
Osaka Pref.Institute of Public Health
Prefectural University of Kumamoto
National Institute for Environmental Studies
National Research And Training Institute, Japan
Ehime University
National Institute for Environmental Studies
Osaka city Institute of Environmental Sciences
University of Shizuoka
Ehime University
National Institute for Environmental Studies
National Institute for Environmental Studies
SOWA Consultants Inc.
Center for Environmental Science in Saitama
Kasetsart University
Kasetsart University
Kasetsart University
Kasetsart University
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Chulabhorn Research Institute
Kasetsart University
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pongsak noophan
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Japan Committee
Akira Toriba
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Jun Yoshinaga
Kanji Iwamoto
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Kensaku Kakimoto
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Chulabhorn Research Institute
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Kasetsart University
Kasetsart University
Kasetsart University

Kanazawa University
SheGoTec Japan, Inc.
Kinki University
Center for Environmental Science in Saitama
Communication Center for Food and Health Sciences, Japan
The University of Tokyo
Nihon BUCHI K.K.
Shimadzu Corporation
Ehime University
Osaka Prefectural Institute of Public Health
Japan Analytical Instruments Manufacturers' Association
National Institute of Public Health
Kanazawa University
Kanazawa Medical University
Ehime University
National Institute for Environmental Studies
JEOL. Ltd.
Japan Environmental Sanitation Center
Kanazawa University
UAE-IDEA Advance Analytical Company Limited
Kyoto University
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Nagoya University
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Thai committee
Ministry of Natural Resources and Environmental
Department of Environmental Quality Promotion
Environmental Research and Training Center
Chulabhorn Research Institute
Pollution Control Department
Department of Science Service
Department of Agriculture
Department of Industrial Works
Department of Medical Sciences
Chemical Society of Thailand
Polymer Society of Thailand
Kasetsart University
Center of Excellence on Hazardous Substance Management
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Access Map

ICAEC2014

ICAEC2014

Floor Plan

● Reception Desk and Cloak : 1st Floor
● Restaurant : 1st Floor
● ICAEC secretariat : 2nd Floor Room 2
● Coffee Break : 2nd Floor Foyer
● Poster Presentation : 2nd Floor Foyer
● Oral Presentation : 2nd Floor Room A〜E
● Opening program : 2nd Floor Room A
● Plenary Lecture : 2nd Floor Room A
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Social Program
Welcome Party
Date & Time: Nov.23 (Sun), 2014 18:00 – 20:00
Place: CRI Convention Center Restaurant
Fee:
Complimentary

Opening Ceremony
Date & Time: Nov.24 (Mon), 2014 9:00 - 9:30
Place: CRI Convention Center Room A

Banquet
Date & Time: Nov.24 (Mon), 2014 18:00 - 20:00
Place: Miracle Grand Convention Hotel
Fee:
Complimentary

Daily Lunch
Date & Time: Nov.24 (Mon), 2014 12:00 - 13:00
Date & Time: Nov.25 (Tue), 2014 11:30 - 12:30
Place: CRI Convention Center Restaurant
Fee:
Complimentary

Coffee Break
Date & Time: Nov.24 (Mon), 2014 10:00 - 10:15 / 15:00 -15:15
Date & Time: Nov.25 (Tue), 2014 10:15 - 10:30 / 15:00 -15:15
Place: CRI Convention Center 2F Foyer
Fee:
Complimentary

Excursion Tour
(National Science and Technology Development Agency (NSTDA) Facility tour
and Ayutthaya Sightseeing Tour) ※
Date & Time: Nov.26 (Wed), 2014 8:00 - 18:00
Seating capacity: 30 persons (※All the seats are booked)
Tour fare: ¥ 3,000 per person
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Instruction for Presenters
For Oral Presenters:
1. Presentation Length:
- All presentation must be scheduled for 20 minutes, which includes 5 minutes of Q & A.
- Please keep to the time limit. Chairperson may force you to finish the presentation if you do not
follow the instruction.
2. Presentation Data：
Please note the following points when preparing your presentation material.
- Computers at the venue will be installed with Windows 7.
- Microsoft Office 2013 (PowerPoint 2013) will be installed on the computers.
- Please use standard fonts which are initially equipped with OS, such as Times New Roman,
Century, Century Gothic, and Arial, to avoid broken layout of your presentation data.
- We recommend you to save your material in PDF format separately from your ppt file to avoid
layout and encoding problems.
- Link to any online/offline resource should be executed under individual responsibility.
- Each room has only one screen.
- Bring your presentation material saved in a USB flash drive (please make sure to run virus check
before bringing the data) which is readable on Windows 2013 or its convertibles. Your file must be
copied to a PC in the venue. Do not operate the presentation file via the USB drive.
- If you are to use your Mac computer for your presentation, it is your responsibility to bring a VGA
adapter (15-pin).
- Name your file as “Presentation Number_Presenter’sLastName.ppt”. Ex) A1-1-1_Smith.ppt
- Do not include any violent and/or sexual materials. If these cases are recognized, your
presentations will be forced to end immediately.
- Copy right and image right must be protected.
- It is highly recommended to send your final presentation data to Secretariat, so Secretariat will
have your data ready for the presentation.
Please attach your final presentation data and e-mail to: icaec2014@prime-pco.com by November
17. Still, please bring the presentation material saved in a USB flash drive.
3. Data Registration and Presentation Instruction:
Please note the following points regarding data registration.
- Finish data registration any time before your presentation the operation desk in the room you will
be presenting.
- You are responsible for checking your data on PCs in the room you will be presenting.
In the presentation room, please follow the directions below.
- Be at the room before the session begins. Your presentation might be skipped when the chairperson
cannot confirm your attendance.
- When speaking, use the mouse and/or the keyboard to forward pages of your presentation file.
- Follow the session chair’s instruction.
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For Poster Session Presenters:
1. Style
- Stand in front of your poster before your session starts.
- You may bring in the sample of the experiment or any material related to your research. However,
things which are bulky, require power sources, or are intended for commercial purposes are not
accepted.
2. Schedule
- Mount your poster up during assigned time. You are also responsible for removing your poster
during the assigned date and time.
Date & Time
Mounting Hours
Presentation Time

8:30 ~, Nov.24, 2014
(odd number)

Nov.24, 2014 14:10~15:10

(even number)

Nov.25, 2014 12:30~13:30

Removal Hours

3. Preparation
- Secretariat will provide:
- Poster number
- Push pins
- Poster presenters should prepare:
20 cm x 80 cm note with “title”,
“presenter’s name”, and “affiliation”.
- Copy right and image right must be
protected.

~16:30, Nov.25, 2014

100cm
20cm

Poster
No.
20cm

Title
Name & Affiliation
80cm

200cm
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Program at a Glance
Room A
Convention Hall

Foyer

Room B

Room C

Room D

Room E

Nov.23, 2014
Welcome Party (CRI convention center Restaurant)

18:00

Nov.24, 2014
Registration

8:00-9:00

Welcome Remarks (Room A)
Gen. Dapong Ratanasuwan (Minister of Natural Resources and Environment) (5min)
9:00-9:30
Opening
Ceremony

Prof. Takeshi Nakano (Chairperson, Executive Committee,ICAEC2014) (5min)
Opening Remarks
Mr. Chawat Atthayukthi (Representative HRH Princess Chulabhorn) (10min)
Awarding of Honorary Plaque and souvenirs (10min)

9:30-10:00

Plenary Lecture (Room A)
Prof. Shinsuke Tanabe (Ehime Univ. CMES)
"Contamination by Brominated Flame Retardants in the Asia-Pacific Region"

10:00-10:15

Coffee Break (Foyer)

A 1-1
B 1-1
Water pollution, Climate change,
landfill
Air pollution
10:15-12:00 Exhibition &
(A1-1-1 Thai
(max 100 min)
Poster
invited speaker
Prof. Polprasert
Chongrak

C 1-1
Instrumental
Analysis

D 1-1
JICA 1 session
PRTR

12:00-13:00

Lunch (CRI Convention Center Restaurant)

13:00-13:40

Exhibitors Introduction (Room A)

13:40-14:10

Special Lecture (Room A)
Dr. Mehran Alaee (Environment Canada)
"Determination of Phthalates in Environmental Matrices"

14:10-15:10

Poster presentation (odd number) (Foyer)

※15:00-15:15

Coffee Break (Foyer)

15:15-16:15

16:15-17:15

18:00-20:00

E 1-1
Risk
communication

Exhibition &
Poster

A 1-2
Water
pollution,
landfill

B 1-2
Air pollution
from
automobile

C 1-2
PPCP, N-PAH,
Phthalate

D 1-2
E 1-2
JICA 1 session JICA 2 session
PRTR (0.5h)
Strengthening
Research on
JAIMA
Micro-pollutants
session
in Asia
(0.5h)

Exhibition &
Poster

A 1-3
Pellet watch
monitoring
POPs, PAH

B 1-3
Air pollution

C 1-3
Analysis
Bioassay

D 1-3
E 1-3
JAIMA session JICA 2 session
[Kyoichi
Strengthening
Komori]
Research on
Micro-pollutants
in Asia

Banquet (Miracle Grand Convention Hotel)
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Room A
Convention Hall

Foyer

Room B

Room C

Room D

Room E

Nov.25, 2014
Plenary Lecture (Room A)
Ministryof
ofthe
theEnvironment,
Environment, Japan)
Japan)
Mr. Soichiro Seki (Vice-Minister for Global Environment ,Ministry

"Environmental Policy in Japan for Sustainable Development"
Prof. Masatoshi Morita (Ehime University)

9:00-10:15

"Environmental Radio-Active Contamination Caused by Nuclear Reactor Accident in Japan"
Mrs. Mingkwan Witchayarangsart (Permanent Secretariat, Ministry of Natural Resources and Environment)
"Science Research and Policy of Ministry of Natural Resources and Environment"
Chairperson : Dr. Monthip Sriratana
Coffee Break (Foyer)

10:15-10:30

10:30-11:30

Exhibition &
Poster

A 2-1
E-waste,
Recycle, Thai &
Vietnam

B 2-1
Biomass,
Toxicity

C 2-1
PFC treatment

D 2-1
UNU session

E 2-1
IEEA
(SETAC-J)
session

11:30-12:30

Lunch (CRI Convention Center Restaurant)

12:30-13:30

Poster presentation (even number )P#1-#94)
(Foyer) (Foyer)

13:30-14:00

Plenary Lecture (Room A)
Prof. Michael Denison (University of California, Davis)
"Persistent Organic Pollutants and the Ah (Dioxin) Receptor: Molecular Mechanisms of Action
and Bioassay Development"

14:00-15:00

Exhibition &
Poster

A 2-2
Vietnam

C 2-2
Water
treatment

D 2-2
UNU session

E 2-2
IEEA
(SETAC-J)
session

D 2-3
Water pollution

E 2-3
IEEA
(SETAC-J)
session

Coffee Break (Foyer)

15:00-15:15

15:15-16:15

B 2-2
PCB, POPs

A 2-3
and Japan
Towards
the
Exhibition & # Thai
Thailandon
cooperate
Poster
Society for

B 2-3
Food, uptake

Environmental
Environmental
Chemistry
Chemistry#

C 2-3
PFC waste
water,
VOC, landfill

Highlight Session (Room A)
Conference summary and What next? (Bangkok Declaration)
Dr. Noriyuki Suzuki
16:15-17:15

Dr.
Hideshike Takada
Dr. Hideshige
Dr. Somporn Kamolsirichaiporn
Representative of Ministry of Natural Resources and Environment
Chairperson : Dr. Monthip Sriratana
ICAEC Outstanding Student Research Award

Nov.26, 2014
8:00-18:00

Excursion
National Science and Technology Development Agency (NSTDA) Facility tour
and Ayutthaya Sightseeing Tour
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Plenary and Special Lecture
Plenary Lecture
Date & Time: Nov.24 (Mon), 2014 9:30~10:00
Place: Room A (Convention Hall)
Title: "Contamination by Brominated Flame Retardants in the Asia-Pacific
Region"
Lecturer: Prof. Shinsuke Tanabe
(Ehime University, Center for Marine Environmental Studies,
Vice president of Japan Society for Environmental Chemistry)

Plenary Lecture
Date & Time: Nov.25 (Tue), 2014 9:00~9:30
Place: Room A (Convention Hall)
Title: "Environmental Policy in Japan for Sustainable Development"
Lecturer: Mr. Soichiro Seki
(Vice Minister for Global Environment, Ministry of the
Environment, Japan)

Plenary Lecture
Date & Time: Nov.25 (Tue), 2014 9:30~10:00
Place: Room A (Convention Hall)
Title: "Environmental Radio-Active Contamination Caused by Nuclear
Reactor Accident in Japan"
Lecturer: Prof. Masatoshi Morita
(Ehime University, Faculty of Agriculture,
President of Japan Society for Environmental Chemistry)

Plenary Lecture
Date & Time: Nov.25 (Tue), 2014 13:30~14:00
Place: Room A (Convention Hall)
Title: "Persistent Organic Pollutants and the Ah (Dioxin) Receptor:
Molecular Mechanisms of Action and Bioassay Development"
Lecturer: Prof. Michael Denison
(Department of Environmental Toxicology, University of
California, Davis, USA)
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Special Lecture
Date & Time: Nov.24 (Mon), 2014 13:40~14:10
Place: Room A (Convention Hall)
Title: "Determination of Phthalates in Environmental Matrices"
Lecturer: Dr. Mehran Alaee
(Water Science and Technology Directorate, Environment Canada)

Invited Speaker
Date & Time: Nov.24 (Mon), 2014 10:15~10:35 (A1-1-1)
Place: Room A (Convention Hall)
Title: "Innovative Sanitation Technology for Control of Water Pollution
and Health Problems in Developing Countries "
Lecturer: Prof. Chongrak Polprasert
(Department of Civil Engineering, Faculty of Engineering,
Thammasat University, Thailand)
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CONTAMINATION BY BROMINATED FLAME RETARDANTS
IN THE ASIA-PACIFIC REGION
Shinsuke TANABE
Center for Marine Environmental Studies (CMES), Ehime University
Bunkyo-cho 2-5, Matsuyama 790-8577, Japan
Key word 㸸 brominated flame retardants (BFRs), polybrominated diphenyl ethers (PBDEs),
hexabromocyclododecanes (HBCDs), spatial and temporal trends, Environmental Specimen Bank (es-BANK)
Concern over environmental contamination by brominated flame retardants (BFRs), especially by
polybrominated diphenyl ethers (PBDEs) and hexabromocyclododecanes (HBCDs), has increased in recent
years because of their persistence, bioaccumulative nature, and possible adverse effects on human and wildlife.
Our study summarizes spatial and temporal trends of BFRs in eastern Asian waters using samples archived in the
Environmental Specimen Bank (es-BANK) of Ehime University, Japan. In general, the results indicate that
environmental levels of PBDEs and HBCDs have increased significantly during the last 30 years. In the samples
from Japan, where usage of some commercial PBDE products was voluntarily discontinued in the 1990s,
environmental PBDE levels seem to be in a steady state or slightly decreasing since then. However, in the same
samples, concentrations of HBCDs exhibited continuous increasing trend and, in recent years, the contaminant
levels appear to exceed those of PBDEs reflecting increasing usage of HBCDs over PBDEs in Japan. Increasing
environmental contamination by PBDEs was also noticed in Chinese coastal waters; however, the levels of
HBCDs in marine mammals from China were relatively low suggesting that demand for HBCDs, as an
alternative for PBDE formulations has not yet increased in this region. Interestingly, striped dolphins in western
North Pacific and Baikal seals from Lake Baikal, Russia showed constant increase of PBDEs during recent
decades and drastic increase of HBCDs, suggesting continuous expansion of the BFR contamination on global
terms. Success of environmental monitoring studies depends not only on advanced technology and human
expertise, but also on systematic sample collection and storage, as substantiated and exemplified by the present
study.
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ENVIRONMENTAL POLICY IN JAPAN FOR SUSTAINABLE DEVELOPMENT
Soichiro SEKI
Vice Minister for Global Environment Ministry of the Environment, Japan
relating cooperation to Asian countries.
Initiatives of 1.JCM, 2.LoCARNET, and 3. Adaptation initiative for climate change issues will be discussed as
the examples of environmental policy and international cooperation.

ENVIRONMENTAL RADIO-ACTIVE CONTAMINATION CAUSED BY NUCLEAR
ACCIDENT AT FUKUSHIMA DAIICHI NUCLEAR FACILITY
Masatoshi MORITA, Ph.D.
Ehime University, Faculty of Agriculture
Extremely strong earthquake (M9.2) and subsequent Tsunami attacked east north part of Japan in March 11th
2011 and gave a serious damage to the people in the area. More than eighteen thousands of lives were lost and
estimated economical loss reached to 235 billion dollars. In addition to these, nuclear reactors located in the
coast were faced to another problem. Nuclear reaction was stopped by the insertion of neutron absorber but
because of the stopped power supply of outside AC electric power made it difficult to control cooling system.
Nuclear fuels which contain fresh fission products became high temperature leading to melt-down. Zirconium
alloy which covered the fuel reacted with water gas at high temperature to produce hydrogen leading to
hydrogen explosion. Emission of radio-active isotopes became apparent on 14th at many outside monitoring
posts. Evacuation of the people near the Fukushima Daiichi facility was done.
Two radio-active elements attracted attention were Iodine 131 and Cesium 134+137. The half life of I-131 is
relatively short (8days) and disappeared and current issue is exposure to gamma-ray from radio-active Cesium
deposited on land. The estimated deposition of Cesium 137 on land was estimated 2-2.9 peta Bq. Cesium is
located at the surface of soils, roof of buildings and concrete ,and leaves of trees and grasses. In the soil it is
strongly bound to clay minerals and its chemistry and removal techniques seemed important. Decontamination
program started focused to reduce human radiation exposure. Scientific society for remediation of environmental
radio-active contamination started its activity.
Ministry of the Environment was nominated as a responsible organization to deal with decontamination and
storage of contaminated soil and decontamination program started according to the special law. Areas were
classified into two categories: heavily contaminated area that the central government (MOE) directly remove
contamination, and less contaminated area that local governments plans and do decontamination. After
decontamination efforts and two years duration, radiation exposure to the public reduced 64 % in 2013 August
when compared to the level of 2011 August.
Effect of decontamination in the model works done by MOE may be displayed in the following table for
example. Major decontamination work was done by removing surface soil(5 cm) and surface vegetation, and
high pressure washing.
Table 1.
     No.of sites Before (u Sv/h)
Residential Area      975
 7.65

Agriculture land      476  8.11

Road
       226
 6.69

Forest
41
8.40

After(uSv/h) Reduction rate(%)
 3.36
 56.1
 3.52
 56.4
 2.91
 56.5
6.85
18.5

After decontamination, a part of residents in the less contaminated area started to return to their home land.
Decontamination efforts are being continued at more heavily contaminated area.
Removal of radio-active cesium from main matrix is another subject of scientific and technological
application. Current development in this subject will be discussed.
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PERSISTENT ORGANIC POLLUTANTS AND THE Ah (DIOXIN) RECEPTOR: MOLECULAR
MECHANISMS OF ACTION AND BIOASSAY DEVELOPMENT
Michael S. DENISON
Department of Environmental Toxicology, University of California, Davis, CA 95616 USA
Key words: HAHs, TCDD, dioxins, Ah Receptor, CALUX, bioassay
Halogenated aromatic hydrocarbons (HAHs), such as polychlorinated dibenzo-p-dioxins (PCDDs),
dibenzofurans (PCDFs) and biphenyls (PCBs) and related dioxin-like chemicals (DLCs), represent a large group
of persistent organic pollutants (POPs) that can produce adverse effects at environmentally relevant
concentrations1. HAHs and related DLCs have been identified worldwide in tissues from wildlife, humans and
domestic animals, in food, water, and soil samples and in many other materials. Because of their ubiquitous
distribution, resistance to biological and chemical degradation, high toxicity and potential for
bioaccumulation/biomagnification, these chemicals can have a significant impact on the health and well being of
human and animals. In fact, exposure to 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD, dioxin), the prototypical
and most potent HAH, and other DLCs can produce a diverse spectrum of toxicological and biological effects in
animals and humans, including (but not limited to) cancer, birth defects, immuno- and dermal toxicity, wasting,
lethality, endocrine disruption and alterations in gene expression1-3. While extensive analysis of the
biochemical and molecular mechanisms of action of TCDD and related DLCs has been carried out over the past
40 years and has defined the mechanisms responsible for some of the biochemical effects of these compounds,
the exact mechanism responsible for their toxicity remains to be elucidated. However, what is clear is that the
majority of the toxic and biological effects of TCDD and DLCs are mediated by the aryl hydrocarbon receptor
(AhR), a ligand-dependent nuclear receptor to which these chemicals specifically bind with high affinity.
Binding of TCDD and related DLCs to the cytosolic AhR stimulates its nuclear accumulation, dimerization with
a nuclear protein called ARNT (the AhR nuclear translocator), and binding of the ligand (TCDD):AhR:ARNT
complex to its specific DNA binding site (the dioxin responsive element (DRE)), which leads to an increase in
expression of a large number genes4,5. In fact, studies with knockout mice have convincingly demonstrated the
absolute requirement of the AhR, its nuclear translocation, DNA binding and ability to stimulate gene expression
and produce the toxic and/or biological effects of AhR agonists like TCDD and DLCs6,7.
While TCDD, HAHs and related DLCs are the best studied AhR ligands/agonists and they can bind to the AhR
and produce the full range of AhR-dependent toxic and biological effects, recent evidence has demonstrated that
the AhR can be bound and activated by structurally diverse range of chemicals, and these latter AhR ligands do
not produce the same spectrum of toxic and biochemical effects5,8-10. For example, polycyclic aromatic
hydrocarbons (PAHs) and PAH-like chemicals and numerous other chemicals have been shown to bind to the
AhR with relatively high affinity, and while they produce a similar spectrum of biological effects as the HAHs
(i.e. alterations in gene expression and others) albeit more transiently, these chemicals rarely produce the
AhR-dependent toxic effects observed with HAHs5,8-10. One major difference between these chemicals is that
HAHs are poorly metabolized, while PAHs and other structurally diverse AhR ligands are readily degraded by
metabolism. Gene induction experiments demonstrate that TCDD and related HAHs induce persistent
activation of AhR-dependent gene expression, while PAHs, PAH-like chemicals and other structurally diverse
ligands induce AhR-dependent gene expression only transiently. These and other results strongly suggest that
AhR-dependent toxicity of dioxin-like HAHs is predominantly driven by their metabolic persistence which
leading to persistent activation of AhR and persistent gene expression in the responsive cells. However, while
chronic exposure to high concentrations of metabolically labile AhR ligands has been shown to produce
persistent activation of gene expression, it does so without producing any apparent AhR-dependent toxicity11,12.
These results clearly demonstrate that the overall mechanisms responsible for ligand-selective AhR-dependent
toxicity are not simply due to persistent gene activation, but must involve additional ligand-selective effects on
the AhR and/or other signaling pathway. From a risk assessment perspective, the results of current studies on
ligand- and AhR-dependent toxicity still strongly support a continued focus on HAHs and related DLCs, rather
than all AhR ligands (agonists).
Proper epidemiological, risk characterization and exposure analysis to TCDD-like HAHs and related DLCs
requires accurate measurements of these chemicals both in the species of interest and in various exposure
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matrices (i.e. biological, environmental, food and other sources). Given that HAHs are found not as individual
congeners, but as complex mixtures of HAHs, of which the relative and absolute concentrations of individual
congeners can vary dramatically, the identification and quantitation of these toxic/bioactive HAH congeners in
such matrices and prediction of their overall toxic potential has been problematic. Sophisticated cleanup
procedures followed by high-resolution analytical methodologies (gas chromatography-high resolution mass
spectrometry (GC/HRMS)) allows separation, identification and quantitation of individual PCDD, PCDF and
PCB congeners and remains the “gold standard" for detection and quantitative determination of these toxic
HAHs in sample extracts. The relative toxicological/biological potency of a complex mixture of TCDD-like
HAHs is estimated from GC/HRMS results using the internationally accepted toxic equivalent factor (TEF)
approach and determination of an overall toxic equivalency (TEQ) value for the sample extract13. While the
GC/HRMS-TEF approach currently provides the most accurate measurement of the level of TCDD-like HAHs in
a given sample and a reasonable estimate of the relative toxic potency of the sample extract (in TEQs), this
methodology is not particularly amenable or cost-effective for high throughput routine screening analysis needed
for large scale sample studies (i.e., epidemiological studies, site contamination assessment and safety monitoring
of food/feed contamination) or detection of other classes of toxic DLCs. In fact, the absolute concentration of
HAHs in a given sample provides only part of the information necessary to evaluate their potential for biological
and toxicological effects in humans and animals. Accordingly, numerous rapid and relatively inexpensive
bioanalytical methods for use in the detection and relative quantitation of TCDD-like HAHs present in complex
mixtures of HAHs extracted from a variety of matrices have been developed 14-16.
Taking advantage of the AhR-dependent molecular mechanism of action of TCDD and related toxic DLCs, we
and others have developed numerous rapid and relatively inexpensive recombinant cell-based bioassay methods
for use in the detection and relative quantitation of dioxin-like AhR-active chemicals present in complex
mixtures extracted from a variety of matrices have been developed and validated by many laboratories14-16. Our
laboratory developed the AhR-based CALUX (chemically activated luciferase expression) and CAFLUX
(chemically activated fluorescence expression) bioassays, and they are currently the two of the most commonly
used cell-based screening systems16. These bioassays take advantage of several recombinant mammalian cell
lines that we genetically modified to contain AhR-responsive luciferase (CALUX) or green fluorescent protein
(GFP) (CAFLUX) reporter gene plasmids, and that specifically respond to TCDD and related chemicals14-19.
Induction of luciferase/GFP in these recombinant CALUX/CAFLUX cell lines occurs in a time-, dose-, and
AhR-dependent and chemical-specific manner, and the amount of induced luciferase activity/fluorescence is
directly proportional to the concentration and potency of the inducing chemical (i.e. AhR agonist) to which the
cells have been exposed16-19. Validation studies have demonstrated that the optimized CALUX bioassay, when
coupled with an appropriate sample extract clean-up method, is a validated bioassay approach that can be used
for rapid, accurate and reproducible detection and relative quantitation of very low levels of AhR-active DLCs in
extracts from a wide variety of biological, environmental and food/feed samples14,16,20,21. Extensive
double-blind validation studies also led to the H1L6.1c2 mouse liver CALUX cell bioassay receiving regulatory
certification as an officially accepted method by the US Environmental Protection Agency (USEPA) (Method
4435)22. Quantitative relative potency analysis of CALUX bioassay results (i.e., bioanalytical equivalents
(BEQs)) revealed that environmental sample extracts appeared to contain a greater concentration of bioactive
HAHs (TEQs) than determined by HRGC/MS and brominated DLCs have been suggested to contribute to this
“overestimation” of potency. Interestingly, relative potency values from CALUX and HRGC/MS analysis (in
BEQs and TEQs) of biological sample extracts carried out at the same time were comparable, suggesting that the
bioactive chemicals present in the environmental samples were not present in the biological samples.
The CALUX bioassays provide a rapid, simple and inexpensive screening bioassays for detection and relative
quantitation of dioxin-like HAHs in diverse matrices and these bioassays complements instrumental analysis by
allowing prescreening of sample extracts and assisting in the prioritization of sample analysis for quantitation of
target analytes by instrumental methods. Although the current CALUX cell bioassay systems have been used
extensively for detection of dioxin-like chemicals in extracts of a wide variety of sample matrices16, the
sensitivity (minimal detection limit (MDL)) and responsiveness of the luciferase reporter gene in these cells are
inadequate to allow them to be effectively used for screening of sample extracts that contain extremely low
levels of these compounds and/or where only small amounts of sample exist for screening purposes (i.e.
epidemiology studies). Again taking advantage of aspects of the molecular mechanism of AhR action, novel
AhR-responsive luciferase reporter plasmids were developed containing increased numbers of DREs (i.e., the
specific DNA binding site of the ligand:AhR:ARNT complex) and stable transfection of a plasmid containing 20

─ xviii ─

DREs into a variety of cell lines has resulted in the generation of a series of third generation (G3)
species-specific CALUX cell bioassays with a dramatically increased luciferase induction response compared to
existing CALUX-type cell lines22. Additionally, the minimal detection limit for TCDD in the stably transfected
mouse hepatoma (H1L7.5 c3) and rat hepatoma (H4L7.5c) G3 cell lines was greater than 100-fold lower than
that of the currently used CALUX cell lines22. The lower detection limits and need for fewer cells for analysis
has allowed the development of new applications for screening using the G3 CALUX cell lines, including high
throughput chemical screening (using 1536-well microplate format) to identify novel activators and inhibitors of
the AhR, analysis of species-differences in AhR ligand specificity and rapid and direct analysis of small aliquots
of human serum (25 µl) without the need for chemical cleanup.
As demonstrated by the process of development and application of the enhanced G3 CALUX bioassay, ongoing
research into our understanding of the basic molecular mechanisms of action of TCDD and related DLCs will
continue to provide insights and potential avenues in which to improve and refine existing bioanalytical
approaches for detection of these globally distributed toxicants.
Acknowledgements
Support for our continued research on the molecular mechanisms of AhR action has been obtained through an
ongoing US NIEHS/NIH Grant (R01ES007685) and development of dioxin bioanalytical methods has been
obtained through an ongoing US NIEHS Superfund Research Grant (P42ES004699).
References
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
22.

Safe S. (1990); Crit. Rev. Toxicol. 21: 51-88.
Furness SG, Whelan F. (2009); Pharmacol Ther. 124: 336-353.
White, SS, Birnbaum, LS (2009); J Environ Sci Health, C. Environ Carcinog Ecotoxicol Rev. 27: 197-211.
Beischlag TV, Morales JL, Hollingshead BD, Perdew GH. (2008); Crit Rev Eukary Gene Express. 18:
207-250.
Denison MS, Soshilov AA, He G, DeGroot DE, Zhao B. (2011); Toxicol Sci. 124: 1-22.
Bunger MK, Moran SM, Glover E, Thomae TL, Lahvis GP, Lin BC, Bradfield CA. (2003); J Biol Chem.
2003 278: 17767-74.
Bunger, M. K., Glover, E., Moran, S. M., Walisser, J. A., Lahvis, G. P., Hsu, E. L., and Bradfield, C. A.
(2008); Toxicol Sci. 106: 83-92.
Denison MS, Nagy SR. Ann Rev Pharmacol Toxicol (2003); 43: 309-34.
Nguyen LP, Bradfield CA. (2008); Chem Res Toxicol. 21: 102-106.
DeGroot DE, He G, Fraccalvieri D, Bonati L, Pandini A, Denison MS. (2011); In: The Ah Receptor in
Biology and Toxicology, Edited by Pohjanvirta R, pp. 63-79, John Wiley & Sons, Inc. Hoboken, NJ.
Francis JE, Smith AG. (1987); Biochem Biophys Res Comm. 146: 13-20.
Pohjanvirta R, Korkalainen M, McGuire J, Simanainen U, Juvonen R, Tuomisto JT, Unkila M, Viluksela M,
Bergman J, Poellinger L, Tuomisto J. (2002); Food Chem Toxicol. 40: 1023-32.
van den Berg M, Birnbaum LS, Denison M, De Vito M, Farland W, Feeley M, Fiedler H, et al. (2006);
Toxicol Sci. 93: 223-41.
Behnisch PA, Hosoe K, Sakai S. (2001); Environ Int. 27: 413-39.
Hahn ME. (2002); Sci Total Environ. 289: 49-69.
Denison MS, Zhao B, Baston DS, Clark GC, Murata H, Han D-H. (2004); Talanta 63: 1123-33.
Garrison PM, Aarts JMMJG, Brouwer A, Giesy JP, Denison MS. (1996); Fund Appl Toxicol 30: 194-203.
Han D-H, Nagy SR, Denison MS (2004); Biofactors 20: 11-22.
Nagy SR, Sanborn JR, Hammock BD, Denison MS. (2002); Toxicol Sci. 65: 200-10.
Windal I, Denison MS, Birnbaum LS, Van Wouwe N, Baeyens W, Goeyens L. (2005); Environ Sci Technol.
39: 7357-64.
Croes K, Van Langerhove K, Elskens M, Desmedt M, Roekens E, Kotz A, Denison MS, Baeyens W.
(2010); Chemosphere 82: 718-24.
Croes K, Vandermarken T, Van Langenhove K, Elskens M, Desmedt M, Roekens E, Denison MS, Van
Larebeke N, Baeyens W. (2012); Chemosphere 88: 881-7.
USEPA. (2008); Method 4435. http://www.epa.gov/osw/hazard/testmethods/pdfs/4435.pdf

─ xix ─

DETERMINATION OF PHTHALATES IN ENVIRONMENTAL MATRICES
Tommy BISBICOS1, Grazina PACEPAVICIUS1, Paula GUERRA1, Ariba SHAH1, Oihana ROS IBARRETXE2,
Ailette PRIETO SOBRINO2, Asier VALLEJO RUIZ2 and Mehran ALAEE1
Science and Technology Branch, Environment Canada, Burlington, Ontario Canada, L7R 4A6; 2Department of
Analytical Chemistry, Faculty of Science and Technology, University of the Basque Country (UPV/EHU), PK.
644, 48080 Bilbao, Spain

1

Keywords: Phthalates, Environmental matrices, GC/MSMS, Chemical ionization, LC/MSMS, electrospray
ionization
Introduction
Phthalates are esters of 1,2-benzenedicarboxylic acid with linear, branched and aromatic alcohols; resulting in a
wide range of products extensively used as plasticizers to increase flexibility of polymers and carrier agent in
cosmetics. Phthalates are manufactured by a simple acid catalyzed reaction between phthalic anhydride and
alcohols. Phthalates are produced in large quantities; their worldwide annual production in 2010 was estimated at
4.9 million tonnes1. Phthalates are clear, odorless, flavorless, and stable compounds, hence they can be easily
blended into polymers without changing the appearance of the polymer; which subsequently can lead to the
phthalates leaching out into the environment. Phthalates are also used as carriers in personal care products, which
can evaporate or be washed down the drain. In addition, phthalates are released into the environment during the
manufacturing and blending processes. Due to their extensive use in products commonly used in the home, vehicle
and workplace, phthalates and their metabolites have become ubiquitous environmental pollutants and have been
detected in all environmental matrices 2 including metabolites in human tissue3. Phthalates are known to have
endocrine disruption properties, posing a potential risk to the environment and human health. As a result use of
some phthalates has been restricted and more are undergoing environmental risk assessment in several jurisdictions.
Depending on the alcohol moiety, phthalates have a wide range of structures. Three categories of phthalates are
included in the list of 46 phthalates identified by risk assessors. The first category is the single compound phthalates
such as dimethyl phthalate (DMP) which have known physical and chemical properties. The second category are
phthalates such as diisopentyl phthtlate (DPeP) that are made up of several isomers; and others such as diisononyl
phthalate (DiNP) and diisodecyl phthalate (DiDP) that are mixtures of several compounds with partially known
chemical structures along with physical and chemical properties. Finally a number of phthalates included in the
list are classified as UVCB (unknown variable composition or biological origin) where the number of components
and chemical structures are relatively unknown and very little information on their physical and chemical
properties is available. The challenge with environmental measurements is that depending on their source, and
weathering (including degradation and metabolism) conditions the chemical composition of the phthalates can
change significantly. Thus, without detailed knowledge of the structure, physical, and chemical properties of the
phthalates; the only appropriate method for their determination in environmental matrices is to design a congener
specific procedure.
Most of data in the literature focuses on a selected number of phthalates, mainly the single compounds 4. In recent
years most of the attention has been focused on the metabolites of selected phthalate congeners 5 . In this
investigation, we focus on developing a comprehensive method for the congener specific determination of
phthalates in environmental matrices using isotope dilution technique.
Materials and methods:
Analytical standards were acquired from Accustandard (New Haven, CT, USA), Sigma Aldrich (Oakville,
Ontario), and some were custom synthesized by Toronto Research Chemicals Inc. (Toronto, Ontario). Milli Q
water was obtained from a Fisher Scientific MilliQ gradient A10 system. Wastewater influent and effluent grab
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samples were obtained from a secondary treatment plant in Canada. Influent was collected before the bar screens,
and after ferric dosing. Effluent was collected after the chlorination-dechlorination step. Wastewater samples were
collected in 950mL Amber glass bottles with Teflon lined lids and stored in the fridge at 4°C.
Wastewater samples were extracted using a modified QuEChERS method. Phthalate recoveries were obtained
using water (MilliQ, Milford, MA) spiked with 50ng of phthalates; followed by the addition of 5mL of acetonitrile.
The solution was shaken by hand for 1 min; then 3g of NaCl were added; the tube was shaken again. The sample
was centrifuged for 5 min at 3000RPM and then 1mL from the acetonitrile layer was removed, evaporated to
dryness under a stream of nitrogen, and reconstituted with 200 μL of toluene for gas chromatography mass
spectrometry (GC/MS) analysis. GC/MS determinations were carried out using a gas chromatograph (Agilent 6890,
Palo Alto, CA) coupled to a mass spectrometer (Agilent 5975B, Palo Alto, CA). The mass spectrometer was
operated in electron ionization mode (EI) at 70 eV. The separation was achieved with a 30m x 0.25mm x0.25 μm
Rtx-5ms column (Restek, Brockville, ON). The oven temperature was programmed as follows: initial temperature
60°C held for 2 min, ramped to 220°C at 50 °C/min, held for 1 min and ramped to 320°C at 75°C/min held for 4.5
min. Injection was performed in the solvent vent mode and the carrier gas was Helium (1 mL/min).
Gas chromatography combined to tandem mass spectrometry (GC/MSMS) determinations were accomplished
using a triple quadrupole mass spectrometer (Agilent 7000, Palo Alto, CA) coupled to a gas chromatograph
(Agilent 7890B, Palo Alto, CA). Chromatographic separation was carried out using a 60m x 0.25mm x0.25 μm
DB5 column (Agilent, Palo Alto, CA). Samples were introduced into GC via a PTV injector held at 250 oC. Initial
oven temperature was 90 oC, held for 4 min, ramped to 200 oC at 30 oC /min, ramped to 275 oC at 10oC/min held
for 4 min, ramped to 295 oC at 5oC/min, held for 1 min, ramped to 300 oC at 1 oC /min held for 8 min, ramped to
310 oC at 5 oC /min and held for 15 min. The mass spectrometer was operated in positive chemical ionization (CI+)
mode with isobutane as the reagent gas and the source temperature 300 oC. The triple quadrupole mass
spectrometer was operated in multiple reactions monitoring (MRM) mode isolating protonated molecular ion by
the first quadrupole and monitoring m/z 149 corresponding to formation of phthalic anhydride in the third
quadrupole. In some cases subsequent losses of alcohols were monitored.
Liquid chromatography coupled to tandem mass spectrometry (LC/MSMS) determinations were accomplished
using an UPLC (Aquity, Waters, Milford, MA) coupled to a triple quadrupole mass spectrometer (Xevo TQ-S,
Waters, Milford, MA) using electrospray ionization (ESI). To eliminate phthalates commonly found in mobile
phase, the UPLC was equipped with a 2.5μm C18 X Select HSS in-line scrubber (2.1X50mm, Waters, Milford,
MA). Analytical separations were carried out using a 1.7μm BECH C18 column (2.1X100mm, Waters, Milford,
MA). The binary mobile phases were 0.1%formic acid in water and acetonitrile. The elution program was set as
follow: initial concentration was 40% 0.1%formic acid in water maintained for 0.5 minutes and increased to 100 %
acetonitrile in 6 minutes and maintained for nine minutes at a constant flow of 75μL/min. The triple quadruolpe
was operated in positive mode isolating (M+1) + ions using the first quadrupole and similar to the GC/MSMS
method, monitoring m/z 149 in the third quadrupole.
Results and Discussion
Phthalates are high volume production chemicals used in a variety of polymers commonly used in indoor
environments such as office buildings and laboratories. Since these compounds are added to polymers, they can
easily leach out into the surrounding environments. As a result, phthalates have been measured in indoor air and
house dust. Frankhauser-Noti and Grob6 reported on laboratory contamination by two phthalates DEHP and DBP,
and recommended procedures to minimize them. In their report they identified glassware, laboratory air, and dust
as the major sources of contamination; consequently, in this investigation we focused on the QuEChERS extraction
method which uses limited glassware and is carried out in a sealed system. Our initial results showed low recovery
in the nonpolar organic phase. After further investigation it was discovered that most phthalates remained in
acetonitrile, as a result use of non-polar organic solvents was discontinued. Recoveries for the selected phthalates
based on nine replicates ranged between 77 and 145% and coefficient of variation (CV) ranged between 2% and
16 %, as presented in Table 1.
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Table 1. Recovery of selected phthalates from water
Compound

Average
(n=9)

SD

%CV

Dimethyl Phthalate

102

0.08

Diethyl Phthalate

115

0.05

4.7

77

0.10

12.6

Dibutyl Phthalate

113

0.03

2.9

Bis(4-methyl-2-pentyl) Phthalate

145

0.21

14.5

Dipentyl Phthalate

109

0.02

1.9

Dihexyl Phthalate

111

0.03

3.0

98

0.13

13.2

Bis(2-butoxyethyl) Phthalate

106

0.17

15.8

Dicyclohexyl Phthalate

112

0.05

4.4

Bis(2-ethylhexyl) Phthalate

110

0.13

11.8

Di-n-octyl Phthalate

116

0.05

4.3

Dinonyl Phthalate

113

0.06

5.4

Diisobutyl Phthalate

Benzylbutyl Phthalate

8.3

For semi-volatile hydrophobic compounds the GC is the ideal analytical procedure. In the past detection methods
such as FID 7 and ECD 8 have been used, however these techniques lack the sensitivity and specificity.
Consequently, mass spectrometry by far has become the method of choice for determination of phthalates in
environmental matrices2. Electron ionization (EI) is the technique commonly used in the determination of
phthalates. As it is shown in Figure 1, fragmentation patterns for almost all phthalates under EI conditions rapidly
forms the protonated phthalic anhydride, which is a stable ion resulting in the base peak at m/z = 149 Daltons.
Since this moiety is common among all phthalates, it is not possible to decipher congener specific information
using mass spectroscopic information under EI in environmental applications.

Figure 1. Fragmentation pattern of phthalates under electron ionization
Using a softer ionization technique such as chemical ionization can be used to produce a pseudo molecular ion
that is more characteristic of individual phthalate homologue groups. Using methane as the reagent gas it is
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possible to produce the protonated molecular ion (M+1), however significant fragmentation occurs, resulting
m/z=149 as the base peak in most cases. Using ammonia as the reagent gas results in production of the protonated
molecular ion as the base peak9. Therefore using CI+ with ammonia as a reagent gas it is possible to resolve the
homologue groups, and when combined with gas chromatography it is the most powerful combination for the
determination of phthalates in environmental matrices8. Recently, Cavaliere et al.10 and Bergh et al.11 showed
similar fragmentation to ammonia with isobutane as the CI reagent gas. Similar results were obtained by means of
this investigation.
Electrospray ionization (ESI) is another soft ionization technique that has become very popular over the past few
years. LC/ESI/MSMS is a very powerful technique that has been widely used for determination of pollutants in
environmental matrices 12 . Lin et al. 13 reported on an LC/ESI/MSMS based method for determination of six
individual and five isomeric mixture phthalates. Even though LC separation is not as powerful as GC separation,
it is capable of separating components on homologue basis, hence providing faster and simpler results.
In this presentation, an overview of the methods for the determination of 40 phthalates in environmental matrices
in our laboratory will be presented; a comparison between various techniques used in our laboratory along with
the advantages and disadvantages of each method will be discussed.
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A1-1-1

INNOVATIVE SANITATION TECHNOLOGY FOR CONTROL OF WATER
POLLUTION AND HEALTH PROBLEMS IN DEVELOPING COUNTRIES
Chongrak POLPRASERT1*, Tatchai PUSSAYANAVIN2, Atitaya PANUVATVANICH2 and Thammarat
KOOTTATEP2
1

Thammasat University, Department of Civil Engineering, Faculty of Engineering, Pathumthani, Thailand ; 2Asian
Institute of Technology, Environmental Engineering and Management, School of Environment Resources and
Development, Pathumthani, Thailand
Key word: Innovative sanitation technology, solar septic tank, organic removal, TVS reduction, E.coli
inactivation
Introduction
Due to lack of access to sanitation facilities and improper management of wastewater and faecal sludge, the World
Health Organization and the Untied Nations have reported that more than one billion people die every year mostly in
developing countries1,2. Up to present, on-site treatment systems such as cesspool, pit latrine and septic tank are the
prevalent sanitation facilities to treat/collect toilet wastewater in the area without centralized treatment
system3.However, due to inappropriate design and operation of on-site treatment systems, the effluent still contains
high concentrations of pathogenic microorganisms and organic matters, and causing environmental pollution and
serious health risks4. Thus, some innovative sanitation technology to alleviate these problems should be developed. A
modified conventional septic tank with solar-heated water called as “Solar septic tanks” was considered to be an
effective on-site sanitation technology. Operating a septic tank at temperatures higher than ambient condition could
enhance pathogen die-off and increase biodegradation of organic matters, and producing better quality of septic tank
effluent5,6. The aim of this study was to investigate the efficiencies of pathogen and organic reduction in solar septic
tanks and to analyze technical feasibility of increasing temperatures in septic tanks.
Materials and methods
Laboratory-scale septic tank
Five laboratory-scale septic tanks, each with a dimension of 64 x 25 x 40 cm (length x width x depth) or a working
volume of 40 L and made of clear acrylic plastic were operated at the Asian Institute of Technology, Thailand.
Temperatures of these septic tanks were maintained at ambient (30oC), 40, 50, 60 and 70oC using heated water
circulating around the reactors. On-line temperature sensor (Thermocouple type K (CA) (series SK PCR-1)) and gas
collection chamber were installed in each reactor. To start up the operation, each laboratory-scale septic tank was
fed with a mixture of 20 L of septage collected from a household septic tank and 20 L of anaerobic sludge collected
from a nearby municipal digestion reactor and incubated under anaerobic condition by purging with N 2 gas. These
laboratory-scale septic tanks were then operated by feeding with a diluted septage collected from a residential area in
central Thailand
Analytical methods
After acclimatization, the influent and effluent samples were collected for analysis of total chemical oxygen demand
(TCOD), five-day biochemical oxygen demand (BOD5), total volatile solids (TVS), total solids (TS) and Escherichia
coli (E. coli) concentrations. Mixed liquor samples of the accumulated sludge in the septic tanks were collected for
analysis of TS, TVS concentrations. Biogas samples were collected and analyzed for the volume and percent content
of CH4. All physical and chemical analysis of the influent and effluent septage samples were conducted according to
Standard Methods (2005)7. The biogas composition was determined by a gas chromatograph (Agilent 7890)
equipped with FID detector, while the E. coli concentration was analyzed by the multiple-tube fermentation
technique.
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Results and discussion
Pathogenic reduction in laboratory-scale septic tanks
The experiment results of E. coli reduction at temperatures of 30, 40, 50, 60 and 70 oC and contact times up to 100 h
are presented in Figure 1. The log reductions of E. coli were found to be increase with increasing temperature which
were about 4-6 log reduction when temperatures were maintained at 60-70 oC. The effluent concentrations of E. coli
at temperatures of 60 and 70 oC were less than 103 MPN/100mL, hygienically safe for disposal or reuses.

Figure 1 E. coli reduction in laboratory-scale septic tanks operating at temperatures of 30, 40, 50, 60 and 70 oC

Organic matter reduction in laboratory-scale septic tanks
In this paper, only the performance of the laboratory-scale septic tanks operating at 30 and 40 oC are reported as
shown in Table 1. The percent removal of TCOD, BOD5, TS and TVS in the two laboratory-scale septic tanks during
steady state condition were in the ranges of 70.6-75.5, 66.7-67.1, 71.3-77.7 and 67.0-74.7, respectively (Table 1).
The TCOD and TVS removal efficiencies in both units were calculated to be more than 70 %, similar to those found
in conventional septic tanks 8,9. Since sedimentation of the settleable solids is the major mechanism in septic tanks,
the laboratory-scale septic tanks operating at 30 and 40 oC and 24-h hydraulic retention time (HRT) exhibited similar
TCOD concentrations in the range of 390-460 mg/L.
Table 1. Treatment efficiencies of laboratory-scale septic tanks
Operating
condition
HRT
h
24

Influent*

T
o

C

40
30

Effluent

Sludge accumulation

TCOD

BOD5

TS

TVS

TCOD

BOD5

TS

TVS

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

1,780+690

410+192

1,580+1382

1,380+740

390+160

140+46

350+754

230+120

460+156

140+50

450+999

400+190

(+) Standard deviation; *Septage diluted with tap water

TS

TVS

g/d

g/d

21.4
+4.5
40.0
+6.2

14.6
+2.9
27.5
+1.3

g/g
TVS
input
0.26
0.50

Methane production
CH4
production
L/d

L
CH4 /
g
TVS
input

1.5+0.6

0.027

0.9+0.4

0.016

Due to relatively short HRT of influent septic tank and long periods of accumulated sludge (about 4 months), the
organic removal in laboratory-scale septic tanks was found mostly in the sludge layer. As can be seen from Table 1,
the amount of TVS accumulation in the 40 oC septic tank was found to be 0.26 g/g TVS input, about 52 % lower than
that in the 30 oC septic tank which was 0.50 g/g TVS input. Accordingly, the amount of CH4 production at 40 oC was
found to be 1.5 L/d or 0.027 L/g TVS input, about 59 % higher than those of the 30 oC which was 0.9 L/d or 0.016
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L/g TVS input. It can be hypothesized that there were increased methanogenic activities in the sludge layer of the 40
o
C septic tank which could digest the settled TVS to become CH 4 gas better than that of the 30 oC septic tank.
Application of results
In most developing countries, due to lacking of appropriate design and proper operation, the effluent of cesspool, pit
latrine and septic tank normally still contains high concentrations of pathogenic microorganisms and organic matter,
including high accumulation of sludge which required frequently desludging and subsequently treatment. To better
protect of public health and environment, a modified septic tank using solar water heater was found to be an effective
sanitation technology to treat toilet wastewaters. Increasing temperatures in a septic tank could be done by installing
a locally made solar water heating device (Figure 2).

Figure 2 Schematic of a solar septic tank
As shown in Figure 2, a solar water heating device is consisted of a solar collector (as a heat absorbent material)
made of a polycarbonate sheet with a dimension of 120 x 70 cm (length x width) and a hot water storage tank (20 L).
To increase temperatures of the septic tank content, hot water from the solar water heating device is circulating by a
pump through a heat transfer equipment inside septic tank (600 L). To minimize heat loss, each part of the solar
water heating device and septic tank content is insulated with elastomeric materials. Preliminary showed that the
septic tank temperatures could be increased to 42-46 oC when the ambient temperatures were 30-34 oC. It is
technically possible to raise the septic tank temperature to 60 oC or more by adjusting the heated water circulation
rate or adding more solar collectors. The estimated cost of the above solar water heating device is US$ 300. The
benefits to be gained from the sola septic tanks include: health risk reduction, environmental protection, and reduced
cost of faecal sludge collection, treatment and disposal.
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Conclusions
The results obtained from this study can be summarized as follows:

1.) There were 4-6 log reduction of E. coli in the septic tank effluent when the septic tank temperatures were

increased to 60-70 oC
2.) The percent removal of TCOD, BOD5, TS and TVS in the laboratory-scale septic tanks operating at
temperatures of 30 and 40 oC were in the ranges of 70.6-75.5, 66.7-67.1, 71.3-77.7 and 67.0-74.7,
respectively. The TCOD and TVS removal efficiencies in both units were calculated to be more than 70 %,
similar to those found in conventional septic tanks due to sedimentation of the influent solids.
3.) The amount of TVS accumulation in the 40 oC septic tank was found to be 0.26 g/g TVS input, about 52 %
lower than that in the 30 oC septic tank which was 0.50 g/g TVS input. Relatively, the amount of CH4
production at 40 oC was found to be 1.5 L/d or 0.027 L/g TVS input, about 59 % higher than those of the 30
o
C which was 0.9 L/d or 0.016 L/g TVS input. It can be hypothesized that there were increased
methanogenic activities in the sludge layer of the 40 oC septic tank which could digest the settled TVS to
become CH4 gas better than that of the 30 oC septic tank.
4.) Increasing temperatures in a septic tank could be done by installing a solar water heating device which
could be locally made at low cost. The benefits to be gained from solar septic tank include: health risk
reduction, environmental protection, and reduced cost of faecal sludge collection, treatment and disposal.
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Introduction
Toluene is an aromatic hydrocarbon intensively used in petroleum and petrochemical industries. The
extensive use of toluene for industrial production leads to the increasing amount of toluene off-gas, and toluenecontaining waste1. Due to the adverse effect of toluene on human health, the treatment of this pollutant is
essential. Alternatively, toluene off-gas and/or waste can also be recovered and used as a substrate to produce
valuable industrial compounds. Accordingly, conversion of toluene waste to valuable hydrocarbon product by
biological process was investigated in this study.
Waste utilization or waste conversion becomes an interesting alternative means for waste reduction and
production of value-added compounds. In the case of toluene bioconversion, o-cresol and 3-methylcatechol
(3MC) can be target products. 3-Methylcatechol (3MC) is a valuable precursor used in pharmaceutical
production and flavorings synthesis2, 3. It can be produced from toluene by an action of toluene dioxygenase
(TDO) encoded by tod gene cluster in Pseudomonas putida4 (Fig. 1). Nevertheless, the toxicity of substrates
and/or 3MC products may limit the survival and catalytic activity of the biocatalyst in these processes. Two
common approaches to overcome these limitations include: 1) the use of organic solvent-tolerant bacteria
(OSTB) as a whole-cell biocatalyst, and 2) the use of an aqueous-organic two-liquid phase system (referred to as
the two-phase system hereafter) to partition hydrophobic toxic compounds into the organic phase5, 6.
In this study, we aimed to optimize conditions in order to maximize 3MC production from toluene
using the OSTB Pseudomonas putida TODE1. The effects of various parameters including an organic solvent
type and a two-phase system conditions on bioconversion of toluene to 3MC were evaluated.

×
Fig. 1 Enzymatic conversion of toluene to 3-methylcatechol in the todE deletion-insertion mutant of
Pseudomonas putida strain T-577.
Materials and methods
Bacterial strain and cultivation media
P. putida TODE1, a 3MC accumulating bacteria strain derived from a disruption of catechol 2,3dioxygenase gene (todE) of the organic solvent-tolerant P. putida T-577, was used as a biocatalyst for 3MC
production. Long-chain aliphatic alcohols were analytical grade from Sigma-Aldrich, USA. The bacterial
cultivation medium was Luria-Bertani (LB) medium or minimal salt basal medium (MSB)8. The MSB was
supplemented with 4 mM of glycerol and 0.4 mM of FeSO4, and referred to as the optimized medium (OM).
Cell survival and partitioning test
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The organic solvent used in the two-phase system was selected based on: (i) cell survival, as determined
by the number of colony forming units (CFUs)/mL that were present after TODE1 cell exposure to each of the
five different long-chain aliphatic alcohols in MSB medium for 20 h, and (ii) the 3MC and toluene partitioning
between the aqueous and organic phases were determined using high performance liquid chromatography
(HPLC) in both the aqueous and organic phases after each compound was mixed with candidate organic solvent
(1 mL) and MSB medium (9 mL) and incubated for 3 h.
Bioconvrsion of 3-methylcatechol
Cell cultivation was performed as follows. An overnight culture of TODE1 cells in LB were inoculated
into MSB medium supplemented with 11 mM glucose. Cell cultures were incubated at 30 °C to an OD600 of 0.5
(3 h), and then toluene was added in the vapor phase (0.5 mM total concentration in the bioreactor) for cell
induction, and incubated under the same conditions to an OD600 of 1.0 (7 h).
All 3MC batch biconversions were performed in a 70-mL screw-capped bottle containing tolueneinduced cells in OM medium (10 mL) and n-decanol (1 mL) as the organic phase. Toluene and n-butanol were
provided as a vapor phase by placing small tubes containing 150 μL of each compound inside the container. To
optimize the small-scale 3MC batch production, the effects of the agitation speed, initial pH and temperature
were investigated. In addition, the effect of the aqueous-organic phase ratio was evaluated.
Analytical techniques
Cell density was measured using a spectrophotometer at 600 nm (OD600). Cell survival was assessed
by CFU counting of the serially diluted culture after plating on LB agar plates and incubation for 12 h at 30 °C.
The TDO activity was determined as previously reported7. The effect of 3MC on the TODE1 cell growth was
determined from cell density and CFU counting measurements of cells grown in MSB medium containing 11
mM glucose supplemented with various concentrations of 3MC ranging from 0.25 to 8 mM.
The reverse phase HPLC with a UV detector at 240 nm were used to determine the concentrations of
toluene and 3MC in the aqueous and organic phase. The separation was conducted using the Hyperclone 5-μm
BDS C18 HPLC column (Phenomenex, USA) with a mixture of acetonitrile and water (70:30 v/v) as the mobile
phase at a flow rate of 1 ml/min, and the injection volume of 20 μl. 3MC retention time under the test conditions
was at 2.9-3.0 min. A calibration curve generated from a 3MC and toluene standard (Sigma, USA) were
performed for the quantitative analysis.
Results and discussion
Organic solvent selection
The previously reported low yield of 3MC obtained from a single aqueous-phase biconversion system
using P. putida was a consequence of the toxicity of toluene and especially of 3MC. Generally, 3MC at a
concentration as low as 5.5 mM is sufficient to completely inhibit P. putida growth and thus 3MC production9.
In this study, the OSTB TODE1 strain was used, which can tolerate a higher concentration of 3MC of up to 7
mM. Nevertheless, in order to produce 3MC at a higher concentration than 7 mM, a two-phase bioconversion
system comprising of an aqueous phase and an organic solvent as the second phase would help to reduce the
substrate and product toxicity issues. The organic phase serves as a reservoir for the toxic substrate and product.
As a result, this study showed that two-to-seven-folds higher 3MC yield have been obtained compared to that of
the single-phase production system6,7. Thus, the two-phase system is considered as a promising technique in the
development of 3MC bioconversion from toluene. Nevertheless, since organic solvent itself was considered to
be potentially toxic towards whole-cell biocatalysts, the selection of the proper organic solvent was necessary.
x TODE1 cell survival
This study aimed to identify a suitable organic second phase solvent that was not toxic to cells and
could maximize the 3MC bioconversion level from toluene. Among the organic solvents investigated, the nontoxic aliphatic alcohols n-octanol and oleyl alcohol exhibited the highest 3MC partitioning properties. Although
these alcohols have previously been used as immiscible organic solvents for the 3MC biconversion from
toluene5, 7, n-octanol was found to exert a significant toxicity towards whole-cell P. putida6. In this study, five
long-chain aliphatic alcohols were chosen based on their high boiling points and low water solubility, with oleyl
alcohol and n-octanol being used in addition as reference compounds. Each organic solvent was evaluated for its
toxicity against TODE1 and its 3MC/toluene partitioning properties (Table 1). The cell survival and organic
solvent utilization of TODE1 after 20 h of incubation in MSB medium was evaluated and compared with those
of non-exposed controls. The organic solvents with a high octanol-water partitioning coefficient (log Pow) value
exhibited a reduced toxicity towards the TODE1 cells, but only oleyl alcohol could be utilized as the sole
carbon/energy source by the TODE1 strain, as indicated by the higher obtained cell viability. As previously
reported, an organic solvent with log Pow value greater than 3.2 exerted no negative effect on growth of P.
putida10, 11. Increasing the aliphatic alcohol chain length reduced the cytotoxicity upon the TODE1 cells, due to
the decreased water solubility of longer chain length aliphatic alcohols12.
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x 3MC and toluene partitioning
The 3MC (log Pow = 1.8) partitioning coefficient increased with decreasing log Pow values, while the
maximum toluene (log Pow = 2.7) partitioning was observed with high log Pow organic solvents. Among the
aliphatic alcohols tested, n-decanol was selected as the best organic solvent for the two-phase system of 3MC
biconversion from toluene due to its low toxicity and high partition coefficient for both 3MC and toluene.
Table 1 Suitable immiscible organic solvent as an organic phase for bioconversion of 3MC from toluene
Alcohol

Log

Solubility in

as an organic phase

Pow

water (mg/l)

1-Heptanol

2.4

1940

1-Octanol

2.9

1-Nonanol

Partition coefficient K

Survival cell

Toluene

(CFU ml -1 X 106)

21.71 ± 0.7

345.02

0.22

814

18.74 ± 1.7

164.82

0.23

3.4

156.8

18.53 ± 1.6

887.48

34.5

1-Decanol

4.0

28.2

16.53 ± 0.5

789.41

40.0

Oleyl alcohol

7.5

0.024

9.29 ± 0.1

584.46

29.8

None

-

-

3.5

3MC

-

-

Optimization of toluene bioconversion condition for 3MC production
To maximize the 3MC yield, the effects of the agitation speed, initial pH and temperature were
investigated. An agitation speed of 200 rpm, temperature of 30 ºC and pH of 7.0 yielded the relatively highest
3MC; therefore it was used for further study.
In addition, a sufficient supply oxygen would be required for the optimal TDO activity. Accordingly,
the 3MC production conditions were evaluated using various ratios of cell suspension to culture bottle headspace
(1:6, 1:12, 1:24, and 1:48, v/v). The head-space volume represents the level of available oxygen in the
production system. The 3MC concentration was found to increase with an increasing oxygen supply, up to a 1:24
ratio of the cell suspension to culture bottle headspace (Fig. 2).

Overall 3MC
concentration (mM)

200

150

Aqueous phase
Organic phase
Overall

100
50
0

1:6

1:12

1:24

1:48

Volume ratio
Cell suspensions: headspace
Fig. 2 Batch production of 3MC by TODE1 using a two-phase system with different oxygen supplies
(represented by different volume ratio of cell suspension to headspace, v/v). Bioconversion system was
conducted into 10 ml OM medium with toluene and 1-butanol vapor supply, with 1-decanol (phase ratio 10:1) as
an organic phase, at 30 °C, 200 rpm. 3MC yield was measured at 20-h production time.
Batch production of 3MC
In this study, it was revealed that 3MC production yield was optimized and maximized using a two-step
method including cell preparation and 3MC production steps. For cell preparation, supplementation of glucose
into MSB medium allowed for shorter cultivation time than supplementation of glycerol. The production step,
however, still required MSB medium supplemented with 4 mM glycerol and 0.4 mM FeSO4.
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Previously, the TODE1 strain has been used as a whole-cell biocatalyst for 3MC production in a twophase system with oleyl alcohol as an organic phase in MSB medium with maximum overall production of 24.4
mM7 (Table 2). Our study, however, produced a greater 3MC yield (1.3 fold) at a production rate of 1.5 mM/h.
After 20 h cultivation in OM medium TODE1 could produce 3MC 31.8 mM of overall 3MC concentration with
majority of 3MC (85.5 %) accumulated in the organic phase at a concentration of 166.5 mM. The result of this
study indicated that the supplementation of glycerol as energy source and Fe2+ as a cofactor of TDO in tolueneinduced cell would prevent catabolite repression and improve the TDO activity, respectively. To our knowledge,
this is the highest 3MC product concentration reported to date.
Table 2 Comparison of 3MC batch production from toluene by genetically engineered bacteria using various
types of organic phase in a two-phase system.
Microorganism
P. putida DS10
P. putida MC2
P. putida TODE1
P. putida TODE1
P. putida TODE1

Two-phase system
(medium/organic solvent)
LB/n-Octanol
LB/n-Octanol
MSB/Oleyl alcohol
MSB/n-Decanol
OM/n-Decanol

3MC production (mM)
Aqueous phase
Organic phase
7.0
11.5
3.8
83.0
16.1
107.3
28.3
166.5
28.3
166.5

Overall
8.3
19.6
24.4
25.9
31.8

References
6
5
7
Present study
Present study
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Abstract
Bacterial community structures in two types of membrane bioreactors (MBRs), inclined plate membrane bioreactor
(ip-MBR) and inclined tube membrane bioreactor (it-MBR), and conventional activated sludge (CAS) process
treating municipal wastewater were compared. Terminal Restriction Fragment Length Polymorphism (T-RFLP)
associated with Multi Dimensional Scaling (MDS) plot elucidated that the influent wastewater characteristics
fluctuation, temperature and different sludge retention time (SRT) were the important factors for total bacterial
community changes but not for the ammonia oxidizing bacterial community. Ammonia oxidizing bacterial
communities were slightly different in the three processes. Meanwhile, total bacterial communities in ip-MBRs
which were operated under SRT longer than 20 days at 30oC were entirely different from those in the CAS and itMBR which were operated with shorter SRT at ambient temperature.
Keywords: Conventional activated sludge process (CAS), Membrane bioreactor (MBR), Terminal Restriction
Fragment Length Polymorphism (T-RFLP), Bacterial community
Introduction
Conventional activated sludge (CAS) has been widely used for wastewater treatment in recent years. As water
reclamation and treated wastewater discharge criteria have become more of a concern, membrane bioreactor
(MBR) technology, which combines suspended activated sludge and a membrane module for liquid/solid
separation, could be a promising new approach that offers advantages over CAS (Radjenovic et al. 2008; Moeslang
and Brockmann 2011). Because a wide range of sludge retention time (SRT) can be achieved in MBR, this system
offers more beneficial in terms of system compactness and better effluent quality. Compared with the conventional
treatment, by increasing SRT in MBR, slow-growing bacteria can be mineralized poorly degradable organic
compounds, resulting in high effluent water quality (Melin et al. 2006; Radjenovic et al. 2008; Kraume and Drews
2010).
An inclined plate membrane bioreactor (ip-MBR) has been developed for operating under prolonged SRT whereas
inclined tube membrane bioreactor (it-MBR) has been consequently modified from ip-MBR. The principle
process includes sludge thickening tank with the inclined module in the mainstream that enables recovery of dense
excess sludge directly from the reactor and maintains the suitable sludge concentration in the membrane tank (Xing
et al. 2006; Fontanos et al. 2008). With the differences of operational conditions such as SRT and temperature,
both ip-MBRs and it-MBR were selected for comparing bacterial communities with CAS in order to better
understand the effect of operational condition on the changes of bacterial communities.
Materials and methods
Set up and operation of ip-MBRs
Two bench-scale ip-MBRs (ip-MBR units 1 and 2) with an identical design were constructed and operated for one
year as described in Ittisupornrat et al. (2014). Both the reactors were tested with different SRT and hydraulic
retention time (HRT) conditions at 28-30 oC as summarized in Table 1.
Table1 Experimental conditions of ip-MBRs
Experimental Period of
ip-MBR unit1
ip-MBR unit 2
run
(day)
HRT
SRT
OLR
HRT
SRT
OLR
(h)
(d)
gCOD/L-d
(h)
(d)
gCOD/L-d
1
1–19
6
20
1.31 ± 0.64
6
20
1.31±0.64
2
20–83
6
infinite
1.23±0.39
6
infinite
1.23±0.39
3
84–209
6
infinite
1.57±0.75
6
80
1.57±0.75
4
210–328
12
infinite
0.70±0.24
6
40
1.41±0.47
5
329–355
12
infinite
0.92±0.29
6
20
1.83±0.58
Meanwhile, the conventional activated sludge process (CAS) was operated at HRT of 10 h and SRT of 5.3 days at
ambient temperature with treated wastewater capacity 390,000 m3/d at the day of sampling. At the same time, a
bench scale of inclined tube MBR (it-MBR) was operated at HRT of 2.2 h and SRT of 12 days at ambient
temperature as described in Chen et al., 2012.
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DNA extraction and amplification
Sludge samples from ip–MBRs were extracted for DNA and amplified with the primer set of 63f and 1387r for
bacterial 16S rRNA (Marchesi et al., 1998) and primer set of amoA-1F and amoA-2R for bacterial amoA gene of
ammonia oxidizing bacteria (Rotthauwe et al., 1997). Dual terminal–labelling fluorescence was used for this study.
The 5’ end of 63f and amoA-1F primers were labeled with 6–carboxyfluorescein (6–FAM) while 1387r and amoA2R were labeled with 6–carboxy–1, 4–dichloro–2’,4’,5’,7’–tetrachlorofluorescein (HEX). PCR mixture of
bacterial 16S rRNA and amoA gene (50 μl): contained 2.5 and 1.25 units of Tag DNA polymerase for bacterial
16S rRNA and amoA gene, 5μl of 10X PCR Buffer, 4 μl of dNTP mixture (all chemicals were provided by
TAKARA BIO, Japan), 0.2 μM of each primer, and 100–200 ng of template. The thermocycling conditions were
conducted as shown in Table 2.
Table 2 Amplification conditions
[a]
[b]
Step of amplification
Bacterial 16S rRNA gene
Bacterial amoA gene
°
Initial incubation
95 C, 5 min
94 °C , 5 min
denaturation
95 °C , 1 min
94°C , 1 min
°
annealing
55 C , 1 min
55 °C , 45 s
°
extension
72 C , 1.5 min
72 °C ,1 min
°
final extension
72 C , 5 min
72 °C , 10 min
°
Termination
4 C
4 °C
[a]
[b]
Marchesi et al., 1998, and Jin et al., 2010.
Terminal restriction fragment length polymorphism (T-RFLP) analysis
Purified PCR products of bacterial 16S rRNA gene and amoA gene (around 200 ng) were digested separately with
10 U of HhaI and MspI (TAKARA BIO) for bacterial 16S rRNA gene and amoA gene at 37oC for 3h. Then
digested PCR products were analyzed for bacterial community using Terminal Restriction Fragment Length
Polymorphism (T-RFLP) and characterized by using cluster dendrogram and multidimensional scaling plot
according to Ittisupornrat et al. (2014).
Bacterial community comparison
For the purpose of bacterial community comparison with CAS and another type of MBR (i.e. inclined tube MBR
(it-MBR), both sludge samples were collected at the same time which sludge samples from ip-MBRs were operated
on day 355. In addition, total bacterial community from ip-MBRs was compared in each stage of operation on
days 1 (seed sludge), 57, 166 and 328 following Runs 1–4. These samples were taken from the three parts (A, An,
and B). In the anoxic tank, An samples were collected between the inclined plates after a brief blowing cycle when
the sludge was suspended in the liquid, whereas B samples were collected at the bottom of the discharge point. In
the aerobic tank, A samples were directly collected from the mixed sludge.
Physical and chemical analysis
The permeate samples from the it-MBR and the ip-MBRs were taken for obtaining removal efficiency while the
water quality data of effluent from an aeration tank in CAS were given by the plant operator as values for reference
purposes. The feed wastewater and permeate in MBRs were analyzed for chemical oxygen demand (CODCr) and
total nitrogen (TN) using HACH test kits according to the manufacturer’s instructions (HACH, USA). The
concentration of mixed liquor suspended solid (MLSS) was measured according to standard methods (JSWA 1997).
Results and discussion
The effluent quality in each process together with characteristic of raw wastewater was presented in Table 3. It
was observed that organic removal was effectively achieved in all processes while ammonia-nitrogen removal
could be completed in CAS, ip-MBRs unit 1 and unit 2 except in the it-MBR due to a short HRT operation (2.2h)
resulted in incomplete nitrification.
As for bacterial communities which determined by T-RFLP and characterized based on Bray Curtis similarity
were presented into cluster and MDS plot. Ammonia oxidizing bacteria (AOB) communities were compared only
the same sampling day (Figure 1) while total bacterial communities were also compared from day 1, 57, 166 and
328 which were selected for representing different operational periods (Figures 2-3).
Table3: Characteristics of effluent water quality
Concentration
influent
Effluent(b)
(mg/L)
ip-MBR unit1
ip-MBR unit2
it-MBR
CAS(c)
(d)
COD
267-334
9
10
14
14
TN
30.4-38.4
12.1
13.2
14.8
13.2
NH4-N
9.8-10.0
<1(a)
<1(a)
4.5
0.7
NO3-N
0.7
11.9
12.9
8.5
8.9
NO2-N
0.01
0.02
0.02
0.94
0.3
(a)
The detection limit of NH4-N measured by HACH was 1 mg/L, (b) average effluent values analyzed on the same sampling day
quality in effluent from an aeration tank. (d) CODCr for MBRs and CODMn for CAS.
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(c)

Water

The AOB cluster from binary data showed AOB community in all processes had nearly similarity level of 70%
(Figure 1). It was possible that the different treatment processes showed less effect on AOB members even though
nitrification was not completed in it-MBR. It was possible that AOB members existed in the it-MBR but unsuitable
condition of short HRT (2.2 h) posed to not well nitrification function. Bacterial community members from binary
data were characterized into 4 categories which were i) day 1 of ip-MBR, it-MBR and AS; ii) day 57; iii) day 166;
and iv) day 328 and 355 at similarity level of 45% (Figure 2). No differences of bacterial communities in different
parts were observed. Surprisingly, bacterial community of seed sludge samples (day1) retrieved from return sludge
line in the CAS was in the same group of sludge samples from CAS and it-MBR. It seemed that bacterial
community differences due to the fact that CAS and it-MBR processes were operated shorter SRT of 5.3 days and
12 days, respectively while ip-MBRs were operated SRT longer than 20 days. Nevertheless, the different
temperature may cause a shift of the bacterial community as the ip-MBRs were operated at 30 oC while it-MBR
and CAS were operated at ambient temperature. On the other hand, bacterial communities from ip-MBRs unit 1
and unit 2 on day 355 were distinctly separated and far away from bacterial community on day 328 even though
all sludge samples were grouped in the same cluster. Hence, bacterial community dynamics were not only affected
by SRT but also by environmental factors.
Considering similarity of bacterial community abundance retrieved from normalized peak area of T-RF data, they
were categorized into 4 clusters at the same similarity level of 45%. Dominant bacterial communities of seed
sludge, CAS and it-MBR were in the same cluster similar to bacterial membership. However, the dominant
bacterial communities in the ip-MBRs presented dissimilar movement. Bacterial communities in the ip-MBR unit
1 on day 355 were in the same cluster of bacterial communities on day 166 whereas bacterial communities in the
ip-MBR unit 2 on day 355 were moved to group together with bacterial communities on day 328. The dominant
bacterial community may shifts probably due to the adaptation under MBR conditions where the lower F/M ratio
and longer SRT. Bacterial community structure in the ip-MBRs on day 166, in particular, seemed sequential shifts
probably due to the effect of three consecutive raining days during the period of sludge collection. Furthermore,
the different operating conditions could be attributed to the changes of bacterial community population. As the
results of bacterial community in the ip-MBR unit1 and unit 2, it-MBR and CAS on the same sampling day were
distinctly different although they were fed with the same characteristics of raw wastewater. However, it was
observed that bacterial community in the ip-MBRs was different from those of the CAS and it-MBR, while the
bacterial community in the it-MBR was closer than that in the CAS. According to the different operating conditions,
it may induce a presence of desirable bacterial population or inhibit the growth of unsuitable bacterial group as a
result of the bacterial communities regularly adapted to the variable conditions.
Based on these findings, the bacterial community dynamics could be attributed to many factors originated from
environmental fluctuations and operating conditions which were described in the state as above. However, some
interactions between bacterial population and other organisms in the reactors should not be neglected. Although
the obtained T-RF profiles were not capable for determining the species composition of sludge samples, it was, as
has been demonstrated, useful in differentiating bacterial community in terms of membership and abundance.
Bacterial amoA gene community
(Binary data)

Transform: Presence/absence
Resemblance: S17 Bray Curtis similarity
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Figure 1 Cluster dendrogram of ammonia oxidizing bacterial membership in different operational processes
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Figure 2 Multidimensional scaling plots of bacterial membership (a) and bacterial abundance (b) in three different
operational processes
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Introduction
Hospitals use typically a numerous of chemicals such as pharmaceuticals, radionuclides, solvents and
disinfectants in a process of diagnosis, equipment disinfection and laboratory activities. This makes large
amounts of these substances mostly partial-metabolized are discharged into the hospital sewer system. Most of
hospital wastewater treatment plants is biological process such as a conventional activated sludge (CAS) which
its biomass can be adverse effected by disinfectants and antibacterial agents existing in cocktail concentrations.
Typically, CAS was poorly eliminated nutrients, trace organic compounds and pathogens in wastewater1.
Membrane bioreactor (MBR) combines the biological degradation process using activated sludge with a direct
solid–liquid separation by membrane filtration2. Because it is operated at long sludge retention time (SRT),
therefore microbial activity is higher rate and potential toleration to a problematic compound with poorly
biodegraded. Because many trace pollutants are not proposed in the regulation of discharged wastewater
standard. Therefore, information of chemicals/pharmaceuticals from such a wastewater including its treated
properties are limited available2. Like other wastewaters containing toxic chemicals, the biological effects of
hospital effluent discharged into natural water body are necessary to be assessed its risk to aquatic organisms. In
this study the Activated Sludge Respiration Inhibition Test (ASRI) is mainly used for evaluation influent toxicity
because the toxicity results could be applied directly interpretation into the biological process of the treatment. In
addition to the ASRI, toxicity test on an aquatic invertebrate, Moina macrocopa had been carried out. Thus, the
aims of this study were: i) surveying antibiotics usage and estimation antibiotic discharge in hospital wastewater,
ii) toxicity evaluation of the selected antibiotics on microbial activity were conducted via ASRI test iii)
characterization acute toxicity of wastewater along treatment systems: CAS and MBR on Moina macrocopa’s
survival and immobility.
Materials and methods
Surveying of hospital antibiotic usage and wastewater generation/treatment system
A private hospital in Bangkok serving size of 150 beds was selected in this study. The hospital has generated
approximately 200 m3/d of wastewater which was directly discharged into an on-site wastewater treatment plant.
It was a conventional activated sludge process (CAS) with a capacity of 240 m3/d, which consists of a separation
tank, an equalization tank, an aeration tank, and a sedimentation tank. The effluent was discharged without
disinfection process. The wastewater was characterized for main organic/inorganic compounds and nutrients
including enumeration of coliform bacteria as described in the standard methods for the examination of water
and wastewater (APHA). The pH and electrical conductivity (EC) were analyzed using portable meters. The
total organic carbon (TOC) was measured by TOC analyzer (Shimadzu TOC-V 5000A). In addition, the
wastewaters from other 3 hospitals in Bangkok were collected for determination some main pollutants to
compare the water qualities to the studied hospital.
The MBR treatment system
In this study, a laboratory scale of MBR was installed at the hospital to treat the wastewater. The system
consists of an anoxic tank an aerobic MBR tank for denitrification and nitrification, respectively. Two
submerged microfiltration hollow-fiber membrane modules (Sterapore SADFTM Series, PVDF, 0.4 μm pore size,
0.14 m2 surface area) were used in the MBR aertion tank. The operation of the MBR was operated under a
constant permeate flow rate mode (constant membrane flux). The excess sludge from the MBR tank was
returned to the anoxic tank in order to maintain the MLSS content in ranges of 3-4 g/l. Therefore, no sludge
withdrawal had been done in this operation. The water samples had been collected on weekly basis for 2 months
during June 2014 to July 2014 and stored under 4oC in dark.
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Surveying antibiotics usage and estimation of antibiotics discharged in hospital wastewater
The antibiotics administered prescriptions for inpatient department (IPD) from January 2013- December 2013
were collected from the hospital. The usage of antibiotics was calculated from the number of doses per
prescription and the mass of antibiotic ingredient in each dose. Then, usage antibiotic data was used for
estimated antibiotic contaminated in wastewater using antibiotic excretion data form previous studies.
Estimated Concentration (μg/L) = Total mass of antibiotics (g/y)(106 μg/g) x (Digestibility Factor)
Wastewater flow rate (m3/d)(103 L/m3)(365 d/y)

(1)

When, digestibility factor = 0.73

Effect of hospital wastewater on mixed liquor-biomass activity and ASRI Toxicity of antibiotics
Because the hospital has various activities which influent the wastewater characteristics therefore, the
wastewaters were collected in every 3 hours during 6 a.m. to 21 p.m. in total of 6 water samples. A specific
growth rate of the mixed liquor-biomass of CAS in hospital wastewater was determined via a batch growth
experiment. The batch test was carried out in the 250 Erlenmeyer flasks containing a 100 ml wastewater in
duplicate. A 100 ml nutrient broth with equivalent COD concentration to as wastewater as a control. Then, the
mixed liquor-biomass was inoculated into the water samples to make up the test turbidity equal to a McFarland
standard No. 0.5 via spectrophotometer at 600 nm. The flasks were incubated at room temperature with
continuous shaking (150 rpm). Changes of the optical density of liquor was determined at 0, 1, 2, 3, 4, 6, 8, 10,
and 12 h.
According to the data of antibiotic usage of hospital wastewater, the selected antibiotics such as
ciprofloxacin, norfloxacin, sulfamethoxazole, and trimethoprim was tested individually for their toxicities to AS
mixed liquor. Thus, the toxicity test using the Activated Sludge Respiration Inhibition (ASRI) was established as
described in OECD 2094. The mixed liquor taken from the aeration tank of a central municipal CAS in Bangkok
was used. Each set of an antibiotics had five concentrations of 10, 50, 100, 500, and 1,000 μg/L. The respiration
rates via DO disappearance of the AS mixed liquor exposed to antibiotics are measured after 3 hours exposure
and reported as percentage of inhibition (%IT). Then, the 3 hours effective concentration as EC50 of antibiotic
concentration (μg/L) and its 95% confident limits were derivable from a probit transformation of the percentage
of inhibition data.
Acute Toxicity Test on Aquatic Organism
Acute toxicity test of hospital wastewater was carried out by observing mobility inhibition/mortality of water
fleas, M. macrocopa (OECD 2025). The ISO test water was prepared by dissolving 294 mg of CaCl2, 2H2O, 123
mg of MgSO4, 7H2O, 65 mg of NaHCO3 and 6 mg of KCl as a dilution water. Consecutive dilutions of water
samples were 0, 2, 4, 8% (v/v) for raw hospital wastewater and 0, 2, 4% (v/v) for treated wastewater. Then, a 20
ml of each test water was pipetted into a 100 ml beaker in duplicate with an only ISO test water as a control. Ten
young M. macrocopa aged less than 24 h were exposed to each condition under room temperature (30±2 oC) in
darkness. The numbers of immobilized and mortality of M. macrocopa were recorded at 24 h and 48 h. The data
with 95% confident limits were used to determine effective concentration (EC50) and lethal concentration (LC50)
as water dilution (%v/v) using a probit transformation.
Results and discussion
Surveying Antibiotics usage and estimation of antibiotc contamination in hospital wastewaters
Antibiotics usage of the hospital was evaluated from only inpatient department (IPD) data. Table 1 shows the
amount of antibiotics which was catagorized into 9 classes. The β-lactam antibiotics class consists of Penicillin,
Cephalosporin and other β-lactam was the most antibiotic usage (68.0%) in human therapy followed by
fluoroquinolone (8.4%), macrolide (1.7%), and sulfonamide (1.1%). Tetracycline, aminoglycoside, and other
antibiotics were accounted for smaller quantities of usage as compared to the above four antibiotic classes.
The previous studies indicate that β-lactam antibiotics were not detected in most environmental waters although
many are highly used due to high biodegradable property6. Whereas the other classes such as fluoroquinolones,
macrolides and sulfonamides have been reported in municipal wastewaters, hospital wastewaters, and surface
waters3. Therefore, in this study, frequent antibiotics existing in aquatic environment were selected for
estimation their contamination in hospital wastewater. Thus, four antibiotic classes (Table 2) were estimated
their contamination in wastewater using eq. (1) based on an assumption that 70% of administered antibiotic was
excreted out from the patient. It appeared that ciprofloxacin and levofloxacin concentrations were 14.76 and 4.68
μg/L respectively. Clarithromycin, norfloxacin, and sulfamethoxazole were found in ranges of 2.63-3.19 μg/L.
These estimated concentrations were found in the same ranges as the values from worldwide hospital
wastewaters in previous reports.
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Table 1 Summary of antibiotics usage for inpatient department (IPD) of the hospital in 2013.
Usage amount (g/y)
Tablet
Solution
1,207
26
4,708
68
0
0
0
0
453
32
2138
0
34
0
228
0
1,012
0
9,778
126

Antibiotic Class

Injection
Penicillins
6,808
Cephalosporins
7,395
Other β-lactams
2,142
Aminoglycosides
27
Macrolides
21
fluoroquinolones
352
Tetracylines
0
TMP/SMZ*
104
Other
2,888
Total
19,737
* TMP/SMZ; Sulfamethoxazole/trimethoprim

Table 2 Estimated antibiotic concentrations in hospital wastewater using eq. (1)
Antibiotic class

Antibiotics

Estimated antibiotic
concentration in hospital
wastewater (μg/L)
0.70
0.26
1.41
2.92
0.30
0.07
0.15
14.76
4.68
1.09
3.19
2.65
0.53

Used antibiotic (g/y)

Aminoglycosides

Amikacin
Gentamicin
Macrolides
Azithromycin
Clarithromycin
Erythromycin
Midicamycin
Roxithromycin
Quinolones
Ciprofloxacin
Levofloxacin
Moxifloxacin HCl
Norfloxacin
Sulfonamide
Sulfamethoxazole
Other
Trimethoprim
*Hospital generated 200 m3 of wastewater per day

73.00
26.72
146.70
304.50
31.25
7.20
15.75
1539.10
488.25
114.00
332.80
276.40
55.28

Usage Ratio (%)

Total used
8,040
12,170
2,142
100
505
2,490
34
332
3,901
29,714

27.06
40.96
7.21
0.34
1.70
8.38
0.11
1.12
13.13
100

Antibiotics occurrent in
hospital wastewater
(μg/L)7,8,9,10
0.80 - 1.89
0.01 - 11.00
0.16 - 0.80
0.40 - 2.19
0.20 - 21.00
0.20 - 1.60
0.30 - 25.30
0.17 - 4.00

Performance of CAS and MBR in treatment of hospital wastewater
Chemical and biological characteristic of raw wastewater and treated wastewater from CAS and MBR were
determined (Table 3). It contained COD (187 mg/L), TSS (72 mg/L) and TOC (53 mg/L) which the
characteristics were similar to typical domestic wastewaters11 and other 3 hospitals in Bangkok. Surprisingly,
NO2-N highly presented in CAS effluent. It indicates retardation of NO 2-N oxidation to NO3-N in the aeration
tank. It is reported that there could be some specific compounds such as phenol, pyrocatechol, resorcin, benzene,
quinoline, pyridine and indole that exert a differential toxicity on two steps of nitrification thereby resulting in
nitrite accumulation12. Some of those compounds were found in usage of many hospital activities such as
laboratory and aseptic cleaning etc. Difference from MBR’s, this was because a long sludge age often contained
high amount of nitrifying bacteria as compared to the CAS 1. Coliform bacteria were found in a range of 106-107
MPN/100ml which were comparatively low as compared to sewage. Total coliforms removal was found in the
MBR whereas that of CAS effluent had about 104 MPN/100ml, in which none of disinfection was applied
similarly in both effluents. It is clearly seen that the MBR could reduce organic compounds, nitrogen compounds
including coliforms more effective than the CAS did.
Table 3 Raw and treated hospital wastewater characteristics*
Water Samples

pH

EC

TSS

COD

BOD5

TOC

TKN

NH3-N

NO2-N

NO3-N

Ortho-P

TCa

FCa

General HWW**

7.14

-

66.00

-

156.00

27.27

-

-

-

-

-

-

-

Raw HWW

7.13

1600

72.33

187.32

179.17

52.50

34.13

30.58

0.00

0.00

1.97

1.3 x 107

1.2 x 106

Treated CAS

7.02

1397

81.50

36.22

18.50

12.71

4.57

1.75

21.93

5.35

2.47

9.6 x 104

4.5 x 104

Treated MBR

7.43

1047

4.00

10.23

0.20

7.73

0.65

0.23

1.12

4.03

3.15

0.00

0.00

Unit: mg/L except pH (unitless), : MPN/100mL
* Average values, numbers of water sample = 6; ** Average values from other 3 hospitals in Bangkok
a

Effect of hospital wastewater on mixed liquor biomass of activated sludge
Effect of hospital wastewater on microbial growth at various sampling times is shown in Fig.1 (a). The mixed
culture could grow in nutrient broth (control) showed a normal sigmoidal curve as a common growth curve. In
contrast, none of increase trends of growth curves were observed in the hospital wastewater tests indicating that
they gave adverse effects on microbial growth. Difference from the other time, the wastewater on 15.00 p.m.
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sharply decreased the growth after 6 hours exposure. It suggests the hospital wastewater had different properties
depending on the working time/activities. Some high toxic compounds to the microorganisms were discharged at
15.00 p.m. into the sewer system which gave high possibility of adverse effects to performance of the CAS
system.

Fig.1 Effect of hospital wastewaters on mixed liquor of CAS at various sampling time
The results from ASRI test showed that the average 3h- EC50 values of raw hospital wastewater of CIP, NOR,
SMX, and TMP were found to be 1.06, 3.72, 70.4, and 51.58 mg/L, respectively. Among those antibiotics, CIP
and NOR were high toxic to AS biomass. CIP and NOR were fluoroquinolones highly used in the hospital. The
3h- EC50 from ASRI test were far higher than the estimated concentrations of antibiotics as in Table 2.
Therefore, it implies that the individual antibiotic existed in microgram level was rarely toxic to the AS biomass.
Toxicity of hospital wastewater on aquatic organism
The 48 h lethal concentrations (LC50) on M. macrocopa of raw hospital wastewater, treated AS, and treated
MBR were 38.88%, 54.09% and 66.10% (v/v) equivalent to 2.57, 1.85 and 1.51 TU 13 (Toxic unit = 100/ LC50),
respectively. It suggests that the hospital wastewater was toxic because it was higher than 2 TU. Meanwhile, the
treated AS and treated MBR were not toxic. The toxicity of raw hospital wastewater might cause from high
NH3-N values14, 15 (30.58 mg/L).
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Introduction
Groundwater is the important natural water resource for the daily life because of its clean and low cost
production. Since there is a landfill close to community area, the water quality is getting worse. When
groundwater is contaminated, it cannot be used. Groundwater contaminates from landfill leachate which causes
the big problem to the villagers who live nearby the site. Landfill leachate composed of a large number of
organic matters, ammonia-nitrogen, alkalinity, other toxicants, and heavy metals [1]. Dissolved organic carbon
(DOC) and dissolved organic nitrogen (DON) are part of organic matters and they can form disinfection by
products (DBPs) when react with sterilizer. Disinfection by products (DBPs) are toxic and effect to human
health [2]. The objective of this study was instigated groundwater quality nearby Abandoned Landfill site, i.e.
dissolved organic carbon (DOC) and dissolved organic nitrogen (DON).
Materials and methods
Sample collection
Water samples were collected from three observed wells which were the shallow well in the area of the
Mae-Hia abandoned landfill site (the observed well no.1) and the selected shallow wells near the Mae-Hia
abandoned landfill site (the observed well no.2 and no.3). The distance from Mae-Hia abandoned landfill to the
south west of Chiang Mai is approximately 5 kilometer [3]. The Mae-Hia abandoned landfill is located at the
western foothill of the Chiang Mai- Lamphun Basin.

Landfill site

no. 1
no. 2

no. 3

Figure 1 Location of shallow wells were collected in Mae-Hia abandoned landfill site [4].
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Analytical methods
The water samples were collected from shallow well at Mae-Hia abandoned landfill site and then it was
measured for pH, DO, and temperature onsite. The pH of tested water was measured by using HORIBA pH
METER F-21. The Dissolved Oxygen (DO) of tested water was measured by using DO meter (Oxi 3205 SET 3,
WTW). The temperature of tested water was measured by using thermometer. Next, basic parameters were
measured (i.e., alkalinity, turbidity, electrical conductivity) before filtration with a 0.45 μm Nylon membrane
filter. The total alkalinity of the tested water was measured titrimetric ally according to EPA Method. The
turbidity of the tested water was measured by using turbidity meter (Turb 430T, WTW). The electrical
conductivity of the tested water was measured by using conduct meter (handy lab LF1, SCHOTT). After the
raw samples were filtrated to measure UV254, DOC, DIN,and TKN. The UV absorbance at 254 nm of the tested
water was measured by using a UV spectrophotometer (Lambda 25 UV/VIS). The dissolved organic carbon
(DOC) of the tested water was measured by using standard method 5310C by wet oxidation method. The
dissolved inorganic carbon (DIN) of the tested water was measured by using DR/890 colorimeter.
Results and discussion
The water quality characteristics of the test water are shown in Table 1
Table 1 Water quality characteristics.
parameters
pH
Temperature, ºC
Alkalinity, mg/L as CaCO3
Electrical Conductivity, μs/cm
DO, mg/L
turbidity, NTU
NH3-N, mg/L
NO-2-N, mg/L
NO-3-N, mg/L
TKN, mg/L
UV254, cm-1
DOC, ppm
DON, mg/L
TDN, mg/L
SUVA, L/mg-m

1

the observed well no.
2

3

7.01
27.7
1,305
3,757
1.3
27.90
69.5
0.002
0.08
71.6
1.701
10.907
2.1
71.7
15.59

6.77
27.0
220
675
3.3
4.65
0.35
0.052
0.45
0.514
0.161
5.734
0.17
1.02
2.81

6.65
27.5
203
604
3.0
1.23
0.02
0.012
0.26
0.071
0.020
2.113
0.05
0.35
0.96

Well depth and location
From the onsite shallow well observation, each well has a difference depth of groundwater. The
groundwater flows on direction from observed well no.1 to well no.2 and to well no.3, respectively. Observed
well no.1 is the shallow well in the area of the Mae-Hia abandoned landfill site. So the rest two observed wells
are on the contaminated groundwater direction flow.
Electrical Conductivity
The experimental data demonstrated that the Electrical Conductivity decreased from 3,757 to 675 and
604 μs/cm, respectively. The EC value in observed well no.1 in this study was higher than those of other
observed well because it was collected from landfill site, which is high contaminated. Karnchanawong et al.
(1993) observed EC in a range of 0.8-11.0 ms/cm for water samples nearby Mae-Hia landfill. High EC could be
due to a contamination of the shallow well water from landfill leachate [5].
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DO
The results imply that DO in observed well no.1 is 1.30 mg/L which less than 2 mg/L. It provided as
wastewater from oxygen dissolved in water. DO from Observed well no.2 and 3 were 3.3 and 3.0 mg/L,
respectively. The level of DO is in average value so water that can be used for consumption.
Turbidity
The result showed that the turbidity was decreased by distance. At the first station which is the closest
landfill has very high turbidity. Comparing results and data of Jiarsikul, 2003 found that my station has higher
turbidity of groundwater [3].
DOC
Organic matters of contaminated shallow well in term of DOC concentrations were 10.907, 5.734 and
2.113 mg/L, respectively. The high DOC concentration in shallow well may due to the contaminated from
landfill leachate. Moreover, leaves fell into the well since the shallow well was not well protected. Therefore,
this also could be resulted in high DOC concentration when compared with the previous study. Jiarsirkul (2003)
reported DOC concentration that was slightly lower than this study at Mae-Hia landfill site was 9.24 mg/L [3].
DON
Dissolved organic nitrogen of contaminated shallow well concentrations were 2.1, 0.17, and 0.05 mg/L,
respectively. The high DON concentration in shallow well may due to the contaminated from landfill leachate
and leaves fell into the well. Lee and Westeroff reported that the average DON was 0.2 mg/L in raw water from
28 U.S water treatment plants [6]. Therefore, the result in observed well no.1 showed in high DON
concentration when compared with the previous study.
UV254
UV absorbance at wavelength 254 nm was used to indicate Aromatic groups in organic matters. This
was due to organic matters have efficiency to absorb and low disturb from other compounds in this wavelength.
UV254 in the observed shallow well were 1.701, 0.161 and 0.020 cm-1, respectively. Therefore, the water sample
might contain extremely high concentration of aromatic group in observed well no.1. The previous study
presented UV254 of the same shallow well in 2003-2004[3], which was 15.84 cm-1 and 1.577 and 1.545 cm-1 in
November 2013 and January 2014[7], respectively. It was explained that high values of UV254 in the
contaminated landfill caused high concentration of aromatic rings.
SUVA
SUVA calculated by using UV254 divided by DOC concentration and multiplied by 100. The SUVA
values of contaminated shallow wells water were 15.59, 2.81, and 0.96 L/mg-m, respectively. SUVA was used
to be an indicator of the humic content. If SUVA in water sample was high (>3.00 L/mg-m) that meant the
water contained primarily humic organic matter (e.g., hydrophobic compounds) and responsive to coagulation
process [8]. Aromatic, carboxyl, carbonyl, methoxly and aliphatic units were compounds of humic molecules
[9]. Thus, from the high SUVA value of contaminated shallow well water no.1, it can be indicate that organic
matter in this shallow well water had more humic content and appropriated to use coagulation process to remove
those compounds.
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Introduction

The conventional treatment process of water supply production is coagulation, sedimentation, filtration and
disinfection process. During disinfection process, disinfectant commonly used chlorine was added and it can
produce disinfection by-products (DBPs) which may cause adverse health effects on human being [1]. DBPs can
be formed when chlorine react with DBPs precursors such as natural organic matter (NOM), especially dissolve
organic matter (DOM). DOM usually present in treated water because it was difficult to remove by conventional
process such as coagulation and filtration. The combination of coagulation and membrane filtration process can
removed DOM lower than 50% [2]. The important surrogate parameter of DOM are dissolve organic carbon
(DOC) and dissolve organic nitrogen (DON) because it was the main precursors of carbon-containing DBPs (CDBPs) and nitrogen-containing DBPs (N-DBPs). The previous research reveals significant relation between
DOC and trihalomethanes formation potential (THMFPs) [3].Therefore, it is necessary to analyze the
concentration of DOC and DON in water for evaluate the formation potential of C-DBPs and N-DBPs when
reacts with disinfectants. Ping River and Ang keaw reservoirs which located in Chiang Mai, Thailand were
currently utilized as raw water source for water supply. Many people utilized this water directly without the
appropriate technique or utilized as raw water supply without concern of DBPs precursors.
Thus, the aim of this study was to investigate the concentrations of DBPs precursors, i.e. dissolved organic
carbon (DOC) and dissolved organic nitrogen (DON) from two water source including Ping River and Ang
Keaw reservoir.
Materials and methods
1.1 Sample collection and preparation
Water sample was collected from Ping River and Ang Keaw reservoir which located in Chiang Mai, Thailand.
Water samples were collected in July 2014 which in rainy season. The various parameters including pH,
conductivity, dissolve oxygen, temperature and turbidity were measured onsite. The other parameters (UV254,
dissolve organic carbon (DOC), total kjeldahl nitrogen (TKN), total dissolve nitrogen (TDN), dissolve inorganic
nitrogen (DIN) and dissolve organic nitrogen (DON) and SUVA) was measured later by delivering water sample
to department of Environmental Engineering, Chiang Mai university laboratory. Water samples were prior
filtered by 0.7 μm GF/F Glass Fiber Filters and 0.45 μm Nylon Membrane Filters. Then, it was stored in the cold
room at temperature 4 degree Celsius until used. Figure.1 shows the procedure of parameters measurement.
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Raw water sample

pH, DO, temperature, turbidity,
Alkalinity, conductivity

Filtrated by 0.7 μm GF/F Glass Fiber
Filters

Filtrated by 0.45 μm Nylon Membrane
Filters

UV254, DOC,TKN, TDN, DIN, DON,
SUVA
Figure.1 Procedure of parameters measurement
1.2 Analytical methods
Conductivity, pH, dissolve oxygen (DO), temperature, turbidity of water sample were measured onsite by
conductometer (handy lab LF1SCHOTT), pH meter (HORIBA pH METER F-21), dissolve oxygen meter (Oxi
3205), thermometer (HORIBA pH METER F-21) and turbidimeter (TURB 430T). Alkalinity was analyzed by
using tritation method followed the standard method. All other parameters were filtrated by 0.7 μm GF/F Glass
Fiber Filters (WHATMANTM) and 0.45 μm Nylon Membrane Filters (WINTECH) prior to measure. UV254 was
measured by Standard method 5910B* with UV/VIS spectrophotometer Perkin-Elmer Model Lambda 25. DOC
was analyzed by Standard method 5310C* by using O.I. analytical 1010 TOC analyze. DON was calculated as
the difference between TDN and DIN. TDN was calculated as summation of total kjeldahl nitrogen (TKN) and
DIN. DIN including ammonia, nitrite and nitrate were measured with a portable spectrophotometer (HACH
DR/890 colorimeter) and SUVA was calculated from the ratio of UV absorbance at 254 nm to DOC value in
mg/L.
Results and discussion
The characteristics of water sample from Ping River and Ang Keaw reservoir were analyzed and summarized as
presented in Table 1.
As shown in Table 1, the average pH value of Ping River and Ang Keaw reservoir was 6.88 and 6.45,
respectively. It can be noticed that pH of both water samples were neutral. The DO concentration of Ping River
and Ang Keaw Reservoir were 4.5 and 1.8 mg/L, respectively. The DO concentration of Ping River was higher
than Ang Keaw reservoir. It might be due to the nature of river which usually flowing. It can be contain high
oxygen concentration than reservoir water. The turbidity of Ping River was 82.4 NTU which was extremely
higher than Ang Keaw Reservoir. According to the previous research, it was reported that the value of turbidity
of Ping River was 80 NTU in rainy season [3]. The turbidity of Ang Keaw reservoir were low as 6.02 NTU, it
might be due to the easier settled of suspended solids in reservoir.

─ 24 ─

Table 1. Characteristics of water sample from Ping River and Ang Keaw reservoir

pH

6.88

Ang Keaw
Reservoir
6.45

Alkalinity, mg/L CaCO3

108.3

68.4

Conductivity, μS/cm

246

156

DO, mg/L

4.5

1.8

Temperature, C

28.2

28.3

Turbidity, NTU

82.4

6.02

0.0902

0.1165

DOC, mg/L

3.73

4.58

TDN, mg/L

0.416

0.360

DIN, mg/L

0.108

0.081

DON, mg/L

0.31

0.28

SUVA, L/mg-m

2.42

2.54

Parameters

๐

-1

UV254, cm

Ping River

For the DOM surrogate parameters, UV254 value of Ping River was slightly lower than the value of Ang Keaw
reservoir but almost equally. Those values were 0.0902 and 0.1165 cm-1 in Ping River and Ang Keaw reservoir,
respectively. Therefore, this could be stated that DOM in Ang Keaw Reservoir was slightly contained higher
aromatic group than Ping River [2]. For DOC concentration, DOC concentration of Ping River was lower than
Ang Keaw reservoir. The previous study showed that the trihalomethanes formation potential (THMFPs) was
related to the presence of dissolve organic matter i.e. DOC [4]. Accordingly, it can be expected that water which
higher concentration of DOC as Ang Keaw reservoir had higher potential to form DBPs than water which lower
DOC concentration as Ping River. The SUVA was used to indicate the DOM character and its coagulation
ability for remove THMs precursors [5]. The SUVA values of Ping River and Ang Keaw Reservoir were 2.42
and 2.54 L/mg-m, respectively. It can be considered that both sources of water contain organic matter that is
primarily humic substances. Typically, DOM in surface water is mainly composed of humic substances [6].
The concentration of DON and TDN of Ping River were 0.31 and 0.416 mg/L. Whereas those of Ang Keaw
Reservoir were 0.28 and 0.360 mg/L, respectively. From the results, it can be noticed that DON are present at
low level in natural water than DOC. However, N-DBPs are recognized as more significant carcinogens and
toxicants than C-DBPs [7,8].
From the obtained results, it can be concluded that the DOC and DON concentration which presented in water
source both in Ping River and Ang Keaw reservoir should be remove with appropriate treatment process for
reduce the potential of DBPs formation.
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Abstract
Thailand has promoted the household products which known as One Tumbon One Product (OTOP) campaign.
Thai silk is one of the OTOP products that play an important role in Thai economy. Dyeing is the major process
of silk production that produces wastewater and discharge to the environment without treatment. This study aims
to characterize the quality of wastewater from dyeing process which using synthetic dyes. Wastewater samples
from dyeing process were collected from household silk production in Surin province which located at the
Northeast. The key parameters to characterize the wastewater were color, pH, Chemical Oxygen Demand
(COD), Suspended Solids (SS), Total Dissolved solids (TDS). The results illustrate that combined wastewater
from dyeing process had color 142-6,740 ADMI, pH 7.7-8.2, COD 196-2,673 mg/L, SS 104-896 mg/L and
TDS 1,337-2,909 mg/L.
Keywords
Wastewater, Effluent, Household silk production, Dyeing process
Introduction
Thai silk is a prestige product of Thailand since they have special qualities through unparalleled manufacturing
processes, bearing unique patterns and colors. There are large numbers of household silk production in Thailand
especially in the Northeast region which 66 % accounting for only 4 provinces i.e. Maha Sarakham (25 % of
Northeastern sericultural households), Surin (14 %) Buri Ram (13 %) and Khon Kaen (12 %). (Agrifood
Consulting International, 2005). Household silk production involves diverse processes of production including
rearing (cocoon production), yarn dyeing, weaving, fabric retailing and manufacturing. Yarn dyeing is the major
process that produces wastewater (Mo et al, 2007) and discharge to the environment without treatment. Yarn
dying processes can be categorized into 4 stages i.e. degumming/bleaching stage, dyeing stage and washing
stage. The natural dyes and synthetic dyes have been used for yarn dyeing. Although the natural dyes have been
promoted through the household but the synthetic dyes are more popular since they are commercial available,
convenient dyeing process and more colorful shade. However, the effluents released from chemical dyeing
processes pose a serious threat to the environment since high content of inorganic and organic chemicals have
been detected (Wang et al, 2009; Mo et al, 2007). Today more than 9000 types of dyes have been incorporated in
the color index (Mo et al, 2007). Due to their low biodegradability hence the bioremediation is not very effective
then wastewater management and treatment are become more important for household silk production. Beside
the public awareness has changed and environmental regulations have become more stringent, so the
environmental friendly products is become a major concern. This study aims to characterize the quality of
wastewater from dyeing process which using synthetic dyes as an information for the further wastewater
management and designing the simply wastewater system for household silk production.
Materials and Methods
Sampling location
Wastewater samples from dyeing process were collected from household silk production in Surin province
which located at the Northeast of Thailand. Household silk productions from 4 villages in 4 districts were the
representative.

─ 27 ─

Sampling and samples preservation
The sample was collected in glass bottle for COD analysis while Polypropylene (PP) bottle was used for the
other parameters i.e. color, SS, TDS. Approximately 3 L of wastewater was collected per each sampling point
thus 1 L for COD, another 2 L for color SS and TDS. The samples were collected from all stages of yarn dyeing
process namely degumming/bleaching stage, dyeing stage and washing stage. Note that all sampling bottles need
to be labelled and pH was measured in the field.
The sample preservations were required since the samples were not analyzed immediately at the field. The
samples which collected for COD analysis need to preserve by acidification to pH  2, using concentrated
sulfuric acid (H2SO4). In the case of color SS and TDS analysis, there are impractically of preserving the
samples. Only refrigerate samples at 4 oC up to the time of analysis is required (APHA, 2005).
Analysis methods
The key parameters to characterize the wastewater were color, pH, COD, SS, and TDS. Samples were analyzed
at Environmental laboratory, Department of Science Service, Ministry of Science and Technology. The
experiments have been conducted follow Standard Methods for the Examination of Water and Wastewater (APHA,
2005) as show in Table 1.
Table 1 the analysis method for wastewater
Parameters
pH
Color
COD
SS
TDS

ǰ

Results and Discussion

Analysis methods
Electrometric
Colorimetric, ADMI
Open reflux
Total suspended solids dried at 103-105 oC
Total dissolved solids dried at 180 oC

Source: APHA (2005)

Therefore the quality of wastewater need to be characterized, the analysis results were compared with the
Thailand national standards for the effluent. Industrial Effluent Standards for Industrial Plants and Industrial
Estates, Notification of Ministry of Industry, No.2 B.E.2539 (1996), issued under Factory Act B.E.2535 (1992)
dated June 14, B.E.2539 (1996), which was published in the Royal Government Gazette. Vol.113, Part 52D,
dated June 27, B.E.2539 (1996) was used since there are no standard for household production. The industrial
effluent standard has determined color standard as not objectionable (no specific value) thus it was better to use
the USA guidelines for textile effluent in the case of color (AAFA, 2014).
Effluent from degumming/bleaching stage
Degumming is for eliminating of gum (Sericin) from raw silk before dyeing stage. The commercial grade of base
i.e. Trisodium phosphate (TSP), Sodium carbonate (NaCO3) and soap are used as degumming agents (Textile
learner, 2014 and Chatthong Thai Silk, 2014). Since Thai silk yarn is naturally yellow hence it need to be
changed to lighter color or real white by bleaching (Chatthong Thai Silk, 2014). The chemical which use for
bleaching is hydrogen peroxide. The characteristics of effluent from degumming/bleaching stage are shown in
table 2
Table 2 show all analysis parameters of the effluent from degumming/bleaching stage which over Thailand
national standards and USA guidelines. These results are the same trend with the studied of Rajkhowa et al.
(2011) which reported that the degumming stage had an effluent problem. Degumming agents i.e. TSP, NaCO3
and soap are basic property thus high pH was detected in effluent. Also color was over the USA guidelines (
150 ADMI) thus bleach by hydrogen peroxide released color to the effluent. Silk is a kind of natural protein
(Xiao et al, 2014 and Gupta et al, 2013), the degumming is eliminate the protein namely sericin. This reason
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possibly explain that why the effluent had high COD. Note that SS and TDS were not analyzed since there were
not enough samples at the field.
Table 2 The effluent analysis results from degumming/bleaching stage
Parameters

Std/Guidelines

pH
Color (ADMI)
COD (mg/L)

5.5-9.01

 1502
120ϭ

Sample No.
1
2
9.8
9.4
1,195
712
171
150

Note 1Industrial Effluent Standards for Industrial Plants and Industrial Estates, Notification of Ministry
of Industry, No.2 B.E.2539 (1996).
2
AAFA, Global Textile Effluent Guidelines
Effluent from dyeing and washing stages
The dyeing stage, bleached yarn is taken to dye. There are many types of dye for silk yarn dyeing e.g. acid dye,
basic dye, direct dye and etc (Sirisongtham, 2014). The dyes commonly use auxiliary chemicals include NaCO3,
sodium bicarbonate, urea as a humectant, acids such as citric acid, acetic acid, vinegar, or sodium bisulfate,
sodium acetate and etc (Paula Burch's Site, 2014). After dyeing stage, dyed yarn is taken to wash in hot boiling
and very cold water until they are clean, prior to the further process (Chatthong Thai Silk, 2014). Thus the
effluent from dyeing and washing stage contained high content of organic and inorganic chemicals. The analysis
results of effluent from dyeing and washing stages are shown in table 3
Table 3 The effluent analysis results from dyeing and washing stages
Parameters
pH
Color (ADMI)
COD (mg/L)
SS (mg/L)
TDS (mg/L)

Std/Guidelines
5.5-9.01

 1502
120ϭ
 501
 3,0001

1
7.8
9,240
1,874
1,050
6,738

Dyeing

2
8.5
9,550
2,643
1,024
22,739

3
8.8
10,950
1,878
1,200
5,340

Sample No.
4
1.7
196
3,439
271
3,000

1
7.4
27
33
2
28

Washing

2
7.4
17
17
4
53

Note 1Industrial Effluent Standards for Industrial Plants and Industrial Estates, Notification of Ministry of
Industry, No.2 B.E.2539 (1996).
2
AAFA, Global Textile Effluent Guidelines
The results depict that pH of the effluent from dyeing stage was in the acceptable rang when compare to
Thailand national standard except for Sample No. 4 which was acidic pH of 1.7. It can be explained that most of
synthetic dyes which used for silk dyeing contained alkaline auxiliary chemicals. The study of Reddy et al
(2008) reported that mostly effluents from dyeing stage were alkaline pH. However, the acidic pH in sample No.
4 possible due to the Eucalyptus leaves were added to dyeing solution during the dying process thus they made
the pH of dye solution became acidic. Note that the Eucalyptus leaves are acidic property (Khan et al, 2007 and
Sibusiso and Malinga, 2012). The Colors from dyeing effluent were almost 100 times over USA guidelines thus
residual color remains in the effluent. However, a lower color was found in sample No.4. It is possibly that there
were different ratio of dyes used in dyeing solution. Also COD were over the Thailand national standard for
more than 10 times. The highest COD was found in Sample No.4. As mentioned above that Eucalyptus leaves
were added to the dyeing solution in samples No.4 which possibly contribute the organic loading in the effluent
(Reddy et al, 2008) resulting in highest COD. SS and TDS were also over the Thailand national standard for
over 10 times and 2-7 times respectively. Except for sample No.4, SS was 271 mg/L which over the standard
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only 5 times while TDS was equal the maximum level of 3,000 mg/L. Thus the different was due to different
ratio of dyes used in dyeing solution as mentioned above. The further research needs to identify the difference.
In brief, the effluent from dyeing stage contained significant quantities of residual color, mostly alkaline pH,
excess SS and TDS, high COD (Reddy et al, 2008) hence need to be treat before discharge to the environment.
The washing effluent analysis results are also shown in table 3. All analysis parameters were in acceptable rang
when compared with Thailand national standard and USA guidelines for color. It can be suggested that the
effluent from washing stage can discharge to the environment without any treatment. However, there were more
than 100 L of washing effluent per day has been recorded hence it is better to treat and use it again as the supply
water for washing stage thus can save the natural water resource.
Combined wastewater
All effluents from all stages of dying process namely degumming/bleaching, dyeing and washing were combined
at the storage tank. The storage tank was simply in designing and construction. The combined wastewater was
storage and filtering naturally hence discharge to environment without any treatment. The characteristics of
combined wastewater demonstrate in table 4.
Table 4 The analysis results of combined wastewater
Parameters
pH
Color (ADMI)
COD (mg/L)
SS (mg/L)
TDS (mg/L)

Std/Guidelines
5.5-9.01

 1502
120ϭ
 501
 3,0001

1
7.7
142
119
12
252

Sample No.
2
8.2
6,740
2,673
104
2,909

3
8.1
5,810
196
896
1,337

Note 1Industrial Effluent Standards for Industrial Plants and Industrial Estates, Notification of Ministry
of Industry, No.2 B.E.2539 (1996).
2
AAFA, Global Textile Effluent Guidelines
pH and TDS of combined wastewater from 3 samples were in the acceptable range when compared with
Thailand national standard while color, COD SS were accepted only for the sample No.1. The different of
analysis values were possibly due to the different ratio of effluents from each stage e.g. more volume of effluent
from washing stage, more dilution in combined wastewater. Since washing effluent can discharge without any
treatment or recycle and use again as supply water for washing stage, then suggested that the washing effluent
should not be combined in wastewater storage tank.
Conclusions and Recommendations
The effluents from degumming/bleaching and dyeing stage were over Thailand national standard and USA
guidelines (in the case of color). While the effluent from washing stage were in the range of Thailand national
standard and USA guidelines. Thus it can be discharged to the environment without any treatment. However,
recycle and use it again as supply water for washing stage is recommended. The analysis results of combined
wastewater from all stages were difference depend on the ratio of effluent from each stage thus the volume of the
washing effluent was the control parameter. The separation of washing effluent from the combined wastewater is
recommended since the washing effluent can be discharged to the environment directly and can be recycled.
There are many wastewater treatment techniques available for silk production (Xiao et al, 2014; Reddy et al,
2008; Chen et al, 2007 and Boonlerdporn et al, 2013). But in the case of wastewater treatment for household silk
production, the conceptual of designing should be simple, low initial and operation cost, easy operation and
maintenance hence the physical and chemical treatments can be applied. Moreover, the effluents from
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degumming/bleaching and dyeing stages need to be combined as the wastewater to be treated while the washing
effluent can be discharged to the environment directly. If recycle is prefer, another unit of treatment will be
considered for washing effluent. The further research is required for suitable wastewater treatment for household
silk production.
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Introduction
Municipal solid waste landfill leachate is generated from rainwater percolation and inherent moisture contents of
wastes. The compositions of leachate contain large amounts of organic matter, ammonia, heavy metal and toxic
material (Renou et al., 2008). Dissolved organic matter (DOM) in leachate is considered a highly heterogeneous
matrix presenting a variety in molecular weights (Mw) of humic acid, fulvic acid and hydrophilic acid fraction
according to its hydrophobicity (He et al., 2006). Its concentration and chemistry can play a significant role in
biodegradability, pollutant transformation and performance of treatment process (He et al., 2006), therefore
treatment of leachate through appropriate process is necessary before discharge into environment.
Membrane bioreactor (MBR) technology is an attractive system for leachate treatment and reuse thanks to its
compactness capability to completely remove solids, high pollutant removal efficiency, and lower sludge
production compared to conventional activated sludge. Removal performances of MBR are greatly influenced by
several factors. Among them, pH is an important environment factor which significantly affects the mixed liquor
properties and microbial activity (Wu et al., 2010). The investigation of pH effect during MBR operation has
received more attention in recent years, as a result of the increasingly used of MBR for a variety of wastewaters
(Wu et al., 2010; Tadkaew et al., 2011). However, there is still a paucity of knowledge regarding how pH
condition of MBR affects the removal and transformation of DOM during treatment process.
The main objective of this study was to investigate the effect of mixed liquor pH on removal and transformation
of DOM in the MBR for landfill leachate treatment. Laboratory-scale MBRs treating leachate were continuously
operated under different pH conditions (5.5, 6.5, 7.5, and 8.5) for 150 days operation period. Effect of mixed
liquor pH on treatment performance, and DOM transformation in the MBR was systematically studied.
Moreover, the foulant characteristics at different mixed liquor pH were further determined by fluorescence
excitation-emission matrix (EEM) spectroscopy. This study would provide a significant insight of treatment
performance during the MBR for landfill leachate treatment, and offer the opportunities to enhance the removal
efficiency by optimization of mixed liquor pH operating conditions.
Materials and methods
- Laboratory scale MBR set-up and operation
The experimental system (Fig.1) consisted of two MBR aeration tanks, and equipped with submerged hollowfiber microfiltration membrane modules. Two air pumps were continuously supplied via diffusers at the bottom
of MBR tanks. The feed leachate prepared by dilution of fresh leachate with tap water, provided the organic
loading around 3.7±0.5 kg BOD m-3 d-1 and 5.4±0.9 kg COD m-3 d-1. Mixed liquor suspended solids (MLSS)
concentrations were maintained in the range of 10-15 g L-1. A total hydraulic retention time (HRT) of 1.5 days
was selected, which corresponded to an approximately 4.5 L m -2 h-1 of permeate flux. After steady-state of the
operation, mixed liquor pH values were then decreased to pH 6.5+0.3, and 5.5+0.3 for MBR 1, and adjusted to
pH 8.5+0.2, and 7.5+0.1 for MBR 2 during the first phase (21st-80th day), and second phase (81st-150th day),
respectively. Analytical grade HCl (1 M) and NaOH (1 M) solutions were used to adjust the pH of the MBRs to
a specified pH value. During the experiment, the permeate flux was monitored volumetrically, and transmembrane pressure (TMP) was monitored by a pressure gauge every day. Mixed liquor pH was automatically
recorded every hour by using digital pH meter.
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Fig.1 Schematic diagram of two MBR aeration tanks
- Analytical methods
Leachate characteristics were determined in terms of BOD5 and COD following Standard Methods without any
pre-treatment. DOMs of samples were prepared by 1:10 dilution and filtered through a cellulose acetate
membrane. DOC was measured using Shimadzu TOC-5000 total organic carbon. UV254 was determined by Hach
DR/4000U spectrophotometer with a quartz cell. UV254 analytical results were employed to calculate specific
UV absorbance (SUVA254), i.e. UV254 divided by DOC. Fluorescence excitation-emission matrix (EEM)
spectroscopy determined on a Jasco FP-8200 spectrofluorometer using a 1 cm quartz cell. All samples were
diluted to a DOC concentration lower than 10 mg L-1 before analysis. EEM spectra were collected at excitation
(Ex) wavelengths from 200 nm to 500 nm and emission (Em) wavelengths from 250 nm to 600 nm with 5 nm
increments. The spectra were scanned with a 5 nm slit bandwidths at a scan rate of 2000 nm min-1. The spectrum
of de-ionized (DI) water was recorded as blank and the equipment was auto-zeroed before analysis.
Results and discussion
- MBR treatment performance
The MBRs were continually operated for 150 days of the operation. After the steady condition, the organic
removal performances in term of COD, BOD and DOC were greater than 97%, and mixed liquor pH in aerobic
tanks were then adjusted to the desired values. The influent and effluent characteristics of the leachate under
different pH conditions are presented in Table 1. It was found that, an average removals efficiency of about 99%
COD, 99% BOD, and 97% DOC were achieved at pH of 6.5, 7.5, and 8.5 but they were slightly decreased
between 1-4% as the mixed liquor decreased to pH 5.5. The decrease in removal performances of organic matter
at mixed liquor pH of 5.5 was possibly due to the complex changes of micro-organism in the MBRs. Previous
authors (Baldwin and Campbell, 2001) reported that under mildly acidic conditions (pH 4.5 and 5.5), some
species of the micro-organism fauna in activated sludge reactor could become dormant. Wu et al., (2010) also
demonstrated that the microbial activity of the mixed liquor adjusted at pH of 4 was significantly weakened by
acidification. For inorganic removal, calcium, magnesium, and iron were the predominant inorganics in the
feeding leachate with an average value of 410 mg L -1, 195 mg L-1, and 11 mg L-1 respectively. The removal
efficiency of them by the MBRs was found to be increased pH as the mixed liquor pH increased. When the
mixed liquor pH was increased from 5.5 to 8.5, the removal efficiency was also increased from 1-11% to 6875%. The higher removal percentage at a higher mixed liquor pH could be attributed to more precipitation of
calcium, magnesium, and iron in the MBR aeration tanks as well as the accumulation and precipitation of
inorganic scaling onto the membrane surface.
Specific UV absorbance at 254 nm (SUVA 254) is a parameter representing the presence of aromatic carbon and
hardly biodegradable organic such as humic substances in DOM. An increase in SUVA 254 during biological
treatment generally indicated the presence of higher aromatic organic carbon content and transformation of
DOM through microbial activities (Comstock et al., 2010). As shown in Table 1, the influent leachate had low
SUVA254 value suggesting DOM with low aromatic molecular structure. Meanwhile, SUVA254 of effluent
showed a significant increase in comparison with that of influent from 0.35 to about 1.17-2.96 L mg-1m-1,
suggesting the biodegradation of non-aromatic molecular structure within the MBR. It was also noticed that
SUVA254 found in the effluent sample at pH of 5.5 was less than that of pH 6.5, 7.5, and 8.5 indicating the lower
transformation of non-aromatic organic carbon in the MBR in response to the mixed liquor pH. The result of
SUVA254 indicated that the MBR treatment process could mainly remove non-aromatic molecular structure
DOM through biodegradation, and there were significantly transformation of DOM during the operation.
Moreover, the adjustment of mixed liquor pH may affect the transformation of DOM in the MBR.
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Table 1 Treatment performance of the MBR at different conditions of mixed liquor pH
Effluent
Effluent
Influent
Effluent
Parameter
at pH= 5.5
at pH= 6.5
at pH= 7.5
5.66+0.30
6.61+0.23
7.96+0.10
pH
5.47+1.0
-1
COD ( (mg L )
5445+900
164+40
41+2
59 +11
BOD (mg L-1)
3659+476
73+8
18+9
23+5
-1
DOC (mg L )
1154 +205
68+2
26+10
25+2
UV254 (cm-1)
4.11+0.09
0.79 +0.10
0.74+0.12
0.74 +0.05
-1 -1
SUVA254(Lmg m )
0.35+0.06
1.7 +0.04
2.88 +0.03
2.96+0.01
Calcium (mg L-1)
410 +105
392 +27
354+33
164 +17
-1
Magnesium (mg L )
195 +35
193 +14
171+18
136+11
-1
Iron (mg L )
11+3
9.8+1
9.9 +3
3.9+1

Effluent
at pH= 8.5
8.79+0.06
51+23
20+10
30+2
0.85 +0.05
2.84 +0.02
106 +12
69 +9
2.8 +1

- DOM transformation during the MBR operation
Additional information was provided on fluorescence properties of DOM. The technique was used to specify the
fluorescence peak which classified the organic compounds as tyrosine-like, tryptophan-like, humic and fulvicacid like substances. Based on the fluorescence EEMs of DOM in landfill leachate reported in previous research
(Comstock et al., 2010), four similar principal fluorescence peaks were detected as illustrated in Fig. 2 and the
putative origin of each fluorescence peaks obtained were identified. For the influent DOM, the two fluorescence
peaks located at Ex/Em = 230-240/330-340 (peak A) and at Ex/Em = 270-290/300-340 (peak B) have been
reported as protein-like peaks, in which the fluorescence was relevant with aromatic protein-like substances and
tryptophan protein-like substances. Another peak at Ex/Em = 315-355/395-425 (peak C) was suggested to
represent humic-like substances and labeled as fulvic-acid like, and peak at Ex/Em = 245-260/435-480 (peak D)
which is possibly related to humic-like substances. The fluorescence peaks of protein-like substances (peak A,
B) in raw leachate partially disappeared after the treatment process, under mildly acidic conditions of pH 5.5, but
they were mostly removed at pH 6.5 or above. In contrast, the fluorescence peaks of humic-like substances (peak
C, D) were shifted to the longer wavelengths as compared to that of the influent during the operation, and they
exhibited more intense when the mixed liquor pH was increased from pH 5.5 to 8.5. The extended of
wavelengths implied an increasing of molecular size, aromatic poly-condensation, and higher degree of
humification (Huo et al., 2009). This demonstrated the increase of humification degree under alkaline condition.
Amonette et al., (2004) also observed the effect of pH on humification rates in soils. Maximum humification rate
was found under alkaline condition, the increase in humification rate could be attributed to the enhancement of
the overall reaction through the condensation step in humification process. For the effluent DOM, the remaining
humic-like substances at fluorescence peaks C and D in the effluent illustrated the presence of hardly
biodegradable organic substances which were not removed in the treatment system. A slightly longer wavelength
of protein-like substances (peak A, B) in mixed liquor compared to that of the effluent suggested the removal of
protein-like substance during the membrane filtration which would be expected to subsequently deposit on the
membrane surface as foulant layer. The differences of EEM fluorescence spectra of influent from that in the
mixed liquor and effluent under different pH conditions of mixed liquor identified the transformation of
components and suggested different of compound structures
Fig. 3 illustrates the effects of mixed liquor pH on the location information of EEMs fluorescence spectra of
membrane foulants. It can be found that, EEM fluorescence spectra of the foulants at each pH value had the
clearly different characteristics. For the foulants at pH of 5.5, two main peaks which was relevant with aromatic
protein-like substances (peak A) and tryptophan protein-like substances (peak B) could be identified from the
fluorescence spectra. As the mixed liquor pH increased beyond 5.5, there were two additional fluorescence peaks
of peak C and D, which were suggested to represent humic-like substances. Moreover, the fluorescence peaks of
humic-like substances (peak C, D) were red-shifted (5-50 nm) along the excitation and emission axis, while the
fluorescence peaks of protein-like substances (peak A) was blue-shifted (5-15 nm) along the excitation axis, and
red-shifted (5-15 nm) along the emission axis. A red shift was related to the increase in molecular size, aromatic
poly-condensation, and higher degree of humification (Huo et al., 2009), while a blue shift was associated with a
decomposition of condensed aromatic moieties and the break-up of large molecules into smaller fragments. This
demonstrated that, the change of mixed liquor pH in the MBRs would be initiated the difference of organic
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structure and components in the membrane foulants. Under mild acidic conditions (pH 5.5 and 6.5), the soluble
foulants were mainly composed of protein-like substances in different structure, but they were dominated by
humic-like substances when the mixed liquor pH increased beyond 7.5.
Inf.

MBR pH= 5.5

MBR pH= 6.5

MBR pH= 7.5

MBR pH= 8.5

Ef pH=5.5

Ef pH=6.5

Ef pH=7.5

Ef pH=8.5

Fig. 2 Fluorescence EEMs spectra of leachate during the MBR operation as a function of mixed liquor pH
pH =5.5

pH =6.5

pH =7.5

pH =8.5

Fig. 3 Fluorescence EEMs of the desorbed membrane foulants as a function of mixed liquor pH
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Introduction
Understanding of the spatial pattern and temporal trend of pollution by persistent organic pollutants (POPs) is
essential for effective regulation of POPs. Importance of global monitoring is emphasized by Stockholm
Convention. Water, sediments and biological samples such as mussel have been used to monitor POPs in marine
environments. However, sampling and shipment of the samples take cost. Low-cost monitoring has been
required for sustainable management of POPs. Thus, we started International Pellet Watch (IPW) in 2005.
Plastic resin pellets are small granules, generally in the shape of a cylinder or disk with diameters less than 5 mm
(Fig.1). These plastic particles are the industrial feedstock for production of plastic products. A small portion of
these are unintentionally released into the environment during land handling and transport. Because polyethylene
(PE) pellets, a major type of plastics, are lighter than water, such pellets are carried by surface run-off, streams
and river waters and finally reach the ocean, and distributed on beaches all over the world. The pellets sorb and
concentrate hydrophobic organic pollutants including POPs from surrounding sea water1. Since 2005, we have
been conducting pellet watch globally, which has revealed spatial patterns of distribution of POPs and
demonstrated the relevance of Pellet Watch through the correlation of monitoring results between Pellet Watch
and conventional POPs monitoring, i.e., mussel watch2 (Fig.2). IPW provides information of status and trend of
marine pollution. In addition, IPW gives us basic information of chemical risk associated with marine plastics.
In this presentation, latest results of IPW are showcased.

Fig. 1. Plastic resin pellets

Fig.2. Correlation of PCBs in plastic resin pellets
with those in mussels.

Materials and methods
Beached plastic resin pellets from ~200 locations in the world were analyzed for POPs, PAHs, PPCPs, and
molecular markers. The pellets were sorted by near-infrared spectrometer to select polyethylene (PE) pellets
which were proven to accumulate higher concentrations of PCBs3. Furthermore, yellowing PE pellets were
selected because yellowing occurs due to environmental exposure of white pellets3. To consider piece-to-piece
variation, 5 pools (each pool consists of 5 pieces of pellets) were analyzed for each location and take median
among the 5 pools to estimate the representative pollution status at the location. Pellets were extracted with
hexane by soaking. The extracts were purified by silica gel column chromatography. PCBs and DDE were
determined by GC equipped with ion trap mass spectrometer (GC-ITMS). DDD, DDT, and HCHs were
measured by GC-ECD. PAHs and hopanes were determined by GC equipped with quadrupole mass
spectrometer (GC-MS). Sterols and triclosans were measured by GC-MS after acylation.
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Results and discussion
Hot spots of PCB pollution were identified, e.g., Le Havre (France), Athens (Greece), Tokyo Bay (Japan), Los
Angeles (USA), Santos (Brazil) as shown in Fig.3. IPW combined with passive air samples (PAS) indicates that
legacy pollution is major contributor to most of the hot spots of PCB pollution. However, current inputs of
PCBs were identified in some areas such as Manila Bay, Philippines4 and Greater Accra Region, Ghana where
contribution from e-waste was suggested5. Higher concentrations of HCHs derived from Lindane were observed
in Southern hemisphere (Australia, New Zealand, Mozambique, South Africa) than Northern Hemisphere,
suggesting current usage. This is consistent with spatial pattern of HCH pollution of seabirds. We analyzed a
pellet sample collected in 2013 from an island of Mozambique where high concentration of HCHs (36 ng/g) was
recorded in a pellet sample collected in 2007. The sample collected in 2013 showed trace concentration of
HCHs (0.3 ng/g), suggesting effectiveness of regulation of HCHs by Stockholm Convention as from 2008. In
addition, toxic chemicals unregulated by Stockholm Convention, including emerging chemicals, were analyzed
in the present study. Polycyclic aromatic hydrocarbons (PAHs) were analyzed in pellet samples from ~ 40
locations around the world. PAH concentrations (sum of 28 compounds) ranged from limit of quantification
(LOQ; < ~ 100 ng/g) to 24000 ng/g-pellet. At most of the locations, PAH concentrations were below or close to
LOQ. This might be due to photo-degradation of PAHs during floating on sea surface and stranding on beaches.
However, extremely high concentrations of PAHs were sporadically observed at several locations and they were
abundant in methylated PAHs. These petrogenic PAHs are likely to be derived from local oil spills.
Furthermore, triclosan and methyltriclosan were detected in the pellet samples with concentration range from 1
ng/g to 62 ng/g and 1 ng/g to 69 ng/g, respectively. Their distributions were associated with sewage inputs.

Fig.3. PCB concentrations* (ng/g) in beached plastic resin pellets.
*∑13PCBs : sum of CB#66,101,110,149,118,105,153,138,187,180,170,206.
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Introduction
Oil pollution has become a common type of pollution in the marine environment. Sources of oil pollution come
from accidental oil spills from tankers, leakages from drilling operations, industrial wastewater and many more1.
Large oil spill events such as the Exxon Valdez oil spill tends to acquire international attention through studies
and the media. However, smaller oil spill events might only be reported on a local scale. The recent Rena oil
spill on the shores of Tauranga, New Zealand in October 2011 was one of the smaller oil spill cases. In cases
such as this, constant monitoring helps pinpoint oil pollution and its effects on the environment. International
Pellet Watch (IPW) is a monitoring project using plastic resin pellets. Beached plastic pellets act as passive
samplers, absorbing organic pollutants from surrounding seawater before being beached2. These plastic pellets
can then be collected from beaches around the world by volunteers. These samples can then be airmailed to our
laboratory with a low cost3. PAHs and hopanes are compounds found in petroleum 1 and can be used as
molecular markers for oil pollution and source identification4. PAHs concentrations in pellets are usually low
and close to LOQ5 since plastic pellets float on water surfaces and are exposed to sunlight, which enhances
photodegradation of PAHs. Hence, very high PAHs concentration could be an initial indication of recent oil
pollution. PAHs and Hopanes profile could also be used to distinguish between petroleum/ combustion sources
and to further identify the detailed oil sources6.
Materials and methods
Plastic resin pellets from five New Zealand beaches were collected in 2012 and 2013 (Fig. 1) by volunteers. The
sample Mount Maunganui was collected on the 19th of February 2012 while the other three samples (Pipeline
SE, Pipeline NW and Waikoura) was collected on the 22nd, 25th and 26th of November 2013 respectively. Pellets
were sorted and POPs were analyzed as in Ogata et al. (2009)7. Pellets were sorted with a near-infrared
spectrometer (Plascan-WTM OPT Research Inc., Tokyo, Japan) into polyethylene (PE), polypropylene (PP), and
other polymers. Brown PE pellets (with a yellowness of P40) were used in chemical analysis. Samples from
Pipeline NW was separated in brown pellets and yellowed pellets and were analyzed to identify concentration
difference based on colour. Median POPs values were obtained by analyzing 5 pools of pellets (each pool
consisting of five randomly selected pellets) from each location.

     
      

PAHs and hopanes were extracted from pellets by soaking the pellets in hexane. The extracts were separated
through fully activated silica gel columns into three fractions: Fraction I (n-alkanes and hopanes), Fraction II
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(PCBs and DDE), and Fraction III (DDT, DDD, 4 HCH isomers [α, β, γ, δ], and polycyclic aromatic
hydrocarbons [PAHs]). The hopanes in Fraction I and the PAHs in Fraction III were determined by gas
chromatography/ mass spectrometry (GC–MS). The sum of 18 hopane homologs and isomers were expressed as
total hopanes and the sum of all 28 quantified PAH species ranging from 3-ring to 7-ring species is expressed as
Σ28 PAHs. The instrumental conditions for the organochlorine compounds are described in Ogata et al. (2009)7,
and those for the hopanes and PAHs in Saha et al. (2009)6. No recovery correction was applied to all the
components including hopanes, except for PAHs, because good recoveries had been confirmed prior to the
sample analysis. PAH concentrations in the samples were recovery-corrected using recoveries of surrogates (i.e.,
deuterated PAHs) spiked before analysis, as described in Saha et al. (2009)6. The reproducibility of this
analytical procedure (i.e., column chromatography and instrumental determination) was confirmed by analysis of
four aliquots from a single extract of pellets from Tokyo Bay. The relative standard deviations of the
concentrations were less than 10% for PAHs and hopanes. Recovery was tested by spiking the aliquots of the
extracts with authentic standards; recoveries were >74% for PAHs and hopanes. A procedural blank using only
solvent was run with every set analyzed (5 pools). Analytical values <3x the corresponding blanks were
considered below the limit of quantification (LOQ). The LOQs were normally 4 ng/g-pellet for total hopanes and
50 ng/g-pellet for Σ28 PAHs.
Results and discussion
Σ28PAHs ranges from 13278 ng/g-pellet to 119465 ng/g-pellet. The lowest concentration was recorded from
Mount Maunganui, which was collected in February 2012 four months after the oil spill. The other samples were
collected a year after the oil spill event, however they exhibited higher concentrations of PAHs. Similar pattern
was observed with Hopane concentrations, which ranges from 6354 ng/g-pellet to 45967 ng/g-pellet with the
lowest concentration recorded from Mount Maunganui. Samples (brown pellets) from Pipeline NW (B), Pipeline
SE and Waikoura had very high concentrations of both PAHs and hopanes in comparison to Mount Maunganui
sample and the yellowed pellet sample from Pipeline NW {Pipeline NW (Y)}. This could possibly be due to the
interference of oil fouling on the pellet samples. The brown pellet samples collected in November 2013 was
observed to have bits of oil and sand sticking onto the pellet surface. It is possible that the extremely high
concentration detected in these samples could have been extracted from both the pellet samples and also from
the oil and sand found covering the surface of the pellets.





Fig 2: Hopanes and PAHs concentration in New Zealand samples

Alkylated PAHs were more abundant in all samples suggesting highly petrogenic signatures6 which coincides
with the presence of oil pollution. Temporal trend of the samples were observed using PAHs composition and
PAHs to hopanes ratio. Due to the tendency of PAHs to evaporate, dissolute and biodegrade, low molecular
weight PAHs are thought to selectively disappear as a sign of weathering4. Hopanes are also known to be more
persistent in the environment compared to PAHs, thus PAHs to hopanes ratio can be utilized to show temporal
trend of the oil spill event. Lower to higher molecular weight PAHs ratios (L/H PAHs) and PAHs to Hopanes
(PAHs/C30 17α) ratio for all samples is shown in Fig 3.

─ 40 ─

Fig 3: L/H PAHs ratio and PAHs/C30 17α hopanes ratio
L/H PAHs shows a declining trend from the sample collected in Feb 2012 to all samples collected in 2013
suggesting weathering of oil in the environment. PAHs/C30 17α ratio which is commonly used to observe time
lapse of oil spills, we expected a decreasing trend8. However, a decreasing trend was only observed between
Mount Maunganui and yellowed pellets from Pipeline NW. The constant high ratio of PAHs/C30 17α among the
brown pellets could possibly be due to oil fouling around the surface of the pellets. Bits of oil and sand sticking
on the surface of the pellets for all samples Pipeline NW (B), Pipeline SE and Waikoura could possibly affect
the PAHs to hopanes ratio.
Based on the hopanes fingerprinting, we concluded that the oil source are the same for all the samples including
the Mount Maunganui sample collect a year earlier and that the source is most possibly from the Rena tanker.
Hopanes profile also allowed us to identify that the oil spilled from Rena was most possibly oil from the MiddleEast4. However, we are still unable to secure the raw oil source (oil that has not been exposed to the
environment) for better comparison.
Based in the results in this paper, PAHs and hopanes in plastic resin pellets can be used to identify recent oil
pollution. Hence IPW can be used to monitor oil pollution especially smaller local oil spills, which are
commonly unreported on a global scale. IPW can also be used to monitor the oil spill site and condition over
time based on PAHs and hopanes profiles. Due to IPW’s simple sampling methods, interested and concerned
volunteers who are aware of oil spill events can be involve and help make these events known to us via sample
collection and sending the samples to us. A full report of the results would be communicated back to the
volunteer including the toxicity of oil slicks and advices on removing them immediately upon sight. This not
only increases the awareness about oil spills and its effects but what the general public could do to help improve
on the oil spill site. Using IPW monitoring on oil spill sites and events could be an effective and low cost way of
monitoring oil pollution.
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Introduction
Persistent organic pollutants (POPs) are, of the substances harmful to human health and the ecosystem, a group
of organochlorine compounds that combine long range atmospheric mobility, bioaccumulativity and long-term
persistence in an environment. The period that these POPs were generally used in Japan is assumed to be
approximately 20 years from the 1950s, but upon actual analysis of river, ocean, air and living organisms, POPs
continue to be detected from almost every sample, reflecting its persistency1. We have performed observation of
organochlorine pesticides (OCPs) using an on-site water concentrator in the Japan Sea in order to understand the
long range transportation of OCPs. The main purpose of this study is to clarify the current concentration of
OCPs in the Japan Sea, specifically analyzing OCPs contained in surface water samples collected in the Japan
Sea.
Materials and methods
Samples were obtained at ten sites from
April 2014 to May 2014 supported by
research training ships (Oshoro-maru
and Nagasaki-maru). Approximately 300
L of surface water (5 m depth) was
collected into stainless reservoirs by
operating a lifting pump at each site.
After the temporary storage of water, the
on-site water concentrator developed by
Kunugi et al. was operated under 0.5
L/min for OCPs collection2. Sampling
spike (13C-labeled surrogates, 3,000 pg)
was also added into the path at the same
time. Sorbents consisted of a cartridge
filter (pore size 10 Pm), polyurethane
IRUP ĳ mm, 100 mm height), and
DFWLYDWHG FDUERQ IHOW ĳ64 mm, 10 mm
height). Cleanup procedure is described
below. Polyurethane form and activated
carbon felt were extracted with acetone
and dichloromethane, and the extracts
were mixed. A crude extract was
obtained by substituting the solvent of
the mixture with hexane, and the extract
was evaporated to 5 mL before silica gel
Figure 1. Sampling sites in the Japan Sea.
column chromatography. The pre-rinsed
silica gel column contained the following packing materials (from top to bottom): 2 g of anhydrous sodium
sulfate, 5 g of silica gel, 2 g of anhydrous sodium sulfate, and a quartz wool plug. After the extract was loaded,
OCPs were initially eluted with 30 mL of hexane and then with 30 mL of diethyl ether/hexane (25:75, v/v). Each
fraction was transferred to centrifuge tubes, and the solvent volume was reduced by a gentle stream of dry
nitrogen. 13C-Labeled PCB15 and 13C-labeled PCB70 (500 pg) were added as internal standards to the final
concentrate. OCPs were determined using a high-resolution mass spectrometer equipped with a gas
chromatograph.
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Results and discussion

Figure 2. Comparison of sampling spike recovery in the Oshoro-maru ocean trip.
We carried out preliminary water sampling to confirm loss of OCPs in operating the concentrator. As seen in Fig.
2, most of the OCPs showed more than 50% of recoveries. The sample (0.5L/min, 100L) which showed less than
20% of recoveries had operational mistakes in the concentrator. Highest concentrations were found in
hexachlorocyclohexanes (HCHs; the sum of D-/E-/J-/G-HCH). The concentration of HCHs ranged from 22 to
113 pg/L, and E-HCH was the most dominant component. HCB was detected at the range of 2.6-12 pg/L.
Dieldrin was also similar to HCB, and the
concentration varied from 3.0 to 12 pg/L.
As seen in the example of Fig. 3, the
concentrations of HCHs observed in the
Eastern Channel of the Tsushima Strait
(P08, P09, and P10) tended to be low.
Sites P05 and P06 are located at the sea
area where two ocean currents (Eastern
and Western Channels of the Tsushima
Strait) join; therefore, it is suggested that
the detected OCPs increased suddenly. In
future, we plan an additional sampling
including measurement of salinity and
water temperature to supplement this
survey to clarify the relationship between
ocean currents and OCP concentrations.
Figure. 3 Concentrations of HCHs observed in the Japan Sea.
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1. Introduction
Ping river is one of the main river, located in the Northern part of
Thailand. Ping watershed and its branches have occupied area of
2
33,989 km and about 740 km. long. Presently, Ping river had been
destroyed in terms of water quality and water quantity as a result of
reclamation, deforestion, urbanization and pollution. Microorganisms
in the aquatic environment affect man either positively or negatively,
directly or indirectly. Molecular tools to monitor the bacterial
diversity of complex microbial assemblages have developed in the last
decade using 16S rDNA based approaches recommended by Amann
et al. (1995). One method, 16S rDNA based PCR-DGGE, proposed by
Muyzer et al. (1993), has been widely used for studying bacterial
communities of numerous environments: soils and sediments (Powell
et al. (2003),plankton of lake (Casamayor et al. (2000), or sea (Schafer
et al. (2001).Within the Bacteria domain, in addition to the large
groups of microorganisms (Alphaprotobacteria, Betaprobacteria, and
Gammaproteobacteria,
Actinobacteria,
and
CytophagaFlavobacterium).The aquatic environment has a natural ability for
self-purification. Physicochemical and biological activities including
microbiologic action bring about the breakdown of small quantities of
organic materials.The present work aimed to examine bacterial
population dynamics according to seasonal change of Ping river.
1
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Bacterial diversity results of a set of samples have been studied using
a 16S rDNA based PCR-DGGE approach followed by DGGE bands
phylogenetic sequence analysis, and the effect of climate change and
land uses to bacterial diversity in Ping river.
2. Material and methods
2.1 Study Site and Sampling
Sites located in three parts of Ping river; first part located in upper
stream, second was in the middle part, and third was in the lower part
(Fig.1).Samples of surface water approx.5-10cm. under the water
surface,(amount of 200-500cc. each) were collected manually by
aseptic-technic. The polyethylene bottles (0.5 and 1.5 dm3.) were used

THAILAND

Fig 1 Localization of the study area and sampling points of Ping watershed;
upstream, middle stream, and downstream.
by submerging the bottles according to APHA-AWWA-WPCF (1995).

Sample of sediment sites located in the littoral zones of those parts of
Ping river. Sediments were collected (approx.1-10g.) from surface and
were kept in sterile plastic zip-bags. Both sediments and water
samples were kept at 4oC. Prior to aliquoting and further analysis,
Water samples were filtered by using membrane filter paper (size
0.45μm.). Sediment samples were centrifuged at 16,000 x g, 20min,
4oC. Poured out of liquid part and kept the cell pellet. Both membrane
papers and cell pellet were dry kept at -20oC for DNA extraction.
2.2 DNA extraction and purification
DNA extraction have been carried out on the membrane papers and
cell pellet using two routine methods referenced; for water (Zhou et
al.,1996) and for sediment (Hniman et al.,2011).
2.3 PCR-DGGE analysis
2
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The microbial community structure of the enriched culture was
studied using PCR-DGGE as described by Prasertsan et al.(2011) with
primers sequence. Briefly, the bacterial 16S rDNA (w1400 base pair)
was amplified by the first polymerase chain reaction (PCR) with
universal primer 1492r and 27f. Amplification mixtures were used
TopTaq_ Master Mix Kit (Qiagen) with a final volume of 25 ml and
contained 25 pmol of each primers.
Results and discussion
PCR process were carried out three times as follows; (Table 2)
Table 2 PCR product procedures from genomic DNA
1

EUB8F/U1492R

summer season

Genomic DNA

rainy season
Genomic DNA

winter season
Genomic DNA

PCR product
~1,500bp

2

338f/518r
338GC-F/518R

PCR
PRODUCT
FROM 1ST STEP
PCR
PRODUCT
FROM 1ST STEP

PCR
PRODUCT
FROM 1ST STEP
PCR
PRODUCT
FROM 1ST STEP

~180bp

3

PCR
PRODUCT
FROM 1ST STEP
PCR
PRODUCT
FROM 1ST STEP

Time

PCR primer

~180bp

PCR products of 2nd and 3rd from each season was further analysed by
using SSCP technic and confirmed the results by DGGE method. The
different bands were used for sequencing bases. Bacterial dominant
species which cultured from Ping river (water) were grouped by
phylogenetic tree. The bacterial community found in water from Ping
watershed from three seasons were belongs to the groups of
Pseudomonas sp., Flavobacterium sp.of which Pseudomonas sp. was
the most frequently found in water samples. Interestingly, the
uncultured bacterium clones were found in summer and rainy season,
in which belongs to Beta proteobacteriun clone, Proteobacterium
clone, Lachnospiraceae bacterium clone, Comamonadaceae bacterium
clone, Gamma proteobacterium clone and Alpha Proteobacterium
clone. Bacterial dominant species in the watersamples were grouped
by phylogenetic tree. (Fig. 2).
(C)

(A)

3
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Introduction
Mt. Fuji is an isolated peak and its summit is located in the free troposphere (3776 m a.s.l.), so it could be
considered to be a 4000 m observational tower. We could observe the background concentration of various
chemicals in the free troposphere and the long-range transport of air pollutants from the continent to the Pacific
Ocean at its summit.
The mineral particles transported over Japan at high altitude deposit to the open ocean. They supply trace
nutrient, especially iron (Fe), for marine organisms. In the free troposphere, Kosa layers frequently appeared in
spring1 and even in summer2. This indicates that the mineral particles in the free troposphere play an important
role for the interactions between atmosphere and the ocean. Fe-containing soil dust is major iron source for the
open ocean3. Volcanic ash is also significant Fe source for the ocean4. The solubility of iron in aerosols was also
affected by the reactions in cloud processing during their transport. We focused on the Fe-containing particles
transported over Japan in the free troposphere with the different air sources such as polluted air from the
continent and the background air from the ocean, and contained in cloud water.
Materials and methods
We conducted observational campaign at the top of Mt. Fuji during one week in July and/or August from 2011
to 2013. Atmospheric aerosol particles were collected onto a Ti grid (3 mm diameter) using a cascade impactor
at a flow rate of 0.5-0.8 L/min. The collection volume for each grid was about 10-20 L, depending on the
visibility and weather condition. The particles on the grids were examined using a scanning electron microscope
(SEM; JSM-6360, JEOL) to obtain the shape and the size of the particles. Elemental composition of each
particle was determined using an energy dispersive X-ray spectrometer (EDX; INCAx-sight, Oxford
Instruments) attached to the SEM.
We also analyzed particles in cloud water at the summit. Cloud water samples were collected for each event
using a passive-type collector with Teflon string (FWP-500, Usui Industry Co. Ltd.). Collected cloud water
samples were filtered with a membrane filter (0.45 μm pore size). The filters were dried in a desiccator and then
coated with a thin layer of carbon in order to prevent charging of the filters. Particles on the filters were analyzed
individually with the SEM-EDX. The equivalent circle diameters of analyzed particles were measured from the
SEM images.
Results and discussion
The numbers of collected aerosol samples were 32, 26, and 24, and of analyzed samples were 7, 7, and 2 in 2011,
2012, and 2013 at the top of Mt. Fuji, respectively (Table 1). The numbers of total analyzed particles and the
geometric mean diameters of analyzed particles were also listed in Table 1.
Table 1 The informations of samples and analyzed particles in each year.
Number of particles
Geometric mean diameters (μm)
Number of samples
Collected Analyzed
Analyzed Fe-containing
Analyzed
Fe-containing
2011
32
7
1816
49
2.0
2.2
2012
26
7
1112
177
2.3
2.7
2013
24
2
249
32
1.5
2.0
During daytime, the increasing of particle number concentrations was influenced by local mineral dust elevated
near the summit by the mountain climbers5. Therefore, we discuss the results of samples that collected at night
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and in the early morning, namely 2 samples (393 particles)
collected at 21:15 JST on 14 July and at 5:00 JST on 16 July in
2011, 6 samples (976 particles) collected at 4:45 JST on 16 July,
at 22:45 JST on 17 July, at 4:45 and 5:30 JST on 18 July, 0:05
and 4:40 JST on 19 July in 2012, and 2 samples (249 particles)
collected at 21:00 JST on 15 August and at 22:00 on 20 August
in 2013.
The average number fractions of Fe-containing particles in
analyzed particles were 12.5 % (range: 12.2-12.9 %), 13.3 %
(2.27-35.4 %), and 13.4 % (12.7-13.8 %) in 2011, 2012, and
2013, respectively. The fractions of Fe-containing particles in
2011 were slightly lower than that in 2012 and 2013, and the
fractions in 2012 were varied significantly among each sample.
The total numbers of Fe-containing particles were 49, 177, and
32, and the geometric mean diameters of the Fe-containing
particles were 2.2 μm, 2.7 μm, and 2.0 μm in 2011, 2012, and
2013, respectively (Table 1).
Fig. 1 shows the number fractions of Fe-containing particles in
detected elements (atomic numbers larger than 11). The Fecontaining particles also contained mineral elements such as Al,
Si, and Mg. The fractions of other elements were different at
each year, suggesting the different features of Fe-containing
particles.
Fig. 2 shows the relative weight ratios of Al, Si, and Fe in the
Fe-containing particles in 2011, 2012, and 2013. The particles
with high Fe ratios (larger than 75 %) that enclosed in the
dotted circle were detected in each year. Some of the particles
that collected in 2012 indicated high Si ratios (larger than 70 %)
that enclosed in the circle. These different features of Fecontaining particles indicated the different mineral
compositions of particles. In this presentation, we will discuss
the features of Fe-containing particles in the ambient air and in
cloud water collected in the free troposphere.
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Introduction
Airborne particulate matter (PM) released from combustion sources such as diesel exhaust is an important
pollutant in urban atmospheres. PM has been suspected to be a causative factor in lung cancer and respiratory
diseases. The sources and health effects of PM have been evaluated by the size of PM such as PM10 and PM2.5.
Although environmental nanoparticles with diamHWHUV RI OHVV WKDQ  ȝP 300.1) occupy only a small
proportion of PM per weight in the air, the nanoparticles can bring substantially greater health effects than larger
particles because they can deposit in the lung alveoli and enter the blood circulation. However, concentrations of
mass and hazardous chemicals in the nanoparticles collected in life environment are still unclear. The authors
have reported atmospheric concentrations of polycyclic aromatic hydrocarbons (PAHs) and their nitro
derivatives (NPAHs) in Shenyang, China 1 and observed the exposure to PM2.5 and NPAHs among taxi drivers in
the city 2. Shenyang is the capital city of Lioning Province and the biggest city in the Northeast China. There is
no information about the distribution of PAHs and NPAHs in environmental nanoparticles. In this study, we
placed a prototype portable nanoparticle sampler inside taxies recruited in Shenyang, and investigated exposure
of the taxi drivers to the environmental nanoparticles and PAHs and NPAHs through the nanoparticles in the
road environment.
Materials and methods
Ten taxi deivers were recruited for this study, and
sample collection was carried out for 5 cars a day in
summer and winter seasons (August, 2013 and March,
2014). All windows were open during the drivers’
workshifts in the summer study, whereas the windows
were shut in the winter study. Size-fractionated
SDUWLFOHV  ȝP - ȝP -1.1 ȝP 1-2.5
ȝP  ZHUH FROOHFWHG LQVLGH DQG RXWVLGH WKH WD[LHV ZKLOH
running by using a prototype portable nanoparticle
sampler with a slight modification 3 (Fig. 1). Particles
>2.5 ȝP LQ GLDPHWHU ZHUH RULJLQDOO\ FROOHFWHG RQ D
metal impaction plate coated with grease immediately
downstream of the inlet, particles >1.1 ȝP <2.5 ȝP)
passed through the impaction plate were collected on a
10 mm Teflon Fiberfilm filter (T60A20, Pall Life Sci.,
Ann Arbor, MI, USA) with a 50% cut point of 1.1 ȝP.
PM0.45-1.1 particles were collected on the pre-cut inertial
filter which packed webbed SUS fibers in a circular
nozzle. PM0.1-0.45 particles were collected on the main inertial filter which consists of layered mesh TEM grids
with a 50% cut point of 0.1 ȝP, and then particles < 0.1 ȝP were collected on 47 mm Teflon filter. The sampler
was connected to a portable HSP-5000 pump (Hario Sci., Tokyo, Japan) providing an air flow of 5 L/min. In the
winter study, the PM samples were separately collected inside and outside taxies. The levels of PM mass
concentrations were obtained by weighing the filters before and after the sampling. Quantitative analysis of
PAHs and NPAHs in the collected particles was performed by HPLC with fluorescence detection.
Results and discussion
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The concentrations of PM0.1 mass around the taxi cars were in the range of 6.65 - 52.8 ȝJP3. The PM0.1 levels
inside the taxies were higher than those collected at a roadside in the summer study, whereas there was no
difference in the levels between them. No significant difference of PM mass among the 4 PM fractions was
observed in both seasons. The concentrations of 1-nitropyrene (1-NP) and benzo[a]pyrene (BaP) in the PM
fractions are shown in Fig. 2. The concentrations of PAHs and NAPHs around the taxies were higher than those
collected at a roadside. Among the PM fractions, the high PAH and NPAH levels were observed in the PM0.1-0.45
and PM0.1 IUDFWLRQVLQGLFDWLQJWKDWILQHSDUWLFOHVOHVVWKDQȝP 300.5) may greatly contribute to PM2.5 from
automobile exhaust.
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Introduction

Many of severe environmental pollution issues were alleviated in Japan while those of lower level, widespread and non-point sourced have been common in so-called advanced countries these days. Therefore, it is not
easy to elucidate pollution state, primary causes and long-term adverse effects on human and environment
because the pollution is attributed to variety kinds of, combined emission sources especially in urban areas 1)2).
Contamination with heavy metal is conventionally a typical and one of the non-point wide-spread issue these
days. Our research group has conducted heavy metal monitoring caused by “mobile emission sources” in general
living conditions over the past 15 years. The first target has been automobiles which represent the mobile
sources 3). The results demonstrated that they are a significant origin of harmful elements. This fact was
observed in alpine resort areas where an overuse problem occurs due to excess number of visitors traveling by
cars as well as in urban area 4).
Railways, airplane and ships could be suspected as other mobile sources of contaminants. Friction between
rail and wheel, and overhead line and pantagraph are the mechanistic basis of train operation. Airplane consumes
large amount of fossil fuels and is known to exhaust more amount of CO2 than automobiles per person per
kilometer. At the same time, they might have been another source of heavy metals because of large mechanical
load and wear of the parts during the takeoff and setdown.
The aim of this study is to elucidate emission sources and pollution state of heavy metals from
transportation sector. We have focused on automobiles, railways and airplane this time and collected street dust
and rail-side dust on pavement, and roof dust of terminal building in airport. Very few previous studies have
been made for the latter two transportation means, thus the result of this study is expected for reconstruction of
inventory of heavy metals.

Materials and methods

Street dusts samples were collected from corner of the pavement in urban area and mountain area in
Tokyo, Nagano, and Gumma, Japan. For railway-side dust, deposited ones were collected outside of the fence,
within 5m from the rail. Roof dust on a terminal building in Narita Airport were obtained from the corner of the
building materials. All the dust samples were collected at 3~5 spots from the surface (max. <2cm depth) and
mixed together with a plastic shovel to prevent uneven collection 4). After delivered to a laboratory, they were
dried at 50 degree C for 24 hours or more and crushed with mortar. The particles were sieved and a fraction less
than 2mm was applied for the further analytical process. Atomic absorption spectrometer and ICP-MS were
employed to determine V, Cr, Ni, Mn, Cu, Zn, Cd, Ag, Sb, Pb, and Bi, Ba, Ga after pre-treating with modified
EPA 3050 5) (open digestion with HNO3 and HClO4) and EPA 3051A 6) (closed microwave digestion with
HNO3) procedures.

Results and discussion

<Heavy metal pollution in general living conditions indicated from street dust>
Chromium, Ni, Mn, Cu, Zn, Cd, Sb, and Pb concentrations in street dust samples showed higher level in the
center of Tokyo (23-wards) than the suburban area (Tama area). Kunitach-Fuchu IC indicated a hot-spot in the
suburban area. These facts indicate that traffic density of automobiles is a principal factor of contamination.
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Irregularly higher level was detected from “street
㼠㼞㼍㼒㼒㼕㼏㻌㼐㼑㼚㼟㼕㼠㼥
㻯㼡
㼆㼚
㻯㼐
㻼㼎
canyon” at Takaido which lies under tall
㻢㻜
㻟㻜
building lines on the both sides regardless of
smaller traffic than Suginami (Ring road 7)
㻠㻜
㻞㻜
(Fig.1). Street, a place for common daily
activity, was estimated to have several to several
dozen higher contamination compared with that
㻞㻜
㻝㻜
in a clean condition and street dust has to be
marked as a regular exposure source.
㻜
㻜
In fact, various factors can affect
concentration and distribution of heavy metal
elements in urban area and thus street dust does
not always reflect the specific influence.
However, the results above indicate clear
relationship between heavy metals and
㻔㻖㻕㻌㻭㼟㼍㼙㼕㻘㻌㻞㻜㻝㻜
automobiles. Moreover, very similar situation
was obtained from street dusts collected in alpine Fig.1 Spatial distribution of Cu, Zn, Cd and Pb levels and
resort areas as shown below. From these reason, 12-hour traffic density on Route 20, Tokyo
street dust is an effective tool for investigation of
urban environment.
㻾㼑㼒㻚 㻴㼍㼠㼛㼙㼍㼏㼔㼕 㻼㼞㼑㼒㻚㻾㻚 㻺㼍㼠㻚㻱㼤㻚 㻺㼡㼙㼍㼠㼍㻌㼏㼕㼠㼥
㻯㼐㻌㼏㼛㼚㼏㻚㻌㻔㼙㼓㻛㼗㼓 㻰㼃㻕

㻜㻚㻢

㻱㼘㼑㼙㼑㼚㼠㻌㼏㼛㼚㼏㼑㼚㼠㼞㼍㼠㼕㼛㼚㻌䠄㼙㼓㻛㼗㼓䠅

㻺㼡㼙㼍㼠㼍㻌㻵㻯
㼀㼟㼡㼚㼍㼗㼕㻦㻌㻭㼚㻌㼕㼚㼠㼑㼞㼟㼑㼏㼠㼕㼛㼚
<A visible contamination in alpine resort areas>
㼕㼚㻌㼙㼛㼡㼚㼠㼍㼕㼚
Street dust survey in Chubu Sangaku National Park
㻜㻚㻠
and Oze National Park made it clear that heavy metal
pollution issues in roadways are definite in alpine
resorts as well as urban areas. Overuse problem in the
㻜㻚㻞
natural park and accompanying impacts are attracting
a social concern lately. Street dust collected at a
parking lot, near traffic signals, intersections indicated
㻜
as high concentration as those in urban area (several to
㻻㼦㼑㻌㻔㻹㼛㼡㼚㼠㼍㼕㼚㻌㼍㼞㼑㼍㻕㻙㻙㻙 㻺㼡㼙㼍㼠㼍㻌㻔㻯㼕㼠㼥㻌㼍㼞㼑㼍㻕
several dozen times than non-contaminated level)
because cars repeat stop and departure (Fig.2).
Fig.2 Spatial distribution of Zn concentration in
Seasonal trend of concentration was found, increase in street dust collected between Oze, an popular
tour season (summer and autumn) and drop during the alpine resort and Numata located its downstream
winter when the roadway is closed. These observations
reveal that heavy metal concentration in street dust
㻝㻜㻜㻜㻜
varied with location and season accompanied with
㼅㼍㼙㼍㼚㼛㼠㼑㻌㻸㼕㼚㼑 㻯㼔㼡㼛㼡㻌㻸㼕㼚㼑
traffic density. The visible trend in the mountain area
㻷㼑㼕㼛㼡㻌㻸㼕㼚㼑
㻿㼑㼕㼎㼡㻌㻸㼕㼚㼑
㻻㼡㼙㼑㻌㻸㼕㼚㼑
can be attributed to the existence of limited emission
㻝㻜㻜㻜
source with less variety of origins. Therefore, it is
considered that cars are the primary factor of overuse
㻝㻜㻜
problem to facilitate transportation to the natural
parks and alpine tour roadway is an effective target
㻝㻜
for investigating environmental impacts from
automobiles.

㻝

<Heavy metal emission from railways>
㻜㻚㻝
Very few studies have ever been made for heavy
㻯㼞
㻯㼡
㼆㼚
㻯㼐
㻵㼚
㻿㼎
㻼㼎
metal pollution caused by railways. JR Chuo Line, JR
Fig.3 Cr, Cu, Zn, Cd, In, Sb and Pb
Ome Line, Seibu Shinjuku Line and Keio Line were
concentrations by rail lines in Tokyo
subjected to the survey. Concentrations of Cr, Cu, Zn,
Pb and other elements have shown similar to larger level to those in street dust in urban area. The more frequent
train operation, the higher heavy metal concentration was obviously shown (Fig.3) among the lines. The same
was true for sections in a line, higher in the east region from Mitaka station for JR Chuo Line, Chofu station for
Keio Line. A clear reduction of concentration was also shown with a distance from the railway.
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Corrugation (wavy wear) and crazing are typical
degradation of rail, and its measure is to expurgate the
rail. Amount of wheel wear differs by traveling distance,
type of train body and its operation. Very similar to street
dust, heavy metal level was related to operation
frequency. Thus traffic and operation density is
considered to be a dominant factor for the extent of
contamination for mobile sources.

㻝㻜㻜

㻤㻜

<Aircrafts are potentially a significant origin>
Several to several dozen times higher concentrations
㻢㻜
than those in street dust were detected from a roof dust
sample collected at Narita airport (Fig.4). The marked
concentrations were observed for Pb (1292mg/kg), Cu
㻠㻜
(581mg/kg), Zn (2163mg/kg) and Cd (3.53 mg/kg).
Concentrations of Ba, Ga, Ag and Bi exceeded those in
㻞㻜
street dust and railway-side dust as well.
Unlike with a large jet aircraft, a small piston-engine
㻜
plane and small helicopter usually install piston engine
㻯㼡
㼆㼚
㻯㼐
㻼㼎
(reciprocating engine) as automobiles. Leaded gasoline is
Fig.4 Cu, Zn, Cd and Pb concentrations in steet
utilized in the piston-engine for aviation even today. In
dusts for 23-ward area Tokyo (referred from
addition to fuel, taking off and landing of aircraft has a
Asami, 2010) and neighbor of Zn refinary plant
strong engine load, the wear of the brake material and
in Annaka, railway-side dust in Tokyo, and roof
rubber wheel is easy to imagine.
The high levels found in Narita indicate that aircrafts dust in Narita airport
are potentially a significant origin of heavy metals.
However, the situation remains obscure at present. Pollution caused by aircraft could appear around airport as if
a point source although aircraft is basically a mobile source. We will focus on this issue and will conduct further
investigation.

Conclusion

We conclude automobiles are one of primary sources in living conditions even after the prohibition of leaded
gasoline. Furthermore, significant contamination was caused by automobiles in alpine resort areas. This fact
scientifically indicates that human activities to appreciate nature can oppositely contaminate the nature. Railways
and airplanes were studied as well, and proved to be other significant sources. Especially airplanes seem to be a
“forgotten” but notable origin of Pb because leaded gasoline is still utilized in the piston-engine which small
plane and helicopter usually install. Sources and emission of atmospheric Pb are not completely understood.
Further investigation has to be done continuously to reconstruct an inventory of Pb emission. Railways are
commonly considered as an environmental-friendly transportation means. Even though that is true, the result
obtained from this study for railways, automobiles and airplanes may help reduce contamination and decision
making for environmental policy in the future.
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Besides aliphatic gasoline, ethanol-blended gasoline which is in different volume of ethanol intended for use in
motorcycles was recently introduced on the Thailand market. For motorcycles, limited data is available for showing
the effects of these fuels on exhaust emissions, especially concerning carbonyls in formaldehyde and acetaldehyde.
The objective of the present investigation was to study carbonyl emissions and regulated emissions from 2-stroke
and 4-stroke motorcycles using gasoline, and ethanol-blended gasoline as fuel (10% and 85% ethanol). The main
effects of ethanol blending were increased acetaldehyde emissions, reduced regulated emissions such as carbon
monoxide (CO) and hydrocarbon (HC) except nitrogen dioxide (NOx) emissions. When the two types of the ethanol
and gasoline fuel blending are considered, formaldehyde and acetaldehyde could be directly related to the ethanol
volume, but also fuel quality, engine technology and specifications of sampled motorcycles are important factors to
emit high emissions to environment.
Key words : exhaust , carbonyls , formaldehydes , acetaldehydes ,motorcycle
Introduction
In the world oil crisis, experiments in a use of alternative fuels in term of emission and fuel consumption
have been conducted worldwide presently [1,2,3]. Similar to Thailand, ethanol blending with gasoline fuel has been
introduced more over 10 years ; however, the research study in term of emission reduction and fuel economy need to
be conducted regularly especially in a relation of emissions and an increasing of ethanol volume in the ethanol and
gasoline fuel blending similar to previous research study [4,5,6]. Since research in cities throughout the world
indicates that current levels of public exposure to unregulated emissions such as volatile organic compounds (VOCs)
and carbonyl groups are associated with premature mortality and respiratory related illness [7,8,9], the Ministry of
Natural Resources and Environment by the Pollution Control Department (PCD) has been conducted the impact of
using ethanol blending with gasoline fuel with the objectives to evaluate both of regulate and unregulated emissions
concentration emitted from different blended ethanol fuel between E10 and E85. Chassis dynamometer tests were
performed using 6 motorcycles (108-109.1 cc. 170 kgs. 3 carburetor system engines and 3 injection system engines)
following the TISI-2350-2551 Test Method (equivalent to 97/24/EC, Euro 3) and emission measurements were
evaluated for regulated gaseous pollutants and unregulated pollutants. Control strategies have been considered and
implemented in order to manage and control automotive air pollution problem in Thailand.
Material and methods
1).Sample of Motorcycles : The specifications of vehicle sample are shown in Table 1.
Sample
MC1
MC2
MC3
MC4
MC5
MC6

Type of engine
Carburetor
Carburetor
Carburetor
Injection
Injection
Injection

Table 1 Specifications of Vehicle samples

Displacement size (cc)
108
108
108
109.1
109.1
109.1

Age (Year)
5
6
5
1
1
2

1
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Weight (Kg.)
170
170
170
170
170
170

Mileage (Km.)
29267
20458
11301
1253
132
2458

2).Fuel specifications : Two specifications of fuels were used which are Gasohol 91 (E-10) and Gasohol E-85
respectively. (Table 2)
Table 2 Fuel specifications
Parameter

Gasohol 91, E-10
Gasohol ,E-85 Spec.
Sample of
Sample
Spec. standard
Standard
Gasohol 91
Gasohol E-85
API Gravity @ 60 °F, °API
Report
Report
57.60
51.75
Density @ 15 °C, g/cm3
Report
Report
0.7480
0.7719
Distillation : Initial Boling Point, °C
Report
Report
38.1
41.3
Distillation : 10% vol. Evaporated, °C
< 70
Report
52.6
60.5
Distillation : 50% vol. Evaporated, °C
between 70-110
Report
70.9
77.8
Distillation : 90 % vol. Evaporated, °C
< 170
Report
140.6
78.0
Distillation : End Point, °C
< 200
< 200
171.5
90.8
Distillation : Recovery, % vol.
Report
Report
98.7
99.3
Distillation : Residue, % vol.
< 2.0
< 2.0
1.0
0
Ethanol Content, % vol.
9-10
> 75
9.78
87.2
Reference : Standard method of American Society for Testing and Materials (ASTM) and Announcement by Ministry of Energy,Thailand [10]

3).Testing Method
The experiments were conducted at an Automotive Emission Laboratory (AEL),Pollution Control
Department (PCD),Ministry of Natural Resources and Environment, Thailand. The testing method was following the
standard method as TIS.2350-2551 announced by the Thailand Industrial Standard Institute (TISI), Ministry of
Industry, Thailand. [11] The motorcycles were performing on chassis dynamometer, following standard driving
cycle which mixing by difference speed and driving behavior. Meanwhile, exhaust emission was sampling and
measuring for THC, NOx , CO, CO2 including VOCs and Carbonyls respectively as same as standard method of
US.EPA [12].
Results and discussion
The emission test results are shown in Table 3 , comparing between 2 types of fuel which are E-10 and E-85
respectively.
Table 3 Emission test results
Sample
Carburetor System
MC1
MC2
MC3
Injection System
MC4
MC5
MC6

Fuel Type

THC (g/km)

NOx (g/km)

CO (g/km)

CO2 (g/km)

Fuel economy (km/l)

Gasohol 91
E-85
Gasohol 91
E-85
Gasohol 91
E-85

0.385
0.293
0.659
0.375
0.616
0.197

0.037
0.077
0.030
0.074
0.045
0.229

12.165
0.943
20.922
9.786
19.189
0.489

55.486
62.601
38.132
42.092
44.669
49.999

30
25.4
31.1
28.2
29.6
32.1

Gasohol 91
E-85
Gasohol 91
E-85
Gasohol 91
E-85

0.119
0.077
0.099
0.043
0.151
0.145

0.085
0.124
0.035
0.120
0.062
0.102

0.734
0.752
0.718
0.428
1.768
0.131

36.388
31.004
30.293
34.771
40.192
42.201

59.9
50.7
71.6
46.2
52.3
38.4

The emissions results shown in Table 3 which indicate different concentrations of pollutants compared
between the sampled motorcycles in carburetor engine type and injection engine type using different fuel
specifications which are E-10 and E-85. In term of emissions, the results indicate that using E-85 in sampled
motorcycles emitted less emission than E-10 for example THC (reducing about 3.9-68%) , CO (reducing about 4097%) respectively ; excepted NOx which is found increasing about 45-408%.The results are similar to previous
research studies indicating that increasing of ethanol volume in the ethanol and gasoline fuel blending will increase
NOx about 20-25% [13] In addition, important factors to effect to an increasing of NOx emission are fuel quality,
engine technology and specifications of sampled motorcycles. The results of volatile organic compound (VOCs) and
carbonyls are shown in Figure 2 and Figure 3 respectively.

2
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Figure 2 Test results of Carbonyls
From Figure 2, formaldehyde and acetaldehyde concentrations are presented which are in range between
0.034 -0.169 microgram/cubic meter (increasing about 106-482 %) and 0.123-5.824 microgram/cubic meter
(increasing about 426-2168 %) respectively. The sampled motorcycles which are carburetor engine system type
emitted higher carbonyl emissions than the injection engine system type. To compare between fuel specifications
found that using E-85 in sampled motorcycles emitted higher acetaldehyde than E-10 significantly. The carbonyl
emission particularly in acetaldehyde is increased significantly due to an increasing of ethanol volume in the ethanol
and gasoline fuel blending which is similar to previous research studies [13,14,15].

Figure 3 Test results of VOCs
The test results indicate that mainly VOCs such as 1,3-butadiene benzene Toluene Ethylbenzene, mXylene, p-Xylene and o-Xylene respectively could be found. To compare the 2 groups of motorcycles found that
both of engine types emitted similar concentrations of VOCs. The injection engine system motorcycle which is using
E-10 emitted higher VOCs emission than using E-85 significantly that similar to the previous research study [16].

3
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Conclusion
The present paper demonstrates the influences of using different ethanol volumes addition to unleaded gasoline in
motorcycles on emission characteristics. The E-85 fuel can be used well to motorcycle even though engine start up
could be found hardly during engine start up especially in the carburetor motorcycle because of a characteristic of
ethanol which is cooler than gasoline fuel. The results in emissions found that using E-85 emitted less emission than
using E-10 for example ; THC about 3.9-68 % , CO about 40-97 % ; except NOx emission found higher about
45-408 %. In addition, 7 species of VOCs were measured in this study and found that using E-85 can reduce some
species of VOCs and it is not different in some species. For the carbonyls, formaldehyde and acetaldehyde were
measured and found that using E-85 emitted higher acetaldehyde emission significantly. Main influencing factors
for emissions were motorcycle engine technology, a quality of fuel blending between ethanol and gasoline fuel and
specific characteristics of sampled motorcycles.
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Introduction
Carbonyl compounds are well-known environmental air pollutants emitted from stationary and mobile sources in
which some have adverse effects to human health as well as urban air quality. Primary pollutants, including
VOC and NOx, may be oxidized in the atmosphere in a series of complex, sunlight-initiated chemical reactions,
forming secondary pollutants that include carbonyl compounds, peroxyacyl, nitrates, ozone, carboxylic acids
and secondary aerosols. Carbonyl compounds especially formaldehyde and acetaldehyde have been given great
attention because of their adverse health effects on human health, and play an important role in atmospheric
chemistry1, 2, 3, 4 . Ambient carbonyl compounds are emitted directly into the atmosphere due to incomplete
combustion of biomass and fossil fuels5,6,7. They are also formed as major reaction products in the atmospheric
oxidation of many anthropogenic hydrocarbons and other volatile organic compounds 2, 8.
At present, the Thailand initiated a policy to replace the conventional gasoline and diesel fuels to gasohol and
biodiesel. Therefore, it is very important to quantify and assess the behavior of ambient carbonyl compounds
especially formaldehyde and acetaldehyde in Bangkok where high traffic density was observed everyday.
Materials and methods
Under this study 6 roadside areas in Bangkok and its vicinity were selected as sampling sites. Sampling was
done during December 2010 to September 2012. Sampling equipment were set inside the vacant yard of some
offices located along the roadside areas namely: Bangna Meteorological Department (Bangna), Ministry of
Science and Technology (MOST), Bangkruay Electric Supply (Bangkruay), Samutprakarn Municipal Hall
(Samutprakarn), Chokchai 4 Police Station (Chokchai4) and Chetuphon College of Commerce (Chetuphon).

Figure 1. Map showing 6 sampling sites
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Air samples were collected by drawing air using a mini pump (Sibata E30, Japan) through the active DNPH
cartridge (Wako, Japan). An ozone scrubber (Supelco.Co., USA) was attached to the upstream of the DNPH
active cartridge to protect from ozone interference. A heater (GTH 100, GL Science, Japan) was also provided
to the collection system to prevent moisture from entering the cartridge during sampling. Samples were collected
for 24 hours at a flow rate of 0.10 L/min. The sampling and analysis followed the U.S. E.P.A. Compendium
Method TO 11A as guideline. A 25 μL aliquot was injected into the HPLC system (Shimadzu LC Solutions,
Japan). Field blanks were also analyzed to check for contamination. The column used for the HPLC was
Discovery RP Amide C16 reverse column (250 cm, x 4.6 mm i.d., 5 μm packing, Supelco.Co., USA); a guard
column was also provided before the column, the gradient mobile phase was 55/45% ACN/Water for 20
minutes, 65% ACN for 7 minutes, 55% ACN for 3 minutes. The mobile phase flow rate was 1.0/ml/minute.¯¹;
the detector was UV detector, the wavelength was 360 nm, and oven temperature was set to 40ͼC.

Results and discussion
Ambient concentrations of formaldehyde and acetaldehyde in Bangkok and its vicinity
Monthly concentration levels of formaldehyde in Bangkok ranged from 3.06 to 14.9 μg/m³ (average 7.03μg/m³)
as shown in Figure 2, while the concentration levels of acetaldehyde ranged from 1.03 to 9.47μg/m³ (average
4.16 μg/m³) as shown in Figure 3. Monthly concentration levels of formaldehyde and acetaldehyde between
each site showed slight variations. However, when seasonal influence was evaluated, as shown in Figure 4 it was
found that the concentrations of these compounds were high during the cold season (November to February) due
to stable atmospheric conditions and absence of rain during this months. During the summer season (MarchJune)acetaldehyde concentrations slightly decrease. It was explained that higher ambient temperatures and
stronger solar radiation in summer not only enhance carbonyl-generating photochemical reactions, but also
accelerate the photolysis of carbonyls to form hydroxyl radicals, then the hydroxyl radicals in turn could act as
further sinks for the carbonyls9. And during the rainy season (July –October) their concentrations significantly
decrease which is due to rain washout. As stated, heterogeneous losses of carbonyls caused by wet deposition
processes are significant especially formaldehyde due to its high aqueous solubility 10. It can also be observed
that concentration levels of acetaldehyde are more stable than formaldehyde since acetaldehyde photolysis is
much lower than that formaldehyde, and the reaction of acetaldehyde with hydroxyl radicals is slightly faster 11.

Figure 2. Formaldehyde Concentrations in Bangkok

Figure 3. Acetaldehyde Concentrations in Bangkok
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Figure 4. Seasonal variation of formaldehyde and acetaldehyde in Bangkok

Correlations of formaldehyde and acetaldehyde
The correlations formaldehyde and acetaldehyde at roadside area were also measured by collecting ambient air
samples at different time periods. As shown in Figure 5 during the time periods 08:00-14:00, formaldehyde
showed high concentrations due to vehicular exhaust as well as the reaction rates of both photochemical
generation under high solar radiation in daytime with high solar radiation were considered significant. On the
other hand other photochemical reactions may also occur such as photolysis of acetaldehyde due to high
temperature that produces methyl radical that can react with oxygen to form methyl peroxyl radical, which reacts
with NOx to form formaldehyde. Consequently, these compounds may also react with NOx in the presence of
strong sunlight to produce ozone, thereby reducing their ambient concentrations. High correlations between
formaldehyde and acetaldehyde (R=0.95) were obtained especially during 17:00-05:00 as shown in Figure 6
which was the time period with the lowest solar radiation and in turn least photochemical reactions making
vehicular emissions the major source.

Figure 5. Hourly concentrations of formaldehyde
and acetaldehyde in Bangkok in relation
to traffic density

Figure 6. Correlations of formaldehyde and
acetaldehyde in Bangkok in relation to time of the day

3
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Conclusion
Ambient concentrations formaldehyde and acetaldehyde in Bangkok and did not show significant variation . The
variation was strongly dependent on motor vehicle traffic density in the as shown by the hourly concentrations ,
since traffic decreases significantly at night. The strong correlations between formaldehyde and acetaldehyde
indicated that motor vehicle exhaust is the main source of these carbonyls.
Recommendations
It is highly recommended that more intensive effort to measure carbonyls in which carbon monoxide and ozone
measurements must be included in order to determine the anthropogenic origin of the principal carbonyls more
precisely, independently of photochemical reactions.
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Abstract
Concentrations of atmospheric NO 2 were determined from the sample of flower venders who were
exposed NO 2 near the area of Waroros Market in Chiang Mai. It was performed for 3 days in a week during
August, November, and December, 2012 for 20 venders using developed passive samplers. The results showed
that the maximum and minimum exposure values of the flower venders were 2.865 μg/12hr, 0.460 μg/12hr,
respectively. Atmospheric NO 2 concentration at the personal exposure called exposure values were mostly high
in the early of week in rainy, and in the end of week to the weekend in winter. The exposure values depended on
the sampling time at the statistical significant level 0.05. Both the maximum and minimum exposure values were
less than those in 2008 about 57%, and 42%, respectively, due to several factors concerning exposure.
Key word: personal exposure, NO 2 , passive sampling, flower vender, Waroros market, Chiang Mai, 2012
Introduction
NO 2 is the most important secondary pollutant that indicates the state of ambient air quality. It emits
directly from automobile exhaust and photochemical reaction of NO. Both NO and NO 2 can produce other
secondary pollutants like Ozone in troposphere. Nitric acid and particulate matter in terms of nitrate can also
produce acid deposition [1].
The human exposure to NO 2 has an adverse effect to health, especially, the respiratory system. In 1977,
WHO suggested that the maximum value of NO 2 that was harmless to health was in the range of 0.10-0.17 mg/l
[2]. It should not be exposed to NO 2 at those values more than 1 time in one month. Due to the different
sensitivity of each personal exposure, the exposure level should below those values. Besides, NO 2 can react with
several kinds of secondary pollutants. In 2000, WHO suggested that exposure values were 8-68.1 ppb in 2 week
average for long term affecting to 20% increase of respiratory symptom and diseases risk for each increase of
28.1 ppb [3]. In 2003, WHO also suggested several high and low exposure values. For example, the exposure
value to NO 2 at 300 ppb in 10 min exposure effects to decrease in forced expiratory volume in 1s (FEV 1 ) [4]. In
2007, Kraft et al. proposed two short-term NO 2 exposure values to protect public health; 53.2 ppb for 1 hr and
26.6 ppb for 24 hr based upon the result of exposure-chamber experiments [5]. Besides, Franklin et al, 2006
found that outdoor NO 2 levels and seasons variability can also influence the exposure levels [6].
In major city like Chiang Mai where is the economic center in the upper northern Thailand, there is
always crowded traffic. Particularly, in commercial areas near the road-side that is located near the big sized
market in the center of city, many venders like flower venders in those areas have high opportunity to expose
NO 2 as well as other persons in different careers like traffic police, and bus driver that had exposure values 0.044.84 μg/12hr in 1995-1996 [7]. In this work, it focused on monitoring of atmospheric NO 2 concentration values
at personal exposure called exposure values at the flower venders in the area near Waroros Market in Chiang
Mai in 2012 in order to compare with those exposure values in 2008 [8] for health protection and environmental
preservation in urban area.
Materials and Method
Study Area and Sample; The study area was located on the Post Office road, near Waroros Market that
was the back side of an old local market (Ton Lamyai). It was about 1 km2 that flower shops were located near
to the road-sides (Figure 1-2). The 20 samples were flower venders who were volunteers in the same flower
shops in 2008.
Sampling Duration; Sampling time was 12 hr for each sample collection during rainy in August, and
winter in November and December 2012. In each month, samples were collected 3 days in only one week; in the
early of week (Monday), in the end of week (Friday), and in the weekend (Saturday).
Air Sampler; Passive samplers developed from old film containers that had filter inside for adding
absorbing solution to collect NO 2 were attached to the outer garments at the chest level of the venders sample
group. After 12 hr, these samplers were kept for analyze and calculation for NO 2 by Ogawa method [9].
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Data Analysis; NO 2 exposure values were statistical analyzed by chi-square to explore the relationship
between two variables; exposure values of the flower venders and sampling time (month/year) [10].

Figure 1. Map of sampling site [12]

Figure 2. Flower shops in the study area

Results and Discussion
In fact, the standard value of atmospheric [NO 2 ] at personal exposure called exposure value in Thailand
is not yet used. The details of NO 2 exposure values in each month in 2012 (Figure 3-5) were as the follows.
Concentration of NO 2 Personal Exposure in August 2012
The 5th person was higher exposed NO 2 by average (1.76 μg/12hr) than other persons as the shop’s
location was near the bus station from city center to a far district (Phaow district), and the traffic was crowded in
this area. Besides, the shop’s location was closed to a small space for parking. The 20th person was lowest
exposed NO 2 (0.88 μg/12hr) as his shop’s location was farer from the bus station. The maximum and minimum
values of NO 2 personal exposure were 2.094 μg/12hr, and 0.705 μg/12hr, respectively, while those values were
0.792-6.43 μg/12hr in 2008 [8].
Concentration of NO 2 Personal Exposure in November 2012
The 2nd person was higher exposed NO 2 by average (2.26 μg/12hr) than other persons as the shop’s
location was also in the same area of 5th and 6th persons, while the 6th person was lowest exposed NO 2 (0.88
μg/12hr) as he was always inside the shop. It indicated that the 2nd person had activities in front of his flower
shop more than other persons. The maximum and minimum values of NO 2 personal exposure were 2.865
μg/12hr, and 0.635 μg/12hr, respectively, while those values were 1.367-4.373 μg/12hr in 2008 [8].
Concentration of NO 2 Personal Exposure in December 2012
The 11st person was higher exposed NO 2 by average (2.15 μg/12hr) than other persons as the shop
location was near the bus station from city center to a near province (Lamphun province), and the traffic was
crowded in this area. The 7th person was lowest exposed NO 2 (0.94 μg/12hr) as there was a space between the
buildings in opposite of his shop’s location affecting [NO 2 ]. Even, it was in the same area of 5th and 6th persons.
The maximum and minimum values of NO 2 personal exposure were 2.758 μg/12hr, and 0.460 μg/12hr,
respectively, while those values were 0.929-6.157 μg/12hr in 2008 [8]. It was noted that exposure values were
mostly high in the early of week in rainy, and in the end of week to the weekend in winter. In addition, exposure
values during winter periods were higher than that in rainy period due to the meteorology condition, and higher
congestion.
Based on the level of considered NO 2 exposure value to classify the number of person who exposed
much NO 2 , the exposure value in 2012 μg/12hr) was less than that in 2008 μg/12hr). It indicated that
the average values of NO 2 personal exposure in 2012 were mostly lower than those in 2008. It was probably that
the flower venders was informed to reduce their exposure values by using personal protection equipment (mask),
and avoiding to be in front of the shop during the working time. In addition, there was difference between the
average values of NO 2 personal exposure and sampling time (month/year) at the statistical significant level 0.05
(Likelihood Chi-Square value 126.29, P<0.05). The result of this study was congruent with the result of previous
study by Franklin et al, 2006 [6].
A comparison of NO 2 personal exposure values by flower venders in 2012 and those in 2008, it was
found that the exposure values of flower venders in 2012 (0.460- 2.865 μg/12hr) were less than those in 2008
(0.79-7.02 μg/12hr) [8]. Both maximum and minimum exposure values in 2012 were less than those in 2008
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about 57%, and 42%, respectively. It was concerned with several factors, specifically, an economic effect from
the biggest Thai flood crisis in 2011 resulting the traffic density and etc., as well as, the environment in the study
area; vehicles usage, various festivals, ventilation indoor and outdoor [11], meteorology [12], particularly,
personal protection and caution. In conclusion, this information could be used as a guideline for managing urban
environment; land use, and traffic route in order to reduce the exposure values of the people who work both on
the road and near the road-side.
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Figure 3. the average values of NO 2 personal exposure in August, 2012
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Figure 4. the average values of NO 2 personal exposure in November, 2012
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Figure 5. the average values of NO 2 personal exposure in December, 2012
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Abstract
Concentrations of atmospheric NO 2 , NO, and NO x were determined to investigate their correlation and
emission source. It was conducted at 2 m and 3.5 m above the ground near a road-side in Chiang Mai from
March 19 to May 31, 2011 by active sampling. [NO 2 ], [NO], and [NO x ] at 3.5 m were found to be greater than
those at 2 m 20%, 36%, and 25%, respectively. There was strong linear correlation (r2>0.8-0.9) between [NO 2 ]
and [NO x ], and that between [NO] and [NO x ]. It meant that the relationship of [NO 2 ] and [NO] could be varied
while [NO x ] was always fixed at each height due to the chemistry. Particularly, [NO] could be changed to be
[NO 2 ] less than that at higher height. %NO 2 /NO x and %NO/NO x (<100%) at both levels implied that the
sampling site was in residential area, and emission source should be from the wind direction and speed.
Key word: correlation, NO 2 , NO, NO x , two high levels, active sampling, Chiang Mai
Introduction
Nitrogen oxides (NO x ) mostly emitted from automobile exhaust and from any other high-temperature
combustions, contribute to Nitric oxide (NO) and Nitrogen dioxide (NO 2 ) as air pollutants, and Nitric acid
(HNO 3 ) mix causing an acid rain [1-2]. Together NO and NO 2 are known as NO x [2]. Of these air pollutants,
NO 2 is the most important secondary pollutant.
In general, there are two types of air sampling methods; active sampling (AS), and passive sampling
(PS). Both methods are used for discontinuous point measurements [3]. Each method contains both merits and
demerits [4]. Particularly, AS method provides both average and peak values in each hour and day using higher
cost, difficult sampling and equipment with electricity or pump. As for PS method, it provides the accumulated
concentration for longer sampling period using cheap, simple sampling and equipment without electricity.
However, some works are needed to measure NO 2 , NO, and NO x with the high accuracy for a specific
application.
For NO x measurement, NO could be analyzed in the form of NO 2 after it is oxidized to NO 2 [5]. There
are two active methods for NO 2 determination by AS; the potassium iodide (KI) and the Saltzman methods [3,
6]. As for KI method, NO 2 is absorbed and reduced to nitrite by the iodide on the filter. The nitrite is extracted
with deionized water and determined by spectrophotometer with the Griess method [3, 6]. Several works were
performed by KI method for the long period [3, 7-8]. Saltzman method is based on the Griess reaction [6]. A
pink color is produced when there is NO 2 during air sampling. The intensity of NO 2 is measured by
spectrophotometer. Both methods could be operated on a 24 hour basis. However, the Saltzman method is
recommended to perform in the shorter period [3].
The effects of nitrogen dioxides are dependent on the action of NO 2 and NO. The ratio of NO 2 and NO
is very important for the deposition and photochemical oxidants as NO 2 is deposited more faster than NO [3].
Furthermore, in equal concentration, NO 2 is more injurious than NO and its action as an acute irritant [9].
Therefore, it is interesting to measure NO 2 , NO and NO x by AS method for air sampling, and using Saltzman
method for daily NO 2 analyses in order to analyze their correlation through a case study. In this work, [NO 2 ],
[NO], and [NO x ] were determined at two high levels in Chiang Mai by AS method to investigate their
correlation by correlation analysis, as well as, point of emissions, and peak in NO 2 at the study site.
Materials and methods
Preparation of Reagents [5] The reagents for AS using Saltzman method for NO 2 analysis were
prepared as follows; Absorbing solution was prepared by dissolving 5g of anhydrous sulfanilic acid in 900 ml of
distilled water containing 140 ml of acetic acid. 20 ml of 0.1% N-(1-naphtyle) ethylene diamine dichrolic acid
salt solution was also added to obtain a1000 ml total volume of the solution. Oxidation solution was prepared by
dissolving 2.5 g of potassium permanganate (KMnO 4 ) in 90 ml of distilled water. 2.5 g of concentrated sulfuric
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acid was added to obtain a 100 ml total volume of the solution. Standard sodium nitrite solution was prepared
accurately by weighting 2.41 g of sodium nitrite (NaNO 2 ). It was dissolved in distilled water to obtain a 1000 ml
total volume of the solution.
Air Sampling Description and Meteorology
Air samples were collected at the purposive sampling site that was near a road-side in front of the
Rajamangala University of Technology Lanna (RMUTL) gate, CM at latitude 98° 48´ 34.46" north and
longtitude 98° 57´ 9.90" east, and at the height of 2 m and 3.5 m above the ground on the RMUTL’s wall due to
the suitability in installation and sample collection. The study site was located on the well-known tourism route
(Doi-Suthep) at an elevation of about 1,027 feet or 310 metre above sea level (Figure 1).
Fritted
Impinger
(a)

Midget Impinger
(b)

(c)

Fritted
Impinger
(d)

Personal
Pump
(f)

North
a) Absorbing b) Oxidation c) Distilled d) Absorbing
solution
solution
water
solution

Figure 1. Sampling site at two high levels

Figure 2. Sampling train for NO 2 , NO, and NO x

The air samples were performed during March 19-May 31, 2010 between 8.00 am. to 5 pm. for 9 hr/d in
58 days. The total numbers of air samples were 1,044 samples. Of these samples, 522 samples obtained from the
sampling site at 2 m, and 522 samples obtained from the same site at 3.5 m above the ground. The sampling time
was 60 min (1 hr). The color of absorbing solution turns pink in proportion to [NO 2 ] or [NO]. As for
meteorology in CM, it was collected from the near station that measured by Northern Meteorological Center.
Preparation of Air Sampling Set, Sample Analyses, and Data Calculation [5]
Personal air sampling pump (GilAir-3RP Pump, USA) was used at the flow rate 0.40 l/min [10]. It was
connected to the impinger train set consisting of 2 fritted impingers (SKC 225-36-2) size 25 ml, and 2 midget
impingers (SKC 225-36-1) size 25 ml (Figure 2). 10 ml of absorbing solution was added to each fritted impinger
in tube a) and d), 10 ml of oxidation solution, and distilled water were added to midget impinger in tube b) and
c), respectively. These impinger trains were installed at 2 m and 3.5 m, respectively. Each train set was operated
by personal pump for 60 min. Temperature and time of sampling were recorded. The absorbing solution in fritted
impingers was transferred and collected in the vials with the label of sampling time. After leaving the solution
for 20-30 min to complete the reaction, these vials could be kept in the refrigerator for NO 2 analyses. Based on
the manual Saltzman method for NO 2 analysis, collected samples from tube a) and d) and standard solution were
measured in terms of the absorbance of colored solution at 545 nm by UV-VIS spectro. (Model DR/4000V,
HACH, USA). The standard curve was firstly prepared by using the standard solution (10 Pl NO 2 , 20°C, 760
mmHg) 100 times thinner or 10 ml with the absorbing solution to obtain the total volume 1,000 ml (1ml | 0.01
ml NO 2 ). This solution was poured into each volumetric flask by 0, 2, 4, 6, 10 ml and each volume was adjusted
to 25 ml by pouring the absorbing solution. The absorbance of this diluted 25 ml solution, containing 1 ml of
sodium nitrite standard solution, is equal to that of the absorbing solution which absorbed 4 Pl NO 2 (1ml | 0.4
Pl NO 2 , 20°C, 760 mmHg). Analytical procedure of NO was the same as NO 2 due to its oxidized to NO 2 by
KMnO 4 . [NO 2 ] and [NO] were calculated from the related equation [4], and [NO x ] was summed of [NO 2 ] and
[NO]. Correlation and simple statistical analysis were used for data analysis and interpretation [4].
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Results and discussion
Concentrations of NO 2 , NO, and NO x in 1 hour and their correlation at two high levels
The result showed that the average values of [NO x ] (0.02 r1.30 ppm) at 2 m that was composed of NO 2
(0.016 r0.94 ppm) and NO (0.006 r0.36 ppm) were less than [NO x ] (0.03 r1.74 ppm) at 3.5 m that was
composed of NO 2 (0.02 r1.18 ppm) and NO (0.01 r0.56 ppm) in 1 hour. Trends of NO 2 , NO, and NO x were
also found to similar. However, trend of NO at 3.5 m was much more than that at 2 m. Because the reaction of
NO to NO 2 occurred at lower height more than that at higher height due to the difference of air pressure as found
in the CM climate data [11].
In general, NO 2 and NO are collectively referred to as NO x due to their inter-convertibility in the
photochemical reactions [12]. It was found that the major and minor components of NO x in ambient air
consisted of NO 2 and NO (hr/d) about 73% and 27% at 2 m, and about 68% and 32% at 3.5m, respectively. It
meant that the relationship of [NO 2 ] and [NO] could be varied while [NO x ] was always fixed at each height due
to the chemistry. The results of NO x components were congruent with the chemistry of oxides of nitrogen and
that in the background troposphere where NO could be changed to NO 2 [9, 12]. Besides, NO 2 has a chance to
deposit and to be photochemical oxidants at high level more than low level [3]. The minimum and maximum
values of NO 2 , NO, and NO x at 3.5 m (0.016-0.031, 0.006-0.015, and 0.023-0.045 ppm) were also higher than
those at 2 m (0.012-0.024, 0.002-0.011, and 0.016-0.034 ppm). The percentages of NO 2 , NO, and NO x
concentrations by average value (hr/d) at 3.5 m were greater than those at 2 m about 20%, 36%, and 25%,
respectively. Moreover, there was strong linear correlation (r2>0.8-0.9) between [NO 2 ] and [NO x ], and that
between [NO] and [NO x ] at both levels in the daytime (Figure 3-6). It indicated that there was less variation of
[NO x ] with [NO 2 ] and [NO] due to the chemistry and meteorology condition at each height of the sampling site.
It was coincidence with the studied result by Han et al, (2011) who found that the variation of NO x with NO 2
and NO at 2 m in the nighttime (r2<0.5) was much more than that in the daytime (r2>0.5) in the big city like
Tianjin [13].
The ratios of %NO 2 /NO x and %NO/NO x were found to be 73%, 68%, and 27%, 32% at 2 m, and 3.5
m, respectively. It implied that the study site was not in urban due to these ratios <100%. As for urban area like
Bangkok (BK), the manual monitoring result of ambient air quality by Pollution Control Department (PCD) in
August, 2001 for 12 days from 6 am-3 pm showed that %NO/NO x near a road-side in Dindaeng area where was
a traffic area was 79% [14]. It indicated that emission source came from the traffic. Comparison of the
monitoring result in BK and that in CM, %NO/NO x at the sampling site in CM was quite low (<50%). It meant
that the study area in CM was in residential area. It also indicated that there was change of NO to be NO 2 from
the height of 3.5 m to 2m due to some chemical reactions. According to the meteorology in the study area, there
was wind direction (SW| 57%) in the same direction of South West (SW) monsoon during summer, and mostly
moderate (20-28 km/hr) to fresh wind speeds (29-38 km/hr). Thus, the point of emissions should be from the
wind direction and speed.
The results of this study were in accordance with those of previous studies. For example, Panyaping, K.
(2010) found that [NO 2 ] in CM urban was higher then that in CM sub-urban, while air sampling time by AS in
CM urban (30 min) was shorter than that in CM sub-urban (60 min) [4]. Coppalle, A. et al, (2001) found that the
variations of NO/NO 2 ratio in the medium sized urban area of Rouen, France were dependent on the
meteorological conditions [15]. Besides, Song, F. et al, (2011) found that [NO 2 ] at the Meadowland site near the
highways in USA had high value (21.3 ppb) and even greatly exceeded the [NO] value (13.8 ppb) indicating a
higher oxidizing level of the environment in this region, but [NO x ] was moderate [16]. Usually, the photochemical reactions can occur near-ground air and may change the ratios of NO/NO 2 . NO 2 /NO x , and NO 2 /O 3 ,
but they cannot change the NO x level, which is an indicator of oxidizing level of the ambient air [17]. The
studied results indicated that the measurement of NO x, NO 2 , and NO by AS and using correlation analysis
provided the good results at the low concentration. However, it is difficult to collect NO 2 , NO, and NO x samples
by AS from many study sites due to some limitations; cost, installation, and technician requirement for sample
collection.
Concentration of NO 2 in each period at two high levels
The result showed that [NO 2 ] in peak period in sub-urban (11.00 am - 4.00 pm) was different from peak
in urban that was in the rush hours [4], and slightly different at each height due to the difference of air pressure
[11-12] (Table 1).

─ 70 ─

Table 1. The average value of NO 2 per hour/day at two high levels in Chiang Mai, (ppm)
High
Level
(m.)
2
3.5

8.009.00
am (1)
0.013
0.016

9.0010.0011.00- 12.00
1.002.003.0010.00
11.00
12.00
am-1.00 2.00
3.00
4.00
am (2)
am (3)
am (4) pm (5)
pm (6)
pm (7)
pm (8)
0.014
0.016
0.017
0.018
0.018
0.018
0.017
0.019
0.020
0.021
0.022
0.023
0.023
0.021
Note: number in the blanket = number of each period used for air sampling

Figure 3. Correlation between [NO 2 ] and [NO x ] at 2 m.

4.005.00
pm (9)
0.015
0.018

Figure 4. Correlation between [NO] and [NO x ] at 2 m.

Figure 5. Correlation between [NO 2 ] and [NO x ] at 3.5 m.

Figure 6. Correlation between [NO] and [NO x ] at 3.5 m
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Abstract
Reducing Emissions from deforestation and forest degradation in developing countries (REDD+) has
been one of the key issue in international climate negotiations within the United Nations Framework Convention
on Climate Change (UNFCCC). However, there is very limited information on the baseline carbon emissions
from deforestation in developing country like Myanmar. By selecting Dry Dipterocarp Forest (DDF) in Popa
Mountain Park as a case study, this study estimated carbon emission from deforestation and reducing carbon
emission under REDD+ project. This study found that about 62405.7tCO2 - 26096.8tCO2 will be lost between
2013 and 2043 without any conservation measures. By managing 882 ha of DDF, carbon emissions could be
reduced accounting for 45516.7tCO2 – 19566.1tCO2 in 30-years project or 652.2tCO2 – 1517.2tCO2 annually.
This findings highlight that huge amount of carbon would be emitted from deforestation. Though, this study
suggests that carbon emission from tropical forest could be reduced by effective conservation measure like
REDD+ project.
Keyword: Deforestation and forest degradation, tropical forest, effective conservation, Myanmar
Introduction
Forests play a twofold role in climate change by sequestering large quantities of carbon: while growing
trees absorb carbon dioxide from the air and store carbon by the process of photosynthesis, forests can become a
major emissions source when the stored carbon is released into the atmosphere by means of forest degradation
and deforestation activities (Jayant A & Nilels, 2008). Fifty-two percent of world’s forests are concentrated in
the tropic which have the highest rate of deforestation (Brown, Sathaye, Cannell, & Kauppi, 1996). Tropical
deforestation is considered the second largest source of greenhouse gas (GHG) emission accounting for an
estimated 17% of global greenhouse gas emissions—more than the global transport sector (IPCC, 2007).
Avoiding tropical deforestation has great potential to reduce GHG emissions (Service C, 2012). Reducing
deforestation is, thus, a high-priority mitigation option within tropical regions(IPCC, 2007). Therefore, reducing
Emissions from deforestation and forest degradation in developing countries (REDD+) has been one of the key
issue in international climate negotiations within the United Nations Framework Convention on Climate Change
(UNFCCC). REDD was a key agenda item discussed during the December 2009 conference of parties (COP)
meeting in Copenhagen. The resulting ‘Copenhagen Accord’, signed by the United States, China, India, Brazil
and South Africa, recognized natural forest protection as key to reducing global carbon emissions.
Before engaging in an international agreement for REDD, tropical forest nations will need to evaluate
their ability to curb deforestation (Oestreicher et al., 2009). Tropical forests are highly threatened by human
activities, such as land clearing for settlement; agricultural land expansion, timber harvesting and fuelwood
collection, and their activities are responsible for deforestation and forest degradation (Htun, Mizoue, &
Yoshida, 2011). Therefore, it is of crucial importance to estimate forest carbon storage as well as carbon
emission from deforestation in tropical region. Myanmar has one of the highest propotions of forest cover in
mainland South East Asia, 48% of the total area, with high deforestation rate (0.93% annually) (FAO, 2010).
Although high forest cover there are limited information on carbon storage capacity and carbon emissions from
the forest. Therefore, this study was conducted to estimate current carbon stock, baseline carbon emissions
(without project) and carbon emission from deforestation (with project) in dry dipterocarp forest in order to
provide baseline information for carbon trading accountability in the future.
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Materials and methods
Study Area
The research was carried out in dry dipterocarp forest, Popa Mountain Park (PMP) in Myanmar. The
park covers an area of about 100 km2 of which 88.7 % is covered by forest. Elevation ranges from about 300 to
1500 m asl. Mean maximum and minimum monthly temperatures were 31.30ºC and 8.52ºC, respectively, and
the mean annual rainfall was about 1170 mm. The PMP includes a diverse range of vegetation types such as dry
mixed deciduous forest, and dry dipterocarp forest (scrub indaing forest), dry forest (Than-dahat forest), dry hill
or evergreen forest (Htun et al., 2011) and old plantation such as Xylia, pine, Eucalyptus. All forests in PMP are
second or third growth after cutting and clearing for agriculture in the early twentieth century (FD, 1981).

Figure 1. Location map of the study area
Estimating of carbon emissions
Data from 25 sample plots of 400 m2 (20 m × 20 m) each were collected in Dry dipterocarp Forest in
Popa Mountain Park. Diameter at breast height (DBH) and height of all trees (DBH ≥ 5 cm) were measured in
each plot. Due to carbon stored in the aboveground is the most directly impacted by deforestation (Gibbs,
Brown, Niles, & Foley, 2007), this study estimated carbon stock in tree (aboveground, belowground), deadwood,
litter. Forest carbon stock, carbon emission from deforestation and reducing emissions were estimated by using
the equations in table 1.
Table 1. Equations for carbon emissions estimating
Equations
Aboveground carbon
(ton ha-1)

Remarks

AGC VOB u WD u BEF u CC
BEF

ª3.213-506u Ln BV º¼

e¬

Belowground carbon
(ton ha-1)
Litter layer carbon
(ton ha-1)

BGC e[-1.05870.8836uLn(AGB)] u CC

Dead wood
(dbh > 10 cm) (ton ha-1)

CWD-B

Litter C

LV

SDW
x TFW x CC
SFW

¦ LV u FWD u DSM

πul ª
2
2
ab  cd º
¬
¼
32

─ 73 ─

where, VOB (m3∙ha−1) is stand volume over
bark. WD (Mg∙m−3) is wood density, BEF is
the biomass expansion factor, CC is Carbon
content default value (0.47), BV (ton∙ha−1)
is the biomass of inventoried volume.
where, AGB is aboveground biomass in ton
where, SDW is sample dry weight, SFW is
sample fresh weight and TFW is total fresh
weight
where, LV is log volume of dead tree (m3),
FWD is fresh-wood density (kgm−3), DSM
is decay-stage modifier, l is the length of the
log, a and b are orthogonal diameters at one
end, and c and d at the other.

2

Equations
Forest cover change
(ha yr−1)
Baseline deforestation
(ha yr−1)
Project deforestation
(ha yr−1)
Carbon emissions
(baseline) (ton CO2
yr−1)
Carbon emissions
(project) (ton CO2 yr−1)
Reduced emissions
(project) (ton CO2 yr−1)

Remarks

FA t

FA 0 u e kut

where, FA(t) is the area of forest at time t
(ha), k is the rate of deforestation

BD t

'FA t

PD t

RPI t u BD t

where, UFA(t) is the area of forest (ha)
between time t2 and time t1.
where, RPI(t) is the relative project impact

FA 2 - FA 1

CEbaseline t

BD t u CS u

CEproject t

PD t u CS u

RE t

44
12

44
12

CEbaseline t - CEproject t

where, CS is carbon stocks (tC∙ha−1) and
44/12 is the ratio of the molecular weight of
CO2 (44) to the molecular weight of carbon
(12).
where, RE(t) is the different between
baseline carbon emissions and project
emission at time (t).

Results and discussion
Baseline carbon emissions from deforestation
Total average carbon stocks in the dry dipterocarp forest were estimated at 162.03 tC∙ha−1 (above
ground carbon, belowground carbon, deadwood, litter). The deforestation rate in PMP (park area and
surrounding area, 3 km) is 0.09% to 4.42% based on remote sensing analysis on Landsat image in 1989, 2000
and 2005. This study used three rates of deforestation 0.09%, 2.25%, and 4.42% as low, mean, and high
deforestation rates, respectively. We used past deforestation rate for projecting future deforestation between
2013 and 2043. According to the deforestation rate, the forest area will be lost 219.63 ha, 367.35 ha and 525.22
ha for Low Deforestation Rate (LDR), Average Deforestation Rate (ADR) and High Deforestation Rate (HDR),
respectively, in 30-years period or lost about 12.35 ha (7.32 ha for low rate, 17.51 ha for high rate) annually.
This deforestation was considered baseline deforestation, upon which baseline emissions or reference emission
level were calculated. Due to deforestation, amount to 26096.81 tCO2, 43648.47 tCO2 and 62405.68 tCO2 will
be emitted for a 30-year or 869.89 tCO2, 1454.95 tCO2 and 2080.19 tCO2 annually according to the different
deforestation rate, LDR, ADR and HDR, respectively (figure 2).

Figure 2. Annual emissions due to deforestation without project
(baseline) and with project (project)
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Figure 3. Reduce emission (Avoided emissions)
due to REDD project

3

Carbon emissions from reducing deforestation
In order to reduce deforestation or carbon emissions from deforestation, the study attempt to design
project with various activities based on drivers of deforestation. Various management activities were introduced
to control deforestation following the Ty’s study (Ty, Sasaki, Ahmad, & Ahmad, 2011). Each activities affects
drivers and thus results in reducing deforestation. Under the project, total deforestation over this 30-year project
timeframe is estimated at 54.96 ha, 94.18 ha and 142.14 ha for LDR, ADR and HDR, respectively. About 1.83
ha, 3.14 ha and 4.74 ha were loss annually for LDR, ADR, and HDR, respectively. Therefore, the project could
reduce 273.17 ha (164.67 ha for low deforested area – 383.08 ha for high deforested area) from deforestation. In
term of carbon emissions, 19566.12 tCO2, 32458.17 tCO2 and 45516.73 tCO2 of carbon emissions could be
reduced for a 30-year project cycle under the LDR, ADR, HDR, respectively (figure 3). On an annual basis, a
30-year project could result in reducing 652.20 tCO 2, 1081.94 tCO2 and 1517.22 tCO2 annually, respectively for
the three deforestation rates. But actual emission reductions depend on the assumptions of the future
implementation of project actions in order to reduce the drivers of the deforestation (Ty et al., 2011). According
to different deforestation rate and drivers throughout the country further studies on carbon emission by each
district are encouraged.
This study attempted to analyze the impact of REDD project on carbon emission reductions through
avoiding deforestation and estimated carbon stock and revenues for dry mixed deciduous forest in PMP.
According to the deforestation rate of 1989-2005, the study forest will be lost 26096.81 tCO2 - 62405.68 tCO2
(carbon emissions). By managing with proper interventions, the study forest will be reduced carbon emissions
accounting for 19566.12 tCO2 - 45516.73 tCO2. Therefore, study findings suggest that reducing deforestation of
the dry dipterocarp forest in Popa Mountain Park could result in huge emission reductions. Thus our results
supported that what Nophea’s (Sasaki, 2006) statement. He mentioned that forest can be a sink or a source of
carbon, depending on the management regimes. This is one important step in estimating the carbon emissions
due to deforestation in Myanmar. Most of the decisions of forest conservation are based on biodiversity,
sustainable use of forest product and basic need of local people. Where forest carbon emissions are consider, a
decision based on estimation of carbon emission from reducing deforestation as done in this study is useful for
forest conservation and management.
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ABSTRACT
Recently, volatile organic compounds (VOCs) have received much attention due to their demonstrable toxicity
on human health, so called air toxics, and indirect effect to form ozone via complex photo chemical reaction.
Under this study air samples were collected in 6 sampling sites within Bangkok and its vicinity during January
2011 (B.E. 2554) to February 2012 (B.E. 2555), in order to study the contribution of ambient air toxics from
traffic emissions and their effects on the formation of ozone in urban air. Prevailing compounds in Bangkok
were Benzene, 1,3-Butadiene, Ethylbenzene, Chloroform, 1,2-Dichloroethane, 1,2-Dichloropropane,
Tetrachloroethylene, Toluene, m,p-Xylene, o-Xylene, Formaldehyde, and Acetaldehyde. Ozone formation was
estimated by Comprehensive Air quality Model with extensions (CAMx). Ozone isopleth plot showed ozone
formation in BMR was in VOCs sensitive condition. The model results revealed that the contribution of
anthropogenic VOCs and biogenic VOCs to ozone formation in Bangkok urban air were 62% and 38%,
respectively.
Keywords: Bangkok, air toxics, volatile organic compounds, ozone, CAMx.
Introduction
An emerging air pollution issue in Bangkok is air toxic problem resulting from transportation and rapid
urbanization. Volatile organic compounds (VOCs) emitted into atmosphere have received much attention in
recent years due to their direct and indirect effects. The direct effect is their possibilities of causing carcinogen
and long term health impacts on the population especially living in urban areas1,2. Indirect effect of VOCs is
associated with their reactions in the troposphere. VOCs play a significant role in the formation and fate of
airborne toxic chemicals and, in the presence of oxides of nitrogen (NOx), they react with OH- radicals to form
ozone3,4. Different VOCs species have different contribution to the formation of tropospheric ozone 5. In response
to the air toxic pollution problems, the Thai government considered to control VOCs by setting environmental
standard in 2007. Thailand’s National Ambient Air Quality Standards for VOCs have been promulgated and
consisted of 9 VOCs namely benzene, 1,3-butadiene, chloroform, dichloromethane, 1,2-dichloroethane, 1,2dichloropropane, tetrachloroethylene, trichloroethylene, and vinyl chloride. Emission sources of air toxic
pollutants in urban areas are mostly from automobiles, gas stations, storage tanks, two-stroke motorcycles, diesel
truck, open burning of solid wastes and biomass burning. Measurement data are also analyzed for their spatial
distribution in order to elucidate the prevailing VOCs compounds in each area. Data indicated that most VOCs
were site-specified pollutants in which their concentrations were greatly affected by local emission sources6.
Ozone is a major air pollution concern due to its adverse impact on human health and vegetation. For vegetation,
high levels of ground-level ozone cause stomata of plants to be closed. For human, exposure to ground-level
ozone has been linked to pre-mature mortality and a range of morbidity health end-points such as hospital
admissions and asthma symptom days. In Bangkok, effects of ground-level ozone on mortality outcomes was
seen, showed the evidence that ground-level ozone produced substantial adverse health effects among Bangkok’s
residents7. Since ozone formation is enhances with atmospheric conditions such as temperature, sunlight and
presence of VOCs and NOx, Bangkok, which is located in tropical zone, has experiences high concentration of
ozone exceeding the National Ambient Air Quality Standards (NAAQS) at many monitoring locations 8.
Therefore the relationship between ozone and its two main precursors, NOx and VOCs, represents one of the
most important issues to be tackled for the urban air quality in Bangkok. Comprehensive Air quality Model with
extensions (CAMx) is developed by US.EPA for photochemical model in urban scale 9. The model is three
dimensions cover convective and addvective air movement. It operates based on the concept of “One
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Atmosphere” and “One Model System” in which it contains various mathematical equations for complex
chemistry in the atmosphere. Many studies have applied CAMx in Bangkok and vicinity areas in various
aspects10,11. The aim of this study is to evaluate the contribution of ambient air toxics from traffic emissions and
their effects on the formation of ozone in urban air. The Comprehensive Air quality Model with extensions
(CAMx) was used to estimate the sensitivity of ozone formation on NOx or VOCs in Bangkok urban air.
Materials and Methods
Bangkok, the capital of Thailand, is located on an open plain. The area of Bangkok is of 1,570 km2 with the
population of about 9 million. Climate in Bangkok varies seasonally according to the typical monsoon regime in
Thailand. Three seasons are identified, the rainy (wet) season starts from 16 May to 15 October, the winter
season starts 16 October to 15 February, and the summer season starts 16 February to 15 May. Six monitoring
sites were placed in Bangkok and vicinity areas which are Chokchai 4 road, Rama 6 road, Pracha Uthit road,
Electrical Generating Authority of Thailand (EGAT) Nonthaburi, City Hall Samutprakarn and Bangna (urban
background). Sampling locations are selected to represent roadside (the potential emission source of VOCs) and
urban background. The sampling sites are shown in Figure 1. Air samples were collected once a month during
January 2011 to February 2012. Samples were taken for 24 ± 1 hour from the start of sampling until the end of
sampling on the following day using canister method. Sample analysis was performed using pre-concentratorGC/MS technique based on US.EPA method TO-1512. Besides, in this study some carbonyl compounds such as
Formaldehyde, Acetaldehyde, Propionaldehyde, Crotonaldehyde, and Acrolein, were also collected and analyzed
based on US. EPA method TO-1113.
The ozone formation in Bangkok urban air was calculated by CAMx. The model study covers the areas of
Bangkok and 5 provinces (Nonthaburi, Samutprakarn, Pathumthani, Nakornpathom and Samutsakorn) nearby,
namely Bangkok Metropolitan Region (BMR). The model divided the area into 460 grids and each grid size is 4
x 4 km2 with the start point at 47P 611286 1485252 (UTM System) southwest corner. Preparation for emission
inventory data in this study use both top down and bottom up approaches based on the guideline of Emission
Inventory Improvement Program (EEIP) Volume 1-1014. While meteorological input was prepared using the
Meso-scale Meteorological Model (MM5)15.
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Figure 1 Sampling sites in Bangkok Metropolitan Region.
Results and discussion
Levels and Distribution of air toxics in Bangkok urban air
The concentration of 14 species of VOCs was found prevailing in the Bangkok urban air. They are Benzene, 1,3Butadiene, Ethylbenzene, Chloroform, 1,2-Dichloroethane, 1,2-Dichloropropane, Tetrachloroethylene, Toluene,
m,p-Xylene, o-Xylene, Formaldehyde, and Acetaldehyde. The measurement showed high concentration of
benzene, 1,3 Butadiene, toluene, ethylbenzene, m,p-xylene and o-xylene in samples collected at the sites,
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Chokchai 4 road, Rama 6 road , Pracha Uthit road and City Hall Samutprakarn in which these sampling sites
were all located along roadside with high traffic density throughout the day. Furthermore, Benzene,
Dichloromethane, Chloroform, 1,3-Butadiene and 1,2-Dichloroethane were mostly exceeded the National
Ambient Air Quality Standard (NAAQS) for VOCs in every sampling sites during the sampling period. Twelve
months monitoring data with comparison to the NAAQS were summarized in Table 1.
Table 1. Level of air toxics in Bangkok urban air during January 2011 to February 2012.
No.

Compound

Concentration
Range (μg/m³)

1

1,3-Butadiene

0.02 - 0.64

0.18

National Ambient
Air Quality
Standard (μg/m³)

2

Dichloromethane

0.40 - 9.9

2.62

22

3

Chloroform

0.21- 1.3

0.29

0.43

4

Benzene

0.83 - 10.7

3.65

1.7

5

1,2-Dichloroethane

0.21 - 1.5

0.35

0.40

6

Trichloroethylene

0.21 - 1.17

0.36

23.0

7

1,2-Dichloropropane

nd - 0.50

0.13

4.0

8

Tetrachloroethylene

0.28 - 0.57

0.22

200

9

Ethylbenzene

0.45 - 7.55

2.78

-

10

m,p-Xylene

0.78 - 11.56

4.35

-

11

o-Xylene

0.66 - 4.19

1.76

-

12

Formaldehyde

0.22 - 14.9

6.61

-

13

Acetaldehyde

1.03 - 9.47

4.17

-

14

Toluene

8.07 - 68.8

32.8

-

15

Vinyl Chloride

nd

-

10.0

16

Propionaldehyde

nd

-

-

17

Crotonaldehyde

nd

-

-

18

Acrolein

nd

-

-

Mean (μg/m³)

0.33

nd: not detected
The results showed that VOCs concentration were greatly affected local emission source where sampling was
located. In this study, the traffic curbside areas in Bangkok was focused and we found the prevalent air toxic
species were those emitted from mobile sources such as benzene and 1,3-butadiene were always exceeded the
NAAQS. These two compounds have carcinogenic effects to lung, blood, liver, kidney and biliary tract cancer16
Ozone Formation Potential
Ozone formation in Bangkok urban air was estimated by Comprehensive Air quality Model with extensions
(CAMx). The results of VOCs emission estimation showed that car exhaust is the major contributor account for
55%. Beside there were other sources of VOCs emission which contribute to urban air quality such as burning
of gasohol 19%, solvent evaporation 9%, and solid waste incineration 8%. Figure 2 showed the ratio of different
source type of VOCs emission in Bangkok. Furthermore, the model results revealed that the contribution of
anthropogenic VOCs and biogenic VOCs to ozone formation in Bangkok urban air were 62% and 38%,
respectively. The results were consistent with previous studies17,18 .
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Figure 2 The ratio of different source type of VOCs
emission in Bangkok.

Figure 3 Isopleths giving maximum 1-hour Ozone
concentration (ppb) as a function of VOCs and NOx
emissions.
The CAMx model estimated the occurrence of maximum ozone concentration 150 ppb in dry season which
exceeded the NAAQS. Isopleth plot showed the maximum 1-hour ozone concentration in BMR was in VOCs
sensitive condition (Figure 3). The model study revealed that we need to reduce VOCs emission at least 30% to
bring down the maximum 1-hour ozone concentration to be under the NAAQS. From the results of VOCs
measurements Toluene, Formaldehyde, m,p-Xylene and Acetaldehyde are the most prevalent compounds in this
study. These compounds are known as the most dominant contributor to ozone formation and came mainly from
gasoline evaporation19,5. Therefore, to control ambient concentration of ozone the effective measures and
enforcement should be applied to control VOCs from mobile source emission as well as the traffic congestion in
the city.
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Introduction
209 PCBs isomers are usually analyzed by HT8-PCB GC capillary column.[1] But it is impossible to separate all
isomers even with the use of this column. #52 and #69 (tetra chlorinated biphenyl isomers) are one case of
co-eluting peaks. While #52 is contained in Kanechlor product, #69 is secondary generated by an incineration
facility and like that. Therefore the separation of these two isomers is important to identify the source of PCBs in
environment. In this study, we examine the separation of #52 and #69 using GC/MS/ECD system equipped
with Deans switch. This system can separate co-eluting peaks by heart cut from one column to another column
with different stationary phase.
Materials and methods
Table1 shows the operating condition of GC/MS/ECD, and Fig.1 shows the Deans switch system flow in the
heart cut position. The HT-8 PCB column is connected between the split/ splitless inlet and the Deans switch.
A short length of deactivated fused silica tubing (1.85m, 0.15mm) is connected between the Deans switch and
the MS as the restrictor. The secondary column was connected between the Deans switch and the ECD. As the
secondary column, DB-XLB, DB-17, DB-210, DB-23 and DB-WAXetr column (30m, 0.25mm) were chosen.
These columns were more polar than the HT-8 PCB column as candidates. In normal mode, the effluent from the
primary HT-8 PCB column is directed through the restrictor to the MS. When the solenoid valve is switched to
the heart cut position, the effluent is directed through the secondary column to the ECD. Standard solution were
prepared in decane containing #52, 62 isomers at concentration 0.0175 ppm to examine column separation.
Samples were prepared KC-mix 0.1ppm and 2 fish oil samples.
Table1 The operating condition of GC/MS/ECD
Instrument
Column
Restrictor
Injection
Inlet temp
Oven temp
Inlet pressure
PCM pressure
Heartcut time
ECD
MS

Agilent 7890B GC/ 5977A MSD
1st HT8-PCB
60m, 0.25mm
2nd Test column1 -5* 30m, 0.32mm
deactive fused silica
1.85m, 0.15mm
2μL splitless, puerge 60 mL/min in 1min
280 ℃
120℃(0min)-20℃/min-180℃-230℃(20min)
47
psi
17.84 psi
22-23.5 min (Deans switch on)
300℃, makeup flow(N2) 20mL/min
Ion source temprature 280℃
Quadro pole temprature 150℃
transfer line 300 ℃
Mode: SIM m/z 289.9, 291.9

*Test column1-5 1
2
3
4
5

DB-XLB
film thickness 0.5μm
DB-17
film thickness 0.5μm
DB-210
film thickness 0.25μm
DB-23
film thickness 0.25μm
DB-WAXetr film thickness 1 μm

MS

3.0 mL/min

Restrictor
Inlet
47 psi

4.0 mL/min

1.0mL/min

Benzene&
unresolved
hydrocarbons

2.0 mL/min

Purge
Restrictor

On

HT-8 PCB
ECD

3.0mL/min

<<
1mL/min

Testing column 1-5

Fig.1 The Deans switch in the heart cut position.
The effluent form the HT-8 PCB column
goes to the testing column and the ECD.
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PCM
17.84 psi

Results and discussion
While #52 and #69 isomer peaks weren`t separated using DB-XLB as the secondary column, these two peaks could be
separated using other 4 testing column. Fig.2 The each resolution in Japanese Pharmacopeia was calculated to 1.5, 1.8, 0.8,
12.1 in order of DB-17, DB-23, DB-210, DB-WAXetrConsidering eluting high-boiling PCB isomers and
column operating life, it is desirable that using column temperature is higher, and analysis time is shorter.
By this reason, DB-17 was finally chosen as the secondary column. Fig.3 and Table 2 shows the overlay

chromatogram and the result of retention time and peak area by repeated analysis(n=6). These shows this
analysis by heart cut using DB-17 column provides good reproducibility. The relative standard deviation
(RSD%) for retention time were 0.018, and for peak area were less than 5.4. Fig.4 shows chromatograms by
analyzing KC-mix, two different fish oil. Only #52 isomer was detected in these samples. As mentioned above,
this GC/MS/ECD system equipped with Deans switch can analyze #52 and #69 isomers separately, and is valid
system to identify the source of PCBs in environment.
#52&#69

#52

#52

#52

#52

Fig.2 ECD Chromatograms by heart cut analysis of #52 and #69 isomers standard solution at concenration 0.175ppm
(In the left to right, one using DB-XLB, DB-17, DB-23, DB-210, DB-WAXetr as the secondary column.

Table2 The repatability results of retention time and peak area
by heart cut analysis using DB-17 as the secondary column.

#69

#69

#52

Fig.3 The overlay chromatogram by heart cut
analysis using DB-17 as the secandary column.

＃52

#52

1
2
3
4
5
6
mean
S.D.

retention time
28.4
28.4
28.4
28.4
28.4
28.4
28.4
0.00516

peak area
48285140
53414431
52004797
52202514
51562783
51033120
51417131
1727972

retention time
28.6
28.6
28.6
28.6
28.6
28.6
28.6
0.00516

peak area
33416984
39443466
38003418
37554708
37583162
37013775
37169252
2014521

RSD%

0.018

3.4

0.018

5.4

＃52

＃52

Fig.4 Sample Chromatograms by heart cut analysis using DB-17 as the secandary column
 (In the left to right, one by analysis of KC-mix 0.1ppm, fish oil 1, fish oil 2
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Introduction
It is not too much to say that our lives are supported by huge numbers of chemicals. However, a part of them has
caused or is currently causing environmental pollution or having adverse effects on organisms. DDT, HCH, PCB,
PFOS, PBDEs and the other POPs, which have been produced as useful and beneficial chemicals, are known as
pollutants today. The fact that all of those chemicals are halogenated compounds lead us to assume that some of
halogenated compounds may have adverse potential to human and environmental health. Unfortunately, but we
never known the number of the kind and the concentrations of halogenated compounds in the environment.
Because we have not been having a measure which can detect whole halogenated compounds and identify each of
them.
We are improving and developing methods for analyzing organic environmental pollutants including halogenated
compounds. In our present studies, we are developing new apparatus consisting of a comprehensive twodimensional gas chromatography (GC×GC), which is a high performance technique for the separation of chemical
compounds, directly coupled with a quadrapole type tandem mass spectrometer (MS/MS; QQQ) and a high
resolution time-of-flight mass spectrometer (HRTofMS). In this time, we report our attempts to detect halogenated
compounds comprehensively and selectively in environmental samples by employing a neutral loss scan (NLS)
on a GC×GC-MS/MS, by negative chemical ionization (NCI) on GC×GC-HRTofMS or by post-processing of data
from GC×GC-HRTofMS with the original software which we developed.
Materials and methods
Chemicals; Carbon-13 labeled and non-labeled polychlorinated dibenzo-p-dioxins (PCDDs), polychlorinated
dibenzofurans (PCDFs), polychlorinated biphenyls (PCBs) and polybrominated diphenyl ethers (PBDEs), 13Clabeled and non-labeled the other POPs, and 263 of non-labeled pesticides were obtained from Wellington
laboratories, CIL, Wako pure chemicals and Kanto chemicals, respectively.
Samples; Certified reference materials had provided by our institute were used for the measurement as
environmental samples. No. 17, 20, 21 were flyash extract, sediment and soil (their distribution are suspended).
Indoor and outdoor air sample was collected into a Tenax-TA tube (Gerstel) in our laboratory and on the rooftop
of one building in our institute for a week, respectively. Approximately 300 ml of urine was collected from each
of two healthy adult males and combined. A portion (approximately 50 ml) of the sample was extracted with
hexane. Additionally, six extracts summed of each three kinds of soil and sediment samples were used for the
experiments.
Measurement by GC×GC -MS/MS with NLS; Crude extract solution of sediments, soils and flyash, and the Tenax
–TA tubes which had adsorbed indoor and outdoor air were measured by a Agilent 7890GC which was installed
a Zoex KT-2006 GC×GC system coupled with a Agilent 7000 QQQ with NLS mode [1].
Measurement by GC×GC-HRTofMS; The same samples used for measurement by GC×GC-MS/MS and human
urine samples were newly measured by a Agilent 6890GC which was installed a Zoex KT-2004 GC×GC system
coupled with a JEOL JMS-T100GC and a Agilent 7890GC which was installed a Zoex KT-2006 GC×GC system
coupled with a JEOL JMS-T100GCV 4G [2,3].
On the measurement by the JMS-T100GCV 4G, we also employed negative chemical ionization (NCI) to expect
selective ionization of organohalogens as well as electron impact ionization (EI).
Processing for extraction of organohalogens from data of GC×GC-HRTofMS; We developed software that
extracts only the mass spectra of organochlorines or organobromines from data measured by a GC×GC–HRTofMS
system. The software reads a netCDF file as input data and extracts from the whole data set only those mass spectra
that have chlorine or bromine isotopic patterns and it never requires any target mass setting for the process [3]. It
can also optionally prescreen data by checking for mass defects, which are usually observed when the compound
includes atoms such as halogens, and by using another our method which can simulate an NLS as a post-filter for
the data.
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35

Cl-NLS

Results and discussion
NLS by GC×GC-MS/MS; In a set of
experiments, we successfully detected
halogenated compounds comprehensively and selectively from environmental
samples by using a GC×GC-MS/MS.
The results of a 35Cl-NLS and a
conventional scan (m/z = 150–530) of the
sediment sample are shown as twodimensional total ion chromato-grams
(2D-TICs) in Fig. 1. Although a huge
number of peaks and bands of complex
compounds were observed in the
chromatogram
obtained
with
a conventional scan
conventional scan, many peaks were
isolated by a 35Cl-NLS of the sediment
sample. Thus, the global detection of
halogenated compounds was achieved by
obtaining NLS of chlorine, bromine
and/or fluorine using an MS/MS. It was
also possible to search and identify for
compounds using two-dimensional mass
chromatograms and mass profiles
obtained from measurements of the same
sample with a GC×GC- HRTofMS under
the same conditions as those used for a
GC×GC. In direct measurements of Fig.1 Two-dimensional total ion chromatograms (2D-TICs) of
extracts from fly ash and sediment sediment sample (NIES CRM 20) measured with a 35Cl-neutral loss
performed by the above apparatus, many scan (NLS, upper) and a conventional scan (lower) with the GCxGCdioxin and PCB congeners were MS/MS.
identified and many other halogenated The red translucent shape in the upper chromatogram shows the
compounds were found. A small number area where organohalogens are expected to appear.
of them were identified as chlorinated
PAHs.
The results from this study show that a neutral loss scan with MS/MS was effective in selectively detecting
halogenated compounds, especially those with more than two halogen substituents, in environmental samples.
However, a single gas chromatograph cannot separate the huge number of compounds contained in a crude sample
even when an MS/MS is used as a detector. Therefore, the coupling of a GC×GC and an MS/MS is an effective
approach for the complete global detection of organohalogens.
Selective extraction of organohalogens by software; We also developed a method that selectively extracts a subset
from GC×GC-HRTofMS data to detect and identify trace levels of organohalogens. By using original software
that finds isotopic clusters of chlorine in mass spectra, we achieved selective extraction of the mass spectra of
organochlorines from the huge amounts of data from environmental or biological samples obtained by GC×GC–
HRTofMS. For accurate data extraction, high mass resolution and mass accuracy were essential. The use of mass
defect, which is the difference of nominal and exact mass of an element, was very effective in removing the mass
spectra of hydrocarbons. Three examples obtained by applying the mass defect filter (MDF) to the original data
from the indoor air, sediment, and human urine samples are given as Fig. 2. If the sample (e.g. an air sample)
contained a lot of hydrocarbons and the mass spectra of their fragments overlapped that those of the target, then
the MDF was very effective in removing these spectra (see (a) and (b) in Fig. 2). However, the mass spectra of
molecular sulfur in the sediment sample or in metabolites or biological derivatives in human urine samples could
not be removed with the MDF (see (b) and (c) in Fig. 2). This is because the hydrogen in hydrocarbons shows a
mass sufficiency and the sulfur, oxygen, and heavier elements, which are commonly found in metabolites, show a
mass deficiency. Direct measurement and data extraction by using software were therefore effective for non-target
analysis. However, deconvolution of the peaks and mass spectra is required to improve data extraction
performance, because many compounds are co-eluted even when GC×GC is used, depending on the sample matrix.
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Sample name
Retention time
(RT1 2 (min),
RT2 3 (sec))

MDF1: OFF

MDF: ON

(a) Indoor Air
TIC

mass spectra
(@23.400,
1.270*)

(b) Sediment
TIC

mass spectra
(@38.400,
3.611*)

(c) Human
Urine
TIC

Fig.2. Comparison of the results of pre-screening of some samples with a mass defect filter.
1 MDF: mass defect filter. Mass spectra with mass deficiencies within a 0 to -0.2 range were left in the data
and the other spectra were removed from the data. 2 Retention time (min) on 1st gas chromatogram, 3
Retention time (s) on 2nd gas chromatogram, * RTs were shown on each 2D-chromatogram.

Further development and improvement of hardware and software for GC×GC–HRTofMS will make it possible to
qualify and quantify many compounds simultaneously.
As another approach for global and selective detection of organohalogens, negative chemical ionization was
employed because the NCI method is known to be effective for ionization of those compounds [4-6]. Twodimensional total ion chromatograms of a soil sample measured with EI and NCI were shown in fig.3. Although
a lot of peaks were found on the top chromatogram by EI, the number of peak appeared in the middle figure, which
was obtained by NCI, was fewer than that and peaks might derived from hydrocarbons and silicones were not
observed in the figure. Besides, a bottom figure shows the 2D-TIC after the process which organohalogens were
selectively extracted by our original software [3] from the data measured with EI. It is interesting that the middle
and bottom figures were very similar. The coincident supports that the software function well to extract
organohalogens and NCI is effective to detect those compounds in selective and sensitive. Most of the peaks
extracted by the software and detected by NCI method were confirmed from their mass spectra which have typical
cluster pattern of isotopes of chlorine or bromine. For example, mass spectra of a peak located on the same position
of each chromatograms were shown in fig.4. Isotopes of chlorine were observed in the all mass spectra, however,
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EI+

EI+

CI- (NCI)
CI- (NCI)

EI+ data processed
EI+ data processed

Fig.3 Two-dimensional total ion chromatograms (2DTICs) of a soil sample measured with electron impact
(EI+), negative chemical ionization (NCI, CI-) and
processed data which was selectively extracted
organohalogens by original software from the data
measured with EI+.
Top, middle and bottom was 2D-TIC of EI+, NCI and data
processed, respectively.

Fig.4 Mass spectra at the same location on
2D-chromatograms of soil sample measured
with electron impact (EI+), negative chemical
ionization (NCI, CI-) and processed data which
was selectively extracted organohalogens by
original software from the data measured with
EI+.
Upper; middle and lower was mass spectra of
EI+, NCI and data processed, respectively.

the mass spectra of NCI (middle) were quite different from the others. Only a few spectra adverted in the middle
figures in spite of appearance of many fragments on the others which were measured with EI. In some cases,
purified mass spectra were obtained by data processing as shown in fig.4. From the result of library search by
NIST 11, the processed spectra (bottom) was identified as pentachlorobenzene (MW=250.3240) though the
original (top) was regarded as bibenzyl (MW=182.2660). That shows pentachlorobenzene had been buried in
compounds even though it was measured by GC×GC. In even such case, only mass spectra of molecular-related
ion could be obtained by NCI. Thus, it was confirmed that NCI demonstrates selective and robust detection of
organohalogen in matrix such as crude extract of soil sample. However, to identify the compound, EI is necessary
for library search. When enough separation could not be achieved even by GC×GC, the data processing surely
contributes stripping of compound, which is specified as a target after measurement, from the others.
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Introduction
Spillage and illegal dumping of waste crankcase oil or leakage of the same from vehicles onto road surfaces with
the subsequent washout by street runoff seem to be a continous source of environmental pollution in an era of
vehicular transport. To understand and examine this particular source, a detailed study on the chemical
composition of the waste oil is needed. GC-MS is an effective technique in the separation of compounds, as gas
chromatography offers good separation and mass spectrometry offers compound specific identification; hence, it
is widely used in environmental forensic studies1. However, crankcase oil is ladened with hydrocarbons such as
n-alkanes; iso-alkanes; steranes; terpanes; polynuclear aromatic hydrocarbons (PAHs); aromatic steranes; and
specific polycyclic compounds2. In this kind of a situation selective detection of target compounds from
overlapping co-contaminants is a challenging task. Multidimensional chromatographic techniques have been
applied in the determination of polychlorinated biphenyls in complex environmental matrices 3-4. Incorporating
this principle in the comprehensive two dimensional GC × GC technique along with mass spectrometry has
added ultra-high separation capability to environmental forensic studies5-6. This technology comes handy when
separation of target substances from complicated matrices becomes problematic using ordinary GC-MS. We
have applied GC × GC - MS technique in the analysis of some waste oil samples from Malaysia and the data
were compared with that of GC-MS. Waste motor oil could be an important source of PAHs pollution in
Malaysia as vehicular transport is heavy and environmental regulations do not restrict the release of motor oil to
the environment strictly. Tropical climate with frequent storms enhance the release of contaminated motor oil to
the environment. Application of GC × GC - MS technique has identified and confirmed the in-situ production of
PAHs through pyrolytic processes in motor engine.
Materials and methods
Waste motor oil (crankcase oil) was sampled at 11 automobile repair shops in the district of Selangor, Malaysia.
These were uncharacterized, uncategorized oil samples (MY-1,2,3,4,5,6,9,10,11,12,13) as oil was pooled over a
period of time in drums (storage tanks). On the other hand, two crankcase oil samples were collected directly
from cars that came for repair (MY-7 & 8). One Castrol unused oil (MY-14) and one Yamaha unused oil (MY15) were sampled (control) as well. The oil samples were dissolved in isooctane and analyzed directly in GCMS and GC × GC - MS.
GC × GC - MS was performed on a gas chromatograph - quadrupole mass spectrometer GCMS-QP2010 Ultra
(Shimadzu, Kyoto, Japan) and GC × GC modulator (Zoex Corp.). A DB®-1 (J&W Corp., methyl polysiloxane,
15 m × 0.25 mm I.D., 1.0 μm film thickness) and a Rtx®-WAX ( Resteck Corp., 2.5 m x 0.1 mm I.D., df=0.1
μm) columns were connected through the GC × GC modulator as the first and second capillary columns,
respectively. Results were processed using a special multipurpose GC × GC analysis software package. It is
capable of directly reading GC × GC data obtained with GCMSsolution, converting it to a 2-dimensional image,
and then analyzing it.
Results and discussion
The hydrocarbon families in motor lubricating oils are best studied using gas chromatography-mass
spectrometry in full scan mode. Various homologous series of hydrocarbons were characterized at known
fragment ions. They are: n-alkanes; iso-alkanes; steranes; terpanes; polynuclear aromatic hydrocarbons (PAHs);
aromatic steranes; and specific polycyclic compounds. Used waste lubricating and unused motor lubricating oils
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are highly depleted in the paraffinic hydrocarbons (n-alkane and iso-alkanes) 2. In spite of that a lot of peaks
were detected in a conventional GC-MS analysis which were overlapping in the total ion chromatogram.

Figure 1. a) 2D Chromatogram of MY-04 used oil

b) Thermal modulation of MY-04 used oil

On the other hand with GC × GC - MS system incorporating high-polarity second column, it was possible to
separate the paraffin from aromatic series, there by obtaining a blob distribution pattern reflecting the
compound’s structure. Polyaromatic hydrocarbons (PAHs), such as fluoranthene and pyrene, could be separated
from oil matrix and their identification was easily performed using mass spectral similarity search (Fig. 1).
Used oil can be differentiated from unused lubricating oil, because it often has low molecular range
hydrocarbons which are absent in the unused oil 2. The area ratios of phenanthrene to anthracene and the area
ratios of fluoranthene to pyrene were useful in evaluating and classifying oil sampels. However, while using
regular GC-MS technique, anthracene was not detected and the area ratio of fluoranthene/pyrene was lower than

Figure 2. a) Identifying pyrogenic PAHs – GC-MS

b) More clarity in GC×GC-MS (e.g. MY-7&8)

that of the used oils (Fig. 2). The area ratios for thirteen used oil samples obtained from conventional GC-MS
analysis did not clarify the differences among the samples. On the other hand, when the same samples were
analysed using GC×GC-MS an ultra high resolution separation was obtained and the area ratios calculated based
on this analysis differentiated distinctly the used oils, unused oils and oils obtained directly from a car (vs pooled
samples of various auromobiles over a period of time).
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Figure 3. Upper: Phenanthrene identification was marred by alkyl PAHs in a conventional GC-MS
system: Lower: GC×GC-MS analysis offered a clear solution to co-elution problems.

Figure 4. Fluoranthene/Pyrene:Phenanthrene/Anthracene ratios of used and unused crankcase oils revealing insitu synthesis of PAHs during combustion. MY-14 is unused oil sample and the rest are used oil samples.
It has been noticed earlier that used crankcase oil carried pyrogenic and petrogenic signatures of PAHs 1.
Incorporation of unburned fuel (gasoline or diesel) in the car lead to petrogenic signatures while PAHs generated
in the combustion chamber in the engine brought pyrogenic signatures to the crankcase oil. The PAHs profile for
“fresh” crankcase oil displayed severe depletion of heavy molecular weight PAHs. Hence the ratio of heavy to
light (H/L) molecular weight PAHs had been used to identify pyrogenicity1. In the same way, fluoranthene and

3
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pyrene were often associated during natural matrices analyses and were considered as typical pyrogenic products
derived from high-temperature condensation of lower molecular weight aromatic compounds 7. In fact,
phenanthrene and anthracene are two structural isomers. Because of their different physico-chemical properties,
they could behave differently in the environment and could lead to different values for their Phe/An ratio that
would give useful information on the PAH origin8. Phenanthrene is more thermodynamically stable than
anthracene, so, Phe/An ratio is observed to be very high in PAH petrogenic pollution, but lower in pyrolytic
contamination cases. Similarly, fluoranthene versus pyrene ratios are used to derive the same conclusion. The
current research revealed that conventional GC-MS technique might not reveal the concentrations accurately and
hence blur the source identification, whereas, GC×GC-MS analysis will result in unambiquitous, accurate and
sensitive determination of target compounds even in a complex mixture/matrix. Hence GC×GC-MS technique
has identified in-situ production of PAHs in automobile combustion processes, thereby, revealing a new source
of PAHs pollution to the environment.
Conclusion
In comparison to conventional GC-MS analysis GC×GC-MS analysis revealed higher separation power and
accurate determination of target compounds in complex matrix, without any conventional cleanup steps. Thus a
complex matrix such as waste motor oil (crankcase oil) when injected directly in GC×GC-MS system was
separated into several groups of compounds and allowed accurate determination of target compounds. Such an
application in the present study revealed in-situ production of PAHs during automobile engine combustion
process, thereby revealing a new pollution source of PAHs to the environment. Thus GC×GC-MS could be
effectively used in finger printing and source identification in environmental forensic studies.
References:
1. Zakaria MP, Takada H, Tsutsumi S, Ohno K, Yamada J, Kouno E, Kumata H. (2002); Environ. Sci. Technol.
36, 1907-1918
2. Kaplan IR, Lu ST, Alimi HM, MacMurphy J. (2001); Environ. Forensics 2, 231-248
3. Kannan N, Schulz DE, Petrick G, Duinker JC. (1992); Intern. J. Environ. Anal. Chem. 47, 201-215
4. Kannan N, Petrick G, Schulz D, Duinker J, Boon J, van Arnhem,E, Jansen S. (1991); Chemosphere, 23, 10551076
5. Beens, J, Boelens H, Tijssen R, Blomberg J.(1998); J. High Resol. Chromatogr. 21, 47-54
6. Blomberg J, Schoenmakers PJ, Beens J, Tijssen R. (1997); J. High Resol. Chromatogr. 20, 539–544
7. Socloa HH, Garriguesb M, Ewald M. (2000); Mar. Pollut. Bull. 40(5), 387-396
8. Gschweng PM, Hites RA. (1981); Geochim. Cosmochim. Acta. 45, 2359–2367

4

─ 89 ─

C1-1-4
7,7/($'9$17$*(62)*&0606$1$/<6,6)253&%63%'(6DQG3$+6


.DWVXKLUR1$.$*$:$.RXNL7$1$.$5LNL.,7$120DVDWR7$.$.85$<XNL6$.$0272
7RPRDNL.21'2+DUXKLNR0,<$*$:$


6KLPDG]X&RUSRUDWLRQ1LVKLQRN\R.XZDEDUDFKR1DNDJ\RNX.\RWR-DSDQ

.H\ZRUG㸸
㸸JDVFKURPDWRJUDSKWULSOHTXDGUXSROHPDVVVSHFWURPHWHU *&0606 PXOWLSOHUHDFWLRQ
PRQLWRULQJ 050 SRO\FKORULQDWHGELSKHQ\OV 3&%V SRO\EURPLQDWHGGLSKHQ\OHWKHUV 3%'(V DQG
SRO\DURPDWLFK\GURFDUERQV 3$+V 


,QWURGXFWLRQ
3RO\FKORULQDWHG ELSKHQ\OV 3&%V  SRO\EURPLQDWHG GLSKHQ\O HWKHUV 3%'(V  DQG SRO\DURPDWLF K\GURFDUERQV
3$+V  DUH FRPPRQO\ DQDO\]HG XVLQJ *&06 ,Q KHDY\ PDWUL[ VDPSOHV VXFK DV HQYLURQPHQWDO DQG IRRG
VDPSOHV PRUH VHOHFWLYH GHWHFWLRQ WHFKQLTXH LV UHTXLUHG WR REWDLQ UHOLDEOH UHVXOWV 'RXEOH IRFXVLQJ PDVV
VSHFWURPHWHU ')06  LV RQH RI SRVVLEOH FKRLFHV +RZHYHU WKH LQLWLDO DQG UXQQLQJ FRVWV DUH KLJK DQG WKH
RSHUDWLRQ DQG PDLQWHQDQFH DUH QRW HDV\ FRPSDUHG WR TXDGUXSROH PDVV VSHFWURPHWHU :H DSSOLHG JDV
FKURPDWRJUDSKWULSOHTXDGUXSROHPDVVVSHFWURPHWHU *&0606 WRWKRVHDQDO\VHVDQGGHYHORSHGWKHGDWDEDVH
ZKLFKDOORZHGHDV\VHWWLQJRI*&0606PHDVXULQJSDUDPHWHUV

0DWHULDOVDQGPHWKRGV
7KHDQDO\VHVRI3&%V3%'(VDQG3$+VZHUHFRQGXFWHGXVLQJD*&0674WULSOHTXDGUXSROH*&0606
*&06VROXWLRQ6KLPDG]X-DSDQ RSHUDWHGLQWKHPXOWLSOHUHDFWLRQPRQLWRULQJ 050 PRGH050WUDQVLWLRQV
DQGFROOLVLRQHQHUJLHVZHUHDXWRPDWLFDOO\RSWLPL]HGXVLQJWKH0502SWLPL]DWLRQ7RRO *&06VROXWLRQ
6KLPDG]X-DSDQ 7KHGDWDEDVHZDVFUHDWHGIRUPWKHREWDLQHGGDWDDQGLQFOXGHGQRWRQO\050WUDQVLWLRQVDQG
FROOLVLRQHQHUJLHVEXWDOVRUHWHQWLRQLQGLFHVRIWDUJHWVFRPSRXQGV
7KH*&0606ZLWKWKHGHYHORSHGGDWDEDVHZDVDSSOLHGWRDQDO\VLVRI3&%V3%'(VDQG3$+VLQ
HQYLURQPHQWDOVDPSOHVIRRGVWXIIVDQGFKHPLFDOSURGXFWV6DPSOHVZHUHSUHSDUHGIROORZLQJWKHFRQYHQWLRQDO
SURFHGXUHV7KH050PHWKRGZDVFUHDWHGIURPWKHGDWDEDVHE\SUHGLFWLQJWKHUHWHQWLRQWLPHVIURPWKH
UHWHQWLRQLQGLFHVDQGPHDVXUHGUHWHQWLRQWLPHVRIQDONDQH7KHDQDO\WLFDOGZHOOWLPHVIRUHDFKWUDQVLWLRQZDV
DXWRPDWLFDOO\DGMXVWHG

5HVXOWVDQGGLVFXVVLRQ
8VLQJ*&06VHYHUDO3&%V3%'(VDQG3$+VFRXOGQRWEHGHWHUPLQHGGXHWRPDWUL[LQWHUIHUHQFHLQWKH6,0
FKURPDWRJUDPV7KHVDPHVDPSOHVZHUHDQDO\]HGXVLQJWKH050PHWKRGZKLFKZDVFUHDWHGIURPWKHGDWDEDVH
7KRVHZHUHFOHDUO\GHWHFWHGLQWKH050FKURPDWRJUDPV)LJXUHVKRZVWKH6,0DQG050FKURPDWRJUDPVRI
3%'(VLQVHGLPHQWVDPSOHVDVH[DPSOH7KHTXDQWLWDWLRQUHVXOWVZHUHFRPSDUHGZLWKWKRVHREWDLQHGE\*&
')06DQGWKHVDPHUHVXOWVZHUHREWDLQHG
7KHLVVHRIDSSOLFDWLRQRI*&0606LV050PHWKRGGHYHORSPHQWGXHWRFRPSOLFDWHGDQGODERULQWHQVLYH
SURFHGXUH7KHUHVXOWVGHPRQVWUDWHGWKDWWKH050PHWKRGFDQEHHDVLO\FUHDWHGIURPWKHGHYHORSSHGGDWDEDVH
DQGWKHVHOHFWLYHGHWHFWLRQRIWDUJHWFRPSRXQGVHYHQLQWKHSUHVHQFHRIODUJHDPRXQWVRIFRH[WUDFWHG
LQWHUIHUHQFHV

   6,0




   050






7UL%'( %'(   3HQWD%'( %'(  +H[D%'( %'( 

)LJXUH6,0DQG050FKURPDWRJUDPVRI3%'(V

─ 90 ─

C1-1-5
SCREENING ANALYSIS OF 1200 MICRO-POLLUTANTS
IN RIVER WATER IN VIETNAM
Kiwao KADOKAMI1*, Hanh Thi DUONG1, 2, Hong Thi Cam CHAU1, Thao Thanh NGUYEN2 and Trung Quang
NGUYEN2
1

The University of Kitakyushu, Kitakyushu, JAPAN, 2 Institute of Environmental Technology, Vietnam Academy of
Science, Hanoi, Vietnam
Key word: comprehensive analysis, SVOCs, water-soluble compounds, PFCs, PPCPs, GC/MS, LC/MS
1. Introduction
Since chemical substances are indispensable in the modern society, the number and volume of them have been
increasing rapidly; it is reported that 100 000 kinds and 4 hundred million tons of chemicals are annually used in the
world1. As a result, a large number of hazardous chemicals are found in the environmental samples. From results of
environmental survey by the Ministry of the Environment, Japan, 56 % of 1231 chemicals surveyed since 1974 have
been found2, indicating that the environment of developed countries such as Japan is polluted by a large number of
chemicals. On the other hand, monitoring on chemical substances in developing countries such as Vietnam is limited:
mainly focusing on priority pollutants in spite of rapid economic growth and urbanization, which indicates urgent
needs to examine a large number of chemicals for preventing expansion of the environmental pollution. However it is
difficult to analyze a large number of chemicals by using existing methods because of time consuming and a large
expenditure. We have developed novel screening methods that can measure hundreds of chemicals simultaneously3. In
the present study we applied the methods to river water in Vietnam and analyzed 1200 substances (semi-volatile
organic compounds (SVOCs), water-soluble compounds (WSCs) and perfluorinated organic compounds (PFCs)) to
elucidate pollution status of the aquatic environment in Vietnam. From the results obtained in this study, a whole
pollution picture of the aquatic environment in Vietnam was able to be grasped.
2. Materials and methods
2.1 Water sample collection
Surface water samples from rivers and canals were collected in five cities:
Hanoi, Haiphomg, Hue, Danang and Hochiminh City (HCM) (Fig. 1)
between March 2011 and September 2013. River water samples were
collected from 14 sites along the second biggest river of Vietnam, the Red
River. Surface water at the center of a stream was sampled from a bridge with
a stainless steel bucket, which was pre-cleaned with solvents, purified water
and sample water. Each water sample was stored in a 1-L glass bottle
(polyethylene terephthalate bottle for PFCs) previously washed with solvents
and purified water. The bottles containing water samples were kept in an
ice-box and were transported to a laboratory.

Hanoi

Haiphong

Hue
Danang

Vietnam

2.2 Sample extraction and analysis
Ho Chi Minh
The analytical method for 950 SVOCs by GC/MS and GC/MS/MS was
followed a previous report3. Briefly, the multi-layer extraction disks in
ascending order of a glass membrane fiber disk (GMF 150, 47 mm,
Whatman), a styrene-divinylbenzene disk (Empore™ SDB-XD, 47 mm, 3M)
and an active carbon disk (Empore™ AC, 47 mm, 3M) were fitted together
Fig. 1 Sampling location
inside a vacuum extraction manifold. An water sample (1 L), spiked with
surrogate standards was passed through the multiple disks, and then these disks were still subjected to vacuum for
additional 30 min to remove water. The GMF and XD disks were eluted with acetone and dichloromethane in
sequence, whereas the AC disk was eluted with acetone. Both eluates were combined and concentrated to 1 mL, and
then mixed internal standards were added prior to instrumental analysis (GC-MS-SIM/Scan (QP-2100 Plus, Shimadzu)
and GC-MS-MS-SRM (TSQ Quantum XLS, Thermo Fisher Scientific)). The method detection limits (MDL) of
chemicals measured by SIM and/or SRM were 0.0004 – 0.3 Pg/L. The MDL of compounds measured by TIM were
0.005 to 0.5Pg/L.
For 300 WSCs analysis, an water sample (200 mL) was filtered with 47 mm glass microfiber filter GF/C
(Whatman) after adding surrogate standards. The suspended solid (SS) was subjected to sonication extraction with
methanol twice. The filtrate was passed through a PS 2 Sep-Pak and an AC 2 Sep-Pak (Waters) at a flow rate of 10
mL/min. The cartridges were eluted with methanol and dichloromethane. After combining the eluates and the extract
from SS, the mixture was concentrated to 400 μL. Mixed internal standards were added to the concentrate prior to
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LC-TOF/MS analysis (Agilent 6220 MSD). MDL of WSCs ranged from 0.008 to 0.4 Pg/L.
Analysis of PFCs in an water sample consisted of solid-phase extraction and determination by LC/MS/MS-SRM
(Trip Quad LC-MS-MS 6460, Agilent Technologies). After addition of surrogates to 500 mL of a sample, the pH of
each sample was adjusted to 3 by adding 500 PL of formic acid. The sample was filtered through a glass microfiber
filter to remove SS. The filter was then extracted twice with methanol (3mL each) using an ultrasonic cleaner. The
pre-filtered sample was loaded onto a cartridge (Oasis HLB, Waters) using a Sep-Pak concentration system (SPC 10-C,
Chratec) at a flow rate of 10 mL/min. Water remaining in the cartridges was completely removed with a vacuum pump
for 30 minutes. The target PFCs were then eluted from the cartridge with 5 mL of methanol. Finally, the eluate
obtained was concentrated to 0.5 mL. After adding internal standards, PFCs in the final concentrate were measured by
LC/MS/MS-SRM. MDL of PFCs ranged from 0.05 to 0.5 ng/L.
3. Results and Discussion
3.1 Semi-volatile organic compounds (SVOCs)
The number of detected chemicals in the cities ranged from 29 to 103 (median 61 out of 950), with 235 analytes
detected at least once (Table 1). This number of observations was higher than that observed in streams in Japan using
the same method (188)4. On the other hand, the number and concentrations of chemicals detected in the Red River
were much smaller than in cities. The highest concentrations of polycyclic aromatic hydrocarbons, polychlorinated
biphenyls, sterols, pharmaceuticals and personal care product (PPCPs) and pesticides were observed in rivers in Hanoi
and HCM, indicating that the development of these cities with high population and dense industrial zones results in
heavy pollution of rivers with untreated wastewater. Sterols (coprostanol, cholesterol) and PPCPs (caffeine, L-menthol)
were found in almost 100% and 70% of samples, respectively. Fenobucarb, an insecticide used in paddy fields, was the
most frequently detected pesticide (84%). Some banned pesticides, such as hexachlorocyclohexanes and chlordanes
were also detected. From the results obtained in this monitoring, it was confirmed that rivers and canals in big cities
were heavily polluted by a large number of SVOCs particularly chemicals discharged from domestic sources such as
households and businesses.
Table 1 Concentrations (Pg/L) of chemicals categorized by use or origin

Industry

Business/household/traffic

Agriculture

Origin

Numbera

Category

Rainy season
Numberb

Range (mean)

Dry seasons
Numberc

Range (mean)

Insecticides

25/186

18

0.01 - 9.84 (2.70)

14

0.01 - 12.1 (1.58)

Herbicides

5/120

3

0.01 - 0.31 (0.07)

3

0.008 - 1.68 (0.25)

Fungicides

8/117

6

0.01 - 2.79 (0.37)

4

0.02 - 4.71 (0.44)

Other pesticides

0/34

0

0

0

0

Antioxidants

2/7

2

0.03 - 0.52 (0.11)

1

0.01 - 0.87 (0.24)

Fire retardants

2/13

2

0.01 - 1.17 (0.26)

2

0.01 - 0.93 (0.10)

Disinfectants and insecticidal fumigants

3/4

0

0

3

0.01 - 267 (41.8)

Fatty acid methyl esters

2/36

0

0

2

0.01 - 0.10 (0.03)

Metabolites of detergents

0/3

0

0

0

0

Fragrances and cosmetics

4/9

4

0.01 - 7.25 (1.64)

4

0.01 - 45.9 (3.57)

Leaching compounds from tires

11/23

10

0.01 - 16.9 (2.47)

9

0.01 - 38.5 (3.05)

Petroleum

26/26

26

0.27 - 86.2 (12.2)

24

0.13 - 113 (11.1)

Plant or animal steroids

10/10

10

0.39 - 131 (31.7)

10

1.05 - 669 (50.4)

Plasticizers

8/13

8

0.69 - 25.8 (10.2)

7

0.35 - 111 (12.2)

PPCPs

10/14

7

0.03 - 32.5 (7.84)

9

0.06 - 159 (11.0)

Other substances of domestic origin

7/34

4

0.01 - 19.8 (2.34)

3

0.01 - 19.8 (7.10)

Intermediates for dye manufactures

6/26

5

0.01 - 7.95 (1.14)

2

0.02 - 0.53 (0.27)

Intermediates for resins

4/11

3

0.01 - 5.39 (1.28)

3

0.01 - 3.71 (0.74)

Intermediates for pesticide manufactures

2/6

1

0.55

1

0.01 - 0.02 (0.01)

Intermediates in organic synthesis

19/59

15

0.03 - 45.9 (4.40)

13

0.001 - 34.4 (2.03)

PAHs

33/47

31

0.01 - 4.14 (0.88)

24

0.001 - 4.56 (0.44)

PCBs

36/62

33

0.0004 - 0.013 (0.004)

28

0.0005 - 0.017(0.004)

PCNs

0/28

0

0

0

0

Solvents

7/17

6

0.05 - 16.7 (4.74)

7

0.01 - 48.2 (4.32)

Explosives

0/6

0

0

0

0

Other substances of industrial origin

5/39

4

0.001 - 0.13 (0.03)

4

0.002 - 0.20 (0.02)

Total

235/950

198

177

a: the number of compounds detected at least once per the number of target compounds; b: the number of compounds
detected in the rainy season; c: the number of compounds detected in the dry season; mean: average of detected
concentrations; Rainy season: October 2011; Dry seasons: March 2011 & February 2012.
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3.2 Water-soluble compounds (WSCs)
Since many sampling sites were in densely populated areas, PPCPs were detected in a large numbers and often at high
concentrations (Table 2). The most common type of PPCPs detected was antibiotic (11 compounds). Lincomycin and
sulfamethoxazole were determined in high percentage of detection (54%). Maximum concentrations of lincomycin and
sulfamethoxazole were found in urban river samples (2.7 ȝg/L, 2.1 ȝg/L, respectively), concentrations higher than
concentrations determined in surface waters in Spain (0.047ȝg/L and 0.03 ȝg/L)5, and Germany (0.48 ȝg/L of
sulfamethoxazole)6. Five derivatives of 2-quinoxalinecarboxylic acid (2-QCA), cotinine, fenobucarb, tricyclazole and
triphenylphosphate were detected in more than 60% of samples. Cotinine was the most frequently detected
pharmaceutical analyzed in this study (75% of all samples) at an average concentration of 0.57 ȝg/L (maximum
concentration of 2.9 ȝg/L in Hanoi samples) and higher than the average concentration (0.04 ȝg/L) of cotinine detected
in 22% of US surface waters7. Acetaminophen was detected in urban river water samples from Hanoi and HCM at
maximum concentrations of 5.6 ȝg/L and 5.2 ȝg/L, respectively; these concentrations are higher than the maximum
value (1.97 ȝg/L) reported in surface water samples in Spain5. 2-QCA, pharmaceutical for animals, was detected in
64% of all samples (100% of Hanoi and HCM samples), with maximum concentration of Hanoi and HCM samples
(0.61 and 0.57 ȝg/L, respectively). 2-QCA is a metabolite of carbadox used as veterinary medicine for improving feed
efficiency, promoting growth, increasing the rate of weight gain and therapeutic control for swine dysentery and
bacterial enteritis in swine. However, use of carbadox in animal feeds has been warmed or banned in many countries
like the European Union (EU)8 and Vietnam9 because of its carcinogenicity. It is apparent that the lack of widespread
connection to effectively operating wastewater treatment systems in Vietnam has resulted in PPCP concentrations
higher than river samples collected from developed countries.
Table 1 Concentration of substances detectecd in river samples in the 4 cities (ȝg/L)
Compound
2-Quinoxalinecarboxylic acid
Acetaminophen
Ampicillin
Antipyrine
Cimetidine
Clarithromycin
Cotinine
Erythromycin
Griseofulvin
Lincomycin
Losartan
Oleandomycin
Phenacetin
Roxithromycin
Sulfamethoxazole
Sulfanilamide
Sulfapyridine
Testosterone
Theophylline
Tilmicosin
Acephate
Acetamiprid
Alachlor
Azoxystrobin
Bensulfuron-methyl
Boscalid
Carbendazim
Cyprodinil
Diuron
Ethoxyquin
Fenobucarb
Tricyclazole
Triphenylphosphate

Type
PPCP
PPCP
PPCP
PPCP
PPCP
PPCP
PPCP
PPCP
PPCP
PPCP
PPCP
PPCP
PPCP
PPCP
PPCP
PPCP
PPCP
PPCP
PPCP
PPCP
Agri.
Agri.
Agri.
Agri.
Agri.
Agri.
Agri.
Agri.
Agri.
Agri.
Agri.
Agri.
IC

LOQ

% Detections

0.008
0.02
0.08
0.008
0.008
0.008
0.008
0.02
0.02
0.04
0.008
0.008
0.008
0.008
0.02
0.04
0.008
0.08
0.4
0.08
0.02
0.008
0.04
0.008
0.08
0.04
0.008
0.04
0.008
0.04
0.008
0.008
0.02

64
25
11
7
7
32
75
4
11
54
21
21
4
14
54
18
11
4
11
4
18
14
4
4
4
4
57
4
50
11
61
61
61

Hanoi
Ho Chi M inh City
Danang
M ax M edian M ax M edian M ax M edian
0.61
0.41
0.57
0.30
0.23
n.d.
5.6
0.71
5.2
n.d.
n.d.
n.d.
0.64
0.37
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
0.02
n.d.
n.d.
n.d.
0.14
n.d.
0.18
n.d.
n.d.
n.d.
0.17
0.06
0.07
n.d.
0.10
n.d.
2.9
1.8
1.6
0.05
0.04
n.d.
n.d.
n.d.
0.09
n.d.
n.d.
n.d.
n.d.
n.d.
0.05
n.d.
n.d.
n.d.
1.4
1.2
2.7
0.47
0.75
n.d.
0.16
0.09
0.30
n.d.
n.d.
n.d.
0.57
0.23
0.03
n.d.
n.d.
n.d.
0.071
n.d.
n.d.
n.d.
n.d.
n.d.
0.05
0.02
0.02
n.d.
n.d.
n.d.
2.1
1.7
1.0
0.22
0.11
n.d.
0.30
n.d.
0.59
n.d.
0.09
n.d.
0.04
0.03
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
0.22
n.d.
n.d.
n.d.
2.9
1.3
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
0.50
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
0.21
0.05
0.040
n.d.
0.029
n.d.
0.035
n.d.
0.11
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
0.20
n.d.
n.d.
n.d.
0.22
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
0.20
0.14
0.21
0.10
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
0.092
0.055
0.14
0.031
0.12
n.d.
n.d.
n.d.
0.12
n.d.
n.d.
n.d.
0.053
n.d.
0.043
0.033
0.22
n.d.
0.009
n.d.
0.098
0.056
0.036
0.026
0.06
0.03
0.08
0.03
0.02
n.d.

M ax
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
0.02
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
0.06
n.d.
0.06
n.d.
n.d.
0.033
0.034
n.d.

Hue
M edian
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
0.018
n.d.
n.d.

LOQ: the lowest concentration accepted in range of calculation curve; "n.d.": not detected or lower than LOQ
About detected agrichemicals, some compounds were detected frequently in samples of Hanoi and HCM but
infrequently in Danang and Hue samples. These included duron (herbicide), carbendazim (fungicide). Carbendazim
was detected in all of Hanoi and HCM samples with almost the same maximum and mean value of these two cities
samples (0.20 ȝg/L and 0.14 ȝg/L in Hanoi samples; 0.21 ȝg/Land 0.10 ȝg/L in HCM samples). Duron was detected in
100% of Hanoi samples with 0.092 ȝg/L of maximum concentration, and was detected in more than 70% of HCM
samples with 0.14 ȝg/L of maximum concentration. Some compounds were detected frequently in HCM samples but
infrequently in Hanoi samples such as fenobucarb (insecticide) and tricyclazole (fungicide). Fenobucarb was detected
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in 90% of HCM samples and 60% of Hue samples with maximum concentration of 0.043 ȝg/L (HCM) and 0.033 ȝg/L
(Hue). Tricyclazone was detected in 100% of HCM samples with maximum concentration of 0.098 ȝg/L and median
value of 0.056 ȝg/L. However, it was detected in only one Hanoi sample with 0.009 ȝg/L of concentration.
Tricyclazone was also detected in 57% of Danang samples with 0.036ȝg/L of maximum concentration and 0.026 ȝg/L
of median value. These compounds are used commonly in agricultural of Vietnam. But in each area, the amount of
consumption of these compounds is different. Therefore, the kind of detected agrichemicals and detected concentration
were different in river samples of the studied cities.
3.3 Perfluorinated organic compounds (PFCs)
Eleven PFCs out of 16 PFCs were found: perfluorobutanoic acid (PFBA), perfluoropentanoic acid (PFPeA),
perfluorohexanoic acid (PFHxA), perfluoroheptanoic acid (PFHpA), perfluorooctanoic acid (PFOA),
perfluorononanoicacid(PFNA), perfluorodecanoic acid (PFDA), perfluorododecanoic acid (PFDoA),
perfluorohexanesulfonate (PFHxS), perfluoroheptanesulfonate (PFHpS) and perfluorooctanesulfonate (PFOS). PFOS,
PFOA, and PFNA were the most prevalent of the 11 detected PFCs, with maximum concentrations in urban river water
of 18.0, 5.3 and 0.93 ng/L, respectively. In the Red River water samples, PFOS, PFOA, PFNA and PFDA were
detected at background levels only. PFC concentrations in river water were higher in the rainy season than in the dry
season, possibly due to storm water runoff, a common phenomenon in Southeast Asian countries. The highest
concentrations of PFCs in river water were observed in samples from highly populated and industrialized areas of
Danang and HCM, perhaps sourced from untreated wastewater. The PFC profiles in surface water observed in this
study are similar to those in China and Japan, which demonstrates that industrial products containing PFCs imported
from China and Japan are one of the major sources of PFCs in Vietnam. Overall, the levels of PFCs in environmental
waters in this study were comparable to, or higher than those in Southeast Asian countries, but lower than China and
developed nations.
4. Conclusion
From the results obtained in this study, it was confirmed that the aquatic environment in Vietnam has been polluted by
a large number of chemicals like developed countries. Since elevated concentrations were detected in populated areas
and domestic chemicals were mainly found, the sources seem to be domestic activities such as households and
business activities. In addition, one of the causes of serious pollution is that construction speed of sewage treatment
plants does not catch up economic growth and urbanization. Therefore accelerated construction of STP and
enlightenment about chemicals are necessary to prevent expansion of pollution.
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Introduction
Ecological risks of pharmaceuticals and personal care products (PPCPs) have become concern since late 1990s
by the review paper written by Daughton and Ternes1 and the threat of endocrine disrupting chemicals (EDCs).
Since then, numerous papers have been published to report monitoring data and ecotoxicological data including
those published by our research group2-5. These studies suggest the ecological risk of major PPCPs is limited to
some antimicrobials such as triclosan in sewered area. In some developing countries, however, the sewage
coverage is still limited and there are several urban creeks and streams dominated by untreated domestic
wastewater. Cooperating with the other Asian and Australian researchers, we revealed the difference in
therapeutic use of drags such as antibiotics compared to western countries6. In this presentation, current status of
the PPCP researchers are summarized and future direction of the relevant studies is discussed from Asian
perspectives.
Materials and methods
Most of the experiments were conducted in the laboratory of the University of Tokushima. Ecotoxicological
tests were conducted in conformity to OECD guidelines for testing chemicals, such as No. 201, 202, and 203 for
green alga (Pseudokirchneriella subcapitata), daphnia (Daphnia magna), and medaka fish (Oryzias latipes),
respectively. Some riverwater samples were collected in the unsewered area of outskirts of Tokushima City,
Japan, population of approximately 260,000. The detailed protocols are in our previous papers (Yamamoto et al.,
2007a, b, 2011; Tamura et al., 2013).
Results and discussion
Screening level ecological risk assessment based on ECOSAR estimation and production-based estimation of
predicted environmental concentration (PEC) in Japan in 2003 (Iwane et al., 2004). Eight pharmaceuticals were
selected from the top of their priority list, and initial ecological risk was assessed from monitoring data and
acute/chronic toxicity data using the battery of three aquatic organisms. As a result, we found that the ratios of
the predicted environmental concentration (PEC) and the predicted no effect concentration (PNEC) for the eight
pharmaceuticals were all below the trigger level of 0.1, and even lower than 0.012.
In contrast, some antimicrobials and UV filters contained in cosmetics may release into the aquatic environment
at unsewered area. In outskirts of Tokushima city, we found that relatively high concentrations of these
compounds and potentially high risk, especially for triclosan on the basis of our ecotoxicolocial data5. For a
class of perservatives, parabens, ecolgical risk might be limited but it might be slight threat for the estrogenic
effects3,4.
We also conducted short-term chronic toxicity tests for the sampled water and calculated the contribution of
PPCPs on the whole toxicity of the water sample. We found that the ecological risk of triclosan and some other
antibiotics is relatively higher for green alga but not so significant for daphnia and fish. The calculated
contribution of an anionic surfactant, linear alkylbenzene sulfonate (LAS), was found to be relatively higher for
daphnia and fish. For those effluent-dominant urban creeks and streams in unsewered area, the other effects of
untreated domestic wastewater (e.g., BOD, nutrients, and surfactants) could be the significant concern and the
adverse effects of PPCPs might be limited. The growing concern of widespread antibiotic resistence bacteria and
genes origninated from hospital wastewater might also the significant concern although the nanogram per liter
level of antimicrobials may not derive these in the environment.
Since the growing number of PPCPs and their potential mixture effects, it may become important to whole
effluent type monitoring and management of the receiving water bodies in addition to the effluent of
pharmaceutical factories and hospitals. Furthermore, some PPCPs are designed to exert certaine physiological
effects and many of these are ionizable at neutral pH. The conventional PEC/PNEC type approach might need
some additional improvements such as OMICS type approach to minimize the overlook of the severe effects
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Introduction
Nitrated polycyclic aromatic hydrocarbons (NPAHs) are PAH derivatives emitted directly to the atmosphere from
combustion sources and/or formed from atmospheric transformation via homogeneous gas-phase OH- and NO3radical initiated reactions of PAHs1. Gas-phase reactions of PAHs to form NPAHs are initiated by either OH or NO 3
radical attack at the position of highest electron density on the aromatic ring, followed by NO 2 addition with a
subsequent loss of H2O or HNO3, respectively. In contrast, heterogeneous nitration may follow a different
mechanism, and previous studies have shown that heterogeneous reactions of pyrene and fluoranthene with
NO3/N2O5 yield different nitropyrene and nitrofluoranthene isomers than do the corresponding gas-phase reactions2.
Since some PAH derivatives exhibit higher direct acting mutagenicity than their parent PAHs 3, human exposure to
PAH derivatives, including NPAHs, is of interest and these PAH derivatives have been detected at many sites
throughout the world. In this study, the heterogeneous reactions of benzo[a]pyrene-d12 (BaP-d12), benzo[k]fluoranthene-d12 (BkF-d12), benzo[ghi]perylene-d12 (BghiP-d12), dibenzo[a,i]pyrene-d14 (DaiP-d14), and
dibenzo[a,l]pyrene (DalP) with NO2, NO3/N2O5, and OH radicals were investigated at room temperature and
atmospheric pressure in an indoor Teflon chamber and novel mono-NO2-DaiP and mono-NO2-DalP products were
identified. Quartz fiber filters (QFF) were used as a reaction surface and the filter extracts were analyzed by GC/MS
for nitrated-PAHs (NPAHs) and tested in the Salmonella mutagenicity assay, using Salmonella typhimurium strain
TA98 (with and without metabolic activation). In parallel to the laboratory experiments, a theoretical study was
conducted to rationalize the formation of NPAH isomers based on the thermodynamic stability of OH-PAH
intermediates, formed from OH-radical-initiated reactions.
Materials and methods
Chemicals and Materials. Perdeuterated BaP-d12, BkF-d12, BghiP-d12, and DaiP-d14 were purchased from
CDN Isotopes (Point-Claire, Quebec, Canada) and Cambridge Isotope Laboratories (Andover, MA). Because
perdeuterated DalP was not commercially available, the nondeuterated DalP from Cambridge Isotope Laboratories
(Andover, MA) was used in this study.
Spiked Filter Preparation and Exposures. Heterogeneous reactions of particulate-bound PAHs have
been observed in chamber studies and in the ambient atmosphere4. In this study, the quartz fiber filters (QFFs; 8 in ×
10 in No. 1851− 865, Tisch Environmental, Cleves, OH) were prebaked (350°C) before use. Each clean QFF was
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cut into four quarters. A total of 10 μg of the individual PAHs in ethyl acetate were deposited separately onto each
quarter of the QFFs with a pipet and placed in the laboratory fume hood, allowing ethyl acetate to evaporate at room
temperature for approximately 30 min. A quarter of clean, unspiked QFF was also placed in the chamber during
each experiment as a negative control for toxicological and chemical studies. Laboratory experiments were carried
out in a ~7000 L indoor collapsible Teflon chamber equipped with two parallel banks of black lamps and a Tefloncoated fan at room temperature (~297 K) and ~740 Torr.
Sample Extraction and Analysis. The QFFs were extracted twice with pressurized liquid extraction and
dichloromethane using an extraction method previously described in detail5, and both extracts were combined. The
analyses of parent PAHs and NPAHs in the analytical extracts were conducted using gas chromatographic mass
spectrometry (GCMS, Agilent 6890 GC coupled with an Agilent 5973N MSD) in selected ion monitoring (SIM) and
scan modes using both electron impact (EI) and negative chemical ionization (NCI; using CH 4 as the reagent gas),
with a programmed temperature vaporization (PTV) inlet (Gerstel, Germany). A 5% phenyl substituted
methylpolysiloxane GC column (DB-5MS, 30 m × 0.25 mm i.d., 0.25 μm film thickness, J&W Scientific, USA) was
used to separate the parent PAHs and NPAHs.
Theoretical Study. In parallel to the laboratory experiments, a theoretical study was conducted using
Density Functional Theory (DFT), with the B3LYP functional and the 6-31G(d) basis set, as implemented in
Gaussian 03. The thermodynamic stability of the OH-PAH intermediates was used to rationalize the formation of
NPAH isomers. From our computations, we used the thermodynamic stability of various isomeric OH-PAH
intermediates to predict the regioselectivity of heterogeneous nitration.
Salmonella Mutagenicity Assay. The basic method followed that reported by Maron and Ames6, and
Salmonella typhimurium strain TA98 (with and without metabolic activation) was used in the study. The
experimental details have been described elsewhere7. The positive control doses were 2 μg of 2-aminoanthracene (2AA) and 20 μg of 4-nitro-1,2-phenylenediamine (NPD) for assays with and without metabolic activation (rat S9
mix), respectively. The negative control (DMSO) dose was 30 μL. All filter extracts were tested in triplicate.
Results and discussion
Theoretical studies. To verify our computation strategy, the computations for pyrene and fluoranthene
were carried out and compared with nitro products identified in a previous gas-phase OH-radical chamber study8.
The good agreement between the computed and experimental results for pyrene and fluoranthene suggested that the
thermodynamic stability of the OH-PAH adducts in the first step of the gas-phase OH radical-initiated reaction
could be used to predict the formation of NPAHs in the gas-phase and in the heterogeneous reactions (Table 1).
NPAH Product Identification. NO2 and NO3/ N2O5 were effective oxidizing agents in transforming PAHs
to NPAHs, with BaP-d12 being the most readily nitrated. Reaction of BaP-d12, BkF-d12, and BghiP-d12 with NO2 and
NO3/N2O5 resulted in the formation of more than one mononitro isomer product, while the reaction of DaiP-d14 and
DalP resulted in the formation of only one mononitro isomer product. The exposure of BkF-d10 to NO2/N2O5 yielded
di-NO2-BkF-d10 products.
Mutagenicity. The direct-acting mutagenicity increased the most after NO3/N2O5 exposure, particularly for
BkF-d12 in which di-NO2-BkF-d10 isomers were identified. The deuterium isotope effect study suggested that
substitution of deuterium for hydrogen lowered both the direct and indirect acting mutagenicity of NPAHs and may
result in an underestimation of the mutagencity of the novel NPAHs identified in this study.
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ψ

θ

Predicted OH-PAHAdduct ΔGrxn (Kcal/mol)

Laboratory
exposures NPAH
were identified in±
NO2, NO3/N2O5, OH
NO2, NO3/N2O5, OH
NO2, NO3/N2O5, OH
NO2, NO3/N2O5, OH
NO2, NO3/N2O5, OH
NO3/N2O5, OH
NO3/N2O5, OH
NO3/N2O5
NO3/N2O5
NO3/N2O5
NO3/N2O5, OH
NO3/N2O5
NO3/N2O5

NO2, NO3/N2O5

NO2, NO3/N2O5, OH

NPAH products identified in
laboratory experiments
6-nitrobenzo[a]pyreneψ
1-nitrobenzo[a]pyrene*
3-nitrobenzo[a]pyrene*
3-nitrobenzo[k]fluoranthene*
7-nitrobenzo[k]fluorantheneθ
8-nitrobenzo[k]fluoranthene*
1-nitrobenzo[k]fluoranthene*
9-nitrobenzo[k]fluoranthene*
3,7-dinitrobenzo[k]fluorantheneθ
4 dinitrobenzo[k]fluoranthenes*
5-nitrobenzo[ghi]peryleneθ
7-nitrobenzo[ghi]peryleneθ
4-nitrobenzo[ghi]perylene*

5-nitrodibenzo[a,i]pyrene*

6-nitrodibenzo[a,l]pyrene*

N

N

N
N
N

N
N
N
N
N
N
N

Y
N
N

Previously
detected in
environment?

verified with non-deuterated standard. ±Perdeuterated forms were measured in the experiments. *Not verified, no standards available.

Numbering Scheme

verified with deuterated standard.

Dibenzo[a,l]pyrene

Dibenzo[a,i]pyrene

Benzo[ghi]perylene

Benzo[k]fluoranthene

Benzo[a]pyrene

PAH Studied

Table 1. Free energies (ΔGrxn) of OH-PAH adducts calculated using density functional theory (B3LYP) and the 6-31G(d) basis set, list of NPAHs measured in the
laboratory studies, and whether or not the NPAH have been to date identified in the environment. The NPAH isomers are listed in order of predicted expected abundance.
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Introduction
Phthalate esters (PAEs) are widely used as plasticizers in numerous industrial and consumer products.
Industrial release from processing and waste disposal is one of the main source of these chemicals to expose into
the environment (USEPA, 2012). Even though phthalates generally do not persist in outdoor environment due to
biodegradation, photodegradation, and anaerobic degradation, these chemicals are frequently detected in
environment. (Fromme et al., 2002; Yuan et al., 2002; Wei He et al., 2013, Jianqiang Sun et al., 2013)
Some PAEs, such as di-butyl phthalate (DBP), di-ethylhexyl phthalate (DEHP), are considered as
hazardous substance, in which their toxicity effects to terrestrial organism and aquatic life, and pose human
health risk. These lipophilic chemicals are considered as endocrine disruptors that have a powerful negative
impact to laboratory animals; especially on male reproductive system, and on human developmental hormones
(USEPA, 2012).
Pradoo bay has received treated wastewater from the Map Ta Phut Industrial Estate (MTPIE) in Rayong
province. Established in 1988, MTPIE is Thailand’s largest petrochemical industrial estate with the area of
approximately 20,000 rai (8,000 acres). It includes other industries such as refinery, chemical, steel, and utilities.
The treated wastewater is released into the Chakmak canal, and flowing out to the sea at Pradoo bay. Estimated
wastewater discharge is 0.5m3/s. The industrial plant expanding into the bay obstructed the natural water
circulation along the coastal zone, caused low water current and increased sedimentation in the bay (Nuanchan
Singkran 2012). Since the last five year that mussel farm has grown rapidly at Pradoo bay and the consumption
of green mussel and other seafood from this area has become a major income for nearby fishery villagers, the
PAEs are one of the highly concerned chemicals that possibly accumulated in the aquatic animals and
environment.
The main purpose of the present study is to investigate the concentrations, composition and distribution
of di-butyl phthalate (DBP) and di-ethylhexyl phthalate (DEHP) in Pradoo bay’s aquatic environment (including
water, sediment, and green mussel).
Materials and methods
In May 2014, samples from twenty-four water sampling sites, nineteen sediment sampling sites, and
seven green mussel sampling sites, were collected from Pradoo bay, Rayong province, eastern coast of Thailand
(Fig.1). A 1 L water sample in a glass bottles was pre-concentrated by using a C18 glass cartridge solid phase
extraction (SPE) system. The sediment sample collected by using a stainless steel grab sampler was freeze-dried
and extracted with methanol and subsequently with ethyl-acetate. The green mussels kept in an aluminum-foil
bag were freeze-dried and extracted with hexane followed by acetonitrile.
All liquid extracts were analyzed for di-butyl phthalate (DBP) and di-ethylhexyl phthalate (DEHP) by
using an Agilent 5890A gas chromatograph (GC) with an Agilent 5975C mass spectrometer (MS) and a 0.25 nm
i.d.x30mx0.25μm ZB-5HT capillary column. Chromatograms were obtained by a direct injection of 1μl, with
the optimum temperature of injection port and transfer line of 290 ºC and 300 ºC, respectively.
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Chakmak canal

b)

Pradoo Bay

a)

Figure 1 showing a) Rayong provice, Eastern Thailand. b) Map Ta Phut Industrial Estate (MTPIE) c) Pradoo bay
and chakmak canal
Results and discussion
Despite of the high precaution of PAEs contamination from sampling and laboratory environment,
PAEs were detected in all samples. The detectable concentration of DBP and DEHP in water ranged from 0.24
to 1.44 and from 0.16 to 1.09 μg/L, respectively; in sediment ranged from 1.9 to 2.2 and from 1.7 to 2.9 μg/g
dw; in green mussel ranged from 0.15 to1.43 and from 0.25 to 6.6 μg/g dw.
According to the Environmental Risk Limits (ERLs) for DBP and DEHP in water and fresh soil and
sediment proposed by van Wezel et al. (2000) to evaluate the environmental safety, the ERLs of DBP and DEHP
in water are 10 and 0.19 ug/L, respectively; in fresh soil and sediment with 10% organic matter the derived
ERLs are respectively 0.7 and 1 mg/kg fresh wt. In this study, the concentrations of DBP in all water samples
are lower than the ERL, but those of DEHP are higher than the limit. Such finding indicates that DEHP is
potentially hazardous to the aquatic environment in Pradoo bay. As no investigation of the organic matter
content in soil and sediment was studied, we cannot compare the concentration of DBP and DEHP with the
ERLs.
When compared DBP and DEHP concentration in Pradoo bay sediment to those measured in other
locations over the world, the concentration of those phthalates in Pradoo bay were much lower than those found
in Yellow river, river of Taiwan, and Taihu of China; but higher than those found in Jurong industrial area in
Singapore, North sea in Netherlands, and Ogun river in Nigeria (Jianqiang Sun et al., 2013)
Consumption of green mussels is a major source of dietary intake of organic contaminants including
phthalate esters. Considering the estimated daily intake (EDI) of DEHP and DBP, calculated with 60 kg body
weight was used for adults and Asian consumption rate (CR) for shellfish was 0.87 g/kg body weight-day (g/kgday) (USEPA, 2011). The calculation results showed that no green mussel sample from Pradoo bay would lead
to EDI of DEHP and DPB for adults higher than the Reference Dose of 20 and 100 μg/kg body weight-day,
respectively. This confirmed that at present Pradoo bay’s green mussel is safe for consumption. However, the
present study provided important information for the residents and policy makers to reduce the pollutant load
from wastewater discharge into the bay for safe seafood consumption in future.
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Introduction
Aromatic hydrocarbons such as benzene, toluene, ethylbenzene and xylene (BTEX) are widespread in
the environment due to the extensive used of these compounds in petrochemical industries as well as in several
products such as gasoline, synthetic rubber, nylon, insecticides, painting, leather, etc. Moreover, these
compounds have been contaminated in environment from the leakage of underground storage tanks, spills,
landfills, pipelines and transportation. Since they are known to have adverse health effects to human and other
organisms1, effective detection methods are required. Traditionally, analytical methods such as high performance
liquid chromatography (HPLC) or gas chromatography mass spectrometry (GC-MS)2 are used to determine the
presence of pollutants. They give high sensitivity results as total extractable concentration of pollutants, but
require high equipment investment and high maintenance cost. However, these chemical techniques cannot
distinguish potentially hazardous pollutants (bioavailable) from non-hazardous fractions of pollutants (nonbioavailable) in the contaminated samples. Therefore, biological detection technique is essential and has been
developed3. Bacterial bioreporter is an effective, alternative method for BTEX detection. This technique is not
only a sensitive, effective and inexpensive detection method for BTEX, but can also provide toxicity information
of pollutant-contaminated medium to cells. The purpose of this study was to construct a two-vector-based
bacterial bioreporter using green fluorescence protein (GFP) as a reporter protein in order to detect the presence
and toxicity of BTEX. The recombinant bacteria, E.coli DH5α.pPXGFP/pTODST was initially constructed as a
bioreporter4 and then used to monitor the presence and toxicity of BTEX as well as other aromatic compounds.
Materials and methods
Plasmid construction and transformation
Two backbone plasmids including pQF50 and pSTV28 were used for construction. Promoter todx
(Ptodx) was obtained by PCR amplification from genomic DNA of Pseudomonas putida T57 (T57). Then, the
PCR product of the Ptodx(T57) was digested with the restriction enzymes and cloned into the corresponding sites of
pQF50, creating pPXlacZ. After that, lacZ was exchanged with gfp using the In-fusion HD PCR cloning kit
(Clontech, Japan) for generating pPXGFP.
To construct pTODST, the transcriptional regulator todST was initially obtained by PCR amplification
of the genes from T57 genomic DNA. Then, the PCR product of todST was digested with restriction enzymes
and cloned into the corresponding site of pSTV28. To create the bioreporter, pPXGFP was initially introduced
into Escherichia coli DH5α (DH5α). Then, DH5α recombinant harboring pPXGFP was prepared as competent
cells and used for heat-shock transformation with pTODST4.

Fig.1 The bioreporter DH5α.pPXGFP/pTODST that contains
the two plasmids: a pPXGFP was constructed on pQF50 with
Ptodx(T57), gfp and ampicillin resistant gene (Ampr). b pTODST
was constructed on pSTV28 with lac promoter (Plac), todST
and chloramphenicol resistant gene (Cmr)
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Test of the bioreporter with BTEX and other aromatic compounds
The recombinant E.coli DH5α.pPXGFP/pTODST was grown in M9G medium containing 100 Pg.ml-1
ampicillin and 40 Pg.ml-1 chloramphenicol and incubation at 37 °C for 14 h on an orbital shaker (200 rpm). Cells
were grown to an optical density at 600 nm of 0.3 - 0.4 before being harvested, washed twice and suspended in
the same medium and volume. The culture was aliquot (5 ml) into sterile glass tubes followed by the addition of
different known concentrations of the test chemicals (for bioreporter cell induction). Meanwhile, a negative
control was prepared from the culture without the addition of test chemicals (a non-induced cell control) and
incubated at 37 °C for 9 h on an orbital shaker (200 rpm).
Change of cell viability that reflected the toxicity of the test chemical was monitored by change of cell
optical density (OD600) using spectrophotometer. Expression of the green fluorescence protein (GFP) that
reflected the presence of BTEX as well as todST signal compounds was tested using a spectrofluorometer with
the excitation wavelength at 395 nm and the emission wavelength at 509 nm. The experiments were conducted at
least in triplicate. For the calculation, the relative fluorescence unit (RFU) was fluorescence intensity value
divided by culture biomass. The data are reported as the induction ratio, defined as the RFU of induced cells
divided by RFU of non-induced cells. The induction ratio of 1 means no induction; on the other hand, the
induction ratio above 1 indicates todST induction due to the presence of an inducer/effector. The decrease of cell
viability from the initial value indicated the test compound toxicity.
Results and discussion
In this study, the green fluorescence-based recombinant bacteria E.coli DH5α.pPXGFP/pTODST was
examined for the inducibility with BTEX and other aromatic compounds such as catechol and their derivatives,
phenol and polyaromatic hydrocarbons (PAHs).
For BTEX detection, the result shown that the recombinant bacteria positively responded to BTE, m-, pand mixed xylenes but not to o-xylene. As the concentration of effector increased, so did the GFP expression
level. This bioreporter expressed high level of green fluorescence signal to toluene and benzene (Fig. 2A)
because the bioreporter contains todS that recognizes and binds to toluene and/or benzene with high affinity.
When tested with o-xylene, the fluorescence signal was not expressed. This result was corresponded to the
previous report in that o-xylene was an antagonist that can bine to todS, but could not induce promoter activity of
Ptodx5. The limit of detection (LOD) of the bioreporter for BTE, m-, p- and mixed xylenes was < 0.1, <0.1, 50,
50, 50 and 50 PM, respectively. In addition, since mixed xylenes also contained o-xylene, this led to partial
inhibition of the bioreporter activity as the lower sensitivity was detected when compared to that of m- and pxylene alone, as shown in Fig. 2B. The toxicity effect to cells was observed when tested with BTE at the
concentration above 5,000 ppm and with m-, o-, p- and mixed xylenes at the concentration above 1,000 ppm.
In order to apply this bioreporter for process monitoring of BTEX bioremediation, the bioreporter
should have high specificity towards the target pollutants, i.e. BTEX, but not the degradative intermediates.
Accordingly, the range of effectors detected by the bioreporter was further investigated with the intermediate
substances of BTEX degradation pathway such as catechol and their derivatives. The result showed that
recombinant E.coli DH5α.pPXGFP/pTODST did not significantly respond to catechol and their derivatives.
Other aromatic pollutants were then tested if they are positive effector. Fig 3 shows that while phenol at high
concentration was shown to be an effector because of its structural resemblance to BTEX, PAHs, on the other
hand, were not (Fig. 4). This result agrees with previous report that todS recognizes and binds to monoaromatic
compounds5.
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a

b

Fig.2 Green fluorescence induction ratio (bar) and cell biomass (point) of the recombinant E.coli
DH5α.pPXGFP/pTODST bioreporter when exposed to various concentrations of: a toluene (,◊), benzene
(,U) and ethylbenzene (,{); b m-xylene (,◊), o-xylene (,U), p-xylene (,{) and mixed xylene (,)

Fig.3 Green fluorescence induction ratio (bar) and cell biomass (point) of the recombinant E.coli
DH5α.pPXGFP/pTODST bioreporter when exposed to 50 PM (,U) and 500 PM (,{) of BTE, catechol, their
derivatives, and other aromatic compounds including 3-chlorocatechol, 4-chlorocatechol, 4,5-dichlorocatechol
and phenol.
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Fig.4 Green fluorescence induction ratio (bar) and cell biomass (point) of recombinant E.coli
DH5α.pPXGFP/pTODST bioreporter when exposed to 50 PM (,U) and 500 PM (,{) of BTE and
polyaromatic hydrocarbons (PAHs)
In conclusion, the induction of GFP-based recombinant bacteria E.coli DH5α.pPXGFP/pTODST by
BTEX was concentration dependent. Moreover, the toxicity of BTEX at high concentration affected to cell
viability and inhibited of signal production. When the test condition was toxic to the bioreporter cells, it led to
the decrease of green florescence induction ratio. These results indicated that the bioreporter can detect BTEX
and provide toxicity information. The bioreporter showed positive detection signal towards BTEX but did not
respond to catechol and other derivatives of BTEX degradation pathway. This result indicates the potential
application of the bioreporter for bioremediation process monitoring of BTEX.
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Introduction
Illegal dumping of industrial waste and wastewater is a major environmental problem in a developing
country like Thailand. As appeared on the news, more than 50 cases of industrial waste illegal dumping are
found throughout the country, but mostly (40 cases) are in the Eastern part of Thailand. Illegal dumping of
industrial waste is environmental crime which is not always able to identify the responsible party (RP). Villagers
in the vicinity of the illegal dumping sites are under threat of exposing to hazardous substances from the waste.
Thailand has no remediation regulation. Thus, even though a RP is pledged guilty, the court or responsible
government agencies typically order the RP to remove or to treat waste or wastewater dumped to the
environment. The legal or government decision does not cover the assessment of contaminant migration, risk
assessment, and cleaning up contamination as a result of illegal dumping. This is also the case of the
management of illegal dumping at Nong Nea subdistrict of Panomsarakham district, Chachoengsao province,
perhaps the most infamous illegal dumping case of Thailand.
For more than 2 years, shallow groundwater wells of the villagers at Nong Nea subdistrict have been
contaminated by phenols due to illegal industrial waste and wastewater dumping. The villages are surrounded by
almost 10 suspected sources of illegal dumping or improper industrial waste management practice. Nevertheless,
four major sources including two large man-made ponds containing industrial wastewater and two ill-managed
treatment storage and disposal facilities (TSDFs) are critical and believed to cause major contamination of the
shallow groundwater wells. Several other government agencies took samples from shallow groundwater wells of
the villagers and announced that the neighborhood is contaminated with phenol exceeding the safe level from 6250 times, depending on the distance from the contamination sources.
Right after the discovery of the illegal dumping at a man-made pond so called “15-rai pond”, several
government agencies took surface and shallow groundwater samples as well as wastewater from the dumping
sources. They revealed that, in addition to phenols already found in shallow groundwater wells of the villagers,
the wastewater in the 15-rai pond contained petroleum hydrocarbon and VOCs as well as some metals. The RP
of the 15-rai site was pleaded guilty to illegal dumping and was ordered by the court to do removal and treatment
of the illegal dumping wastewater. They did treat the wastewater by aeration, but no site investigation of the
subsequent contamination to the soil, groundwater or surface water in the vicinity of the site. On the other hand,
no action was implemented for the other three suspected major sources of contamination because the two TSDFs
are out of business while another illegal dumping pond is an orphan. Two years of “natural recovery” including
the flood and run off from heavy rain did attenuate the illegally dumped wastewater in the pound, i.e. decreasing
BOD as well as the concentration of hazardous substances.
Nevertheless, the villagers at Nong Nea are questioning if just the natural recovery or the treatment of
dumped wastewater is enough to protect their health. As even after almost 1.5 years of removal of the
wastewater at the 15-rai pond, phenols are still detected in the villagers’ shallow groundwater well for
consumption (Figure 1). The villagers are worried if hazardous substances still remain in the soil near the
dumping sites or the TSDFs and are releasing to shallow groundwater causing the discovery of phenols in their
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wells or this is just the result of contaminant migration prior to the removal action and natural recovery of the
illegal dumping sources. The villagers need further assessment of contamination surrounding the four suspicious
sites; they actually prefer real-time assessment which allows them to see right away if contamination still exists
in the sites after removal action. This real-time assessment gives them confidence in the process as they
complained that past researchers did not return the results of field sampling and analysis to them, causing
mistrust between villagers and researchers. In addition to building trust, a real-time screening technique is
typically more economical than field sampling followed by extensive and expensive laboratory analysis of the
samples. A real-time field screening technique can assess if the contamination remaining in the site is at the level
worth of thorough field sampling and laboratory analysis. This screening step helps cut down field assessment
budget.

March, 2014
Phenol in Water
(mg/L)

Figure 1 Phenol Contamination Map in Shallow Wells at Nong Nea Subdistrict as of March, 2014
Membrane interface probe (MIP) (Figure 2) is a well-established direct push tool used to log the
relative concentration of volatile organic compounds (VOCs) with depth in soil, making it an excellent real-time
field screening tool for VOC site assessment. Nevertheless, no study confirms if it can screen the contamination
of semi volatile organic compounds (SVOCs) like phenols. During the operation, MIP is heated up to 120C to
desorb and volatize compounds from soil and water to transfer through the membrane before carrying by carrier
gas in a heated trunkline (HTL) to the on-site GC-FID. This technique is undoubtedly applicable for compounds
with boiling points (BP) lower than 120C, mostly VOCs. However, in a simple laboratory study, Pipp reported
that MIP with HTL can detect 1,2,4-trimethyl benzene (BP = 170 C)1. Thus, theoretically, MIP with HTL
should be able to detect phenols (i.e. BP = 181.7 C for phenol (C6H5OH)). However, neither field experience
nor understanding of factors affecting phenol detectability is available. So far, no one has reported using MIP for
screening of phenol contamination.
The purpose of this study is to evaluate if MIP can be used to screen phenol contamination in saturated
soil. We conducted MIP equipped with PID at 11 locations surrounding the four major (or suspicious) sources of
contamination of which the wastewater was removed or naturally attenuated. Also, soil samples were taken
using macro soil sampling technique of the direct push machine. Soil samples were analyzed for total petroleum
hydrocarbons (C6-C36), VOCs (18 compounds), and SVOCs (12 phenols, 3 chlorobenzenes, and 17 PAHs)
using GC-MS in a certified laboratory (ISO). Statistical analysis was employed to evaluate if MIP can sense
phenols or not by comparing the MIP response with the concentration of various contaminants detected by GCMS in the laboratory. The influence of other contaminants as well as soil characteristics was also statistically
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examined. To the authors’ knowledge, this is the first study in Thailand to conduct field investigation of the four
sources using MIP and also the first study to conduct field-scaled phenol screening using MIP.

Nitrogen Carrier Gas

Contaminant to Detector

Probe Body

Contaminant in Soil

Semi-permeable Membrane

Figure 2 MIP Principle
Materials and methods
MIP and Direct Push
MIP and Geoprobe (Figure 2) were used to investigate 11 locations surrounding four major sources of
contamination. The depth of MIP investigation was from 5-8 meters, the depth of impenetrable base rock. Field
GC-PID was connected to MIP to detect organic contaminant in real time. The MIP signals including PID signal
and electrical conductivity signal (EC) were logged as a function of penetration depth in the ground and
processed with the DI viewer software.
Soil sampling and Chemical Analysis
One soil sample from each location was collected using macro core samplers. The soil samples were
preserved and analyzed for contaminants of concern (COC) at a certified laboratory (ISO lab). COCs include
total petroleum hydrocarbons (C10-C36), VOCs and SVOCs using GC-MS. VOCs include
carbontetrachloride,1,2-dichloroethane,
1,1-dichloroethylene,
cis-1,2-dichloroethylene,
trans-1,2dichloroethylene, ethylbenzene, styrene, tetrachloroethylene, toluene, trichloroethylene, 1,1,1-trichloroethane,
1,1,2-trichloroethane, total xylene, vinyl chloride, benzene, dichloromethane, cis-1,3-dichloropropene, trans-1,3dichloropropene. SVOCs include phenols, PAHs, and chlorobenzenes. Phenols include phenol, 2chlorophenol,2-methylphenol,4-methylphenol,
2-nitrophenol,2,4-dimethylphenol,2,4-dichlorophenol,
2,6dichlorophenol,4-chloro-3-methylphenol, 2,4,6-trichlorophenol,2,4,5-trichlorophenol,pentachlorophenol. PAHs
include 1-methylnaphthalene, 2-methylnaphthalene, acenaphthylene, naphthalene, fluorene, phenanthrene,
anthracene, fluoranthene, pyrene,benz[a]anthracene, chrysene, benzo[b]fluoranthene, benzo[k]fluoranthene,
benzo[a]pyrene, indeno(1,2,3-cd)pyrene, dibenz[a,h]anthracene, benzo(g,h,i)perylene. Chlorobenzens include
1,3,5-trichlorobenzene, pentachlorobenzene, pentachloronitrobenzene.
Statistical Analysis
To evaluate if MIP can detect phenols and to understand the influence of factors affecting phenol
detectability, a regression analysis of MIP response was conduct against contaminant concentration (detected
TPH, VOCs, and SVOCs (including phenols)) and EC (representing soil characteristics). SPSS was used to
perform the regression and other statistical analysis.
Results and discussion
Figure 3a illustrates an example of MIP response. Obviously, MIP reveals soil characteistics through
EC logging and contaminant signal to PID logging as a funciton of penetraiton depth. Nevertheless, PID signal
neither inform what contaminants are detected nor inform the relative contribution of each contaminant on the
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signal. Also, we cannot evaluate if phenols are detected by MIP just by looking at the PID signal alone.
Chemical analysis and statistical analysis are essential to develop further understanding. As for the chemical
analysis of 11 soil samples, TPH (0-17.1 mg/kg), BTEX (12-23 μg/kg), and phenol (0-35 μg/kg) were detected.
None of chlorinated organics and PAHs was detected.
As for the statistical analysis, the regress analysis using stepwise method revealed that change in PID
response is governed by only the change of phenol concenration. Neither BTEX nor TPH at the concentraitons
found in this study significant contributes to the change of PID response. Also soil characteristics (implied by
EC values) does not play any vital role on neither phenol detectability nor PID response. Eq.1 shows an
empirical correlation relating PID response (μV) to phenol concentration (μg/kg). Figure 3b illustrates the linear
relationship between 11 data points of the (average) measured PID response (μV) and the PID response
predicted from Eq.1 using the phenol concentraitons from the corresponding 11 data points. Obviously, the good
agreement between the measured value and the predicted value in this study suggests that MIP can detect phenol
in soil down to the part per billion level. This means that MIP has a great potential to perform as a field
screening tool of phenol contamination in soil even at a very low concentration.
PID response (μV)=(18012.958±2284.204)+[(1829.553±115.499)*Phenol Concentration in Soil (μg/kg))]

(1)

(a)

(b)

Figure 3 (a) MIP Response Including EC and PID and (b) Correlation between Measured PID response
and Predicted PID Response according to Eq.1
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Abstract
The electrochemical reduction of carbon-halogen bonds in carbon tetrachloride,halopentafluorobenzenes and
polychlorobiphenyls[3] have been studied using linear sweep voltammetric techniques. The mechanism of
reduction is elucidated using the convolution potential sweep voltammetry.
Introduction
The electrochemical reduction of the carbon-halogen bonds is a frontier area of research in diverse contexts of
environmental chemistry. The Convolution Potential Sweep Voltammetry (CPSV) is a simple and effective
technique for the elucidation of the reaction mechanism. The reduction of C-X bonds follows either stepwise or
concerted mechanism. The relative rates of the two steps of the reduction (electron transfer vs. the bond breaking
step) determines the mechanism. If the bond breaking step is slow relative to the electron transfer, the reaction
follows the stepwise mechanism and analogously, if the bond breaking step is faster, concerted mechanism is
inferred.
Experimental
The cyclic voltammetric experiments were carried out using the electrochemical workstation (CH Instruments
660A), in a single-compartment electrochemical cell thermostatted at 298 K. The working electrode was a glassy
carbon with a diameter of 3 mm (CH Instruments, USA) and polished with the alumina slurry and sonicated
before use. The Ag/AgCl or Saturated Calomel Electrode was electrode was the reference electrode, Pt wire
being the counter electrode.
Results and Discussion
The reduction of Carbon tetrachloride1. Halopentaflourobenzenes2 and Polychlorobiphenyls3 were studied at
different scan rates using CPSV.
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Fig 1: Linear sweep voltammograms 1 of reductive cleavage of CCl4 (2.3 mM) at the scan rate of 20 mVs-1 (A)
Dimethylformamide;(B) imethyl acetamide and (C) Furan
Fig 1 depicts the linear sweep voltammograms pertaining to the reduction of CCl 4 at the glassy carbon electrode
in various solvents containing the supporting electrolyte. The first wave corresponds to the two- electron
irreversible reduction of CCl4, viz.

CCl4  e o CCl3  Cl
x

CCl3  e o CCl3
x

and the second wave represents the reduction of CHCl3 (the protonated product of CCl3ˉ).The reductive cleavage
of CCl4 in the binary mixture of water and dimethylformamide provides an example wherein the experimental

kinetics deviates from the Butler–Volmer behavior. A linear dependence of the transfer coefficient upon the
electrode potential was deduced.
Three different dichlorobiphenyls were also subjected to CPSV in order to analyze the regioselectivity. The
controlled potential electrolysis followed by the HPLC study provides a conclusive evidence for the
regioselectivity. The HPLC studies indicates that the ortho-Cl or para-Cl gets cleaved first followed by the
meta-Cl.
The various diagnostic criteria for elucidating the stepwise and concerted mechanism such as the peak
potential shifts, variation of the transfer coefficients with scan rates, potential-half width were employed for each
compound. The bulk electrolysis and density functional calculations were also employed for validating the
mechanism of reductive cleavage.
References:
1. M.Arun Prasad and M V Sangaranarayanan (2004); J Electroanal Chem 569:127-139
2.A.Muthukrishnan and M V Sangaranarayanan(2009); J Electrochemical Society 156:F23-F29
3. A.Muthukrishnan ,Vadim Boyarsky,M.V.Sangaranarayanan and Irena Boyarskaya;
(2012)J Phys Chem C 116:655-694

─ 113 ─

E1-1-1
         
      
   
Yoshitoku YOSHIDA1*, Yasuko YOSHIDA2
1
2

Graduate School of Medicine, Nagoya University, 65 Tsurumaicho, Showa-ku, Nagoya 466-8550, Japan;
Graduate School of Pharmaceutical Sciences, Nagoya City University, 3-1 Tanabe-dori, Mizuho-ku, Nagoya
467-8603, Japan

Key word Grate East Japan Earthquake, Risk perception, Nuclear accident, Fukushima
Introduction
On March 11, 2011 we had the devastated earthquake, tsunami and subsequent Fukushima nuclear power plant
accident in Japan. The total number of dead person and missing person caused by the earthquake disaster was
18,506 and the total number of destruction of the building was 400,401 as of May 2014. In the peak just after the
earthquake disaster, the number of refugees was more than 400,000. According to the Reconstruction Agency of
Japan, the number of them was 263,958 as of March 13, 2014.
Bovine spongiform encephalopathy in the UK caused severe social uneasiness about food safety globally. In
Japan, to tackle this issue the Food Safety Basic Law was established in 2003. To ensure the security of food and
reassure the nation, citizen's participation in forum-style risk communication appears to be one of the most
useful tools, providing precise information about the risk and promoting the exchange of opinions between
stakeholders.
Currently in Japan, forum-style risk communication in the field of food safety and environmental conservation
are practiced vigorously by stakeholders such as government and citizen representatives 1, although they have a
room to be improved.
It is important for security and to reassure the nation that the government in charge of risk management is
trustworthy. Slovic et al. pointed out that there are two processes of experiential thought and rational thought for
risk information2, and Waters et al summarized general risk communication3.
In Tohoku region, to order to reduce the anxiety or the stress especially from the radiation exposure, risk
communications about radiation exposure to human body were held vigorously and rigorously. But to the best
knowledge of the authors, there were a few studies to describe and evaluate assessment of the efficacy of the risk
communication. Therefore the purpose of this research is to evaluate the effectiveness of them with the
recognition level of technical terms relevant to the radiation exposure to human body.
Materials and methods
The study protocol was approved by the Ethics Committee of the Graduate School of Medicine, Nagoya
University prior to data collection.
Subject
Each 170 residents who live in Miyagi, Fukushima, Tokyo, Aichi, Hiroshima and Nagasaki were collected as
the subject. The collection of the answer was performed under contract with NTT Com Co., Ltd. using an
Internet survey monitored by Goo Research contractors4. The research was performed on the basis of the rules of
NTT Com Co., Ltd. Samples representing 110% of the target number were collected and submitted to us after
removing inappropriate samples. This survey was selected between Feb 13, 2013, and Feb 19, 2013.
Demographic data regarding respondents, such as their age, gender, and experience of participation in risk
communication about radiation exposure to human body held after Great East Japan Earthquake Disaster and
consequent nuclear power plant accident, were collected in this study.
Technical terms
The recognition of 20 technical terms and the understanding of definition of 8 technical terms were examined.
Sources of information on effects of radiation exposure to human body and relevant issues were also collected.
This time the recognition of 3 out of 20 technical terms and the definition of 2 out of 8 technical terms were
examined as a primary analysis for this manuscript.
Analysis
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6 cities were categorized into 3 groups of Miyagi and Fukushima, Tokyo and Aichi, and Hiroshima and
Nagasaki, as devastated area group, reference group and A-bombed area, respectively.
The recognition of technical terms was evaluated using a scale of 1–5: (1) “I do not have an experience to hear
or see this technical term,” (3) “I cannot tell clearly whether I have an experience to hear or see this technical
term, and (5) “I have an experience to hear or see this technical term,.” In analyzing, (4) and (5) out of (1) to (5)
were used as “I know this technical term”
The understanding of definition of technical terms was evaluated using a scale of 1–5: (1) “I do not know the
definition of technical terms,” (3) “I cannot tell clearly whether I know the definition of technical terms or not,”
and (5) “I know the definition of technical terms.” In analyzing, (4) and (5) out of (1) to (5) were used as “I
know the definition of technical terms”
The chi-square test was applied to analyze data.
Results and discussion
Demographics
Table 1 Demographic characteristics of respondents
Miyagi

Fukushima

Tokyo

Aichi

Hiroshima

Nagasaki

test

Sex
Male
Female

89
83

51.7%
48.3%

107
66

61.8%
38.2%

93
78

54.4%
45.6%

94
79

54.3%
45.7%

90
81

52.6%
47.4%

75
95

44.1%
55.9%

Age
20-29
30-39
40-49
50-59
60-69
70 or elder

13
38
57
42
18
4

7.6%
22.1%
33.1%
24.4%
10.5%
2.3%

7
38
58
42
19
9

4.0%
22.0%
33.5%
24.3%
11.0%
5.2%

20
27
48
50
18
8

11.7%
15.8%
28.1%
29.2%
10.5%
4.7%

17
38
60
40
13
5

9.8%
22.0%
34.7%
23.1%
7.5%
2.9%

20
41
52
35
18
5

11.7%
24.0%
30.4%
20.5%
10.5%
2.9%

9
31
55
46
25
4

5.3%
18.2%
32.4%
27.1%
14.7%
2.4%

Total

172

16.7%

173

16.8%

171

16.6%

173

16.8%

171

16.6%

170

16.5%

*

n.s.

**; P < 0.01 χ2-test, n.s.: not significant

Table 1 shows the demographic characteristics of the survey respondents among 6 cities. In the present study,
we obtained responses from 1030 respondents (548 men and 482 women). A statistically significant difference
was observed in the gender of respondents among 6 cities. The majority of male (61.8%) were respondents in
Fukushima, whereas the majority of female (55.9%) were respondents in Nagasaki. On the other hand, A
statistically significant difference was not observed in the age of respondents.
Number of participation to the meeting of the risk communication relating to the effect of radiation to the human
body
Table 2 Number of participation to the meeting of the risk communication relating to the effect of radiation to the human body
Before East Japan Great Earthquake
Miyagi and
329
Fukushima
Tokyo and
338
Aichi
Hiroshima and
325
Nagasaki
**; P < 0.01 2-test

0

1

2 or more

Total

95.4%

9

2.6%

7

2.0%

345

98.3%

3

0.9%

3

0.9%

344

95.3%

8

2.3%

8

2.3%

341

After East Japan Great Earthquake
test

n.s.

0

1

2 or more

Total

295

85.5%

25

7.2%

25

7.2%

345

333

96.8%

6

1.7%

5

1.5%

344

330

96.8%

6

1.8%

5

1.5%

341

Table 2 shows number of participation to the meeting of the risk communication relating to the effect of
radiation to the human body. In terms of before East Japan Great Earthquake, there was no significant deference
in number of participation to the meeting of the risk communication relating to the effect of radiation to the
human body. On the other hand, in terms of after East Japan Great Earthquake, there was significant deference in
number of participation to them among 3 groups. This result shows that respondents in Miyagi and Fukushima
had more chance to participate in risk communications after East Japan Great Earthquake. The participation in
them were voluntary so that this result also shows that they dared to participate to get more information to
reduce the anxiety caused by the possible exposure of the radiation activity substances.
Difference among 3 city groups with respect to recognition level of technical terms relating to the radiation
activity and its effect to human body
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test

**

Table 3 Difference among 3 city groups with respect to recognition level of technical terms relating to the radiation activity and its effect to
human body
Miyagi and
Hiroshima and
Tokyo and Aichi
Fukushima
Nagasaki
Know
Know
know
test
Radioactive cesium
321
93.0%
289
84.0%
278
81.5%
**
Half-life
252
73.0%
193
56.1%
159
46.6%
**
Becquerel
321
93.0%
271
78.8%
267
78.3%
**
**; P < 0.01 2-test

 #              #     
the radiation activity and its effect to human body    %# "&$# "& %# "& 
           !        
         
  

            
Difference among 3 city groups with respect to recognition level of the definition of technical terms relating to
the effect of radiation to the human body

Table 4 Difference among 3 city groups with respect to recognition level of the definition of technical terms relating to the effect of radiation
to the human body
Miyagi and
Tokyo and
Hiroshima and
Fukushima
Aichi
Nagasaki
Know
Know
know
test
Difference of sievert and becquerel
126
36.5%
59
17.2%
58
17.0%
**
Radiation dose exposed during daily life
175
50.7%
97
28.2%
113
33.1%
**
**; P < 0.01 2-test

 As shown in Table 4, the differences were statistically significant for these 2 technical terms. 36.5%, and
50.7% of respondents in Miyagi and fukushima know the difinition of difference of sievert and becquerel, and
difinition of radiation dose exposed during daily life, respectively.      
              radiation dose exposed
during daily life, the group of Hiroshima and Nagasaki knows better than the group of Tokyo and Aichi. This
means the respondents in Hiroshima and Nagasaki have more strong concern about the information on the effect
of radiation to the human body than the respondents in Tokyo and Aichi.
In addition, we confirmed that respondents in Tohoku region had a better recognition on the technical terms
relevant to the radiation effect to the human body. We think that in Tohoku region, to order to reduce the anxiety
or the stress especially from the radiation exposure, risk communications about radiation exposure to human
body were held vigorously and rigorously based on this research.
Recently, Internet surveys have become widely used and accepted in the medical sociology field in Japan4.
Internet surveys are useful because answers can be obtained in a rather short period of time by evaluating
parameters previously registered with an Internet research company.
On the other hand, a face-to-face interview usually yields more detailed information such as the degree of the
recognition level of technical terms. We believe that one of the limitations of this study is that responses were
obtained using Internet surveys and may thus be superficial to some extent.
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Introduction
The Great East Japan Earthquake has brought us urgent and great needs for risk and crisis communication,
especially on radioactive substances in food, drinking water and environment. Radioactive iodine (I-131) and
cesium (Cs-134 and Cs-137) were detected in raw waters in Fukushima and its neighboring prefectures. Rapid
acquisition of nationwide data, knowledge delivery, and indication of water treatment for water supply bodies
were conducted in a very short time. Removal of radioactive iodine and cesium in water purification processes
was also examined both in literature review, experiments and actual treatment process1. The results were noticed
from the Ministry to water suppliers and also disclosed to public2.
Restriction of drinking water was advised when I-131 concentration in water exceeded 300Bq/kg (=Bq/L) for
adults and 100Bq/kg for infants. Because the radioactive substances spread very wide including the Tokyo
metropolitan area, urgent risk and crisis communication were significantly important using mass media, i.e.
television and newspaper, and other media such as telephone and internet.
Methods
In considering risk and crisis communication of this case, transition of risk management target must be
recognized. We hereby examine the rationale of protection for radiological exposure which had been presented
by Nuclear Safety Commission. Administrative responses to this accident were analyzed according to the
evidences and the daily announcements from the Ministry of Health, Labour and Welfare. Daily responses from
water suppliers were also described.
Results and discussion
Figure 1 shows the rationale of protection for radiological exposure in emergency previously presented by
Nuclear Safety Commission3. In the case of nuclear accidents, those who work closely with nuclear power
production would take this rationale for granted. It is also scientifically possible to understand that the impact of
a very short exposure at relatively high concentration can be somewhat comparable to the impact of a long time
exposure at relatively low concentration, respectively at very low concentration, although it is not always easy to
make people accept this concept.
Since the concentration exceeded the restriction index in emergency previously indicated by Nuclear Safety
Commission, Japan, restriction on the intake of tap water was announced by local authorities who detected
radioactive iodine above the index value, as was advised by MHLW. Intake restriction for adults was requested
at one small-scale water supply utility in Fukushima prefecture, where I-131 was detected at 965 Bq/kg in water.
The restriction on infants’ intake of tap water was requested by 20 water supply utilities in a total of 5
prefectures (Fukushima, Ibaraki, Chiba, Tokyo, and Tochigi), as the level of radioactive iodine exceeded 100
Bq/kg, the index value for infants. Most of the restriction lasts two to three days in prefectures other than
Fukushima. All restrictions on the infants’ intake were cancelled at the end of May. This restriction decreased
the possible maximum radiation exposure from water from 0.15mSv to 0.06mSv for adults and from 0.61mSv to
0.17mSv for infants, which showed the importance of fast response.
Measurements on tap water were conducted by the local governments and the water supply utilities, in
Fukushima prefecture and the neighboring regions including Tokyo. Daily monitoring was necessary when the
concentration was high, because the public concern was very high, and then decreased to once a week in most
places, as was requested by MHLW for ten neighboring prefectures. The monitoring results were released every
day until the end of May, and weekly in June.
During this duration, general public as well as scientists seemed confused with the gap between the long term
risk assessment values at normal conditions and the short term crisis management values at emergency situation.
Up to now, data has been collected and distributed from the Ministry for more than 3 years.
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Fig.1 Rationale of protection for radiological exposure3
Analysis of radioactive nuclides in water has been very carefully conducted. Measures to reduce radioactive
materials in tap water were recommended from the Ministry with scientific evidence from research institutes.
Radioactive iodine can be reduced with activated carbon treatment together with a weak pre-chlorination process.
To avoid activated carbon shortage and over load of costs for activated carbon, it was also needed to notice
better to add activated carbon only when a large amount of radioactive materials is released again from the
nuclear power plant, after several weeks. Radioactive cesium can be removed together with suspended
substances (components of turbidity) by coagulation-sedimentation and sand filtration process at water treatment
facilities. Efforts should be made to fully enforce the control of turbidity. The concentration of radioactive
strontium was quite low compared with that of radioactive cesium. Uranium and plutonium are detected only in
quite minute levels around the area of the nuclear power plant, while they need long time to measure. Based on
the fact that the radioactive nuclides other than cesium is existing in proportion to cesium, monitoring of cesium
is recommended including the consideration of exposure from other nuclides.
March, 2012, it was noticed to lower the management level of radioactive nuclides at 1mSv/y level where it had
been based on 5mSv/y exposure. As water supply was considered as a media that was controllable by public
authorities, the management index was lowered at 10 Bq/kg, i.e. 1/20 level. Fig.2 shows the changes of the
management levels. The concentration of radioactive nuclides in food and water were actually well controlled at
very low level. Although food and water were all controlled and normally found safe far lower than the previous
standard, this change of standards seemed welcomed by customers. From these results, prompt emergency
response using index in emergency, appropriate monitoring, information sharing are important to control risk
related to accidents already occurred, especially in order to seize customers’ anxiety and actually kept much
lower than health risk level.

Fig. 2 The change of the management level of radioactive nuclides
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Introduction
Application of risk communication in food safety was discussed internationally in a FAO/WHO expert
consultation in 1998, in which the author stressed clear discrimination between ordinary risk communication and
crisis communication. The author will introduce some examples of lessons and future tasks from his more than
20 years of experience in communicating and discussing food safety subjects regarding such as pesticides,
contaminants, radionuclides in relation to protection of health, while telling facts clearly to be easily
comprehended by elucidating their backgrounds.
Methods
(1) Short historical survey of development of risk communication in Japan
A factual survey on historical development of risk communication for the environmental protection and human
safety in the USA and Japan is performed and presented.
(2) Brief analysis of practice and recognition of risk communication in food safety internationally and in Japan
Motivation and performance of risk communication are studied through author’s experience in the area of food
safety.
(3) Examination of current problems and tasks for the future
Current problems in risk communication and the reasons for that are analyzed and tasks for the future are
considered through author’s works of risk communication on radionuclide contamination in foods\.
Results and discussion
(1) Risk communication was initially studied as the subject of social psychology mainly to find what are the
major determinants of perception of risks for public in 1980’s. Following some early studies and serious
problems encountered in the social choices of local residents and the government related to hazardous waste
management etc., the committee on risk perception and communication was convened by the National Research
Council (NRC), USA. Its report, “Improving Risk Communication “ (1989) 1 analyzed closely major obstacles
in risk communication and a breakthrough contribution to the understanding and practice regarding risk
communication. This report was translated into Japanese by the author et al. and was published in 1997 which
the author thinks first introduction of risk communication for practice in Japan. After the United Nations
Conference on the Environment and Development (UNCED) in 1992, Agenda 21 Chapter 19, “Environmentally
Sound Management of Toxic Chemicals” was stipulated internationally. Based on this recommendations by
UNCED, the notion of Pollutant Release and Transfer Register (PRTR) was introduced in Japan in 1999. In the
course of implementation of PRTR, authors et al studied and worked on Community Right to Know on
Hazardous Chemicals Management and the author proposed introduction of a Law to the Environment Agency
and the Ministry of International Trade and Industry like “Emergency Response and Community Right to Know
Act” in the USA, then but was dismissed by them Estimation of worst case scenario and preparedness for the
crisis conditions was most necessary in the case of the Fukushima Nuclear Power Plant accident, but was not
seriously considered by government authorities before the accident and still now to author’s regret.
(2) Application of risk communication in food safety was first discussed internationally in a FAO/WHO expert
consultation in 19983, in which the author stressed clear discrimination between ordinary risk communication
and crisis communication from the experience of the Ministry of Health and Welfare, Japan of a large scale food
poisoning by pathogenic Escherichia coli O157 in 1996. Outside of Japan, Bovine Spongiform Encephalopathy
(BSE) was first diagnosed in UK in 1986, and then in Japan in 2001. These findings caused a kind of panic After
several failures happened in the area of food safety, Food Safety Basic Law was promulgated in 2003 and the
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Food Safety Commission was newly established in Japan. The law clearly declared importance of application of
risk analysis and the role of risk communication, and risk communication programs were officially launched
based on the law. Most of activities were carried out in the newly established FSC, in which the author
contributed as the chair of the expert committee on risk communication. The FSC performed various brand new
activities in the Japanese administrations in the government, such as permission of attendance of public to every
expert committee, opening minutes of committee’s discussion, and furthermore to have public meetings to
explain scientific details of safety judgments etc. such as having 50 public meetings country wide in 3months
from 2004 to 2005 to explain scientific judgment on the BSE issue in Japan4. However, these are all related to
transparency of government judgment, and experts and governments consider only transmission of scientific or
regulatory information and have not listened closely real needs or worries of citizens.
(3) In the case of food safety, it is also important to consider various risk factors such as contaminants,
pathogens and radionuclides in relation to their risk management measures (Table 1).
Table 1 Various Contaminant Hazards in the Food Safety and their Characteristics (modified from Sekizawa5)
---------------------------------------------------------------------------------------------------------------------------------------Contaminant
Characteristics and control measures of hazards
----------------------------------------------------------------------------------------------------------------------------- --------Chemicals
Pollution control at its origins is effective and crucial. Rather strict control measures are
taken against intended use and artificial substances, eg. pesticides and food additives,
while natural hazards such as natural methyl mercury in fish, and heat products, eg.
acrylamide in potato chips are more difficult to reduce contamination
Pathogenic microbes Abundantly found in raw meats etc. Hygienic handling of foods in every food chain from
production to consumption site is imperative, because microbes will proliferate easily
and poisoning cases reported occasionally
Radionuclides
Small amount of natural origins and debris from nuclear bomb tests are detected which
are not easily eliminated, while strict control of contamination above certain amounts is
necessary

---------------------------------------------------------------------------------------------------------------

With regard to radionuclide contaminations, the author carefully analyzed and straightened data from the official
reports publicized by the Ministry of Health Welfare and Labour, and others, and discussed with various groups
of people in nearly 50 occasions in 3 years after the Fukushima Nuclear Power Plant accident in March 2011.
Since risk communication activities by various authorities are considered not necessarily appropriate and still
causing some worries on food contaminations.
The author not only analyzed data, but also have been hearing voices and worries of people and try to answer
with easily comprehensible words and illustrations. He has not said that food is safe or stay easy with data, but
show facts and ask people to judge by themselves based on the evidences and from the stand point of their
situations, and as a result, received more than 80% of comprehension and acceptance for his explanation 6,7. The
author also asks to think of other risks in foods shown above and also the effects of the accident is not still well
controlled at all, which must be managed with every effort to restore lives of Fukushima residents and not to
take over terrible, negative heritages to our descendants.
Conclusion
(1) Risk communication should not be considered as a useful tool to simply make people to understand science
or to persuade people, but make people consider based on facts and judge what needs to be done with
appropriate cooperative effort for the future.
(2) Not only to focus on the average situations, but also to estimate emergency cases to foresee what will happen
and what must be done in the cases of crisis conditions to establish preparedness among stakeholders.
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Introduction
Industrialization, urbanization and high economic growth in recent years are accompanied by degradation of
environmental quality and human health risk in developing countries. As a result, effective management of
recycling various types of wastes is one of most critical issues in the modern world from both economic and
environmental perspectives.
Recently, informal and primitive recycling activities of electrical and electronic waste (E-waste) in
developing countries have been of great concern because of their environmental impact and adverse effects on
human health. E-waste contains valuable metals and plastics which require appropriate handling and recycling
because of the high content of many hazardous substances including heavy metals as well as polychlorinated
biphenyls (PCBs), brominated flame retardants (BFRs) and other toxic additives1. Indeed, informal recycling of
E-waste in developing countries, where primitive techniques including open burning and other hazardous
processing are often applied, results in environmental release of not only hazardous substances contained in Ewaste but also toxic secondary contaminants, including complex mixtures of dioxin-related compounds (DRCs)
such as polychlorinated dibenzo-p-dioxins/dibenzofurans (PCDD/Fs) and their brominated and mixed
halogenated analogues (PBDD/Fs and PXDD/Fs)2. During the last several years, we have conducted
environment surveys and human monitoring in informal E-waste recycling sites in northern Vietnam (Hanoi and
its surrounding regions) and Ghana (Agbogbloshie market in Accra city), and documented significant
contamination and risk related to human exposure to polybrominated diphenyl ethers (PBDEs), DRCs and heavy
metals in the recycling sites3-7.
We reviewed the results obtained in our recent studies on E-waste recycling in Vietnam and Ghana to
compare the status of contamination and human exposure to DRCs and BFRs, and to evaluate their profiles,
potential sources and toxic risk depending on the locations and processes of E-waste recycling.
Materials and methods
The study locations were in the Red River Delta, northern Vietnam: two E-waste recycling sites (EWRSs),
Trang Minh, Hai Phong city, and Bui Dau, Hung Yen province. Information on these EWRSs in Vietnam has
been provided in our previous studies3-5. Briefly, EWRSs were rural communes of approximately 250
households, with about 40%–50% regularly involved in recycling of metals and plastics from E-waste. The main
recycling processes included recovery of metals by manual dismantling, burning wires and circuit boards, as
well as shredding plastic casings into chips for resale. Recycling operations were family-based and took place in
the backyard of the houses. Another study location was the Agbogbloshie market in Accra city, Ghana. In this
area, disused computers, TVs, and other electronic and electrical devices as well as household waste are dumped
indiscriminately. The study site is a flat and heavily industrialized area that consists of scattered recyclers
working out of small sheds and in the open. Intensive activities of open E-waste burning to recover valuable
metals have been observed at the rear of the market on a bank of the Odaw River. Other detail information on the
recycling activities of the Agbogbloshie market has been described in our previous study7.
The samples including human breast milk, dust, air (PUFs) and soil were collected during 2008 to 2012 at
EWRSs as well as urban/suburban reference sites in Hanoi, Vietnam. In August 2010, ten soil/ash mixtures and
four soil samples were collected from open burning sites in the Agbogbloshie market and urban reference sites in
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Accra, Ghana, respectively. The samples were employed for chemical analysis of PCBs, PBDEs and DRCs
including PCDD/Fs, PBDD/Fs and monobromo-polychlorinated dibenzo-p-dioxins and dibenzofurans
(MoBPCDD/Fs) by HRGC-LRMS (qMS) and HRGC-HRMS. Dioxin-like activities (CALUX-TEQs) in some
dust, soil and human milk samples were also determined by an in vitro bioassay, DR-CALUX. The details on
sample collection, instrument analysis and bioassay have been reported in our previous studies3-5, 8.
Results and discussion
In the Agbogbloshie market, a well-known E-waste recycling site in Ghana, the DRCs were detected in all the
soil/ash mixture samples at concentrations up to 520,000 pg/g for PCDD/Fs, 3,800,000 pg/g for PBDD/Fs,
260,000 pg/g for MoBPCDD/Fs, and 83,000 pg/g for DL-PCBs (all the values shown here were in dry wt basis).
WHO-TEQs for PCDD/Fs were also very high with a maximum level of 6,600 pg/g. Assuming that WHO-TEFs
of 2,3,7,8-substituted PBDD/F congeners are identical with those of the same 2,3,7,8-substituted PCDD/F
congeners, higher WHO-TEQs for PBDD/Fs (mostly PBDFs) than for PCDD/Fs were found to be up to 17,000
pg/g. These results suggest serious contamination status of DRCs, especially by PBDD/Fs, in the Agbogbloshie
e-waste recycling site. Actually, concentrations of DRCs and WHO-TEQs in the samples from the Agbogbloshie
market were higher or even the highest among those reported so far on soils, dusts and combusted residues from
E-waste recycling/open burning sites in other counties including China9-12 and India13.
In Vietnam, significant contamination by DRCs has been reported in our previous studies on house dust and
soil from EWRSs4,14 , although the magnitudes of contamination seemed to be lower than those observed in the
Agbogbloshie market. In the house dust from EWRSs, the concentrations of PBDFs up to 63,000 pg/g were the
highest among DRCs analyzed. Elevated levels of CALUX-TEQs were observed in house dust (up to 1,000
pg/g) and soil samples (up to 2,500 pg/g) collected from E-waste recycling workshops and open burning sites.
These results suggest that E-waste recycling activity is one of significant sources of DRCs, especially PBDFs.
The results integrated both data obtained from instrumental analysis and bioassay showed that PBDFs were
principal contributors for CALUX-TEQs, comparable to PCDD/Fs in the dust/soil samples. The CALUX-TEQ
contribution of DRCs varied, possibly depending on thermal processing/open burning activities (higher
PCDD/F-TEQs) and PBDE content in the waste (higher PBDF-TEQs). However, the percentages of unknown
dioxin-like activities were high in all dust and soil samples, indicating large contribution from unidentified
dioxin-like compounds (i.e. potential AhR agonists) 4,14. Further studies are necessary to identify potential
compounds contributing to dioxin-like activities.
To elucidate emission sources and synthetic processes of DRCs released from E-waste recycling activities,
the correlations between DRCs and PBDEs with their congener profiles were examined. In house dust samples
from EWRSs the concentrations of PBDFs showed a significant correlation with those of PBDEs but not with
other DRCs, suggesting that PBDFs in house dust were mainly originated as photo/thermal-degradation products
from PBDE mixtures. On the other hand, significant correlations were found among all the concentrations of
DRCs including PBDFs in the soil/ash mixture and soil samples from open E-waste burning sites. Besides, no
significant correlation was observed between the concentrations of PBDFs and PBDEs in the samples from the
Agbogbloshie e-waste burning sites. These results suggest thermal formation of PBDD/Fs as well as other DRCs
under de novo synthesis as a primary process in E-waste burning sites rather than their degradation from PBDEs
in the wastes. The congener profiles of DRCs in the samples from E-waste burning sites, which showed higher
proportions of tetra and penta-BDFs/CDFs than other high-brominated/chlorinated congeners, were also
indicative of de novo synthesis of these compounds. In addition, significant correlations between DRCs and
copper (Cu) concentrations were found in the soil/ash mixture samples from the Agbogbloshie e-waste burning
sites, implying that synthesis of DRCs can be facilitated under the occurrence of Cu having catalytic capacity
and BFR/PVC-contaning rubbers/plastics as rich halogen donors.
Estimations of daily intake of PBDEs and PCBs for E-waste recycling workers are in good agreement with
the accumulation patterns previously observed in human milk collected from Vietnamese EWRSs 3, and indicate
that dust ingestion contributes a large portion of the PBDE intake, and air inhalation to the low-chlorinated PCB
intake due to their high levels in dust and air, respectively5. Our studies also revealed that estimates of TEQ
intake from dust/soil ingestion for children in the EWRSs were comparable or even higher than WHO
established tolerable daily intake (1-4 pg-TEQ/kg bw/day). This suggests that children in the EWRSs may be
adversely affected by DRCs from contaminated dust/soil. Recently, we detected significant levels of DRCs and
dioxin-like activities in human milk samples from Vietnamese EWRSs8. As similar to the result shown in house
dust, the dioxin-like activities in some milk samples were not fully explained by chemical data, suggesting
contribution from unidentified compounds. The estimated TEQ intake doses for breastfed infants mostly
exceeded the tolerable value, especially for those living in the EWRSs. Further investigation on other exposure
media and other E-waste recycling-related contaminants and assessment of health risk associated with exposure
to these contaminant mixtures are necessary.
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Introduction
Khok Sa-at sub-district is located in Khongchai district, Kalasin province, Thailand where the E-waste
separation activities started in 1996 A.D. or 18 years ago while there was only one separation shop at that
time. The benefit of e-waste separation business is the driving force to change the local people behavior
from farmer to e-waste separation crew in the household level. The local solid waste dumpling site was
constructed in 2007 to support mostly waste from local e-waste separation activity. However, the most dagerous
material from the acitities were the hazard of Copper (Cu) recovery from electricity wires by open burning
method and Iron (Fe) steel recovery from TV CRT monitors by breaking them on ground. Pollution
concentration and human health were from the monitor which found the heavy metal (Cu, Pb, Cd, Hg)
concentration in ash, high level of concentration in soil and leachate at the dumpling site, especially Copper
which was higher than the soil standard. The heavy metal (Hg, Pb, Cd, Cu, Ni, Mn) concentration in the surface
water and rice husk nearby the dumpling site were lower than the standard (Asian Institute, 2009)1. The heavy
metal (Cu, Pb, Zn) concentration in the soil sampling at the dumping site and e-waste separation household were
high also. (Department of Disease Control, 2011)2. In 2013, 207 blood samplings were inspected and the result
found that twenty one children had high Lead concentration and only one child had higher Lead concentration (>
60 ug/dl) more than the standard (standard < 30 ug/dl). Three adults found high Pb concentration but lower than
the standard (standard < 40 ug/dl). (Disease Control Department, 2013)3. Those evidents shown that the
hazardous substances were distributed to environment and effected to the human health.
Recently, the central and local government agencies and community in this area concerned on this problem.
Naresuan University (NU), Provincial office for Natural Resources and Environmental Kalasin (MNRE Kalasin),
Khok Sa-at Sub-district Administration Organization (SAO) are collaborated to be the main organizations in
charge for such problem solution. We invited some expert from Pollution Control Department (PCD), Electrical
and Electric Institute (EEI), Department of Disease Control (DDC), National Metal and Material Technology
Center (MTEC), Department of Environmental Quality Promotion (DEQP), Environmental Research Institute,
Chulalongkorn University (ERIC) and Institute for the Study of Natural Resources and Environmental
Management, Mae Fa Luang University (NREM) to be the consultation. The environmental and health impact
from e-waste separation activity is focused on the study and promote the environmental and health friendly in ewaste separation by applying appropriate technology. This project is run between June-December 2014 under the
collaboration of community which is the key of success in this project.
Materials and methods
The public participation conceptual in this research consists of 5 levels of participation; informing, consultation,
involvement, collaboration and empowerment. The Engagement Planning Key is a model for developing an
effective Engagement Plan which is divided into 3 wedges – Scope, Act and Evaluation – that surround an inner
core – Learn (Victorian Government Department of Sustainability and Environment, September 2005).4 The
Public participation guideline is also applied in this study as shown in Table 1.
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- Public Meeting
(Diverge +
Indiverge)
- Printed
information
(Diverge)
- Fishbone
(Diverge)
- Questionnaires
(Diverge)
- Websites
(Diverge +
Indiverge)
- Brainstorming
(Diverge)
- Open House
(Diverge)
- Websites
(Diverge +
Indiverge)

INFORMING &
CONSULTATION

Traders who sell the old appliance
Traders who buy the recycling material
Naresuan University
Office of Natural Resources and
Environmental Policy and Planning
(ONEP)
- Department of Local Administration
(DOLA)
- Department of Health (DOH)
- Public Relations Province, Kalasin
(pr.prd.go.th/Kalasin)

-

Stakeholder (s) involved

-

-

-

Meeting room
Publicity
Expert
Printed public
information material
Questionnaire
Website design Skill
Moderator/facilitator
Whiteboard, Projector,
VDO
Others

Resources required
- NU
- SAO
- KSN.mnre

Who is
responsible?
June 1,
2014 until
end of
project

Start and
finish dates
- Website at
comment
part
- Email
- Letter
- Telephone
- Fax
- Walk in

Feedback
method
- NU
- SAO
- KSN.mnre

Who is
responsible?

INVOLVEMENT &
COLLABORATION

Oct, 2014
- NU
- Website at - NU
- Industrial office of Kalasin
- Meeting room
comment
- SAO
- SAO
- Khok Sa-at Sub-district Administration
- Publicity
part
Organization (SAO)
- KSN.mnre
- KSN.mnre
- Expert
- Email
- Pollution Control Department (PCD)
- Moderator/facilitator
- Letter
- Department of Environmental Quality
- Whiteboard, Projector,
- Telephone
Promotion (DEQP)
VDO
- Fax
- Provincial Office for Natural Resources
- Others
and Environment Kalasin
- Walk in
- Public Relations Province, Kalasin
(pr.prd.go.th/kalasin)
EMPOWERMENT
Dec 1,
- Brainstorming
- Industrial office of Kalasin
- Meeting room
- NU
- Website at - NU
2014
(Diverge)
comment
- Publicity
- SAO
- SAO
- Khok Sa-at Sub-district Administration
part
Organization (SAO)
- Websites
- Expert
- KSN.mnre
- KSN.mnre
(Diverge +
- Email
- Pollution Control Department (PCD)
- Moderator/facilitator
Indiverge)
- Letter
- Department of Environmental Quality
- Whiteboard, Projector,
Promotion (DEQP)
- Telephone
VDO
- Provincial Office for Natural Resources
- Fax
- Others
and Environment Kalasin
- Walk in
Remark: NU is Naresuan University, KSN.mnre is Provincial Office for Natural Resources and Environment Kalasin, SAO is Khok Sa-at Sub-district Administration Organization
Diverge method can get generating idea and information
Indiverge method can get decision, suggestion and recommendation to be made solution
Apply by Naresuan University, June 2014

Tools/Activities

Engagement Plan

Table 1 Operation Engagement Plan4

Dec 1,
2014

Oct, 2014

Start and
finish
dates
June 1,
2014 until
end of
project

Results and discussion
The process of public participation starts from creating the familiarity with the stakeholder; recycling
entrepreneur, community, and government officer in the study area, then setting the group meeting to plan for
the problem solution and exchanging related information so that the information of each organization will not be
overlaid and will be performed in the supporting way which can be helped the study approaching to the
successful environmental and health protection. There are 5 activities in the informing and consultation step.
These activities were performed in March, 2014 and the results can be described in Table 2.
1) 1st participation is the process for finding the main problem, making the familiarity, and visit the
related organization for the facilitation in focus group in 10 March 2014
2) 2nd participation is the process for explanation and informing the existing problem that the
environmental and health impact from e-waste separation in Kok sa-at district was reflected so clear impact that
the Director of Pollution Control Department paid strong attention to survey and open the public meeting when
Naresuan University is collaborated in the meeting to inform and find the solution
3) 3rd participation is the process that Office of Natural Resources and Environment Kalasin Province
promoted the environmental and health program to the young children and Naresuan University participated in
creating the familiarity to the community then surveyed for pollution source map and sensitive area with pre-test
4) 4th participation n is the process for presenting the solution from the study and exchange the problem
solution based on the policy and experience of Kalasin Governor to make the solution to be in lined with the
government policy
5) 5th participation is the process of public participation of e-waste recycling entrepreneur when the
participants will inform the problem and solution needed to the related organization asking for help and
collaboration
The future activity in public involvement and empowerment step are 1) impact assessment and study for solution
with various options 2) present the potential option to the local people for further determination selection 3)
present the selected option to the related organization for further public participation meeting 4) present the
accepted option to the local people for the vote 5) present the option for the budget request from the government
Table 2 The public participation result from informing and consultation step
Date
March
10,
2014

June
10,
2014

Objective /
Activities
- To survey the
environmental
and health
problem.
- To inform and
consult with
local
governent.
- To built
collaboration
with
stakeholder

- To joint with
SAO and
Kalasin.mrne
for give
information
about the
environmental
and health
problem to the
DirectorGeneral of
Pollution
control
department.
(PCD)

Tool
- Informal
meeting
- Survey

-

- Meeting
- Survey
- Printed
informaiton

-

Participant

Result

NU
SAO
KSN.mnre
E-waste
separtion
shop

- Local people in the site study are the farmer then they are
gradually changed to e-waste recycling because of the higher
income so now a day it is about 80 percent of local people
working in this business. There were many organizations in
charge with environmental and health impact intend to participate
in studying in the area.
- Get the collaboration networks such as Office Of Natural
Resources and Environment Kalasin Province, Khok Sa-at Subdistrict Administration Organization, and recycling shop in the
area
- The result found that waste separation process in the site study
was performed with easy separation by small household member
- The study team are accepted by the familiarity from the visiting
with the head of community at the beginning of the study
- Pollution Control Department which is the organization in charge
with this problem pay attention and support in this project with
the expert and budget
- Incoming of central government and media visit was the bad
impact to the community trust because the local people do not
understand the objectives of the visitors so some asking question
to the local people will be more specific and not suitable that
reflected unsatisfied situation

NU
SAO
KSN.mnre
Waste
separtion
shop
- PCD
- Chulalongkor
n University
- Mass Media
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Table 2 The public participation result from informing and consultation step (continue)
Date
June
24-25,
2014

July
16,
2014

July
17,
2014

Objective /
Activities
- To joint with
Kalasin.mrne
in solid waste
training activity
for the student
in primary
school
- To pre-test the
questionnair
- To survey the
sensitive area
and pollution
point source

Tool
- Training
- Survey
- Questionnaire

-

Participant

Result

NU
SAO
KSN.mnre
student in
primary
school

- the participation in the campaign “Young Green Generation in
Kok sa-at”, which organized by Office Of Natural Resources and
Environment Kalasin Province, was focused on the students in
grade 4-6 about 70 people under the knowledge transfer in waste
separation and environmental and health protection from e-waste.
-

- To inform and
consult with
the Provincial
Governor of
Kalasin
Province

- Informal
meeting

- To inform and
consult with
waste
separation shop

- Meeting
- Printed
information
- Questionnaire
- Par

- Provincial
Governor of
Kalasin
Province
- KSN.mnre
- NU
NU
SAO
KSN.mnre
Waste
separation
shop
- Sheriff of
Khongchai
district
-

-

-

-

-

This campaign was also focused on creating the young children to
be the information transfer to their family
the research team can be in more familiar with the community for
effective operation
the survey of pollution source map and sensitive area found that
the e-waste recycling in the household are located in the upper
land on Kok Sa-at District where the landfill is operated at the
nearby so it can be supposed that the more risk can be impacted in
this area more than the others
the result from the questionnaire
Met the Kalasin Governor to introduce the project then the
Governor suggested that this problem should be solved quickly in
all cycle; academic support, budget support, accpetable
management until the construction and setting
Kalasin government intended to support and being the
collaborative center for further budget support from related
organization
The e-waste recycling traders in the area are not registered to the
local district so the senior of district governor asked them to
register soon because the strong law and regulation can confiscate
the business belongs and the used motor cycle should be recorded
in the District Administrative Office’s register book to prevent the
allegation of steal
The most important problem is landfill management without
burning and the better road construction to the landfill, the second
need from the local people is the good system of security officer
at the landfill with suitable and expertise technical transfer on
waste separation and management
The most dangerous and hazardous waste are CRT monitor, wire,
and foam from refrigerator which the electrical wire should be
solved quickly, the second is foam and CRT monitor
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Introduction
During Operation RANCH HAND (1962 – 1971), the U.S. army sprayed millions of liters of various herbicides
south of the former Demilitarized Zone at the 17th parallel for defoliation and crop reduction in Southern Viet
Nam. Agent Orange is the most widely used herbicide, which is a 50:50 mixture of n-butyl ester of 2,4dichlorophenoxyacetic acid (2,4-D) and 2,4,5-trichlorophenoxyacetic (2,4,5-T). The latter compound, 2,4,5-T
was contaminated with varying levels of contaminant 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), which is the
most toxic congener of dioxins group. Other herbicides were used, including Agent White (2,4-D ; picloram),
Agent Blue (cacodylic acid), Agent Purple (2,4-D; 2,4,5-T), Agent Green (2,4,5-T), and Agent Pink (2,4,5-T).
Baughman and Meselson (1973) detected high TCDD contamination in fish collected from heavily sprayed
areas in Southern Viet Nam, and suggested that TCDD from 2,4,5-T had significantly accumulated in food
chains in these sprayed areas. Breast milk samples collected in 1970 also showed an extremely high TCDD level,
such as 1832 parts per trillion (ppt) in a sprayed area (Schecter et al., 1995). Although TCDD levels in sprayed
areas have chronologically decreased due to tropical rain, erosion, and chemical breakdown, it is still higher than
in unsprayed areas in the North
Hatfield’s studies found elevated dioxins in soil, fish, duck, pooled human blood, and breast milk near A So
former U.S. air bases (Dwernychuk et al., 2002). They theorized that high dioxin concentrations remain in soil in
former U.S. air bases where herbicide was stored, used and accidently spilled. These areas are called dioxin
hotspots, with the three most contaminated air bases found in Bien Hoa, Da Nang and Phu Cat (Dwernychuk et
al., 2006).
Due to potential health effects of dioxins on the residents living around these dioxin hotspots, we have
conducted a human breast milk biomonitoring study to assess their exposure. In this study, we compare dioxin
levels in breast milk of primiparae living around three main hotspot Bien Hoa, Da Nang and Phu Cat in Vietnam.
Materials and methods
1. Study areas
Figure 1 shows the locations of these hotspots. Bien Hoa air base is located in Bien Hoa City, Dong Nai
Province. With the total area of 264 km2 and the population of over 1 million, this city is an industrial center in
the Southern Viet Nam. In this study, participants were selected from two surrounding communes (Tan Phong
and Trung Dung) located within 4 km of the Bien Hoa air base.
Da Nang air base is located in Da Nang city, which is a major port city in the South Central Coast in Viet Nam.
In Da Nang, two study areas were chosen. Thanh Khe district is located within 3 km of the Da Nang air base
while Son Tra district is located further away (7- 10 km) from the Da Nang air base.
Phu Cat air base is located in Phu Cat district, Binh Dinh Province. This district is a rural area with no industrial
zone nearby. The residents live further away (5- 15 km) from the Phu Cat air base.
Kim Bang district, which located in Ha Nam province in Northern Vietnam was also selected. This area was not
sprayed or used herbicide during the Vietnam War.
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2. Study participants
Between 2008 and 2010, a total of 143
primiparae, including 51 primiparae in
Bien Hoa, 43 primiparae in Thanh Khe,
26 primiparae in Son Tra, 23 primiparae
in Phu Cat and 19 primiparae in Kim
Bang agreed to participate this study.
We explained the purpose of study and
then obtained the informed consent from
every participant through their local
committee. This study was approved by
the Medical Ethics Committee of
Kanazawa University (Health Permission
No.89).
3. Dioxin analytical methods
Breast milk samples were analyzed
following previously reported methods
(Tai et al., 2011). Briefly, lipid content
was extracted from 10 g of breast milk by
liquid extraction, and then 40–80 pg of
17-13C12-labeled PCDD/PCDF congeners
was spiked as an internal standard.
PCDD/Fs were purified by using multilayer silica gel column and separated by
active carbon-dispersed silica gel column.
The final sample extract was evaporated
to dryness under a nitrogen stream then
re-dissolved by addition of 20 μL of
nonane containing 40 pg of 13C12-1,2,3,4TCDD and 13C12-1,2,7,8-TCDF as
external standards.
PCDD/Fs were quantified using a gas chromatograph (GC: HP-6980, Hewlett-Packard, Palo Alto, CA) equipped
with a high-resolution mass spectrometer (HRMS: JEOL MS station-JMS700). Analyses were performed in the
selected ion-monitoring mode (SIM), and the resolution was maintained above 10,000. Seventeen PCDD/PCDF
congeners were calculated on a lipid basis, then converted to toxic equivalents (TEQ) using the international
World Health Organization (WHO) toxicity equivalency factors (TEFs) 2005 (Van den Berg et al. 2006). The
recovery rate typically ranged between 60% and 95%. The detection limits were determined at a signal-to-noise
ratio of 3 (S:N = 3:1) and the congener concentrations below the detection limits were assigned a value equal to
half the detection limits
4. Statistical analyses
We used JMP@9 software package (SAS Institute, Japan) and R Statistical Environment (R Development Core
Team, 2013) for doing statistical analyses. Dioxin concentrations were log10 transformed to improve normality
before using statistical tests. Analysis of variance (ANOVA) was used first to compare dioxin levels between
hotspots, and then Tukey’s post-hoc test was used to find which pair was significantly different.Multiple linear
regressions were used to compare dioxin levels between hotspots after adjusting for age and residency.
Results and discussion
Table 1 shows levels of all seventeen PCDD/F congeners and total TEQ of PCDDs, PCDFs and PCDD/Fs. The
geometric mean of TCDD levels in Bien Hoa (2,1 pg/g lipid) and Thanh Khe (2 pg/g lipid) were significantly
higher than in Son Tra (1.4 pg/g lipid), and Phu Cat (1.7 pg/g lipid). In comparison with Kim Bang (an
unsprayed area), TCDD levels in these hotspots was 3-4 times higher. Except TCDD, most of other PCDD/F
congeners as well as the geometric mean concentration of total TEQ PCDD/Fs in Bien Hoa (9.3 pg/g lipid) was
significantly lower than in Thanh Khe (14.3 pg/g lipid), Son Tra (13.9 pg/g lipid) and Phu Cat (14.1 pg/g lipid).
In Da Nang, except TCDD, there was no difference in other PCDD/Fs congener levels between Thanh Khe and
Son Tra.
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Table 1. Dioxin levels in breast milk of primiparae in the hotspots
Pg/g lipid
2378-TeCDD
12378-PeCDD

BH (51)
Geomean Range
2.1
2.8

0-27
1-10

TK (43)
Geomean Range
2.0
4.7

***

ST (26)
Geomean
Range

1-10

1.4

#

2-22

4.9

***

PC(23)
Geomean Range

KB(19)
Geomean

0-7

1.7

1-3

0.5

3-19

5.2 ***

3-10

1.7

1-5

0.7

123478-HxCDD

1.5

0-5

2.2

**

1-10

2.2

**

**

1-8

2.3

123678-HxCDD

4.7

2-22

8.6

***

3-51

8.7

***

4-26

8.7 ***

3-17

1.6

123789-HxCDD

1.7

1-7

2.7

***

1-9

2.7

***

1-8

3.2 ***

1-6

0.7

1234678-HpCDD

9.4

4-59

11.3

2-28

10.5

5-29

6-35

2.8

OCDD

59.7

23-194

61.2

21-152

69.5

34-189

71.4

34-132

14.4

2378-TeCDF

0.4

0-2

0.5

0-2

0.3

0-1

0.6

0-1

0.6

14.9 **

12378-PeCDF

0.5

0-4

1.3

***

0-4

1.0

***

0-2

1.9

0-5

0.4

23478-PeCDF

4.3

2-15

8.0

***

3-36

8.1

***

4-19

7.4 ***

4-16

3.7

123478-HxCDF

6.9

2-42

18.3 ***

4-86

18.9

***

6-51

***

5-35

2.3

123678-HxCDF

4.2

1-24

11.0 ***

3-50

10.7

***

4-28

9.7 ***

4-18

2.0

123789-HxCDF

0.4

0-1

0.3

0-1

0.2

0-1

0.4

0-1

0.1

234678-HxCDF

0.7

0-3

1.4

0-4

1.2

***

0-3

1.6 ***

1-3

0.6

1234678-HpCDF

4.7

2-37

3-55

11.5

***

4-43

1234789-HpCDF

0.7

0-5

1.5

0-4

1.0

OCDF

0.6

0-2

0.6

0-5

0.5

Total TEQ PCDDs

6.3

2-32

8.3

*

3-39

7.9

2-26

5.8

5-65

13.9

***

12.8 ***
***

Total TEQ PCDFs

2.7

1-10

5.8

***

Total TEQ PCDD/Fs

9.3

3-35

14.3

***

*

16.7

16.4

***

***

5-44

1.8

0-5

1.7 ***

0-5

0.2

0-2

1.0

0-8

0.3

4-31

8.5

***

2-12

5.4

**

8-42

14.1

4-15

2.6

***

3-10

1.7

**

7-24

4.3

#: significant higher in BH and TK than ST; *: significant higher than BH (P<0.05); **: significant higher in than BH (P<0.01);
***: significant higher than BH (P<0.001). Kim Bang (KB) is an unsprayed area in Northern Vietnam

Figure 2 shows TCDD distribution in each area. The TCDD level in Bien Hoa was the highest in all areas. 9
mothers (18%) in Bien Hoa and 5 mothers (7%) in Thanh Khe had TCDD levels higher than 5 (pg/g lipid) while
none of the mothers in Phu Cat and only 1 mother (4%) in Son Tra had TCDD levels higher than 5 (pg/g lipid).
These results suggest that highly exposed mothers are prevalent, particularly in Bien Hoa and Thanh Khe.

Table 2 shows dioxin levels between hotspots using multiple linear regressions after adjusting for residency and
age (table 5). Bien Hoa was chosen as the reference category. We found that adjusted geometric mean
concentration of TCDD in Bien Hoa (2.2 pg/g lipid) was not different from Thanh Khe (2.1 pg/g lipid) but
significantly higher than in Phu Cat (1.4 pg/g lipid; p<0.05) and Son Tra (1.4 pg/g lipid; p<0.01). In addition,
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total TEQ PCDD/Fs was still lower in Bien Hoa than in other hotspots. Increased TCDD levels significantly
correlated with length of residency, but not with age..

Table 2. Dioxin levels in breast milk among hotspots adjusted for age and residency
Pg/g lipid
2378-TeCDD
12378-PeCDD
123478-HxCDD
123678-HxCDD
123789-HxCDD
1234678-HpCDD
OCDD

BH
adj. GM
2.2
2.8
1.5
4.8
1.7
9.4
59.8

TK
adj. GM
2.1
5.0
2.3
9.2
2.8
11.5
62.0

2378-TeCDF
12378-PeCDF
23478-PeCDF
123478-HxCDF
123678-HxCDF
123789-HxCDF
234678-HxCDF
1234678-HpCDF
1234789-HpCDF
OCDF

0.4
0.5
4.2
6.9
4.2
0.3
0.6
4.6
0.7
0.6

0.5
1.3
8.4
18.9
11.4
0.3
1.4
13.0
1.5
0.6

Total TEQ PCDDs
Total TEQ PCDFs
Total TEQ PCDD/Fs

6.5
2.6
9.4

8.8
6.0
15.0

p
***
***
***
***

***
***
***
***
***
***
***

**
***
***

ST
adj. GM
1.4
5.0
2.3
8.8
2.7
10.7
70.6
0.3
1.0
8.5
19.2
10.8
0.2
1.2
11.6
1.0
0.5
8.0
6.0
14.1

p
**
***
***
***
***

***
***
***
***
***
***
*

***
***

PC
adj. GM
1.4
4.6
2.2
7.6
3.0
14.4
67.1
0.6
1.9
7.3
15.9
9.3
0.4
1.6
16.2
1.7
1.1
7.4
5.3
12.7

p
*
***
**
**
***
**

***
***
***
***
***
***
***

***
*

Age
β
0.11
0.23
0.3
0.18
0.15
0.14
0.16
0.1
0.06
0.28
0.1
0.09
0.18
0.17
0.28
-0.04
0.16
0.18
0.17
0.18

p
**
***
*

***

*
*
***

*
*
*

Residency
β
p
0.39 ***
0.33 ***
0.19
*
0.34 ***
0.16
0.12
0.21
*

0.2
0.42
0.27
0.38
0.26
0.12
0.1

0.01
-0.05
0.08
0.11
0.11
-0.24
-0.03
0.08
-0.04
-0.16

0.16
0.41
0.45
0.43
0.44
0.13
0.31
0.44
0.21
0.1

0.39
0.08
0.31

**

***
***

R2

0.25
0.44
0.28

*: p<0.05, ** p<0.01, *** p<0.001
BH is the reference category; β: standardized coefficient; adj. GM: adjusted geometric mean

To our knowledge, this is the first report to compare dioxin levels in breast milk among the three main dioxin
hotspots in Viet Nam. We found that mothers living near the Bien Hoa and Da Nang airbase (Thanh Khe
residents) have higher TCDD levels than mother living far from Da Nang (Son Tra residents) and Phu Cat air
bases. However, in Da Nang, there was no difference in most of other PCDD/F congeners between Thanh Khe
and Son Tra. In addition, except TCDD, other PCDD/Fs congener levels were significantly lower in Bien Hoa
than other hotspots. These results suggest that these air bases might be a source for TCDD exposure, but not
other PCDD/F congeners.
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Introduction
In an operation by United States Armed Forces during from 1961 to 1971, large quantities of herbicides were
spayed in South of Viet Nam. These herbicides contained 2,3,7,8-tetraCDD, the most toxic congener of dioxin.
Several decades after herbicides spraying ceased, dioxin concentration in the environment and human remain
elevated in the sprayed areas. Recently, Tai et al. (2011) reported that breast milk samples from 520 nursing
mothers residing in areas including the hot spots as well as the sprayed and unsprayed areas were collected to
quantify the levels of dioxin. The total toxic equivalents of 2,3,7,8- substituted PCDDs/PCDFs in breast milk of
mothers living in the hot spots, Da Nang and Phu Cat, sprayed, and unsprayed areas were 14.10 pg/g lipid, 10.89
pg/g lipid, and 4.09 pg/g lipid for primiparae and 11.48 pg/g lipid, and 7.56 pg/g lipid, and 2.84 pg/g lipid for
multiparae, respectively, with significant differences in the values among the three areas. In these hot spots,
dioxin levels were highly correlated with the residency of mothers after adjustment for their age and parity.
However, recent dioxin levels of people living in the biggest hot spot in Vietnam, Bien Hoa still remain unclear.
Therefore, in a hot spot of dioxin contamination in Bien Hoa city, southern Viet Nam, we have recently set up a
cohort including 216 newborns delivered at the Dong Nai General Hospital in September to December in 2012
to investigate dioxin and nonorthor PCBs levels in mothers’ breast milk. We investigated characteristics of
dioxin and nonnorthor PCBs exposure in this contaminated area compared with another contaminated area and
an unsprayed area in Viet Nam.
Abbreviation:
PCB: polychlorinated biphenyls,
2,3,7,8-tetra CDD: 2,3,7,8- tetrachlorodibenzo-p-dioxin,
PCDDs/PCDFs: polychlorinated dibenzodioxins and polychlorinated dibenzofurans,
TEQ: total toxic equivalents.
Materials and methods
Subjects and locations: Mothers living near Bien Hoa and Da Nang airbases were enrolled. These airbases were
used to store herbicides during the Viet Nam war and were recently considered hot spots of dioxin contamination.
In Bien Hoa, 216 mothers living in 10 communes around Bien Hoa airbase and delivered their newborns in
Dong Nai General Hospital and in Thanh Khe District, Da Nang, 147 mothers living within 3 km of Da Nang
airbase and delivered their newborns in Thanh Khe District Hospital. For control subjects in unsprayed area, 54
primiparae mothers living in Kim Bang District, Ha Nam province in north Viet Nam were selected.
Breast milk collection and dioxin measurement: When their infants became around 1 month old, maternal
breast milk samples were collected by commune medical staffs to measure dioxin (7 PCDDs and 10 PCDFs) and
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nonorthor PCBs levels in Kanazawa Medical University, Japan. We compared dioxin and nonorthor PCBs levels
of mothers in Bien Hoa with those in Kim Bang and another hot spot, Thanh Khe. Approximately 10 mL of
breast milk were used to quantify the level of 17; 2,3,7,8- substituted PCDDs/PCDFs and nonorthor PCBs
congeners. After extraction, the lipid content was determined before 2,3,7,8- 13C- labeled substituted
PCDDs/PCDFs (DF-LCS-A40, Wellington Inc., Ontario, Canada) and 13C –labeled nonorthor PCBs (EC-5324,
Cambridge Isotope Laboratories, Inc., Otsuka, Takushima, Japan) were added as internal standards. A series of
purifying operations including chromatography on a multilayered silica gel column was performed. A singlelayered column of activated carbon was used to separate and collect PCDDs/PCDFs fraction. The final extracted
solution was concentrated by evaporation and then spiked with 20 μL of nonan containing 40 pg each of 13Clabeled 1,2,3,4- tetra CDD and 13C- labeled 1,2,7,8- tetra CDF for dioxin and 13C labeled TeCB#70, 13Clabeled PeCB#111, 13C-labeled HxCB#138, 13C-labeledHpCB#178 for dl-PCB. Quantification was performed
using a gas chromatograph (HP-6980; Hewlett- Packard, Palo Alto, CA) equipped with high-resolution mass
spectrometer (HR-GC/MS; MStation-JMS700, JEOL, Tokyo) operating in the selected ion monitoring mode.
Seventeen congener of PCDDs/PCDFs were quantified and lipid-base calculated. TEQ of PCDDs, PCDFs, and
PCDDs/PCDFs, and nonorthor PCBs were calculated by multiplying each congener concentration with its toxic
equivalent factors referenced form the WHO 2005-TEF and adding up the values. The values of the
concentration of congeners below the detection limits were set to equal half the detection limits.
Results and discussion
Results: Table 1 shows comparisons of 7 PCDDs, 10 PCDFs, 4 nonorthor PCB levels and 5 TEQs of PCDDs,
PCDFs, PCDDs/Fs, non-orthor, and all PCDDs/Fs/PCB in primiparae. The levels of 2,3,7,8-tetraCDD in Bien
Hoa and Thanh Khe were higher than that in Kim Bang. However, 2,3,7,8-tetraCDD in Bien Hoa was not
different from that in Thanh Khe. The levels of 1,2,3,7,8-pentaCDD, 1,2,3,4,7,8-hexaCDD, 1,2,3,6,7,8hexaCDD in Thanh Khe were higher than those in Bien Hoa and Kim Bang, but 1,2,3,7,8,9-hexaCDD,
1,2,3,4,6,7,8-heptaCDD, OctaCDD and 2,3,7,8-tetraCDF in Thanh Khe were similar to those in Bien Hoa. The
levels of 1,2,3,7,8-pentaCDF, 2,3,4,7,8-pentaCDF, 1,2,3,4,7,8-hexaCDF, 1,2,3,6,7,8-hexaCDF, 2,3,4,6,7,8hexaCDF, 1,2,3,4,6,7,8-heptaCDF and 1,2,3,4,7,8,9-heptaCDF in Thanh Khe were higher than those in Bien Hoa.
However, OctaCDF in Bien Hoa was higher than that in Thanh Khe and Kim Bang, Three dioxin TEQs in Thanh
Khe were higher than those in Bien Hoa. We compared 4 nonorthor PCB isomers between Bien Hoa and Kim
Bang. Concentrations of TetraCB#77, TetraCB#81, PentaCB#126, HexaCB#169 and TEQ- nonorthor PCB in
Bien Hoa were lower than those in Kim Bang.
Similarly we compared PCDDs and PCDFs, and 3 TEQs of PCDD, PCDFs in multiparae between Bien Hoa and
Thanh Khe and showed results in Table 2. Concentration of 2,3,7,8-tetraCDD in Bien Hoa was higher than that
in Thanh Khe. In contrast, almost isomers of PCDDs and PCDFs except 2,3,7,8-tetraCDF in Thanh Khe were
higher than those in Bien Hoa. But 1,2,3,7,8,9-hexaCDF and OctaCDF in Bien Hoa were higher than those in
Thanh Khe.
To clarify the relationships of dioxins and nonorthor PCBs with the mothers’ age and residency of primiparae
and multiparae in Bien Hoa, multiple linear regression analysis was performed, and results were shown in Table
3. In primiparae, 2,3,7,8-tetraCDD, 2,3,4,6,7,8-hexaCDF, TEQ-PCDDs/Fs and TEQ-PCDDs/Fs/PCBs were
related with age and 2,3,7,8-tetraCDD, 1,2,3,7,8-pentaCDD, 1,2,3,4,7,8-hexaCDD, 1,2,3,6,7,8-hexaCDD, TEQPCDDs, TEQ-PCDDs/Fs and TEQ-PCDDs/Fs/PCBs were correlated with residency. In multiparae, 1,2,3,7,8pentaCDD, 1,2,3,6,7,8-hexaCDD, 1,2,3,7,8,9-hexaCDD, 2,3,4,7,8-pentaCDF, TEQ-PCDDs, TEQ-PCDFs, TEQPCDDs/Fs, PentaCB126, HexaCB169 and TEQ- PCDDs/Fs/PCBs were significantly related with age, but only
1,2,3,6,7,8-hexaCDD and HexaCB#169 were significantly correlated with residency.
Discussion: The present study illustrated 2,3,7,8-tetraCDD concentration in Bien Hoa was the
highest, and approximately 4.5-fold higher, and 2,3,7,8-tetraCDD concentration in Thanh Khe
was 3.5-fold higher than that in the unsprayed area, suggesting 2,3,7,8-tetraCDD was more
abundant in Bien Hoa. In addition, the level of TEQ-PCDDs/Fs in Thanh Khe was approximately
4-fold higher, and TEQ-PCDDs/Fs in Bien Hoa was 3-fold higher than that in the unsprayed area.
The level of 2,3,7,8-tetraCDD contribution was 25% of total dioxin TEQ in Bien Hoa and higher
than that in Thanh Khe (13%), although it was still much less than that in a previous study (90%).
In contrast nonorthor PCBs concentration and nonorthor PCBs-TEQ in Bien Hoa were lower than
those in the unsprayed area, suggesting no contamination of dioxin like PCB in Bien Hoa. These
results suggest that Bien Hoa is the hot spot of dioxin contamination to which 2,3,7,8-tetraCDD
contributes more than a hot spot in Da Nang .
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Table 1 Comparisons between levels of dioxins and nonorthor PCBs in breast milk of primiparae among two hot
spots and unsprayed area in Viet Nam

pg/g lipid
2,3,7,8-tetraCDD
PCDDsTEQ
PCDFsTEQ
PCDDs/FsTEQ
TEQ-NonorthoPCBs

Hot spot

Unsprayed area

Da Nang Hot spot

Bien Hoa (BH)

Kim Bang (KB)

Thanh Khe (TK)

N= 77
N= 54
N= 43
P-value
Mean SD Mean
SD
Mean
SD BH-KB BH-TK KB-TK
0.168 0.000
2.55
2.14
0.57
1.75
1.97
1.89 0.000
0.417 0.000
7.37
1.69
1.99
1.54
8.33
1.60 0.000
0.000 0.000
2.64
1.47
1.41
1.32
5.83
1.62 0.000
0.000
0.003 0.000
10.27
1.59
3.46
1.37 14.29
1.57
0.007
1.53
1.58
1.87
1.41
0.000
12.10
1.53
5.41
1.33

TEQ-PCDDs/Fs/PCBs
N: number of subejcts, SD: standard deviation
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DIOXIN EFFECTS ON INFANT DEVELOPMENT
FROM NEWBORN UNTIL 3 YEARS OF AGE
Tai PHAM THE 1*, Muneko NISHIJO 2, Hideaki NAKAGAWA 2, Shoko MARUZENI 2, Nguyet Anh
NGUYEN THI 2, Luong HOANG VAN1, Anh TRAN HAI1, Nghi TRAN NGOC 2, Yuko MORIKAWA 2,
Teruhiko KIDO3, Hisao NISHIJO4
Biomedical and Pharmaceutical Research Center, Vietnam Military Medical University, Ha Noi, Vietnam;
Department of Public Health, Kanazawa Medical University, Uchinada, Japan; 3 Division of Health Sciences,
Graduate School of Medical Science, Kanazawa University, Kanazawa, Japan; 4 System Emotional Science,
Graduate School of Medicine, University of Toyama, Toyama, Japan
1
2

Key words: dioxins, infant development, Baley-Ϫ.
Introduction
Perinatal dioxin exposure affecting infant development has been reported in recent studies. Brain development
during the fetal and infant periods is highly sensitive to environmental neurotoxicants, often at levels far below
those that are known to harm adults. Polychlorinated biphenyls (PCBs) and dioxins are of particular concern due
to their adverse impact on infant health. These neurotoxicants are persistent in the environment, and are highly
lipophilic. As a result, nursing mothers may expose their infants to PCBs and dioxins through breast milk, which
is exceptionally rich in lipids. Even though it is highly nutritious for infants, breast milk is the primary source of
postnatal exposure to PCBs and dioxins in early infancy.
Infant body size at birth has been suggested as a good marker of fetal development. Growth in the neonatal
period is also affected by fetal condition. Previously, in the Netherlands and Japan, small body size at birth and
slightly delayed neurodevelopment in early life have been reported in infants exposed to dioxins and
polychlorinated biphenyls (PCBs) at background levels during pregnancy. Growth rate during infancy has also
been suggested to be affected by dioxins and PCB exposure during the pre and postnatal periods.
Since 2008, we set up a mother-infant cohort in Da Nang, Vietnam. We found that perinatal dioxin exposure
caused adverse effects on neuro-physical development of infants at 4 months old [1, 2]. Then, the development
of infants was observed at certain ages until 3 years old, and cross sectional results at 3 years old of effects of
dioxin exposure on infant neurodevelopment have been reported in our previous report [3].
Materials and methods
Study area and subjects: The study involved mother-infant pairs at baseline living near the former U.S. Air
Force base at Da Nang, a hot spot of dioxin contamination. The Thanh Khe and Son Tra districts of Da Nang
city are located about 5-10 km from the airbase and were thus chosen as the location for the present study. A
total of 241 mother-infant pairs (159 pairs in Thanh Khe and 82 pairs in Son Tra) were enrolled at baseline.
Mothers and infants were followed from birth until infants were 3-years old.
Dioxin measurement: Dioxin levels in breast milk were measured to estimate the perinatal dioxin exposure,
including the infant daily dioxin intake via breastfeeding (DDI). A breast milk sample was collected from each
nursing mother at 1 month after birth and was used to quantify the levels of 17 different 2,3,7,8-substitued
polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs) congeners. Toxic
equivalent factors for use in calculating the toxic equivalents (TEQ) of PCDDs (PCDDs-TEQ), PCDFs (PCDFsTEQ), and PCDDs/PCDFs (PCDDs/PCDFs-TEQ) were referenced from the WHO 2005-TEF [4].
Neurodevelopmental examination: Infant neurodevelopmental parameters, including cognitive, language, and
motor domains were assessed at approximately 4 months, 1 year and 3 years old using the third edition of
Bayley Scales of Infant and Toddler Development (Bayley-III). Physical development including weight, length,
head and abdominal circumference and body mass index (BMI) were measured at birth, 1 month and 4 months
of age and 3 years old.
Data analysis: Subjects were divided into four groups, moderate and high exposure groups, according to levels
of 2,3,7,8- tetrachlorodibenzo-p-dioxin (TCDD), polychlorinated dibenzo-p-dioxins/furans toxic equivalent
(PCDDs/Fs-TEQ) and DDI via breastfeeding, and neurodevelopmental scores were compared longitudinally
from 4 months, 1 year and 3 years old. At this time, cut-off values of TCDD, PCDDs/Fs-TEQ, and DDI were 3.5
pg/g fat, 17.6 pg-TEQ/g fat, and 118.2 pg/kg/day, respectively.
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Mixed model repeated measure was used for calculation after adjusting for parity (primipara or not), parental
age and educational period (years), alcohol drinking during pregnancy (yes/no), family income, family smoking
(yes/no), and gestational weeks.
Results and discussion
In boys, there was no significant difference of neurodevelopmental scores by Bayley-III between high and
moderate TCDD and DDI exposure groups. However, cognitive, language, and motor scores in high PCDDs/FsTEQ were significantly lower compared with moderate exposure group in boys.
However, in girls, score of expressive communication in high TCDD group was significantly lower than that in
moderate TCDD group. Also, receptive communication score in high DDI group was significantly lower
compared with moderate DDI group.
For validity of the study, the present study has to be interpreted within the context of its limitations. One
limitation is the method to test neurodevelopment, Bayley-III. As Bayley-III was developed and standardized for
infants in the United States but not for Vietnamese infants, we could not judge the developmental levels of
individual infants based on the scores of this test. However, all infants in the present study were tested by the
same examiner who was well trained for Bayley-III. Therefore, the comparison among the infants within this
population and the regression analysis between the levels of dioxin exposure and test scores should be reliable.
The other limitation is that we measured only dioxins to analyze the relationships with neurodevelopment of
infants. Even though these subjects stay in “hot spot” of dioxin contaminations and are pronounced for dioxin
exposure, they may also experience daily exposure with other environmental neurotoxicants such as PCBs.
However, dioxin like (dl-)PCB-TEQs in the four samples was 12.8% (3.9 pgTEQ/g fat) of total TEQ, which is
lower than that (38.1%; 2.1 pgTEQ/gfat) in 12 samples collected in northern Vietnam, suggesting that mainly
PCDDs/Fs contribute to dioxin toxicity.
Conclusion: These results suggest that perinatal dioxin exposure affects infant neurodevelopment longitudinally
from birth to 3-year old. Particularly, neurodevelopment of all domains became poor in highly exposed boys to
dioxins, but effects of dioxins were limited to communication skills in highly exposed girls.
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Introduction
Between 1962 and 1971, the United States Air Force sprayed approximately 107 million pounds of herbicides in
South Vietnam for the purpose of defoliation and crop destruction in a program code-named Operation Ranch
Hand1. During the course of this operation, hundreds of thousands of U.S. service personnel and millions of
Vietnamese were exposed to the chemicals in the air, water, and soil and through food raised on contaminated
farms2. Agent Orange is known to affect immune system, reproduction, nervous system, and changing steroid
hormone levels. Most studies on the adverse health effects induced by herbicide/dioxin have been focused on
American veterans, whereas there are few studies concerning the relationship between dioxin and health effects
in Vietnamese. Since 2002, we have been continuously researching the dioxin and health in Vietnam. Recently,
we have ficused the steroid hormone as an early indicator of dioxin-induced health effects. The aim of this study
is therefore to review our results on three different Vietnamese subjects such as Vietnamese lactating women, their
infasnts and elder men in hot-spot and non-sprayed areas.
Ϩ. The relationship between breast milk dioxin and steroid hormone in Vietnamese lactating women
Materials and methods
Two areas, namely Phu Cat (hot-spot) and Kim Bang (non-exposed area), were selected for study. The study
subjects consisted of 51 and 58 women, respectively. Saliva, blood and breast milk samples were collected from
subjects in both areas. Cortisol, cortisone, dehydroepiandrosterone, androstenedione, estrone and estradiol levels
in serum and saliva were determined by liquid-chromatography/tandem mass spectrometry (LC-MS/MS); dioxin
levels in breast milk were measured by gas-chromatography-mass spectrometry (GC-MS).
Results and discussion
The dioxin concentration in breast milk from women in the hot-spot area was 3-4 times higher than in women
from the non-exposed area (Table 1). Good correlations were found between the levels of six steroid hormones
in saliva and those in serum, respectively. Salivary and serum cortisol and cortisone levels in women from the
hot spot were significantly higher than in those from the non-exposed area (P<0.001) (Table 2, 3) and those in all
subjects were positively associated with dioxin levels in Vietnamese women (P<0.01) (Fig.1). These results
suggest that dioxin influences steroidogenesis in humans. Saliva sample can be used for hormone analysis and
are therefore excellent specimens in epidemiological studies.
Table 1 Dioxin levels in breast milk of lactating mothers in dioxin hot-spot and non-exposed areas
Hot-spot area (n = 51)
Non-exposed area (n = 58)
p-value
TEQ PCDDs (pg/g lipid)
6.29 ( 4.86 – 8.88)
1.87 (1.28 – 2.91)
0.0001a
TEQ PCDFs (pg/g lipid)
4.44 (3.07 – 6.00)
1.41 (1.10 – 1.78)
0.0001a
TEQ total PCDDs+PCDFs (pg/g lipid) 11.04 (8.02 – 14.90)
3.15 (2.43 – 4.61)
0.0001a
Notes: Data are shown as median (inter – quartile range)
a
Wilcoxon Signed Ranks Test
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Table 2 Steroid hormone levels in saliva of lactating mothers in dioxin hot-spot and non-exposed areas
Hot-spot area (n = 51)
Non-exposed area (n = 58)
p-value
Cortisol (ng/ml)
1.89 (1.30–3.16)
Cortisone (ng/ml)
10.8 (8.41–13.7)
DHEA (pg/ml)
154.7 (105.8–232.3)
A-dione (pg/ml)
56.6 (42.5–75.6)
Estrone (pg/ml)
1.20(0.58–2.10)
Estradiol (pg/ml)
0.22 (0.13–0.46)
Notes: Data are shown as median (inter–quartile range)
b
Wilcoxon Signed Ranks Test

1.10 (0.70–1.90)
7.74 (5.46–10.6)
133.8 (104.1–189.6)
55.5 (45.8–74.6)
0.84 (0.62–1.47)
0.18 (0.10–0.33)

0.0001a
0.0001a
0.223a
0.923a
0.146a
0.27a

Table 3 Steroid hormone levels in serum of lactating mothers in dioxin hot-spot and non-exposed areas
Hot-spot area (n = 51)
Non-exposed area (n = 58)
p-value
Cortisol (ng/ml)
94.2 (71.9 – 141.6)
66.3 (52.2 – 103.8)
0.0001b
Cortisone (ng/ml)
26.7 (22.1 – 30.8)
22.0 (17.2 – 27.6)
0.003b
DHEA (pg/ml)
4566 (3158 – 6493)
4446 (3319 – 6617)
0.753b
A-dione (pg/ml)
1484 (1098 – 2070)
1650 (1259 –2172)
0.155b
Estrone (pg/ml)
23.7 (13.8 – 38.3)
26.2 (19.0 – 45.3)
0.176b
Estradiol (pg/ml)
21.3 (11.2 – 37.0)
21.9 (11.9 – 39.5)
0.888b
Notes: Data are shown as median (inter-quartile range)
b
Wilcoxon Signed Ranks Test

Fig. 1 The correlation between cortisol (A), cortisone (B) concentration in saliva and dioxin level in breast
milk in dioxin hot-spot and non-exposed areas
ϩ. The relationship between breast milk dioxin and steroid hormone in Vietnamese infants
Materials and methods
Two areas, namely Phu Cat (hot-spot) and Kim Bang (non-exposed area), were selected for study. Breast milk
samples were obtained from lactating females aged between 20 and 30 years from both districts in September
2008, who had recently given birth to their first or second children aged from 4 to 16 weeks. In August 2011,
about 0.25-0.8 ml of saliva samples of their infants who grew up about 3 years old were collected in the morning
(between 8:00 and 10:00 AM) by using hormone free cotton. One hundred and eleven infants (52 from Phu Cat
district and 59 from Kim Bang district) participated.
Another study was performed on lactating mothers and their children at Bien Hoa in 2010 and collecting saliva
from 33 of 1 year children in 2011. As controls, the similar studies were done from 44 mothers and their children
in Kim Bang district in 2011 and 2012.

─ 140 ─

Results and discussion
Comparison of salivary steroid hormone of 3 year infants in hot spot and non-exposed area divided by sex was
shown in Table 4. Salivary dehydroepiandrosterone (DHEA) of both sexes was significantly lower in hot spot
than non-exposed area.
Relation between dioxin in breast milk and each steroid hormone in saliva divided by sex was shown in Fig.2.
Significant negative correlation between dioxin in breast milk and DHEA was shown in both sexes after
removing of one or two distant values although no significant relationship was found between dioxin in breast
milk and cortisone or cortisol. This is the first report to find out that dioxin induces the inhibition of DHEA
synthesis in infants.
In case of 1 year infants, opposite results are shown and DHEA in Bien Hoa is significantly higher than nonexposed area. Significant positive correlation between dioxin in breast milk and DHEA was shown in both sexes.
We are seeking the mechanism of dioxin effects on DHEA. At least, dioxin can be called one of the endocrine
disruptors.
Table 4 Comparison of salivary steroid hormone of 3 year infants between hot-spot and non-exposed area

Male
Hot-spot area (n=29)
Indicators

Median (inter-quartile range)



Non-exposed area (n=27)
Median (inter-quartile range)

p Value

Cortisone (ng/mL)

3.32 (1.83-5.17)

2.88 (2.02-4.36)

0.48 1)

Cortisol (ng/mL)

0.49 (0.22-0.86)

0.37 (0.2-0.58)

0.25 1)

DHEA (pg/mL)

39 (30-60)

69 (34-102)

0.02 2)*



Female


Hot-spot area (n=23)

Non-exposed area (n=32)

Median (inter-quartile range)

Median (inter-quartile range)

p Value

Cortisone (ng/mL)

2.74 (1.32-6.0)

3.14 (2.04-3.83)

0.7 1)

Cortisol (ng/mL)

0.39 (0.21-0.98)

0.39 (0.25-0.66)

0.85 1)

Indicators

DHEA (pg/mL)
32 (25-55)
77 (54-118)
<0.001 2)***
Note: Hormone levels were transformed into log10 to improve normality first. After checking normal
distribution by good-of-fitness, only DHEA have normal distribution in both areas. 1) Wilcoxon rank sum test, 2)
t-test

Fig.2 Association of dioxin in breast milk of mothers and dehydroepiandrosterone (DHEA) in saliva of
their 3 year old infants
Ϫ. The relationship between dioxin and steroid hormones in serum of Vietnamese men
Materials and methods
Between 2010 and 2011, men with age from 55-80 in Phu Cat district (n=97) and Kim Bang district (n=85) were
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recruited. Five ml serum was collected to analyze dioxin by Shimadzu Techno-Research Inc., Kyoto, Japan.
Among them, steroid hormone was analysed from 48 men in Phu Cat Phu Cat and 36 men in Kim Bang. Table 5
shows the testosterone, dehydroepiandrosterone (DHEA), and estradiol levels were significant differences
between the hotspot and non-sprayed areas, whereas cortisol, cortisone, progesterone, dihyotestosterone (DHT),
androstenedione and estrone were not significant differences between the two areas.
Table 5 Comparison of serum steroid hormone in male between hot-spot and non-sprayed areas
Hotspot area

Non-sprayed area

(n=48)

(n=36)

p-value

Characteristics
Cortisol(Mean±SD)

(ng/mL)

81.8 ± 31.9

81.3 ± 31.3

0.941

Cortisone(Mean±SD)

(ng/mL)

15.4 ± 4.6

15.6 ± 3.3

0.784

Progesterone(GM GSD)

(pg/mL)

38.0 1.8

41.9 1.7

0.575

Dihyotestosterone(GM GSD)

(pg/mL)

615.2 1.5

548.3 1.4

0.179

Testosterone(GM GSD)

(pg/mL)

6309.6 1.4

5395.1 1.4

0.029

Dehydroepiandrosterone(Mean±SD)

(pg/mL)

1388.2 ± 550.0

1727.6 ± 717.6

0.016

Androstenedione(GM GSD)

(pg/mL)

1552.4 1.5

1671.1 1.4

0.358

Estradiol(Mean±SD)

(Pg/mL)

12.5 ± 4.1

10.8 ± 3.3

0.042

Estrone(Mean±SD)

(Pg/mL)

28.4 ± 8.2

30.1 ± 9.2

0.366

Student’s t-test
SD: standard deviation, GM: geometric mean, GSM: geometric standard deviation
Results and discussion
There was a significant correlation between estradiol and PCDDs, PCDDs+PCDFs, and PCDD/DFs+PCBsTEQ
levels in the hotspot and non-sprayed areas. However, there was not significant correlation between estradiol and
TEQ dioxins levels, after adjusted for age, BMI, present job, and smoking habit in the hotspot and non-sprayed
area .
This is the first study concerning the relationship between dioxins and steroid hormones in Vietnamese men. Our
previous study reported that salivary cortisol and cortisone were associated with breast milk dioxin levels in
Vietnamese primipara3, 4. However, this present study found no significant correlation between testosterone,
dehydroepiandrosterone (DHEA), and estradiol and dioxins levels, after adjusted for age, BMI, present job, and
smoking habit in the hotspot and non-sprayed area. The steroidogenesis is influenced by dioxin more likely to the
primiparae and their infants rather than man. This study was based on a small number of Vietnamese men. Further
studies will be needed to verify it with a larger sample size in the future.
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Introduction
Recently, air pollution problems from smog in the Upper Northern Region in Thailand has become more
serious, due to biomass open burning in that area for agricultural propose, collecting wild mushroom and hunting
wildlife, and also expand of agricultural land. The study of development of low cost innovative “Smoke-free
Biochar Production Reactor” has been carried out by the Environmental Research and Training Centre,
Department of Environmental Quality Promotion since 2012 under the Departmental policy in order to solve out
air pollution problem from open burning.
Materials and Methods
1. Materials
Used oil barrel 2 tanks, 1.3 mm steel sheets, steel rods, welding machine, puncture machine, flue gas emissions
tester TESTO Model 330-2LL, and safety equipment
Toxic stainless tube, tedlar bag, thermal desorption-gas chromatography/mass spectrometer
2. Methods
2.1 Reactor designed, built, and test runs
(1) Basic Design
The basic design was drawn with the concept of natural updraft flow and no energy input. Combination
of three types of thermochemical biomass conversion technologies, i.e., combustion, pyrolysis and gasification are
used in that reactor to burn the biomass by means of very low emissions of hazardous organic vapours and gases.
The downward pyrolysis process was used in this reactor to produce charcoal from biomass wastes.
(2) Steel Model Built and Test Run
The steel model was constructed using food tin and steel sheet. Then the model was tested for biomass
wastes. Emission gases were measured using Flue gas emissions tester TESTO Model 330-2LL for O2, CO, CO2,
NO, and NOx.
(3) Reactor Designed, Built and Test Run
Detailed design of the low cost innovative “Smoke-free Biochar Production Reactor” was drawn, then
the reactor was built.
The innovative “Smoke-free Biochar Production Reactor” is a reactor of which has been built from steel.
That reactor has three major components, i.e., the lower oven, the upper oven, and the chimney. When join those
three components together, will get the “Smoke-free Biochar Production Reactor” which has a unique shape of
rocket-like.
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The lower oven has two parts, the outer lower oven, and the inner lower oven. There is no insulator
between those two parts. The outer lower oven has the upper door and the lower door. That outer lower oven has
series of holes as air inlet. The inner lower oven has series of holes on the top part of the side of the oven. The
inner lower oven will be used as biomass waste container. That inner lower oven will be placed on the steel stand,
of which has two grills inserted. Those grills could be pulled out for removing charcoal out of the oven.
Combustion and pyrolysis processes will be occurred in the inner lower oven. The upper oven, which has
cylindrical shape, has series of holes, as air inlet, at the top and bottom parts of the oven. The pyrolytic vapours
from the lower oven will be burnt in the upper oven as gasification process occurs.
That “Smoke-free Biochar Production Reactor” has a chimney, of which has high efficiency for trapping
fine particles and fly ash. When those three parts of the reactor were joined and work together for burning biomass
wastes to produce charcoal, emissions from biomass burning in that reactor are investigated. Development of each
parts of the innovative Smoke-free Biochar Production Reactor has been carried out and proven, in order to get
the optimum condition, of which has given lowest emissions of harmful chemicals.
2.2 VOCs Analysis
During development of that innovative “Smoke-free Biochar Production Reactor”, emissions from
biomass burning in the reactor were measured and compared to traditional open burning.
Volatile organic compounds (VOCs) emissions from the reactor have also been studied. Measurement
of VOCs samples were collected under two conditions; downwind ambient air of biomass open burning and stack
sampling (from the chimney of the Smoke-free Biochar Production Reactor). Ambient VOCs samples were
collected using active sampling onto air toxic stainless tubes at a constant flow rate of 50 ml/min for 45 min (EPA
Method TO-17). The air toxic stainless tube size was ¼ inch O.D., and 3.5-inch long tube (Supelco). For stack
sampling, VOCs were collected from the centroid of the stack using Tedlar bag which is filled by evacuating the
rigid air tight container that connected to the Pyrex glass probe (Method 18). All samples were analysed using
thermal desorption (Mark)-gas chromatography/ mass spectrometer (Shimadzu QP5000). Comparison of VOCs
concentration between Smoke-free Biochar Production Reactor and biomass open burning were investigated.
2.3 Invention Patent Registered
After scientific proving for the efficiency of the innovative “Smoke-free Biochar Production Reactor”,
the Inventor (Nittaya Nugranad Milne) has transferred the ownership of the intellectual property to the
Department of Environmental Quality Promotion, in order to submit an application form for registration of
Invention Patent to the Department of Intellectual Property, Ministry of Commerce, Thailand, on 6 th February
2013. At present, it is in the process of 5-year checking of worldwide invention for any duplication or claim of
ownership of the similar special characteristics of this innovation.
Results and Discussions
The detailed design of the innovative “Smoke-free Biochar Production Reactor” is shown in
Figure 1. The results of test run for biomass wastes burning in the reactor compared to open burning are shown
in Figures 2, 3, and 4.
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Figure 1 Smoke-free Biochar Production Reactor

Carcinogenic VOCs
Conc.
(μg/m3)

6000
4000
2000
0

Benzene
Smoke-free
1,2-Dichloropropane
Biochar
Tetrachloroethylene Production
Styrene
Reactor

Biomass
open
burning

Evaporative
emission of
gasohol

Figure 2 Concentrations of carcinogenic VOCs from biomass burning in the
“Smoke-free Biochar Production Reactor” compared to biomass open burning,
and evaporative emission of gasohol from car.
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Figure 3 Concentrations of non-carcinogenic VOCs from biomass burning in the
“Smoke-free Biochar Production Reactor” compared to biomass open burning,
and evaporative emission of gasohol from car.
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Figure 4 Concentrations of VOCs from stack sampling of the “Smoke-free Biochar
Production Reactor” compared to biomass open burning.
It has been found that burning biomass in the “Smoke-free Biochar Production Reactor” could help
reducing emissions of carbonmonoxide, carbondioxide, and nitrogen oxides gases at the percentages of 97-98, 3037, and 50-78, respectively, compared to open burning. Analysis of atmospheric concentration of carcinogenic
volatile organic compounds (VOCs) upwind and downwind using GC-MS confirmed that, benzene could be found
at an average of only 0.28 Pg/m3, whilst 1,2-dichloropropane, tetrachloroethylene and styrene were not found.
When compare to VOCs from biomass open burning, the benzene, 1,2-dichloropropane, tetrachloroethylene and
styrene were found significantly at the average quantities of 1,170, 4,850, 217, 263 Pg/m3, respectively.
The results from stack sampling of VOCs has indicated that the “Smoke-free Biochar Production Reactor”
could significantly reduce emissions of benzene 38 times, toluene 66 times, ethylbenzene 14, and m, p-xylene 11
times, when compared to traditional biomass open burning.
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Introduction
Groundwater from big river deltas in Asian countries often contain arsenic (As), iron (Fe), manganese (Mn) and
ammonia originating mostly from natural geological layers. The dominant forms of As in groundwater are
arsenite (As(III)) and arsenate (As(V)), and As(III) is often more abundant than As(V) in the anoxic
underground environment. The use of water containing As has created various health problems in the affected
regions such as Bangladesh, India, Taiwan, and Mongolia, giving top priority to the R & D of low-cost removal
technology applicable to both As(III) and As(V).
For the waters with a high As(III) concentration, pre-oxidation to convert As(III) to As(V) is a prerequisite for
the removal of As1. This is because in freshwater of pH < 9, As(III) principally exists as H3AsO3, an uncharged
molecule which cannot be adsorbed to adsorbents through electrostatic interactions. The rejection of As(III) in
reverse osmosis and nano-filtration is low because of the lack of electrostatic repulsion and the small size of the
molecule. Oxidants that have been investigated and used so far include chlorine, ozone, permanganate, and
manganese oxide. But the treatment technologies that need treatment chemicals are often not sustainable in the
developing countries seriously affected by groundwater As contamination.
We have worked on the development of a biological filtration (BF) system utilizing the indigenous iron
oxidizing bacteria to remove As from groundwater containing ferrous iron (Fe(II)). Since most of the As
contaminated groundwaters in Asia also contain Fe(II) , the technology is widely applicable. After pilot tests in
Japan and Vietnam2,3, we recently installed the BF system as an actual drinking water treatment plant in a rural
village in HaNam Province, Vietnam (in operation since April, 2012). The principle of the treatment in the BF
system is the formation and precipitation of iron oxides by biological oxidation of Fe(II), and adsorption of As
on the precipitated oxides. The resultant Fe oxide with As sorbed on it is removed from the filtration unit by
back washing. Feeding of the raw water for treatment also serves to acclimate the filter with indigenous iron
oxidizing bacteria. Consequently, the same filter media can be used for a long time by backwashing them
repeatedly. The most significant merit of this system is the low running cost, since no treatment chemicals are
needed for removal of Fe and As, and regular exchange of expensive consumables is not necessary.
In the case of BF, removal of As(III) was possible without a pre-oxidation step, e.g. in the pilot test conducted in
Vietnam, average arsenic removal exceeding 80 % was obtained for groundwater containing virtually no As(V)
and spiked with As(III) to make total arsenic concentration maximum 0.17 mg/L. To prove this point, we have
conducted the long-term on-site monitoring of As(III) and total As concentration in BF treatment system using
anodic stripping voltammetry (ASV) for As(III) analysis, atomic absorption spectrometry (AAS) for total As
analysis, and inductively couples plasma- mass spectrometry (ICP-MS) and HPLC-ICP-MS for determination of
total As and As speciation, respectively. In order to investigate the removal mechanisms of As(III), we
determined the valence state of As adsorbed to the Fe hydroxide formed by the microbial oxidation in BF system
by X-ray absorption fine structure (XAFS) analysis at the synchrotron radiation facility SPring8 (Hyogo
Prefecture, Japan). The purpose of the present report is to summarize the results of these studies, and clarify the
reason why As(III) can be removed in BF system without pre-oxidation of As(III) to As(V).
Materials and methods
The BF test unit was installed in Kyoto Prefecture, Japan and Thuong Tin District, Hanoi, Vietnam. In the test
site in Kyoto, the raw water was collected from wells drawing water from the Osaka group. Average
concentrations of As Fe, and Mn in the well water used in Kyoto were 0.029, 2.0 and 0.56 (mg/L) respectively,
during the period of year 2004 to 2009, and 48±18% of the As was As(III) according to ASV analyses. The raw
water quality in Kyoto changed in 2014 with respect to As, i.e., typical As concentration came down to c.a.
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0.01mg/L. The raw water from the pilot test site in Vietnam contained 8.8 ±2.9 mg/L Fe, 0.058±0.008 mg/L As
(90 % was As(III)), and 0.12±0.11 mg/L Mn (average ±standard deviation for data from Nov. 19, 2009 to Nov. 5,
2010).
A schematic view of the pilot unit used in Kyoto is given in Figure 1. For pressurized filtration a PVC column of
0.2 m diameter was packed with filter media, and the backwash was programmed to take place periodically. LV
was 150 to 600 m/day. The filter bed height was 1.5m and several different kinds of filter media (hollow
cylindrical plastic filter, ceramic sand, etc.) were tested in different periods of time in Kyoto. In Vietnam, filter
bed height was 0.8 m, and the brick produced in the neighborhood, crushed and sieved to 3-5 mm or 1-3 mm
diameter was used as filter media. The pumps and electric control valves were controlled by the control board.
Since power shut down was frequent at the test site in Vietnam, a time totalizer counted the time when the raw
water pump was turned on and the backwash was programmed so as to take place only when raw water pump
fed water to the filter for a set period of time.
The ASV analysis was conducted on-site using a portable voltammetry instrument model PDV6000plus,
Modernwater, UK. The working electrode was glassy carbon plated with thin gold film and the electrolyte was
1M HCl + 17 g/L ascorbic acid. Deposition potential of As(III) on the working electrode was -300 mV, and
voltammograms were obtained by the potential sweep from -200 mV to 350 mV (vs. Ag/AgCl reference
electrode with internal solution 1 M KCl). Concentration of As(III) in the war samples was determined by
standard addition. The total As analysis was also conducted by ASV4 and the results were in good agreement
with those by hydride generation-AAS and ICP-MS.
An automated on-line ASV analysis system was installed in our pilot test site in Kyoto, and every 4 hr
monitoring for the concentrations of total As and As(III)t was started this year. The results are going to be
presented at the conference.
In our most recent experiment, LC-ICP-MS was used to determine As(III) and As(V) concentrations of the water
samples collected at the pilot test site and sent to the laboratory. Model 7700 ICP-MS and model 1200 Infinity
LC from Agilent were used for analysis. The samples were filtered by 0.45ȣm filter immediately after the
collection, and stored in the refrigerator until the analysis. The microbial oxidation of As(III) to As(V) in sample
was considered probable. But the sample proved to be stable for approximately 1 to 2 weeks if stored at 4 degree
Celsius, which was confirmed by analyzing the samples spiked with known amount of As(III) immediately after
it was collected and comparing the results with those of non-spiked samples.
To determine the relative percentages of As(III) and As(V) in Fe hydroxide formed by the microbial oxidation in
BF system, XANES (X-ray absorption near edge structure) spectra were obtained at the synchrotron x-ray
facility SPring8, Japan Synchrotron Radiation Research Institute (JASRI), Hyogo, Japan. The As K-edge
XANES data was collected in fluorescence mode over an energy range of 11532-13012 eV using a 19-element
Ge detector. Samples (1) to (4) in the following were subjected to batch sorption test in the water spiked with
As(III), and left at room temperature for 0.5, 2, 4 and 24 hrs before XANES analysis: (1) biologically formed
Fe oxides from BF (collected a few days before XANES analysis), (2) freeze dried Fe oxides from BF, (3) Fe
oxides from BF frozen by liquid N2 to deactivate the microbes in the Fe oxides, and (4) mixture of synthetic
minerals (goethite and MnO2), having elemental compositions similar to Fe oxides from BF. The Fe oxide
samples (1) to (3) were collected from a BF unit treating groundwater that does not contain As, and therefore it
did not contain As before being subjected to the sorption experiment. Since it turned out in our previous
experiment that As(III) in biologically formed Fe oxides, if kept at room temperature, can be oxidized during
XANES analysis, a cryostat was used to keep the sample at low temperature (180K or 20K) and prevent the
progress of oxidation during the measurement.
Results and discussion
Typical aqueous As(III) and As(V) concentrations profile in the BF pilot unit in Kyoto is shown in Fig.2. The
results are based on the analysis of water collected from the aeration tank (i.e., feed water for BF system), from
two sampling ports (upper half and lower half) on the filter unit, and treated water. The empty bed contact time
(min) were calculated for each of the sampling points and used as an abscissa of the graph. Figure2 (a) shows the
results from year 2009 (analysis by ASV) , and Figure 2(b) shows the results in May, 2014 (analyisis by LCICP-MS) after As concentration in the raw water became low. It is clear from Figure 2 that As was removed
from water in the upper half of the BF unit where most of Fe was removed rather than in the lower part. Also
notable was the fact that As(V) remained in the treated water rather than As(III), and As(III) appears to have a
higher removal rate than As(V). The result is contradictory to the conventional knowledge that As(V) is easier
to remove than As(III). Although As speciation analysis was conducted less frequently in Vietnam than in Japan,
the results from the pilot test in Vietnam showed a similar tendency.The implication of this finding is discussed
later.
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Relative abundances of As (III) and As(V) in Fe oxides versus the waiting time after the 1 hr of batch sorption
test (As(III) was sorbate and samples (1) to (4) described in the previous section were sorbents) are shown in
Figure 3. As for samples (1) and (2), most of the As in the sorbate was initially As(III). The percentages of
As(III) gradually decreased by oxidation to As(V) during the 24 hrs of waiting period at room temperature in
sample (1) while the extent of oxidation was smaller in sample (2). On the other hand, As(V) was more abundant
than As(III) in sample (3) from the beginning. Although not shown in the figure, the total amount of As sorbed
was smaller in freeze dried sample (3) compared to samples (1) and (2). In the case of sample (4), all the As
sorbed was oxidized to As(V) from the beginning probably due to the MnO2 in the synthetic mineral sample.
The results obtained suggest that As(III) in groundwater is initially sorbed to Fe oxides in BF unit as As(III),
and gradually oxidized to As(V) , due partly to the microbial activity as suggested by the faster rate of oxidation
in sample (1) compared to sample (2). The ability to sorb As(III) as it is partially lost for the Fe oxides in BF
when it is dried, as indicated by the lower As sorption in sample (3). Interestingly, As(III) oxidation after
sorption of As(III) occurs more rapidly in freeze dried sample compared to wet (not dried) samples (1) and (2).
Summarizing the findings above, the reason that As(V) rather than As(III) was found in the water treated by BF
(Figure 2) was probably the desorption of As(V) from Fe oxides. The source of As(V) on the Fe oxides was twofold, i.e., As(III) in the feed water adsorbed to Fe oxides as it was, and was oxidized to As(V) before the
subsequent backwashing, and As(V) in the feed water adsorbed to Fe oxides.
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Introduction
Thailand is an agricultural country and one of the world’s major food exporters. Several types of pesticides
including organophosphate (OP) and carbamate (CA) insecticides have been used widely by farmers in order to
control pests, diseases, weeds, and other plant pathogens for reducing or eliminating yield losses and preserve high
product quality for many years1. Although they have play an important role in increasing crop production and
ensuring food quality, some of them are not easily degradable, then remain in soil, leach to groundwater and surface
water, and contaminate animals. Due to their chemical properties, they can enter the organism, bioaccumulation in
food chain and lastly influence on human health. Thus, intensive insecticides use not results only in adverse effects
on human, but it also cause negative impact on environment 2.
OP and CA exposure can occur among people who contact with the chemicals directly and general
population is exposed via environment contamination. The exposure is consequently classified into 2 groups
consisting of occupational exposure and nonoccupational exposure. The occupational exposure occurs in their
workplaces directly through inhalation and dermal exposure, such as agricultural workers, pesticide manufacturing
industry workers, and pesticide exterminators etc. On the other hand, the nonoccupational or environmental exposure
occurs in any place where the exposure to the chemicals is not a result of the person’s career and can also be exposed
from living close to a workplace that uses insecticides. Moreover, the close contact with the chemicals could result in
ingestion of the chemicals by consumption of contaminated food, including fruits and vegetable that had been
sprayed while growing3. The OP and CA insecticides bind with the cholinesterase (ChE) enzyme and inhibit the
enzyme activity. This results in increasing the cholinergic effects of the neurotransmitter, acetylcholine in the body,
and depolarization of the neural transmission. Both red blood cell (RBC) ChE and pseudo (or serum) ChE activities
are deactivated by OPs and CAs. The serum ChE enzyme is inhibited more rapidly and is returned to normal within
60 days, using as an indicator for acute poisoning, while the RBC ChE activity is depressed less quickly and takes
several months to restore to its normal level. The RBC ChE enzyme is useful in evaluating long-term, or chronic,
exposure1, 3.
As the serum ChE enzyme is one of biomarkers for determination of insecticide effects, difference
instruments have been developed in case of screening the OP and CA exposure, such as reactive paper. Reactive
paper has been widely used to screen farmers who exposed to mixed pesticides because it is easier test and more
comfortable for screening on site without having to expend time in laboratory analysis. It is useful in monitoring
health risk from OP and OC exposure4, 5.
Screening of the serum ChE activity in Thai people is one of operation in the 6th National Health Assembly
of Thailand. There were many participants who do different jobs, for example, farmers, fishermen, harvest/picker,
researchers, public health officers, and students, so this study divide them into 2 groups which are occupationalexposed participants and nonoccupational-exposed participants.
The aims of this study were i) to compare the association of health risk from OP and CA exposure between
occupational-exposed and nonoccupational-exposed participants and ii) to monitor and safeguard the health risk from
OP and CA exposure in occupational-exposed and nonoocupational-exposed groups.
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Materials and Methods
Questionnaires containing various information, such as personal characteristics that included sex, age and
occupation, background of insecticide exposure, details about personal hygiene that included eating, drinking,
smoking, and insecticide-use knowledge, were used to interviewed participants in order to classify groups of
exposure which is divided into occupational-exposed and nonoccupational-exposed people.
The finger-blood of the participants was collected and determined the serum ChE level using reactive paper
test kit. The test kit was purchased from the Government Pharmaceutical Organisation (GPO) of Thailand. The
process was done as followed by manual protocol of the GPO test kit: cleaned the finger with 70% alcohol, finger
stick with a lancet, collected blood in a capillary tube, waited several minutes to allow serum to be separated from
red blood cells, put the reactive paper on a glass slide using a forceps, decanted a drop of serum from the tube onto
the reactive paper and covered with another glass slide in order to test serum ChE level and compared the result to
standard-paper colour after 7 minutes. The results of the reactive paper test were visualised in four colours, as
follows4, 6:
Reactive paper
colour
Yellow
Yellow-green
Green
Blue

Health status

SChE level
(units/ml)
≥ 100
87.5-99.9
75.0-87.4
< 75.0

Normal
Safe
Risky
Unsafe

Data were analysed and described in percentages and means. Chi-square test was used to determine the
significant of differences in serum ChE level between occupational-exposed and nonoccupational-exposed people6.
Results and discussion
The results shown in Table 1 were found that 45.6% of occupational-exposed participants had normal serum
ChE level, with 34.8% were in safe level, whereas 19.6% of them showed risky range. On the other hand, 40.4% of
nonoccupational-exposed group were within normal level, with 45.2% demonstrated in safe range, while 14.4% of
this group had risky level. None of unsafe margin (blue colour) was detected in both groups. The Chi-squared test
showed that there was no statistically significant between the serum ChE levels of the two groups (p-value = 0.42).
However, the percentage of occupational-exposed participants with risky range (19.6%) was more than that of
nonoccupational-exposed participants (14.4%), which mean that occupational-exposed had more tendencies in OP
and CA exposure.
Table 1: The result of detected serum ChE level in occupational-exposed and nonoccupational-exposed participants
Reactive paper test kit
Occupational-exposed group
Nonoccupational-exposed group
N

(%)

n

(%)

Yellow (normal)

21

45.6

59

40.4

Yellow-green (safe)

16

34.8

66

45.2

Green (risky)

9

19.6

21

14.4

Blue (unsafe)

0

0

0

0

The demographic characteristics of 46 occupational-exposed participants were 52.2% of males and 47.8%
of female, where the average age was 49 years (range 19-72). Of the 146 non-occupational exposed participants,
30.8% and 69.2% were male and female, respectively with the mean age was 44 years (range 16-75).
This finding found that occupation did not play a significant role in the health risk of participants, since the
degree of exposure of OPs and CAs was different. ChE level may return to normal level after a period ranging from
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several hours to several days for CA exposure due to reversible deactivation, and from a few days to several weeks
after exposed to OPs because of irreversible inhibition. This could result in individual ChE level7. Moreover, health
backgrounds were one of factors that could interfered the ChE results. For instance, acute infection, genetic
deficiency, liver disease, chronic kidney diseases, diabetes, malnutrition, some anemia, and certain medication, such
oral contraceptives, medicines for treatment of Myasthenia gravis, and Alzheimer’s disease 6, 8, 9.
In case of monitoring health risk of participants who exposed to OPs and CAs directly from their
occupation, it was found that 19.6% of them were in risky range. This may be attributable to the misuse of the
agrochemicals, including erroneous beliefs of the participants regarding pesticide toxicity, the use of faulty spraying
equipment, and the lack of proper maintenance of spraying equipment 1. Behavioral factors were also directly related
to insecticide exposure, such as ineffective personal protective equipment (PPE) use and personal hygiene
behaviours. For example, they might not always use a mask, boots, long-sleeved shirt and trousers,
always/sometimes smoking while preparing and applying the agrochemicals, and did not wash hand at work,
immediately take a shower upon returning home from work and frequently re-entered a sprayed field10. Therefore,
improving personal hygiene, correct PPE use training and knowledge of pesticide use may help reducing the health
impact of insecticide exposure4, 10.
According to the result of ChE level of nonoccupational-exposed group, there was 14.4% in risky margin.
Since they did not contact to OP and CA insecticides directly, the insecticide residues contamination in dietary was
the majority source of exposure. People consuming contaminated food, such as fruits and vegetable, and beverages
may not be aware enough of this exposure3. Washing fruits and vegetable with water might not always remove the
residue as some were contaminated with systemic insecticides, which were absorbed by plants and remained in their
tissues. In Thailand, a Q-Mark logo has been used as a quality and safety certification of agricultural commodities
and food products which meet required standard. Recently, Thailand Pesticide Alert Network (Thai-Pan) and
Foundation for Customers found that the products with the Q logo were contaminated with pesticides and some
failed to pass the maximum residue limit11. Furthermore, using pesticide at their home was another source of
exposure, in which they may not read instruction labels properly, or not realised the seriousness of the warning of
pesticide toxicity.
In conclusion, encouraging the alternative use of biopesticide or do organic farms are good ways to reduce
harmful effects on human health and negative environment. Effective preventive understanding to increase correct
perceptions of pesticide use, the use of PPE during exposure to pesticides, and improving personal hygiene should be
provided for reducing the health risk of the occupational exposure. Continuous monitoring of serum cholinesterase
should be also provided to monitor their health impact. Avoid contamination of pesticides from environment and
food should be done in order to safeguard the health risk of the nonoccupational exposure.
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Introduction
The pollutants polychlorinated biphenyls (PCBs) and, in particular, dioxin-like PCBs (DL-PCBs), are
known to originate from industrial materials such as Kanechlor and Aroclor, as well as from combustion
processes. However, in recent years, it has become evident that PCBs are being intentionally included in a
few pigments and chemicals1)-4). Further, a few silane products being imported into Japan also have PCBs
in them. Japan restricts the import of products with PCB levels that exceed 50 mg/kg 5), in keeping with
the Stockholm convention on persistent organic pollutants. While monitoring the atmosphere for PCBs in
the past, we found materials contained PCB homologs that differed from those normally found in the
atmosphere. It became evident that these homologs originated from samplers and that they were being
formed from the silicone adhesive used in them6). Thus, it could be assumed that PCBs were being
unintentionally included in silicone products in significant amounts. Therefore, in this study, we
investigated PCBs and their levels in the chlorophenyl silanes used to make silicone.
Materials and methods
The targeted phenyl silanes included trichlorophenylsilane (TCPS), dichlorodiphenylsilane (DCDPS),
chlorotriphenylsilane (CTPS), and diphenylsilanediol (DPSDO). We also investigated four types of
adhesives on the market that use silicone.
Standards of PCBs were purchased from Cambridge Isotope Laboratories Inc. (MA, USA) and
Wellington Laboratories Inc. (Ontario, Canada). NK-MBP-MXC (Wellington) was used for the surrogate,
and the syringe spike was prepared by combining 13C-labeled PCB standards (CIL and Wellington),
which were diluted as necessary. An organic solvent and a silica gel designed for dioxin analysis, and
concentrated H2SO4 (super special grade) were obtained from Wako Pure Chemical Industries, Ltd.
(Japan). Supelclean sulfoxide solid-phase extraction (SPE) tubes and Discovery Ag-ION SPE tubes were
obtained from Supelco (USA). Several milligrams of each chemical was sampled, dispersed in hexane, and
treated with sulfuric acid until the hexane layer lost all color. The hexane layer was then washed with
water, dehydrated, and divided, and the surrogate was added. Next, it was treated with a multilayer silica
gel column, the Supelclean sulfoxide SPE tube, and the Discovery Ag-ION SPE tube. The eluate was
concentrated, and the syringe spikes were added to form a 50 μL nonane solution.
Congener-specific analysis of the PCBs was performed on all samples. The quantification of the PCBs was
performed by high-resolution gas chromatography (HRGC) (HP6890 Agilent Technologies, USA) in
combination with high-resolution mass spectrometry (HRMS) (JMS700D, JEOL, Japan). The samples
were analyzed with an HT8-PCB capillary column (60 m, 0.25 mm i.d., Kanto Kagaku, Japan) using the
following temperature profile: 120°C for 1 min, 20 °C/min to 180°C, 2°C/min to 260°C, 5°C/min to 300°C,
and held at 300°C for 8 min. This method resulted in the separation of the 209 congeners into 193 peaks.
The HRMS system was operated in the selected-ion monitoring mode for each congener group. For the
concentrations of the PCB congeners, it was assumed that the HRGC–HRMS relative sensitivity with
respect to the PCB congeners with the same chlorine number would be the same; the concentration of
each congener was then calculated. The assignments for each congener in the chromatogram were
checked against the values in the literature and by analyzing fly ash samples.
Results and discussion
Table 1 shows the PCB levels of each of the phenyl silanes and adhesives. The PCB level of DCDPS was
relatively high, with all those for all the PCBs falling being 6.5–1,500 mg/kg. For two silanes, the level
exceeded 50 mg/kg. In general, the levels of monochlorobiphenyls tended to be high. As for
dichlorobiphenyls, only six types were detected (PCB-4, 6, 8, 11, 13, and 15). Although their levels were
low, trichlorobiphenyl and tetrachlorobiphenyl congeners were detected in a few of the DCDPS samples.
The PCB levels of TCPS and CTPS were at 0.00072–2.7 mg/kg and 0.019–1.1 mg/kg, respectively. In the
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TCPS samples, only monochlorobiphenyls were detected. Further, in most of the CTPS samples,
monochlorobiphenyls comprised up to 37–100% of all the PCBs. The characteristic PCB in CTPS was
PCB-15, a dichlorobiphenyl. The PCB level of DPSDO was 0.12–120 mg/kg, and one type exceeded 50
mg/kg. The homologs and congeners were mostly the same as those of DCDPS.
Silicone is manufactured from organochloro silanes. Organochloro silanes are manufactured from
metallic silicon, which is reacted at temperatures of 250–500qC with monochloromethane and
monochlorobenzene as catalysts in the presence of cupper (direct method); this creates methyl
chlorosilane and phenyl chlorosilane, which primarily have 1 to 3 chlorines7)8). They are then subjected to
precision distillation to separate each of the silanes. The PCBs in DCDPS were mostly
monochlorobiphenyls. As for dichlorobiphenyls, only congeners with chlorines replacing each aryl group
of the biphenyl skeleton were detected (Fig). This suggests that, during silane synthesis,
monochlorobenzene becomes a biphenyl derivative through a radical reaction. The reason why the PCB
levels were higher in the DCDPS samples is because there is a smaller difference in the boiling points of
DCDPS and low-chlorinated PCBs than there is between those of TCPS and CTPS (Table 2). PCBs were
detected in DPSDO also, but it is assumed that they were residuals from DCDPS, because DPSDO is
fabricated by the hydrolysis of DCDPS9).

Fig. PCB byproducts formed during the manufacture of chlorophenylsilane.
PCB levels in the four adhesives were 4.5–
40 mg/kg. Congener patterns include (1) A
high ratio of monochlorobiphenyls (>
89%), primarily PCB-2 and 3; and (2)
Detection of dichlorobiphenyls PCB-4, 6, 8,
11, 13 and 15, of which PCB-6, 11 and 13
comprise a large portion. The results were
mostly similar to the characteristics of
PCBs in DCDPS. The Material Safety
Data Sheets of the adhesives did not
specify the type of silicone used, but the
investigation results suggest that DCDPS
was used to manufacture the silicone and
thus PCBs were detected.

Table 2 Boiling point of PCB homologues and chlorophenylsilanes
boiling point (°C)
ref.
chlorophenylsilanes
Trichlorophenylsilane(TCPS)
201
10
Dichlorodiphenylsilane(DCDPS)
305
11
Chlorotriphenylsilane(CTPS)
378
12
PCB homologues
mono-CBs
285
13
di-CBs
312
13
Tri-CBs
337
13
Tetra-CBs
360
13
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Sample
PCBs
Congener Chlorine
Manuf.
A
B
C
IUPAC # positions
#1
2-MoCB
0.0072
0.060
0.0068
#2
3-MoCB
0.0055
0.075
0.010
#3
4-MoCB
0.018
0.12
0.0022
#4
2,2c-DiCB
#6
2,3c-DiCB
#7
2,4-DiCB
#8
2,4c-DiCB
#9
2,5-DiCB
#11
3,3c-DiCB
#13
3,4c-DiCB
4,4c-DiCB
0.023
0.040
#15
MoCBs
0.031
0.25
0.019
DiCBs
0.023
0.040
TrCBs
0.0038
TeCBs
6 PCBs
0.054
0.30
0.019
Blank spaces indicate that none of that component was detected.
1.1

0.0085
0.50
0.34
0.53
0.10
0.016
0.98

0.021

0.0088
0.0012
0.0080
0.28
0.75
0.30
0.021

0.065
0.036
0.24

G
0.17
0.11
0.47

F

Chlorotriphenylsilane
(CTPS)

0.51

0.0035
0.15
0.34
0.16

0.0070

0.075
0.077
0.19

H

Table 1 Concentrations of PCB congeners in chlorophenylsilane and silicone-based glue(unit: mg/kg)
Trichlorophenylsilane
Sample
(TCPS)
PCBs
Congener Chlorine
Manuf.
A
B
C
D
F
H
IUPAC # positions
#1
2-MoCB
1.7
0.0011
0.023
0.057
0.0083
#2
3-MoCB
0.62
0.0035
0.013
0.020
0.0028
#3
4-MoCB
0.00072
0.30
0.0035
0.013
0.020
0.0098
#4
2,2c-DiCB
#6
2,3c-DiCB
#7
2,4-DiCB
#8
2,4c-DiCB
#9
2,5-DiCB
#11
3,3c-DiCB
#13
3,4c-DiCB
#15
4,4c-DiCB
MoCBs
0.00072
2.7
0.0081
0.049
0.097
0.021
DiCBs
TrCBs
TeCBs
6 PCBs
0.00072
2.7
0.0081
0.049
0.097
0.021

0.12

0.12

0.036
0.049
0.036

A
1.1
11
8.7
0.16
1.6

30

0.79
0.0071
2.1
2.8
0.98
21
8.4
0.016

G

Diphenylsilanediol
(DPSDO)
H

120

11
11
2.3
71
44

4.7

0.89
38
33
2.0
13

12

0.38
0.39
0.28
9.4
1.6
0.73

61
77
62
1200
300
4.5
0.11
1500

19

0.20

36

0.55
0.013
0.25
0.13
0.011
12
7.0
0.021

0.46
4.9
4.1
0.047
0.30

D
88
530
540
5.1
58

B
0.46
6.5
5.2
4.3
1.8

A

0.77

1.0
0.32
0.16
4.7
2.6

9.6

1.5
8.1

0.040
0.19

E

28

92
410
340
7.7
65

10
11
5.9
5.3
5.7

25

0.40
0.54
0.082
23
2.0

0.13

6.0
9.1
8.1
0.064
0.82

Z

Z

40

0.59
0.68
0.12
37
2.8

0.28

9.8
16
12
0.11
1.0

41
glue_C
Lot.2012

1.9
0.062
0.25
0.21
0.037
27
13
0.28

G

1000

29
26
5.2
840
160
0.042

F

glue_W
Lot.2012

Dichlorodiphenylsilane

0.35

1.3
0.65
0.40
2.8
0.88

18

0.50
0.76
0.17
16
2.3

0.25

1.6
7.6
6.8
0.059
0.60

Z

glue_C
Lot.2013

6.5

2.4
4.1

0.055

H

4.5

0.12
0.15
0.035
4.0
0.55

0.078

0.82
1.7
1.4
0.024
0.15

Z

glue_W
Lot.2013
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Introduction
Persistence of PCB concentrations in air are ascribed to secondary releases from sediments and soil reservoirs,
emissions and leakages from in-use PCB products and stored PCB wastes, and unintentional emissions from
thermal sources and impurities in pigments1-4. Knowing the relative contribution of these sources to PCB
concentrations in air is important in planning an efficient strategy to reduce the risks of PCBs. Nonetheless, only
the unintentional thermal sources are included in the national PCB emission inventory prepared for the National
Implementation Plan of POPs convention by Japanese government.
Thus, we aimed at estimating the relative importance of PCB emission sources in Japan. As a first step, we
updated the emission inventory by including the emission from stored PCB wastes and in-use PCB products.
Using the updated emission inventory, PCB concentrations in air was estimated by an environmental fate model.
The estimated concentrations were compared with the observed concentrations to discuss the contribution of
these sources.
Materials and methods
Emissions from PCB products and PCB wastes were estimated by multiplying the amount of PCB homologues
in these stocks and homologue specific emission factors5. A Mackay Level 3 multimedia fate model MuSEM
(Multimedia Simplebox-systems Environmental Model), which have three nested geographical scales, global,
continental, and regional was used to estimate the concentrations6. The results for the continental scale,
representing Japan, were compared with average concentrations at 37 monitoring sites in summer and winter by
Japanese Ministry of the Environment7.
Results and discussion
Table 1 shows the update emission inventory. Emission from PCB wastes and in-use PCB products was more
than 10 times larger than the unintentional emissions from thermal processes. The homologue profiles for the
emission sources (Fig. 1) revealed that the unintentional sources were dominated by MonoCBs from cement
kilns, while Tri-CBs and Tetra-CBs were dominant in case of emission from stored PCB wastes and in-use PCB
products. Comparison between the observed and estimated PCB concentrations in air shows that the estimated
total PCB concentrations were in the same order as the average observed concentrations. The estimated
homologue profile was similar to the observed one, except for MonoCBs and DiCBs. This remaining gap might
be explained by some other sources such as trace contaminants in pigments.
Table 1. PCB emission inventory in Japan
Sources
(kg/y)
Cement production
370
Iron ore sintering
80
Waste incineration
10
Other metal production
10
Emission from PCB waste
5300
and in-use PCB products
Total
5770
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Figure 1. Estimated PCBs concentrations in air for four emission sources. Top left: cement production,
top right: iron ore sintering, bottom left: waste incineration, bottom right: PCB wastes and PCB products.

Figure 2. Observed and estimated PCBs concentrations in air.
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Introduction
POPs are persistent in the environment and show a common property of long-range transport. Air sampling and
analytical methods for this monitoring should be designed carefully to assure the quality (accuracy and
precision) of the data as well having high enough sensitivity to cope with probable further decreases in
environmental levels of POPs during long-term monitoring.
Following 21 chemicals (groups), out of 23 POP chemicals, with the exception of dioxins and furans, the
analytical methods were established and evaluated as monitoring techniques from frequent monitoring in
ambient air at supersite Japan. Data on their short-term spatial variations will contribute to a clarification and
understanding of environmental transport and background levels in ambient air.
Materials and methods
࣭Monitoring station; Cape Hedo in Okinawa prefecture, Japan
(N: 26.87, E: 128.26)
࣭Sampling; 3 days continuous samples/month × 12month
(36sample). High volume air ampler 1,000 m3 under 700 L/min,
24hrs using quarts fiber filter, Poly urethane foam (PUF) and
active carbon fiber felt (ACF).
࣭Fortified 13C surrogate 13C12- PCBs mix 13C-POPs mix and
13C-New POPs Mix before sampling.
࣭Additional trial: low volume (LV) air sampler 4m3 2.8L/min,
24hrs for semi volatile POPs using PS Air cartridge.
࣭Method validation; under MOE POPs monitoring project
Results and discussion
Technical Point for legacy & New POPs
analysis are sumarized as followings
࣭Air sampling; evaluated effective sampling
using HV and supplemental LV sampler with
enough sampling efficiency for semi volatile
POPs such as MoCB, DiCB, PeCBz, HCB,
HCHs.
࣭Extraction: separate extraction recomended
for filter, PUF and ACF for target POPs.
࣭Comprehensive cleanup with legacy POPs
and new POPs are summarized in Fig.1.
࣭Photo degradation or thermal degradation
should be taken for Brominated Flame
Retardant(BFR).
࣭Specific method blank for PFOA etc. PFC (Teflon® material), for DecaBDE from laboratory materials and
major POPs from labratory air which present background level should be consideration.
࣭ Evaporation loss should be considered for semi volatile POPs such as PeCBz, HCB, HCH.
࣭ Blank check for air sampler, adsorbent and laboratory equipment as well as laboratoriy air.
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࣭ 24 POPs with GC-HRMS analysis possible on DB-17HT GC column for 13grouping except with Endosulfan
& Chlordecone.
࣭ High sensitive analysis by GC-HRMS (EI), GC-MS (NCI) and LC-MS/MS evaluated.
࣭ MDL, MQL, IDL, Methods Blank, Recovery, duplicate sampling were validated.

Fig.1 Comprehensive clean up flow chart for POPs in air sample

Results from frequent monitoring at supersite
It shows similar trends of POPs levels from FY2009 to FY2012 for frequent monitoring at super site in ambient
air. The concentration orders were HCBz, PeCBz, PCBs > HCHs > Endosulfans, Chlordanes, PFOS, PFOA,
DDTs, HBCDs > Heptachlors, Dieldrin, BDE(#47), ND(not detected) :HxBB, Chlordecone (Fig.2).

Fig.2 Concentration order of POPs in FY 2011 and 2012.
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There were no obvious decline trends from 2009 to 2012 and generally higher level in warm season (Fig.3). It
shows similar seasonal trends for Chlordanes, Heptachlors and Dieldrin in 2010, 2011. It shows good
correlation for PCBs, HCBz and PeCBz from cluster analysis.

Backward trajectory trace shows seasonal wind direction. Generally winter to spring season are northwest wind,
spring season from mainland China, and summer season from Pacific Ocean or tropical region.
New POPs result shows detectable levels such as PeCBz, Endosulfans, HBCDs, PBDEs. Extremely tentative
high levels of Endosulfans in Sep. 2011(data not shown) suggested domestic usage or atmospheric transport
from mainland China.
Acknowledgements
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Introduction
Retinoic acid (RA), a metabolite of vitamin A, is the most potent natural retinoid. All-trans RA (ATRA) is a
major metabolite that forms some metabolites in vivo. These metabolites act by binding to retinoic acid receptors
(RAR), and regulate proliferation, differentiation, apoptosis, cytokine production, gut mucosal immunity [1-3].
However, excess exogenous RA analogues stimulate above metabolic events without regulation. As the results,
abnormal events including teratogenesis are occurred. Deformed amphibians observed in eutrophic habitats may
be an evidence of exogenous RA analogues.We detected retinoic acid receptor (RAR) binding activity from
genera of cyanobacteria. An active compound of Spirulina was isolated and identified 7-hydroxy RA as a novel
RA analogue, and investigated its stability under UV-A [4]. In this paper, we showed a possible mechanism of
isomerization related with the stability of 7-hydroxy RA under UV-A.
Matreials and methods
Cyanobacterial NIES strains were cultured with MA medium. After being cultured, the cells were harvested and
lyophylized. RAR agonistic activity was assayed using a yeast two-hybrid assay method. The RA analogue was
extracted with methanol and fractionated by columns of Florisil and silica-gel. The analogue was isolated by a
preparative HPLC column (Mightysil ODS, i.d. 20 ×250 mm, 5mm)using 25% phosphate buffer (50mM, pH
3.0) in methanol as the mobile phase. The analogue was analyzed by HPLC –MS/MS (Q-TOF MS).
Results and discussion
As shown in Table 1, RAR-activating compounds were found in all tested cells of cyanobacteria.The RAR
value was estmated as Pg ATRA/kg cells. Strong AhR activities were found in cells of genus Planktothrix.
In the fractionation of RAR-activation compound using Florisil column, about 50% activity was recovered in the
methanol fraction. The fraction was further fractionated by a silica gel column and a preparative HPLC column.
Table 1. Nuclear receptors activities of cyanobacteria
Cyanobacteria
Spirulina subsalsa NIES-27
Spirulina platensis NIES-46
Spirulina sp. (on the market)
Oscillatoria limnetica NIES-36
Microcystis aeruginosa NIES-1222
Planktothrix agardhii NIES-204
Planktothrix rubescens NIES-610
Phormidium tenue NIES-512
Cylindrospermopsis raciborskii AWT-205
Nostoc sp. DUN 901
Raphidopsis sp. TEG-1

RAR

Pg/kg as ATRA

1,500
660
3,400
3,000
6,000
3,600
2,000
1,100
5,000
2,600
20,000

Nuclear Receptor Activity
ER
AhR
Pg/kg as E2

0
0
0
0
0
280
0
0
130
0
0

Pg/kg as E-NF

580
850
76
740
0
290
2,000
2,000
650
160
160

CAR

Pg/kg as p-t-OP

RAR: Retinoic Acid Receptor; ER, Estrogen Resptor; AhR, Aryl hydrocarbon Receptor; CAR, Constitutive Androstane Receptor;
ATRA, all trans- retinoic acid; E2, 17b-estradiol; b-NF, E-naphthoflavone; p-t-OP, p-t-octylphenol.

16
22
22
8
27
10
10
27
18
18

The isolated RAR activating compound fraction consisted of 4 peaks in the reverse phase HPLC chromatogram.
Four peaks were detected at RT 14.2-14.7, 15.4-16.0, 16.4-17.1 and 17.9-18.6 min by Photo diode Array (PDA)
at 350 nm. In order to confirm the purity of the peaks, the largest peak at 15.4-16.0 min was isolated and applied
to the same HPLC column after concentration by a styrene polymer cartridge. The chromatogram of the peak
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showed 4 peaks. In the cases of another 3 peaks, the same chromatograms were observed. These results were
suggested that the 4 compounds were in equilibrium
A㻌

C-I㻌

C-II㻌

B㻌

C-III㻌

C-IV㻌

Figure 1, LC chromatograms and UV spectra of the RAR activating fraction㻌

Chromatograms were performed using r a reverse-phase column with the gradient solvent system. A: peaks were detected at 350 nm by
diode-array detector. B: peaks were detected at m/z 315.196 by TOF MS with ESI (negative mode). C: spectra of the 4 peaks [C-I, peak
at Rt 3.6-3.7min (Compound I); C-II, peak at Rt 4.2-4.4 min (Compound II); C-III, peak at Rt 6.4-6.7 min (Compound III); C-IV, peak
at Rt 7.4-7.9 min (Compound IV).㻌

The molecular formulae of the 4 compounds, derived from the exaxt m/z, were C20H28O3 (Table 2). The
compounds had the same molecular formula, very similar MS fragment patterns, roughly the sameOmax (around
350 nm), and the similsr RAR agonistic activities. The findings suggest that these copounds may be analogues of
RA (C20H28O2).
Table 2. Exact masses and molecular formulae of the 4 compounds in the RAR activating fraction.
compound
I
II
III
IV
RT (min)
3.7
4.4
6.7
7.7
m/z of [M-H]315.1973
315.1962
315.1998
315.2013
m/z of [M+H]+
317.2109
317.2108
317.2107
317.2105
Calcd m/z for M
316.2038
Molecular formula
C20H28O3
The LC-MS/MS spectra of the compounds agreed well with each other. From the comparison of the mass
spectra fragments of compounds III and all trans-retinoic acid (ATRA), compound III was identified as 7hydroxy retinoic acid. The structure was comfirmed by the MS spectra fragments of per-hydrogenated
compound III . The molecular extinction coefficients (H) of compound I, II, III and IV were obtained from the
results of peak area percentage of the compounds atOmax using PDA and MS data (ESI, negative). The results
were shown in Table 3.
Table 3. Estimation of molecular extinction coefficents (H) of 4 compounds
Compound
I
II
347
353
Omax (nm)
(A) Composition ( %) by PDA
22.1
44.3
(B) Composition (%) by MS
24.6
42.3
(A)/(B)
0.90
1.05
36,000
41,900
Calculated H

III
356
23.0
21.5
1.07
42,800

IV
346
10.6
11.6
0.91
36,400

TheOmax and H values of the nixture of compounds I, II, III and IV were 351 nm and 40,000 respectively. The composition (%) by PDA was
obtained from the peak area atOmax of each compound.
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The diffrences betweenOmax and H of the cis and trans forms of conjugated dienes have been investigated.
Generally, theOmax of the cis form is shited to a shorter wavelength than that of the trans form, but the
exceptions have been known. The H value is also resuced by the trans to cis conformational change. Form the
results, relation of Compound I, II, III and IV was proposed in Figure 2. The cis form was derived from cis-trans
isomerization coupled with keto-enol tautomerism at carbon-7, and were related to each other through some
equilibriums.
OH
OH

O
OH

II (42.3%)
O

Omax 353 nm㻌
H: 41,900

OH

I (24.6%)
O(H)

Omax 347 nm
H: 36,000

O
OH

Transition state
OH
OH

O

O
OH

OH

III (21.5%)

IV (11.6%)
Omax 346 nm
H: 36,400

Omax 356 nm㻌
H: 42,800

Figure 2 Possible mechanism of Keto-enol tautomerism and cis-trans isomerization of 7hydroxyretinoic acid 㻌
Numbers in the figure are corresponded to Compound I, II, III, and IV.㻌

 RA and its anaogues have teratogenic acitivity. When embryos of zebra fish were exposure in various
concentration of ATRA-containing water under dark condition at 20C, a tail part of spinal cord of newborn fish
was bended at the minimum dose of 320 ng/L (Figure 3). This finding suggests that RA and its analogues are
potent teratogenic toxins. At the concentration of 3,200 ng/L, all newborn fish showed abnormality, and about
1/3 exposed embryos could not hatch.

㻌

Control ( 3 days )㻌

320 ng/L ( 3 days )㻌

1,000 ng/L ( 3 days )㻌

Figure 3.Teratogenic test of ATRA using zebrafish㻌

Embryos of zebra fish were exposure in ATRA-containing water under dark condition㻌
at 20C. After hatch, newborn fish were checked abnormality 㻌
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3,200 ng/L ( 3 days )㻌

7-Hydroxy RA㻌
Activity (%)㻌
ATRA㻌

         
pH 3.3㻌

pH7.4㻌

pH 11.1㻌

Figure 3 Photo-stability of the mixture of 7-hydroxy RA isomers and all-trans RA (ATRA)
irradiated with fluorescent light.

The mixture of 7-hydroxy RA isomers (220 nmol, 70ng/ml)and ATRA (200 nmol, 60 ng/ml) in various pH
buffers were irradiated with fliorescent (UV-A, 1.0 mW/cm2) for 60 min at 25 ºC. After irradiation, RAR
agonistic activities were immediately determined. SD bars (n=3) are indicated in the Figure.
Activity (%) = activity after irradiation/ initial activity ×100

When 7-hydroxy RA ( 70 ng/ml) or ATRA (60 ng/ml)solutions at various pH were irradiated with fluorescent
right (UV-A, 1.0 PW cm-2) for 60 min, the RAR agonistic activities of both RA analogues decreased gradually.
However, the magnitudes of the changes were quite different. 7-Hydroxy RA was more stable than ATRA at all
pH regions. Especially, 7-hydroxy RA was stable at alkaline pH. The stability of 7-hydroxy RA under UV-A
may be related to keto-enol tautomerism.
Cyanobacteria on water surfaces are usually exposed to strong sunlight. The water pH is generally over pH
9[ 5]. Under these conditions, the RAR agonistic activity of 7-hydroxy RA is more stable than ATRA.
Furthermore, cyanobacteria produce many UV protectants such as scytonemin [6] and mycosporine-like amino
acids[7], which act as photo-oxidation blockers. We are therefore interested in the effects of 7-hydroxy-RA in
aquatic animals living in water affected by cyanobacterial blooms. 7-Hydroxy RA from cyanobacteria may be
act as an ecotoxin in eutrophic habitats.
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Abstract

The aims of this study evaluate the total aflatoxin in peanut in the local markets. A total of 179 samples peanuts
were collected from the markets in Gaza strip from February to July 2013. Samples were analyzed for aflatoxin
content using Elisa. Data analyzed by using SPSS version 17. The results of this study indicated that 70.9% of
samples were free of Aflatoxin where the rest of samples contaminated with aflatoxin. Whereas, 14.5% of
samples were higher than the standard limit (15mg/kg). The mean of Aflatoxin concentration among Egyptian,
Indian, Chinese and unknown origin peanut with red skin were 2.4, 4.2, 4.1 and 27.13μg/kg respectively, In
addition, there was a direct relationship between presence of Aspergillus toxic and presence of aflatoxin and the
relation was statistical significant difference. Moreover, there was a statistical significant difference between
yeast growth and Aflatoxin concentration levels.
Keywords: Aflatoxin; Peanuts; Aspergillus; Toxin; Gaza

Introduction

In the world, more than 400 mycotoxins are identified, but the most important groups of mycotoxins and
considered as major health concern for humans and animals, and occur quite often in food are aflatoxins,
ochratoxin A, and trichothecenes 1. Aflatoxins are a group of mycotoxins produced as secondary metabolites by
the spoilage of fungi. Aflatoxin are the name for groups of toxins known as B1, B2, G1, G2 (Carcinogenic
compounds) that are produced mainly by tow fungi called Aspergillus flavus and Aspergillus parasiticus. These
toxins occur naturally and have been found in a wide range of commodities (including peanuts) used for animal
and human consumption. Depending on their levels, toxins can severely affect the liver and induce a human
carcinogen, i.e., causes cancer. In many developing countries, aflatoxin is a major health risk to both humans and
animals due to high levels of consumption of contaminated products2-4.
Regulations on maximum allowable levels of aflatoxin in food could also reduce aflatoxin exposure. Regulations
do little to help reduce aflatoxin and its related health effects in less developed countries 5.
Peanuts are widely used in Gaza Strip in the form of raw, roasted, in the fabrication of sweets, candies and
pastes. Contamination of peanuts with aflatoxins is one of the main factors that compromise the quality of the
products. Therefore, monitoring of aflatoxins in peanuts and their products is very important for protection the
Palestinian consumers.
The present study is the first study to describe the aflatoxin levels in peanuts in Gaza strip. Many professionals
may use the results of the study that will be implemented as basic data to build up strategies for health
protection. In addition, it could represent a directional clue for many investigations in this field. There is no
any previous study for determination of aflatoxin level in peanut or other types of food in Gaza strip, as far as the
researcher known. Therefore, this study will be designed to determine the following objectives:
Objectives of the study:
The objective are to determine the level of aflatoxin in peanut and its products in the local markets in Gaza strip,
and to isolate and identify fungi producing aflatoxin from peanuts.
Materials and Methods
Sample collection:
One hundred seventy nine samples of peanuts and peanuts products (Raw peanuts with shell, raw peanuts
without shell, roasted peanuts, kapoki, zalat, sweet peanut and peanut butter where used in this study), each 500
gm were collected from the markets in Gaza Strip from February to July, 2013. Samples were transported to the
lab. after collection in an ice box and tested upon arrival. All tests were carried out at MOH (Public health Lab
for food and water, Gaza-Palestine). Data were analyzed by using SPSS (Statistical Package for Social Sciences)
version 17.
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Results
Aflatoxin concentration of different peanuts and peanuts products illustrates by table 1. It was found that
unknown grinding peanuts demonstrate the highest amount of aflatoxin (123μg/kg) with mean 70.87μg/kg, on
the other hand the concentration of Aflatoxin of Indian peanuts with red skin (PRS) was the lowest (12.4μg/kg)
with mean 4.13μg/kg (SD =7.159). The maximum concentration level of Aflatoxin in Egyptian peanut with red
skin (n= 33) was 22μg/kg (mean =2.4739, SD =5.772).
Table 1: Descriptive statistics for raw peanuts according to the origin
Minimum Maximum
Aflatoxin concentration
No. (Samples)
(μg/kg)
(μg/kg)

Mean
(μg/kg)

SD

Egyptian peanut with red skin (PRS)

33

ND

22.00

2.4739

5.77

Chinese peanut with red skin (PRS)

7

ND

29.7

4.243

11.22

Chinese Blanch peanuts

9

ND

65

10.59

21.96

Indian peanut with red skin (PRS)

3

ND

12.4

4.133

7.15

Indian Grinding peanuts

6

19

27

22.83

2.85

Unknown peanut with red skin (PRS) 3

3.0

71.0

27.133

38.05

Unknown Grinding peanuts

18.5

123.0

70.875

42.67

4

Table 2 illustrates that (179 samples were analyzed by Elisa) aflatoxin concentration in 153 (85.5%) samples are
equal or less than 15 μg/kg according to world standard and Palestinian standard of aflatoxin limits (Codex,
2001; Annex 1), whereas 26 (14.5%) samples shows that aflatoxin concentration is higher than the limit of
standard level of concentration.
Table 2: Descriptive frequency of Aflatoxin conc. levels with cut-off point 15 μg/kg
Aflatoxin Conc. Levels
Frequency
Percent
≤15 μg/kg

153

85.5

> 15 μg/kg

26

14.5

Total

179

100.0

Table 3 illustrates that the description of all kind of the study samples according to their aflatoxin concentrations.
In addition, the percentage of sample contaminated with more than 14.5%. Moreover, the concentration of
aflatoxin level of peanut butter were less than 15 μg/kg in this type of samples, and the range of concentration
between non-detected to 1μg/kg.
Table 3: Descriptive analysis of aflatoxin conc. of all kinds of peanuts samples
Aflatoxin concentration
Kinds of peanuts samples
≤15 μg/kg
>15 μg/kg
No.
%
No.
Egyptian peanut with red skin (PRS)
31
20.3
2
Chinese peanut with red skin (PRS)
23
15
1
Indian peanut with red skin (PRS)
11
7.2
0
Unknown peanut with red skin (PRS)
9
5.9
1
Chinese peanut Grinding
4
2.6
1
Indian peanut Grinding
0
0
5
Unknown peanut Grinding
0
0
4
Roasted peanut with red skin
8
5.2
3
Roasted peanut with shell
5
3.3
0
Chinese peanut Blanch
23
15
1
Zalat
14
9.2
6
Kapoki
13
8.5
0
Sweet peanut
7
4.6
2
Peanut butter
5
3.3
0
TOTAL 179 (100%)
153
85.47
26

%
7.7
3.8
0
3.8
3.8
19.2
15.4
11.5
0
3.8
23.1
0
7.7
0
14.53

Table 4 illustrates that there was a statistical significant difference between level of contamination with
Aflatoxigenic Aspergillus and yeast growth in the same samples. Moreover, about fifth of sample (19.7%)
contaminated with Aflatoxigenic Aspergillus did not show yeast growth. On the other hand, nearly two third of
the sample (65.4%) that shown yeast growth did not have Aflatoxigenic Aspergillus count. In addition, Table 5
illustrates the test of Chi square and shows that 98.4% of roasted peanuts did not have Aflatoxigenic Aspergillus
growth with microbiological test whereas 36.2% of unroasted peanuts have Aflatoxigenic Aspergillus growth. A
statistical significant difference (P-value= 0.000) was found between Aspergillus with roasted and unroasted
peanut.
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Table 4: Relationship between Aflatoxigenic growth and yeast growth of peanuts
Yeast growth
Variable

Aflatoxigenic Aspergillus

Negative

Positive

No. (%)

No. (%)

Total
No. (%)

Negative 102 (80.3)

34 (65.4)

136 (76)

Positive 25 (19.7)

18 (34.6)

43 (24)

127(100)

52 (100)

179 (100)

Total

P-Value

0.03

Table 5: Relationship between Aflatoxigenic Aspergillus growth and roasted or unroasted peanuts
Peanuts
Total
Variable
Roasted
Unroasted No. (%)
P-Value
No. (%) No. (%)
Aflatoxigenic Aspergillus
Total

Negative

62 (98.4)

74 (63.8)

136 (76)

Positive

1(1.6)

42 (36.2)

43 (24)

63(100)

116 (100)

179 (100)

0.000

Discussion
This study provides detailed information on the occurrence of Aspergillus flavus and aflatoxin in peanut and
peanut products and relationships between aflatoxin concentration and kinds of peanuts consumed in the Gaza
Strip.
Food Agricultural Organization (FAO) proposed maximum limit of 15μg/kg for the total Aflatoxin in peanuts6,
and this limit consistent with the limit in the Palestinian standard (PS 484) 1999. In this study, the percentage for
the samples of contaminated with aflatoxin in peanuts over the limit > 15μg/kg were 14.5%, and this percentage
consistent with the results studies in India by Bhat et al., 1997, where 21% of peanuts samples not suitable for
human consumption7.
In this study, the Aflatoxin level due to aflatoxin contaminations in peanut butter samples were under the limit of
international and Palestinian standard, meaning that peanut butter are suitable for human consumption. The
result of this study consistent with the result studied in the United States, where that study concluded that
commercial peanut butter in USA contain minute quantities of Aflatoxin and the concentration level below US
Food and Drug Administration (FDA) recommended safe level. In addition, this study consistent with the study
conducted in Japan, where the aflatoxin concentration level in peanut butter under the limit of standard8.
In this study the concentration of total Aflatoxin in peanuts samples ranged from value lower than LOD to
123μg/kg and this study inconsistent with the study conducted in Saudi Arabian by Deabes in 2010 where that
the concentration of total aflatoxins in nuts sample ranged from 16 to 240μg/kg9. In addition, this study
inconsistent with a study conducted in Sudan, where the percentage of sample contaminated with aflatoxin
exceeds the limit was 58.3% and the positive result of aflatoxin ranged from 17.5 to 404μg/kg. Moreover,
The results of this study consistent with the results conducted in Brazil by Carlos et al., 2009 who concluded that
44.2 % of peanuts samples were positive for aflatoxin at level of 0.5 to 103μg/kg2, where as the present study
concluded that 29.1 % of peanut samples were positive for aflatoxin and the concentration ranged from value
lower than LOD to 123μg/kg.
Our study concluded that 29.1% of peanuts and peanut products samples contaminated with aflatoxin and this
result inconsistent with the study conducted in China by Baifen et al ., 2009 that concluded 68.4% of the sample
of peanut and its products contaminated by aflatoxin10. Our study consistent with another study conducted in
China where 23% of sample contaminated with aflatoxin11.
A study conducted in Malaysia in 2010 entitled "Aflatoxin in raw peanut marketed in Malaysia" concluded that
78.5% of the samples were contaminated with aflatoxin, and 10.7% of contaminated samples exceed the
maximum limit (15μg/kg) 12, and the present study concluded that 14.5 % of contaminated sample exceeded the
maximum limit (15μg/kg).
The study conducted in Ethiopia by Eshetu in 2010 concluded that 73% of peanuts sample contaminated with
aflatoxin but our results concluded that just 29.1% of peanuts sample contaminated with aflatoxin13.
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Microorganisms such as yeasts have the capability to change or inactivate the aflatoxin molecule14, and this is
consistent with our study that illustrated an increase in yeast counts in the samples associated with decrease in
aflatoxin concentration.
Conclusion and Recommendations
This study provides for first time useful assessment of aflatoxin on peanuts in Gaza Strip. This study revealed
the occurrence of aflatoxin in peanuts and their products collected from the markets in Gaza Strip. It was
concluded that peanut types and their products in the Gaza Strip are not free of aflatoxigenic Aspergillus of
aflatoxin.
Aflatoxigenic Aspergillus is affected with growth of yeast in peanuts samples. Presence of yeast can inhibit the
growth of aflatoxigenic Aspergillus. The results indicate that aflatoxin contamination of peanuts and peanut
products may be a public health concern in Gaza Strip, since it contributes to the general human exposure to
these toxins.
Findings of this study helped the researcher to understand the problem of aflatoxin and given him a chance to a
number of recommendations that may help policy makers to deal with aflatoxin risks as soon as possible.
In order to prevent the health risk, a number of methods (storing in proper moisture and temperature) can applied
to reduce moulds that produce aflatoxin in Gaza Strip.
Equip the governmental foods monitoring laboratory by new equipments to be analyze the aflatoxin toxicity
level in the foods to protect the consumer from any hazard.
Acknowledgment: The authors are very grateful to Dr. Hashem Arafa for his important role in samples analysis.
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Introduction
Persistent organic pollutants (POPs) are widely distributed in the environment and accumulated into the top
animals, including humans, through the food chain because they show extremely high lipophilicity and chemical
stability. Bioaccumulation of POPs in animals causes adverse effects, such as carcinogenicity and teratogenicity.
Phytoremediation using uptake ability of plants is a promising technology for elimination of environmental
contamination by low concentration of POPs. Although plants usually do not take up lipophilic compounds
through their roots, Cucurbitaceae family, including zucchinis and cucumbers, shows remarkable characteristics
on uptake of POPs, such as dieldrin1, polychlorinated dibenzo-p-dioxins2, and polychlorinated biphenyls
(PCBs)3 into the aerial parts of plants. However, its uptake mechanisms have not been clarified yet.
In this study, we show that critical steps in uptake of POPs are the translocation from roots to aerial parts, but not
the accumulation in roots. It is revealed that xylem sap proteins play important roles on their translocation.
Materials and methods
Several cultivars of C. pepo plants were grown in soil and hydroponics containing dioxins and dioxin-like
compounds. The amounts of these compounds in plants were analyzed by a high resolution gas chromatography
/ a high resolution mass spectrometry after extraction, concentration, and purification. In order to observe uptake
of the hydrophobic fluorescent compound perylene into root cells, we used a confocal laser scanning microscopy.
Xylem sap collected from cut stem was applied to SDS-PAGE to separate proteins. Amino acid sequences of
xylem sap proteins in C. pepo cultivars showing high accumulation of dioxins and dioxin-like compounds were
revealed, and the corresponding cDNAs were cloned. PCB-binding activities were measured using PCB-binding
magnetic beads with xylem sap and recombinant proteins.
Results and discussion
In soil cultivation, 9 cultivars of C. pepo plants showed variety of accumulation of dioxins and dioxin-like
compounds in their aerial parts4. C. pepo subsp. pepo showed relatively higher accumulation than did subsp.
ovifera. This difference was also observed in the aerial parts of C. pepo grown in hydroponics5. However, the
amounts of these compounds in roots were almost the same between subsp. pepo and ovifera. Another finding is
that there are no differences in accumulation of perylene in root cells of subsp. pepo and ovifera. These results
suggest that translocation of these compounds from roots to aerial parts is important for high accumulation in
subsp. pepo. Xylem sap has an important role to carry many substances, such as minerals and water. It was
found that xylem sap contained major latex-like proteins6. These proteins bound PCBs, suggesting that they form
a complex with PCBs in roots and translocate into the aerial parts through xylem. These results are useful in the
development of efficient methods for the phytoremediation of hydrophobic contaminants.
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Introduction
Perfluorinated compounds (PFCs) are chemically and biologically inert organic compounds that have been
widely used in industrial processes and consumer products. Among the PFCs, PFOS (perfluorooctane sulfonate)
and PFOA (perfluorooctanoic acid) are considered as reference compounds. The molecular structures of PFOS
and PFOA are characterized by many C-F bonds, all of which are inert and hardly dissociate. Since PFOS is one
of the most recalcitrant substances among the various PFCs and has high potential of bioaccumulation in wildlife,
it was included in the Annex B of the 4th Stockholm Convention on Persistent Organic Pollutants in 2009 and its
usage was prohibited in principle. The removal of PFOS in conventional water treatments such as the activated
sludge process is low, resulting in its discharge into the environment. Thus, there is a need to develop
technologies that can remove PFOS from water at moderate cost.
We have applied electrolysis to degrade PFCs in dissolved form, and found that the technique can remove
more than 90% of PFOS. However, the mechanisms of the degradation and the degradation products are yet to
be understood.
The main objective of this study is to clarify the contribution of radical reactions to the degradation of PFOS
in aqueous solution. It is known that gamma-ray irradiation of aqueous solution and alcohol produces OH, SO4-,
and alkyl radicals as well as hydrated electron that can decompose organic halogen compounds by dissociative
electron attachment. On the other hand, not many radicals are formed when dried samples are irradiated with
gamma-raysto. Therefore, we compared the degradation of PFOS and PFOA in dissolved form by electrolysis
and 60Co gamma-ray irradiation. As a control experiment, we conducted the gamma-ray irradiation of the dried
residue of PFOS or PFOA to examine the direct breakdown of C-F bonds in the molecules by radiation damage
and/or indirect ionization.
Materials and methods
1. Electrolysis of PFOS in water
A 50 mmol/L Na2SO4 electrolyte solution spiked with PFOS (Wako Chemical Industry) was treated in 500
mL airtight cell made of polypropylene with a pair of platinum electrodes (surface area 2.36 cm2 for each) under
continuous stirring. Approximately one Ampere (1.0 A) current was applied to the electrodes with maximum
33V DC stabilized power supply (current density ca. 425 mA/cm2). The spiked PFOS concentration was
between 1 mg/L or 4mg/L. In order to trap volatile fluorinated compounds produced by electrolysis (if any), the
gas generated in the reaction cell during electrolysis was pumped through two serially coupled activated carbon
(AC) columns kept at -100°C and at liquid nitrogen temperature (approx. -190°C), respectively. Sub-samples of
PFOS-spiked electrolyte (or non-spiked electrolyte in case of blank run) were collected immediately after the
solution was poured into the reaction cell and after the electrolysis. Concentrations of PFOS and related
compounds were analyzed by HPLC/MS/MS (Agilent, 3200Q Trap), and anions were analyzed by ion
chromatograph (Dionex, ICS2000). For determination of total fluorine, PIXE/PIGE analysis was conducted at
Wakasawan Energy Research Center.
2. Gamma-ray irradiation to PFCs
A) PFCs in dissolved form
Alkaline isopropyl alcohol (IPA) or alkaline potassium persulfate solution were spiked with a known amount
of PFOS or PFOA. In alkaline IPA, radical chain reactions involving alkyl radicals, resulting in de-halogenation
of substances such as CFC, are known to occur when irradiated by gamma-rays1. Addition of persulfate was also
tested because the substance was a known radical initiator. Photolysis of persulfate ion in aqueous solution
produces sulfate radicals by S2O82-→2SO4-࣭reaction. In the presence of oxygen, ozonide ions O3- or ozonide
radicals are also formed. The life of the sulfate radical depends on the solution pH and temperature2. A 1 mol/L
CaCl2 trap was used in case HF or F2 gas was generated by radiolysis of PFCs. Sub-samples collected before and
after the irradiation were analyzed for PFCs by UPLC-MS/MS (LCT Premier XE, Waters).
B) Solid PFCs on the microscope slide
A 20μL drop of PFOS or PFOA solution (concentration: 1g/L-in methanol) was dried on a microscope slide
and covered with a cover glass to avoid contamination from the environment during irradiation as well as the
loss of the radiolysis products by explosive boiling. Irradiation dose was estimated by a ceric sulfate dosimeter,
utilizing the reduction of Ce4+ to Ce3+ by the radiation, or by theoretical calculation considering the distance and
angle from the 60Co radiation source. G value (the number of reactant molecules consumed or product molecules
formed per 100 eV of energy deposited by radiation) was calculated using the following equation3.
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 (1)

  

G=100 N/D

Where D= adsorbed dose (eV/g), and N= number of PFC molecules consumed per unit weight of the solution or
the solid (/g).
Results and discussion
1. Electrolysis of PFCs in water
The residual PFOS concentrations after 1 hr or 2 hrs of electrolysis in pure water with Na2SO4 as electrolyte
were respectively 47.8 % and 41.9 % of their initial concentrations. After the electrolysis, no degradation
products were detected by LC/MS/MS (MRM) analysis. On the other hand, there was a high electrical
conductivity peak with retention time (RT) similar to that of formic acid. If the peak was from formic acid, its
concentration in the original sample could be as high as a few dozen mg/L. Although formation of formic acid
(HCOOH) by decomposition of PFOS, which does not have a carboxyl group, was unlikely, we considered it
necessary to identify this formic-acid-like-compound.
We collected the formic-acid-like-compound by fractionating the sample during the ion chromatography
analysis using a fraction collector model SF-2120 (Advantec Co.). The fractionated sample and the solution
before and after electrolysis were passed through AC, and the components adsorbed to AC were analyzed for
total fluorine by PIXE/PIGE. Fluorine mass adsorbed to AC was significantly reduced after electrolysis, and
only a small amount of fluorine compared to that in the electrolyzed solution was detected in the AC used for
trapping formic-acid-like-compounds. The results show that the amount of dissolved fluorine compounds that
can be adsorbed on AC was reduced by electrolysis. If the fluorine compounds generated by electrolytic
degradation of PFOS were left in the solution, these compounds were not adsorbed to AC. If the degradation
products containing fluorine were volatile, they were not adsorbed to activated carbon at -100°C or -190°C. The
formic-acid-like-compound fractionated by ion chromatography may not have fluorine in it, or the compound
had fluorine in its structure but was not adsorbed to AC.
2. Gamma-ray irradiation to PFCs
Table 1 shows the conditions of irradiation. In Fig.1, the numbers of PFOS and PFOA molecules on the
microscope slide are plotted against the energy deposited by radiation (in heV unit, 1heV=100 eV). The decrease
in PFOS and PFOA molecules was roughly proportional to the adsorbed dose when samples were dried residue.
On the other hand, dissolved PFOS and PFOA were not significantly degraded by gamma-ray irradiation.
Apparently, the various radicals that should have been generated by gamma-ray irradiation did not enhance
the degradation of PFOS and PFOA under the conditions used in our experiment. In contrast, irradiation by 1.17
and 1.33 MeV photons from 60Co appeared to be more effective in decomposing PFOS and PFOA as shown in
Fig.1. As for the irradiation of dissolved PFCs, the effect of solution pH, temperature and other related
conditions are going to be reexamined, and the accuracy of the determination of PFCs in the solution is going to
be reassessed in our ongoing work.
Table 1. Conditions of gamma-ray irradiation
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Fig.1 Decrease in the numbers of molecules on the microscope slide after the irradiation of dried PFOS and
PFOA residues
Conclusion
The results obtained so far indicate that the PFOS was probably not decomposed by radicals formed by
gamma-ray irradiation of the test solution, whereas it was decomposed, at least to some extent, by gamma-ray
irradiation of the dried residue. The degradation products of the electrolysis of PFOS were probably substances
that are not easily be adsorbed to AC. The removal of PFOS by electrolysis is attributed more to the effect of
platinum electrode working as an electrode catalyst than to the chemical reactions induced by radicals etc. in the
solution phase.
References:
1. T. Yamamoto, N. Ootsuka. (1980); J. Nucl. Sci. Technol. 17(12):913-921
2. L. Dogliottd, E. Hayon. (1967); J. Phys. Chem. 71(8):2511-2516
3. S Kimura, M Taimatsu. (1992); Radioisotopes. 41(2):71-78

─ 173 ─

C2-1-2
THERMAL MINERALIZATION OF GAC-ADSORBED
PERFLUORINATED COMPOUNDS
Nobuhisa WATANABE1*, Mitsuyasu TAKATA1, Shuusuke TAKEMINE2, Katsuya YAMAMOTO2
1

Osaka Institute of Technology, Ohmiya 5-16-1, Asahi-ku, Osaka 535-8585, Japan;

2

Hyogo Prefectural Institute of Environmental Sciences, Yukihiracho 3-1-27, Suma-ku, Kobe 654-0037, Japan

Keywords : Perfluorinated compounds, Leachate, Activated carbon, Thermal treatment, Reactivation
,Mineralization, Destruction
Introduction
Perfluorinated compounds(PFCs) in disposal site will be dissolved to leachate because of its aqueous solubility;
however, granular activated carbon(GAC) can moderately adsorb PFCs in water treatment system. It is of concern
how PFCs behave during thermal reactivation of GAC: being released to air or mineralized. This paper presents
behavior of perfluorooctanoic acid(PFOA), perfluorohexanoic acid(PFHxA) and perfluorosulfonate acid (PFOS) in
thermal treatment in a laboratory scale. Adsorption to GAC and attack by alkali were found to be effective to
mineralization.
Materials and methods
PFOA in air combustion
Ten milligrams(equivalent to 6.9 mgF) of PFOA in reagent form placed on a ceramic boat(length: 60 mm) was
thermally treated for 20 min in a quartz tube(inner diameter: 20 mm, length 1000 mm), which was supplied with
0.5 L min-1 air and kept at 150, 300, 500, 700 and 900 Υ (heated length: 300 mm)1. An off-gas was introduced
to 1% H2O2 aqueous gas absorber(50 mL). Determined chemical species were fluoride ion(F-), PFOA and short
chain PFCs e.g. PFHpA, PFHxA, PFPeA and PFBA.
PFOA-adsorbed GAC in air combustion
One hundred milligrams of GAC(FILTRASORB 300, Calgon Carbon Japan) washed by distilled water was
mildly contacted with 10 mL of aqueous PFOA standard solution of 500 mg L-1 in a polypropylene bottle for 24
h in a room temperature. The concentration of PFOA in the GAC was 50 mg g-1, which was checked by analysis
of the remaining water and the bottle's inner surface. The GAC was thermally treated as described above.
Thermal treatment of PFOA, PFHxA or PFOS in N2 atmosphere
Several milligrams of PFOA, PFHxA or PFOS was placed in a ceramic boat, which was thermally treated at 700
Υ in N2 atmosphere(no flow) for 10 min. After the treatment, the quartz tube and the boat was rinsed by
deionized water, in which F-, initial PFC and short chain PFCs were determined.
Thermal treatment of PFCs-adsorbed GAC in N2 atmosphere with or without NaOH
The concentration of PFOA, PFHxA and PFOS in the prepared PFCs-adsorbed GAC were 50, 50 and 10 mg g-1.
One hundred milligrams of the GAC was thermally treated at 700 Υ in N2 atmosphere(no flow) for 10 min. In
an experiment with NaOH, the GAC was added with 0.5 mL of 8 M NaOH. In addition to quartz furnace rinse,
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F- and PFCs remaining in GAC were determined. Extraction solvent for PFCs from GAC was acetone2.
Results and discussion
Air combustion of PFOA
Experimental results are summarized in Table 1. Heated PFOA in air stream at 150 and 300 Υ was not
mineralized but was volatilized from boat to reach off-gas absorber1. With a temperature of 500 Υ , PFOA was
partially mineralized resulting 30% of F- recovery and 8% of PFOA and its short chain fragments. At a
temperature higher than 700 Υ, PFOA was considered to be completely mineralized, because no PFCs was
detected and 87% of F- was recovered in the gas absorber.
If PFOA was adsorbed to GAC, volatile transfer was so slight that at most 0.4% of short chain PFCs
was detected in gas absorber. Mineralization of PFOA bound to GAC began at 150 Υ and was completed at 500
Υ. Recovered F- found in absorber was less than 60% of initial amount of PFOA, the reason of which is residual
F in GAC and inner surface of quartz tube. Water rinse of boat and quartz furnace was not carried out in the air
combustion experiment.
Consequently, PFOA mineralization through air combustion was clearly evidenced; moreover, binding
to GAC suppressed volatile release and enhanced mineralization.
Thermal treatment of PFOA, PFHxA and PFOS in N2 atmosphere
The temperature of 700 Υ was adequate to mineralize PFCs, though no O2 was present. Short chain PFCs was
found at a level of less than 0.1%, the origin of which were considered to be volatile fragment of PFCs escaping
from heated zone to reach the room temperature region. Although quartz tube was rinsed with deionized water, Fchemically reacted with quartz glass was not recovered. If PFCs was adsorbed to GAC, no residual PFCs was
detected. Addition of NaOH decreased F- found in quartz tube rinse; however, most of F- was recovered from
GAC water rinse. This suggests alkali addition formed salts involving F, which suppressed gaseous HF release
from PFCs mineralization.
Behavior of total F in reactivation of used GAC
In our previous report, total F in used GAC from leachate treatment at landfill site was determined by air
combustion ̿ off-gas trapping3. The recovery of total F was the highest at combustion temperature of 600 Υ
followed by recovery descent at 700 and 800 Υ . The recovery loss of inorganic F was due to formation of CaF2
from CaO, which was generated by CaCO3 decomposition in heat. Since the landfill leachate has high alkalinity,
it absorbs much CO2 from air resulting CaCO3 deposition onto GAC. Namely, alkali binding on GAC in thermal
treatment could naturally occur in real GAC reactivation.
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Table 1
Summary of thermal mineralization of PFOA, PFHxA and PFOS
in Air or N2, with or without GAC, and with or without NaOH

Gas

Sample

Air
Reagent
stream chemical

Absorbed
on GAC

Additives PFCs

Fraction

No
PFOA Gas
additives
absorber

No
PFOA Gas
additives
absorber

GAC

150  C

300  C

500  C

700  C

900  C

Not
mineralized.
F- :ND

Not
Partially
mineralized. mineralized.
F-: ND
F-: 30% of
initial
amount was
recovered.

Mineralized.
Mineralized.
F-: 87% of
F-: 87% of initial
amount was recovered. initial amount
was recovered.

Most PFOA
remained.

Most PFOA Slight
remained.
PFOA
remained.

Short chain
PFCs were
detected.

Short chain Short chain
PFCs were PFCs
detected.
remained 8%
of initial
amout .

No PFCs was detected No PFCs was
Lower than 0.01% of detected
initial amount .
Lower
than 0.01% of
initial
amount .

Not
mineralized.
F : ND

Partially
mineralized.
F : 30% of
initial
amount was
recovered.

Mineralized. Mineralized.
Mineralized.
F : 58% of initial
F : 47% of
F : 58% of
initial
amount was recovered. initial amount
amount was
was recovered.
recovered.

No PFCs
was
detected.

No PFOA
was
detected.

No PFOA
No PFOA was
was detected. detected.

Short chain
PFCs 0.2%
of initial
amount
was
detected.

Short chain Short chain PFCs
PFCs 0.4% 0.04% of initial
of initial
amount was detected.
amount was
detected.

Most of
PFOA
remained
60% of
initial
amount .

No PFOA
was
detected.

No PFCs
No PFCs
was detected. was detected.

Short chain
PFCs
remained 20%
of initial
amount .

Short chain
PFCs
was
detected
0.3%
of initial
amount .
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No PFCs
was detected.

No PFCs
was detected.

Table 1 continued
Summary of thermal mineralization of PFOA, PFHxA and PFOS
in Air or N2, with or without GAC, and with or without NaOH

Gas
N2
no
flow

Sample
Reagent
chemical

Additives PFCs

Fraction

150  C

300  C

No
PFOA, Quartz
additives PFHxA furnace
and
rinse
PFOS

500  C

700  C
Mineralized.
F : 30%, 46% and 49%
of initial amount was
recovered.
Slight PFCs was
detected 0.1%,
0.1%, and less than
0.001% of initial
amount .

Absorbed
on GAC

No
PFOA, Quartz
additives PFHxA furnace
and
rinse
PFOS

Mineralized.
F-: 50%, 74% and
69% of initial amount
was recovered.
No PFCs was
detected less than
0.001% .

GAC

F- : NA
No PFCs was
detected less than
0.001% .

Added
with
8M
NaOH
0.5 mL

PFOA, Quartz
PFHxA furnace
and
rinse
PFOS

Mineralized.
F : 12%, 16% and 7%
of initial amount was
recovered.
No PFCs was
detected less than
0.001% .

GAC

Mineralized.
F : 62%, 75% and
73% of initial amount
was recovered.
No PFCs was
detected less than
0.001% .
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Introduction
Perfluoroalkyl surfactants such as perfluoroalkane sulfonates (CnF2n+1SO3–) and their derivatives have been used
in surface treatment agents, emulsifying agents in polymer synthesis, fire-fighting foams, and so on because of
their high surface-active effect, high thermal and chemical stability, and high light transparency. After it became
clear that some of them, particularly, perfluorooctane sulfonate (C8F17SO3–, PFOS) persists and bioaccumulates
in the environment, international legal measures regarding the production, use, and import and export of PFOS
were implemented, and efforts to develop greener alternatives are advancing1.
Perfluoroalkane disulfonates (–O3SCnF2nSO3–) are among the alternatives developed, and are being introduced in
electronics industry. If these new surfactants are to be widely used, waste treatment techniques will have to be
established for them. Although they are likely to decompose more easily than corresponding perfluoroalkane
sulfonates because the former have two SO3– groups, no one has confirmed that they do in fact decompose more
easily. If they could be decomposed to F– ions by means of environmentally benign techniques, the wellestablished protocol for treatment of F– ions could be used, whereby Ca2+ is added to the system to form
environmentally harmless CaF2, which is a raw material for hydrofluoric acid. Thus, the development of such a
method would allow the recycling of fluorine, the global demand for which is increasing.
Reaction in subcritical or supercritical water is recognized as an innovative and environmentally benign wastetreatment technique, owing to the high diffusivity and low viscosity of these media, as well as their ability to
hydrolyze many organic compounds. Subcritical water is defined as hot water at sufficient pressure to maintain
the liquid state, and supercritical water is defined as water at temperatures and pressures higher than the critical
point (374 ºC, 22.1 MPa). We previously reported that PFOS is not decomposed in pure subcritical water at
around 350 ºC, whereas PFOS can be decomposed by the use of zerovalent iron as a reducing agent in the
medium2.
Herein we report on the decomposition of a typical perfluoroalkane disulfonate, –O3SC3F6SO3–, in subcritical and
supercritical water, in the presence of an oxidizing agent (O2) or an iron-based reducing agent (zerovalent iron or
FeO), and the results are compared with results for a perfluoroalkane sulfonate, C 3F7SO3–, which is also used as
a PFOS alternative surfactant. An effective methodology for the decomposition of the perfluoroalkane
disulfonate to F– ions is presented3.
Materials and methods
Dipotassium 1,1,2,2,3,3-hexafluoropropane-1,3-disulfonate KO3SC3F6SO3K (>99%) and potassium
heptafluoropropane sulfonate C3F7SO3K (>99%) were obtained from Mitsubishi Material Electric Chemicals.
Reactions were carried out in a stainless steel high-pressure reactor. In a typical run using zerovalent iron, an
argon-saturated aqueous solution (10 mL) of –O3SC3F6SO3– (14.7 Pmol; 1.47 mM) and zerovalent iron (9.60
mmol) was introduced into the reactor, and the reactor was pressurized to 0.60 MPa with argon and sealed. The
reactor was placed in an oven, and the temperature was raised to the desired value (200–380 ºC) and then held
constant for a specified time, after which the reactor was quickly cooled to room temperature.We also
conducted control experiments in the absence of zerovalent iron, with FeO or Fe3O4, under O2 instead of argon,
and with C3F7SO3–.
Results and discussion
The results for reactions of –O3SC3F6SO3–  and C3F7SO3– in subcritical water at 350 ºC and at a constant
reaction time of 6 h are summarized in Table 1. We observed F– and SO42– as products in the reaction solutions
and CO2 as a product in the gas phase. When the initial amount of –O3SC3F6SO3– was 14.6 Pmol (i.e., the
concentration in the initial aqueous solution was 1.46 mM) and the reaction was carried out under argon without
any additive (entry 1), most (99%) of the initial substrate remained after the reaction, and the yield of F– [(moles
of F– formed)/(moles of fluorine content in initial substrate, i.e., moles of initial –O3SC3F6SO3– × 6)] was 3%.
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This observation indicates that –O3SC3F6SO3– was stable in pure subcritical water. To facilitate the
decomposition of –O3SC3F6SO3–, we examined the possibility of using O2 to induce oxidative decomposition.
However, introduction of 0.60 MPa (5.10 mmol) of O2 did not enhance the decomposition of –O3SC3F6SO3–
(entry 2).
Next, we investigated the decomposition of –O3SC3F6SO3– in the presence of zerovalent iron. Addition of the
zerovalent iron dramatically accelerated the decomposition of the substrate to F– ions: when the reaction was
carried out in the presence of zerovalent iron (9.60 mmol) under an argon atmosphere, the amount of the
substrate completely disappeared from the reaction solution (entry 3). Simultaneously, the F– yield reached 70%
(entry 3), which was 23 times the yield without iron (entry 1). Addition of FeO also enhanced the
decomposition of the substrate, although the enhancement was not as great as that observed with zerovalent iron:
the proportion of remaining substrate was 38%, and the F– yield was 54% (entry 4). We also carried out the
reaction using C3F7SO3–. Similar to the results observed for –O3SC3F6SO3–, C3F7SO3– was stable in pure
subcritical water: 97% of the initial substrate remained (entry 5), and the reactivity was almost uninfluenced by
addition of O2 (entry 6). The decomposition of C3F7SO3– was enhanced by addition of zerovalent iron: the
proportion of remaining substrate decreased to 19%, and the F– yield increased to 23% (entry 7). Although
addition of zerovalent iron accelerated the decomposition of C3F7SO3– to F– ions, the F– yield was considerably
lower than the F– yield from the reaction of –O3SC3F6SO3– (70%, entry 3). Addition of FeO also enhanced the
decomposition of C3F7SO3– somewhat: the proportion of remaining substrate was 89% and the F– yield was 14%
(entry 8).
Table 1. Decomposition of –O3SC3F6SO3– and C3F7SO3– in subcritical water a
Remaining
Gas
Reducing
Reactionpre
Entry
Substrate
substrate
agent
ssure
(initial amount,
(Pmol) [%]b
(MPa)
Pmol)
–
1
O3SC3F6SO3–
Ar
none
17.8
14.5
(14.6)
[99]
–
2
O3SC3F6SO3–
none
17.2
14.2
O2
[95]
(14.9)
–
O3SC3F6SO3–
3
Ar
Fe
17.4
n.d.d
(14.7)
[0]
–
O3SC3F6SO3–
Ar
FeO
17.5
5.68r0.08
4
(14.9)
[38r1]
Ar
none
17.5
14.5
5
C3F7SO3–
( 14.9)
[97]
none
16.9
14.5
O2
6
C3F7SO3–
[97]
(14.9)

F–
(Pmol)
[yield, %]c
2.63
[3]
2.23
[2]
61.9r2.4
[70r3]
48.2r2.8
[54r3]
0.42
[0]
0.52
[0]

CO2
(Pmol)

SO42–
(Pmol)

1.62

1.10

3.74

1.49

4.58r0.16

trace

1.35r0.33

1.71r0.06

1.46

0.37

4.62

0.31

C3F7SO3–
Ar
Fe
16.8
2.79
23.9
n.d.
1.12
(14.7)
[19]
[23]
Ar
FeO
17.4
13.2
14.9
0.32
1.31
8
C3F7SO3–
(14.9)
[89]
[14]
a
An aqueous solution (10 mL) of the substrate and additive (Fe or FeO; 9.60 mmol) were introduced to the reactor, which
was pressurized with argon or oxygen (0.60 MPa) and then heated at 350 ºC for 6 h.
b
Remaining substrate (%) = [(moles of remaining substrate)/(moles of initial substrate)] × 100.
c –
F yield (%) = [(moles of F– formed)/(moles of fluorine content in initial substrate)] × 100.
d
n.d = not detected.
7

Because zerovalent iron gave the highest F– yields among tested, we further investigated the decomposition of
these substrates with zerovalent iron in detail by varying other reaction conditions. The reaction-time
dependences of the decomposition of –O3SC3F6SO3– and C3F7SO3– in the presence of zerovalent iron at 350 ºC
are shown in Fig. 1a and Fig. 1b, respectively. The –O3SC3F6SO3– substrate disappeared from the reaction
solution within 1 h, and the decrease in the amount of substrate was accompanied by an increase in the amount
of F– and CO2 (Fig. 1a). After 18 h, the amount of F– reached 71.7 Pmol (81% yield), which indicates that the
fluorine content in –O3SC3F6SO3– was successfully decomposed to F– ions.
The decomposition of C3F7SO3– proceeded much slower than the decomposition of –O3SC3F6SO3–: 52% of the
initial amount of C3F7SO3– remained after 1 h (Fig. 1b) (the corresponding value for –O3SC3F6SO3– was 0%), and
12% of the initial amount still remained after prolonged reaction (18 h). The amount of F– increased to 39.7
Pmol (39% yield) after 18 h. However, the yield was almost half of that from the reaction of –O3SC3F6SO3–
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(81%). We also investigated the temperature dependences of the reactions of these substrates at a constant
reaction time of 6 h (Fig. 1c and Fig. 1d). At 200 ºC, almost no decomposition of –O3SC3F6SO3– was observed
(Fig. 1c). Substrate decomposition was observed above 200 ºC and the substrate completely disappeared from
the reaction solution at 300 ºC, while F– formation increased with increasing temperature. At 380 ºC, the
temperature at which the water reached the supercritical state, the amount of F– reached 67.5 Pmol (77% yield).
We further prolonged the reaction time to 18 h at 380 ºC, expecting that F– formation further increased.
However, contrary to our expectation, the amount of F– (64.3 Pmol; 73% yield) did not increase, suggesting that
part of F– ions were strongly bound on the iron surface after prolonged reaction time. Consistently, the XPS
spectrum for the F(1s) region of the recovered iron powder after the reaction for 18 h showed a dominant peak
around 684 eV, which can be assigned to negatively charged monovalent fluorine, F–. This observation clearly
indicates that F– ions are present not only in the reaction solution but also on the iron surface. The temperature
dependence of the reaction of C3F7SO3– is shown in Fig. 1d.
This substrate was less reactive than –O3SC3F6SO3–: almost
no decomposition was observed at 250 ºC. When the
reaction was carried out at 380 ºC, the amount of remaining
substrate was 0.84 Pmol (6%) and the amount of F– was
34.6 Pmol (34% yield): the yield was 0.44 times the F–
yield of –O3SC3F6SO3–.
To detect reaction intermediates, we analyzed reaction
solutions by LC–MS.
When –O3SC3F6SO3– was
decomposed in the presence of zerovalent iron, the total-ion
mass chromatograms of several reaction solutions showed
two peaks: one peak that yielded signals at m/z 231, which
corresponds to HC3F6SO3–, and one peak that yielded
signals at m/z 181, which corresponds to HC2F4SO3–. The
presence of HC3F6SO3– indicates that the decomposition of
–
O3SC3F6SO3– proceeded through cleavage of the S–C bond.
When the reaction was carried out at 350 °C, the peak
intensity of HC3F6SO3– increased during the initial stage of
the reaction and then decreased, indicating that the formed
HC3F6SO3– decomposed under these reaction conditions.
While the peak intensity of HC3F6SO3– was decreased, the
peak intensity of HC2F4SO3– increased up to 6 h and then
slightly decreased. When the reaction temperature was
elevated to 380 °C, the reaction solution after 6 h or 18 h
did not show these peaks. These observations indicate that
one pathway of the decomposition of –O3SC3F6SO3– in the
presence of zerovalent iron proceeded via formation of
HC3F6SO3– and HC2F4SO3–.
As described above, zerovalent iron induced efficient
decomposition of –O3SC3F6SO3– in subcritical and
Fig. 1.
Reaction-time dependences of the
supercritical water. However, the iron reacted not only with
decomposition of (a) –O3SC3F6SO3– and (b)
the substrate but also with subcritical and supercritical
C3F7SO3– in the presence of zerovalent iron at 350
water to form H2 and Fe3O4 (Eq. 1).
3Fe + 4H2O Ѝ Fe3O4 + 4H2

(1)

Consistently, when the reaction of –O3SC3F6SO3– in the
presence of zerovalent iron was carried out at 350 °C for 6 h,
H2 made up 42.4% of the total gas after the reaction
(corresponding to 3.21 mmol of H2), and the XRD pattern
of the recovered iron powder showed peaks that were
assigned to Fe3O4 (Fig. 2b). According to Eq. 1, the amount
of H2 indicates that 2.41 mmol of the zerovalent iron was
consumed by the reaction with H2O. This value was much
larger than the initial amount of –O3SC3F6SO3– (14.7 Pmol).
In addition, the reactivity of Fe3O4 toward the substrate was
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ºC and temperature dependences of the
decomposition of (c) –O3SC3F6SO3– and (d)
C3F7SO3– in the presence of zerovalent iron. For
the measurements of (a) and (b), an aqueous
solution (10 mL) of –O3SC3F6SO3–or C3F7SO3–
(14.7 Pmol; 1.47 mM) and zerovalent iron powder
(9.60 mmol) were introduced into the reactor,
which was pressurized with argon (0.60 MPa) and
heated at 350 ºC for 1–18 h. For the measurements
of (c) and (d), an aqueous solution (10 mL) of
–
O3SC3F6SO3– or C3F7SO3– (14.7 Pmol; 1.47 mM)
and zerovalent iron powder (9.60 mmol) were
introduced into the reactor, which was pressurized
with argon (0.60 MPa) and (c) heated at 200 ºC–
380 ºC or (d) heated at 250–380 ºC for 6 h.

low: for example, when we carried out the reaction of –O3SC3F6SO3– (14.9 Pmol) in the presence of Fe3O4 (9.60
mmol) at 350 ºC for 18 h, the proportion of remaining substrate was 74% and the yield of F– was 20%.
Iron(II) oxide undergoes disproportionation to zerovalent iron and Fe3O4 at higher temperatures (Eq. 2).
)H2ĺ)H)H3O4

(2)

If the disproportionation did occur in subcritical or supercritical
water, zerovalent iron would form in situ, and the formed iron
might be preferentially consumed by reaction with the substrate
than with water. To test this possibility, we carried out the
reactions of –O3SC3F6SO3– and C3F7SO3– in the presence of FeO,
despite the facts that their reactivity at 350 ºC for 6 h was lower
than those of zerovalent iron. As expected, the advantage of FeO
over zerovalent iron was observed when the reaction temperature
was elevated to supercritical state. When –O3SC3F6SO3– was
reacted in the presence of FeO at 380 ºC, –O3SC3F6SO3–
completely disappeared from the reaction solution and the
amount of F– reached 79.5 Pmol (89% yield). This yield was
higher than the F– yield when zerovalent iron was used (77%).
After 18 h, the F– amount reached 82.0 Pmol (92% yield). This
yield was much higher than the F– yield that zerovalent iron was
used (73%), and was the highest F– yield among tested, while the
substrate was completely disappeared from the reaction solution.
The XRD patterns of the FeO powder before and after reaction of
–
O3SC3F6SO3– at 380 ºC are shown in Fig. 2c and Fig. 2d,
respectively. After the reaction for 6 h, the recovered FeO
powder from the reaction mixture showed only peaks assignable
to zerovalent iron and Fe3O4 (Fig. 2d), indicating that the
Fig. 2. XRD patterns of the zerovalent iron
disproportionation of FeO to zerovalent iron and Fe3O4 did occur,
powder (a) before and (b) after reaction at 350
and the zerovalent iron that formed in situ acted as the real
ºC and of the FeO powder (c) before and (d)
reducing agent for the decomposition of the substrate, because
after reaction at 380 ºC. For the measurement
Fe3O4 showed low reactivity toward the substrate.
of pattern (b), an aqueous solution (10 mL) of
–
On the other hand, when the reaction of C3F7SO3– was carried out
O3SC3F6SO3– (14.7 Pmol; 1.47 mM) and
zerovelent iron powder (9.60 mmol) were
at 380 ºC for 6 h in the presence of FeO, the amount of the
introduced into the reactor, which was
substrate was 8.42 Pmol (the proportion of remaining substrate
–
pressurized with argon (0.60 MPa) and heated
was 57%) and the amount of F was 32.7 Pmol (31% yield): the
at 350 ºC for 6 h, after which the solid was
remaining substrate was higher than that of zerovalent iron (6%),
recovered. For the measurement of pattern (d),
–
whereas the F yield was almost the same as that when
an aqueous solution (10 mL) of –O3SC3F6SO3–
zerovalent iron was used (34%). After 18 h, the amount of the
(14.9 Pmol; 1.49 mM) and FeO powder (9.60
substrate decreased to 4.46 Pmol (the proportion of remaining
mmol) were introduced into the reactor, which
was pressurized with argon (0.60 MPa) and
substrate was 30%) and the F– amount reached 60.4 Pmol (58%
heated at 380 ºC for 6 h, after which the solid
yield). This F– yield was 0.63 times that of –O3SC3F6SO3– in the
was recovered.
presence of FeO at 380 ºC for 18 h.
–
–
In conclusion, we investigated decomposition of O3SC3F6SO3
and C3F7SO3– in subcritical and supercritical water. Addition of zerovalent iron accelerated the decomposition
of these substrates to F–. Although the reactivity of FeO was lower than zerovalent iron in subcritical water, the
reactivity was dramatically enhanced when the reaction temperature was elevated to supercritical state , at which
temperature in situ disproportionation of FeO to zerovalent iron and Fe3O4 did occur. The perfluoroalkane
disulfonate –O3SC3F6SO3– decomposed more efficiently than C3F7SO3– in the presence of zerovalent iron or FeO.
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Introduction
As a result of major improvements in health care and food supply, there have been major decreases in deaths
caused by infectious diseases and starvation over the past century. Now problems related to environmental
pollution are regarded as posing more serious threats to the quality of life, especially through their impact on
degenerative diseases. This is despite the fact that many countries have undertaken strict measures to limit
damage to their environments, with the result that urban pollution levels are generally less than in the past.
However, the forms of pollution have changed, and modern pollution still affects the quality of air, waters, and
soils, and also food quality as a result of biogeochemical cycling.
Whilst the industrial revolution of the 18th and 19th centuries created a greater supply of food, raw materials and
industrial products that fueled population expansion to current levels, it also resulted in pollution of the air, water
and soils. The burning of coal resulted in large quantities of toxic gases and nanometre-size soot particles being
released into the atmosphere where corrosive acids (e.g. sulfuric acid from SO2, O2 and H2O) were formed; such
atmospheric pollution was responsible for lung and eye irritations, made buildings dirty, and the acids attacked
ironwork, stonework and fabrics. Smogs (mixtures of fog, smoke and gaseous pollutants) in the industrial cities
of Europe were common for more than a century, but since the 1950s countries have adopted strong measures to
control atmospheric pollution. Whilst the threat of smog has now been tackled in many developed countries,
there are still other places where it represents a serious problem. However, the sources are now more varied than
in the past, with contributions coming from automobile exhausts, incineration of domestic waste, and the burning
of undecomposed biological material such as rice straw and forest fires, as well as from industrial activities.
Emissions from vehicle exhausts contain carbon monoxide, nitrogen dioxide, ozone, benzenes and aldehydes,
and fine particles can penetrate deep into the lungs, where they can trigger the development of pneumoconioses 1.
Air pollution can be exported to neighbouring countries, and some scientists believe that atmospheric pollution is
a major driving force for modern climate change, which could have major effects on societies in the future2.
Water pollution was a major problem in cities during the 19th century, as a result of the dumping of human
waste into rivers and canals, and diseases, such as typhoid and cholera were major health problems. Such
problems led to the development of sewage systems in major European cities, and later to centres of population
in other parts of the World, a process which is still on-going in some developing countries. In addition, there is a
legacy of soil and groundwater pollution caused by past industrial activities, and for which remediation strategies
need to be developed.
Many countries now set standards for the levels of emissions of various chemicals to the air, and discharges to
sewers or waterways. However, it is also essential that activities are monitored for compliance with governmentdetermined standards, and for enforcement to be sufficiently strong that compliance is cheaper than the fines for
continuous breaches of the regulations. Thus the availability of “cheap” materials to remove pollutants at their
point of generation is a major factor in improving the extent to which current environmental standards can be
met. In this respect common natural materials have an important role to play, and the present paper addresses
potential contributions that can be made by products derived from kaolins, one of the most common family of
clay minerals.
The kaolin minerals are a group of dioctahedral 1:1 layer silicates, in which each layer consists of a combination
of one sheet of tetrahedral (primarily Si) and one sheet of octahedral (primarily Al) cations linked by bridging
oxygen atoms. The surface of the tetrahedral sheet consists of oxygen atoms, whereas that of the octahedral sheet
contains hydroxyl groups, and neighbouring layers are held together by hydrogen bonds. Kaolin deposits are
widely distributed throughout the World, but they also exhibit considerable variations in both their chemical and
structural compositions; the former arise because of isomorphous substitutions for both Si and Al, whereas the
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latter are exhibited both in the nature of the stacking of adjacent layers, and the presence or absence of water
molecules in the interlayer region.
Although kaolin minerals are used extensively in the ceramics, paint and paper industries, they can be modified
to produce new materials with a wide range of physical and chemical properties that have the potential for the
development of additional uses3. In addition, they can be used as source materials for the production of aluminaor silica-based products for further industrial uses. This presentation will present recent work on the generation,
characterization, and properties of modified kaolins, illustrated by materials derived from two of the main kaolin
deposits in Thailand, that have potential uses in addressing modern environmental pollution problems.
Materials and methods
Ranong kaolin was obtained from the Had Som Pan District, Muang, Ranong, Thailand, and is thought to arise
from the hydrothermal alteration of granite4. It was (pale) yellow in colour, probably because of the presence of a
small amount of goethite, but appeared homogeneous, although it consisted primarily of a mixture of kaolinite
and halloysite5. Lampang kaolin was obtained from the Ban Sa District, Jae Hom, Lampang, and is thought to
be composed of weathering products of rhyolite in siltstone, sandstone and shale4. This sample was white in
colour, but quite inhomogeneous, and contained substantial quantities of quartz. Before use both samples were
washed with distilled water and dried in an oven at 100 oC for 24 h.
Samples were then modified by one or a combination of the following treatments (i) extraction with oxalic or
sulfuric acid, (ii) grinding, or (iii) heating. For (i) 0.7 M oxalic or 2 M sulfuric acid solutions were added to dried
natural kaolin samples that had been gently crushed to pass through a 0.074 mm with a ratio of clay:acid of
1g:50 ml. Samples were refluxed at 90 oC under mechanical stirring (using an IKA hotplate stirrer model CMAG HS7) at about 250 rpm for 4 hours. Then the supernatants were removed and the residues washed with 2
litres of distilled water; the washing was repeating until the pH of the clay suspension was t3. Finally, the
sample was dried at 100 oC for 24 h. For (ii), grinding was performed in a Retsch stainless steel planetary ball
mill for 1 hour with a rotation speed of 300 rpm using a weight ratio of balls to kaolin of 30:1; as described by
Worasith et al.5, both the pot and milling media were stainless steel. For (iii) 50 g samples were heated to 500,
600, 700, and 800 °C for 3 hours in a furnance. The products from (ii) and (iii) were also extracted with as
described in (i).
Samples were characterized by X-ray diffraction (XRD), X-ray fluorescence (XRF), scanning electron
microscopy (SEM), and Fourier transform infra-red (FTIR) spectroscopy. XRD measurements were performed
with a Bruker AXS model D8 Discover X-ray diffractometer employing Ni-filtered CuK α radiation. Kaolin
powder was placed in a flat holder, with 20 mm diameter and 15×20 mm irradiated area, and diffraction patterns
were then collected in the range of 2θ = 5o to 60o at a scanning speed 1o per 2θ/min, and working at 40 kV/40 mA.
Mineral components in the X-ray diffractograms were identified by comparison with standards in the JCPDS
Powder Diffraction File. XRF analyses were made with a Bruker AXS model S4 Pioneer XRF spectrometer with
a scintillator detector. Wax was added to the clay samples as a binder before fusing into pellets (weight ratio of
clay:wax about 7:3). The surface morphology of the kaolin samples that were coated with gold to enhance
conductivity after heating to 80 °C, was investigated using a JEOL model JSM-5410 LV scanning electron
microscope, with an accelerating voltage of 15 kV and a vacuum of 10 -5 Pa. Samples were inserted into the SEM
chamber, transferred to the path of the electron beam, and then scanned automatically. Various magnifications
were used to compare the textures and shapes of modified kaolins before and after treatments. Attenuated Total
Reflectance Fourier Transform Infrared Spectra (ATR-FTIR) were recorded on a Bruker Tensor 27 FTIR
spectrometer incorporating a 1.8 mm Ge crystal. A sample of the clay powder was placed on the Ge crystal and
1024 scans were acquired for each spectrum at a resolution of 1 cm-1 in the mid-IR range (4,000-600 cm-1).
Results and Discussion
(i) Acid treatments: Acid treatment of the natural kaolin samples resulted in the removal of some impurity and
amorphous phases, but had little effect on the kaolin mineral structures. Thus whereas such treatments may be
important for uses in the paint and paper industries, since they can improve the whiteness and brightness of the
sample, they are of little value in the production of materials for addressing environmental problems.
(ii) Grinding: Dry grinding resulted in two concurrent processes, fragmentation of the original structure with the
exposure of new, amphoteric surfaces, and recombination into large spheroidal aggregates of fine particles, as
illustrated in Fig. 1. At the same time there was a gradual transformation of hydroxyl groups in the kaolin
structure, and an increase in the cation exchange capacity, which is very small in natural kaolin samples.
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(a)
(b)
(c)
(d)
Figure 1. SEM micrographs for (a) Ranong and (c) Lampang kaolins in which halloysite and kaolinite are
identified by their characteristic needle and platy morphologies, respectively. After grinding, the original mineral
structures were lost (Fig. 3b,d) and spheroidal aggregates formed.

Grinding and acid treatments combined: Grinding followed by acid treatment resulted in major increases in

surface areas (Table 1) with both micro- and mesopores being increased substantially. In addition, increased
grinding time increased the degree of amorphization and enhanced the leaching of Al, with the result that both
SiO2 content and porosity are increased by subsequent acid treatment 6. Prolonged grinding of kaolinite–gibbsite
mixtures has been reported to produce X-ray amorphous products7, which result from mechanochemical reaction
between the minerals.
Table 1. Selected results for specific surface area (ST), total pore volume (VT), mesopore–micropore volumes
(Vme, Vmi), average pore diameter (D) results for modified kaolin samples
Sample

ST
(m2/g)

Ranong
Natural kaolin
13.1
Natural kaolin + 2M sulfuric acid
46.0
Ground kaolin
33.1
Ground kaolin + 2M sulfuric acid
243.6
Ground kaolin + 0.7M oxalic acid
225.75
Lampang
Natural kaolin
19.2
Calcined 500o C + 2M sulphuric acid 326.8
Calcined 700o C + 2M sulphuric acid 422.5

VT
(cm3/g)

Vme
(cm3/g)

Vmi
(cm3/g)

D
(nm)

.06
.10
.14
.43
.32

.04
.10
.14
.40
.28

.02
.00
.00
.03
.03

19.7
8.3
16.4
7.0
5.6

.20
.32
.45

.007
.26
.28

.02
.02
.03

Thermal alteration: Heating resulted in the formation of metakaolin, which is essentially amorphous and
relatively reactive. When followed by acid treatments, there was partial dissolution of Al to produce Si-rich
products with greatly increased surface areas and pore volumes comparable to those observed with combined
grinding and acid treatments (e.g. Table 1).
Modification of surface properties: An important use for modified kaolins is in the production of specialized
adsorbents, and activation of kaolin minerals to modify their surface properties improves their adsorption
capacities for anions8, cations9, and dyes10. Hydrothermal treatment with strong acid selectively removes Al from
the aluminosilicate structure, thereby increasing the Si/Al ratio, surface area, and pore volume, and kaolin
modified with Co or Cu can act as a catalyst for electrochemical oxidation of wastewater from the pulp and
paper making industry11.
Natural organic materials such as humic acids enhance the metal adsorption capacity of kaolin surfaces 12.
Cationic surfactants alter the adsorption properties of clays by changing the hydrophobic character of their
surfaces, and the amount and rate of adsorption of aromatic compounds is increased greatly by the presence of
cationic C16-surfactants13. Also, Li et al.14 (2011) reported recently that a novel environmental friendly
adsorbent, based on calcium alginate immobilized kaolin, has spontaneous and endothermic Cu(II) adsorption at
levels much greater than untreated kaolin. In addition, exchange of kaolin with the cetyltrimethylammonium ion
greatly increases the adsorption capacities for toxic pollutants, such as o-xylene, phenol and Cu(II)15, although
these are still much lower than with activated carbons.
Starting materials for zeolite synthesis: There are many reports of kaolin minerals being modified by physical or
chemical treatments as a first step in their use in the production of materials with novel physical and chemical
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properties. Calcined kaolins also represent sources of Si and/or Al for the preparation of other products. Perhaps
the most important of these are the zeolites, a family of aluminosilicate materials with unique porous chemical
structures that are used extensively as catalysts or adsorbents for gases and low molecular mass molecules. There
are many different types of zeolite with various pore sizes and compositions that can be synthesized by
hydrothermal reaction of sodium aluminosilicate gels prepared from pure chemicals in alkaline medium.
However, the kaolin minerals can also be used as the source of Si and Al in the synthesis of various zeolites
especially the low silica types A, X and Y, and for the production of micro/mesoporous composite molecular
sieves with large amounts of Brønsted and Lewis acidic sites which could be increased significantly by La3+ or
Ce3+ incorporation16. Microfiltration membranes prepared by in situ hydrothermal synthesis from NaA zeolite
(which can be prepared from kaolin) on α-Al2O3 tubes have been used for treating oil contaminated water 17. Oil
rejection of >99% was obtained with membranes having pore sizes of 1.2 μm, and water containing less than
1 mg/L oil was produced at 85 L m−2 h−1 at a membrane pressure of 50 kPa. Consistent membrane performance
was maintained by a regeneration regimen involving frequent backwashing with hot water and alkali solution.
Conclusions
Although the kaolin minerals are currently used extensively in the paint and paper industries because of their
colour and stability, and the stability of their heated products is the basis of extensive uses in ceramics and the
electronics industries, they can also be modified to produce materials that can help in the resolution of some
environmental problems. This paper has described just a few such applications that are of relevance to the
resolution of environmental problems. Grinding can increase the surface area and generate cation exchange
capacity, and combination with surfactant molecules can produce materials with capacity for anion adsorption,
Furthermore, kaolins can be used as starting materials for the production of zeolites, which have extensive uses
including adsorption of gaseous pollutants and removal of small pollutant molecules from waters. The results
presented in this paper represent a first stage of a more extensive research programme for developing novel
products from common materials.
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Introduction
The synthetic polymers are produced worldwide approximately 140 million tons per year and remarkable amounts
of these polymers are introduced in the ecosystem as industrial waste products1. The amount several compounds
in waste landfill site, plastic are estimated to make up approximately 16 % of the weight of municipal solid waste.
Despite being truly indispensable to mankind, Polyethylene, PE is conventional plastic, poses serious affects to
environment after being disposed as solid waste according to slow degradation. Plastic wastes, which are buried
in soil, cause the water clogging phenomena and damage soil for agricultural cultivation 2. In many developing
countries, an open dumping is a common method as a final disposal of municipal solid waste although it is not
sanitary. The microorganisms in the waste play important role to degrade plastic wastes. The biodegradation of
plastics is promoted actively under different condition due to microbial responses. The degradation differs from
each other depending on each own optimal growth condition. Methanotrophs are aerobic bacteria mostly in the
soils where methane generates such as wetland, open dumping and landfills. They utilize methane as their sole
carbon and energy source. Methanotrophs can cometabolize many aliphatic compounds, alkanes, and aromatic
compounds via methane monooxygenase (MMO). Although many studies of biodegradation of plastics in the
natural soil had been carried out and a number of microorganisms are isolated as pure culture, however they are
limited in application to a real situation. Less attention has been paid to HDPE, LDPE, PP and PS biodegradation
in practical condition where methane is produced and oxygen can transfer to waste body such as a dumping site.
The aim of this study was to investigate potentability of biodegradation of waste plastics via methane oxidation in
the simulate lysimeter of open dump site of solid wastes. Information is helpful for solid waste mangement.
Materials and methods
Plastic preparation
All types of plastic samples (HDPE, LDPE, PP and PS) commercially available in local supermarkets were
manually cut in different shapes with similar surface area of 9 cm2. Prior to place the plastics into the bench scale,
they were pretreated in order to decrease hydrophobicity by being exposed under 280 and 370 nm with a maximum
at 313 nm of UV-B light. The UV-B light composes of shortest wavelengths of sunlight and involves in polymer
photodegradation. The plastic samples were collected for experment after irradiation of 200 hours.
The Lysimeters of Open Dump Site
Each type of the pretreated plastic samples were mixed to obtain the ratios of 56: 29: 12: 3 of HDPE, LDPE, PP
and PS by weight, respectively. Then, 427 g of mixed plastic were mixed with 379 g of stabilized organic waste
to obtain 53:47 of mixing ratio based on real condition. These stabilized organic wastes form practical landfill
site provided natural microoragnisms as seeding. The mixed waste were adjusted moisture content to 10%; an
optimum for methane oxidation3 and filled in a column. There were totally 3 bench scales with similar set up. The
lysimeter was made of PVC cylinder with a diameter of 5 cm and a length of 150 cm. The synthetic biogas
(60%CH4:40%CO2) with a flow rate of 0.56 ml/min was purged at the bottom of the column4 equivalent to actual
methane loading rate of 26.50 g/m3.d. Gas samples at 0, 37, 74, 111, and 148 cm depths of the lysimeters were
analyzed for composition via gas chromatograph (GC6890 Agilent) on weekly basis for methane oxidation
evaluation4. After 3 months, plastic samples of the 1st lysimeter at different depths were analysed. After 7 and 12
months, similar practice was done for the 2nd and 3rd lysimeters, respectively.
Plastics Biodegradation
Characteriztion of degraded product
The degraded products were identified via GC-MS. The 0.5 g plastic samples were cut into small pieces, and
dissolved in 20 ml dichoromethane. The mixture was ultrasonicated for 2 hours in a 55°C water bath. The solute
was evaporated to concentrate at room temperature. Finally, the dried sample was soluble with 2 ml of
dichoromethane and filtered thourgh a 0.45 μm filter before GC-MS analysis. The GC-MS operating condition
was; a oven temperature was held at 50°C, 1 min then increased at 5°C min to 280°C, and held 10 min. The carrier
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gas was 99.999% He and 250°C injector temperature. The interface was maintained at 280°C. Electron impact
spectra was obtained with electron energy, ion source temperature, resolution and scan rate of 70eV, 200°C 1000
and 2 scan s-1, respectively. The morphology changes of the plastic surface after 7 months was observed under a
Scanning Electron Microscope (SEM). These images were captured after gold sputtering at 20 kV, under various
magnifications. Formation or disappearance of functional groups in the polymer of the plastic samples were
analysed by FTIR.
Results and discussion
Methane Oxidation in Lysimeters of Solid Wastes
Trend of CH4 concentration increased with the waste depths. The maximum CH4, CO2 concentrations were 56%
(v/v) and 36% (v/v), respectively at the deepest (140 cm) depth but inversly for the O2 concentrations. After 3
months, the maximum MOR of 18.15 μmole CH4.day-1.g-1 waste was observed at 15 cm waste depth (Fig.1).
Similar result was reported by previous study that CH4 oxidation activity at 10-20 cm depth was highest in landfill
cover soils8. The trends of MOR decreased with waste depths according to low O2 available. After 7 months,
MOR of 15 cm depth was increased opposite to that of 35 cm depth as a result of lower O2 available at the deeper
depth. It was consequence occurrence caused from water production of methane oxidation. The higher water was
in waste matrix, the lower oxygen diffusion was found. The highest oxygen depletion occurred at the lower part
of the lysimeters (60-140 cm depths) due to water accumulation. The ratio of CH4 and O2 was strongly influence
on MOR. When oxygen was increased from 3% to 20% (v/v), increase in 10% of MOR was found, whereas
decrease in oxygen from 3% to 1%, reduction more than 50% of MOR was found9.
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Fig. 1 Methane oxidation rates (a), oxygen uptake rates in the waste lysimeters
Plastic surface analysis
By visual observation, the color of plastic sample slightly changed to be yellow after UV-irradiation (No graphics
shown), and plastic surfaces did not change. The SEM evidences confirmed that microorganisms colonized on
the plastics during 12 months experiment (No graphics shown). After microorganisms removal, surface
irregularities, cracks and cavities were clearly seen. The plastics at 15 cm showed more damages than the other
depths because the largest biofilm covered on plastic surface. It suggests these biofilms caused changes of plastic
properties and lead to loss of its integrity.
Chemical changes
The FT-IR spectra of non-UV-irradiated, UV-irradiated before and after 7 months of plastic samples at 15 cm and
140 cm were interpreted. The spectrum of non-UV-irradiated plastics were closely to that of UV-irradiated.
However, the UV irradiated plastics showed a peak in the ranges of 1,710–1,750 cm−1 indicating the formation of
carbonyl groups (abiotic oxidation) due to increasing hydrophilicity. For the lysimeter plastics, the carbonyl peak
was slightly decreased for HDPE (Fig.2), and absolutely disappeared for LDPE (data not shown). These results
conformed with many reports that carbonyl and ester groups (1,710–1,750 cm−1) initially increased when exposed
to abiotic environment and decreases when exposed to biotic environment10,11. The aliphatic C-H peaks between
2850 and 3000 cm−1 was also observed after 7 months. Its intensity was higher than the initial and UV-irradiated
plastics. Only short chain or oxidized polyethylene chains are biologically utilized by intracellular enzymes in βoxidation (cutting-off methylene units)12. Therefore the aliphatic C-H bands (2850-3000 cm-1) of 140 cm depth
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was slightly higher than 15 cm because alkane products of 15 cm depth was oxidized to form moieties containing
–OH groups resulting from microbial activities. This evidence confirmed by the new absorption bands between
1000 and 1320 cm-1 (1043 cm-1) appeared. The appearance of the hydroxyl band (3400 cm-1) was visible and
could be related both of carboxylic acids and alcoholic compounds13.
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Fig. 2 FTIR Spectra of HDPE in various conditions
For PP plastic, the carbonyl groups of PP still appeared due to the peaks of 1376 and 1453 cm-1 (methyl group,
CH3) (No graphic shown). Its intensity decreased after 7 months experiment which indicated that the oxidation
took place at the primary position of polymer chain to further decompose14,15. The methyl group intensity of 15
cm depths was lower than 140 cm indicating higher microbial biodegradation. Similarly, the aliphatic C-H group
(2850-3000 cm-1) of 15 cm depth was slightly higher than 140 cm. In case of PS, PS structure contains with
aromatic ring which is difficult to be degraded. Then C=O group (1,665–1,770 cm−1) slightly increased after 200
UV-radiated. However, cabonyl group at 15 cm depth slightly increased after 7 months experiment, and aromatic
(C=C) peak (1600 cm-1) increased resulting from microbial degradation of benzene ring.
Biodegradation products of Waste Plastics
A wide variety of degradation products were detected by GC-MS (Table 1), and the main components identified
were alkanes, alkene, carboxylic acids and ketone. These results were similar to the previous studies reported that
a wide variety of both volatile and semi volatile compounds included alkanes, long change fatty acids ester group,
oxygenated chemical compounds predominantly containing aldehydes, ketones, unsaturated fatty acids and
unknown compounds, were eluted and detected after exposure to microorganisms 16,17. The amount of low
molecular weight products from abiotic process (200 hr of UV-irradiation) was higher than initial sample
according to UV damage. In case of polyolefin (HDPE, LDPE, PP), the amount of alkane degradation product
was detected as a results of chain scission. Considering at 15 cm depth of HDPE, the trend of the amount of alkane
compounds were increased with experimental time. The long chain polyethylene was broken to the shorter chain
during experimental period. The amount of alkane compounds (C10-C44) had changed along the time, while the
trend of lower molecular weight or shorter chain alkane compounds (below C9) had increased with time.
Meanwhile, the opportunity to find the short chain increased with time such as C6 was found since 7 months, and
C5 was found at 12 months etc. The shorter chains were the evidence of biodegradation process. These alkane
were converted to alcohol, and futher oxidized to aldehydes and ketones, respectively. Then, the varieties of
alcohol compounds (C4-C31) were detected. The lower molecular weights of alcohol compounds were detected
and increased with time. The C6-C13 of alcohol compounds disappeared after 12 month, whereas the C4-C5 of
that were detected. In summary, alcohol, aldehydes and ketone compounds indicate biodegradation. More finding
alcohol compounds suggest that monooxygenase enzyme was highly active at 15 cm depth where the highest MOR
and highest carbon loss were found. Many species of microorganisms degraded polyolefin such as Brevibacillus,
Pseudomonas, Rhodococcus, Stenotrophomonas, Acinetobacter, Delftia, Flavobacterium, Alcaligenes,
Amylolytic, and Vibrio18,19,20. Polystyrene structurally consists of aliphatic chain connect to aromatic ring at every
carbon atom. The amount of low molecular weight of aromatic compounds at 15 cm depth was higher than that
of 145 c. Finally alipatic compound (Tetracosane) was found after 12 months experiment.
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Table 1 Alkane degraded products which were found at different conditions
Condition
Initial
After 200 hr UV-irradiated
After 3 months-experiment at 15 cm
After 7 months-experiment at 15 cm
After 12 months-experiment at 15 cm
After 3 months-experiment at 140 cm
After 7 months-experiment at 140 cm
After 12 months-experiment at 140 cm

HDPE
Alkane : 9 compounds
C8H18, C8H22 , C11H22, C19H40, C20H42 , C21H44, C23H48, C36H74 , C44H90
Alkane: 9compounds
C9H20, C14H30 , C15H32, C16H32, C17H36 , C18H36, C22H46, C27H56 , C36H74
Alkane: 9 compounds (Total = 18 compounds)
C7H16, C12H26 , C24H50, C25H52, C26H54 , C18H36,C22H46, C32H66 , C35H72
Alkane: 12 compounds (Total = 21 compounds)
C6H14, C7H16, C8H12, C12H26 , C13H28, C24H50, C25H52, C26H54 , C18H36,C22H46,
C32H66 , C35H72
Alkane: 13 compounds (Total = 22 compounds)
C4H10 , C6H14, C7H16, C8H12, C12H26 , C13H28, C24H50, C25H52, C26H54 ,
C18H36,C22H46, C32H66 , C35H72
Alkane: 10 compounds (Total =1 9 compounds)
C7H16, C12H26 , C12H26, C13H 28, C24H50, , C18H36,C22H46, C31H64, C32H66 ,
C35H72
Alkane: 10 compounds (Total =1 9 compounds)
C5H12, C6H14, C7H16, C8H12, C12H26, C13H28, C24H50 , C32H66, C35H72, C40H82
Alkane: 6 compounds (Total =1 5 compound)
C26H54C31H64, C32H66C35H72 , C40H82
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Introduction
Phenol and phthalate compounds are classified as a toxic compound by several international organizations due to
which their toxic to human. Phenol and phthalate compounds are known as plasticizer and mostly use in various
plastic to improve mechanical properties and these compounds are found in municipal solid waste leachate
(Mankidy et al., 2013; Liang et al., 2008; Michalowicz and Duda, 2007). In order to eliminate toxic organic
compounds from wastewater, advanced treatment processes are required such as chemical oxidation (Wang et
al., 2010) or adsorption (Venkata et al., 2007). Biological treatment can also partially remove the compounds but
their removal efficiencies are generally low to moderate due to their resistance to biodegradation. Membrane
bioreactor (MBR) is reported as an effective wastewater treatment system in removal of hardly biodegradable
compounds or toxic organic compounds and therefore has become a good option for leachate treatment that
contains these toxic compounds. In MBR, biological treatment is conduct under unique environmental condition
in which microorganisms are maintained at much higher concentration when compared to other conventional
biological treatment processes. In addition the MBR can also enhance the biodegradation of toxic compounds
when operation under long sludge age condition and long-term condition for bacteria adaptation in reactor
(Boonyaroj et al., 2012). In previous study, the adsorption and biodegradation had been reported as the main
removal mechanism of toxic compounds. The main objectives of this study are to investigate long-term removal
of phenol and phthalate compounds in MBR system and their biodegradation kinetics.
Materials and methods
Experimental set up and MBR operation
A pilot-scale two-stage MBR installed at a solid waste disposal in Thailand. The system consisted of two
reactors. The first reactor is anoxic reactor which had total volume of 1.25 m3 and volume of 1 m3 was used for
operation and 0.25 m3 was used for sludge storage zone. The reactor was equipped with inclined tube modulesize 0.15 m channel width, 0.45 m depth-for sludge separation and followed by aerobic reactor with 1 m3
working volume which had two hollow fiber membrane modules (StrepporeSURTM, PE, 0.4 μm pore size, 9 m2
surface area per module) immersed inside the tank for solid-liquid separation. Intermittent suction (10:10 min on
and off) was performed to withdraw permeate from the membrane module and maintain permeate flow at 2 m3/d.
Therefore total hydraulic retention time (HRT) of this system was maintained at 1 day. Aeration was
continuously supplied to MBR reactor for maintain the dissolved oxygen (DO) level at 4-5 mg/l. The sludge was
cultivated and maintained within the system for 500 days. They were re-circulated at a rate of 100% of feed flow
rate from aerobic tank back to anoxic tank to maintain mixed liquor suspended solids (MLSS) concentration.
There was no sludge drainage from system except a minimal amount for analytical purpose (approx. 500 ml
every 7 days).
Leachate preparation and compound analyses
Leachate used for the experiment was prepared by mixing fresh leachate collected from solid waste collection
truck and stabilized leachate obtained from a leachate storage pond. The fresh and stabilized leachate was mixed
at a mixing ratio of 1:4 (v/v) to represent average characteristic of leachate of both operating and closed landfill
cells. There are three major phenol compounds and three major phthalate compounds which were detected in
most samples and found at higher concentrations in range of hundred μg/l, i.e. bisphenol A (BPA), 2,6-di-tertbutylphenol (2,6-DTBP), 2,6-di-tert-butyl-4-methylphenol (BHT), di-ethyl phthalate (DEP), di-butyl phthalate
(DBP) and bis (2-ethylhexyl) phthalate (DEHP). The analyses of phenol and phthalate compounds concentration
and water qualities are described in detail in Table 1.
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The concentrations of phenol and phthalate compounds in water sample were determined by solid phase
extraction (SPE). The determination of their concentrations in soluble and suspended solids were performed by
gas chromatography-mass spectrometry (GC-MS).
Table 1 Water quality parameters and emerging contaminant concentrations in leachate
Parameters
Water quality parameters
pH
BOD
COD
TOC
TN
TKN
NH3-N
TP
Emerging contaminants
Phenols
Bisphenol A (BPA)
2,6-Di-tert-butylphenol (2,6 DTBP)
2,6-Di-tert-4methyl-butylphenol (BHT)
Phthalates
Ethyl phthalate (DEP)
Butyl phthalate (DBP)
Bis (2-ethylhexyl) phthalate (DEHP)

Unit

Fresh leachate

Stabilized leachate

mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l

6.3 (1.7)
90,956 (30,137)
34,425 (12,661)
12,253 (3,741)
1,380 (303)
867 (206)
360 (164)
76.09 (41.68)

7.6 (1.3)
126 (95)
2,738 (549)
348 (99)
85 (24)
63 (18)
8 (4)
57 (24)

μg/l
μg/l
μg/l

276 (243)
185 (109)
173 (158)

216 (194)
247 (108)
196 (206)

μg/l
μg/l
μg/l

130 (121)
275 (230)
25 (30)a, 276 (293)b

295 (276)
384 (172)
47 (12)a,146 (139)b

Remark: average (SD) value
a
solid phase, b soluble phase. Other compounds were only found in soluble phase

Bacteria community analyses
Bacteria community in two-stage MBR was analyzed using PCR-DGGE technique. This PCR was performed
using primer of bacteria domain 338GC-F and 518R. The combination of these primer had generated a PCR
fragment about 180-190 bp which was suitable for subsequent DGGE analysis. Bacteria identification were
performed following the procedures described in Boonnorat et al. (2014).
Results and discussion
Performance and toxic removal efficiency in MBR treatment
The two-stage MBR treatment was operated for 500 days during which toxic compound concentrations were
regularly monitored. MLSS concentrations in the aerobic reactor were maintained at 7-9 g/l whereas those in
anoxic reactor increased from 3 to 7 g/l during the operation without sludge wastage from the system. Table 2
presents the concentrations of toxic compounds in influent, effluent from anoxic and aerobic reactors together
with their removal efficiencies. During the operation, average removal efficiency were 37.7%, 33.8%, 31.9%,
27.4%, 24.9% and 13.0% for BPA, 2,6-DTBP, BHT, DEP, DBP, and DEHP whereas the second-stage aerobic
stage provided total removals of 99.5%, 99.0%, 99.5%, 97.9%, 96.8% and 95.7% respectively.
Table 2 Concentration of emerging contaminants and their removal efficiencies in two-stage MBR
Compounds

log Kow

Influent
(μg/l)

Eff. Anoxic
(μg/l)

Eff. MBR
(μg/l)

Total removal efficiency (%)

Solid†

Soluble

Solid*

Soluble

Soluble

Anoxic
(1st stage)

MBR
(2nd stage)

Phenols
BPA
2,6-DTBP
BHT

3.32
4.92
5.10

-

479 (227)
319 (146)
410 (115)

9 (12)

298 (109)
211 (87)
279 (113)

2 (5)
3 (10)
2 (9)

37.7 %
33.8 %
31.9 %

99.5 %
99.0 %
99.5 %

Phthalates
DEP
DBP
DEHP

2.39
4.61
7.54

19 (22)

394 (238)
597 (316)
284 (153)

23 (16)
76 (74)

286 (178)
448 (215)
247 (96)

8 (23)
19 (15)
12 (8)

27.4 %
24.9 %
13.0 %

97.9 %
96.8 %
95.7 %

Remark: average (SD) value

Batch experiments were performed to determine the rate of phenol and phthalate compound removal. The
removal were found to follow first-order kinetic expression as follow; ln(Ct/C0) = -kt where C0 (μg/l) and Ct
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(μg/l) were the concentrations of phenol and phthalate compounds in aqueous solution at initial time and time t
(hour). k (h-1) was first order rate constant for the removal of compounds. From the batch experiments, it was
found that the key factors affecting the removal efficiencies of phenols and phthalates were hydrophobicity and
molecular weight of the compounds: It was observed that the hydrophilic compound with low “log Kow” such as
BPA were mainly removed through biodegradation where as “high log Kow” compounds such as DEHP BHT and
DBP are mainly removed by adsorption onto sludge particles (Boonyaroj et al., 2012). The compounds with
lower molecular weight were easily biodegraded compared to compounds with higher molecular weight. The
time course of biodegradation and total removals for the studied compounds and kinetic constant are shown in
Figure 1 and Table 3 respectively.
Time (hour)
0

6

12

18

24

0

Ͳ4
Ͳ8
Ͳ12

Time (hour)
12

18

24

0
DEP
BPA
DBP
2,6DTBP
DEHP
DBP

ln(qe-qt)

ln(qe-qt)

0

6

Ͳ4
Ͳ8

Ͳ12

(a)

BPA
DEP
2,6DTBP
DEHP
BHT
DBP

(b)

Figure 1 Kinetic plot of (a) biodegradation and (b) total removal
Table 3 Kinetic constant for biodegradation and total removal of phenol and phthalate compounds
Biodegradation (first order)

Compounds
Phenols
BPA
2,6 DTBP
BHT
Phthalates
DEP
DBP
DEHP

2

Total removal (first order)

kB

R

kT

R2

0.289
0.178
0.208

0.941
0.969
0.935

0.194
0.165
0.169

0.902
0.899
0.905

0.196
0.193
0.179

0.957
0.990
0.987

0.163
0.173
0.163

0.869
0.928
0.909

Remark: From triplicate experiment

The DGGE profiles (Figure 2) of bacteria communities in the anoxic and aerobic reactors were found to be quite
similar. This was due to the effect of sludge re-circulation during experiment period for controlling biomass
concentration from the aerobic tank back to anoxic tank. Most bacteria community detected in the sludge
samples were reported for their capability to biodegrade phenol and phthalate compounds (Boonnorat et al.,
2014). In phenol degradation,‘phenol hydroxylase’ enzyme was essential in an initial and rate-limiting step
(Chen, 2003). Genus Pseudomonas including Pseudomonas sp., P. putida, P. fluorescens has been reported to
produce this enzyme (Zhang et al., 2004).
For phthalate degradation, enzyme responsible for hydrolysis of ester bond is ‘esterase’ and B. subtilis (Peerzada
et al., 2006), P. fluorescens and P. putida were reported to produce this enzyme (Rehdorf et al., 2012; Shaw et
al., 2006). In addition, ‘phthalate dioxygenase’ is an enzyme responsible for key step in phthalate degradation
(Batie et al, 1987; Stanislauskiene et al., 2011) and there are some reports mentioning bacterial strains capable to
produce phthalate dioxygenase such as Burkholderia sp., B. multivorans, R. pickettii and P. putida. The
degradation of phenol and phthalate by phenol hydroxylase and phthalate dioxygenase, oxygen is the main
importance factor of enzyme reaction (Vamsee and Phale, 2008) So, this is the reason to have their removals
being higher in the aerobic tank having DO concentration of about 5 mg/l as compared to the anoxic reactor with
DO of only about 0.5 mg/l.
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Figure 2 DGGE profile of anoxic and MBR reactor
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C2-3-2
Volatile Organic Compounds Emission from Municipal Solid Waste Landfill
Wanna LAOWAGUL, Sirapong SOOKTAWEE, Plernpis PONGPRAYOON, Supanut ROSJUN,
Suteera BOONYAPITAK, Aduldech PATPAI, Rungrawee KONGSONG and Nirun PIEMYAI
Environmental Research and Training Center, Technopolis, Klong 5, Klong Luang, Pathumthani, Thailand
12120
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Introduction
Thailand has been facing an increasing of solid waste generation and inappropriate management of
some waste landfill and open dumping sites. In 2013, Department of Environmental Quality Promotion
conducted municipal solid waste landfill survey from 2,985 places under local government of Thailand, found
that inappropriate landfill accounted for 96%. Most of the landfills produced bad odors, greenhouse gases (i.e.,
CH4, CO2) and trace amounts of toxic organic compounds which associated adverse environmental and health
impacts1, 2, and 3. On the regional scale, solid waste landfills are considered as a source of volatile organic
compounds (VOCs) which contribute to the formation of photochemical oxidants including ground-level ozone
(O3). More than fifty different VOCs have been identified in landfill gases4. These VOCs include a number of
known or suspected carcinogens such as benzene, styrene and vinyl chloride. In this study VOCs emission from
municipal solid waste (MSW) landfill was carried out in order to estimate emission rate or emission flux of
VOCs.
Materials and Methods
1. Site description
Hua Hin sanitary landfill is one of municipal solid waste landfill that located at Thap Tai district,
Amphoe Huahin, Prachuap Khiri Khan Province, Thailand (Latitude: 12.572603, Longitude: 99.95853). The
landfill was opened in 1996. The size of HuaHin sanitary landfill is approximately 144,000 Square meters (m2)
and is divided 4 zones (zone A: 14,880 m2, zone B: 29,280 m2, zone C: 43,360 m2, zone D: 56,480 m2).
However, Hau Hin Municipality used only zone A (Fresh solid wastes buried) and zone B (Old solid wastes
buried). This landfill consists of domestic and agro-industrial wastes. A rough estimation of the solid waste in
the landfill is 100 tons/day. Solid waste is buried about 4 layers; each layer is 1.7-2 meters height. Almost half of
the total solid waste generated in Hua Hin is composed of compostable, e.g. food waste and followed by paper in
very high proportion (31.77%) and plastic (17.12%). The remaining fractions include metal and other types of
waste; (e.g. cloth, yard waste, rubber, leather, etc.) 0.35% and 2.4% respectively5.
2. Estimation of emission rate of VOCs from MSW landfill
Cubic static chamber was used to study the emission rate or emission flux of VOCs from surface
flux of landfill. The chamber made from acrylic with dimension 40 cm x 40 cm x 40 cm (w x h x d). The surface
area and volume of static chamber are 0.16 m2 and 0.064 m3, respectively. The static chambers were inserted into
the soil to a depth of 5 cm from surface landfill zone A and zone B. There are 4 sampling points; A1, A2, B1 and
B2. Before sampling, equilibrated the gas flux into the chambers for 15 min. VOCs samples were taken from the
static chambers using evacuated canisters (US. EPA TO15) every 3 hours (9:00-12:00, 12:00-15:00, 15:0018:00). All of samples were analyzed by preconcentrator (Entech Instrument Inc.USA) and gas
chromatograph/mass spectrometer (Agilent 6890N GC with a 5973 inert mass selective detector).
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Figure 1 Hua Hin sanitary landfill

Figure 2 Cubic static chamber
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To estimate the emission rate or emission flux of VOCs from surface landfill, the VOCs emission rate is
calculated as equation 1. The VOCs emission was determined from concentration data (C in μg/m3) plotted
against elapsed time (t in hr). The data generally fit a linear relationship where dc/dt is the slope of the fitted line
(by linear regression) 1. To corrected the emission rate, the temperature and pressure are applied as following
equation (2)2 and the aggregate whole site VOCs emission rate is calculated as following equation (3).
E = (V/A) x (dc/dt)

……. (1)

Where E = Emission rate or Emission flux, m3/m2hr, V= Volume of the chamber, m3,
A= Enclosed surface area, m2, dc/dt = change in headspace VOCs concentration with time, μg/m3hr
E'

Where

E'

§ 273 ·§ P ·
¨
¸¨
¸
© T  273 ¹© 1013 ¹

……….(2)

= the corrected VOCs emission rate (μg/m2hr), T = the temperature inside the chamber (°C)
and the P = pressure (mbar).

AE

§m
·
¨ ¦ Ei / m ¸ xTA
¨
¸
©i 1
¹

Where AF = Aggregate emission (μg/hr), m = Number of headspace sampling points, TA = Total surface area of
the site (m2).
Results and Discussion
1. Characterization of VOCs emission from landfill
From the results of this study found that 37 VOCs were mostly identified in Hua Hin sanitary landfill.
These VOCs were classified into 4 groups; aliphatic hydrocarbons, halogenated hydrocarbons, oxygenated
hydrocarbons and aromatic hydrocarbons as shown in Table 1 and Figure 1 showed the concentration of VOCs
compounds in each groups.
Table 1 Classified of VOCs and their corresponding number of quantified in Hua Hin sanitary landfill
VOCs groups
Number of quantified compounds
Aliphatic hydrocarbons
6
Halogenated hydrocarbons
13
Oxygenated hydrocarbons
10
Aromatic hydrocarbons
8
Halogenated Hydrocarbon

Aliphatic Hydrocarbon

3000
2000
1000
0

Cyclohex…

Hexane

Pentane

Cyclopent…

Isoprene

Isobutene

Aromatic Hydrocarbon

Oxygenated Hydrocarbon

1500

Conc.
(μg/m3)1000

Figure 1 Concentration of VOCs in Hua Hin sanitary landfill
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1,2,4-TMB

Styrene

1,3,5-TMB

o-xylene

m,p-xylene

Ethylben…

0

Toluene

500
Acrylonitrile
Iodomethane
Acetone
Methacrol…
MVK
2-Butanone
2-Pentanone
3-Pentanone
MIBK
Hexanal

Conc. 10000
7500
(μg/m3) 5000
2500
0

Benzene

200
100
0

Freon12
Freon22
Freon114
Freon11
Chlorom…
DCE
1,2-…
CCl4
1,2-DCE
1,2-DCP
1,2,4-TCB
1,3-DCB
1,4-DCB

Conc. 5000
(μg/m3) 4000

600

Conc. 500
(μg/m3) 400
300

Emission rate or emission flux of VOCs from Hua Hin sanitary landfill
Table 2 showed the emission rate and aggregate emission rate of dominant species of VOCs from Hua
Hin sanitary landfill. The findings from this study revealed that several VOCs were mainly contributors to the
total emission profile such as acetone, 2-penhtanone and hexanal in oxygenated hydrocarbon group, isobutene
and pentane in aliphatic hydrocarbons group, 1,2-dichlroethane and dichloromethane in halogenated
hydrocarbons group, m-,p-xylene, ethylbenzene, toluene, styrene and o-xylene in aromatic hydrocarbons group.
These dominant VOCs compounds were similar found in other countries6. Acetone was highest contributed to
the total emission rate accounting for 48%, followed by 1,2-dichloroethane, m-,p-xylene, dichloromethane and
ethylbenzene accounting for 15.0%, 4.6%, 4.4% and 4.38%, respectively.
2.

Table 2 Emission rate and aggregate emission rate of VOCs from Hua Hin sanitary landfill
Emission rate (μg/m2hr)

Compound
Isobutene
Pentane
Hexane
Isoprene
1,2-Dichloroethane
Dichloromethane
1,2,4-Trichlorobenze
Chloromethane
Carbon tetrachloride
Freon114
Freon11
Freon22
Freon12
Acetone
2-Pentanone
Hexanal
MIBK
3-Pentanone
Methacrolein
Methyl vinyl ketone
Benzene
Toluene
Ethylbenzene
m,p-xylene
o-xylene
Styrene
1,3,5-Trimethylbenzene

Min
1.1
0.53
0.38
0.31
12
15
0.90
0.55
0.048
0.037
0.029
0.023
0.10
6.9
0.97
2.0
0.33
0.30
0.27
0.13
0.23
1.2
0.090
0.042
0.026
0.21
0.060

Max
53
18
3.1
2.6
249
47
5.8
2.9
0.36
0.28
0.52
0.72
1.34
1247
105
87
16
9.7
2.4
1.7
6.8
50
88
115
25
50
7.9

Average
19
5.2
2.2
1.6
100
29
2.3
1.8
0.19
0.16
0.32
0.31
0.66
322
27
26
4.6
3.0
0.88
0.77
2.1
17
29
31
7.8
14
3.1

Aggregate emission rate
(mg/hr)
822
231
97
69
4398
1297
102
79
8.4
7.2
14
13.7
29
14204
1198
1138
201
131
39
34
91
768.25
1288
1362
344
616
136

In this study benzene to toluene ratio (B:T) was evaluated as indicator of emission source . The result of B:T
ratio was 0.12. B:T ratio in this study is compomparable to the other studies 6,7. In landfill gas and in landfill
surrounding atmospheres B:T ratio is usually found around 0.1-0.27,8,9,10. That means B:T ratio found could be
used for identified the landfill source and could be linked to buried waste types such as asphalts, degreasing
agents, paints and drying cleaning products11.
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Chromium (Cr) is a steel liked, grey coloured and hard metallic element. Cr in natural condition is not found as a
pure element. It appears in a mineral chromite form ( FeOCr2O3 ) or iron stone, Cr is particularly stable under the
normal condition. Cr has two valences that are trivalent and hexavalent. The hexavalent is more poisonous than
trivalent form and it usually appears in wastewater as chromate ( CrO42  ) and dichromate ( CrO72  ). Chromium
hexavalent is difficult to remove due to highly solubility and it is biorefractorily digested, so it can persist in
environment with a very long period. Besides, Cr has acknowledged as a toxic metal, it can pose harmful effects
to living organisms. Cr can bring the human health problems such as an irritation in lung and stomach, cancer in
digestive tract, decreasing growth rates in plant and can be fatal in animals. At illegal dumping sites, hexavalent
chromium withdraws a great concern due to a highly content of Cr in an acidic leachate. Coincidently, Cr in
leachate can be retarded by the adsorption, soil constituents such as organic matters, clay minerals and hydrous
oxides of iron, manganese, and aluminum can bond with Cr. Data obtained in leaching experiments indicate that
trivalent chromium is attenuated effectively in soil systems. Biosorption is technically applied to remediate Cr
from many contaminated sites due to its advantages over conventional separation techniques such as chemical
precipitation, ion exchange, reverse osmosis, membrane filtration, and activated carbon adsorption. The
advantages are also the reusability of biomaterial, low operating cost, improved selectivity for specific metals of
interest, removal of heavy metals from effluent irrespective of toxicity, short operation time, and no production
of secondary compounds which might be more toxic [1].
Currently, biosorption is a technique that uses either living or dead microbial cells to removal heavy metals that
it is possible and has been accepted to the conventional methods for heavy metal treatment. Biosorption of heavy
metals by living and dead microbial cells occurs as a result of physiochemical interactions, mainly ion exchange
or complex formation between metal ions and functional groups presented on the cell surface. Various functional
groups involved are amines, phosphates, carboxyl, carbonyl, sulfhydryl, sulfonate and amides [2]. Living cells
are more sensitive to high concentration of ionic metals and adverse operating conditions of pH, temperature and
nutrient requirement. Dead biomass is preferred for higher affinity towards metal ions [3]. The challenges are
made on the techniques of cell modification. In case of living cells, the actively functional groups may be
developed via the metabolic process. For the dead biomass, the actively functional groups may require the
biopolymerisation process, which can modify the organic substances in cell wall and cytoplasm. The proper
chemical dose and treatment conditions can bring the biopolymerisation, which can enlarge the numbers of
active surface of biosorbent. The highly surfactive biosorbent may highly provide benefits to remediate Cr in the
contaminated sites.
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The dead biomass can provide the non-metabolic biosorption, conducting the constant Cr retardation rate, it is
more widely used in both in-situ and ex-situ remediation than another with living cells. The modifications of a
dead biomass can be undertaken by adding some chemical agents such as acids, alkalis, salts and organic
chemicals. The common example of chemical treatment of Aspergillus niger is indicated that the biosorption
capacity can be enhanced by chemical agents comparing to the autoclaved cells. The proper chemical agent must
be identified for a better capacity. The result is given in Table 1.
Table 1 Effect of pretreatment of A. niger on biosorption of chromium at pH 2.0
Treatment

Biosorption capacity (mg/g)

Autoclaved

1.5

Acid

2.0

Alkali

1.9

Acetone

1.8

Formaldehyde

2.2

CTAB

3.1

PEI

2.5

APTS

1.8

A higher biosorption of anionic species after acid treatment can be attributed to the fact that acid hydrolysis
yields relatively pure amino sugar, which is more easily protonated during Cr adsorption. Therefore, accessibility
to the sorption sites might be increased. Cetyl trimethyl ammonium bromide (CTAB) is a cationic surfactant,
which can deliver proton to substances in cytoplasm after the cell is tore. Besides, A. niger is fungi, the surface
area of cell is high, which can be attached by CTAB easily. The bioloymer of amino and amino groups are
observed on the cell wall [1]. Another case is the biopolymerisation of Rhizopus when it is treated with different
chemical agents. In this biomass, the acid hydrolysis can extract the pure amino sugar and D-glucosamine from
cell, which can easily be protonated at acidic pH. Similarly, Rhizopus is very tiny cell of fungi and it contains
highly surface area, which the acidic metals can easily assessed and react [4]. Figure 1 shows the relationship
between Cr adsorption and type of additives. The acidic treated biomass can provide a higher Cr sorptive
capacity than the alkaline treated biomass. It seems that the fungi can be chemically treated by cationic
surfactant or acid agent. The fungi are basically accounted as cellulose or chitin composting biomass, the acid
treatment process may favour the active site. Alkali treatments cause hydrolysis of protein constituents and also
deacetylation of chitin. However, the alkaline treatment brings the drastic effects like swelling of biomass,
probably due to polymer chain breakage and thereby hindered the operational stability. The FTIR spectroscopic
analysis is the common techniques, which can present the functional group of biopolomer. The FT-IR spectrum
of dried biomass is normally in very broad bands, the –NH group can provide the primary adsorption to Cr. The
FT-IR spectrum of Cr exhausted biosorbent has shown a substantial decrease in the absorption intensity of –NH
bending and –NH stretching. Hexosamines and proteins, being the major cell wall constituents, the
contributoryrole of amino groups are assumed to be able to bond with Cr. When the biosorbent react with Cr at
pH of 2, these amino groups are protonated by the negatively charged chromate ions. These Cr species become
electrostatically attracted to the positively charged amines of the biomass cell wall. This same behaviour is
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observed in R. nigricans biosorbent, when it reacts with Cr(VI). The cell wall adsorption and ion exchange can
trap the Cr(VI) [4].

Figure 1. Cr(VI) adsorption by chemically modified Rhizopus biomass
(Cr conc.=100 mg/L; pH=2.0; Biomass dose=0.2%, w/v; Contact period=30 min).
The retardation of Cr may occur as a consequence of natural pH adjustment, since the biosorbent has presented a
high pH buffer capacity. The distribution of Cr(III) and Cr(VI) is pH dependent. In the fungal biomass, the cell
wall is mainly composed of polysaccharides (i.e. chitin and chitosan), some of which may have associated
proteins, with other components including lipids and melanins. These bio-macromolecules on the fungal cell
wall components have several functional groups (such as, amino, carboxyl, thiol, sulfydryl and phosphate
groups). The metal biosorption depends on the protonation or unprotonation of these functional groups on the
cell wall. The ionic forms of the metal in solution and the electrical charge of the fungal biomass depend on the
solution pH. At acidic pH (i.e., 1.0–2.0), protonation of amino groups of the fungal cell wall components can
enhance the biosorption capacities of the biosorbents to Cr (VI). The increased binding of Cr (VI) at low pH can
be explained due to the electrostatic binding to positively charged groups such as amines of chitosan in the
fungal cell wall components [2, 3, 4, 5]. The result is illustrated in Figure 2.

Figure 2. Effect of pH onto Cr(VI) sorptive capacity of treated biomass
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After Cr(VI) is biosorbed on the surfaced on treated biomass, the stability of sorped Cr(VI) is further considered.
The sequential extraction is normally applied to identify the possible forms of Cr compounds in the biomass.
Almost of Cr(VI) is shown in a form of inert. It can be assumed that Cr(VI) is transformed to be Cr(III) and
becomes immobilised Cr. A few amount of Cr(VI) is adhered on the organic matters and fixed with the other
constituents of biomass such as Fe and Mn oxides, and metals [5]. The immobilised Cr in biosorbent may less
toxic and seldom react with other constituents, and it may save to environment [4, 5].
Biosorption is a low cost method that can remove Cr(VI) from wastewater. A wasted biomass, such as fungi,
seaweed and bacteria or mix cultures like sludge from wastewater treatment, can be directly applied or modified
to be biosorbent. Chemical treatment is recommended to enhance efficiency of biosorbent as the numbers of
active site are a key factor relating the capacity of Cr(VI) sorption. Fungi biomass is seemed to be a possible
source of raw material for biosorbent fabrication, due to the high surface area and carbohydrate enriched cell
wall. The acidic treatment can provide the biopolymerisation, which can bring the active biopolymers. These
biopolymers can act as the binding agents, which can trap Cr(VI) and sometimes stabilise Cr(VI).
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Heavy metals contamination in land is one of the most important environmental problems today, which can disturb
the food security. Among various heavy metals, chromium (Cr) can pose the serious problem to public health and
ecosystems. Chromium exists in the environment in two reversible forms, which are trivalent (Cr(III)) and
hexavalent chromium (Cr(VI)). In particular, Cr(VI) is concerned as its high toxicity and solubility, as well as it can
persist in environment in very long time. Cr(VI) can bring many dangerous diseases such as chronic headaches,
nose bleeds, respiratory disease, liver failure, reproductive failure, bone or organ deterioration and any type of
cancers. [1, 2, 3]. A major cause of Cr contamination is from sewage sludge ash (SSA) fertiliser, which is made
from the wasted biomass from industrial wastewater treatment plants. The SSA based fertiliser is under concern,
since this fertiliser may contain Cr species. For instances, the German fertiliser Ordinance states that the total Cr of
fertilisers must be less than 300 ppm and Cr(VI) content is limited to 2 ppm [4]. The others are from the industrial
waste, which is illegally dumped to the land. A leachate is frequently characterised as a high-strength wastewater,
because of extremely acidic pH, and highly toxic [5, 6]. In order to prevent the chromium contamination, there are
many techniques have been developed for the removal of Cr(VI) such as ion-exchange, chemical precipitation, and
reverse osmosis. Adsorption become alternative and attractive method for the removal of Cr due to the easiness in
operation, and highly removal efficiency. The biosorbent is the competitive technology, which can be applied to
reduce the risk on Cr(VI) contamination in land, especially the agricultural areas and landfills [7]. In this review, the
fabrication of biosorbent for retarding the migration of Cr is critically reviewed.
Biosorbents is become alternative adsorbents because the major advantages of biosorption over conventional
treatment methods include low cost, high efficiency, minimisation of chemical and biological sludge. Biosorption is
an alternative process for removing metal ions from aqueous solution in the levels of ppm to ppb, which utilises
several naturally biological materials. A large quantity of materials has been investigated as biosorbents for the
removal of metals can be basically classified into the following categories: bacteria (e.g. Bacillus subtillis), fungi
(e.g. Rhizopus arrhizus), yeast (e.g., Saccharomyces cerevisiae), algae, agro-industrial or food wastes (e.g.,
S.cerevisiae), agricultural wastes (e.g. corn core) and other polysaccharide materials, etc. [8]. There are many
research has already been conducted on a wide variety of absorbents. Some of low-cost biosorbents are developed
by using the wastes or any by-products as the raw materials, which contain highly content of organic compounds,
such as cellulose, lignin or fibre. These biomaterials are directly applied to adsorb either Cr(III) or Cr(IV). The
possible adsorption capacities of these low cost biosorbents are shown in Table 1 [9]. By comparison, the low cost
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biomaterial more favours to sorp Cr(III) than Cr(VI). The adsorptive capacity of biomaterials to store Cr(VI) relies
on the contents of organic compounds and the surface area. Based on the economical aspect, the sewage sludge or
dead biomass is highly attractive, because of high availability [8]. The dead biomass can perform the non-metabolic
relating biosorption process, hence it can be easily defined the optimum conditions for Cr(VI) adsorption. By these
reasons, the dead biomass can be possible to be modified to enlarge the surface area of the active site.
Table 1. Possible adsorptive capacities of low cost biomaterial
Biomaterial

Adsorptive capacity (mg/g)

Biomaterial

Adsorptive capacity (mg/g)

Cr(III)

Cr(VI)

Cr(III)

Cr(VI)

NA

1.42

Rice husk

NA

164

Nut shell

NA

1.47

Clay

NA

57.0

Pinus pinaster bark

19.5

NA

Dead biomass

NA

6.45

Wasted tea

NA

1.55

Leaf mold

NA

43.0

Chitosan

92.0

27.3

Exhausted coffee

The possible technique to enhance the surface areas of dead biomass is according to cell surface sequestration. In a
meantime the modification of cell wall can greatly alter the binding of metal ions. Both of surface area and active
sites can boost up the rate of biosorption and the capacity. Currently, many researchers have developed the cell
treatment techniques, they are chemical and physical treatments. However, physical treatments can bring the highly
surface area and active site. The treatment process include heating/boiling, freezing/thawing, drying and
lyophilisation [8, 9]. The optimum temperature must be controlled as the biomass can loss the organic constituents
or becomes ash. Many researchers have reported that surface area of biomass can be increased, when a high
temperature is applied. Méndeza, Terradillos and Gascó [10] used pyrolysis to modify the surface area of sewage
sludge. Under oxygen-deficient condition, the BET surface area and porosity of treated biomass are increased,
when conducting the pyrolysis process at 400-600 oC. Song and Guob [11] has treated a poultry litter by pyrolysis
process at 300-600 oC, the biochar is obtained and its BET surface area, pH, and EC are increased. Chen, Zhou, Zhu
and Chen [12] had prepared the carbonaceous biosorbents with pine needles. The initial area of pine needle is 0.65
m2/g. When pyrolysing at various temperatures from 100, 400 to 700 oC, the specific area is increased to be 19.9,
112 and 491 m2/g, respectively. Obviously, the temperature is an important factor on the enhancing surface area of
biomass. Agrafiotia, Bourasa, Kalderisb, Diamadopoulosa [13] had produced the biochar from sewage sludge
grabbing from Chania (Crete) municipal wastewater treatment plant. The temperatures of 300, 400 and 500 oC are
applied, observing the surface area is rapidly increased whenever the pyrolysis temperature is higher than 300 oC.
Figure 1 shows the relation between surface area and temperature. It can be simply concluded that when the
temperature of pyrolysis is increased above 500 oC, the volatile solids consisted the sewage sludge are evaporated,
as a consequence the surface area of sewage sludge is increased. However, the structure of cell wall of sewage
sludge is dramatically changed to be biochar, when it is treated with a high temperature of 500 oC. The loss of
volatile solids may affect the adsorptive capacity of biosorbent. Since the cell wall is acknowledged as the metal
biosorption of non-viable cells. The capacity of treated biosorbent is also a key factor, which can justify the
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optimum temperature of pyrolysis. Many studies have reported that the sewage sludge could successfully remove
both Cr(VI) from aqueous solution. The mechanisms of Cr(VI) removal involved sorption and reduction of Cr(VI)
[14]. Chromium adsorption is a very quick operation that goes through certain stages: (i) migration of chromic ions
towards waste activated sludge surface, (ii) diffusion of particles into the solid, and (iii) probable ion precipitation to
solid surface [15]. The maximum Cr sorptive capacity of biosorbent varies sources by sources, depending on the
compositions of raw sewage sludge. The available active sites of Rhizopus arrhizus, biochar and fucus vesiculosus
are highly increased after treating at a proper temperature, they can bring the maximum sorptive Cr capacities of
14.0, 36.4 and 58.2 mg- Cr/g, respectively [8].

Figure 1. Relationship between surface area and temperature
The success of biosorbent fabrication, the high adsorptive capacity bisorbent becomes the commercial products. The
active biosorbent may use in many aspects such as in-situ remediation, landfill materials and soil amendment. The
challenge on biosorbent is to develop the low temperature treatment process, which can enlarge the area and the
active sites of wasted sludge. In case of low temperature treatment process, the wasted heat from the machines such
as chiller and boiler may be supplied to this process. This is the alternative solution, which can utilise both of
wasted sludge and heat from the industries. The biosorbent from waste sludges may contain variety active sites,
which are the group of mixed species. This can be feasible to a combination of various metals contaminating
wastewater.
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Abstract
This study is conducted to investigate the optimum condition of biological activated carbon filtration process in
removing organic matter in treated wastewater from the central wastewater treatment plant of Kasetsart
University, Bangkok. Organic matter is measured in terms of dissolved organic carbon (DOC) and UV254. The
effects of three operating variables are investigated which include depth of activated carbon layer, filtration rate,
and operating period. Three columns of granular activated carbon filter with carbon depth of 30, 40 and 50 cm
are used in the experiment. In each column, the filtration rate is controlled at 1.5, 3.0 and 7.2 m3/m2-hr. For each
filtration rate, the units are run for 1-week period. Besides DOC and UV 254 analyses, the influent and effluent of
the experimental units are also analyzed for COD, turbidity, pH and conductivity. The experimental results show
that DOC removal efficiency higher than 79%, UV254 removal efficiency higher than 42%, COD removal
efficiency higher than 89%, and turbidity removal efficiency higher than 83% can be obtained at the filtration
rate of 7.2 m3/m2-h which is the highest filtration rate used in this study. It is suggested that the carbon depth in
the biological activated carbon filter should be at least 50 cm. In this study, it is found that the required filter
backwashing rate should be maintained at 22 m3/m2-hr for the filter with carbon depth of 50 cm and the
backwash period required to reduce the turbidity of backwash water to about 1.5 times of raw water turbidity is
about 20 minutes. The amount of biomass in carbon layer, measured in terms of volatile suspended solids, is
about 2,400-2,900 mg/L. About 30% of biomass is lost in backwashing.
Introduction
In past few decades, increasing population and economy growth have resulted in changes in lifestyle and
consuming patterns of people in Thailand. Demands of energy and water have gradually increased. Shortage of
water in some areas always occurs while water pollution in natural water bodies can be noticed. In order to solve
water pollution problems, several effluent standards are set by concerned agencies. At the same time, reuse of
treated wastewater is promoted to reduce the amount of pollutant disposal and to help solve water shortage
problem. However, reuse of treated wastewater is still limited due to the presence of contaminants and
microorganisms. To control pathogens in treated wastewater, chlorine is normally used as disinfectant due to its
effectiveness and low cost. Though chlorine has many advantages in water disinfection, it can react with water
impurity, both organic and inorganic matters, and form disinfectant by-products. Among the most severe
disinfection by-products are halogenated organic compounds, such as trihalomethanes (THMs) and haloacetic
acids (HAAs)1,2. These compounds have been considered as carcenogens which are likely to cause cancer and
other toxic effects in human beings. Due to the potential health effects of these disfection by-products, some
regulations have been set for the acceptable limits in water supply in many countries.
Though there is no standard for the maximum limits of disinfection by-products in reuse water in Thaiiland,
attempts to reduce remaining contaminants in treated wastewater prior to reuse are normally practiced. Sand
filtration is among the popular methods for improving water quality. In order to reduce the amount of
disinfection by-products, dissolved organic compounds in treated wastewater should be minimized prior to
chlorination. Several methods to reduce the amount of dissolved organic compounds are available. Adsorption
by activated carbon is one of the most popular methods 3.
In this study, the effectiveness of activated carbon adsorption in removing disinfection by-product
precursors is investigated. Dissolved organic carbon (DOC) and UV254 in treated wastewater from Kasetsart
University central wastewater treatment plant are used as precursor indicators. The effects of three operating
variables are investigated which include depth of activated carbon layer, filtration rate, and operation period.
Materials and methods
The experimental units used in this study consist of 3 acrylic columns of sieved size sand and granular activated
carbon with 3 different depths, i.e. 30, 40 and 50 cm as shown in Figure 1. The material and equipment used in
the experiment include
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1. Biological activated carbon filter column made of acrylic, with 20 x 20 cm in cross-section and 220 cm
in height. On one side of each column, a fine wire mesh is used instead of acrylic plate from 1.5 m to
2.5 m from the column bottom, in order to drain some backwash water out, so as to reduce the upflow
velocity of backwash water and prevent washing out of granular activated carbon..
2. Granular activated carbon (GAC) with 1,200 m2/g surface area and 950-1,000 mg/g iodine absorption.
3. Sand layer, 2-3 mm in grain size diameter and 10 cm in depth.
4. Water pump, 6 m head, 140 L/min.
5. pH meter (Metrohm, 827 pH lab).
6. Conductivity meter (Hanna Instrument, H I 255 Combined Meter).
7. Turbidity meter (HACH, 2100AN).
8. UV-Visible Spectrophotometer (Evolution 60s) for UV254.
9. Total organic carbon analyzer (Shimadzu, TOC-V csh) for DOC analysis.

Figure 1 Diagram of biological activated carbon filtration experimental units:
1 = treated wastewater tank; 2 = water pump; 3 = activated carbon column;
4 = filtrate effluent; 5 = backwash inlet; 6 = backwash outlet.
Water quality parameters measured in the influent and effluent of each column are dissolved organic carbon
(DOC), UV254, COD, turbidity, pH, and electrical conductivity. Besides investigation of the effects of carbon
depth, filtration rate and operation period, the appropriate filter backwashing rate and time are also determined.
The amount of biomass attached on GAC is also analyzed as volatile suspended solid (VSS) which is measured
by 2540E standard method4. The GAC samples are taken from each column at 10 cm from the surface of carbon
layer before and after filter bachwash to determine the amount of biomass during operation and the loss of
biomass in backwashing.
Results and discussion
Removal efficiencies of disinfection by-product precursors Treated wastewater is fed into each filter column
at 3 different filtration rates, i.e. 1.5, 3.0 and 7.2 m3/m2-h for 7-day operating period. Water samples are taken
from the influent and effluent of each filter column and analyzed for DOC, UV254, COD, turbidity, pH, and
electrical conductivity. The average efficiencies in removing DOC, UV254, COD and turbidity at various carbon
depths and filtration rates are shown in Figures 2-5.
During the experiment, the amount of dissolved organic carbon (DOC) in water fed into the biological
granular activated carbon filter columns varies within the range of 1.489 - 3.488 mg/L, UV254 varies within the
range of 0.0264 - 0.0324 cm-1, COD varies within the range of 11 - 149 mg/L, turbidity varies within the range
of 2.1 - 4.6 NTU, pH varies within the range of 7.03 - 7.53 and electrical conductivity varies within the range of
975 -1,110 μs/cm.
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Figure 5 Turbidity removal efficiencies at various
carbon depths and filtration rates

From Figures 2-5, it is found that in column GAC1 (30-cm carbon depth) when the filtration rate increases
from 1.5 to 7.2 m3/m2-h, the average DOC removal efficiency decreases from 70.5% to 44.3%, whereas the
average UV254 removal efficiency decreases from 55.2% to 19.5%, the average COD removal efficiency
decreases from 73.0% to 66.0%, and the average turbidity removal efficiency decreases from 76.7% to 71.1%.
In column GAC2 (40-cm carbon depth) when the filtration rate increases from 1.5 to 7.2 m3/m2-h, the
average DOC removal efficiency decreases from 79.3% to 44.3%, whereas the average UV254 removal efficiency
decreases from 67.9% to 28.8%, the average COD removal efficiency decreases from 80.5% to 78.5%, and the
average turbidity removal efficiency decreases from 80.4% to 70.3%.
In column GAC3 (50-cm carbon depth) when the filtration rate increases from 1.5 to 7.2 m3/m2-h, the
average DOC removal efficiency decreases from 92.0% to 79.9%, whereas the average UV254 removal efficiency
decreases from 80.9% to 45.2%, the average COD removal efficiency decreases from 93.4% to 89.5%, and the
average turbidity removal efficiency decreases from 83.8% to 71.1%.
Appropriate backwash rate and time Filter backwashing rate is controlled such that the depth of carbon layer
expands about 30% of the original depth. It is found that the required filter backwashing rate should be
maintained at 15 m3/m2-hr, 18 m3/m2-hr and 22 m3/m2-hr for columns GAC1, GAC2 and GAC3, respectively.
The ratios of turbidity of backwash water to the average turbidity of raw water at various time during
backwashing each filter column are shown in Figure 6. It is found that the backwash period required to reduce
the turbidity of backwash water to about 1.5 times of raw water turbidity is about 10 minutes for column GAC1,
12 minutes for column GAC2, and 20 minutes for column GAC3.
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Figure 6 Turbidity of backwash water at various backwashing periods
Determination of biomass growth on granular activated carbon The biomass was bacteria growth indicator.
In this study biomass in the system is measured as volatile suspended solid (VSS). Samples of the granular
activated carbon are taken from each column at 10 cm from the surface of carbon layer on the 20th day and 29th
day before and after filter bachwashing to determine the amount of VSS under normal filter operation and the
loss of biomass after filter backwashing. It is found that the amount of VSS under normal operation does not
change much. The average VSS concentrations are about 2,400, 2,550 and 2,900 mg/L for columnd GAC1,
GAC2 and GAC3, respectively. After backwashing on the 29 th day, about 30%, 29% and 28% of VSS are lost
from columns GAC1, GAC2 and GAC3, respectively.
CONCLUSION
The main objective of this study is to evaluate the effectiveness and to investigate the optimum condition of
biological activated carbon filtration for removing disinfection by-product precursors from treated wastewater.
The disinfection by-product precursors are measured in terms of dissolved organic carbon (DOC) and UV254.
Three operating variables are investigated including depth of activated carbon layer, filtration rate, and operation
period. From the obtained results, it is found that with deeper carbon depth (more than 40 cm), the effects of
filtration rate on removal efficiencies of DOC, COD and turbidity are not significant. However, the effect on
UV254 reduction can be noticed. The DOC removal efficiency higher than 79%, UV254 removal efficiency higher
than 42%, COD removal efficiency higher than 89%, and turbidity removal efficiency higher than 83% can be
obtained at the filtration rate of 7.2 m3/m2-h which is the highest rate used in this experiment. This value of
carbon depth will not increase the total height of the column too much. Therefore, it is suggested that the carbon
depth in the biological activated carbon filter should be at least 50 cm. Regarding filter backwashing rate and
time, it is found that the required filter backwashing rate should be maintained at 22 m3/m2-hr for the filter with
carbon depth of 50 cm and the backwash period required to reduce the turbidity of backwash water to about 1.5
times of raw water turbidity is about 20 minutes. During the experiment, the amount of biomass in carbon layer,
measured in terms of volatile suspended solids, is about 2,400-2,900 mg/L. About 30% of biomass is lost in
backwashing. From this experiment, it can be concluded that the biological activated carbon filtration is an
effective process for removal of remaining organic compounds in treated wastewater which improve effluent
quality and can help reduce the formation of harmful disinfection by-products after chlorination.
References:
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࠙Introductionࠚ
In 2011, Tohoku Region Pacific Coast Earthquake destroyed broad area of north-eastern Japan and
claimed about 16,000 people. At the same instant, this earthquake wreak the Fukushima Daiichi Nuclear Power
Plant Disaster. Various radionuclides such as U, Pu and Sr were extricated to expansive area through
environmental media. Especially, wind and rain played important role for transfer to terrestrial environments.
Therefore, long term monitoring of radionuclides is required in order to reveal the pollution status and risk of
Japanese health. The radioactive Cs is a most considerable contaminant due to a long halflife (ca. 30.2 years for
137
Cs and 2.1 years for 134Cs) in the terrestrial ecosystems1). Wildlife such as birds, reptiles and fishes inhabiting
polluted area is one of an important indicator to understand pollution status and prediction to human health. This
report aims to figure out the temporal distribution of radioactive Cs in wildlife living at polluted village forest
area located about 45 km far from Fukushima Daiichi Nuclear Power Plant.
࠙Materials and methodsࠚ
Two species of aquatic invertebrates (one gastropod and one crustacean), 6 species of insects (locusts
and dragonflies), 5 species of amphibians (frogs and a newt) and 6 species of reptiles (snakes) were captured
around paddy fields of eastern part of Nihonmatsu City. Three species of wild birds (five grey ducks, 3 Japanese
pheasants and 3 carrion crows) were also collected around same site during in 2012 to 2013. Biological samples
were dissected to divide organs and tissues. Some samples with small volume were used as whole body or
pooled muscular samples from certain individuals. Activity concentrations of radionuclide emitting gamma ray
(such as 40K, 134Cs and 137Cs) were analyzed by germanium semiconductor detector after treatment of drying and
homogenization.
࠙Results and discussionࠚ
Relative high concentrations of radioactive Cs were observed in tadpole (whole) > tiger keelback
(muscle) > newt (whole) > tree frog (muscle) > crawfish (whole) > Daruma pond frog (muscle). In case of frog,
tadpole might concentrate Cs with high level due to their diet. they eat diatom/algae which accumulate Cs. The
difference observed between tree frog and pond frog cause from their habitat. Major habitat of tree frog is
around forest where radioactive Cs level is high, in contrast that of pond frog is rice field. Some carnivore snake
accumulated Cs with higher than pond frog and insects (see Figure). In study of wild birds, species-specific
differences were also observed. Relative higher concentrations were showed in muscle of carrion crows >
Japanese pheasants > grey ducks. These characters might be considered due to effects of their habitat. Carrion
crow lives in forest, pheasant lives around village and duck
migrates, so only stay Fukushima in short period. Unique tissue
distributions of radioactive Cs were observed in various part of
feather. Higher level was showed in part which expose external
atmospheric environment. This trend suggests that radioactive
Cs was exist in atmospheric environment even in 2013.
Elucidation of chemical form and source is required.
Acknowledgement: All sample collections were conducted
under kindly cooperation with incorporated Non-Profit
Organization “Yuukino-sato Towa Fususato-zukuri Kyougi-kai”
on Nihonmatsu City, FUKUSHIMA.
References
1) Tanaka et al., Geochemical Journal, 46(1), 73-76, 2012.
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[Introduction] The Fukushima Daiichi Nuclear Power Plant (FDNPP) accident caused massive releases of
radionuclides into the environment. Radionuclides were largely deposited to the forest area because much of the
land in Fukushima Prefecture is covered with the forest (71%). There is possibility that the radionuclides deposited
to the forest canopy was transported to the forest floor and to the atmosphere by weathering, released to outside of
the forest by radionuclide-bearing particles via stream runoff and penetration into the soil. In this study, we focus
on radioactive cesium in “Satoyama”, which means a small forest close to human activities, because
decontamination of radionuclides has not been performed in forest yet, although it plays important roles such as
wood for construction, cooking, and heating, applying water of paddy field, farming fishes, and biodiversity in the
communities. We discuss the forest dynamics of radioactive cesium and its outflow from the forest ecosystem.
[Experimental] Fresh leaf/needle, litter, surface soil, and stream bottom sand were collected monthly from June
2012 with the exception of the snow season in Japanese cedar and deciduous broadleaf forests in Satoyama of
Namie town in Fukushima Prefecture. The concentration of radioactive cesium (134Cs and 137Cs) was measured by
commercially available NaI(Tl) scintillation detector and then was compared with that obtained by a high-purity
coaxial Ge semiconductor detector. The concentration of
radioactive cesium based on wet weight was corrected to
the values on March 15, 2011. Each sample was set on an
imaging plate and exposed for about 24 hours, and the
image was taken using an scanner.
[Results and Discussion] Figures 1 (a) and (b) show the
actual image and the scan image of fresh leaves/needle and
a root of broad leaf tree collected in the forest located in
Namie Town in October 2013, respectively. The radioactive
materials were distributed along leaf veins and through the
root in broad leaf tree (Fig. 1(b)), indicating that they were
taken from the soil via the roots and retranslocation from
other internal sources. However, they were scattered in a
needle of cedar, suggesting that they were captured on the
surface.
Figure 2 shows the depth profiles of radioactive cesium
in the upper 5 cm in surface soil in mixed broad leaf forest
and Japanese cedar before and after snowfall and snow
melting. There were little differences of them in mixed
broad leaf forest before and after snow periods. In Japanese
cedar they were accumulated in the 1.5 cm before snow
period and clearly decreased after snow melting, suggesting
the runoff by snow melting water.
In the presentation, we discuss factors controlling the
distribution, internal circulation, and outflow of the
radionuclides, which was distributed in the forest.

Fig. 1 (a) The actual image. (b) The scan image of
broad leaves, a needle of Japanese cedar, and a root
of broad leaf tree.

Fig. 2 Depth profiles of the radioactive cesium
concentrations in the upper 5 cm in surface soil in (a)
mixed broad leaf forest and (b) Japanese cedar in
December 2013 and April 2014.
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㻝㻟㻠㻗㻝㻟㻣㻯㼟㻘㻌㻮㼝㻛㼗㼓㻌

Abstract: Japanese environment has been contaminated with radionuclides released from the Fukushima
Daiichi Nuclear Power Station (FDNPS) accident. The radionuclides discharged into the atmosphere from
FDNPS was deposited on ground and aquatic surface. Eastern Japan including the metropolitan area was
extensively contaminated by radiocesium. In this study, the environmental dynamics of the radiocesium in
aquatic environment was investigated. In order to clarify the behavior of the radiocesium in environment,
we analyzed the spatiotemporal distribution of the radiocesium in soil and aquatic sediment.
Soil and aquatic sediment were collected at the sites of Eastern Japan. A small pond in the highlands
80-130 km away from FDNPS, Akimotoko and Numazawako was considered that the radiocesium was
deposited on the pond directly from the atmosphere. Abukuma River flowing through the high polluted
area, and the contaminated particles with the radiocesium carried to the estuary. In the Tokyo
metropolitan area, Edogawa River flows through the high contaminated zone, the polluted particles with
the radiocesium are also transported to Tokyo Bay. By analyzing the distribution of the radiocesium
collected in these areas, to evaluate the environmental fate and dynamics of the radioactive pollution by
the radiocesium.
㻝㻜㻜㻜㻜㻜㻌
In Numazawako and Akimotoko, the radiocesium was
㻭㼎㼡㼗㼡㼙㼍㻌㼑㼟㼠㼡㼍㼞㼥㻌
accumulated in the sediment surface. As shown in Fig. 1,
㻺㼡㼙㼍㼦㼍㼣㼍㼗㼛㻌
㻝㻜㻜㻜㻜㻌
the radiocesium levels were not related to the particle size
㻝㻜㻜㻜㻌
of the sediment. In Abukuma estuary, on the other hand,
the correlation was observed between them, the
㻝㻜㻜㻌
radiocesium in the fine particles showed a high
concentration. It was considered that the radiocesium
㻝㻜㻌
precipitated on the pond surface was directly deposited to
㻝㻌
the bottom. The radiocesium precipitated on the ground
㻝㻌
㻝㻜㻌
㻝㻜㻜㻌
㻝㻜㻜㻜㻌
adsorbed on the clay minerals in the soil. Then, the
㻼㼍㼞㼠㼕㼏㼘㼑㻌㻿㼕㼦㼑㻘㻌μ 㼙㻌
radiocesium was subjected to fractionation by a particle
size effect. It means that the contaminated particles are 㻲㼕㼓㻚㻌㻝㻌㻯㼛㼞㼞㼑㼘㼍㼠㼕㼛㼚㻌㼎㼑㼠㼣㼑㼑㼚㻌㼠㼔㼑㻌㼞㼍㼐㼕㼛㼏㼑㼟㼕㼡㼙㻌㼏㼛㼚㼏㼑㼚㼠㼞㼍㼠㼕㼛㼚㻌
㼍㼚㼐㻌㼠㼔㼑㻌㼜㼍㼞㼠㼕㼏㼘㼑㻌㼟㼕㼦㼑㻌㼕㼚㻌㼠㼔㼑㻌㼍㼝㼡㼍㼠㼕㼏㻌㼟㼑㼐㼕㼙㼑㼚㼠㻌
carried by the river, and deposited in the estuary by
aggregation. In Tokyo Bay, the
contaminated particles carried
from the catchment area
precipitated in the mouth of
Edogawa River at the same
mechanism as Abukuma River,
the
radiocesium
was
accumulated there. Dynamics
of the radiocesium in the
aquatic environment has been
summarized in Fig. 2.
This work was supported by JSPS
KAKENHI
Grant
Number
24310014.
㻲㼕㼓㻚㻌㻞㻌㻰㼥㼚㼍㼙㼕㼏㼟㻌㼛㼒㻌㼠㼔㼑㻌㼞㼍㼐㼕㼛㼏㼑㼟㼕㼡㼙㻌㼞㼑㼘㼑㼍㼟㼑㼐㻌㼒㼞㼛㼙㻌㼠㼔㼑㻌㻲㻰㻺㻼㻿㻌㼍㼏㼏㼕㼐㼑㼚㼠㻌㼕㼚㻌㼍㼝㼡㼍㼠㼕㼏㻌㼑㼚㼢㼕㼞㼛㼚㼙㼑㼚㼠㻌
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࠙Introductionࠚ
“The 2011 off the Pacific coast of Tohoku Earthquake” and the subsequent “Tsunami” occurred on March
11, 2011. They caused the Fukushima Daiichi nuclear power plant accident and radionuclides were released
from the nuclear reactors. From the accident, widespread radioactive contamination in the environment has
become a great concern. Contamination in river ecosystem may have effect on the aquatic organisms or human
beings eating agricultural crops by paddies or fields. For this contamination, sediments may be involved,
because radionuclides inflowing into rivers are accumulated in sediments. Therefore, we focus on one of the
ecosystems of river system. This study also surveyed factors related to accumulation of radionuclides. For a
radionuclide, its congeners or isobars are considered to be related in some way. Before the accident, a few cases
of radioactive contamination have occurred but mechanism of accumulation of radiocesium in environment has
not revealed on detail.
Since 2012, we studied the radiocesium contamination on sediment of the Abukuma River in Fukushima
Prefecture and investigated distribution, temporal variation and mechanism of accumulation.
࠙Materials and methodsࠚ
Sediment samples were collected from middle Abukuma river system in Fukushima Prefecture in June
2012 (termϨ), October 2012 (termϩ), June 2013 (termϪ) and November 2013 (termϫ). The sediment
samples were passed through a 2-mm sieve after drying at room temperature. A germanium detector was used to
determine concentrations of 137Cs, 134Cs and 40K. For analysis of stable elements, the sediment samples were
digested with mixed acid of HNO3 and HF. Inductively coupled plasma mass spectrometry was used to
determine the concentrations of 27 elements (Li, Mg, Ca, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, As, Se, Rb, Sr, Mo,
Ag, Cd, In, Sn, Sb, Cs, Ba, Tl, Pb and Bi).
࠙Results and discussionࠚ
The radiocesium concentrations on the sediment samples collected in the Abukuma river system in 2012
and 2013 significantly varied among every station. Therefore, high concentration of 137Cs was observed at
specific sampling stations. In particular, the highest 137Cs concentration of 22,800 Bq kg-1 d.w. was detected in
the sediment sample from station 12 in termϪ.
Next, the temporal variation of 137Cs in the sediment samples of middle Abukuma river system was
observed (Figure). On the whole, the 137Cs concentration has declined during this two years. Regarding the
seasonal variation, the figure shows that the 137Cs concentration decreased from spring in 2012 (termϨ) to
autumn in 2012 (termϩ), increased considerably in spring in 2013 (termϪ) and decreased drastically again in
autumn in 2013 (termϫ). It was suggested that the 137Cs concentration was decreased from spring to autumn
because 137Cs-accumulated sediment ran off owing to autumnal rain or typhoons before the sampling in autumn,
and the 137Cs concentration was increased from autumn to spring because plant litter or carcasses which had
accumulated 137Cs with high level inflowed into rivers in
winter.
This study also surveyed factors related to the
accumulation of radionuclides. From the results of correlation
between radiocesium and stable elements, the negative
correlation was shown between 137Cs and Rb (a congener of
Cs) concentrations (p<0.01, Spearman’s rank correlation test).
In addition, the negative correlations between 137Cs and stable
Cs and between 137Cs and Ba (an isobar of Cs) were also
shown (p<0.05, Spearman’s rank correlation test). This fact
may suggest that some stable elements are related to the
dynamics of radiocesium on sediment.

─ 220 ─

P-5
CONCENTRATIONS OF RADIOCESIUM IN WILD MAMMALS COLLECTED
FROM AROUND NIHONMATSU-CITY, FUKUSHIMA, JAPAN
Takeshi MASUKAWA1*, Hirokazu OZAKI1, Hideki HAYASHIDANI1, Takashi GOMI1,
Makoto YOSHIDA1, Tadashi YOKOYAMA1, and Izumi WATANABE1
1

Graduate School of Agriculture, Tokyo University of Agriculture and Technology, 3-5-8 Saiwaicho, Fuchu,

Tokyo, Japan
Key word: Fukushima, Radiocesium, Wild mammal, HPGe Detector
Abstract:
On march 11, 2011 The 2011 off the Pacific coast oI 7ǀKRNX Earthquake occurred and following tsunami
caused Fukushima Daiichi nuclear disaster and vast areas of Tohoku region and Kanto region was contaminated
by radionuclides. Among the radionuclides,

137

Cs has long half-life and remain over a long period of time;

therefore the impact on the ecosystem is greatly concerned. Then, we investigated the contamination of
mammals inhabiting Fukushima prefecture.
We measured Cs-137 concentration in tissues of mammals of 4 species collected from around Nihonmatsu
City, Fukushima: wild boar, masked palm civet, raccoon dog, and badger.
The results suggested that there are differences in the Cs-137 pollution level and Cs-137 distribution in the
internal organization due to species (Figure 1). Especially, there was a clear difference between cetartiodactyla
(wild boar) and carnivore (Masled palm civet, raccoon dog, and badger). Figure 2 shows Temporal trend of
137Cs radioactivity concentrations in the muscle of wild boars. The pollution level was decreased with time,
faster than the decay rate of Cs-137. We also found there are significant difference of Cs-137 pollution level
between wild boars inhabiting upland and those inhabiting lowland.
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Fig. 1 137Cs radioactivity concentration in various tissues of wild

Fig. 2 Temporal trend of 137Cs radioactivity concentrations in the

mammals collected from around Nihonmatsu-City, Fukushima.

muscle of wild boars from Fukushima.
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The South China Sea is a large marginal sea with an area of 3,500,000 km2 and it has a central basin with a
maximum depth exceeding 5,000 m. It joins the Pacific Ocean through the Luzon Strait (sill depth of 2,200 m)
where the Pacific water enters the South China Sea.
The artificial radionuclides such as Pu isotope have been added to the surface oceans mainly from the fallout
of atmospheric nuclear weapons testing. There were two major sources of Pu isotope in seawater in the western
North Pacific Ocean: global (stratospheric) fallout which occurred mainly in the late 1950s and early 1960s, and
local fallout from the Pacific Proving Grounds (PPG) in the Marshall Islands which occurred mainly in the early
1950s. Since the 240Pu/239Pu atom ratio is characteristic for the Pu emission source, information on Pu isotopic
signature is very useful to better understand the transport process in the oceans and to identify the sources of Pu.
The mean atom ratio of 240Pu/239Pu from the global stratospheric fallout is 0.180 ± 0.014, whereas that from
close-in tropospheric fallout from the PPG is 0.33 – 0.36 . The 239Pu and 240Pu inventories and 240Pu/239Pu atom
ratios in seawater will provide important and useful data for understanding the process controlling Pu transport.
The objectives of this study were to measure the 239Pu and 240Pu concentrations and 240Pu/239Pu atom ratios in
seawater from the South China Sea and to discuss the transport process of Pu.
Seawater samples were collected from the surface to the bottom in the the South China Sea with acoustically
triggered quadruple PVC sampling bottles during the R/V Hakuho-Maru cruise. The 239Pu and 240Pu
concentrations and 240Pu/239Pu atom ratios were measured with a sector field inductively coupled plasma mass
spectrometer (SF-ICP-MS), which was equipped with a guard electrode to eliminate secondary discharge in the
plasma and to enhance overall sensitivity.
In the South China Sea, the 239+240Pu concentration was 7.0 mBq/m3 in the surface water and they increased
with depth; a broad maximum was identified at 200 – 750 m depth. The 239Pu, 240Pu and 239+240Pu inventories in
the entire water column were 36.7, 33.9 and 70.6 Bq/m2, respectively. The 239+240Pu inventory was 2.2 times
higher than the expected cumulative deposition density of atmospheric global fallout at the same latitude. The
240
Pu/239Pu atom ratio increased gradually with depth from surface water to deep water of 2000 m depth. The
atom ratios were significantly higher than the mean global fallout ratio of 0.18. Because of a sill depth of 2,200
m in the Luzon Strait, North Pacific Tropical Water (NPTW) and North Pacific Intermediate Water (NPIW) can
exchange freely between the West Philippine and South China Seas. Waters deeper than 2,200 m in the West
Philippine Sea, which are the Pacific Deep Water (PDW) and Antarctic Bottom Water (AABW), cannot enter
the South China Sea. The PPG close-in fallout Pu could be transported to the South China Sea by ocean currents.
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[Introduction] Fine particles, namely PM2.5, has been paid attention to becuase of human health risk such as
cardiorespiratory disease. Several epidemiological studies have shown a strong linkage between
PM2.5 concentration and mortality, morbidity and respiratory symptoms. Especially, ultrafine particles, whose
diameter range from 0.01 to 0.1 Gm, have a relatively high deposition rate in the lungs. However there is little
work about the sources, the long-range transport, and the deposition mechanism of ultrafine particles. We report
here a measurement campaign aimed at monitoring simultaneously both number concentrations of fine and
ultrafine particles at urban background site, a small forest site in residential area, and in the free troposphere in
Japan. The purpose of this study is to describe differences in particle number and mass concentrations, and
chemical characteristics between three sites, and to discuss the removing mechanism of fine and ultrafine
particles by forest canopy.
[Experimental] Sampling was carried out at a small forest (12 ha) at the Field Museum (FM) Tama Hills, an
experimental forest of the Tokyo University of Agriculture and Technology, located 30 km west of central
Tokyo during the growing season in 2013 and 2014. The number concentrations of particles were measured
using optical particle counter (OPC) in 5 ranges of diameter > 0.3, 0.5, 1.0, 2.0, and 0.5 m with time resolution
of 1 minute. OPCs were set at 6 m (inside of the forest) and 30 m (over forest the canopy) of the observational
tower. Individual particles were collected on a Ti grid using a single stage (jet diameter 0.6 mm) cascade
impactor at a flow rate of 0.8 L min-1 for 1 - 2 minutes at 6, 15, and 30 m of the tower, respectively. Konara
(Quercus serrate) leaves were collected at 10, 15, and 20 m of the tower, respectively. Particles collected on the
grids and Konara leaves were analyzed using a scanning electron microscope (SEM) and an energy dispersive Xray spectrometer (EDX) to investigate elemental composition.
[Results and Discussion] From at 21:00 on July 29 to at 4:00 on July 30 in 2013, the number concentrations of
particles at 30 m, C30m, which is over the canopy (Cout), was higher than that at 6 m, C6m, which is under the
canopy (Cin). If there is the difference in concentrations between the inside and the outside of the forest, forest
filter effect (FFE) is define as follows (Maeshima et al., 2010):
(1)
C = (Cout - Cin) = FFE Cout
The regression analysis between Cout and C gives FFE as the slope of the regression line with a high correlation
coefficient. Fig.1 shows the relationship
between C30m and C (C30m - C6m). There are
high correlation coefficients (r > 0.9) in the
range of diameter over 1.0 m and
comparatively high correlation coefficient (r >
0.7) in the range of 0.3 - 0.5 m. On the other
hand, there is no correlation in the range of 0.5 1.0 m, whose region is commonly referred to
as the Greenfield gap. These results indicated
particles in the range of 0.3 - 0.5 m, 1.0 - 2.0
m, 1.0 - 2.0 m, and > 5.0 m were captured
by 92, 61, 72, and 73 % by forest canopy,
respectively. The SEM results indicated that
mineral particles, Fe-rich particles, and Si-rich
particles were predominant on Konara leaves,
whlile sulfate particles and sea salt particles Fig.1 Relationship between C30m and C (C30m – C6m) from at
21:00 on July 29 to at 4:00 on July 30 in 2013
were predominant in the ambient air.
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Introduction: The phenomenon, which gases and particles in the air are captured by forest canopy, is called
“forest filter effect”. The mass of gas and particle captured by the forest edge is more than that of the inside of
the canopy, due to the influence of horizontal transport. This is called “edge effect”. There are plenty of small
forests with its many uphills and downhills in Japan, called Satoyama in Japanese. In this study, foliar rinsing
method was applied for observation of dry deposition flux onto forest canopy and for assessment of the extent of
edge effect.
Experimental: This study was performed at Field Museum Tama hills, a field experimental station of Tokyo
University of Agriculture and Technology. Leaves were sampled mainly from Konara (Quercus serrata) at 2 and
6 m heights with a long-branch cutter on June 4, 2014. Sampling was conducted at 20 sites concentrically around
a forest gap. The number of sampling points of leaves collected from Konara, Sawtooth oak (Quercus
acutissima), Cherry blossom (Prunus), Japanese cedar (Cryptomeria japonica), and Japanese cypress
(Chamaecyparis obtusa) were 11, 6, 1, 1, and 1, respectively. Leaves were put in a 50 mL centrifuge tube and
brought to our laboratory. They were extracted in 40 mL ultrapure water. After the filtration, major ions were
measured by ion chromatography.
Results and discussion: Figure 1 shows dry deposition fluxes of NH4+ (b), NO3- (c) and SO42- (d). The size of
circles reflects the ratio between the flux at each sampling point and the flux at the center of the forest (shown as
double circle). The dry deposition flux of NH4+ at the outside the forest in all directions, was higher than that at
the center of the forest (forest gap), suggesting that NH3, which was the precursor of NH4+ on leaves, was
emitted near the forest. On the other hand, dry deposition fluxes of NO3- and SO42- were higher outside the forest
in the directions between north and southeast, indicating that NOx and SO2, which were precursors of NO3- and
SO42-, were transported in the directions between north and southeast. According to the meteorological data at
Hachioji and Fuchu Observatories (Japan Meteorological Agency), there was no rain during one week from May
27 to June 4, 2014. During this period, the
prevailing wind direction was southeast,
suggesting the transportation of air
pollutants from this direction. Although
there were differences of direction
dependence between NH4+ and NO3-/SO42-,
dry deposition fluxes of them were higher
outside the forest, indicating that the forest
edge effect was important. Average ratios
of dry deposition fluxes of NH4+, NO3-, and
SO42- at 6 m to those at 2 m were 1.1, 1.4,
and 1.4, respectively. The same level of dry
deposition of NH4+ on the canopy at the
upper and the lower height suggested that
NH3 was emitted from the near ground.
In the presentation, we discuss about the
relation between dry deposition fluxes and
landform because the altitudes of the forest Fig.1 Sampling sites (a) and dry deposition fluxes of NH4+ (b),
located from 130 to 180 m with its many NO3- (c) and SO42- (d). The size of circles reflects the ratio
uphills and downhills.
between the flux at each sampling point and the flux at the
center of the forest (shown as double circle).
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[Introduction] Surfactants are substances which have both hydrophilic and hydrophobic group and lower the
surface tension in water. Large usage of surfactants as detergents and its discharge into river water previously
caused death of aquatic organisms and foaming. It has been recently reported that surfactants also exist in the
ambient air. Surfactants could reduce the surface tension of tear film and cause dry eyes as directly health effects
to the human body. In addition, the mucosa of the unstable respiratory system may lead to allergy and asthma.
They could also influence the state of the gas-liquid interfaces of atmospheric particles and water droplets,
resulting in reduction of the size distribution of cloud droplets and extension of their lives. Therefore they have
significant influences on cloud physical processes such as cloud albedo, which causes the earth cooling, and
global water cycle. However, there is very little report on the distribution and their sources of surfactants in the
ambient air all over the world, especially in Japan. We here report methylene-blue active substance (MBAS)
concentration in suspended particulate matter in the ambient air, which is 10 μm or less, in urban area in Japan.
[Experimental] Suspended particulate matter (SPM) was sampled on a quartz fiber filter using a high-volume
air sampler (HV-1000F, Shibata) equipped with an impactor stage to eliminate any particle lager than 10 μm in
aerodynamic diameter at Nishi-Waseda campus in Waseda University, located in Shinjuku-Ward in Japan with a
population of 330,000 people. The campus of our sampling site is near a road called Meiji Street in ShinjukuWard in downtown Tokyo, which has average daily traffic over 40,000. The quartz filters were punched and
three punches (35 mm in diameter) were extracted in 40 mL ultrapure water in 50 mL glass centrifuge tube. The
concentration of anionic surface-active substances in water-soluble fraction in SPM was calculated as MBAS
using the calibration curve of sodium dodecyl sulphate in the range of 0 - 0.12 μM owing to Soda et. al (2013).
[Results and Discussion] MBAS concentration ranged from LOD to 163 pmol m-3 (55.8 pmol m-3 on average, n
= 74) at Shinjuku, Tokyo during study period from May, 2011 to July, 2012. The average concentrations at our
site were lower than those in Norwich, England (76 pmol
m-3 in summer, n=40; 119 pmol m-3 in autumn, n=30; 114
pmol m-3 in winter, n=38) and in Bangkok, Thailand (141
pmol m-3, n=4), which were reported by Sukhapan and
Brimblecombe (2002). Shown in Fig.1, the concentration
of MBAS in particulate-phase was high in spring and in
winter and the lowest in summer as well as carbon
monoxide (CO) and nitrogen oxide (NOx) but day-night
variation was not observed in all seasons.
A relatively high correlation between the concentration
of MBAS and HULIS (r=0.717) indicated that HULIS in
particulate phase in the ambient air in urban area with
heavy automobile traffic might be an important candidate
of anionic surfactants.
Reference:

Soda, M.; Okochi, H.; Ogata, H.; Okawa, H. Rapid determination of
anionic surfactants in atmospheric aerosol in an urban area using an
improved methylene blue method. BUNSEKI KAGAKU 2013, 62, 589–
594.
Sukhapan, J.; Brimblecombe, P. Ionic surface active compounds in
atmospheric aerosols. Sci. World J. 2002, 2, 1138–1146.

Fig.1 Seasonal variation of MBAS concentration
with classic air pollutants, the ratio of MBAS
concentration to SPM, and the ratio of MBAS
concentration in the daytime to that at night
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Abstracts 㧦 Particulate matter size smaller than 10 micron (PM10) were collected from two roadside

locations in Nakhon Phitsanulok municipality area, lower northern of Thailand. PM10 samples were collected
by using the high volume air sampler on year 2009. It was found that a minimum value of PM10 at
Boromtrilokkanat road was 22.25 Pg/m3 recorded on 25 September 2009 and a maximum value of 90.80 Pg/m3,
recorded on 7 March 2009 at Ekatossarot road. The daily PM10 value did not exceed the 24 hrs standard value
of 120 Pg/m3. The lead ‘s concentration was found to be in a range of 0.04 to 0.07 and 0.05 to 0.08 Pg/m3 in two
sampling sites, respectively. Lead monthly values did not exceed the monthly standard value set by the Pollution
Control Department of Thailand at 1.5 Pg/m3. Meanwhile, the intensity of cadmium concentration was 0.0010 0.0060 Pg/m3 at Boromtrilokkanat road and 0.0010 – 0.0064 Pg/m3 at Ekatossarot road.
Introduction : Phitsanulok municipality is located in the lower northern part of Thailand with more than one
hundred and eighty thousand populations in the area of 18.26 km3. At present, the traffic in Nakhon Pitsanulok
Municipality is quite dense. There are private cars, buses, and motorcycles. Therefore, it increases environmental
impacts and, importantly, causes the problem of the particulate matter that is smaller than 10 micron (PM10).
This problem affects the respiratory system and human health. This research emphasized on the study of the
quantity of toxic heavy metals which were cadmium and lead in PM10 and the study of the quantity of PM10 in
trade area of Nakhon Pitsanulok Municipality.
Material and Methods : Studied locations: collected the samples on the roadsides from 2 locations, e.g.,
Boromtrilokkanat road at the opposite side of Nanchao Hotel and Ekatossarot road at the BanKhak
intersection which were in middle of Nakhon Pitsanulok Municipality. PM10 dust samples were collected by
the high volume air sampler in every 12 days and, in each round, the PM10 dust samples were collected 24
hours, continuously. Research period was from the middle of January 2009 until September 2009. The
composite element cadmium (Cd) and lead (Pb) were analyzed by Flame Atomic Absorption Spectrophotometer.
Results and Discussion : The statistical summary of the daily PM10 data from two sites in Phitsanulok
across the period January 2009 to September 2009 . It was found that a minimum value of PM10 at
Boromtrilokkanat road was 22.25 Pg/m3 recorded on 25 September 2009 and a maximum value of 90.80 Pg/m3,
recorded on 7 March 2009 at Ekatossarot road. The daily PM10 value did not exceed the 24 hrs standard value
of 120 Pg/m3. Concentration of Cadmium, and Lead in PM10: The measurement results of the average
concentration of metals: Cd and Pb in the dust of which sizes are smaller than 10 micron in the studied
location: Boromtrilokkanat road in both seasons showed that, in dry season (January- middle of May),
the average concentrations of Cd and Pb in PM10 were 0.0042 and 0.0595 Pg/m3, respectively. In rainy
season (middle of May to September) the average concentrations of Cd and Pb in PM10 were 0.0027 and 0.0499
Pg/m3, respectively. The measurement results of the average concentration of metals: Cd and Pb in PM10 in
the studied location: Ekatossarot road in both seasons showed that, in dry season, the average
concentrations of Cd and Pb in PM10 were 0.0046, and 0.0605 Pg/m3, respectively. In rainy season, the
average concentrations of Cd and Pb in PM10 were 0.0023 and 0.0516 Pg/m3.
Conclusions : From the measurement of the average concentration of the dust of which sizes are smaller than
10 micron (PM10) from two studied locations which were Boromtrilokkanat and Ekatossarot road it was
found that the average values were not exceed the quality standard in the air environment. The monthly
lead‘s concentrations did not exceed the monthly standard value set by the Pollution Control Department of
Thailand at 1.5 Pg/m3.
Acknowledgements: This study was funded by Naresuan University (NU), Phitsanulok, Thailand. The
authors wish to thank all of staffs of the faculty of engineering of NU, for their support and providing research
equipments.
References : US EPA, Method for the determination of inorganic compounds in ambient air united States
EPA, office of research and development, Washington, DC, EPA/625/R96/010a, 1999.
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Abstracts 㸸
Particulate matters, PM, exist in various particle sizes from 0.003 to
100μm and have many compositions. The PM being smaller than 2.5
μm is called PM2.5, which is easy to be absorbed by breathing, and
reaches to lung. Then, PM2.5 inhalation is serious influence upon
respiratory and circulatory system. In fact, there is correlation
between day to day variation of PM2.5 concentrations and daily
change of the number of deaths. Although it is difficult to consider a
counterplan for atmospheric PM2.5 concentration reduction, to
investigate concentration and chemical component of PM2.5 is
demanded.
We have collected large amount of PM2.5 by using a high-volume
air sampler (HV) equipped with a PM2.5 impactor invented by
SIBATA Scientific Technology LTD (Fig. 1). At first, we have
evaluated the PM2.5 impactor by comparing the results on the
chemical components analysis due to the FRM - low volume air
sampler (LV) method and HV method. As the results we have
confirmed that there are almost linear correlations between their
concentrations by the LV method and that by the HV method. From
the results, it was found that the HV method is applicable to
measuring the concentrations of EC, OC, and PAHs having more
than five benzene rings.
PM2.5 air samples were collected in Hanoi and Japan by using the
HV method. The concentrations of PAHs with 6 benzene rings,
DBaeF, DBalP, DBaeP, DBaiP, and DBahP, are not detected in
Tsukuba, but observed appreciably in Hanoi. It should be noticed
that such PAHs, especially DBalP, are carcinogenic. The
concentration pattern for Tsukuba is different from that for Hanoi.
This is because the sources of the PAHs in Hanoi differ from those in
Tsukuba
Acknowledgements
We thank the staffs of “Institute of Environmental Technology,
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air sample collection. We also thank Mr. Le Minh Tuan for his
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Fig. 2 PAHs concentration in PM2.5 at Tsukuba
and Hanoi
Tsukuba: 12/Sep/2013-13/Sep/2013
Hanoi: 18/Sep/2013-19/Sep/2013
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[Results]Summer observational campaign was performed on August in 2013 at the foot and the top of
Mt. Fuji. Figure 1 shows the temporal variation of
total PAHs (PAHs) and composition of particulatephase PAHs in the air at the top of Mt. Fuji. From
15th night to 16th daytime on August, PAHs was
high at the top of Mt. Fuji. Back trajectory analysis
indicated that air mass was transported from the
Continent. At 20th night on August, SO2
concentration was extremely high because of the
transportation of the plume of Sakurajima volcano
but PAHs was low, indicating there was no
influence of volcanic smoke on PAHs.
Figure 2 shows the regional comparison of PAHs
and carcinogenicity based on the product of the sum
of BaP equivalent concentration (BaPeq) and Unit
Risk of BaP. Compared to PAHs carcinogenicity
was relatively high at the top of Mt. Fuji, indicating
that the contribution of toxic PAHs was higher than
that at the ground level. This might be caused by
transboundary air pollution.
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[Experimental]Sampling was performed at Nishiwaseda campus of Waseda University, the foot of
Mt. Fuji, the top of Mt. Fuji, and Field Museum
Tama hills. At these sites except for at the top of Mt.
Fuji, SPM was collected on quartz fiber filter every
12 hours. At the top of Mt. Fuji PM2.5 was collected
on quartz fiber filter every 12 hours. After the
sampling, the filters were extracted ultrasonically
with dichloromethane for 20 minutes. The preconcentrated extracts were cleaned using solid phase
extraction before the analysis by HPLC with fluorescence detector.




[Introduction]Polycyclic aromatic hydrocarbons (PAHs), which are generated from the burning of fossil fuels
and incomplete combustion of organic matters, have carcinogenicity. However, there are few air quality
standards for PAHs in Japan. We report the concentration of 16 PAHs both in the particulate- and gas-phase in
the downtown of Shinjuku, Tama, and at the foot and the top of Mt. Fuji in Japan. We discuss the seasonal
variation and geographical distribution of PAHs and their health risk assessment.
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Sampling site
Average PAHs
Excess Carcinogenicity
The top of
Mt.FujiPM2.5
0.014 ng/m3
0.019×10-5

Shinjuku
0.99 ng/m3
1.5×10-5

Tama
0.68 ng/m3
1.1×10-5

The foot of Mt.Fuji
0.20 ng/m3
0.22×10-5
Excess CarcinogenicityUnit Risk4g/m3-1Inhalation Exposure4g/m3
Inhalation Unit Risk of BaP8.7×10-5ng/m3-1WHO1996
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CHLORINATED POLYCYCLIC AROMATIC HYDROCARBONS
IN AIR PARTICULATES IN NORTH-EAST ASIA
Kensaku KAKIMOTO1,3*, Haruna NAGAYOSHI1, Sokichi TAKAGI1, Yoshimasa KONISHI1,
Keiji KAJIMURA1, Takeshi OHURA2, Kazuichi HAYAKAWA3, Akira TORIBA3
1
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Department of Environmental Bioscience, Faculty of Agriculture, Meijo University, 1-501, Shiogamaguchi,
Tenpaku-ku, Nagoya 468-8502, Japan ,
3
Institute of Medical, Pharmaceutical and Health Sciences, Kanazawa University, Kakuma-machi, Kanazawa,
Ishikawa 920-1192, Japan,
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Key word：chlorinated polycyclic aromatic hydrocarbons, polycyclic aromatic hydrocarbons, organohalogen
compound, East Asia, atmosphere
This study estimates atmospheric concentrations of chlorinated polycyclic aromatic hydrocarbons (ClPAHs)
and polycyclic aromatic hydrocarbons (PAHs) in north-east Asia using a Gas Chromatograph with High
Resolution Mass Spectrometer (GC-HRMS). ClPAHs are ubiquitously generated from PAHs through
substitution, and some ClPAHs show higher aryl hydrocarbon receptor (AhR)-mediated activities than their
parent PAHs. Atmospheric particles were collected using a high-volume air sampler equipped with a quartz-fiber
filter. We determined the ClPAH concentrations of atmospheric particles collected in Japan (Sapporo,
Sagamihara, Kanazawa, Kitakyushu and Osaka), Korea (Busan), and China (Beijing). The concentrations of
ClPAHs were highest in the winter Beijing sample, where the total mean concentration was approximately 15 to
70 times higher than in the winter samples from Japan and Korea. The concentrations of Σ19ClPAHs and
Σ9PAHs were significantly correlated in the Kanazawa and the Busan samples. This indicates that within those
cities ClPAHs and PAHs share the same origin, implying direct chlorination of parent PAHs.
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AN ANALYTICAL METHOD FOR PERSONAL EXPOSURE TO NICOTINE BY
USING A PASSIVE SAMPLER AND HPLC METHODS
Takashi AMAGAI1*, Huan BAI1, Yuichi MIYAKE1
1
University of Shizuoka, 52-1 Yada, Suruga-ku, Shizuoka, 422-8526, Japan.
Key word: Personal exposure, nicotine, tobacco, passive sampler, HPLC, determination (max 8 words)
Abstract: Passive smoking is one of the major public health problems in the world. To estimate health
effect of ETS, it is necessary to measure personal exposure to environmental tobacco smoke (ETS)
quantitatively. Nicotine is a well-known marker in ETS. The standard method for vapor phase nicotine
was published by international standard organization (ISO 18145). In this method, nicotine was collected
actively by XAD-4 beads packed in the tube, extracted with ethyl acetate and analyzed by GC/NPD. Since
this method used sampling pump, it can not be used for personal exposure. It was also reported that
nicotine was evaporated or degraded during sampling when the sampling time was longer.
Passive sampler is small, light, noiseless and cheap, then it is suitable for analyze personal exposure
for air pollutants. MoNIC passive sampler was developed by Huynh et. al., for determining personal
exposure to nicotine. In this method, nicotine was collected as sulfate in the sampler. Then the sample was
neutralized by alkaline solution, and nicotine in the sample was extracted by organic solvent and
determined by GC/MS. But these operations of extraction were complicated.
We have developed an analytical method including extraction of nicotine sulfate by distilled water
and analysis of the aqueous solutions by HPLC. Since we determined nicotine sulfate directly by HPLC /
spectrophotometry in this system, the operations were simple.
At first, we have examined the kinds of the collection filter. Generally, glass fiber filter GB-100 was
used for collection of aerosols. But collection amounts of duplicate samples were sometimes varied
significantly. For example, nicotine amounts collected were 37 and 150 μg/sampler in the smoking room.
We investigated variations of the recoveries from alternative filters, thinner glass fiber filter GA-55 and
quarts fiber filter QR-100. The recovery test was performed as follows: 5 filters were dipped with sodium
hydrogen sulfate solution, and dried. After adding aliquot of nicotine standard solution in the filter, the
nicotine in the sample was analyzed as mentioned below. The results of recovery test from these filters
were 49±27 % for GA-55, and 94±11% for QR-100. Therefore, we selected QR-100 for further
investigation.
The quarts fiber filter was impregnated with 5mg/mL of sodium hydrogen sulfate solution. After the
filter was dried at 80 Υ in the dryer, it was put into a plastic container. Nicotine was extracted by 4.00mL
of distilled water after sampling, and the solution was centrifuged. The supernatant of the solution was
analyzed by HPLC/ diode array detector. Agilent 1260 Infinity LC system with 1290 Infinity diode array
detector was used for analysis. Mobile phases of the HPLC were methanol and distilled water: 80%
methanol for 2 min at the beginning, and 80% methanol to 70% methanol in 2.6 minutes. There was no
nicotine blank in the system.
We have also examined the normal phase HILIC column, reverse phase ODS column, and a cation
exchange column as the HPLC column. When we used HILIC or ODS column, nicotine was eluted in 1
minute, and there is problems in the peak shape at large injection volume. When we used a cation
exchange column, Zorbax 300-SCX, a retention time of nicotine was about 4 minutes, and the peak shape
was excellent with the injection volume of 100 μL which is 50 to 100 times large compared to that of 1 or 2
μL used in GC. Then, sensitivity of a HPLC / Diode Array Detector method of 0.2 ng were worse than
that of GC/MS of 0.04 ng, overall sensitivity of the HPLC method was 10 times more sensitive techniques
than that of GC/MS.
The nicotine calibration curves of the nicotine were also excellent, and the analysis of nicotine by this
method shows a sufficient response in a wide range.
This study suggests that nicotine determination methods developed including collection by sodium
hydrogen sulfate impregnated filter, extraction with distilled water and separation analysis by HPLC /
spectrophotometry can be applied for determining personal exposure of nicotine.
(References)1. ISO 18145, (2003).
2. Huynh CK, Moix JB, Dubuis, A. Rev. Med. Suisse. 2008; 4(144): 430 - 433.
3. Saito I, Onuki A, Seto H, Hosaka M and Nakae D, Indoor Environment. 2010;13(2): 173-179,
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ABNORMALITY OF SOME INSECTS AFTER EXPOSURE TO DIESEL EXHAUST
EMISSIONS
Thaneeya CHETIYANUKORNKUL1*, Kesinee KUNCHANA2, Manaporn MANABOON1, Tippawan
SINGTRIPOP1
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2
Environmental Science Program, Faculty of Science, Chiang Mai University, Thailand 50200
Keyword : Diesel exhaust emission, mortality, Toxicity, Insects, Respiratory system
Diesel engine represents a significant source of air pollution. The combustion of diesel engine is consists of
unhealthy substances including Carbon Monoxide (CO) Nitrogen Oxide (NOx) and Particulate Matter (PM10
and PM2.5). This pollutant could be affect to respiratory system. The aim of this research is to investigate the
gaseous products of both diesel and biodiesel exhaust which is produced from small agricultural diesel engine.
To observe the adverse effect on Apis mellifera Bombyx mori Acheta domesticus and Tenebrio molitor. The
exhaust was given for 2 4 6 and8 hours. The result showed that Diesel Exhaust Emission (DEE) released CO
45.05 ppm NO2 8.88 ppm NO 56.22 ppm that increased 3.17% 47.30% and 21.20% more than biodiesel exhaust,
respectively. In addition A. mellifera and B. mori were higher mortality at 8 hour in diesel than biodiesel exhaust
exposure. The exhaust also can affect to regulation of spiracle movement that lead to reduce activity of
respiration rate especially in A. mellifera. In the other hand there was less acute effect on A. domesticus
(34.67%±0.67) and T. molitor (2.67%±0.33). Subsequently, we studied the cumulative mortality after exposure
within 24 48 and72 hours. A. mellifera was completely died for 24 hour. B. mori and A. domesticus were
continuously increase mortality rate until 72 hour. The variations of exposure time were also effect on this
experiment. These results indicate that insects exposed to diesel engine exhaust for longer period will cause
significantly higher mortality than short period (P<0.05).
Nevertheless, there was no observed in the mortality of silkworm from all experimental treatment. The result
showed that larval stage was more tolerant to exhaust than adult stage (moth) but the significantly adverse
effects were manifested in life cycle (P<0.05). After exposure, the detrimental developmental effects were
caused by diesel exhaust: the duration of development increased and the percentage of pupation diminished.
Moreover, the oxygen consumption rate of exposed larval stage were decreased and thus to affect respiratory
chain and metabolic activity. This information has many advantages to the further study in environmental
monitoring.
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IMPACT ON TRANSBOUNDARY AIR POLLUTION FROM THE EAST ASIA
AND THE HISTORICAL CHANGES OF HEAVY METAL POLLUTION
AFTER THE MEIJI RESTRATION IN JAPAN
Hideo YAMAZAKI1*, Masanobu ISHIDA1, Ryoichi HINOKIO2
Graduate School of Science and Engineering, Kinki University, Kowakae, Higashiosaka, Osaka 577-8502, Japan;
Department of Environmental Solution Technology, Ryukoku University, Setaoe-cho, Otsu, Shiga 520-2194,
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Abstract: The historical changes of heavy metal pollution due to industrial modernization after the Meiji
Restoration in Japan were investigated. Detailed historical trends of the influence of long-range
transboundary heavy metal pollution from the East Asia were determined using aquatic sediment core in
Japan. Historical changes of heavy metal pollution are recorded as a change in the concentration in core
sediment. Therefore, it is possible to trace the history of the environmental pollution by analyzing the
sedimentation age of the core. Sediment cores in coastal and lake that are affected by the industrial activities
in Japan were collected. And lacustrine sediment cores were also collected in the Sea of Japan side without
any anthropogenic contamination from Japanese industries. Impact of rapid economic development of East
Asia countries recently have on the Japanese environment has been revealed.
The sediment cores were taken by Scuba divers using an acrylic corer. The core was continuously sliced
at 1.0-2.4 cm intervals. Sedimentation age of
The data of Taihu was quoted from Rose et al.:
the core was determined by 210Pb method. We
J. Paleolimnol., 32, 41-51 (2004).
㻟㻜㻜
also employed a chronology based upon global
Construction of Kansai Airport
fallout of 137Cs from nuclear testing in the
Legal Regulation began
㻞㻡㻜
stratosphere by the United States and the
Soviet Union. A fallout 137Cs maximum of 1963
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corroborated the 210Pb profiles in each core,
㼀㼍㼕㼔㼡㻌㻔㼑㼍㼟㼠㼑㼞㼚㻌㻯㼔㼕㼚㼍㻕
suggested that the 210Pb age of the core are
㻝㻡㻜
reliable.
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The concentrations of heavy metals at the
Meiji Restoration
sites which received the Japanese industrial
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activities started at around 1870s and the
maximum showed in 1960s-70s, and then the
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present (see Fig. 1). This trend harmonized
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legal restrictions for environmental pollution
in Japan. On the other hand, the heavy metal
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pollution from China probably
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㻝㻜㻜
industries.
The results suggested that the pollutants
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by long-range transboundary air pollution.
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HEAVY METAL POLLUTION IN ROAD DUST IN MOUNT NORIKURA
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Abstracts :
Pollution by particulate matter caused from exhaust gas, worn road surface material and auto parts is still a
great concern. Particulate matters are deposited on the road side, diffused by vehicle travel and/or the natural
wind, and causes potential risk for the environment. There is a mountain road in Mt. Norikura which is located in
Chubu-Sangaku National Park, Japan, and we can travel by car by an altitude of 2700m. Because adverse effects
on the surrounding environment is expected, private cars regulations have been laid. In this study, we
investigated heavy metal concentrations in road dusts collected from the side of the road pavement around Mt.
Norikura.
Fig. 1 shows spatial distribution of average Pb concentrations in each point. In general, higher Pb
concentrations were observed in heavy traffic national highway (Ta, HiIC, tn-W, tn-E, MKD, MaIC, and Ma).
However, specific locations in the lower traffic have shown even higher Pb levels at S-6 toS-9, and S-11. This
distribution might be because of presence of worn yellow road marking paint.
Ta: Takayama, HiIC: Hirayu IC, tn: Hirayu tunel
S: Norikura Skyline, E: Norikura Echoline,
MKD: Maekawado, MaIC: Matsumoto IC , Ma: Matsumoto

National highway
(heavy traffic)

Local road
(lower traffic)

National highway
(heavy traffic)

Fig. 1 Pb concentrations in road dust from Mt. Norikura, Japan

Zinc concentrations in the road dusts from Mt. Norikura showed an
upward seasonal trend between July 2013 to October 2013 (Fig. 2).
It was considered that increase in traffic during Summer and
Autumn tour season may have risen Zn concentrations. Increase of
auto-tire ablation could be one of the source.

Fig. 2 Seasonal variation of Zn concentration
in road dust of Mt. Norikura, Japan
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OBSERVATION OF ACIDIC TRACE GASES, GASEOUS MERCURY, AND
WATER-SOLUBLE INORGANIC AEROSOL SPECIES AT THE TOP AND THE
FOOT OF MT. FUJI
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Key word㸸Free troposphere, Background concentration, Long-range transportation
Introduction: Mt. Fuji, which is the highest mountain in Japan (3776 m a.s.l.), is an isolated peak and its
summit is located in the free troposphere. Therefore we could observe the long-range transportation from East
Asia to Japan and background concentration of various air pollutants in the ambient air. We here mainly report
the influence of the long-range transportation of acidic substances and gaseous mercury, and background
concentration of those substances.
Analysis method: Simultaneous sampling of acidic gases and water-soluble aerosol species was performed
using the four-stage filter pack method at the top and the foot of Mt. Fuji during the summer because of limited
usage by Japan Meteorological Agency. We also collected aerosols using Particle Into Liquid Sampler (PILS) in
2013. The filters were extracted in ultrapure water with shaking. The aliquot of each extract was filtrated and
analyzed by ion chromatography. Gaseous mercury in the ambient air was collected as a gold amalgam by
adsorbent tubes at a flow rate of 500 mL/min at the roadside of Meiji Street (urban-traffic) and the rooftop of 54
building in Nishi-Waseda campus (100 m from Meiji Street, 20 m above the ground; urban-background) in
addition to the top and the foot of Mt. Fuji. After the sampling, gaseous elementary mercury (GEM) was
analyzed by cold vapor atomic absorption spectrometry using gold trap amalgamation.
Results and discussion: Figure 1 shows the temporal variation of the concentration of acidic gases (HCl, HNO 3,
SO2) and water-soluble aerosols (Cl-, NO3-, SO42-) at the top of Mt. Fuji from August 15 to 21, 2013. In the
nighttime on August 15, SO42- concentration was high and the air mass was transported from the Continent
according to backward trajectory analysis. On the other hand, in the nighttime on August 20, HCl and SO2
concentrations were extremely high and the air
mass was transported from Sakurajima volcano,
which is located in southern Kyushu Island and
about 850 km far from Mt. Fuji. Sakurajima
volcano erupted on a largest scale at 16:31 on
August 18, 2013. To our knowledge, this is the
first time to report the influence of Sakurajima
volcano on air quality at the top of Mt. Fuji.
Preliminary observation performed in May,
2014. GEM concentration was 2.42 ng/m3 at
urban-traffic site and 2.27 ng/m3 at urban
background site, respectively. They were almost
the same concentration in Cape Hedo, Okinawa,
which is a remote background site in Japan. The
temporal variation of GEM concentration was
similar to each other at urban-traffic and urbanbackground site.
In the presentation, we also discuss the Fig.1 Temporal variation of the concentration of acidic gases
2relationship between GEM concentration and (HCl, HNO3, SO2) and water-soluble aerosols (Cl , NO3 , SO4 )
at the top of Mt. Fuji from August 15 to 21, 2013
air mass at the top and the foot of Mt. Fuji.
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OF MT. FUJI AND ITS CONTROLLING FACTORS
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[Introduction] Mt. Fuji is an isolated peak and its top is located at the free troposphere, so we could observe
background concentration of various chemicals in the ambient air and in cloud water over Japan, background
pollution due to the long-range transportation from Asian Continent to Japan, and aerosol-gas-cloud interaction.
We have performed summer observational campaign at the top of Mt. Fuji and whole year observation at the
southeastern foot from 2006. We here report cloud chemistry, especially focusing acidic substances and trace
metals and their controlling factors at the southeastern foot and the top of Mt. Fuji from 2011 to 2013.


[Experimental] Cloud water was collected by a passive-type collector (FWP-500, Usui Industry Co.) at ex-Mt.
Fuji Weather Station, which is located at Kengamine (3776 m a.s.l.) at the top of Mt. Fuji, during the summer
because of limited usage by Japan Meteorological Agency. We also collected cloud water by an originallydeveloped automated collector (DFC-2200, Hokuto Electronics Co.) at the southeastern foot (1284 m a.s.l.) of
Mt. Fuji through the year. After sampling, cloud water samples were weighed and filtrated with a 0.45 μm pore
size membrane filter. Electric conductivity, pH were measured with usual methods. Concentrations of major
inorganic ions and trace metals except for Hg were measured with IC and ICP-MS (7700x, Agilent), respectively.
Total Hg (Hg-T) and dissolved Hg (Hg-D) were measured before and after the filtration with reducingvaporization mercury measuring equipment (Mercury/RA-3, Japan Instruments Co.), respectively. Particulate Hg
(Hg-P) was calculated by subtracting Hg-D from Hg-T.
[Results and Discussion] Volume weighted mean (VWM) pH of cloud water at the southeastern foot of Mt.
Fuji was 4.23 (2.98~6.51, n=12), 4.95 (3.09~6.38, n=206), 4.14 (3.17~6.47, n=58) from 2011 to 2013,
respectively, while VWM pH at the top was 4.49 (3.85~5.45, n=44), 4.79 (4.09~5.40, n=33), and 4.10
(3.40~4.97, n=22) from 2011 to 2013, respectively. The average of NO3-/nss SO42- equivalent ratio (N/S ratio) of
cloud water at the foot of Mt. Fuji was 2.29 in 2011, 2.18 in 2012, and 2.58 in 2013, while N/S ratio at the top
was 0.571 in 2011, 0.966 in 2012, and 0.924 in 2013, respectively. These indicated that cloud water on Mt. Fuji
was acidified by nitric acid at the foot and by sulfuric acid at the top.
Atmospheric loading of Hg in cloud at the foot of Mt.Fuji is shown in Fig. 1. Hg in the air is known as a coal
combustion origin. Hg-T was higher in winter (December-February) and in early spring (March) than in summer
(June-August) and in fall (October-November). The concentrations of Hg-D and Hg-P were at the same level on
average. VMW concentration of trace metals in cloud was 604 μg L-1 at the foot and 160 μg L-1 at the top of Mt.
Fuji in 2013, respectively. Al and Fe were predominant among the measured trace metals, followed by Zn, Mn,
Cu, V, Cr, Ni, As, Se, Cd, Hg, and Pb. Among these trace metals, As and Se in atmospheric aerosol were known
as tracers for coal combustion. There was a
positive high correlation (r=0.942) between
As and Se concentration in cloud water at the
top of Mt. Fuji in 2013, indicating that they
were originated from coal combustion. There
were also high correlations between As and
nss SO42- (r=0.916) and between Se and nss
SO42- (r=0.969) in cloud water. These
suggested that SO2, which were the precursor
of nss SO42-, was also originated from coal
combustion, oxidized in the transportation
from the Continent due to backward
trajectory analysis, and scavenged by cloud.
Fig. 1 Monthly variation of atmospheric loading of Hg-T and
its composition in cloud at the foot of Mt. Fuji.
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[Introduction] Volatile organic compounds (VOCs) are well known to be carcinogens as well as being
responsible for the formation of ozone and secondary particles in the troposphere. So it is necessary to
understand the removal process of VOCs in the ambient air by dry and wet deposition as well as advection,
diffusion, and transformation such as depletion by the reaction with OH radical. It has been reported that
atmospheric water contains VOCs, which are considerably larger than expected from surrounding gas-phase
concentration and Henry’s law constants, although VOCs have high hydrophobicity and volatility. In this paper,
we will report the background concentration of VOCs in the free troposphere, their transboundary pollution, and
the mechanism of enhanced dissolution into cloud as well as dew and rain.
[Experimental] Simultaneous sampling of VOCs in the air as well as in atmospheric water such as rain, dew,
and cloud was performed at urban (Shinjuku), mountainous site (the foot of Mt. Fuji: 1284 m a.s.l.), and in the
free troposphere (the top of Mt. Fuji: 3776 m a.s.l) from 2010 to 2014. The observation at the foot and the top of
Mt. Fuji was performed only during summer because usage of ex-Mt. Fuji observatory are limited only on July
and August. VOCs in the air were collected by adsorbent tubes (Air Toxics, Supelco Co.) at a flow rate of 40 mL
min-1 every 12 h (Shinjuku), or 60 mL min-1 every 6 or 12 h (the top and foot of Mt. Fuji) and analyzed by a
thermal desorption-GC/MS. Cloud water was collected at the top and the foot of Mt. Fuji. Dew water was
collected in Shinjuku and at the foot of Mt. Fuji. Rainwater was collected at all sites. VOCs in the atmospheric
water were analyzed by head space solid-phase microextraction-GC/MS (HS-SPME/GC/MS). In this study,
VOCs were divided into three categories, namely chlorinated hydrocarbons (CHs), monocyclic aromatic
hydrocarbons (MAHs), and dicyclic aromatic hydrocarbons (DAHs).
[Results and Discussion] In 2012, the total concentration of VOCs in the ambient air was the highest in
Shinjuku (mean: 8.4 ppbv, n=116), and then at the foot (1.6 ppbv, n=48) and the top (0.6 ppbv, n=37) of Mt.
Fuji. The concentration of VOCs at the top of Mt. Fuji was lower than half of that at the foot of Mt. Fuji and one
tenth of that in Shinjuku. High concentration of dichloromethane (C1Cl2) and benzene (C6AC0) over 1 ppbv were
observed along with the increase of O3 and with the
C C
decrease of water vapor mixing ratio in the nighttime at the C6AC6A2mp0
C6AC1
top of Mt. Fuji, probably because of the downward transport
C6AC2o
C
Cl
of upper air.
At the top of Mt. Fuji, the mean concentration of MAHs in
2013 (1.25 ppbv, n=22) was about 4 times higher than that
in 2012 (0.34 ppbv, n=37). Toluene (C6AC1) was
0.2
5
5
0.2
predominant among MAHs. Fig.1 shows the MAHs
C
M
concentration classified into two air mass categories,
0.1
0
0.
2.5
.5
5
2.5
.5
0.1
0.
namely continental (C) and maritime (M) based on oneweek backward trajectory analysis. MAHs concentration in
0
0
0
0
continental air mass was about 6.5 times higher than that in
Fig.1
Comparison
of
MAHs
concentration
in
the
maritime. Concentration of toluene in cloud water was also
air mass classified into 2 types: Continental (C)
high when the air mass came from the continent, showing and Maritime (M) at the top of Mt. Fuji during
that air pollutants from the continent were removed via in- August in 2013. Abbreviations; C6AC0: benzene,
cloud process. In this presentation, we discuss in-cloud and C6AC1: toluene, C6AC2mp: m,p-xylene, C6AC2o:
o-xylene, C6ACl2: p-dichlorobenzene
below-cloud process of CHs and DAHs besides MAHs.
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EFFECT OF URBAN HEAT ISLAND ON FREQUENCY AND CHEMISTRY OF
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[Introduction] Urban areas are 2 to 4 degrees C warmer than surrounding areas due to more buildings and
pavements that have taken the place of trees and vegetation. This phenomenon is called urban heat island (UHI).
UHI causes the difference between the upper and the lower air temperature, produces ascending air current, and
accelerates the formation of cumulonimbus cloud, which leads to local heavy rainfall. In recent years increase of
summer heavy rainfall events has been pointed out in urban area. Heavy rainfall events over 50 mm/h have been
frequently observed in the most populated parts of Tokyo in Japan during two decades. However, the impact of
UHI and global warming on frequency of summer heavy rainfall events is poorly understood. The purpose of
this study is to evaluate the UHI impact to frequency and chemistry of summer heavy rainfall.
[Experimental] Meteorological observation data at Nerima, which is located about 10 km northwest from the
Tokyo bay and heavy rain has been frequency observed during summer, was analyzed. Rainfall samples were
collected every event and 1 mm in Shinjuku and biweekly at 8 sites including Nerima. Major inorganic ion
concentrations were measured with usual methods. In this study, rain intensity with 30 mm/h or more was
defined as heavy rain.
[Results and Discussion] Figure 1 shows the rainfall amount and duration, and total wet deposition of inorganic
ions in four rainfall types, namely usual rain (UR), typhoon heavy rain (THR), front heavy rain (FHR), and
urban heavy rain (UHR). Total wet deposition was in
50
15
order of FHR > THR > UHR > UR because of wet
(a)
deposition strongly depends on rainfall amount. However,
10
25
total wet deposition flux was in order of UHR (2.91
5
meq/m2/h) > FHR (2.51 meq/m2/h) > UR (0.812
0
0
meq/m2/h) > THR (0.544 meq/m2/h) because UHR is
9
HCO3(b)
SO42very short-time rainfall event. This indicated that air
NO36
pollutants were deposited abundantly in a very short-time
ClCa2+
by UHR. The equivalent ratio of NO3-/SO42- was higher
3
Mg2+
in UHR (0.93) than other type rainfall event, suggesting
K+
0
Na+
that HNO3 in the air was generated rapidly just before
Urban
Usual Typhoon
Front
NH4+
heavy
(n=17)
heavy
heavy
UHR because of high temperature and convergence of
H+
(n=6)
(n=3)
(n=1)
precursor air pollutants, namely NOx and O3.
Fig.1 Comparison of rainfall amount and duration,
Figure 2 shows temporal variation of the concentration and total wet deposition of inorganic ions in four
of classic air pollutants along with air temperature, rainfall types (usual, typhoon heavy, front heavy,
relative humidity, wind direction and speed, and rainfall and urban heavy) from Oct. 2012 to Apr. 2014.
W.D.
amount at Shinjuku on 14 July, 2013 during UHR. Just
8
12
before heavy rain event, wind direction changed from
8
4
north to southeast through east and wind speed from 2
4
m/s to 6 m/s. Air temperature and atmospheric pressure
0
0
100
45
1001
sharply decreased while relative humidity increased. The
35
1000
concentration of Ox, CO, NO2, and SO2 increased until
60
25
999
heavy rain event. Air pollutants except for SO2 decreased
pressure
R.H.
temp.
15
998
20
during the rain event while SO2 concentration didn’t
1
80
changed. Backward trajectory analysis at the cloud base
0.5
40
height showed that air mass came over the Sea of Japan
0
0
(westerly wind), rising from 500 m to 1000 m a.s.l. just
40
8
before the heavy rain event, suggesting that plenty of
20
4
water vapor was supplied from the ocean up in the air. At
the ground wet warm air was transported from Tokyo
0
0
0:00
6:00
12:00
18:00
24:00
Bay via southeasterly wind. This suggested that the
7/14
mixing of the upper cold wet air and the lower wet warm Fig.2 Temporal variation of meteorological
air could accelerate the formation of cumulonimbus conditions and the concentration of classic air
pollutants before, during, and after urban heavy
cloud, so it caused heavy rainfall with 10.5 mm/10 min.
rain on 14 July, 2013 at Shinjuku
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Abstracts 㸸This research focused on the impact of antifouling biocides on sea water, sediment and marine
organisms. In Japan in 1997 and worldwide from September 2008, prohibition of Ot (organotin) compounds was
introduced. This meant that the production of paints containing TBT compounds was stopped and alternatives to
the available Ot antifoulants had to be developed. It has been claimed that the decomposition characteristics of
these alternative Ot antifoulants were better than those of Ot compounds. Since the introduction of the
alternative antifoulants, the accumulation of these compounds has been reported in many countries. However,
the toxicity of these compounds has still largely gone unreported. Unlike previous research which only
investigated Ot compounds, this research also looked at the Ot alternative antifoulants Irgarol 1051, Diuron, SeaNine 211 and TPBP.
First there was the investigation of the antifouling biocide’s concentration in sea water and sediment, then the
monitoring of the effects of toxicity on the fertilized oyster and sea urchin egg’s development, followed by the
calculation of the risk factor, and finally the evaluation of the environmental risk.
In this research, Sea-Nine 211, Irgarol 1051 and Diuron were detected in seawater samples at not detected (ND)
to 0.10μg/L, ND to 0.092μg/L and ND to 0.73μg/L, respectively. However, TPBP was not detected for this
research period.
In surface sediment samples, Sea-Nine 211, Irgarol 1051 and Diuron were detected at not detected (ND) to
40ng/g, ND to 28ng/g and ND to 73μg/g, respectively.
As for the sediment core samples, Sea-Nine 211, Irgarol 1051 and Diuron were detected at not detected (ND) to
140ng/g, 0.4 to 270ng/g and 1.4 to 220μg/g, respectively.
The toxicity (24h-LC50) of Sea-Nine 211, TPBP, TBT, TPT, Irgarol 1051 and Diuron on oyster embryos was
17μg/L, 6.3μg/L, 3.9μg/L, 3.7μg/L, <1000μg/L and <1000μg/L, respectively. The toxicity (48h-LC50) of TPBP
on sea urchin embryos was 31μg/L.The NOEC (non effective concentration) levels of Sea-Nine 211, TBT and
TPT on oyster embryos were under 0.10μg/L.
In the evaluation of the environmental impact of these chemicals, a risk factor that used the predicted
environmental concentration (PEC) divided by predicted no-effect concentration (PNEC) was used. When this
value exceeded a risk factor of 1.0, it was decided the chemical had an influence on the environment. The PNEC
on the aquatic organism was calculated from the examination result of the acute or chronic effect in the organism
species divided by assessment factor. In this research, the chemical resolved in the toxicity experiment were
considered, so the assessment factor was set at 10.
In the case of Sea-Nine 211, the toxicity towards the oyster eggs was highest of four chemicals detected in this
research. The PEC in Hiroshima Bay was 0.1μg/L. The deformity rate of oyster embryos exceeded 10% in the
solution with a concentration of 0.1μg/L, so the NOEC was determined to be 0.1μg/L. PNEC which is the
NOEC divided by assessment factor was 0.01μg/L and the chemical risk factor divided by their PNEC values
was 10. In this case, the risk factor was much higher than a value of 1.0, and so it indicates that Sea-Nine 211
has an influence on the marine environment.
It was discovered that Ot alternative antifoulants accumulation characteristics in sediment were similar to Ot
compounds, with both having much higher concentrations in sediment core than surface sediment.
Sea-Nine 211 was present in the concentration that affected oyster embryo development, indicating that
antifouling biocides have had a negative impact on the northern part of Hiroshima Bay’s ecosystem.
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Abstract
Micropollutants, such as pesticides, have received much attention as they negatively affect the environment
and organisms. The bioaccumulation potential of pesticides in earthworms particularly needs to be examined
because earthworms play an important role in soil function and could facilitate the movement of pesticides into
the entire food web due to their low trophic position. Pesticide bioaccumulation in earthworms has been
examined mainly in Eisenia fetida as recommended by the Organization for Economic Co-operation and
Development1)-3), while bioaccumulation in Pheretima spp., which predominantly inhabit Asia, including Japan4),
has scarcely been reported5). The purpose of this study was to clarify the herbicide bioaccumulation potential in
Pheretima spp. by comparing it to Eisenia cf. fetida through an uptake and elimination test and to provide the
available information for the protection of the soil ecosystem in Asia.
The herbicides trifluralin and pendimethalin were used to spike a test soil prepared from paddy soil and
composted cow dung (9:1). Commercially available Eisenia cf. fetida and Pheretima spp., which were caught in
paddy levees that were free from herbicides for 3 years, were used. Each earthworm was exposed to 1.5 μg/g of
the 2 herbicides for 12 days to calculate the uptake rate constant (k s). Subsequently, the earthworms were kept
for 12 days in soil free from herbicides to calculate the elimination rate constant (ke). ks and ke were calculated as
C = C0㺃e-kt (1).
C is the herbicide concentration in the earthworm. C0 is the initial herbicide concentration in the earthworm. k is
the rate constants ks or ke. t is time. BAFk, the indicator of bioaccumulation, was calculated as
BAFk = ks/ke (2).
The earthworms and soils were sampled every 1–3 days during the uptake and elimination phase. Herbicide
measurements were made at the sampling times. The herbicide measurement methods have been reported
previously5).
The ks values of trifluralin and pendimethalin were 0.19 and 0.17 in Eisenia cf. fetida and 0.15 and 0.10 in
Pheretima spp., respectively, and the ke values of trifluralin and pendimethalin were 0.09 and 0.12 in Eisenia cf.
fetida and 0.21 and 0.79 in Pheretima spp., respectively. For Eisenia cf. fetida, ks was higher than ke, while ke
was higher than ks for Pheretima spp. The BAFk was higher in Eisenia cf. fetida (2.11 for trifluralin and 1.42 for
pendimethalin) than those in Pheretima spp.(0.71 and 0.13). These results indicated that the herbicide
bioaccumulation potential in Pheretima spp. was lower than that in Eisenia cf. fetida. Although the
concentration of trifluralin was higher than that of pendimethalin in both earthworms, the lipid solubility (log
kow) of these two herbicides was almost same (5.3 and 5.2, respectively). This result indicates that herbicide
bioaccumulation potential depends on factors other than the lipid solubility of herbicides. Further experiments
using various types of herbicide are necessary to identify the factors associated with bioaccumulation in
earthworms.
References:
1) Van Gestel, C.A.M., Ma, W.C., 1988. Ecotoxicology and Environmental Safety 15, 289-297.
2) Yu, Y.L. et al., 2005. Chemosphere 59, 961-967.
3) Kelsey, J.W. et al., 2005. Environmental Toxicology and Chemistry 24, 703-708.
4) Blakemore, R.J. et al., 2006. In Koike, F. et al., (eds). Assessment and Control of Biological Invasion Risk.
Shoukadoh Book Sellers, Kyoto, Japan and IUCN, Gland, Switzerland, pp. 173-181.
5) Goto, Y., Sudo, M., 2011. The Japanese Journal of Environmental Entomology and Zoology 23, 19-25.
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The emergence of multi-drug resistant bacteria (MDRB) is thought to have been driven by excessive use of
antibiotics in the livestock and fishery industries, as well as in healthcare settings. Vietnam has a higher
incidence of MDRB compared with industrialized countries, such as Japan, likely due to antibiotic abuse on
farms.
To assess the extent of antibiotic contamination of food in Vietnam, a simple and practicable method was
needed.We developed the following low-cost method that targeted a wide range of antibiotics such as
sulfonamides, quinolones and beta-lactams using liquid chromatography-tandem mass spectrometry (LCMS/MS). A homogenized meat sample (2 g) was weighed in a centrifuge tube and mixed with 10 mL of 80%
acetonitrile using a homogenizer for 1 min followed by centrifugation at 2000 x g for 3 min. The extract (upper
layer) was decanted into a dispersive-solid phase extraction tube containing 0.3 g ODS particles, shaken for 1
min, and centrifuged at 2000 x g for 3 min. An aliquot (1 mL) of the upper layer was transferred to another tube
containing 1 mL of distilled water. The mixture was filtered through a PTFE membrane before LC-MS/MS
analysis.
We analyzed over 400 samples including poultry, swine, cattle, shrimp and fish collected in Ho Chi Minh City
and NhaTrang in 2013 – 2014 so as to survey residual veterinary drugs in foods of animal origin in Vietnam.
Three compounds were detected frequently, sulfaclozine and tilmicosin from poultry, sulfadimidine from swine,
and enrofloxacin from poultry and fish (Table 1). High concentrations (over 1 μg/g) of sulfamides were detected
in four samples. Overall, antibiotics were detected in about 10% of the samples collected in Vietnam (Table 2).
We examined the relationship between residual antibiotics and the incidence of drug-resistant E.coli isolated
from those same samples. Drug susceptibility was determined by the disc diffusion method. Significant
differences were observed in the incidence rates of ciprofloxacin-resistant and cefotaxime-resistant strains
isolated from samples that either contained or did not contain residual antibiotics. These results suggested the
possibility that residual antibiotics affect drug resistance.
Table 1. Detected compounds.
compound
Sulfaclozine
Sulfadimidine
Enrofloxacin
Difloxacin
Norfloxacin
Ciprofloxacin
Tilmicosin
*

poultry

swine

cattle

seafood

total

10
-*
4
1
3
10

15
-

4
2
-

2
7
3
-

10
20
7
3
3
3
10

min
(Hg/g)
11
10
12
11
21
49
153

max
(Hg/g)
2710
3560
77
24
123
174
449

median
(Hg/g)
68
28
18
15
44
109
279

.

: No samples were detected over limit of detection (10ng /g).

Table 2. Detection rates at sampling sites in 2013-2014
sampling site
Ho Chi Minh city
Nha Trang
total
rate

poultry
14/72*1
9/84
27/156
17.3%

swine
13/86
3/85
16/171
9.3%

cattle
5/68
NA*2
5/68
7.4%

seafood
9/46
1/31
10/77
13.0%

total
41/272
13/200
58/472
12.3%

*1 : The first number corresponds to the number of veterinary drugs detected and the second number corresponds to the total number of
samples, *2 : Not available
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Abstracts 㸸Various plasticizers and flame retardants are contained in building materials and furniture produced
for indoor environments. Although the level of consumption and diversity of these chemicals have been
increasing, information on the concentrations of these chemicals in indoor air is limited to only a small number
of compounds. In a previous study, we measured 49 semi-volatile organic compounds (SVOCs) in indoor air
samples from 12 rooms in 6 houses in Sapporo, Japan, and isolated 33 compounds, including DEHT, which was
found for the first time in indoor air samples in Japan 1). These compounds were measured separately in the gas
phase and the particle phase using a two-stage cartridge equipped with a quartz fiber filter and C18 solid-phase
extraction disk for sampling. We found that compounds with higher volatility prefer to exist in a gas phase,
whereas compounds with lower volatility prefer to exist in a particulate phase in indoor air. In this study, we
expanded the sampling area from Hokkaido only to 11 prefectures in Japan, and increased the number of stages
for particle sampling from 1 to 3. We measured 54 chemicals (21 phthalate plasticizers, 19 non-phthalate
plasticizers, and 14 organophosphorus flame retardants) in indoor air samples from 21 dwellings. For the
sampling, we used a newly designed four-stage Andersen air sampler equipped with three quartz fiber filters to
capture chemical particulates in three size ranges (<2.5, 2.5-10, and >10μm), and a C18 solid-phase extraction
disk to capture chemicals that exist in a gas phase in indoor air. Each of the chemicals in the three particulate
phases and single gas phase was extracted by acetone and measured separately using GC/MS as reported
previously1). Among the 54 compounds measured in this study, 37 compounds were detected from the indoor air
samples. The concentration of 2-ethyl-1-hexanol (5.1 μg/m3) was the highest and it was detected in samples from
all 21 houses. The 37 compounds were caught by the four stages at different rates depending on their volatility.
Compounds with higher volatility were detected as a gas phase, whereas compounds with lower volatility were
detected as one or some of the three particulate phases in the indoor air samples. Among the particulate phases,
many of the compounds were detected using the filter set to capture the smallest particles. Therefore, these
results suggest that the chemicals measured in this study might penetrate deeply into the lung as many of them
tend to exist as a gas and/or particles smaller than 2.5 Pm.
References㸸
1) Takeuchi S. et al., Science of the Total Environment, Sep 1: 491-492, 28-33, 2014
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Abstracts: Standard gases containing 101 volatile organic compounds (VOCs) were prepared by mixing two
commercial stock gases, namely HAPs-J52 and PAMS58, and a manually prepared stock gas containing acetone,
isopropanol, vinyl acetate and epichlorohydrin and by diluting to ppbv and sub-ppbv levels with nitrogen or air
under two humidified conditions in silica-lined canisters. The relative humidity were roughly estimated to be
64% and supersaturated, 106%, at 25 degree Celsius. Concentrations of VOCs obtained by periodical analyses
were compared for discussing effect of medium gases and humidity conditions on the recoveries and stabilities.
As the results, the samples with nitrogen and air under the supersaturated humidity condition did not show any
significant difference in the recoveries for all VOCs throughout the storage period. On the other hand, the
recoveries were not sufficient for the relatively less volatile 12 compounds under the humidified conditions. The
lowest recovery was observed for β-pinene in the sub-ppbv level samples under the humidified condition. Their
recovery percentages ranged from less than 1% to 80% on the first day of storage. However, the recovery
percentages were more than 80% in the samples at ppbv level regardless of humidity conditions. Furthermore
four unknown peaks were detected on the total ion current chromatograms of the samples from which β-pinene
was not recovered sufficiently. Their mass spectrum library search suggested that they were probably some
isomers of β-pinene. Numbers of VOCs whose recovery percentages varied more than 20% among the sub-ppb
level samples increased from 30 on the first day to 39 on the 30th day. Comparing degree of this fluctuation
among chemical categories, CFCs, HCFCs and HFCs were most stable and followed by the chlorinated and
brominated hydrocarbons. Among tested 15 aromatic hydrocarbons, toluene showed the biggest fluctuation but
any time trends were observed. Three out of nine alkens with more than four carbon atoms also showed bigger
fluctuation and their recoveries increased gradually with storing time.
This study indicates that both of nitrogen and air can be used as the medium gas for preparing STD gases and
relative humidity of medium should be higher than 64% for analyzing simultaneously the tested VOCs in
silica-lined canisters. Since the employed supersaturated conditions seemed to affect the fluctuation of recoveries
for certain VOCs, an appropriate rage of humidity should be determined in a further study.
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Introduction:
Standing dead of fir tree and beech tree, and surface soil acidification have been reported in Tanzawa, which is
located at western part of Kanagawa Prefecture in Japan. There are few reports on trace metal elements in stream
water, though the acidification of soil causes the leaching of toxic metals such as Al and heavy metals as well as
exchangeable cations. The objects of this study are to clarify the concentration distribution of trace metal
elements in stream water in the East Tanzawa region near the Tokyo metropolitan area and the leaching behavior,
furthermore to investigate the influence of acid deposition of trace metal elements in stream water.
Experimental:
Stream water samples were collected at about 40 spots
along with eight basins of East Tanzawa in four seasons
(April, June, September, and December) in 2013. Water
temperature, pH, and electrical conductivity (EC) of stream
water were measured in situ. Samples of rainfall were
collected monthly at the top of Mt. Oyama (1252 m a.s.l.) in
East Tanzawa from December in 2012 to November in 2013.
After the sampling, samples were filtered using a 0.45 μm
membrane filter. The filtrate was acidified with HNO3 in a
volume ratio of 1:100. The suspended substances on the filter
ware digested with an acid mixture of HNO3, H2O2, and HF.
They were then analyzed for eight elements (Al, V, Fe, Ni,
Cu, Zn, Pb, Cd) by ICP-MS.
Results and discussion:
Fig. 1 shows the concentrations of trace metals in stream
water and ratios of suspended to dissolved. Main components
are Al (concentration: 1.32 mg/L) and Fe (0.940 mg/L).
Average concentration of dissolved trace metal was highest
in southeast (16.7 μg/L), followed by southwest (15.7μg/L),
and north (13.3 μg/L). Concentrations of dissolved Al and Fe
depended on streams. Concentration of dissolved Ni
depended on rainfall. Average concentration of suspended
trace metal was highest in southeast (7.05 mg/L), followed
by southwest (2.74 mg/L), and north (0.639 mg/L). Main
components of trace metals in stream water were Al and Fe.
They have same sources because of strong correlation
(r=0.976).
Enrichment facters (EF) of trace metals in stream water
were Pb (324) > Cd (135) > Zn (45.4) > Ni (24.2) > V (10.0)
> Cu (6.28) > Fe (1.15). It indicated that Pb and Cd were
anthoropogenic metals. Fig. 2 and Fig. 3 show that total
concentrations of Pb and Cd in stream water and ratios of
suspended to dissolved. From the figures, there are high
concentrations in north. It suggested that they were not
transported from metropolitan area. In poster session, we
discuss about the geographic distribution of trace metals in
stream water for seasons, and air-mass origins.
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[Introduction] Stream water, which is the output from the forested ecosystem, is used for daily lives, agriculture,
and other industries and its quality affects biological activity and human health. In recent years, the high
concentration of nitrate ion (NO3-) in stream water has been reported in North America, Europe, and Japan
because of the increase of nitrogen deposition, called nitrogen saturation.
We have also reported high NO3- concentration in stream water in East Tanzawa Mountains (ETM) near the
Tokyo Megacity region in Japan. However, the hydrological and geochemical processes of the stream water to
atmospheric depositions is still unclear. In this presentation, we report the concentrations of total nitrogen
(inorganic and organic nitrogen), other major dissolved ions and water isotopes in the stream water of ETM
during nine years from 2006 to 2014, and discuss the hydrological process responsible the formation of the
stream water chemistry in terms of rainfall events.
[Experimental] Stream water samples were seasonally collected at ETM. After the sampling, they were filtrated
by a 0.45-μm membrane filter and analysed for major ion (NH4+, Na+, K+, Mg2+, Ca2+, Cl-, NO3-, SO42-)
concentration by ion chromatography (Dionex ICS-1000 and DX-320). Dissolved inorganic (HCO3- and CO32-)
and dissolved organic carbon (DOC) concentrations were measured by Shimadzu TOC-V analyzer. Total
nitrogen (TN) was analyzed by potassium persulfate method. Isotope ratios of stable hydrogen and oxygen was
measured by Picarro L2130i Analyzer to elucidate the hydrological process.
[Results and Discussion] The average total concentration of major ions in the stream water of ETM was 54.5
mg/L in the southeastern part, 53.0 mg/L in the southwestern part, and 50.0 mg/L in the northern part. In all parts,
Ca2+ and HCO3- are predominant among cations and anions, repectively. Figure 1 shows the relationships
between the concentration of DOC, NO3-, SO42-, and HCO3- and rainfall amounts during 2 or 3 days prior to the
sampling date in River Oyama, which is located at the southeastern edge close to the Tokyo Megacity region.
They were divided into three patterns.
Pattren 1 was for DOC and K+, whose
concentrations increased with rainfall
amounts during 2 days prior to the
sampling date. This increase seems to be
attributable to the generation of surface
runoff. Pattern 2 was for Ca2+, Mg2+, SO42-,
HCO3-, and Si. The concentrations of
these ions were nearly constant when
rainfall amounts during 2 days prior to the
samping date were less than 40 mm, but
they decreased when the rainfall amounts
were over 40 mm due to dilution by
rainwater. Pattern 3 was for NO3-. The
NO3- concentration was nearly constant
when rainfall amount during 2 days prior
to the sampling date was less than 30 mm,
but it increased when they were over 30
mm, indicating the contribution of surface
or subsurface flow. In this presentation,
we discuss the influence of rainfall on
concentration and rainfall amount
stream water chemistry based on stable Fig. 1 Relationship between the
during 2 days (DOC and NO3- ) or 3 days (HCO3-and SO42-) prior
water isotopes.
to the sampling date in River Oyama.
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[Introduction] Humic-like substances (HULIS) are macromolecular organic compounds, which are present in
aerosol particles and atmospheric water. HULIS could change hygroscopic property, optical property, and
surface-active property of cloud droplets, affect behaviors of heavy metal and hydrophobic organic material in
the air, and act as electron carriers in chemical reactions. However, characterization, sources, and environmental
impacts of HULIS have been not revealed yet. We here report HULIS concentration in aerosol particles and
atmospheric water at urban, forest and mountainous sites and also report seasonal variation of size distribution of
HULIS in urban area.
[Experimental] Simultaneous sampling of aerosol and atmospheric water was performed in Shinjuku (urban
area), Hachioji (forestal area), at the foot of Mt. Fuji (1284 m a.s.l.), and at the top of Mt. Fuji (3776 m a.s.l.).
We used modified DEAE-UV method proposed by
Hiraide et al. (1994) to determine the concentration of
water soluble humic and fulvic acid fraction in
particulate matter in the ambient air and in
atmospheric water such as cloud, rain, and dew water.
[Results and Discussion] Figure 1 shows the
temporary change of HULIS concentration at the top
of Mt. Fuji from August 15 to 21 in 2013. The average
concentration of HULIS was 0.212 μg/m3 (humic acid:
0.027 μg/m3, fulvic acid: 0.185 μg/m3) and it was
lower than one-third of the concentration at Shinjuku
in summer, 2013. HULIS concentration was higher at
night than in the preceding daytime except for on
August 16 and especially high at night on August 15
and in the daytine on August 16. Backward trajectory
analysis suggested that air mass was transported from
the Continent on August 15, so HULIS concentration Fig.1 The temporary change of the concentration and
might be affected by the transbondary air pollution
composition of HULIS in the ambient aerosol
during this period. There was high correlation between
particles at the top of Mt. Fuji in August, 2013.
HULIS and CO (r = 0.752), indicating that HULIS in
the air at the top of Mt. Fuji was affected by
combustion source. On the other hand, there was little
correlation between HULIS and O3, suggesting no
secondary formation via photochemical processes.
Figure 2 shows the size distribution of HULIS in
winter and spring at Shinjuku. The largest peak was
observed in the diamater of 0.43-0.65 μm in both
seasons. Fulvic acid was predominant in fine mode
while humic acid was predominant in coarse mode in
all seasons except for spring. Further observation is
Fig.2 The size distribution of HULIS in the ambient
needed about the size distribution of HULIS.
aerosol in January and April at Shinjuku, Tokyo.
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Abstracts㸸Pyridine is a toxic, carcinogenic, and teratogenic compound. It is widely used as a solvent and
intermediate in drug and paint industries and as a catalyst in pharmaceutical industries [1]. Several methods
using high-performance liquid chromatography (HPLC), gas chromatography (GC), and gas chromatographymass spectrometry (GC-MS) have been developed to determine pyridine. Over the past decades of successful
developments, capillary electrophoresis (CE) has become a mature separation technique and has been
increasingly important for analytical chemistry. CE has a number of advantages in terms of high separation
efficiency, rapid separation, simplicity, and small consumption of samples and reagents. However, CE with
conventional UV detection has a disadvantage of insufficient concentration sensitivity because of the small
sample-injection volume into the capillary and the short light pathway. Therefore, various on-line
preconcentration procedures have been developed to overcome the disadvantage. Recently, we have developed a
novel on-line preconcentration procedure (counter-ion boosted electrokinetic injection (EKI)) for highly
sensitive determination of weak electrolytes [2]. In this presentation, we will report an application of this method
to the determination of pyridine in environmental water samples.
[1] K. P. Singh, N. Basant, A. Malik, V. K. Singh, D. Mohan, Anal. Chim. Acta. 630 (2008) 10.
[2] T. Hattori, K. Fukushi, T. Hirokawa, J. Chromatogr. A 1326 (2014) 130.
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Introduction
The human health is known to depend on the lack of the essential element and the revelation of the harmful trace
element. As for the toxic elements (including As, Pb, C, Mn, Zn) of the human body, meal and water to drink are origin.
It is thought that As is nature origin such as the rock or soil of river water and groundwater. In some areas of Southeast
Asia and the Southern Asia, there is known to be the area that As concentration of the environmental water is high in. In
this study, the elements in drinking water of Japan of the developed country, China of the emerging nation and
Myanmar of the developing country were measured in Inductively Coupled Plasma Mass Spectrometry (ICP-MS).
Materials and Methods
The Chinese tap water collected in Shanghai, Shandong (Jinan City, Qingdao City, Dongying City, Qingzhou,
Yantai City and Penglai City), Sichuan (Chengdu City). The Myanmar sample collected the groundwater (well water)
of the Yangon district. The Japanese sample collected tap water of Okayama University of Science. The water samples
were filtered by DISMIC of the 0.45Em pore size. The sample analyzed 31 elements (Li, Be, Na, Mg, Al, K, Ca, V, Cr,
Mn, Fe, Co, Ni, Cu, Zn, Ga, As, Se, Rb, Sr, Ag, Cd, In, Cs, Ba, Hg, Tl, Pb, Bi, Th, U) by ICP-MS.
Results and Discussion
Average concentration of Al, Mn, Fe,
Cu, Zn, As, Cd and Pb in Shanghai,
Shangdong and Sichuan tap water and
Myanmar well water were shown in
table 1. The Al, Mn, Fe, Cu, Zn, As and
Cd concentration in Shanghai and
Shangdong tap water showed the
concentration that was higher than
Okayama-shi. When Okayama-shi was
compared with Sichuan, high concentration was shown with tap water of
Okayama-shi in Cu and Pb, but Al, Fe, Zn and As concentration showed
the concentration that was high in Sichuan. However, no element
exceeded Japanese water quality standards for drinking water. The As
concentration in Chinese tap water was shown in figure 1. The Mn
concentration in Chinese tap water was shown in figure 2. The U
concentration in Chinese tap water was shown in figure 3. It is provided
that Japanese water quality standards for drinking water of the As and the
compound are less than 10 Eg/l. The As concentration in the tap water of
a collection spot measured this time exceeded this concentration in 2
samples. The As in water has relatively many cases derived from the soil,
but the artificial pollution is thought about. It is provided that Japanese
water quality standards for drinking waters of the Mn in Japanese tap
water are less than 50 Eg/l. It is provided that Japanese water quality
standards for drinking water of the U in Japanese tap water are less than 2
Eg/l. The Mn concentration was 4 exceeded samples, and the U
concentration was 6 exceeded samples. It is thought that the reason
beyond the standard concentration is caused by there being many a mine
and oil fields in the outskirts area.
The As concentration in Myanmar well water was up to 50.7 Eg/l. This
concentration greatly exceeded Japanese water quality standards for
drinking water (10 Eg/l). The Al, Mn and Fe concentration was 246Eg/l,
103Eg/l and 1919Eg/l respectively. This concentration exceeded Japanese
water quality standards for drinking water. The As concentration in
shallow well water was high concentration, and As concentration in deep
well water was low concentration. In the Myanmar Yangon area, the
groundwater from shallow well which was near to the surface of the earth
was polluted than deep well.
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[Introduction]
Oceanic squids are important aquatic resources in the world. Jumbo flying squid Dosidicus gigas distributes in
Humbold and California Current systems in Peru, and its mantle length reach up to 1.2m. Biomass of this species
is large (Body weight reach to 45kg wet wt.), so increasing of usage as food resources are expected. However,
biologic information about this species, especially in Humbold Current system, is quite few. Therefore this study
intends to reveal this the biological information using trace elements analysis.
[Materials and methods]
Jumbo flying squids were caught in Pacific Ocean of Peru waters from December 2011 to February 2012. After
dissection, tissue and organ samples were excised organs and tissues. Trace element concentrations (Li, Mg, Ca,
V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, As, Se, Rb, Sr, Mo, Ag, Cd, In, Sn, Sb, Cs, Ba, Tl, Pb and Bi) were analyzed
by ICP-MS, and Hg concentrations were analyzed by CV-AAS.
[Results and discussion]
Trace elements concentrations of mantles of Jumbo flying squid in mantle length show some patterns (Fig. 1).
Some elements (Li, Cd and other 10 elements) concentrations decrease drastically with growth stage. In contrast,
Zn and Sb concentrations increase with growth stage. On Hg, higher concentrations were observed in some
squids from specific waters. It is indicated that there would be some characteristic on the habitat. Based on the
above, the unknown information such as feeding habits and habitat waters might be infered from trace elements
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Fig. 1 Relationships between element concentrations and mantle length of Jumbo flying squid
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࠙Introductionࠚ
A massive amount of Cr(VI) slag from a long-term chromate production were dumped mainly in Edogawa
and Koto in Tokyo. After the contamination problem was revealed in 1973, relatively high contaminated soils
(Ӎ1000ppm) were removed, while less contaminated or unknown soils were remained in the area.
In 2011, water with high concentration of Cr(VI) was found on a road in Edogawa and contaminated soils
around there were removed and repaved. However, in January 2013, a leaching of extremely high concentrations
of Cr(VI) was found in street inlets at the point. Temporal and spatial trend of concentrations of Cr(VI) in each
inlet water were analyzed as well as pH, EC, Eh, cations, and trace elements in order to investigate the
contamination status and mechanisms.

࠙Materials and Methodsࠚ
Water samples from the street inlets were collected from January 2013 in Komatsugawa, Edogawa. After
measurment of pH, EC and Eh; samples were centrifugated and filtered. Cr(VI) concentrations were determined
by the diphenylcarbazide method. Cations (Li+, Na+, NH4+, K+, Mg2+ and Ca2+) were analyzed by ion
chromatography analysis. Trace elements (Li, Mg, Ca, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, As, Se, Rb, Sr, Mo,
Ag, Cd, In, Sn, Sb, Cs, Ba, Tl, Pb and Bi) were analyzed by ICP-MS.

Cr(VI).
As a result of this study,
continuous leaching of Cr(VI)
into street inlets was found in
urban area in Tokyo. High
level of contamination still
remains in Edogawa after
treatment. The mechanism of
the leaching might be complex,
containing various factors and
further research should be
conducted.

Concentration of Cr(VI) (mg/L)

࠙Results and Discussionࠚ
Highest concentration (170 mg/L) was found in inlet-G’ in December 2013. Chemical characteristics of
water varied for each inlet. The high concentrations of Cr(VI) were continuously observed in specific inlets,
while the lower concentrations of Cr(VI) were found in other adjacent inlets. Clear temporal trend of Cr(VI) in
water was not ovserved (Figure). Cr(VI) concentrations in inlet water might be affected by many factors such as
weather, construction of each inlet, or distance from the contamination source.
For inlet water with detective Cr(VI), significant positive correlation between Cr(VI) concentration and
pH was observed (p<0.05, Spearman’s rank correlation test). Conversely, significant negative correlation
between Cr(VI) concentration and Eh was shown (p<0.05, Spearman’s rank correlation test).
Specific relationships
180
among arsenic and vanadium
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with
160
concentrations of chromium.
140
The leaching water could
affect behavior of hazardous
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Figure Temporal trend of Cr(VI) concentrations in the
street inlet water in Komatsugawa, Edogawa-City, Tokyo
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Abstract:
Due to the growing of industries, water resource could have been affected by heavy metal ions and petroleum
products. This research is to investigate a wastewater treatment efficiency treated by electrocoagulation process (EC).
The parameters used to purify the artificial wastewater include the degrees of the supplied voltages (ranging from 3
to 9 volts) and the types of metallic electrodes (Al and Stainless steel). In addition, the artificial wastewater containing
the diesel gasoline was prepared for the experiments. The measurements of pH of treated solution, electrical
conductivity of solution, solution turbidity, and chemical oxygen demand of solution are investigated after the EC
process.
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Abstracts 㸸 Dinotefuran, clothianidin, imidacloprid, thiamethoxam, acetamiprid, thiacloprid and nitenpyram
are registered as neonicotinoid insecticides in Japan. Because the mechanism of action to synapse is similar to
that of nicotine, these compounds were named as neonicotinoid insecticides. Neonicotinoid insecticides act as
postsynaptic nicotinic acetylcholine receptor agonist. The affinity of neonicotinoid insecticides to nicotinic
acetylcholine receptor of insect is much higher than that of vertebrates. Therefore, the acute toxicity to insects is
also higher than that to mammals, birds and fish. Neonicotinoid insecticides are water-soluble and persistent in
the environment. Because of these properties, neonicotinoid insecticides are taken up by plants and the effect on
insects persists over a long period. For these reasons, neonicotinoid insecticides are effective against many
species of pests. Neonicotinoid insecticides have been widely applied on most of cereals, vegetables, fruits and
ornamentals since 1990s. The shipment of neonicotinoid insecticides has gradually increased up to 400 tons in
the past two decades in Japan. Neonicotinoid insecticides are suspected to be the causative agent of colony
collapse disorder which is a phenomenon of worker bees from a beehive abruptly disappear. Recent studies have
reported that exposure to an amount less than the acute toxicity to insects and vertebrates cause adverse effects
on the immune system, nervous system and reproduction. For the good water solubility and usage of
neonicotinoid insecticides, most of neonicotinoid insecticides can be discharged to water environment. However,
limited information is available on concentration profiles of neonicotinoid insecticides in the environment. The
objective of this study is to clarify concentration levels and distributions of the seven neonicotinoid insecticides
in river water in Saitama Prefecture, Japan.
An analytical method for water sample was developed for the seven neonicotinoid insecticides. Our
developed method can measure the seven neonicotinoid insecticides by single injection using LC/MS/MS. The
procedure is as follows. The 250 mL of water sample filtered, and the obtained filtrate was measured. Four dlabeled neonicotinoid insecticides (d4-thiamethoxam, d3-clothianidin, d4-imidacloprid and d3-acetamiprid) were
used as internal standards. The filtrate was passed through solid phase extraction cartridge InertSep Pharma FF
(500 mg), and then target chemicals were eluted with 5 mL of acetone. The extract was cleaned up using
InertSep GC cartridge (150 mg), and d6-dichlorvos was added to the solutions as recovery standard. LC/MS/MS
was used to detect neonicotinoid insecticides. Method detection limits were 0.4 to 1 ng/L for the seven
neonicotinoid insecticides.
River water samples were collected from 35 rivers, 38 sites, in Saitama Prefecture in April, August, October
2013 and January 2014, respectively. Neonicotinoid insecticides were detected at all sites except for one site
located in the upstream mountainous area. It was suggested that neonicotinoid insecticides were widely used
and spread in Saitama Prefecture. Dinotefuran was the most predominant neonicotinoid insecticide in this study,
and followed by clothianidin, imidacloprid and thiamethoxam. The detection frequency of dinotefuran was more
than 90%. On the other hand, both the detection frequencies of thiacloprid and nitenpyram were less than 10%.
The environmental occurrence of neonicotinoid insecticides reflected their shipments. Concentrations in the
August survey were relatively higher. This suggests that neonicotinoid insecticides are more used in summer.
The highest concentrations were 250 ng/L for dinotefuran, 110 ng/L for clothianidin, 57 ng/L for imidacloprid,
and 32 ng/L for thiamethoxam, respectively. The highest annual mean concentrations were 100 ng/L for
dinotefuran, 39 ng/L for clothianidin, 31 ng/L for imidacloprid, and 8.8 ng/L for thiamethoxam, respectively.
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Nanoscale zero valent iron or nZVI refers to Fe0 particle having the particle size in between 1 – 100 nm.
Recently, nZVI has been introduced as an alternative catalyst for pollutant treatment. In addition to its small size
and high reactivity, nZVI can interact with the contaminants via various mechanisms i.e. reduction, oxidation
and adsorption. To clean up the polluted sites, nZVI is directly injected to contaminated subsurface area and/or
ground water. After the treatment process, nZVI is remained in the environment as an oxidized form, which is
less reactive. The extensive amount of released nZVI leads to the concern of their environmental impact. In this
study, the effects of reactive nZVI (R-nZVI) and its oxidized form (O-nZVI) on Pseudomonas putida KT2440, a
model soil microorganism, were investigated.
The effect of nZVI on bacterial viability was determined by investigating the number of viable cells after
exposed to 1 g/L of R-nZVI or O-nZVI. R-nZVI exposure resulted in decreasing bacterial viability by three
orders of magnitude within one hour. O-nZVI exposure slightly decreased bacterial viability, by one order of
magnitude. Proteomic analysis was then carried out to investigate the alterations in the level of bacterial protein
expression after exposed to R-nZVI or O-nZVI, comparing to the untreated cells. Briefly, after nZVI exposure,
total bacterial protein was extracted and analyzed by one-dimensional SDS-PAGE prior to protein analysis and
identification by liquid chromatography tandem mass spectrometry (LC-MS/MS). Among 2,756 identified
proteins, the expression level of 249 and 255 proteins were significantly altered after exposed to R-nZVI and OnZVI, respectively, whereas the expression of 65 proteins was affected by both R-nZVI and O-nZVI. Among
these 65 proteins, the expression of proteins related to bacterial membrane and cell wall biogenesis including
transporter proteins and energy transduction were majorly affected by the exposure to both R- nZVI and OnZVI, suggesting an effect on bacterial membrane caused by iron nanoparticles. Interestingly, the expression of
proteins related to cell motility and signal transduction were also highly altered.
Although O-nZVI, a less reactive form which is remained in the environment, was previously reported as a nontoxic component due to its slightly effect on cell viability, the results from this study showed that the expression
of various proteins was affected by both forms of iron nanoparticles, regardless of their reactivity. Since these
proteins play an important role in many environmental processes including nutrient cycling, bioremediation, root
colonization and biofilm formation, their expression alteration may affect their activities and ecological
functions. Therefore, the effects of nZVI remaining in the environment after pollutant treatment should be
considered.
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Abstracts
Groundwater is in demand in areas where surface water supply is inadequate and non-existence in such as in
Pulau Kapas, Malaysia. In case of tropical islands which is popular with tourists, it would be expected that the
trend of increasing number of visitors will increase the demand for groundwater supply. The increased on
groundwater extraction above their replacement rate will leads to the well contamination in the island due to
seawater incursion into the island’s aquifers especially in the low-lying area of the island. In general, small
islands are highly susceptible to seawater intrusion due to its highly permeable aquifer.
In order to identify the vulnerable area to groundwater contamination, DRASTIC index based rating utilising
geographical information system (GIS) has been widely utilised. DRASTIC is derived from seven weighted and
rated hydrogeological parameters of depth to water table (D), recharge (R), aquifer media (A), soil media(S),
topography (T), influence of vadose zone (I) and hydraulic conductivity (C). The resultant map had successfully
shown areas with highest vulnerability to contamination with reasonable validation result using nitrate data. This
method is expected to be a powerful tool for land use planning decision in order to achieve the sustainability in
groundwater supply in any small island.

Introduction
Small islands such as Kapas Island totally relied on groundwater for freshwater supply (Kura,
et al., 2013), due to the in ability of the islands to produce an exploitable surface water
resources which may be linked to their topographical and geological nature (Vlahović &
Munda, 2012). Kapas Island is one of the popular islands in Terengganu state, situated at
about 3 km away from the mainland with just less than 2 km² landmass. This limited size
makes the presence of surface water at exploitable quantity virtually impossible and also
influences the limited groundwater resources. The geology and topography in addition to the
sea bordering the island from all directions compounded together to make Kapas Island
vulnerable to pollution from human activities and seawater intrusion, especially with the
current trend in tourism boost. Thus, the higher the pollution, the greater the tendency of
surface pollution. Achieving a reliable and successful groundwater management is solely
dependent on evaluating areas that are likely to be affected by pollution from human activities
through developing a vulnerability map which can be used by policy makers and
environmental managers for protection and management purpose (Arthur, et al., 2007).
Among all the vulnerability assessment models developed by many scientists, DRASTIC
model which was first developed by Aller et al. (1987) is the most recognized and simplest
way of assessing groundwater vulnerability (Mimi, et al., 2012). Therefore, this work attempt
to assess the vulnerability of Kapas Island to surface pollution using DRASTIC model.
Materials and methods
The term DRASTIC stands for an acronym of the seven hydrological parameters believed to
be responsible for groundwater protection from surface contaminations: Depth to water,
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Net Recharge, Aquifer media, Soil media, Topography, Impact of the vadose zone, and
Hydraulic Conductivity of the aquifer. Rating (1-10) are assigned to each of the above
parameters depending on the nature or impact of a given area to groundwater protection. Then
based on individual parameter importance with regards to protection or contaminations
weight (1-5) are assigned and these weighing values are then multiplied with the already
designated ratings in GIS environment through the means of overlaying the parameters to
produced the final DRASTIC map (Mimi, et al., 2012).
Results and discussion
The DRASTIC map categorized the island into five vulnerability classes; no risk (110-140)
covering an area of 4% which mostly falls within the hilly part of the island situated at the
eastern site. This part of the island consists of clay with interbedded sandstone, siltstone,
mudstone and shale. The second and third groups are the low (140-160), and moderate (160180) vulnerable zone with area of 26 and 59% respectively. It’s not shocking if these areas
fall within low to moderate vulnerable to pollution. Moreover, the areas are mostly covered
by forest and little on none human activities are taking place there. The moderate vulnerable
area is somewhat transition zones between the rocky part and the sandy flat area. This area
contains a mixture of both lithologies that is rocky as well as alluvial deposit. Finally the high
(180-200) and very high (>200) vulnerable areas covering 4 and 7% of the entire island falls
within the alluvial deposit where the lithology is mostly dominated by fine to coarse sand
mixed with coral, all of which can easily transmit water and allow contaminants to easily find
their way to the aquifer. These areas are situated at the lower western part of the island near
the seashore where most of the human activities are taking place. The final map was validated
with nitrate and the results indicated that the model was able to predict about 58% of the
nitrate data.
Conclusion
DRASTIC model was applied in Kapas Island to determine the areas that are more vulnerable
to contaminations. The resulting map classifies the island into five clusters (no risk, low,
moderate, high and very high) vulnerable areas. The result was then validated with the field
data (Nitrate) and was found to be within the acceptable limit.
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Nitrogen (N) plays an essential role in plants growth because nitrogen can be increased efficiency in the
synthesis and transfer of energy. The loss of N fertilizer by nitrate leaching, runoff and erosion to environmental
impact. The objective of this paper is to propose a synthesis of biodegradable polymeric nanogel for ammonium
nitrate fertilizer encapsulation to reduce the fertilizer consumption and to minimize the environmental pollution.
Poly(acrylic acid)-chitosan (PAA-CS) nanogel were prepared by radiation polymerization techniques. Effects of
CS molecular weights, monomer concentration and irradiation doses on the creation of nanogels and their size
were investigated. The degree of grafting increased with the irradiation doses and AA monomer contents.
Fourier transform infrared spectroscope (FT-IR), X-ray diffraction (XRD), and thermogravimetric analyzer
(TGA) were characterized to confirm the formation of PAA-CS nanogels. Morphological study of the PAA-CS
nanogels was verified using scanning electron microscope (SEM) and transmission electron microscope (TEM).
The PAA-CS nanogel showed spherical shape with nanoscaled particle sizes ranging 50-150 nm depending on
the studied parameters under irradiation. The particle sizes of the PAA-CS nanogels were 80 ± 20 and 141 ± 30
nm when the PAA-CS was synthesized using the irradiation doses of 10 and 20 kGy, respectively. The PAA-CS
nanogels exhibited robust water adsorption ability and ammonium nitrate entrapment.
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Abstracts 㸸
Superparamagnetic nanocomposites are materials that exhibit magnetic properties when they are under an
external magnetic field, but can stay colloidal stable in the absence of a magnetic field. Nanocomposites with
superparamagnetic can be useful in biomedical and chemical analysis applications, as well as in environmental
applications. In this study, new types of superparamagnetic nanocomposites comprising anatase titania, silica,
and iron oxide nanoparticles were synthesized using sol-gel and microemulsion chemistry. Various techniques
including X-ray diffraction, surface area analysis, transmission electron microscope (TEM), infrared
spectroscopy, and particle size analysis were used to characterize and confirm the structure of the
nanocomposites. These nanocomposites showed high photocatalytic activity when used in the photodegradation
of methylene blue. Moreover, the nanocomposites exhibited some antibacterial properties. From our study, the
nanocomposites can be useful in various application such as removal of pollutants with readily separable from
the environment using an external magnetic field.
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Introduction
Arsenic contamination in water is significantly environmental and human health concern. The consumption of
water containing arsenic in high concentration produces serious effects on human health such as nerve damage,
skin damage and increases cancer risk.1 In natural water, arsenic is mostly found in trivalent (arsenite) and
pentavalent (arsenate) states.2 It is known that arsenite is more lethal than arsenate, and arsenite is also more
difficult to be removed from water.3 The World Health Organization (WHO) sets a value of 10 μg/L for the
arsenic concentration in drinking water. Hence, arsenic removal process by effective methods is very important.
Adsorption is one of the most popular methods that can reduce arsenic in water due to the fact that it is easy,
safe, and inexpensive.4 Recently, nano zero-valent has been used for the removal of arsenic ions from water
owing to its large active surface area and high arsenic adsorption capacity. However, the direct utilization of
nano zero-valent iron for field scale application seems to be limited by the tiny particle size which causes highpressure drop in a fixed bed column or any other dynamic flow systems. Therefore, loading of nano zero-valent
iron onto a supporting larger-sized material is a potential method to overcome such mentioned problem.5 Tap
water production sludge, containing aluminium and iron hydroxides, is an alternative low-cost adsorbent. This
sludge showed a capability to adsorb arsenate ions but it had low capacity for arsenite adsorption.6 Thus, the
objective of this work is to modify a low-cost adsorbent from tap water production (obtained from the
Metropolitan Waterworks Authority, Bangkhen, Thailand) by using zero-valent iron with the purpose to be an
adsorbent for the removal of arsenite and arsenate ions from water. Factors affecting the removal of arsenic were
studied.
Materials and methods
Materials
Tap water production sludge was obtained from the Metropolitan Waterworks Authority (Bangkok, Thailand).
All chemicals were analytical grade and used without further purification. Stock solution of arsenate (1000
mg/L), sodium hydroxide (NaOH), nitric acid (HNO 3 65%) and absolute ethanol (99%) were obtained from
Merck. Sodium (meta)arsenite (NaAsO2), sodium borohydride (NaBH4) and ferric chloride (FeCl3) were
obtained from Sigma-Aldrich. The stock solution of arsenite was prepared by dissolving an appropriate amount
of sodium (meta)arsenite in deionized water.
Preparation of tap water production sludge
The sludge was dried in an oven at 105°C overnight (12 hours). Then, dried sludge was crushed and sieved (less
than 500 μm). After that, the obtained sludge was modified by zero-valent iron in the next step.
Preparation and characterization of zero-valent iron-sludge (ZVI-S)
The tap water production sludge modified by zero-valent iron was prepared via sodium borohydride reduction of
ferric chloride.7,8 Briefly, 12.8 g of sludge was added into 30 mL of 0.67 mol/L ferric chloride solution which
prepared by dissolving FeCl3 into 4 %(v/v) ethanol in water . The mixture was held on a magnetic stirrer to be
mixed. Then, 100 mL, 0.8 mol/L NaBH 4 was added dropwise into the mixture. The black solid produced in the
solution. After the addition of the sodium borohydride solution was completed, the mixture was stood for 10
minutes. After that, the ZVI-S was filtered (using Whatman No.1) and washed with deionized water and ethanol,
respectively. Last step, the ZVI-S was dried in an oven at 50°C overnight and kept in a desiccator to prevent the
moisture from the air. The dispersion of zero-valent iron on the surface of modified sludge was characterized by
SEM-EDS (JEOL JSM-6400 with Link ISIS Series 300).
Bath experiments for arsenic adsorption
Batch adsorption was carried out by shaking 10.0 mL of arsenic solution with approximately 0.05 g of ZVI-S
with a shaking speed of 25 rpm. The equilibrium contact time ranged from 1-24 hours depending on
experiments. All the adsorption experiments were conducted at room temperature. The pH of the solution was
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adjusted using 5 %(v/v) of HNO3 or 5 %(w/v) of NaOH. After the adsorption period, the sample was filtered
through a 0.45 μm membrane and the filtrate was analyzed for the remaining arsenic concentration by
inductively coupled plasma-optical emission spectrometry (ICP-OES, Thermo Scientific iCAP 6500). The
amount of arsenic adsorbed was calculated from the following equation 1,

q

e

(C 0  C e)

(Eq. 1)

V
1000W

where qe is the adsorption amount (mg/g), C0 is the initial concentration of arsenic (mg/L), Ce is the equilibrium
concentration of arsenic (mg/g), V is volume of the solution (mL) and W is the adsorbent amount (g).
Results and discussion
Characterization of zero-valent iron-sludge
The zero-valent iron in the modification of tap water production sludge was prepared via sodium borohydride
reduction of ferric chloride. The reaction mechanism is shown in Equation 2,9
4Fe3+ + 3BH4- + 9H2O

4Fe0(s) + 3H2BO3- + 12H+ + 6H2(g)

(Eq. 2)

Theoretically (Eq.2), when ZVI-S is prepared using the procedure above, the ratio of zero-valent iron to sludge is
supposed to be 92:8 (w/w). The photographs of sludge before and after modified by zero-valent iron are shown
in Fig. 1a and Fig.1b, respectively.

ZVI-S

sludge

Figure 1. (a) Tap water production
sludge and (b) Zero-valent iron modified
tap water production sluge.

SEM-EDX was used to investigate the dispersion of zerovalent iron on the surface of modified sludge. An EDX
spectrum (shown in Fig. 2a) of ZVI-S shows characteristic
peaks of zero-valent iron, indicating that ZVI-S contained
zero-valent iron on its surface. The mapping EDX image of
ZVI-S in Fig. 2b shows that zero-valent iron (red spots) was
dispersed well on the surface of ZVI-S and thus confirms
that the modification of tap water production sludge by zerovalent iron was successful.

(a)

(b)

Figure 2. (a) EDX spectrum of ZVI-S and (b) Elemental EDX mapping image (Fe) of ZVI-S.
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Figure 3. Effect of pH on arsenite adsorption.

The effect of pH on arsenite adsorption was investigated in the
range of 1-12 with an ZVI-S amount of 0.05 g at a fixed initial
arsenic concentration of 100 mg/L (Fig. 3). The highest
adsorption amount of arsenite is at pH 3 and then the adsorption
amount of arsenite on ZVI-S decreased when the pH of solution
increased due to less electrostatic forces between the adsorbent
and arsenite species since arsenite is mostly found in negative
forms at high pH (pH > 9.2). A redox reaction between As(III)
species and Fe(0) might be favourable in acidic medium.
Therefore, in this study the pH of sample solution used in all
following experiment was 3.
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Effect of contact time
The effect of contact time was evaluated by using 0.05 g of ZVI-S at a fixed initial arsenic concentration of 100
mg/L. The function of adsorption amount of arsenite and arsenate against time are shown in Fig.4a and Fig 4b,
respectively. The results show that the adsorption kinetics of arsenite and arsenate were rapid. They took about 1
hour to reach equilibrium.
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Figure 4. Adsorption amounts of (a) arsenite and (b) arsenate as a function of time.
Adsorption isotherms
The adsorption isotherms of ZVI-S towards arsenite and arsenate were carried out. The adsorption of arsenite
increased from 6.36 to 21.98 mg/g with the increase of arsenite concentration as shown in Fig. 5a and Fig. 5b
shows an increase of arsenate adsorption from 7.91 to 36.92 mg/g when increasing arsenate concentration.
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Figure 5. (a) Adsorption isotherms of arsenite and (b) Adsorption isotherms of arsenate
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The Langmuir and Freundlich equations were used to describe the adsorption process, as shown in Fig. 6 and 7.
The Langmuir isotherms assume that the adsorption of molecules on a solid surface is chemisorption in a single
layer while the Freundlich isotherms assume that the adsorption of molecules on a solid surface is chemisorption
in multilayer. The linearized equation of Langmuir and Freundlich isotherms are shown in Equation 3 and 4,
respectively.10

C
q

e

 Ce

1

bq

m

q

(Eq. 3)

m

where Ce is the equilibrium concentration of arsenic in bulk solution (mg/L), q is the adsorption capacity of
adsorbent (mg/g), qm is maximum adsorption capacity of adsorbent (mg/g) and b is the constant related to the
affinity of binding sites (L/mg).
1
log q log k f  log C e
n

(Eq. 4)

where Kf is a constant related to adsorption capacity (mg/g), n is Freundlich constant related to adsorption
intensity. Ce and qe are the same parameters used in the Langmuir equation.
As seen in the Fig. 6 and Fig. 7, the correlation coefficient (R2) of the Langmuir plot is better (closer to 1) than
R2 of the Freundlich plot. Therefore, both arsenite and arsenate adsorption on ZVI-S was fitted to the Langmuir
model. The maximum adsorption capacity of arsenite and arsenate calculated by the Langmuir adsorption
isotherms were 15.1 and 41.0 mg/g, respectively.
Conclusions
ZVI-S was successfully prepared via in-situ sodium borohydride reduction of ferric chloride. Batch adsorption
studies showed that ZVI-S is effective in the removal of both arsenite and arsenate with rapid time under
controlled conditions. The maximum adsorption capacity was found to be 15.1 and 41.0 mg/g for arsenite and
arsenate respectively. Moreover, ZVI-S shows a promising potential for simultaneous arsenite and arsenate
removal.
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Abstracts 㸸Waste tyre rubber (WTR) powder was modified with a cationic polymer, poly(3acrylamidopropyl)trimethylammonium chloride (p(APTMACl)), which was synthesized by free radical
polymerization. The resulting WTR/p(APTMACl) composite was utilized for the adsorption of arsenite and
arsenate in both batch and column methods. The optimal pH values for arsenite and arsenate adsorption were 6
and 8, respectively. The level of adsorption increased gradually with increasing monomer concentration and
contact time. The adsorption behavior of arsenite and arsenate obeyed the Freundlich model, and the rate of
arsenite and arsenate adsorption could be predicted by employing a pseudo-second order model. In the column
method, arsenate could be adsorbed onto the sorbent more effectively than arsenite. Remarkable desorption of
arsenite and arsenate (99 and 92%, respectively) from the adsorbent was achieved using 0.10 M HCl as eluent.
These results indicate that WTR/p(APTMACl) composites could be a promising adsorbent for the removal of
arsenic from wastewater effluents.
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1. Introduction
Recently, arsenic contamination in natural water has been a serious problem for human health and
environment. The study was reported that several countries have faced a problem of arsenic contaminated
natural water [1]. Hence, the World Health Organization (WHO) has guided the maximum contaminant level
(MCL) for arsenic contaminated drinking water as 0.01 mg L -1. In natural water, arsenic can be generally found
in inorganic forms as As(III) and As(V) called arsenite (AsO33-) and arsenate (AsO43-), respectively [1].
Co-precipitation technique is mostly interested for the removal of As(III) and As(V) because it is effective and
eco-friendly. Moreover, turbidity or suspended solid and color of water can be eliminated by co-precipitation
and mostly suitable for arsenic contaminant at high level. Ferric chloride and aluminum sulfate are commonly
used as a low cost coagulant or co-precipitant in a co-precipitation process. In co-precipitation method, soluble
arsenic can be precipitated by ferric and aluminum ions and adsorbed on hydrous ferric oxide (HFO) in a form
of aluminum hydroxide via inner-sphere complexation [2]. Commonly the maximum efficiency of arsenic
removal by co-precipitation is investigated by adjusting pH of solution while the other factors such as the
amount of co-precipitant and the initial arsenic concentration are constantly fixed. This technique is also called
as “one factor at a time” involving many number of experiments. Therefore, the experimental design with
response surface methodology (RSM) is an alternative technique to evaluate the optimized condition using a less
number of experiments and to investigate the interactive effects of factors. Some researchers used the BoxBehnken statistical experiment design (BBD) to evaluate optimized conditions for As(V) removal by ferric
chloride [3] and aluminum sulfate [4]. In natural water, As(V) is not only present but As(III) is generally
contaminated. Therefore, the major objective of this work is to use a full factorial design to evaluate an
optimized condition for As(III) and As(V) removal by means of ferric chloride and aluminum sulfate coprecipitation.
2. Materials and methods
2.1 Materials, chemical, apparatus and co-precipitation method
Anhydrous ferric chloride and stock solutions of 1000 mg As(V)/L were purchased from Merck.
Sodium (meta)arsenite (NaAsO2) was purchased from Sigma-Aldrich. Arsenic concentrations were measured
using an inductively coupled plasma optical emission spectrometer (ICP-OES, iCAP 6500 DUO, Thermo
Scientific).
The co-precipitants were added to each 10 mL of solution containing 90 mg L-1 of arsenic. After adding
the co-precipitant, the pH of solution was adjusted using HCl and/or NaOH, followed by a rapid mixing for few
minutes, a slow mixing for 30 minutes and a settling for 30 minutes, respectively. After co-precipitation process,
the solution was centrifuged at 3200 rpm for 10 minutes, and the supernatant was taken and subject to residual
arsenic determination using ICP-OES.
2.2 Full factorial design and data analysis
In this work, three level of full factorial design with the RSM was used to evaluate the effects of
independent factors and interactive effects of independent factors correlated to the efficiency of arsenic removal.
The maximum efficiency was evaluated by RSM. The efficiency of arsenic removal can be described by a
function of y f ( X 1 , X 2 ,..., X n ) where y represents the response removal efficiency of co-precipitation, X are
independent factors and n represents the number of factors being investigated. In order to complete function of
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y, the regression model as function of y consists of the factors with the independent, interaction and second
order polynomial terms. It can be written as:

y

b0  ¦ bi X i  ¦ bii X i2  ¦ bij X i X j

(Eq. 1)

Where b0 , bi , bii , bij are the constant, linear, quadratic and interactive coefficients, respectively. These
coefficients are calculated by Multiple Linear Regression (MLR) technique [5]. The equation can be shown as:
y

2
2
b0  b1 X 1  b2 X 2  b11 X 11
 b22 X 22
 b12 X 1 X 2

(Eq. 2)

The predicted response can be calculated by Eq. 2 to find the maximum response with the optimized condition.
The program of MATLAB (Mathwork, Inc. Version R2011b) was used to visualize the response surface plot.
2.3 Application in natural water sample
Pond water samples were collected from Chulalongkorn University pond in Thailand. The water
samples were spiked by arsenic at 90 mg L-1. The optimized conditions from the RSM are applied to remove
arsenic from the collected water samples.
3. Results and discussion
3.1 Full Factorial Design
The efficiency of arsenic removal identified as percentage of arsenic removal. The number of
experiments of full factorial design is calculated by the equation N = Lk (L is levels of each factor and k is
number of factors). The number of experiments of three levels of full factorial design is 9 experiments. In our
work, each experiment was repeated with 3 replicates. Therefore, the total number of experiments is 27. The
data of design were shown in Table 1-4.
Table 1 Levels of each factor for As(III) using FeCl 3
level
factor
-1
0
1
5
7.5
10
pH
Fe ion conc. (mg L-1)
75
150
225

Table 2 Levels of each factor for As(V) using FeCl3
level
factor
-1
0
1
4
6.5
9
pH
Fe ion conc. (mg L-1)
75
150
225

Table 3 Levels of each factor for As(III) using
Aluminum sulfate
level
factor
-1
0
5
7.5
pH
Al ion conc. (mg L-1)
45
90

Table 4 Levels of each factor for As(V) using
Aluminum sulfate
level
factor
-1
0
4
6.5
pH
Al ion conc. (mg L-1)
45
90

1
10
135

1
9
135

From Tables 1-4, the pH range for As(III) and As(V) are different because predominant anion species of arsenic
play role in the efficiency of co-precipitation with Fe ion and Al ion [6].
3.2 The regression model
The regression model as Eq. 2 is determined by the MLR using observed and coded values in Table 5.
The coefficients for each term and percentage of arsenic removal are written in Eq. 4–7 for As(III) and As(V)
using FeCl3 and aluminum sulfate, respectively. Predicted values of percentage of arsenic removal were
calculated using Eq. 4–7 shown in Table 5. The correlation coefficients (R2) between the observed and predicted
values can be investigated by plotting linear graph (data not shown). The correlation coefficients (R2) are
0.9980, 0.9717, 0.9603 and 0.9900 for the removal of As(III), As(V) using ferric chloride, As(III) and As(V)
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using aluminum sulfate, respectively. These R2 imply predicted and observed values of the efficiency of arsenic
removal are good in correlation. Hence, these regression functions in Eq. 4-7 can be appropriately evaluated to
find the suitable conditions for removal of arsenic.
%As(III) removal= 80.54+2.73X1 +18.79X2 -7.25X21 -6.91X22 +0.39X1 X2

(Eq. 4)

%As(V) removal =97.75-13.10X1 +17.23X2 -9.84X21 -14.28X22 +5.51X1 X2

(Eq. 5)

%Asሺ ሻ removal =13.38+3.01X1 +1.77X2 -5.89X21 -0.42X2ʹ +1.42X1 X2

(Eq. 6)

%As(V) removal =95.30-10.26X1 +16.13X2 -20.36X21 -9.43X22 +5.35X1 X2

(Eq. 7)

Table 5 Observed and predicted value for % arsenic removal using ferric chloride and aluminum sulfate
run
coded
Ferric chloride
Aluminum sulfate
X1
X2
%As(III) removal
%As(V) removal
%As(III) removal
%As(V) removal
Observed Predicted Observed Predicted Observed Predicted Observed Predicted
1
-1
-1
45.7±0.07
45.2 74.8±0.8
75.0 4.0±0.5
3.7 64.1±0.6
65.0
2
0
-1
54.8±0.6
54.8 68.1±0.6
66.2 10.0±0.2
11.2 69.8±0.4
69.7
3
1
-1
49.9±1.2
49.9 36.1±11.4
37.8 7.7±0.8
6.9 34.6±1.8
33.8
4
-1
0
69.6±0.3
70.6 99.8±0.05
101.0 4.9±1.3
4.5 85.7±0.9
85.2
5
0
0
81.4±0.6
80.5 97.3±0.04
97.8 13.6±0.2
13.4 97.8±0.04
95.3
6
1
0
76.1±0.7
76.0 76.5±0.00
74.8 9.9±0.6
10.5 61.7±0.6
64.7
7
-1
1
82.6±0.7
82.0 99.9±0.02
98.5 3.7±0.4
4.4 86.9±0.8
86.6
8
0
1
91.9±0.04
92.4 99.3±0.05
100.7 15.6±0.3
14.7 99.5±0.07
102.0
9
1
1
88.3±0.5
88.3 83.3±0.6
83.3 13.1±0.3
13.3 78.9±1.4
76.7
3.3 Effect of pH and co-precipitant on arsenic removal
According to Fig. 1, the efficiency of As(III) removal using ferric chloride increases with increasing
pH from 5 to 9 because negatively charge of H2AsO3- is predominant in solution [1] inducing more precipitated.
Conversely, the efficiency of As(V), as shown in Fig. 2 and 4, increases when decreasing pH from 9 to 5
because negatively charged H2AsO4- [1] can be precipitated with cations of Fe [2] and Al. For co-precipitant
effect, when a ratio of co-precipitant/As increases, the efficiency of arsenic removal will be higher [7].
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Fig. 1. Contour plot of As(III) removal efficiency
using ferric chloride.
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Fig. 2. Contour plot of As(V) removal efficiency using
ferric chloride.
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Fig. 3. Contour plot of As(III) removal efficiency
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Fig. 4. Contour plot of As(V) removal efficiency using
aluminum sulfate.

3.4 Application in arsenic removal from natural water

The RSM was applied to find the optimized conditions through the highest removal efficiency in the
contour plots (Fig. 1-4). Using ferric chloride, the optimized conditions is at pH 7 and concentration of ferric ion
equal to 225 mg L-1 for As(III) and As(V). In case of using aluminum sulfate as co-precipitant, the same pH and
concentration of Al ion at 135 mg L-1 is chosen as the optimized condition. The result of arsenic removal in
water samples (Table 6) are 96.1%, 99.3%, 17.1% and 96.1% for As(III) and As(V) removal using ferric
chloride and aluminum sulfate, respectively. From the result, it can be concluded that ferric chloride is an
effective co-precipitant which can be used to remove both As(III) and As(V) very well, while aluminum sulfate
is suitable only for As(V) removal.
Table 6 Removal efficiency of arsenic from water samples
Ferric chloride
Adding As(III)
Adding As(V)
% As removal

96.1 ±0.8

99.3±0.1

Aluminum sulfate
Adding As(III)
Adding As(V)
17.1±0.31

96.1±1.4

4. Conclusion
As(III) and As(V) removal by co-precipitation using ferric chloride and aluminum sulfate were
investigated using an experimental design approach. The optimized conditions for arsenic removal were
determined from RSM plot. High removal efficiencies of As(III) and As(V) at a level of 90 mg L-1 were 90%
and 99%, respectively using the optimized conditions at pH 7 and 225 mg L-1 of ferric ion concentration. In the
case of aluminum sulfate, only As(V) can be effectively removed close to 100% using pH 7 and Al ion
concentration of 135 mg L-1. The results show that these chosen conditions were appropriately applied to
remove arsenic from arsenic-fortified surface water with high removal efficiency
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Abstract: Owing to arsenic (As) associated serious adverse health effects and the ever increasing As
contamination in ground and surface waters, As has become a matter of global concern. The problem is more
severe in South East Asian countries where As contaminated groundwater is frequently used for irrigation. Rice
(Oryza sativa L.), has been implicated as a major dietary source of As particularly in South East Asian countries
where rice is a staple food. To gain an understanding of uptake and distribution of As species in rice plant, metal
analysis was carried out in combination with physiological monitoring in four Indian rice cultivars. Two-weekold rice seedlings were grown hydroponically in 25 μM concentration of sodium arsenite [NaAsO2] and
thereafter roots and shoots were collected after a period of 7 days treatment. As treatment resulted in an
increased uptake and accumulation of As in roots and shoots of young rice seedlings. Analysis of As uptake,
distribution and speciation in rice roots and shoots during As stress environment revealed significantly higher
accumulation in roots compared to shoots of rice plants. Thus, our metal analysis and physiological monitoring
indicate that As uptake and distribution are preferentially localized in the root and its metabolism may
potentially be regulated in the shoot.
Introduction
Arsenic (As) is a widespread environmental contaminant and has been reported to be associated with strong
adverse health effects in human including increased incidences of cancer as well as effects on respiratory tract,
skin, liver, and immune system 1. As in the natural environment and food exists as organic As and inorganic As.
However, inorganic forms of As i.e. arsenate [As(V)] and arsenite [As(III)] are highly abundant in the
environment and reported to be more toxic than the organic forms i.e. dimethylarsinic acid (DMA) and
monomethylarsonic acid (MMA). The toxicity generally decreases with an increase in the degree of
methylation, thus the order of toxicity is: arsenite > arsenate > monomethylarsonic acid > dimethylarsinic acid 2.
Rice (Oryza sativa L.) is one of the most important crops throughout the world and has been implicated as one
of the major dietary sources of As exposure particularly in South East Asian countries where rice is main staple
food and constitutes the primary source of caloric intake. Therefore, uptake of As by rice plays a significant role
in transfer of this toxic metalloid into the food chain. Additionally, various studies have revealed that food crops
such as rice, grown in As contaminated soil can accumulate high levels of As in seeds, roots and shoots 3. The
four main As species found in rice grains are trivalent arsenite [As (III)], pentavalent arsenate [As (V)],
monomethylarsonic acid (MMA), and dimethylarsinic acid (DMA). The speciation (organic versus inorganic) of
As in rice varies greatly depending on the variety of rice, concentration of As in water used for irrigation, and
geographical variation. However, many studies reported the elevated concentration of inorganic As species to be
phytotoxic causing a significant decrement in crop yield4. Therefore, it becomes imperative and highly desirable
to develop remediation strategy to prevent As entry into food chain and avoid the subsequent health risk
associated with As contaminated agricultural soil and water. However, progress towards developing such
strategies, has been impeded by serious lack of indepth understanding related to molecular and biochemical
mechanisms of As uptake as well as toxification in higher plants.
The purpose of the present study was to determine the concentration of As in shoot and root of
different Indian rice cultivars. The As treatment was carried out in in vitro with sodium arsenite [NaAsO2; As in
form of As(III)] at 25 μM. Distribution and speciation were determined in different parts of young plants. After
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As treatment, based on As uptake and physiological responses, the As susceptible and As tolerant Indian rice
cultivars will be used for future studies.
Methodology
Plant growth and treatments
In this study, four Indian rice (O. sativa L.) cultivars i.e. Basmati 1, Basmati 1121, Narendra 359, and Sarju-52
were used as sources of explants. Seedlings were grown hydroponically in Millipore deionized water and water
was replaced once every week. In previous studies, As concentrations of 25–50 μM were reported and
3, 4, 5
. Moreover, our preliminary experiments found
considered as toxic concentrations to rice or other plants
that 50 μM of As resulted in phytotoxicity and death of few 3-week-old young plants. Therefore, in present
study 25 μM of As concentration was used to evaluate As speciation and distribution.
All the four cultivars were grown hydroponically for 2 weeks in separated trays, under natural environmental
conditions. The physiological changes in the growth of plants were recorded weekly. After 2 weeks of growth,
half of the seedlings from each tray were subsequently transferred into a new treatment of 25 μM As aqueous
solution, whereas the remaining half were used as control. Thereafter, both As treated and untreated samples
were grown for another 7 days. After 7 days treatment, root samples (excised at 2 cm distance from the rootshoot transition zone) and shoot samples were separated, washed with distilled water and immediately kept at 80ºC. Both root and shoot samples were then used to study uptake and distribution of As species in roots and
shoots.
Determination of As concentration in roots and shoots
Sample preparation: After treatment period, root and shoot samples were washed with deionized water in order
to remove the dust and other contaminants. The samples were then dried, homogenized into powder, and
weighed. Briefly, 50 mg of shoot and 10 mg of root samples were weighed and then digested with 10 ml of 0.1
M HNO3 at 90ºC. The separation of As species was accomplished by High Performance Liquid Chromatography
(HPLC) method and As species were determined by Inductively Coupled Plasma Mass Spectrometry (ICP-MS
Agilent 7500 series). Two different biological replicated root and shoot samples were used for analysis.
Results and Discussion
As stress-induced physiological responses in rice shoots and roots
In addition to the studies of uptake and distribution of As, some physiological and morphological responses in
shoots and roots of young rice seedlings to As treatment were also monitored and visualized. When 3-week-old
rice seedlings were subjected to As treatment for 7 days, a considerable reduction in growth was observed
whereas few rice seedlings succumbed to phytotoxicity of As (Fig. 1B). Thus, when compared to control, As
treatment was found to induce growth inhibition in young rice seedlings. Moreover, out of the four cultivars,
Narendra 359 and Sarju 52 showed significantly less morphological and physiological changes under As stress
than Basmati 1 & 1121 (Fig. 1A & 1B). Based on these physiological responses, rice cultivars were roughly
selected as As susceptible (Basmati1 & Basmati 1121) and As tolerant (Narendra 359 & Sarju-52).

(A)

(B)

Basmati 1121

Basmati 1

Narendra 359

Sarju 52

Fig. 1 Physiological and morphological responses in rice cultivars (A) Control (B) As-treated
(25 μM)
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As uptake and distribution in shoots and roots of Indian rice cultivars
As uptake in rice seedlings displayed an uneven distribution pattern in roots and shoots (Table 1 & Fig. 2).
Additionally, as roots being the main organ for heavy metal penetration therefore, distribution and accumulation
of As were found to be significantly higher in the roots of all four rice cultivars than in the shoots (Fig 2A).
After 7-day treatment with sodium arsenite, the highest uptake of As(III) among the four cultivars was observed
in Narendra 359 (121.84±6.494 mg/kg DW) whereas the lowest uptake was observed in Basmati 1121
(50.50±3.736 mg/kg DW). These results were in agreement with As induced physiological responses, wherein
under given As stress of 25 μM, Narendra 359 and Basmati 1121 were observed to be As tolerant and As
susceptible cultivars, respectively. The percentages of As(III) in roots (50-80%) were found to be higher than
As(V) (20-50%) in all rice cultivars (Fig. 2B). In contrast to roots, the percentage of As(III) in shoots (>80%)
was markedly higher than As(V) which may be due to a possible metabolism or reduction of As(V) in the shoots
(Fig. 2B & 2C).
Table 1 Mean concentrations of As species in roots and shoots of Indian rice cultivars
As(III) [mg/kg]
Root
Shoot
(Mean±SD)
(Mean±SD)
66.89±6.758
6.91±1.08
50.50±3.736
4.81±0.23
95.35±8.855
3.51±0.10
121.84±6.494
4.54±0.26

Rice Cultivas
Basmati-1121
Basmati-1121
Sarju-52
Narendra 359

As(V) [mg/kg]
Root
Shoot
(Mean±SD)
(Mean±SD)
63.56±3.207
0.24±0.6635
26.24±2.053
0.23±0.0851
23.46±2.182
0.11±0.0341
28.23±1.819
0.22±0.0554

*The concentrations of DMA and MMA were found to be significantly low as compared to As(III) and As(V), therefore their
concentrations are not included in Table 1 & Fig. 2.
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Fig. 2 (A) As concentrations in roots and shoots after 7-day As treatment (B) and (C) % of As(III) and As(V) in
roots and shoots, respectively, after 7-day As treatment
Conclusion
The uptake and distribution of As species after treatment with sodium arsenite in four of the Indian rice cultivars
were reported in the present study. A significant effect on physiological growth of rice seedling was observed
after 7-day treatment at 25 μM of As (III). These morphological and physiological responses were in good
agreement with the previously published reports [3, 4 & 5], where the concentrations of 25-50 μM of As have
been reported to significantly reduce the root and shoot growth in rice or other plants. Based on these
morphological and physiological responses, rice cultivars were roughly selected as As susceptible (Basmati
1121) and As tolerant (Narendra 359). Moreover, our metal analysis also showed that the As accumulation and
distribution were higher in roots as compared to shoots in all Indian rice varieties. These results suggested that
As uptake and distribution are preferentially localized at the root level and its metabolism is likely to be
regulated in the shoot. Based on these results, our future research will be directed at investigating As stress
elicited molecular responses in roots and shoots as well as to gain an understanding of As toxicity, in the
selected As resistant and susceptible rice cultivars from the present study.
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Abstracts :
Cadmium is one of the heavy metals which are contained in zinc ore, and is used in composition metals, metal
plating, and to make pigments and batteries. It can get into human bodies by eating and drinking cadmiumcontaminated foods or water and by breathing cadmium contaminated air.
The greatest concern is from exposure to lower doses of cadmium over a long period of time. The lower and
long-term exposure to cadmium through air or through diet can cause kidney damage, and lead to osteomalacia.
Also, the International Agency for Research on Cancer (IARC) has classified cadmium and cadmium
compounds carcinogenic to humans (Group 1).
We developed two test kits for survey of cadmium-contaminated food and water; determination kit for
cadmium, “CadmierreTM” and a visual examination kit. Both kits are simple and rapid on-site test methods
by immunochromatography using anti-(Cd-EDTA) antibody. These methods do not need expensive
instrument for analysis (ex., atomic absorption, inductively coupled plasma-atomic emission spectrometry,
inductively coupled plasma-mass spectrometry etc.).
The determination kit for cadmium, “CadmierreTM” consists of a pretreatment column, device for
immunochromatography, handy type detector, and some reagents and apparatus. Its measurement range is from
0.1 to 0.6μg/g for cadmium concentration in rice, and it correlates highly with the results of determination by
instrumental analysis (R2=0.96). This kit has applicability to wheat, soybean, spinach, leek, okra and eggplant.
Visual examination kit is even simpler, rapid and low cost monitoring technique to check the cadmiumconcentration. This kit also uses the technique of immunochromatography with anti-(Cd-EDTA ) antibody,
but it does not need a detector. We conducted screening examinations of brown rice, and evaluated the
standard cadmium value of rice (0.4μg/g). As a result, there were no false-negatives and false-positives.
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Abstracts 㸸
Mercury (Hg2+) is one of the most important heavy metal pollutants because of its bioaccumulation and
toxicity. In order to monitor widespread inorganic and organic Hg2+ contamination, a high-throughput and costeffective method is required to screen large numbers of environmental samples. Immunoassays offer the
potential for simple, rapid, and cost-effective measurements, but require the development of suitable antibodies
and protocols. In this study, we developed a simple and sensitive inorganic Hg2+ analysis by combining a
microfluidic immunoassay and solid-phase extraction (SPE).
Using the present antibody (Nx2C3) and a microfluidic device, a sub-microgram per liter, ultrasensitive
inorganic Hg2+ immunoassay was developed, yielding results within 10 min with a lower detection limit (LOD)
of 0.12 μg/L. Typical immunoassay platforms, such as enzyme-linked immunosorbent assays (ELISA) and
immunochromatography, were also applicable for Hg2+ measurement, but the sensitivity of these assay was
inferior, and improvements, such as antibody labeling, were required. To apply the developed Hg2+
immunoassay to actual environmental samples containing impurities, we developed an anion exchange resinbased SPE method for selective Hg2+ extraction from ion mixtures. Using the optimized SPE conditions,
followed by the microfluidic immunoassay, the LOD of the assay was 0.83 μg/L, which met the guideline values
for drinking water suggested by the World Health Organization (WHO, 6 μg/L). Finally, actual water samples,
including tap water, mineral water, and river water, were spiked with trace levels of inorganic Hg2+ and analyzed
using SPE and the microfluidic Hg2+ immunoassay. Our results were in agreement with those obtained from
reduction vaporizing-atomic adsorption spectroscopy, which is typically used for environmental analysis.
The present Hg2+ analysis using SPE followed by an immunoassay is widely applicable as a screening
method in many fields that require cost-effective Hg2+ analysis. In the future, we will use the Hg2+ analysis to
analyze food production and waste management.
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Figure 1. Mercury (Hg2+) immunoassay (A) Reaction scheme of specific mercury
recognition by antibody, (B) standard curve of mercury mesurement.
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Abstracts 㸸Exposure to arsenic through drinking well water in south-eastern Asia is suspected of causing
developmental neurotoxicity and neurocognitive impairments. We previously showed by in vitro studies that
exposure to sodium arsenite (NaAsO2) suppresses neurite outgrowth in both neuronal cell line and primary cultured
cortical neurons (Aung et al., Neurotoxicology, 34: 226-35, 2013; Maekawa et al., Neurotoxicology, 37: 197-206,
2013). In this study, we investigated the effects of prenatal exposure to NaAsO2 on the performance of behavioral
flexibility in a learning task and the morphology of the prelimbic cortex (PrL), which is a part of the medial
prefrontal cortex and is critically involved in cognitive processes, in adult mice. Drinking water with or without
NaAsO2 (85 ppm) was provided to pregnant C3H mice from gestational day 8 to 18. Offspring were subjected to
behavioral analyses using IntelliCage in adulthood. After behavioral tests, morphometrical analyses for the PrL
were performed by using Stereo Investigator and Spiso-3D softwares. As the results, we found that mice prenatally
exposed to NaAsO2 display impaired adaptation to a repetitive reversal learning. We further found that the length
of neurite in the PrL of adult mice is significantly decreased by prenatal exposure to NaAsO2 without affecting the
density of dendritic spines. Taken together, these results suggest the possibility that the impaired formation of the
PrL by prental exposure to NaAsO2 leads to impairment of behavioral flexibility in adult mice.
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Arsenic exposure during early childhood has been associated with various diseases. This aimed to
investigate arsenic’s effects on oxidative DNA damage and DNA repair in arsenic-exposed children in Ron
Phibul, Thailand. A total of 60 children (5-7 yr), comprising 40 arsenic-exposed and 20 matched control
children, were recruited. Due to the impracticality of obtaining blood from young children, oxidative DNA
damage was determined by measurement of salivary and urinary 8-hydroxydeoxyguanosine (8-OHdG) as well
as expression of 8-oxoguanine DNA glycosylase (hOGG1). Levels of salivary 8-OHdG in exposed children
were significantly increased (4- fold, p < 0.01) whereas levels of urinary 8-OHdG and salivary hOGG1
expression were significantly decreased in exposed children (3- fold, p < 0.05), suggesting a defect in hOGG1
resulting in ineffective cleavage of 8-OHdG excretion in urine. The results suggest that arsenic exposure early in
life, potentially increasing risk for mutations and cancer later in life.

─ 273 ─

P-49
ARSENIC EXPOSURE IN YOUNG CHILDREN: ASSESSMENT IN VARIOUS
BIOLOGICAL SAMPLES
Krittinee CHAISATRA 1, Panida NAVASUMRIT1,2, Pantip HINHUMPATCH1, Mathuros RUCHIRAWAT1,
1

Laboratory of Environmental Toxicology, Chulabhorn Research Institute, Bangkok, Thailand; 2 Chulabhorn

Graduate Institute, Bangkok, Thailand

Key word: Children, Arsenic, Water, Nails, Saliva, Urine
Arsenic exposure is a major health concern worldwide. This study aimed to investigate arsenic
contamination in water and evaluate the use of saliva sample for assessing arsenic exposure in young children in
Ron Phibul, Thailand. Arsenic contamination in drinking and non-drinking water from the contaminated area
was significantly higher than that of control sites. When compared to control group, exposed children had a
significant higher level of arsenic concentrations in various biological samples including nails (biomarker of
long term exposure) and saliva and urine (biomarker of recent exposure). Arsenic concentrations in saliva had a
significant correlation with arsenic in drinking water and nails suggesting that arsenic could be used as a good
recent biomarker of exposure. Moreover, exposed children had a signicant reduction in arsenic methylation
capacity. This result suggested that early life arsenic exposure may increase arsenic toxicity in young children
and may lead to diseases later in life.
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Abstract :

The water hyacinth is an aquatic plant species that grows in lakes, marshes, and rivers in the wide

areas of the tropical, subtropical and temperate zones. Water hyacinths are highly prolific and known to readily
take up nutrients and heavy metal elements from the water. For this reason, they are used in the
phytoremediation of heavy metal-contaminated or eutrophic lakes, marshes, and rivers. The water hyacinth
rapidly takes up not only nitrogen, phosphorus, and other chemical elements associated with the eutrophication
of lakes, but also heavy metal species. Furthermore, given its high rate of proliferation, its ability to take up
chemical elements from lakes is extremely high compared to that of other aquatic plant species. As such,
assessing the quantity and composition of chemical elements accumulated in the water hyacinth may prove
useful in evaluating the water quality of the lakes in which they grow.
We report on the development of the certified reference material (CRM) for multi-elemental analyses by the
use of the water hyacinth as a raw material, and its application of water-pollution monitoring. Ten water
hyacinth (Eichhorhia crassipes) plants were cultivated and harvested for six months in two isolation pools
within the NIES. The amount of dried sample obtained from 320 kg of live sample was 11.3 kg. The dried
sample was ground using a rotor mill and passed through a 106μm sieve. The resultant fine sample (second-step
material) was then homogenized using a V-blender. Aliquots (5 g each) of the homogenized sample were
packed into amber vials (1054 vials) and sterilized by gamma (60Co) irradiation. By using stratified random
sampling, we then performed homogeneity tests, long-term stability tests over a one-year period, and short-term
stability tests that simulated shipping/transport conditions to determine if there were any problems with the
material as a certified reference material.
Certified reference values for the CRM in question were determined according to ISO GUIDE 35 on the basis
of statistical analyses of analytical values reported by 20 laboratories in 13 facilities. Thirteen elements, Na, Mg,
P, S, Ca, Mn, Fe, Co, Cu, Zn, Sr, Mo and Ba, have been certified, and a further six elements, C, N, K, Y, Cd and
Pb, have been given reference values.
This CRM (named as NIES CRM No.29) should prove useful in efforts to maintain the accuracy/precision of
monitoring and analysis for heavy metal elements in the water hyacinth and similar aquatic species.
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Abstracts 㸸 Volatile methylsiloxanes (VMS) are widely used in consumer products because VMS have a low
surface tension, high thermal and chemical stabilities, and were believed to be inert. However, some of VMS
have recently been identified as priority chemicals for environmental risk assessment due to their persistence in
the environment and bioaccumulative potency. Analysis of VMS in environment is very challenging due to their
high volatility and potential sources of background contamination. Sewage treatment plants (STPs) have a
potential of a point source of VMS in the water environment, because personal care products and cosmetics are
the important market for VMS directly used in the products. In this study, to assess VMS contamination from
STPs, concentrations of 7 individual cyclic (D3, D4, D5, and D6) and linear (L3, L4, and L5) VMS in water,
sediment, and fish samples collected from near a STP in Motoarakawa River, Saitama, Japan were determined.
A sampling campaign was conducted during January to December 2013. The sampling locations include
outlet of a sewage treatment plant effluent and upstream and downstream of the outlet (upstream: St.A, upstream
branch: St.B, STP effluent: St.C, and downstream: St.D), to assess point source of VMS in water environment.
River water samples were collected using a stainless bucket in every month, to see seasonal variation of VMS in
river water. Surface sediment samples were also collected from the same locations as river water sampling. Fish
samples including Hemibarbus barbus, Carassius cuvieri, and Zacco platypus were collected from several
locations in near STP effluent and upstream of the STP. All samples were stored in cooler boxes immediately
after the sampling and transported to the laboratory, then kept at 4°C for water samples and below -20°C for
sediment and fish samples.
We have developed a simple method for analysis of cyclic and linear VMS in water samples by using purgeand-trap (PT) extraction–solvent elution–gas chromatograph/ mass spectrometer (GC/MS). To reduce
contamination, blank levels of VMS for all products and reagents used were tested. We selected silicone free or
low bleed materials to achieve high precision analysis of VMS in environmental samples. Firstly, 600 mL of
water was gently transferred into an 1-L glass gas washing bottle and 100 ng of 13C-labeled VMS in acetone was
added into the sample as an internal standard. The water sample was purged for 120 min at the flow rate of 1
L/min using a vacuum pump with assistance of ultrasonic vibration at 50°C. A SPE cartridge (Sep-Pak plus PS-2,
Waters) as a gas trap was mounted on the outlet of the gas washing bottle. After purging the samples, the SPE
cartridge was dried by purging pure nitrogen gas for 20 min, then target chemicals were eluted with 1.5 mL of
dichloromethane directly into a GC vial. To date, limited information is available on clean-up procedure of solid
sample extracts. We developed a method for analyzing cyclic and linear VMS in solid samples such as sediment
and fish using a combination of solvent shaking extraction and PT clean-up techniques. To remove non-volatile
fraction such as colored comportment, mineral oil, and lipid from the extract, a PT extraction technique used for
water extraction was applied.
Total concentrations of 7 VMS in water samples ranged from 37 to 1700 ng/L. The annual mean
concentrations were observed at 160 ng/L in St.A, 250 ng/L in St.B, 770 ng/L in St.C, and 300 ng/L in St.D. The
VMS concentrations found in St.D (downstream) were about two times higher than those in St.A (upstream),
indicating STP can be a point source of VMS in water environment. We found seasonal variation of VMS
concentrations in river water, which the concentrations in winter season were higher than those in summer
season. Significant correlations between VMS concentrations and river water volume or temperature were
observed. Total concentrations of 7 VMS in sediment ranged from 100 to 1200 ng/g dw at the mean
concentration of 400 ng/g dw. The highest concentration was found at St.B, and the concentrations in St.C and
St.D (near or downstream of the STP) were relatively low. The concentration profiles found in the river sediment
can be influenced by the amount of TOC and/or grain size distribution of sediment. The concentration profiles of
VMS in fish samples collected from near STP detected at few ppm were 1-2 orders of magnitude higher than
those from upstream of the STP, suggesting STP effluent can affect concentration profiles of VMS in fish from
river environment.
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Abstract 㸸
The effects of plasma treatment on chemical and physical properties of indigenous fibers such as water hyacinth and
pineapple were investigated. Oxygen, argon, hydrogen and mixed oxygen/argon gases were used to produce plasma
in a plasma-enhanced chemical vapor deposition device. A design of experiment using three-factorial analysis was
used to optimize the parameters namely: type of gas, discharge potential, pressure, and treatment time. The plasma
treated indigenous fibers with were characterized using weight loss, Raman spectroscopy, scanning electron
microscopy-energy dispersive x-ray (SEM-EDX), Fourier transform infrared analysis (FTIR) and tensile strength.
Results show that plasma treated indigenous fibers such as water hyacinth and pineapple were comparable to
properties of polyester fibers after plasma treatment.
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Introduction
Incineration residue is stabilized through CO 2 absorption. Heavy metal leaching is also suppressed too. On the
other hand, CO2 absorption rate from air to sea water have been studied comprehensively and standardized1).
However, CO2 absorption to wet ash can be enhanced by its own alkalinity, which is so called “chemical
enhancement”. It is of concern what degree the CO2 absorption is enhanced by alkalinity of water phase.
Materials and methods
Experimental device and sampling point is presented in
Fig 1. One liter beaker filled with 700 mL of aqueous
Ca(OH)2 slurry (2.38 g Ca(OH)2 in 700 mL, gas / liquid
contact area was 95 cm2) was placed in a flexible chamber.
Prepared N2 – CO2 gas (5 000, 10 000, 20 000 ppm CO2)
was introduced to the concentration of CO 2 in the effluent
gas from the chamber and pH value of the slurry was
monitored.
Fig 1. Experimental device and sampling point

Result and discussion
Figure 2 gives the cumulative amount of CO2 absorbed to the slurry from 5 000, 10 000 and 20 000 ppm CO 2
gases. The absorption rate was proportional too the CO2 concentration gas; namely, amount of CO2 absorbed
during initial 5 h were 600, 1 300 and 2 750 mg. pH value was initially 12.5; afterwards, the values decreased to
12.5 (no change), 12.3 and ca.10. Absorption flux of initial 5 h were calculation to be 0.29, 0.62 and 1.31 mol
m-2 h-1. A mass transfer coefficient (kL) is detinel and calculation by Eq. (1).
(flux) [mol m-2 h-1] = İ [-] × kL [cm h-1] × Sw [mol m-3 atm-1] × ǻp [atm] × 10 L m-2 cm-1

(1)

where, (flux): flux of CO 2, İ: chemical enhancement factor, kL: mass transfer coefficient, Sw: solubility
(purified water 25 oC : 34 mol m-3 atm-1), ǻp: partial pressure of CO2 (5×10-3, 10×10-3 or 20×10-3 atm).
Derived İkL was 171, 182 and 193 cm h-1
for 5 000, 10 000 and 20 000 ppm CO2
experiments. Typical kL value in ocean can be
considered to be 3 – 20 cm h-1 from the
review of Wanninkhof et al.1). Assuming kL in
ocean to be 10 cm h-1, İ of Ca(OH)2 slurry
(pH 12.5 – 10) is calculated to be 17.1, 18.2
and 19.3. Namely Ca(OH)2 slurry absorbs
CO2 20 times faster than sea water. As pH
value decreased to lower the 10, CO2
absorption rate eminently decreased.

Fig 2. CO2 absorption and Elapsed time
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Introduction
There is a large amount of compost at the regions with a concentration of hog farms area in Japan. The
compost is produced by hog farm much beyond the local demand. The surplus compost is over using into
farmlands and natural environment. Hitachi Zosen has developed a system for recycling surplus compost with
the aim of solving environmental problems in these regions. The system establishes a series of processes for
carbonizing compost with a self-recovering indirect heating system, which does not use fuel, and efficiently
separating the phosphorus accumulated on the grainy surface of the carbides to enhance phosphorus
concentration. Furthermore, succeed to produce SSP mixed with the recovered carbides and phosphate rock,
which met Japanese standards quality. And it was confirmed that the carbides were as effective as chemical and
organic fertilizer resources.
Materials and methods
This system consists of indirect heating kiln and secondary combustion chamber (SCC) and flue gas
treatment system. Compost was fed into the rotary kiln which was heated from outside. The heating media was
combustion gas made from pyrolysis gas and air at SCC. The gas temperature at the SCC was up to 800to
break organic compounds. There was no oxygen at the kiln inside. Feeding ratio of compost was 30kg/h and the
temperature of kiln inside was almost 400. This system was designed to self–sustained heating system. After
carbonization, the compost was converted to bio-char. Bio-char sample was mixed with phosphate rock to make
chemical fertilizer (SSP). The maximum ratio of bio-char contain was 40%(wt.). The mixture was soaked in
sulfuric acid (70%) and aged for two weeks. The mixture was analyzed followed by Japanese official analytical
method for fertilizer.
Results and discussion
Authors accomplished a running for self-recovering indirect heating system. Energy input was not required
for kiln heating but a pilot burner. The ratio of energy input of pilot burner was only 3%. Nearly all of the
Phosphorus present in compost from pig manure can be accumulated on the surface of the hydrothermally
prepared bio-char (Fig.1). The phosphorus concentration was 15% in bio-char (P2O5). Table 1 shows an analysis
result of SSP, which was made by phosphate rock and bio-char. All conditions were cleared for Japanese
standard of SSP. Bio-char has as a feature of highly solubility than phosphate rock. This means that phosphorus
in bio-char is easy to leach in the soil. These results suggest that the surplus compost will be converted into
valuable materials without fuel.
Table1 Solubilities of SSP and bio-char mixture
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Fig. 1 SEM and EPMA images of bio-char
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Abstracts 㸸 Ionic liquids (ILs) have been widely investigated for green chemistry applications such as reaction
and extraction media. Furthermore, there has been increasing interest in electrochemical applications of ILs,
mainly use as safer electrolytes1. Among them, perfluorinated IL anions are being introduced in many
electrochemical devices: lithium-ion batteries, polymer electrolyte membrane fuel cells, dye sensitized solar cells
and so forth, owing to their specific characters such as non-flammability, high thermal stability, wide
electrochemical windows, high ion conductivity, and low viscosity.
However, waste treatment techniques for the ILs have not been established. Although these chemicals can be
decomposed by incineration, this requires high temperatures because they consist of strong C–F bonds, and
hydrogen fluoride gas is formed, which can seriously damage the firebrick of an incinerator. In addition,
perfluorinated IL anions do not biodegrade under either aerobic or anaerobic conditions2, which indicates that
conventional microbial degradation process is not applicable for treatment of waste ILs.
If pefluorinated IL anions could be decomposed to F– ions by means of environmentally benign techniques,
the well-established protocol for the treatment of F – ions could be used: Ca2+ is added to the system to form CaF2,
which is a raw material for hydrofluoric acid. Thus, the development of such techniques would allow the
recycling of fluorine, the global demand for which is increasing.
In the present work, we examined the decomposition of typical perfluorinated IL anions such as
[(CF3SO2)2N]– (1) in subcritical and supercritical water, by use of oxidizing or reducing agents.
When 1 was reacted in subcritical water under argon at 344°C for 6 h without any additive, most (98.8%) of
the initial substrate remained after the reaction, reflecting the anion’s high thermal and chemical stability. In
contrast, when 1 was heated in the presence of zerovalent iron at the same condition, the F– yield increased to
69.0%, which is 186 times the yield without iron (Fig. 1).
80
Increasing the temperature and reaction time further
–
increased the F yield: when the reaction was performed in
70
supercritical water at 375°C for 18 h, the yield reached
F
60
76.8%. The decomposition of 1 was also accelerated by
50
use of FeO, which underwent in situ disproportionation at
higher temperature to form zerovalent iron that acted as the
40
real reducing agent. When 1 was reacted in the presence of
[(CF3SO2)2N] CF H
30
FeO at 378°C for 18 h, the F– yield reached 85.7%: the
3
CO2
highest value among tested. This result suggests that the
20
zerovalent iron that formed in situ reacted preferentially
10
with 1, as opposed to water.
0
LC/MS measurement of the reaction solutions detected
0
5
10
15
20
–
CF3SO2NH as a reaction intermediate, indicating that the
Reaction time / h
decomposition of 1 proceeded via N–S bond cleavage.
Fig. 1. Reaction-time dependence of
In the presentation, we also report the effect of other
[(CF3SO2)2N]– decomposition in the
additives and counter cation of 1.
presence of zerovalent iron in subcritical
water3.
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Abstracts 㸸
Some kinds of layered double hydroxides (LDHs) was synthesized to adsorb phosphorus ion or heavy metal ions
from aqueous solutions. The MgAl-NO3 was synthesized by 0.02 mol⋅L-1 Mg(NO3)2·6H2O and 0.01 mol⋅L-1
Al(NO3)3·9H2O with adding NaOH solution under a N2 atmosphere, and the MgMn-NO3 was also synthesized
likewise by using Mn(NO3)2·6H2O instead of Al(NO3)3·9H2O. Moreover, some hydrotalcite-like compounds
were intercalated with the chelating agents: ethylenediaminetetraacetic acid (EDTA) and N,N'-1,2-ethanediylbis1-aspartic acid (EDDS) to enhance the adsorption capacity of heavy metals. The structure and the surface
properties of LDHs were characterized by Scanning Electron Microscope (SEM), Fourier transform infrared
spectroscopy (FT-IR), powder X-ray diffraction (XRD), a physical adsorption analyzer (BET methods) and
chemical analysis. The specific surface area of LDHs intercalated with the chelating agent (i.e. EDTA or EDDS)
was larger than that of the original LDHs. Adsorption of phosphorus or heavy metals from aqueous solution onto
LDHs was investigated in a batch system. The amount of phosphorus or heavy metals adsorbed at different pH,
temperature, and the dosage of adsorbent was determined by absorption spectrophotometer or ICP-AES. The
adsorption behaviors of the MgAl-LDHs for Cu2+ and Pb2+ in aqueous were investigated by applying the
adsorption results to the Langmuir and Freundlich isotherms model, and the data were well fitted by Freundlich
model. Higher adsorption efficiency is obtained by intercalating chelating agent into LDHs. The results
suggested that some LDHs synthesized in this work could be suitable as sorbent materials for the removal of
phosphorus and heavy metal ions from aqueous solutions.

─ 281 ─

P-57
REMOVAL OF HEAVY METALS BY BIOSURFACTANTS APPLICATIONS
Shunsuke SEKIGUCHI1*, Lidi GAO2, Naoki KANO 1, Hiroshi IMAIZUMI1
1
Department of Chemistry and Chemical Engineering, Faculty of Engineering, Niigata University, 8050 Ikarashi
2-Nocho,Nishi-ku, Niigata City, Japan,950-2181
2
Graduate School of Science and Technology,. Niigata University, 8050 Ikarashi 2-Nocho,Nishi-ku, Niigata City,
Japan, 950-2181
Key word㸸
Bio-surfactant, Saponin, Sophorolipid, Silica, Hybrid Composite; Heavy metals, Adsorption
Abstracts 㸸
Removal of heavy metals such as Zn, Pb, Cd, Ni, Cr, Cu, Co, Mn and Fe from electroplating sludge was studied
with bio-surfactants (saponin and sophorolipid) by batch and column experiments. Moreover, hybrid composite
was prepared with sol-gel method by mixing silica and saponin. The hybrid composite was characterized using
SEM, XRD and BET methods. The effects of various factors such as different pH, temperature, contact time, and
the concentration of bio-surfactants were determined by ICP-MS or ICP-AES. Adsorption isotherms of heavy
metals such as Cr onto the hybrid composite as well as silica were carried out at varying initial concentrations
under optimized condition. The adsorption behaviors of the silica-saponin hybrid composite for Cr(VI) in
aqueous were investigated by applying the adsorption results to the Langmuir and Freundlich isotherms model.
The results indicate that nonionic saponin is more efficient than sophorolipid for the removal of heavy metals
from the electroplating sludge, and that saponin facilitates mobilization of metals selectively. The recovery
efficiency of heavy metals in leachates from the electroplate sludge was generally attained about 90%, and the
leaching behavior of bio-surfactant may be dependent on the characteristics of the metals and of the sludge. The
adsorption experimental data of Cr(VI) onto silica and the silica-saponin hybrid composite were well fitted by
the Langmuir isothermal adsorption equation, and the hybrid composite exhibited a higher adsorption capacity.
Saponin may be reused, and it can be a promising and cost-effective material for the removal of heavy metals
from sludge.
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Abstracts
Biological treatment system to remove pesticide residues in canals of lemon plantation consists of 2
technologies. The first technology is Bio-augmentation, the consortium containing about 10 6 cfu was
immobilized on each supporter as plastic media. The second one is bioreactor technology; a 900 liter aeration
reactor containing 1,800 immobilized plastic media was settled at the 20 rai of a lemon plantation in Rachaburi
Province. During the experiment, the residues of 18 kinds of pesticides such as organophosphate, carbamate,
fungicides, herbicides, insecticides, and others at the change in concentrations of 0.1 to 66.3 micrograms per liter
of contaminated water samples from ditches were analyzed. However, after this system was continuously
operated for 1.5 years, all types of the pesticide residues in organophosphate, carbamate, herbicides and
insecticides groups, was not detected. Moreover, the EC50 determined by Daphnia magna standard test OECD
202 increased from 3 percent to 100 percent indicating the safety of water in canal of lemon plantation to the
environment. These results indicate that this microbial consortium is capable of simultaneously degrading and
detoxify different types of pesticide and is useful for cleaning up pesticide contaminants on site.
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Abstract
La3+ substituted to M-type barium ferrite (BaM) powders were prepared by metal-organic complex
decomposition method. The trimetallic complexes were synthesized from iron(lll) nitrate, barium nitrate and
lanthanum(lll) nitrate as metal sources and triethanolamine as ligand. The obtained complexes were characterized
by FTIR and TGA. FTIR spectra confirmed the success of the formation of the complexes. From the TGA results,
the complexes were then calcined at 1200 oC for 2 h under ambient atmosphere to get BaM powders. The Ba 1xLaxFe12O19 (x=0.00, 0.03, 0.07, 0.10, 0.15, 0.20 and 0.25) powders were investigated by XRD, XRF, SEM and
VSM.. XRF proved the success of introduction of the La into barium ferrite lattice. SEM results revealed that the
hexagonal structure of BaM retained with all the substitution contents. Moreover, XRD patterns showed the
second phase of hematite and the VSM results showed that this impurity was responsible of the decreasing of
saturation magnetization and coercivity. Among all the prepared samples, Ba 0.9La0.1Fe12O19 powder showed the
highest magnetic properties and the good potential to prepare the hybrid composite materials with biodegradable
polymer as polybutylene succinate (PBS)
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ENVIRONMENTAL APPLICATION
Amornrat LERTWORASIRIKUL*, Boonnisa SUNGGAM, Saniwan SRITHONGKAM
Department of Materials Engineering, Faculty of Engineering, Kasetsart University,
50 Ngamwongwan Rd., Bangkok, THAILAND
Key word㸸Chitosan, Cyclodextrin, Carboxymethyl chitosan, Tosylchitosan, Waste water treatment
Abstracts 㸸
Chitosan (CTS) is a naturally occurring polysaccharide of which amino acid can trap transition metal ions. It is
a non-toxic and biodegradable material. Cyclodextrin (CD) is a compound produced from starch by means of
enzymatic conversion. It is able to form host-guest complexes with small molecules. Conjugation of
cyclodextrin onto chitosan chain is an alternative method to create a new material that can efficiently and
specifically trap metal ion or small molecules. Chitosan-Cyclodextrin (CTS-CD) is, therefore, expected to be
useful for wastewater treatment. In this research, chitosan is modified to be two reactive precursors, i.e.
tosylchitosan (TS-CTS) and carboxymethyl chitosan (CM-CTS). Cyclodextrin was then linked with these two
chitosan derivatives. The chemical structures of the modified polymers were confirmed by Fourier transform
infrared spectroscopy (FT-IR). TS-CTS and CM-CTS were connected with CD via ether and ester bonds,
respectively.
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Abstracts 㸸 Magnetic adsorbents for gold ions recovery were prepared by coating the Fe 3O4 magnetic
particles with mesoporous silica MCM-41. The formation of MCM-41 on Fe3O4 particles was achieved by
directly coating of MCM-41 on Fe3O4 particles. The materials exhibited high surface area (408.6 m2/g) and high
stability in acid solutions. The obtained materials were further functionalized with (3mercaptopropyl)trimethoxysilane and characterized by XRD and TGA. The magnetic adsorbents were used to
adsorb gold ions from solution and their adsorption efficiency was observed under the effect of different solution
pH. The magnetic adsorbents could adsorb gold ions from strong acidic solution (pH 1) with an adsorption
capacity of 47.5 mg/g, respectively. The recovery of gold ions from wastewater collected from a laboratory was
demonstrated. The adsorbents could be reused after the generation with acidic thiourea solution.
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SYNTHESIS OF ARYL ETHYNE DERIVATIVES AS MULTI-CHANNEL SENSORS
FOR CYANIDE
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Heteroditopic receptor, Cyanide sensor, Sonogashira coupling
A novel multi-channel ion receptor based on 1,4-unsymmetrically disubstituted diphenylacetylene incorporating
dipicolylamine (DPA) as cationic binding site and amidoferrocene units containing amide bond as anionic
binding site (receptor L) was successfully synthesized by Pd/Cu catalyzed Sonogashira coupling. This receptor
showed optical response to basic anions (F-, CN-, H2PO4-, OAc- and BzO-) displaying the enhancement of
emission spectra in 20% CH3CN/CH2Cl2. In the presence of Cu2+, the cobound [L-Cu2+] complex displayed
dual sensing properties which can recognize CN- optically and electrochemically. This complex can differentiate
F-, CN- and H2PO4- from OAc- and BzO- optically by exhibiting the enhancement of emission intensity which
gave higher emission intensity to CN - over F- and H2PO4-. In cyclic voltammetry studies, the complex can also
recognize CN- electrochemically by giving cathodic shift of reduction wave of Cu 2+/Cu+ couple and showing a
quasi-reversible of Fc/Fc+ couple. These results suggested that CN- formed coordinate bonds with the Cu 2+
center, and formed hydrogen bonding interactions with the amide unit.
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Abstracts : Water pollution by oil spills and organic pollutants has been noted as a major cause for
environmental pollution. Various methods such as emulsification and absorption have been widely used to treat
spilled oil on water. Recently, biodegradable gels have received more attention in environmental research areas.
Especially, amphiphilic gels containing both hydrophobic and hydrophilic segments are important for
environmental fields due to their unique properties such as swelling ability in polar and nonpolar solutions, and
excellent absorptivity. In this study, we proposed the preparation of biodegradable amphiphilic gels based on
crosslinking of backbone polymer by both of hydrophobic and hydrophilic polymers with biodegradable
moieties. As a crosslinking method, we applied Click chemistry because it is accepted as a convenient reaction
for coupling between two species in mild condition at room temperature. In order to introduce biodegradability
to crosslinkers, hydrophobic poly(butylene succinate) (PBS) and hydrophilic poly(ethylene glycol) (PEG)
terminated with diazide groups were synthsized via amind bonds. Finally, the gels were obtained by the
crosslinking of alkyno-poly(acrylic acid) backbone by PBS and PEG in dimethylformamide/dichloromethane
mixture solution for a homogeneous reaction. The crosslinking was confirmed by appearance of ester, amide,
and ether peaks and disappearance of azide peak in FT-IR spectra. The crosslinking density was estimated to be
20% by the char yields from thermogravimetric analyses. It was found that the gels swelled in both of oil and
water, indicating amphiphilic properties. The mixture solution of oil and water became homogeneous in the
presence of the gel. The gels swelled from 200 nm to 1000 nm with increase of the oil content in water.
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Abstracts
The aim of experiment is to utilize fine powder of bagasse ash (BA) from sugar industry to replace partly
cement clinkers. It is one of choices to solve the global warming by decreasing quantity of CO2 gas which is one
of greenhouse gases during processing of Portland cement. The appropriate percentages of BA to replace the
clinker and properties of cement mortar and pastes were studied. Initially, clinker powder was blended with BA
powder at 0 and 20 wt% and prepared as samples to be identified and compared with type I Portland cement
samples. It was analyzed the compressive strength for mortar cubes at curing times of 3, 28 and 90 days.
Chemical compositions and microstructures of cement mortar were examined by XRD and SEM. The results of
strength showed that at the curing times of 90 days, clinker replaced with 20% BA gave higher strength (42.74
MPa) than that with 0% BA (32.56 MPa) while strength of commercial cement was 44.34 MPa. The
microstructure of calcium silicate hydrate (C-S-H) phase, presumably, from the pozzolanic reaction convinced
by pozzolan, fine BA and in paste samples with BA was observed more clearly than that of commercial cement.
It was concluded that BA increased the compressive strength of mortar in late ages due to C-S-H formation.
Key word: agricultural waste, clinker, fine bagasse ash, C-S-H phase, compressive strength
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Abstract : Retinoic acid is the most potent natural retinoid. All-trans retinoic acid is a major metabolite of
vitamin A in vivo. The retinoids act by binding to retinoic acid receptors (RAR), and regulate proliferation,
apoptosis, differentiation, gut mucosal immunity, and cytokine production. If there are excess exogenous retinoic
acid analogues, these retinoids stimulate above metabolic events without regulation and occur abnormal events
including teratogenesis. Recently, retinoic acid analogue, 7-hydroxy retinoic acid was found as a retinoic acid
receptor (RAR) binding compound from cyanobacteria such as Spirulina and Microcystis sp. 7-hydroxy retinoic
acid showed the RAR agonistic activity, and might act as an ecotoxin in eutrophic habitats. In order to assess the
ecotoxicological effect of 7-hydroxy retinoic acid, the concentration of 7-hdroxy retinoic acid in water and
cyanobacterial cells should be monitored. We developed the method for determination of 7-hydroxy retinoic acid
using LC-MS/MS.
Cyanobacterial cells were suspended in MeOH and sonicated in an ultrasonication-bath, then the mixture was
centrifuged. The aliquot of the supernatant was diluted with H2O to 30 % MeOH. The mixture was passed
through OASIS MAX cartridge, then the cartridge was washed with H2O, MeOH, 1 % formic acid aqueous
solution. The cartridge was eluted with MeOH : formic acid (99 : 1). The eluate was diluted with H2O and
injected into LC-MS/MS. The column was ODS, and the solvents system was linear gradient of MeOH (25 to
95 %) in 0.1 % formic acid aqueous solution. The limits of quantitation for retinoic acid and 7-hydroxy retinoic
acid were pg level. Two Spirulina strains showed higher content of 7-hydroxy retinoic acid than Microcystis and
Planktothrix strains.
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In environmental analyses, to understand the environmental pollution by per- and polyfluoroalkyl substances
(PFASs), target analysis by liquid chromatography/mass spectrometry is commonly used. However, it is not
enough to carry out target analysis alone because PFASs are present in various chemical forms. Therefore
discovery of maker substances that can connect to the pollution source has been anticipated. High-resolution
mass spectrometry (HRMS) such as time-of-flight MS and Fourier-transform MS is just beginning to be applied
to the environmental science. Such mass spectrometers can provide accurate m/z values. The determination of
chemical structure is, however, difficult by using the accurate m/z values because numerous candidates of
structures are deduced. In the mass spectrometry of fluorinated compounds, its ionization and fragmentation are
very unique. For example, hydrogen fluoride (HF) elimination is specific to fluorinated compounds. If such
elimination occurs during MS analysis, plural ions with constant m/z intervals of 20.0062 can be found. The
number of ions with the constant m/z interval infers the partial structure and the elements included in the
molecule. Fluorinated compounds are different from common organic compounds in terms of the stability of
ions. This is useful to find branching in the fluorinated alkyl chain. Mass defect (decimal fraction of m/z value) is
also characteristic. The atomic mass of fluorine is 18.9984. Therefore if the molecule includes a lot of fluorine
atoms, the molecular mass has large mass defect. In addition, isotopolog (molecular species that differ only in
isotopic composition) ratio is necessary to consider the elements included in the molecule. Because fluorine
atom does not have stable isotope, the isotopolog pattern of ion species that include many fluorine atoms become
simple compared to that of common organic compounds. The partial structure of the molecule was first
determined by spectra of fragment ions. Then the whole structure was determined step-by-step. HRMS was
applied to discover unknown fluorinated compounds included in commercial products used in fiber protection
from stain. Many products included PFASs that had m/z more than 1000. Some of PFASs were structurally
determined. These PFASs have not been considered pollution source by environmental researchers. The results
of the present study suggest that the environmental burden of these PFASs should be reevaluated. HRMS is a
promising tool and can be applied for the detection and determination of previously unknown PFASs.
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Introduction
Polychlorinated biphenyls (PCBs) are so widespread in nature and in foods (including breast milk) that virtually
every child is at risk of exposure to measurable levels. Current methods for the analysis of PCBs in blood require
milliliter-volume samples. In addition, obtaining blood samples from children or toddlers is often difficult,
necessitating that the amount of blood needed for analysis be reduced. The advantages of using only a small
amount of blood include savings in time, cost, manpower, and solvent consumption. In this study, we developed
a method for quantitative PCB determination in humans that requires only 3 μL of blood.
Materials and methods
A 3-μL sample of blood was placed on a 3.2-mm circular filter paper using a “Microcap” glass capillary tube
and dried in air. After spiking isotope-labeled compounds as internal standards, formic acid was added and the
sample was digested with 300 μL of n-hexane-DCM (1:1, v/v) under sonication. The extract was then loaded
onto a column containing 0.2 g of 22% (w/w) H2SO4-impregnated silica gel and eluted with 1 mL of n-hexaneDCM (1:1, v/v). The eluate was concentrated to 20 μL and analyzed by high-resolution gas chromatography–
high-resolution mass spectrometry (HRGC-HRMS; Agilent 6890 series GC, Agilent-Autospec Ultima,
Micromass) in selected ion monitoring mode. HRMS was operated in electron impact ionization mode at a
resolution >10,000 (10% valley). A DB-5MS fused-silica HRGC column (15 m, 0.25-mm i.d., 0.1-μm film
thickness, J & W) was used for specific analysis of PCB congeners.
Results and discussion
For some predominant PCB congeners in tri- to hepta-CB homologues (#28, #52, #74, #66, #99, #101, #118,
#138, #146, #153, #156, #163, #164, #170, and #180), the results using the low-volume method correlated well
with those obtained using a conventional method that requires 2 mL of blood. The low-volume method is thus
applicable to biomonitoring of PCBs in humans.
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In this study, we developed an extensive and highly sensitive and selective method for determining
polychlorinated biphenyl (PCB) congeners using gas chromatography (GC) coupled with negative ion
chemical ionization (NICI) mass spectrometry in submilliliter samples of human serum and compared the
results with those obtained by GC-high resolution mass spectrometry analysis.
The instrumental detection limit (IDL) was defined as three times the standard deviation (SD) of five
replicate injection of a standard in low concentration (0.05 pg/PL). The IDLs and coefficient of variation
(CV) were below 0.005 pg/PL and 5%, respectively (Table 1).
Table 1. Instrument detection limits (IDLs) of polychlorinated biphenyl (PCB) isomers.
Isomer

2,4,4',5-TetraCB
2,3',4,4'-TetraCB
2,2',4,4',5-PentaCB
2,3',4,4',5-PentaCB
2,2',4,4',5,5'-HexaCB
2,3,3',4,4'-PentaCB
2,2',3,4,4',5'-HexaCB
2,2',3,4',5,5',6'-HeptaCB
2,2',3,4,4',5',6'-HeptaCB
2,3,3',4,4',5-HexaCB
2,2',3,4,4',5,5'-HeptaCB
2,2',3,3',4,4',5-HeptaCB

IUPAC No.

SJǍ/
䐟

SJǍ/
䐠

SJǍ/
䐡

SJǍ/
䐢

SJǍ/
䐣

SD

CV %
(n=5)

,'/
䠄SJǍ/䠅

#74
#66
#99
#118
#153
#105
#138
#187
#183
#156
#180
#170

0.051
0.051
0.051
0.050
0.051
0.050
0.050
0.050
0.049
0.050
0.051
0.049

0.051
0.049
0.051
0.049
0.050
0.050
0.051
0.051
0.051
0.050
0.050
0.050

0.049
0.050
0.049
0.050
0.050
0.051
0.049
0.050
0.051
0.051
0.051
0.050

0.049
0.049
0.048
0.049
0.049
0.048
0.049
0.050
0.049
0.049
0.050
0.050

0.051
0.051
0.052
0.051
0.051
0.050
0.050
0.049
0.050
0.051
0.049
0.051

0.0012
0.0010
0.0018
0.0009
0.0006
0.0011
0.0008
0.0007
0.0010
0.0009
0.0006
0.0008

2.4
2.1
3.6
1.7
1.2
2.2
1.6
1.5
2.1
1.7
1.2
1.7

0.004
0.003
0.005
0.003
0.002
0.003
0.002
0.002
0.003
0.003
0.002
0.003

Fig. 1 Comparison of negative ion chemical ionization method
and high-resolution electron impact method
Regression analysis of serum concentrations of each congener of the PCBs and total PCBs measured by
GC-NICI/MS and GC-HRMS methods showed significant correlations of CB153 (R2 = 0.9906) and total
PCBs (R2 = 0.9876) (Figure 1).
The use of GC-NICI/MS would help identify a wide range of PCB congeners in submilliliter samples of
human serum.
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Spider's threads, which are fibrous silk proteins, have characteristic properties both in strength and elasticity.
While the examination for industrialization by mimic spider silk has been challenged actively, the molecular
structure and functional mechanism of the silk protein is still under discussions. Therefore we applied
microscopic FT-IR spectroscopy to reveal the relationship between molecular structure and properties in natural
spider silk of oriental golden orb-web spider Nephila clavata.
Capture threads were gathered naturally from spider web kept in clean cover case.The CaF2 plate was used
for the measurement of infrared spectra of the spider’s thread.The measurements of
infrared spectra were performed by Spectrum One FT-IR spectrometer equipped with
microscope MCT detector. The Handy type UV lamp was used for exposure of UV light.
The Mettler-Toledo HS82 microscope hot-stage was carried out for temperature control.
Figure 1 shows the micrograph of capture thread of Nephila clavata on a CaF2 plate.
The silk fiber of capture thread is covered with composite material comprising micronsized viscoelastic droplets.
The IR spectra of the capture threads covered by viscid droplet (A), without viscid
droplet (B) and dragline (C) are represented in Figure 2. The feature at 1660 cm-1 and 1535
cm-1 are assignable to amide I and amide II bands of protein, while a broad band at 3300
cm-1 is attributed to water containing in the viscid droplets of spider’s thread, respectively.
In comparison with the spectra of (B) and (C), the characteristic feature near 3300 cm-1 Fig 1: The micrograph of
capture thread.
and region of 1400-1000 cm-1 in the spectrum of (A) are assignable due to viscid droplets.
Spectral change of the capture thread by UV exposure is shown in Figure 3. The band intensities due to the
viscid droplets are decreasing with regard to UV irradiation, indicating that structure of the viscid droplets has
changed by UV light. The similar band intensity change and decreasing of the shoulder band due to the β-sheet
structure of amide II are observed in the temperature change investigations, suggesting that the molecular
conformation of protein has denatured and structure of viscid droplets has altered by heating.
It is also demonstrated that microscopic FT-IR was powerful tool for study on structure mimicking of spider
silk molecular of droplets viscid and silk protein as well.

Fig 2: The infrared spectra of spider silks. (A) The capture thread
covered with discid droplet. (B) The capture thread without
viscid droplet. (C) The dragline.
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Fig 3: The infrared spectra of capture threadbefore (A)
and after (B) UV exposure.
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Abstractts 㸸
[Introduction] The purpose
p
of this study is too analyze and examine chaanges among female nursin
ng college
ovided by
students over the 15 years from 1999 to 201 3 regarding 1) how they perceive infformation pro
r
and dioxin issues.
municipaalities regardinng waste reducction, and 2) their awareneess on waste reduction
[Method
ds] Subjects of
o survey were female studdents ages 18 to 28 who atttended the K ccollege of nurrsing. The
was conductedd from July 1999 to July 22013 on a total of 1,256 subjects, 1,1222 of whom responded
r
survey w
(responsee rate: 89.3%
%). It was con
nducted durinng class unrellated to the survey,
s
the innvestigator viisiting the
classroom
m and distribuuting the quesstionnaires annd collecting the
t anonymou
us responses oon the spot. Ȥʹ-test was
conductedd to find the difference
d
amo
ong the years surveyed.
[Results and Discussion]
q
“Are you happyy with the wa
aste-sorting required
r
in thhe town in which
w
you
1. In respponse to the question,
live?, ” 445% of the stuudents respond
ded “yes” in 1999 while th
he points continued to grow
w annually unttil 94% of
the studennts answered “yes” in 2013
3. A significaant difference was found ev
very year in thhe percentages between
those studdents who respponded they were
w “happy” and those wh
ho responded, “not happy” ((p<0.0001, Fig
g. 1).
2. While 95% or moree of the studen
nts in 1999 haad "interest in
n dioxin issues, ” the interrest dropped every
e
year
was 71% in 20007, after whicch the percenntage of studen
nts who “had interest ” rem
mained around
d 70%. A
until it w
significannt difference was
w found ev
very year in thhe percentagees between tho
ose students w
who were “in
nterested ”
and thosee who were “nnot interested”” (p<0.0001, F
Fig.2).
3. In regaards to “the need
n
for reducing waste too curb dioxin
n emission, ” 90% or more of the students through
all the yeears from 19999 to 2013 felt that there waas a need. No significant difference was found every year
y in the
percentagges between thhose students who “felt the need” and tho
ose who “did not
n feel the neeed.”
In thiss research, wee found that female nursinng college stu
udents grew increasingly
i
hhappier in reccent years
regardingg waste-sortinng methods (Fig.1). Eachh year, more than 90% orr so of the sttudents felt that
t
waste
reductionn was needed to curb dioxin
n emission, buut their intereest in dioxin isssues has decrreased every year
y since
the 1999 survey, with only
o
70% of th
he students haaving any inteerest in dioxin issues from 22007 to 2013 (Fig.2).
(
s
we foun
nd that compaared to 15 yeaars ago when the
t survey on female nursin
ng college
[Conclussion] In this study,
students bbegan, the stuudents were sig
gnificantly haappier regardin
ng the waste-ssorting methoods and that in
nformation
provided by municipallities regarding
g waste-sortinng has slowly spread widely
y. 
und that intereest in dioxin issues decreased over the 15 years of th
he survey,
On thee other hand, while we fou
students ccontinued to highly supporrt the need too reduce wastee to curb diox
xin emission. We believe that
t
this is
due to thhe decreased awareness
a
among the publiic regarding dioxin
d
issues. We found, hoowever, that in
i spite of
fading aw
wareness reggarding dioxin
n issues, studdents continu
ued to feel the
t need to curb dioxin emission.
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2,3,7,8-TETRACHLORODIBENZO-P-DIOXIN IN BREAST MILK INCREASES
AUTISTIC TRAITS OF 3-YEAR-OLD CHILDREN IN VIETNAM
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Abstracts : Dioxin levels in the breast milk of mothers residing near a contaminated former airbase in
Vietnam remain much higher than in unsprayed areas. The present study investigated the association of
perinatal dioxin exposure with autistic traits in 153 3-year-old children living a contaminated area in
Vietnam. The children were followed from birth using neurodevelopmental battery Bayley-III. The high2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) groups (TCDD ≥ 3.5 pg/g lipid) showed significantly higher
Autism Spectrum Rating Scales (ASRS) scores, total score and DSM-IV-TR score, for both boys and girls
than the mild exposure groups (<3.5 pg/g lipid), without differences in neurodevelopmental scores. In
contrast, the high total dioxin exposure group, indicated by polychlorinated dibenzo-p-dioxins/furans
(PCDDs/Fs) - the toxic equivalents (TEQ) levels, (TEQ-PCDDs/Fs ≥ 17.6 pg-TEQ/g lipid) had significantly
lower neurodevelopmental scores than the mild exposure group ( <17.6 pg-TEQ/g lipid) in boys, but no
difference in ASRS scores. The present study demonstrates a specific impact of perinatal TCDD on
autistic traits in childhood, which is different from the neurotoxicity of total dioxins, PCDDs/Fs.
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MULTIPLE BIOSENSOR FOR ENVIRONMENTAL ANALYSIS
DIOXIN, PCB, AGENT ORANGE, SURFACTANT, EXPLOSIVES
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Introduction㸸
Recently, several rapid and precise bioassays for analysis traces of endocrine disrupters have been standardized
as official methods in Japan. In particular, an automated flow immunosensor using an antibody, based on the
commercially available KinExA® (Kinetic Exclusion Assay), is enabled to carry out highly accurate analysis by
reducing human errors, to obtain analytical values in just a few minutes.
The multi-sensor with several antibodies could be applied to the analysis of various chemicals easily, such as
DL-PCB (coplanar PCB), Agent Orange (D48), surfactants (LAS), and explosives (TNT).
Materials and methods 㸸
1. Reagent and Instrument
Reagents Anti dioxin antibody, anti PCB antibodies and anti TNT antibody are
developed by Kyoto Electronics Manufacturing Co., Ltd. (KEM), and hybridoma with
D48 antibody was given from Food and Drug Safety Center. Anti LAS antibody were
purchased from Wako.
Pretreatment device
SZ-DXN-PT010 (Seeds Tec Co., Ltd.) for PCB and D48, SPD-600 (KEM) for Dioxin.
Measurement device
Flow Immunosensor DXS-610 (KEM)
Results and Discussion 㸸
Measurement system using multiple antibodies and DXS-610 has achieved rapid analysis with high sensitivity
and reproducibility. It is apply the sensor to on-site analysis in contaminated field under the conditions of simple
movable laboratory. The future, it is expected to bring benefits to the Asian countries that try to solve the
problem of environmental pollution.
Measuring object

Target Chemicals

Detection limit*
(ng/mL)

Detection limit
in samples**

Criterion value
(Japan)

Dioxin in 䡂lue gas
in fly ash
in bottom ash

2,3,4,7,8-PeCDF
(F114)

0.022

0.032ng-TEQ/m3N
0.038 ng-TEQ/g
0.037 ng-TEQ/g

5 ng-TEQ/ m3N
3 ng-TEQ/g
3ng-TEQ/g

0.27

0.07 mg/kg

0.30

䠉

䠉
1000 pg-TEQ/g

PCB in insulating oil
DL-PCB in working
environment

Kanechlor mix
(KCmix)
3,3',4,4',5-PeCB
(PCB126)

0.5 mg/kg

Agent orange in soil

2,3,7,8-TeCDD
(D48)

0.016

51.6 pg-TEQ/g

Explosive material

Trinitrotoluene
(TNT)

26

䠉

0.1 mg/m3

Linear Alkylbenzene㻌
Sulfonate (LAS)

4.5

0.05 mg/L

0.5 mg/L

Surfactant
in wastewater

* Final concentration of standard reagent
** Pr : Amount of preparation sample volume, EL: Amount of elution volume, M : Max optimum volume of sample
Flue gas : Pr;1 m3N , EL; 0.9mL (DMSO), M;200μL(20-fold dilution)(Factor=1.488)
Fly ash : Pr;1g, EL; 0.9mL (DMSO), M;200μL(20-fold dilution) (Factor=1.221)
Bottom ash : Pr;1g , EL; 0.9mL (DMSO), M;200μL(20-fold dilution) (Factor=1.267)
PCB in insulating oil : Pr; 25mg, EL; 0.25mL (DMSO), M;60μL(50-fold dilution) (Factor=1.44)
Agent orange in soil : Pr;1.25g, EL; 0.2mL(DMSO) , M;200μL(20-fold dilution) (Factor=1)
Surfactant in wastewater : Pr;9mL, EL;10mL(10% methanol solution), M;400μL(10-fold dilution) (Factor=1)
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Abstracts㸸Several Asian countries are facing growing environmental pressure due to the rapid economic
development and urbanization that has occurred over the last two decades. Consequently, the volume of various
type of waste has increased at a high rate, and its disposal has had a great impact on the environment and on
public health. Although incineration offers many advantages, such as significant volume and mass reduction, it
results in a certain amount of secondary pollution due to the release of compounds, such as heavy metals,
polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs). These PCDD/Fs, socalled dioxins, are produced as unintentional by-products, and enter the environment via incineration, thermal
processes and chemical manufacture. In addition, PCDD/Fs and dioxin-like polychlorinated biphenyls (DLPCBs) are widely distributed contaminants which are both persistent and bio-accumulative, and can induce
various toxic responses including immunotoxicity and carcinogenicity, as well as having adverse effects on
reproduction, development, and endocrine functions via the aryl hydrocarbon receptor (AhR). A better
understanding of the levels and distribution of these compounds will allow more appropriate measures to be
employed in reducing their emission. The “gold standard” chromatographic technique based on high-resolution
gas chromatography/high-resolution mass spectrometry (HRGC-HRMS) has been extensively used for the
determination of 17 PCDD/Fs and 12 DL-PCBs. The measured values of 17 PCDD/Fs and 12 DL-PCBs are
individually multiplied by a toxicity equivalency factor (TEF) and totaled to give the international toxicity
equivalent (I-TEQ) values. This method provides reliable data including the concentration of each of the 29
congeners in the test samples. However, it also requires expensive equipment and highly trained analysts, whilst
the sample preparation procedures are time-consuming and costly. In particular, this method might be less than
useful when rapid data on PCDD/Fs and DL-PCBs from a large set of test samples is required. For this reason,
the development of a rapid and inexpensive screening method for PCDD/Fs remains a high priority, particularly
in developing countries with limited resources. Thus, there is a definite need to develop faster and more costeffective bioassay methods for the determination of PCDD/Fs. Reporter gene assays using hepatocarcinoma cells,
which express the AhR gene and luciferase reporter gene containing the dioxin-responsive element (DRE), are
applicable to the detection of dioxin-like compounds based on their activation of AhR. Recently, we have
developed a new, sensitive and rapid reporter gene assay (DR-cell assay) using a genetically engineered stable
cell line, designated DR-EcoScreen cells1). The minimal detection limit of 2,3,7,8-tetrachlorodibenzo-p-dioxin in
this DR-cell assay is 0.1 pM, with little variance observed in the data (within CV 10%). As well as high
sensitivity, the DR-cell assay has unique advantages compared to other bioassays. As the DR-EcoScreen cells
display very strong luminescence intensity and can be measured using a long-lived luciferase substrate, a
bioassay using these cells does not require well-washing or medium changes during the procedure. Thus, the
DR-cell assay is compatible with high-throughput automation and can reduce the overall workload in a
laboratory. In this study, we applied a bioassay system using highly sensitive DR-EcoScreen cells to the
determination of PCDD/Fs and DL-PCBs in flue gas samples from incinerators, in ambient air samples and in
fish and shellfish samples. The PCDD/Fs and DL-PCBs from these samples were extracted, purified by a
cleanup procedure, and applied to both DR-cell assay and HRGC-HRMS analysis. Interestingly, the I-TEQ
values obtained from the DR-cell assay were closely correlated with those from the HRGC-HRMS analysis2-4).
These results clearly suggest that the DR-cell assay might be a promising method for the rapid and low-cost
screening of PCDD/Fs and DL-PCBs in environmental and food samples.
References㸸
1) Takeuchi, S. et al., Chemosphere, 74, 155-165 (2008)
2) Anezaki, K. et al., Environ. Sci. Technol., 43, 7478-7483 (2009)
3) Kojima, H. et al., Chemosphere, 83, 753-759 (2011)
4) Zhou, Z. et al., Chemosphere, 102, 24-30 (2014)
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METHOD –
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Abstracts 
Immunoassay is very simple and powerful method to detect the target molecules in several hours in clinical
diagnosis. We have attempted to utilize the immunoassay to detect POPs in the environmental field. Dieldrin and
heptachlor used as pesticides were widely spread in the soil and make the problem in agriculture. The cucurbits
take up these compounds in the soil and those fruits are contaminated. To avoid the production of contaminated
cucurbits, it is very important to evaluate the soil before the cultivation. We are developing the simplified
method to analyze the soil using immunoassay to detect dieldrin and heptachlor.
Several specific monoclonal antibodies (MAbs) were obtained from mice immunized with three different kinds
of hapten-protein conjugates. MAb DrA05, DrB03, DrC02 showed different selectivity pattern against
cyclodiene compounds (dieldrin, heptachlor, cis-heptachlor epoxide) and using these MAbs in ELISA 0.1ng/ml
of compounds could be detected within 2 hours.
Sample preparation method was also developed. Phytoavailable cyclodiene compounds in soil with 50%
methanol/water were extracted effectively using Ultrasonic Apparatus (10°C, 40KHz, 30min). The extracts were
directly applied on the graphite carbon column and washed with 50% Methanol/water, and finally purified
cyclodiene compounds were eluted with methanol within 30min.
This soil evaluation method consists of three steps (extraction, purification, ELISA) was very simple and the
results could be obtained within 3 hours.
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Abstracts 㸸We developed a quantitative immunoassay for acrylamide. Acrylamide is a chemical compound
with the chemical formula C3H5NO. It is considered a potential occupational carcinogen and toxic effects on the
nervous system. Additionally, it has been found to occur in many cooked starchy foods. The Codex Alimentarius
Commission adopted ‘CODE OF PRACTICE FOR THE REDUCTION OF ACRYLAMIDE IN FOODS’
(CAC/RCP 67-2009). This code of practice intends to provide national and local authorities manufacturers and
other relevant bodies with guidance to prevent and reduce formation of acrylamide. The measurement of
acrylamide is mainly done by instrumental analysis such as liquid chromatography-mass spectrometry (LC-MS),
liquid chromatography-mass spectrometry- mass spectrometry(LC-MS-MS), gas chromatography-mass
spectrometry (GC-MS). Additionally, these instrumental analysis needs an expert and is difficult to analysis
many samples at the same time. In the other hand, enzyme immunoassay can analyze many samples at the same
time. So, we tried to establish the enzyme immunoassay for acrylamide.
Acrylamide’s molecular weight is only 71.08. Generally, it is very difficult to get an antibody and to develop the
sandwiches enzyme immunoassay for small molecular. So, we synthesized a kind of derivative and immunized
that derivative then we got an antibody. Using that antibody, we established a competitive enzyme immunoassay.
The limit of detection of this immunoassay was 0.9ng/mL. The measuring range were 3ng/mL to 200ng/mL. The
cross reactivity of structural analogues were that acrylonitrile was 1.4%, methacrylamide was 0.7%, acrylic acid,
maleic acid and maleamic acid were under 0.04%. The correlation coefficient between the measured value by
instrumental analysis and by ELISA were 0.98 to 0.99 (R2 value). This method can measure 24 samples at the
same time and finish within 4.5 hours. Finally, we developed simple and easy analysis for acrylamide using
enzyme immunoassay. Now we attempt to increase the sensitivity of this method and to use for environmental
chemistry.
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Abstracts 㸸Food allergy represents a growing public health concern in modern society as its fatal hazard and
remarkable increase of sufferers, especially in baby and infant. Because of no medication for food allergy has
been established, merely effective way to protect the allergic individual is the complete avoidance of the
hazardous allergenic food by the allergic individual. Consequently, the food allergen labeling regulation, which
helps the allergic individual to examine the incorporated hazardous food allergen in the product by the label, has
been enforced in many countries.
In Japan, Food allergen labeling regulation was enforced in 2002. Given the enforcement, the analysis of
food allergen becomes significant in food allergen management with respect to monitor the food allergen level in
food production and to ensure the food allergen contents in final products. Morinaga Institute of Biological
science (MIOBS) has involved food allergen analysis since 2002, and developed the novel analytical method to
detect food allergen in highly processed food, which was hardly analyzed before. MIOBS’s method is adopted as
the official food allergen analysis method in Japan, and supports the food allergen management and labeling
regulation.
In Thailand, significant Thai food manufacturers, especially who export their products to Japan, EU and USA
have already practiced food allergen management for their products due to the requests from the foreign
customer. we confirmed that the food allergy has become the emerging food safety issue in Thailand, and have
the confidence that our technology shall contribute to Thai society with respect to protect the domestic food
allergic individual and to increase the reliability of export Thai food products. So, we established Morinaga Bioscience (MBST) and transferred MIOBS’s knowledge and technology to Thailand. At present, MBST can
produce the food allergen analysis kits as same performance as MIOBS. And we attempt to expand the target
field not only food safety but other field for example environmental chemistry.
This activity was the outcome with the support of Ministry of Agriculture, Fishery and Forestry.
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The present study attempted to elucidate the residue levels and patterns of polychlorinated biphenyls (PCBs) and
hydroxylated-PCBs (OH-PCBs) in the livers of Baikal seals, and to assess the potential effects of PCBs
metabolism in this species, using an integrative approach of combining chemical analysis of thyroid hormones
levels, gene expression monitoring and biochemical assays.
Concentrations of total PCBs were in the ranges of 126–2830 ng g-1 (median: 365 ng g-1) for males and 56–
764 ng g-1 (median: 158 ng g-1) for females. The concentration of PCBs for male was significantly higher than
that of female (p < 0.05), indicating transfer of these PCBs from mother to pup via placenta and milk.
Concentrations of total OH-PCBs in Baikal seals livers were in the ranges of 950–6060 pg g-1 (median: 1900 pg
g-1) for males and 460–4790 pg g-1 (median: 1550 pg g-1) for females. The concentration of OH-PCBs did not
show the significant difference between males and females (p > 0.05). Among all the identified OH-PCB
isomers in the liver, ƍ2+-CB101/12 ZDV GRPLQDQW IROORZHG E\ ƍ2+-CB138, 4OH-CB134, 3OH-CB153,
4OH-CB97, 4OH-CB146, 4OH-CB163 and 4OH-CB187 in that decreasing orders. Penta- through hepta-OHPCB congeners were 80% to total OH-PCBs in Baikal seals livers, indicating Baikal seals are mostly risked by
higher-chlorinated OH-PCBs.
Expression levels of CYP1s genes showed significant positive correlations with concentrations of each OHPCB congeners in the liver of Baikal seals, indicating chronic induction of these CYP isozymes by PCBs
exposure. In addition, microarray assessment showed that the chronic exposure to PCBs and the metabolites may
alter the hepatic transcript levels of genes related to oxidative stress, iron ion homeostasis and inflammatory
responses. These results indicated that OH-PCBs exposure might have potential repercussion to the repairing of
injury, inflammation and infection. In addition, concentrations of OH-PCBs showed significant negative
correlations with thyroxin (T4), triiodothyronine (T3) and ratio of T3/reverse T3 (rT3). These relationships suggest
that PCBs triggered the alteration in 5ƍ-deiodinase activities by the stimulated production of liver injury.
Results imply that in the liver of Baikal seals, in which high levels of OH-PCBs were measured, increase of
rT3 level is enhanced by the inflammation of liver, and decrease of T4 level that is derived from increase of rT3
level may consecutively take place.
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Introduction
Polychlorinated biphenyls (PCBs), which are known as one of the persistent organic pollutants, adversely
influence many animals through the food chain due to their high stability and liposolubility. Among PCBs,
3,3',4,4',5-pentachlorobiphenyl (CB126) has the highest dioxin-like toxicity, and 2,3',4,4',5-pentachlorobiphenyl
(CB118) contaminates in the environment at the highest concentration. In contrast, there are some reports that
several mammalian cytochrome P450 (CYP, P450) monooxygenases, which are known as a major Phase Ϩ
enzyme in drug metabolism, metabolize PCBs to hydroxylated metabolites. For examples, rat CYP1A1
metabolizes CB126 to 4-OH-3,3',4',5-tetrachlorobiphenyl and 4-OH-3,3',4',5,5'-pentachlorobiphenyl1. In this
study, we attempted to metabolize CB118 by rat and human P450 species and clarify structural basis of their
metabolisms.
Materials & Methods
CB118 was incubated in the microsomal fractions of recombinant insect cells expressing human or rat P450
gene. After extraction of the metabolites, metabolites were detected by a high resolution gas chromatography /
high resolution mass spectrometry. And, metabolites were identified and quantified. By comparison with the
presence or absence of NADPH addition and vector control, the metabolism of CB118 by each P450 species was
evaluated. Next, 3D structures of human CYP2B6, rat CYP1A1, and rat CYP2B1 were constructed by homology
modeling method and were compared with their metabolizing activities.
Results & Discussion
It was found that CYP1A and CYP2B metabolized CB118 to two hydroxylated metabolites, respectively. The
amount of metabolites was different between CYP1A and CYP2B. The docking models of CB118 and P450s
revealed that orientation of CB118 in the substrate binding pocket of P450s is important for their metabolizing
activities. There are two types of hydroxylated metabolites and dechlorinated hydroxylated metabolites
generated by P450s. It is believed to reduce the toxicity of dioxin-like PCBs, by dechlorinated hydroxylation.
However, as compared with the hydroxylation, the amount of dechlorinated metabolites is very small generally.
This is probably because it is easier to occur hydroxylation than dechlorinated hydroxylation. Clarification of
structural basis on the mechanism of PCB metabolism by P450s will lead to precise toxicity evaluation and
efficient remediation toward PCBs.
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Introduction
Persistent organic pollutants (POPs) are carbon-based organic chemical substances, and once released into the
environment, they remain for a long term because of their chemical stability and high lipophilicity. Generally,
lipophilic compounds including POPs are not transported into plant xylem via roots. However, recent studies
reported that members of Cucurbitaceae family such as pumpkins, cucumber, and particularly zucchini,
Cucurbita pepo L., accumulated higher levels of POPs such as dieldrin1, polychlorinated dibenzo-p-dioxins, and
polychlorinated biphenyls (PCBs)2 as compared with other plant species. Moreover, in each cultivar of C. pepo,
there were significant differences in dioxin and PCB concentrations in their aerial parts, while the concentrations
in their roots were similar 3. These results strongly suggest that translocation of POPs from roots to aerial parts
differs between high and low accumulators. In the previous study, the amount of 17-kDa proteins in higher
accumulators was larger than that in lower accumulators in their xylem sap 4. These proteins showed a similarity
to a major latex-like protein (MLP). The functions of MLPs have not been clarified yet, but there is a possibility
that MLPs are critical factors to translocate from roots to aerial parts by forming complex with POPs.
In this study, we evaluate the PCB-binding activities of MLPs in xylem sap and recombinant MLPs and revealed
dynamic of MLPs from roots to aerial parts in C. pepo.
Materials and Methods
The total proteins in roots and xylem sap from two cultivars of C. pepo, low and high accumulators of POPs,
were subjected to SDS-PAGE, and silver staining or western blot analyses by anti-MLP antibodies. And then,
the PCB-binding magnetic beads were incubated with recombinant MLPs or proteins from xylem sap of C. pepo
cultivars. After extensive washing, bound proteins were eluted by heat, and the eluates were subjected to SDSPAGE, and silver staining or western blot analyses.
Results and Discussion
Between low and high accumulators, the amounts of MLPs in their roots were almost the same. Although MLPs
accounted for a large portion of total proteins in xylem sap of high accumulator, MLPs in low accumulators were
scarcely detected. Another finding was that there were the PCB-binding activities of MLPs in xylem sap and
recombinant MLPs. These results suggest that a high accumulator of POPs has a specific mechanism to
translocation of a MLP-PCB complex from roots to vessels, and finally it leads a high level of accumulation of
POPs. MLPs, which can bind PCB, must be the crucial factors to accumulate POPs. This study could contribute
to develop technology to remove contamination from soil efficiently.
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Abstract
Persistent Organic Pollutants (POPs), such as polychlorinated biphenyls(PCBs), organochlorine
pesticides (OCPs), polybrominated diphenyl ethers (PBDEs), and dioxin-like compounds have been reported
that they are transferred from mothers to fetuses. Recent studies have reported that the transfer rates of these
compounds generally ranged from 0.1 and 1. It is possible that higher chlorinated compounds with larger
molecular weight are transferred less to fetuses comparing to lower chlorinated compounds with smaller
molecular weight. However, correlation between the maternal–fetal transfer rate and physico-chemical
properties of these compounds is not well understood.
In this study, we determined the maternal transfer rate of each compound and the primary factors of the
rate that influence physico-chemical properties of PCBs, OCPs, PBDEs, and dioxin-like compounds by
quantitative structure-property relationship (QSPR) modeling. The maternal transfer rates of these compounds
were determined from concentrations of maternal blood (MB) and umbilical cord blood (CB). Associations of
the rates and physico-chemical properties of these compounds were investigated by using a stepwise generalized
linear regression model (GLM) and random forest regression model.
The biodegradation half-life, logBAF, logBCF, logKow, and water solubility of the compounds were
drawn from the Estimation Program Interface (EPI) Suite (United States Environmental Protection Agency,
Washington, DC, USA). Quantum chemical descriptors were obtained by semiempirical PM6 methods contained
in MOPAC 2009 version 9.03CS implemented in ChemBioOffiice 2013 (Cambridge Soft Corporation, Waltham,
MA USA).
The results of the GLM model showed that dioxin-like compounds (Yes = 1, No = 0) (Estimate: -0.329,
p = 0.00214) and molecular weight (Estimate: -0.00167, p = 0.0104) were negatively associated strongly with
maternal–fetal transfer rate. The variance inflation factor (VIF) values of explanatory variables were less than 10,
which indicated that multicollinearity in the GLM was rejected.
These results clearly indicated that fetuses were exposed to these compounds in womb and that the
transfer rates of these compounds decreased as molecular weight increased. Transfer rates of dioxin-like
compounds were significantly lower than the other compounds (Yes = 1, No = 0) (Estimate: -0.329, p =
0.00214). It was found that the aryl hydrocarbon receptor (AhR) protein was expressed in human placenta,
which indicated that dioxin-like compounds might be binding to AhR protein and trapped in the human placenta,
resulted in slow transfer to fetuses.
The results of the random forest regression model showed that the predictive accuracy of physicochemical model (EPI suite) and chemical structure model (MOPAC) were significant (R2  0.57) and that
molecular weight, the toxic equivalency factor for dioxin-like compounds for humans, and most positive atomic
charge on an atom were important factors in these models.
Both models indicated that it was possible that the organohalogen compounds with higher molecular
weight had a tendency to be trapped and stay longer in human placenta if it is dioxin-like compounds. However,
the above analyses had limitations such as small sample size and less variety of organohalogen compounds
investigated. More comprehensive surveys using larger sample set and variety of organohalogen compounds are
thus required to elucidate maternal–fetal transfer rates.
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Abstracts 㸸Widely used flame retardant, decabrominated diphenyl ether (BDE-209), has health effects. In this
study, its effect on renal function after subacute exposure were evaluated.
Adult male Wistar rats were assigned to five groups and exposed orally to BDE-209 at doses 31.25-500 mg/kg/day
for 28 days. Animals’ serum samples were examined by spectrophotometric method on RocheCobas6000 to
determine creatinine and urea concentrations.
A dose-response relationship for both parameters has been confirmed using PROAST software. Associated
Benchmark doses (BMDs) of 10% and its lower confidence limits (BMDLs) derived from the fitted models were
29.7 and 0.52 mg BDE-209 /kg bw, 25 and 0 mg BDE-209 /kg bw for creatinine and urea, respectively. The
BMD/BMDL ratios above 10 indicate more information is needed to derive a health-based guidance value. Results
indicate that BDE-209 may affect kidney filtering capacity.
Work was partly supported by the Ministry of Education, Science and Technology Development, Serbia
(projectIII46009).
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Abstracts㸸 Perfluorocarboxylic acids (PFCAs), including perfluorooctanoic acid (PFOA), are commonly used
as surfactant processing aids in the production of fluoropolymers, coatings for clothing fabrics, upholstery and
carpets, and paper products approved for food contact. PFCAs are composed of a carbon backbone (typically
ranging from C-4 to C-16 in length), full substitution of hydrogen by fluorine, and a functional group (carboxylic
acid). These chemicals are stable and persistent in the environment; both wildlife and humans have measurable
amounts in their tissues. PFOA is a member of a large class of structurally heterogeneous pharmaceutical and
industrial chemicals known as peroxisome proliferator chemicals (PPCs). In the livers of mice and rats, PPC
exposure results in a predictable set of responses which include increased expression of fatty acid E-oxidation
genes, hepatocyte peroxisome proliferation, hepatomegaly, hepatocyte hypertrophy and hyperplasia, and
increased incidence of liver tumors1). For a number of PPCs, these responses are abolished in peroxisome
proliferator-activated receptor D (PPARD)-null mice. Therefore, PFOA is speculated to mediate induction of
hepatomegaly and liver tumor through PPARD2). However, recent studies have reported that PFOA increases the
expression of marker genes for other nuclear receptors, such as constitutive androstane receptor (CAR)3). In
addition, it has been also reported that the activation of several nuclear receptors, such as pregnane X receptor
(PXR), CAR, PPARD, and arylhydrocarbon receptor (AhR), is involved in chemical-induced hepatomegaly. In
this study, we characterized and compared the agonistic activities of hepatomegaly-inducing PFOA and its
related compounds (other PFCAs) against human and mouse PXR, CAR, PPARD and AhR using reporter gene
assays. In a subsequent study, we also investigated the relationships among the expression of liver CYP4A10
(the target of PPARD activators) and CYP2B10 (the target of CAR activators) genes, and hepatomegaly in mice
intraperitoneally treated with four PFCAs (from C-7 to C-10 in length). As a result, among eleven PFCAs with
linear alkyl chains ranging in length from C-4 to C-16 tested, PFOA (C-8) showed the most potent agonistic
activity in both the hPPARD and mPPARD assays. The activities decreased in a stepwise manner as the alkyl
chain was shortened to C-4 or lengthened to C-16. These compounds activated mPPARD at lower concentrations
than they did hPPARD. On the other hand, none of these PFCAs showed agonistic activities against PXR, CAR,
or AhR in the human and mouse assays. Quantitative RT-PCR analysis revealed that PFCAs increased the
expression of liver CYP4A10 and CYP2B10 genes, which corresponded with induction of hepatomegaly. As
CAR can be activated through not only a ligand-dependent mechanism but also a dephosphorylation-related
mechanism4), PFCAs may activate CAR in the latter mechanism. Taken together, these results suggest that
several PFCAs, including PFOA, possess hPPARD and mPPARD agonistic activity, and that their activation of
PPARD and CAR may be involved in the induction of hepatomegaly and liver tumors in rodents.
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Abstract㧦
㧦Chemicals known as perfluoroalkyl and polyfluoroalkyl substances (PFASs) do not occur naturally,
but because of wide use in chemical production since the 1950s, they can be found in the environment. Currently,
the two most persistent and toxic PFASs are perfluorooctanoic acid (PFOA, C7F15COOH) and perfluorooctane
sulfonic acid (PFOS, C8F17SO3H). PFOS including the form of salts and its precursor, perfluorooctane sulfonyl
fluoride, are classified as persistent organic pollutant (POPs) according to Stockholm Convention on POPs. A
number of studies have reported the ubiquitous distribution of PFASs in wildlife and humans [1-3] and thus it is
important to determine mammalian and microbial metabolisms of PFOS and PFOA with cytochrome P450
(CYP) monooxygenases to understand distribution and impact of PFASs on human and wildlife. In the
detoxification of xenobiotics, P450 enzymes play important physiological roles. For example, CYP1A1 proteins
can metabolize some dioxins and PCBs by hydroxylation, but the activities of human and rat CYP1A1 proteins
are very different. Recently it has been demonstrated [4] that rat CYP1A1 metabolized 3,3',4,4',5pentachlorobiphenyl
(PCB126)
into
4-OH-3,3',4',5-tetrachlorobiphenyl
and
4-OH-3,3',4',5,5'pentachlorobiphenyl, but human CYP1A1 did not metabolize. Furthermore, indigenous microorganisms are a
key for biotransformation and biodegradation of organic molecules such as xenobiotics, PCBs and pesticides as
well as oil hydrocarbons [5-7]. Possible mechanisms of aerobic microbial biotransformation/biodegradation of
fluorinated organic compounds in the polluted environment may include catalysis by fungal or bacterial CYP
monooxygenases.
In order to determine behavior and metabolism of PFOS, PFOA and 8:2 FTOH, in vitro oxidation experiments of
PFASs with rat and human CYP monooxygenases were conducted. Herbicide chlortoluron was used as positive
control for CYP binding. Furthermore, indigenous microbial consortium was enriched and isolated from the
environment polluted by PFASs. In vitro interaction of PFASs and total microbial CYP were also analyzed.
These results give an insight in similarities and differences between mammalian and microbial metabolisms of
PFOS, PFOA and 8:2 FTOH with CYP monooxygenases, and how ubiquitous presence of PFASs in the
environment and biota affects on the metabolism.
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Abstract㧦
㧦Perfluoroalkyl and polyfluoroalkyl substances (PFASs) are manmade chemicals that can be found in
the environment because of their wide use in chemical production since the 1950s. Their unique properties such
as surface activity, water and oil repellency, thermal and acid resistance made them popular for usage in many
industrial processes such as in protective coatings for textiles, carpets, leather, food containers, wiring
insulations for telecommunications. PFASs are components of many important consumer products such firefighting foams, surfactants in cosmetics, electronics and medicals [1].
The focus of this study was to confirm biotransformation of PFASs by the action of microbial community
isolated from locations known for long term pollution with PFOS and PFOA. Microorganisms that inhabiting
polluted environment are already naturally adapted to higher concentrations of pollutant chemicals. For some of
those microorganisms we can expect that they can degrade some particular pollutant. For example, the microbial
community from PFOA-polluted site is expected to biotransform/biodegrade PFOA. For the isolation of
microbial consortia, sediment samples from Saitama (PFOS polluted) and Osaka (PFOA polluted) were used.
Two microbial communities were enriched and isolated from each sample. Total bacteria were enriched using
Bushnell Haas medium with glucose and Malt extract broth was used for enrichment of yeast and molds. In both
media, PFOS and PFOA were respectively added to Saitama and Osaka samples to stimulate the growth of
zymogenous microorganisms and to inhibit the growth of microorganisms sensitive to PFASs.
There are two main mechanisms for microbial biotransformation/biodegradation of any organic substance: use as
only carbon and energy source, and cometabolism. When the substance is used as only carbon and energy source,
the microorganisms can synthesize all the cellular materials and obtain all the energy necessary for growth using
only that substance plus, nitrogen, phosphorus and oxygen as external electron acceptor under aerobic conditions.
Most oil hydrocarbons are used in this way. However, when a substance is used in a cometabolism, as a growth
substrate, a primary carbon source is needed, and organic substance or xenobiotic used for cometabolism is
oxidized or reduced in an unintentional and coincidental process [2]. It is considered that cometabolic process is
not beneficial to the microorganisms directly. Cometabolism may result in compounds that have changed
polarity compared to the precursor compound. Furthermore, ecotoxicity and toxicity of precursor compounds
can be changed after cometabolic activity of microorganisms.
Bacterial and Yeast microbial consortia were incubated with PFOS and PFOA in biotic tests. After
centrifugation, the solution was loaded to Solid Phase Extraction cartridge (Presep PFC-II, Wako Pure Chemical
Industries) preconditioned with 10mL of 0.1% methanolic ammonia, 10mL of methanol, 15 mL of Milli-Q water.
For elution of the target compounds, 0.1% methanolic ammonia was used. The eluted solution was concentrated
to 1mL under nitrogen stream and analyzed by LC-MS/MS. Abiotic tests were used as a control. Although there
have been many reports on biodegradation of crude oil and POPs chemicals, only a small number of studies had
focused on the biotransformation of PFASs with microorganisms isolated from polluted environment [3]. Our
study suggests that microbial community isolated from environment polluted with PFOS and PFOA is a source
of microorganisms who can conduct biotransformation of these emerging contaminants.
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Abstracts 㸸Organophosphate and carbamate pesticides have been widely used among farmers for crop protection
and pest control. Inhibition of acetylcholinesterase (AChE) in red blood cells and butyrylcholinesterase (BChE)
in plasma are the predominant toxic effect of organophosphate and carbamate pesticides. Mae Taeng District,
Chiang Mai province is one of the large areas of growing vegetables and fruits in Chiang Mai province. Due to
their regular exposure to organophosphate and carbamate pesticides, the farmers were inevitably facing a
considerable health risk. The present study objective was to examine the AChE and BChE activity levels in blood
of 102 farmers including 13 non-pesticide used (NP) and 99 pesticide used (PU). Blood samples were collected
from April - May, 2014. A total of 102 farmers joined the study, representing 76 males (74.5%) and 26 females
(25.5%). Age of most farmers ranged between 40 - 60 years old. Out of 102, 33 farmers (32.4%) used
organophosphate and carbamate pesticides and sprayed by themselves 6 months before blood collection. The
results showed AChE and BChE activity levels of all farmers were 3.27 ± 0.84 and 2.15 ± 0.58 Unit/mL,
respectively. The AChE and BChE activity levels in males were 3.28 ± 0.86 and 2.05 ± 0.55Unit/mL, females
were 3.27 ± 0.82 and 2.44 ± 0.56 Unit/mL, respectively. The cholinesterase activity levels in farmer’s blood had
no significant difference between males and females. The BChE activity level was significantly correlated with
self-spray (p<0.05), which implicates that the BChE activity decreased when they sprayed by themselves. The
cholinesterase activity levels of the present study were lower than other studies which may indicate some chronic
effect of exposure to anticholinesterase pesticides. Thus decreasing of pesticides used together with raising
awareness of pesticide impact on health and monitoring blood cholinesterase are recommending.
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Abstract
Incense smoke is a potential human health hazard due to various airborne carcinogens emitted from incense
burning. This study aimed to evaluate the potential health effects of exposure to benzene, 1,3-butadiene, and
polycyclic aromatic hydrocarbons (PAHs) emitted from incense smoke in temple workers. Results showed that
incense burning generates relatively high levels of these pollutants inside the temples. Temple workers exposed
to a significant higher exposure to these carcinogenic compounds than control groups (P<0.001). Biomarkers of
exposure to benzene (blood benzene and urinary t,t-muconic acid), 1,3-butadiene (urinary monohydroxybutenyl
mercapturic acid) and PAHs (urinary 1-hydroxypyrene) were all significantly higher in temple workers. A
significant increase in DNA damage (measured as 8-OHdG and DNA strand breaks) and significant decrease in
DNA repair capacity were observed in temple workers (P<0.01). Therefore, exposure to carcinogens emitted
from incense burning may increase health risk for the development of cancer in temple workers.
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Abstracts
Nonylphenol (NP) is widely used in industrial, agricultural, and household applications such as detergents,
emulsifiers, dispersing and antistatic agents, and solubilizers (Langford and Lester 2002). But, a large amount of
NP is discharged into sewage treatment plants and directly into the aquatic environment. It was reported that NP
has isomers over 170. In addition, the toxicity varies with structure of NP. NP has toxic, carcinogenic, and
histopathological effects on various organisms (Haifeng Qian et al., 2011). Recently, the adverse effects of NP
on aquatic organisms have been documented (Staples et al. 2004). The toxicity of 4-NP isomers is extreme in NP
isomers.
Algae are primary producer in the aquatic ecosystem, which provide food and oxygen by photosynthesis for
invertebrate, fish, and etc(Haiheng Qian et al., 2011). So, base of ecological chain is held by algae. However, in
aquatic pollution by chemicals, biological concentration of the toxicant starts from algae. But, toxicity assay of
4-NP isomers on algae isn’t reported. Heretofore, toxicity assay on algae is being revealed by growth inhibit test
(TG-201). And, this assay has 72~96 hours. But, it has big cost and long time to the point of finish. So, it would
be very difficult, if screening of many chemicals by TG-201 is conducted.
Now, luminescence inhibition assay on green algae is being focused as alternative to TG-201. This assay utilizes
delayed fluorescence emitted by green algae. It has simple and rapid process compared to TG-201, and
completes within 24 hours. Therefore, we conducted toxicity evaluation of 4-Nonylphenol isomers with
luminescence inhibition assay on green algae Pseudokirchneriella subcapitata.
In this study, we predicted 4-Nonylphenol isomers EC50 of 19 types by luminescence inhibition assay on
Pseudokirchneriella subcapitata. The 19 types had the predicted EC50 in the range 0.376 - ヴ3mg/L. From this
result, it was revealed that the 19 types have different toxicity. In addition, 4-n-NP had extreme toxicity in the 19
types which is straight chain. The㻌 decay curve of 4-n-NP is indicated to Fig.1. We discussed about inhibition
action of photosynthesis on 4-n-NP on Pseudokirchneriella subcapitata. Decay curve on 4-n-NP indicated
similar trend the decay curve on herbicide such as simazine and diuron. It was reported that simazine and diuron
inhibit electron transport at initial process in photosystemϩ. In addition, the decrease of signal after 24h
exposure to 1μg/mL and 3μg/mL NP was confirmed. This phenomenon indicates death of Pseudokirchneriella
subcapitata in samples. From this study, it is revealed that 4-n-NP has similar effect with herbicide. Moreover,
high level 4-n-NP induces growth inhibition on Pseudokirchneriella subcapitata.

Fig.1 The change of decay curve by NP concentration ; incubation time 0h(left),24h(right)
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Introduction: Fish are exposed to many kinds of environmental stressors and the chances of succumbing to infectious
diseases may increase a result [1-3]. Therefore, it is important to elucidate the features and mechanisms by which
environmental stress can influence fitness at both molecular and organismal levels, in order to improve the production
and health of cultured fish. Recently, in the course of studies on fish fitness in response to a stressor, it was found that
severe environmental thermal stress affects the redox state of coho salmon [4]. Also, oxytetracycline (OTC) has been
used as an antibiotic for almost all bacterial diseases in cultured fish, but excessive doses of OTC are known to cause
side effects in fish and can have negative effects on their environment [5]. However, little is known about the effects of
OTC as a stressor on fish fitness. The present study examined antioxidative capacity in response to an excessive dose of
dietary OTC in coho salmon (Oncorhynchus kisutch), one of the most valued species used in aquaculture.
Materials and Methods: Fish (mean body weight 273 g) received OTC orally (100 mg/kg body weight/day) for 2
weeks. This administration level of OTC is twice as high as the officially recommended dose. Total glutathione
(tGSH) levels were determined by a glutathione reductase-recycling method [4]. Total antioxidative activity was
determined by the oxygen radical absorbance capacity (ORAC) method [6], and ORAC activity was assayed using
2,2’-Azobis (2-amidinopropane) dihydrochloride (AAPH) with fluorescein as oxidizable probe, and expressed as
ȝmoles of Trolox equivalents (TE) per g of wet weight or mL of plasma.
Results and Discussion: Fish have both enzymatic and non-enzymatic antioxidative defense systems against
reactive oxygen species (ROS)-related damage [7]. Reduced GSH, the major nonprotein cellular thiol, is one of
the major regulators of the intracellular redox state and plays an important role in the non-enzymatic defense
system [7]. In this study, the tGSH levels in the liver of OTC-fed fish were 4-fold higher than those in control fish;
and double the control levels in muscle, gill, and stomach. Plasma tGSH levels in OTC-fed fish were also higher
than those in control fish. Significant elevations in the levels of tGSH in several tissues suggested enhanced
synthesis and transport of GSH from the liver. The liver is known to be the major source of GSH in vertebrates [8].
Chemically induced stress can increase the metabolic turnover of GSH due to consumption from scavenging ROS
generated by stress. However, these phenomena are different from tGSH levels of both liver and plasma in OTC
fed rainbow trout and rats [5,9]. The ORAC assay method is very sensitive and has been accepted as a tool for
antioxidative assessment and as a method for standardizing nutritional supplements [10,11]. In this method,
AAPH is used as a source of peroxyl radicals (ROOy) which is known to be the most abundant ROS in vivo.
Therefore, the ORAC value should be relevant to biological systems. In this study, ORAC activities in the liver,
muscle, and stomach were found to be decreased by OTC administration but ORAC activities in the plasma and
gill were similar in both OTC-fed and control fish. The present study established for the first time that dietary
OTC can reduce the total antioxidative capacity expressed as the ORAC value in coho salmon. No mortalities
were observed in both control and OTC-fed groups. The percentage of liver to body weight (hepatosomatic index;
HSI) and plasma alanine aminotransferase (GPT) activity of the group fed a diet containing OTC was also
observed to be significantly higher than those of the control group in this study. Hence, excessive doses of OTC
fed to coho salmon induce oxidative stress, which might enhance oxidation in the body and result in damage to
tissues, especially in the liver. Similar phenomena have been observed in both OTC fed rainbow trout and rats
[5,9]. Antioxidants could play a critical role in the tolerance of different organisms to oxidative stress, so the
possible beneficial effects of antioxidative supplements in fish subjected to chemically induced oxidative stress
should be determined [2,5,12,13]. The present results also suggest that tissue-specific damage caused by OTC
might already exist in fish. Further investigation is required to elucidate the relationship between the use of
chemical treatments, such as OTC, and the fitness of cultured fish [14].
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This study was supported in part by a Grant-in-Aid for scientific Research (JSPS KAKENHI #23580277) to TN.
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Introduction
Air pollution can cause fading of dyed fabrics. Specifically, the fading effects of oxides of nitrogen have
received attention, because they are emitted from many sources such as motor vehicles, factories in urban areas,
cooking, and heating facilities in the domestic environment. Oxides of nitrogen in cigarette smoke also have the
potential to induce fading in some closed environments. Blue ribbon dyed with Disperse Blue 3 (ISO 105-G01
and G04) has been supplied by the American Association of Textile Chemists and Colorists (AATCC) as a
standard for evaluating fading caused by exposure to different concentrations of oxides of nitrogen. On the other
hand, in Japan, blue ribbon is dyed with Disperse Blue 56 (JIS L 0855) instead of Disperse Blue 3, because the
chemical nature of Disperse Blue 3 is associated with some human health risks. Recently, the AATCC reported
their examination of Disperse Violet 1 as a candidate dye for a new revised ribbon.
In this report, the characteristics of blue ribbon fading were investigated on exposure to oxides of nitrogen to
elucidate the fading nature of these dyestuffs, including the time dependency of fading.
Materials and methods
1. Specimens
Blue ribbons of Japan Industrial Standard (JIS), Disperse Blue 56 and AATCC, Lot 20, Disperse Blue 3 were
used in the experiments. In addition, blue ribbon dyed with Disperse Violet 1 was obtained by two methods, in
the firstit was prepared as a trial specimen dyed in our laboratory, and in the other it was distributed as a round
robin specimen by AATCC. Commonly, the substrate used in this experiment is cellulose acetate.
2. Exposure
Specimens were exposed simultaneously to oxides of nitrogen produced by the chemical reaction of sodium
nitrite and sulfuric acid solutions according to the procedure described in ISO 105-G01 and G04. Two sets of
specimens were selected for the experiments. The first set consisted of JIS, Disperse Blue 56; AATCC, Lot 20,
Disperse Blue 3; and a trial specimen dyed with Disperse Violet 1 in our laboratory. The second set consisted of
JIS, Disperse Blue 56; AATCC, Lot 20, Disperse Blue 3; and an AATCC round robin Disperse Violet 1
specimen.
3. Grading of color change
The gray scale (JIS L 0804, ISO 105-A02) was used to assess changes in specimen color. Grading at every 1/2
of an integer scale on the gray scale is given in ordinary judgments, and this method used for the second set of
specimens. But for the first set of specimens, grading at every 1/4 of an integer scale on the gray scale was
applied.
Results and discussion
Figure 1 shows the gray scale evaluation results with increasing exposure time to oxides of nitrogen for the first
set of specimens (ribbons dyed with JIS, Disperse Blue 56; AATCC, Disperse Blue 3; and a trial specimen of
Disperse Violet 1). The AATCC Disperse Blue 3 specimen showed moderate fading. On the other hand, the JIS,
Disperse Blue 56 specimen showed better fastness to fading, but the Disperse Violet 1 trial specimen showed the
less fastness on exposure to oxides of nitrogen. For all the specimens, the fading characteristics against time
seem to exhibit a curved, and not a linear relationship.
Figure 2 shows the fading results for the AATCC round robin Disperse Violet 1 specimen compared with the JIS,
Disperse Blue 56 specimen on the basis of standard fading of the currently used AATCC, Disperse Blue 3
specimen. The exposure was stopped when fading of the AATCC, Disperse Blue 3 specimen reached the
AATCC designated standard for fading. From the results in both figures it seems that Disperse Blue 3 is the
most suitable dye for a standard ribbon among those tested in this study. Notably, Disperse Blue 3 was used in a
former standard ribbon as the Japan Industrial Standard. The currently used JIS ribbon was shown to have more
stable fastness. The AATCC-proposed Disperse Violet 1 dye was shown to have very low fastness. Thus
judging the standard fading in real time during an experiment would be difficult.
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Conclusion
As alternatives to Disperse Blue 3, the former JIS and the current AATCC standard, Disperse Blue 56 and
Disperse Violet 1 were examined on exposure to oxides of nitrogen. The results indicate that Disperse Blue 56
may be more appropriate than Disperse Violet 1, because Disperse Blue 56 fading was moderate whereas
Disperse Violet 1 faded too rapidly.
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Abstracts 㸸Recent life style-related diseases may be due to disturbances in higher function of brain such as
dysregulation of neuroimmune cross talk or neuroinflammation. Previously, our laboratory has demonstrated
that maternal exposure to phthalates enhances a murine model of atopic dermatitis in male offspring. However, it
has not been studied yet whether phthalates exposure affects neuroimmune biomarkers in the allergic mice. Di(2-ethylhexyl) phthalate (DEHP) is a one of the environmental chemicals and commonly used as a plasticizer.
The present study was designed to investigate the expression levels of neuroimmune biomarkers in the
hypothalamus of a murine model of allergic asthma after phthalate exposure through childhood to adulthood.
Six-week-old C3H/HeJ Jcl male mice were purchased from Charles River Japan (Osaka, Japan). DEHP (0, 0.02,
0.4 or 8 nmol/mouse) was administered by intratracheal instillation once per week for seven weeks. To make a
murine model of allergic asthma, ovalbumin (OVA; 1μg/mouse) was administered by intratracheal instillation
biweekly for seven weeks. Twenty four hour after the final exposure, we collected the hypothalamus from all the
mice to detect mRNA expressions of neuroimmune biomarkers using real-time RT-PCR analysis. To determine
the general toxicity, we measured the body and brain weights of mice at the time of sampling and found that no
significant difference was observed among the control and the DEHP-treated groups. To confirm the allergic
response in our animal model, we examinedthe cellular profile in the bronchoalveolar fluid. OVA exposure
significantly induced the infiltration of neutrophils, eosinophils and monocytes into the lung; however, no
significant effects of DEHP was observed. These findings indicate that an allergic response occurred in the
present mouse model. The mRNA expression levels of proinflammatory cytokines interleukin (IL)-1 E, tumor
necrosis factor (TNF)-D, chemokine CCL3, transcription factor nuclear factor (NF)-NB, oxidative stress marker
heme-oxygenase (HO)1, nerve growth factor and microglia marker Iba1 were remarkably up-regulated in the
hypothalamus of mice treated with 8 nmol DEHP in the presence of allergen. Our findings indicate that DEHP
affect the hypothalamic neuroimmune biomarkers in allergic mice. We suggest that DEHP exposure during brain
maturation period might trigger neuroinflammation via NFNB-IL-1E/TNF-Dpathway and the up-regulation of
these cytokines might signal neuronal and non-neuronal cells, including microglia, through an NFNB-dependent
and/or NFNB-independent mechanisms to produce neurotrophic factors. This is the first study and show that high
dose DEHP exposure throughout childhood to adulthood may induce neuroinflammation by modulating
neuroimmune biomarkers in the hypothalamus in allergic mice.
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Abstract
Various studies have demonstrated the estrogenic effects of BPA (bisphenol A) in in vitro and in vivo assays;
however, limited data are available on the estrogenic potentials and risks of bisphenol analogs (BPs) in aquatic
organisms. The objective of this study was to evaluate the potential estrogenic effects of BPs on the medaka
(Oryzias latipes) using in vivo and in silico assays. Quantitative real-time polymerase chain reaction analyses
revealed that the expression levels of hepatic estrogen-responsive biomarker genes, vitellogenins, choriogenins,
and estrogen receptor Į (ERĮ), responded to various concentrations of BPs in a dose–response manner. The
order of in vivo estrogenic potencies of BPs was as follows: BPC § BPAF > BPB > BPA >>> BPP. This is the
first in vivo report of the estrogenic potentials of BPs, such as BPAF and BPC. To further investigate the
interaction potential of BPs on medaka ERĮ in silico, a three-dimensional model of the ERĮ ligand-binding
domain (LBD) was built and docking simulations were performed. The docking simulation analysis revealed that
the BPC interaction potential for the medaka ERĮ LBD was most potent, followed by BPAF and BPA. A
comparison with the common carp (Cyprinus carpio, BPA insensitive species) ERĮ LBD revealed that the
interaction energies of these BPs to the carp ERĮ LBD were much higher than those to the medaka ERĮ LBD.
Furthermore, we identified the key amino acid residues in the medaka ERĮ LBD that interacted with BPC
(Glu356, Arg397, and Cys533), BPAF (Thr350 and Glu356), and BPA (Glu356 and Met424); we also found
differences in the key amino acid residues between the medaka and carp ERĮ LBDs.
In conclusion, this is the first report of the estrogenic potential of BPs, such as BPAF and BPC, in vivo and in
silico. The expression of hepatic estrogen-responsive genes, such as Vtgs and Chgs, in males was potently
upregulated by exposure to BPAF and BPC. Overall, the in vivo estrogenic potency of the BPs tested in this
study was as follows: BPC § BPAF > BPB > BPA >>> BPP. An in silico docking simulation analysis revealed
that BPAF and BPC acted as potent agonists for the medaka and carp ERĮ LBDs. The results also indicate that
the differences in interaction energies and key amino acid residues between medaka and carp ERĮ may be
involved in the species-specific differences of interactions with BPA, BPAF, and BPC. Our in silico analyses
may be useful to predict the potential estrogenic effects of environmental chemicals and interspecies differences
in ligand–ERĮ interactions. This approach may be applicable not only for medaka/carp ERĮ LBDs but also for
other species of teleost fish.

─ 319 ─

P-93
TRANSESTERIFICATION CATALYSIS OF COCONUT OIL BY LIPASE
Lan TRAN Thi Be1*, Hoa PHAN Ngoc2
Can Tho University, Can tho City, Vietnam; 2Division of Food Technology, HCM University of Technology,
Ho Chi Minh City, Vietnam. E-mail address: ttblan26@gmail.com
1

Key word: Transesterification, biodiesel, coconut oil, lipase enzymes.
Abstracts㸸The objective of this study is to determine biocatalysis of the coconut oil’s transesterication
reaction with ethanol using commercially puried free Candida rugosa (LCR) and Porcine pancreas (LPP)
lipase. Evaluating the key conditions parameters affects lipase activity and stability bases on identing
ester index and yield. The better condition has achieved when ester index and yield of LCR and LPP
catalyzing are respectively 7.03 (mg KOH/g) and 0.81% at 35°C, phosphate buffer pH 7, stirring 250
(ring/min), 6 h and 6.01 (mg KOH/g), 0.73% in 35°C, the borate buffer pH 9.0, stirring 200 (ring/min), 5 h.
Conversion in the better condition of reaction is identified to base on GC/FID analysed method. Results
show that conversion of LCR catalyzing is 0.77% better than LPP catalyzing is 0.43%. These observations
show that free lipase enzymes perform catalyzes transesterification of coconut oil.
INTRODUCTION
Biodiesel is produced by transesterification of mixture of free fatty
acid (FFA) and triacylglyceride with alcohol catalyzed by acid or base
(chemical catalysis), or lipase enzyme (biocatalysis). Lipase catalysis
is more predominant properties than chemical catalysis such as: faster,
reducing the cost, not hazardous and environmentally friendly (Funda
et al., 2007). The object of this study is to investigate bio-catalyzing
capacity of Candida rugosa lipase enzyme (LCR) và Porcine
pancreas lipase enzyme (LPP) free form of commercial products for
tranesterification of Vietnamese coconut oil with ethanol.

ag
pH
bg

0.15
7.0
2.0

z rpm
t1°C
t2 h

0.20
9.0
2.5

250
35
6

200
35
5

Ester indexes are 7.03 and 6.01 appropriately as shown in Figure 2.

EXPERIMENTS

Coconut oil (mg) was mixed well with a g lipase (1,5% w/w) with
b g appropriate buffer and then ethanol 98,0° was dropped, ethanol to
oil molar ratio was chosen as x:y. The mixture was kept at temperature
t1°C and at stirring z rpm. After t2 hours (h), the organic phase was
removed by centrifugation at 3500 rpm (Wei et al., 2004; Julio et al.,
2007 and Hong-yan et al., 2009). The ethyl ester contents of reaction
mixture were measured on determination of ester index (Ha Duyen Tu,
2009). Parameters: weight of oil (mg), weight of lipase (a g), pH,
weight of buffer (b g), molar ratio (x:y), stirring (z rpm), temperature
(t1°C), time (t2 h) need to be investigate in this study. Data analysis:
ANOVA software. Place: HCM University of Technology, HCM City,
Vietnam. Finally, Based on AOAC 2010 (969.33), the components of
products are analyzed by GC/FID (Le Thi Thanh Huong, 2011) at Hai
Dang chromatography Ltd. HCM city.
RESULT AND DISCUSSION
A. Effect of the hydrolysis of coconut oil by LCR and LPP
Olive oil is standard substance (Ha Duyen Tu, 2009), coconut oil is
the main substance for this study with IA = 5.9 mg KOH/g Ĭ 2.1%
FFA, phosphate buffer pH 7 (LCR), borate buffer pH 9 (LPP) and
temperature 40°C. The result showed that activity of LCR is better
than that of LPP and these activities of LCR and LPP reduce gradually
as shown in Figure 1.

Figure 2. Biodiesel of catalyzing LCR (EC) and LPP (EP)
Analyzing biodiesel product

C.

TABLE II.

Ethyl ester
Octanoic acid, ethyl ester
Decanoic acid, ethyl ester
Dodecanoic acid, ethyl ester
Tetradecanoic acid, ethyl ester

TABLE III.
Numbe
Acid
r of
carbon
Caproic
6:00
Caprylic
8:00
Capric
10:00
Lauric
12:00
Myristic
14:00

COMPONENTS OF BIODIESEL

LCR (%)
0.335
0.140
0.268
0.028

LPP (%)
0.119
0.056
0.181
0.070

COMPONENTS OF COCONUT OIL ARE ANALYZED BY GC/MS

%
acid

%
ester

Acid

0.7
8.7
6.9
50.8
17.8

0.78
9.47
7.41
54.02
18.79

Palmitic
Stearic
Oleic
Linoleic
Linolenic

Numbe
r of
carbon
16:00
18:00
18:01
18:02
18:03

%
acid

%
ester

7.5
2.6
4.2
0.6
0

7.87
2.72
4.39
0.63
0.00

CONCLUSIONS
The present study demonstrates that free lipase enzymes are able to
catalyze the transesterication of coconut oil with ethanol to produce
ethyl esters and use method of measurement on ester index to identify
product.
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B. Conditions parameters of enzymatic production of biodiesel
Hydrolysis: activity of LCR is better than that of LPP. However,
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Catalysis
Parameters
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Abstract: Aflatoxin is the most frequently contaminant found in agricultural product such as peanut. Aflatoxin
B1 (AFB1), a major contributor of total aflatoxin, is a known as human carcinogen. This study aimed to
determine aflatoxin level (B1, B2, G1, and G2) of peanut products. LC-MS/MS analysis of aflatoxins was
carried out in peanuts from Indonesia (67 samples) and Thailand (32 samples). Peanut sauce has the highest
aflatoxin levels compared to the raw peanuts and cooked peanuts. The concentration of peanut sauce established
more than 2 fold higher than the raw peanuts. This condition attributed in increasing cancer risk. The probable
daily intake (PDIM) of AFB1 from peanut products was estimated to be 0.78 ng kg b.w. day-1 for Indonesian and
0.57 ng kg b.w. day-1 for Thai. Based on the mean dietary exposure level to AFB1, cancer risk was estimated at
0.030 cases/100,000 person/year for Indonesian and 0.019 cases/100,000 person/year for Thai.
Keywords: Aflatoxins; AFB1; peanuts; cancer risk; exposure
Introduction
Aflatoxin are a hazard in some agricultural products that produced by Aspergillus section Flavi, such as A. flavus
and A. parasiticus1. These fungi is perfectly grows at an optimal range of temperature 28-33°C and at the water
activity of about 0.83-0.97. Aflatoxins has been classified into four typed based on fluorescent and chemistry
structure include aflatoxin B1, B2, G1, and G2. AFB1 is the most frequently found in plant substrate, including
corn, peanuts, cotton seed and tree nuts. Peanuts and corn has been reported as the major contaminated products
in almost all countries, especially in the form of raw peanut, which has become global issue 2. The occurrence of
aflatoxins influenced by certain environmental factor, such as geographic condition, agricultural and agronomic
practice, fungal invasion during pre-harvest, storage treatment, and processing periods3.
The presence of aflatoxins in agricultural products is serious public health concern worldwide, particularly in
developing countries. Its metabolites can cause an array of acute and chronic human health effect. Based on
previous studies, in 1993, International Agency for Research on Cancer (IARC) has classified AFB1 into class
1A human carcinogen4. The conversion of AFB1 to a reactive metabolite (aflatoxin-8,9-epoxide) by cytochrome
P450 can produced DNA adduct that lead to p53 tumor suppressor gene mutation in the liver. These condition will
increase the risk of chronic liver/cirrhosis and hepatocellular carcinoma (HCC) for long term exposure 5. HCC
risk multiplicatively higher for individuals exposed both aflatoxins and chronic infection due to hepatitis B virus
(HBV)6,7,8. The highest consumption of alcohol also can contribute to these potential risk 9,10 FAO has been
reported that epidemiological studies in Africa and South East Asia supported a positive correlation between the
logarithm of aflatoxin ingestion and the occurrence of human primary liver cancer11.
The World Health Organization (WHO) recommends an integrated control of aflatoxin in the human diet12.
Currently, Indonesian13 and Thailand14 authorities has a maximum tolerable level (MTL) of 20 μg·kg-1 for total
afaltoxin (B1+B2+G1+G2) in food products. Raw peanut and its products are frequently contaminated with
aflatoxins. It has to be considered as high risk agricultural commodity. However, peanut products are staple in
Indonesian and Thai population. They consumed either unprocessed or processed peanuts. The most popular
peanut product is peanut sauce mixed with chili. It serves with variety of dishes. In Indonesia it serves with
pecel, gado-gado, ketoprak and sate. In Thailand it served with thai pork satay: moo ping. Limited study
performed the contamination all types of aflatoxin from peanuts and its product especially peanut sauce. We use
highly technology performed by LC/MS-MS which give undoubtedly confirmed and quantitative results as well
as qualitative analysis of wide range of molecules at trace levels. The aim of this study was to investigate the
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occurence of aflatoxins B1, B2, G1, and G2 from raw peanut and its product commonly consumed in general
population both Indonesian and Thai and estimate cancer risk of its dietary exposure.
Materials and methods
Sampling
A total of 99 peanut and its product samples were collected between April and July 2014. From its total samples,
67 samples from Indonesia and 32 samples from Thailand. The samples was classified into three groups included
raw peanuts; cooked peanuts (roasted peanuts and ground candy made from peanut); and peanut sauce. These
samples were collected randomly and purchased from supermarkets, shops, and traditional markets in different
city of both these countries. The sampling unit was made up by original closed packages of at least 100 g.
Samples were identified, including data on the manufacturer and expired date. Peanut and it product samples
were stored in their respective packages and kept at refrigerate (0-4oC) before analyzed to prevent microbial
activity and chemical reaction.
Sample extraction and aflatoxins analysis
Analysis of aflatoxins was performed by high performance liquid chromatography tandem mass
spectrophotometry (LC-MS/MS). Twenty-five gram amount of each samples were ground and homogenized in
stainless blender jar with 5g NaCl. Ground samples were mixed with 125ml methanol:water (70:30) and blended
at high speed for 2 minutes. Cover was removed from the jar and its extract was poured into fluted filter paper.
The filtrate was collected into clean vessel, then 15 ml filter extract was poured into another new clean vessel.
Thirty mililiter of ultra-pure water (Milli-Q) were added to the extract, and the homogenized mixture was
filtered through a 1.5μm micro-fibre filter. An aliquot (15 ml) was passed through the VICAM AflaTest
immunoaffinity column (Vicam, Watertown, MA, USA) at the flow rate of about 1-2 drop/s. Then washed by
ultra-pure water (10ml x 2) at the flow rate of about 2 drops/s until air comes through the column to remove
remaining water. The immunoaffinity column consisted of a gel monoclonal antibodies specific for aflatoxins
(B1, B2, G1, and G2) and covalently bound to a solid support. Filtrate that contained aflatoxins was passed
through this gel suspension and were bound with active antibodies. These aflatoxins was directed eluted from the
column with 1 ml HPLC grade methanol (Merck) at the flow rate of 1 drop/s. The elution was collected in a
glass cuvette and 1 ml water were added. The new elution was filtered by nylon syringe filter (0.2μm) into vial
as final extract. The extract should be protected from light or direct UV rays since aflatoxins easily to degrade by
these light.
Forty μl of final extract was injected into a LC-MS/MS system (Agilent 1100 series: degasser, binary pump,
ALS) equipped with Micromass® Quattro micro™ MS/MS detector (positive ESI with multiple reaction
monitoring). The eluent passed through a C18 column (3 mm x 250 mm, 5μm particle size, ZORBAX SB,
Agilent) with control temperature 40oC was used. The isocratic mobile phase consisted of methanol:10 mM
ammonium acetate (40:60, v/v) with the flow rate was set at 0.2 ml·min-1. Quantification of aflatoxins was
performed by measuring peak areas at their retention times and by comparing them with their relevant standard
calibration curves. Calibration curves were prepared using standard mix aflatoxin solutions (B1+B2+G1+G2) in
the ranges of 0.1 to 100 ng/ml. Aflatoxin B1, B2, G1, and G2 has retention times nearly 12.5; 9.5; 7.5; and 6.0
minute. Limit of quantification (LOQ) for the aflatoxins B1, B2, G1, and G2 (μg·kg-1) were 0.31; 0.17; 0.2; and
0.17, respectively, as determined by the minimum amount of toxin that could generate a chromatographic peak
three times over the baseline standard deviation. Limit of detection (LOD) for the aflatoxins B 1, B2, G1, and G2
(μg·kg-1) were 0.98; 0.05; 0.06; and 0.05, respectively. It is defined as the concentration corresponding the mean
response procedure by blank samples and three standard deviation of blank response. The mean correlation
coefficient (r) values obtained for aflatoxins B1, B2, G1, and G2 standard curves were 0.9999, 0.9999, 0.9989 and
0.9972, respectively. Mean recovery percentage of aflatoxins B1, B2, G1, and G2 for this method were 100%, 89%,
87%, and 86%, respectively.
Aflatoxin dietary exposure and cancer risk exposure
Analysis of aflatoxins dietary exposure for Indonesian and Thai were estimated as the sum of the intake peanuts
and its products considered in this study. It is described as the mean daily intake (PDIM)15. The level exposure is
measured as a function of mean daily intake per body weight unit and expressed in ng.kg -1 of body weight (b.w.)
day-1 16 .The formulation followed by:
PDIM = Total intake = ∑ [mean consumption x concentration]/body weight
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(1)
FAO/WHO, 2005

Based on guideline of FAO/WHO Expert Committee on Food Additives (JECFA), the carcinogenic potency of
aflatoxin (Pestimated) and the cancer risk exposure to aflatoxins present in peanut diets were estimated using
equation (2) and (3).
Pestimated = [PHBsAg+ x % population HBsAg+] + [PHBsAg- x % population HBsAg-]

(2)

Cancer risk = Pestimated x total intake

(3)

JECFA, 1999
In Hepatitis B surface antigen positive individuals, the carcinogenic potency of AFB1 is assumed to be 0.3
cancers per year AFB1 ng.kg-1b.w. day-1 in population of 100.000 with uncertainty range 0.05-0.5 (PHBsAg+). In
Hepatitis B surface antigen negative individuals the carcinogenic potency of AFB 1 is assumed to be 0.01 cancers
per year AFB1 ng.kg-1b.w. day-1 in population of 100.000 with uncertainty range 0.002-0.03 (PHBsAg-).
Results and discussion
Indonesia and Thailand has similarity in the weather condition. The average temperature is 28-33 oC with high
humidity more than 60%. This condition allows fungal growth easily and produced secondary metabolite such as
aflatoxins. Aflatoxins level in raw peanuts and its product from both Indonesia and Thailand that presented in
Table 2 has same trend. Among three samples, peanut sauce tested has highest aflatoxins level. It has to be
concern because its products could established aflatoxins level more than 2 fold higher than raw peanuts. Peanut
sauce in generally made by ground peanuts that mixed with chili, brown sugar, and other spices. Aflatoxin can
easily penetrated into ground form of peanut. The processing stage such as after grinding allowed fungi to grow
and produced these toxin. Another reason is the existence of undesirable moisture and temperature condition
during storage without proper cover container for long period, it allows A. flavus or A. parasiticus penetrated and
easy to grow. Table 1. showed that raw peanut has higher level of aflatoxins than cooked peanuts. Aflatoxins
could destroyed partially by oil and dry roasting of peanuts because fungi difficult to grow in low water activity
of substrate. Another reason is most of manufactures has quality control division in food production based on
GMP and HACCP standard.
Table 1. Total aflatoxins level and AFB1 from peanut sources in Indonesia and Thailand
Aflatoxins level (ng·g-1)
Sampling sites
Aflatoxins
Raw peanuts
Peanut products
Cooked peanuts
Peanut sauce
Indonesia
Total (B1+B2+G1+G2)
0.86±0.22a
0.31±0.09
4.87±0.71
AFB1
0.75±0.21
<LOQ
4.09±0.71
(67)
(22)b
(14)
(31)
Thailand
Total (B1+B2+G1+G2)
1.49±0.86
1.42±0.34
2.68±0.89
AFB1
1.44±0.83
1.35±0.32
2.61±0.91
(32)
(9)
(18)
(5)
a. Value expressed as Mean±SE
b. In the parenthesis is expressed as total samples
The PDIM of both Indonesian and Thai was calculated using mean levels of total aflatoxins and AFB1 obtained in
our study and peanut products consumption estimation based on data data from Global Environment Monitoring
System (GEMS)/Food Consumption Cluster Diet database of the WHO (2006). Indonesia and Thailand has same
dietary consumption of peanuts which comprised 18 g/person/day. Using these values together with the mean
total aflatoxins in positive samples of all products analysed in our study 2.59 ng·g-1 (Indonesia) and 1.64 ng·g-1
(Thailand), the PDIM of aflatoxins would be 0.93 ng kg b.w. day-1 for Indonesian and 0.59 ng kg b.w. day-1 for
Thai (considering individuals of 50 kg mean weight). For AFB1 in positive samples of all products 2.17 ng·g-1
(Indonesia) and 1.57 ng·g-1 (Thailand). PDIM of AFB1 would be 0.78 ng kg b.w. day-1 for Indonesian and 0.57 ng
kg b.w. day-1 for Thai. When using the highest mean AFB1 level obtained from peanut sauce samples 4.09 ng·g-1
(Indonesia) and 2.61 ng·g-1 (Thailand), the worst case of AFB1 ingestion would be for 1.47 ng kg b.w. day-1
Indonesian and 0.94 ng kg b.w. day-1 for Thai. It will more higher when we calculated with the highest total
aflatoxins from peanut sauce samples. Indonesia and Thailand has higher PDI M when compared to the country
that has lower incidence of total aflatoxins such as European Union (0.47 ng kg b.w. day-1) and US (0.26 ng kg
b.w. day-1)16. The PDIM of Indonesian and Thai was showed about 2 fold higher than population from these
country. This fact may contribute to the high risk of human health posed by aflatoxins exposure.
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As mention before, AFB1 was reported to increase the risk of HCC when associated with hepatitis B or C6,7,8.
AFB1 was contributed 4.6%-28.2% of total annual HCC cases17. According state of JECFA (1999), the incidence
of liver cancer cases per year per 100,000 person in non-European countries is 0.083 would be attributed to the
ingestion of 1 ng kg b.w. day-1. Based on the mean dietary exposure level to AFB1 of our study, cancer risk was
estimate at 0.065 cancer cases/100,000 person/year for Indonesian and 0.047 cancer cases/100,000 person/year
for Thai. These calculation is not suitable for Indonesia and Thailand, because the HBsAg prevalence in both
these country is lower than 11% and that data represented for 25%.
Based on data from National Agency of Drug and Food Control (BPOM) of Indonesia (2010) and pkids.org
(2006), HBsAg prevalence in Indonesia is 10% (3.4-20.3%), then the cancer potency of AFB1 in Indonesian
population is calculated by the following formula: (0.01 x 90%) + (0.3 x 10%) = 0.039. This represents 0.039
cancers cases/100,000 person/year per ng.kg-1b.w. day-1. Cancer risk of Indonesian population calculated by:
0.78 ng kg b.w. day-1 x 0.039 cancers cases/100,000 person/year per ng.kg-1b.w. day-1 = 0.030 cancer
cases/100,000 person/year. Based on data from pkids.org (2006), HBsAg prevalence in Thailand is 8% then the
cancer potency of AFB1 in Thai population is calculated by the following formula: (0.01 x 92%) + (0.3 x 8%) =
0.033. Cancer risk of Thai population calculated by: 0.57 ng kg b.w. day-1 x 0.033 cancers cases/100,000
person/year per ng.kg-1b.w. day-1 = 0.019 cancer cases/100,000 person/year. These cancer cases both Indonesia
and Thailand lower than China (0.042 cancer cases/100,000 person/year)17.
Conclusion
The result showed here clearly that peanut sauce products has the highest aflatoxin levels compared to the raw
peanuts and cooked peanuts. Its could established more than 2 fold higher than the raw peanuts due to processing
stages. Aflatoxin levels in each group samples found in both Indonesia and Thailand has same trend. Indonesia
and Thailand has higher probable mean daily intake of aflatoxins when compared to other countries that has
lower incidence. It will effects in liver cancer risk in both population for long term exposure. A broad study on a
number of peanut samples and other food products from this area should be carried out to provide additional
information and to confirm this trend.
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Abstracts 㸸 Nowadays, cooking appliances based on the principle of electromagnetic induction are being used
domestically worldwide. An induction heating (IH) cooking hob mainly generates intermediate-frequency
magnetic fields (IF-MF; from 300 Hz to 10 MHz) to heat cooking pans. However, whether electromagnetic
fields originating from household appliances represent a health risk remains uncertain. Previously, our research
group reported that IF-MF exposure transiently affected the expression levels of memory function-related genes
in the hippocampi of adult C57BL/6J male mice. In the present study, we investigated the effect of IF-MF
exposure during brain development on neurological and immunological markers in the hippocampus in 3-weekold and 7-week-old male mice. Pregnant C57BL/6J mice were exposed to IF-MF (21 kHz, 3.8 mT) for one hour
per day from gestational day 7 to 17. At adolescence, some IF-MF-exposed mice were further divided into
exposure, recovery, and sham-exposure groups. The adolescent-exposure groups were then exposed again to IFMF from postnatal day 27 to 48. Three-week-old or 7-week-old mice were sacrificed, and the hippocampi were
removed for examination. The expression of mRNA in the hippocampi was examined using a real-time RT-PCR
method, and microglia activation was examined using an immunohistochemical analysis. The expression levels
of N-methyl D-aspartate [NMDA] receptor subtype (NR)1 and NR2B as well as transcription factors (CaMKIV,
CREB1), inflammatory mediators (COX2, IL-1 E71F-D), and the oxidative stress marker heme-oxygenase 1
were significantly increased in the IF-MF-exposed mice, compared with the control and recovery groups, in the
7-week-old mice, but not in the 3-week-old mice. Microglia activation was not different between the control and
other groups. This study provides the first evidence that early exposure to IF-MF reversibly affects the NMDA
receptor, its related signaling pathways, and inflammatory mediators in the hippocampus of young adult mice;
these changes may be transient and may recover after the termination of exposure.
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JICA 1-1
OVERVIEW OF PRTR SYSTEMS IN OCED COUNTRIES AND JAPAN'S
COOPERATION PROJECT IN THAILAND
Motoo KANEKO (Mr.)
Environmental Health and Safety Division, Environmental Health Department, Ministry of the Environment,
Japan
Keywords : PRTR, Japan, Thailand, JICA, OECD
PRTR (Pollutant Release and Transfer Registers) is a system to collect or estimate the amount of chemicals
releases to the environment (including transfers to disposals) from various businesses, and to disseminate the
collected/estimated data. Objective of such system is to inform businesses of the significance of their chemicals
releases and to encourage them to self-control their releases. PRTR systems are introduced in various countries
including Japan, Korea, the US, and EU countries.
In Japan, the Law for PRTR was enacted in 1999 in response to the recommendation by OECD, and the first
dissemination of the results was done in the end of fiscal 2002. Since then, results have been published annually
and the latest one the 12th, published in March 2014. With this experience, Ministry of the Environment of
Japan is supporting Thailand to introduce PRTR system through close cooperation with JICA (Japan
International Cooperation Agency).
This report briefly introduces the overview of PRTR systems in Japan and other OECD member countries, as
well as Japan's effort in Thailand.

JICA 1-2
OVERVIEW OF THE IMPLEMENTATION OF PILOT PRTR SYSTEM
IN TAILAND
Teeraporn WIRIWUTIKORN (Ms.), Aram BHANDHUWANNA (Mr.)
Hazardous Substance Division, Waste and Hazardous Substance Management Bureau,
Pollution Control Department, Thailand
Keywords : PRTR, pollutants released, pollution sources
Pollution Control Department in cooperation with Department of Industrial Works, Industrial Estate Authority of
Thailand and Japan International Cooperation Agency are conducting the pilot PRTR (Pollutant Release and
Transfer Register) system at Rayong Province, to provide public access to information on the amounts of
pollutants released from different pollution sources to environmental medium and information on off-site
transferred of wastewater and waste management. There are 107 target substances to be reported, selected based
on hazard and exposure data. Concerned pollution sources at Rayong Province can be classified as 1) point
sources, including industrial source and non-industrial source e.g. hospital, educational institution, bulk gas
terminal, waste treatment and disposal facility and 2) non point sources, e.g. agriculture, vehicle and household.
The target point sources subjected to report PRTR data have to meet criteria of a combination of size of business,
type of business and amount of target chemical handle. For the release from non point sources, relevant
governments will estimate using emission factor and statistical data. PRTR data will be disclosed via PRTR
website <http://prtr.pcd.go.th> in early 2015.
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JICA 1-3
APPROACH TO POINT SOURCES - NOW AND FUTURE
Jariya SUKHAPAN (Ms.)
Industrial estate and Port management Division, Industrial Estate Authority of Thailand
Keywords : Point Sources, release and transfer amount, Eco Industrial Town
With aim to develop Eco Industrial Town, Department of Industrial Works (DIW) and Industrial Estate
Authority of Thailand (IEAT) are working closely to engage industries in Rayong into the process of PRTR
learning and improving emission reduction. Seven categories of industries ranked by their chemical usage are
subject to report their release and transfer amounts under PRTR system. Estimation manuals for seven groups of
industries, which are 1. Wood products and Furniture, 2. Chemical & Petrochemical, 3.Rubber products,
4.Plastic products, 5.Basic metal products/Fabricated products, 6.Electrical machinery and supplies, 7.Transport
equipment, are developed. PRTR database is developed to host the report from point-source factory. Data are
verified manually by checking reported units, means of release, means of estimation, chemical usage, and
production nature. Data are joined with data from other sources before going further into risk assessment and
data disclosure procedures.

JICA 1-4
APPROACH TO CONTROL AND MANAGE NON-POINT SOURCES
POLLUTION IN THAILAND
Ittipol PAWARMART (Mr.)
Automotive Air Pollution Division, Pollution Control Department, Thailand
Keywords : non-point source, mobile source, gas station , household, agricultural, hospital, educational
institute, pollutants
Under the Development of Basic Schemes for PRTR System in the Kingdom of Thailand Project (JICA-PRTR
Project), totally 8 non-point sources have been concerned and studied which are mobile source, gas station,
paint/construction ,household, agricultural, factory other than point source, hospital other than point source and
educational institute other than point source. The chemical substances and pollutants have been estimated under
the real operation of those 8 non-point sources in Rayong Province where the pilot study project has been
conducted in 2014. The findings and outcomes of the estimation data will be analyzed and supported to the
policy makers in relevant organizations for further improving the implementing policies and measures and
establishing new appropriated policy and measure to control and manage the 8 non-point sources pollution in
Thailand. The primary goal of this paper is to present the current policies and measures to control and manage
the 8 non-point sources in Thailand including a new appropriated approach for a successful control of non-point
sources pollution in Thailand in the future.
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JICA 1-5
APPROACH TO ESTIMATE EMISSION AND TRANSFER OF POLLUTANTS
FROM SMALL INDUSTRIES (NON-POINT SOURCE)
Sirakarn LEUNGSAKUL (Ms.)
Air Pollution Division, Department of Industrial Works, Thailand
Keywords : Small Industry, Non-Point Source, PRTR Estimation, Rayong Province
Factories smaller than factory type 3 or handling target chemicals less than 1 ton per year are classified as nonpoint source. They have no obligation to report release and transfer of pollutants under PRTR system by
themselves. Ministry of Industry is in charge of estimate release and transfer of pollutants from these non-point
source factories. Process of estimation was done by questionnaire followed by field survey at individual factory.
From factory database, there are 2,407 factories in Rayong Province. Of these, estimated 1,207 factories are
non-point source. Only 174 complete returned questionnaires were further surveyed and found only 116
factories using or handling or producing target chemicals. Based on survey data, pollutant release and transfer
are estimated by 4 methods, if available, monitoring or measurement data for major pollutants were used first,
then emission factor were used where applicable. Mass balance and engineering calculation will be used under
certain hypotheses. Estimation of release and transfer of pollutants of survey factories were obtained to calculate
new emission factor, kg of release and transfer of pollutant per total horse power of factory. These new emission
factors then were used to estimate release and transfer of pollutant for all factories in the same category.

JICA 1-6
ENHANCE ENVIRONMENTAL PERFORMANCE THROUGH PRTR APPROACH
Worachai PUVISITKUL (Mr.)
Sustainable Development Office, SCG Chemicals, Thailand
Keywords : PRTR is a key enabler to improve environmental
SCG Chemicals group is a large business unit in petrochemicals and chemicals industry established since 1986
located in Maptaphut industrial estate, Rayong. We have well recognized and experienced on facing
environmental problems with community in many years ago which effected to our business operation. Thus,
Achieving business sustainability as one of our business’s vision is protection of environment and community
from our operation, PRTR (Pollutant Release and Transfer Registration) is one of the effective environmental
tools, Outcome of PRTR can help us to identify, understand and control such pollutants and chemical substance
emissions as key risk of our whole operation others than only data reporting to authority. SCG Chemicals utilize
PRTR outcome as baseline in order to attempt to reduce own emissions release to deal with concerns about
environmental challenge. Besides, PRTR data also benefits to company in term of increasing production
efficiency and reducing community impact. However, this presentation also shares the some success practices of
SCG Chemicals in utilizing PRTR data to improve environmental performance.
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JICA 1-7
PRTR IMPLEMENTATION IN PTT GLOBAL CHEMICAL
Somchit NILTHANOM (Ms.)
PTT Global Chemical Co., Ltd., Thailand
Keywords : PRTR, PRTR in PTTGC
PTT Global Chemical Public Company Limited was founded on 19th October 2011 through the amalgamation
of PTT Chemical Public Company Limited and PTT Aromatics and Refining Public Company Limited to be the
chemical flagship of PTT Group. It is strengthened with its diversity of product in both Olefins and Aromatics
line including petroleum production.
Social and environment has been integrated to our business with responsibility and care for sustainable
development. The PRTR, Pollutant Release and Transfer Register, is claimed as a tool to improve chemical
management. It is a systematically approach considered both hazards and exposures. With implementation
experience, the proper PRTR implementation is challenging.
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JICA 2-1
ENVIRONMENTAL MONITORING BY LOW COST AND HIGHLY
EFFICIENT ANALYTICAL METHODS
Kiwao KADOKAMI
The University of Kitakyushu, 1-1 Hibikino, Wakamatsu, Kitakyushu, 808-0135 Japan
Keywords: Comprehensive
Environmental survey

analytical

method,

Micro-pollutants,

GC/MS,

LC/TOF-MS,

JICA has been cooperating with the Southeast Asian countries to proceed with capacity building including
human resources training for preventing environmental pollution. Our results of environmental survey on
micro-pollutants however show that a large number of chemicals pollutes the aquatic environment in these
countries, especially big cities. To cope with this situation, collaborating studies between these countries
should be carried out to prevent not only the expansion of pollution in each country but also transboundary
pollution. In addition, since both of human resources and analytical materials are not enough in these
countries to carry out environmental monitoring, efficient, low cost and rapid analytical methods are needed.
I propose therefore two steps monitoring as a rational monitoring; the first is comprehensive analysis using
GC/MS or LC/TOF/MS to grasp a whole pollution picture. Then if some special pollution is found, precise
target analysis by using standard methods will be done as the second step.

JICA 2-2
POPS MONITORING STUDY AND JICA’S COOPERATION
Yeru HUANG
National Research Center for Environmental Analysis and Measurement Sino-Japan Friendship Center for
Environmental Protection, No.1 Yuhuinanlu, Chaoyang District, Beijing 100029, China
Keywords: POPs, Dioxins, Bio-analysis, Standard methods
Sino-Japan environmental technical cooperation (JACA project) started in 1996 when Sino-Japan
Friendship center for Environmental Protection was established. On the commencement of the fourth phase
project, we were engaged in technical exchanges on rapid determination of dioxins using gas
chromatography-low resolution mass spectrometry and antibody-based bio-analytical techniques. In 2010,
we facilitated further cooperation in DR-EcoScreen cell and other novel POPs analysis methods. In the
course of implementing the project, JICA has sent several short-term experts to CNEAC to supervise
establishing bio-analytical methodology and standard operation procedures (SOPs). We also dispatched
four employees to Japan to learn the biological and other novel analytical methods. We jointly organized
two seminars that greatly promote the development and popularization in domestic China. As objectives of
performance appraisal and collaborative achievements, we have accomplished five standard method drafts
and one draft guidelines.
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JICA 2-3
DETERMINATION OF PeCB IN THE WASTE OF INDUSTRIAL
INCINERATOR
Nguyen Thi HUE *, Hoang NAM, Pham Hai LONG
Institute of Environmental Technology, Vietnam Academy of Science and Technology,
18-Hoang Quoc Viet, Caugiay, Hanoi, Vietnam
Keywords: PeCB, dichlomethane, n-hexane, acetone, incinerator, industrial waste.
In this study, the waste ash and filter - bag dust of industrial incinerators in North of Vietnam were collected
and analyzed for determination of PeCB content. The PeCB samples are extracted by Soxhlet method (EPA
- 3540C) with mixed acetone/n-hexane solvent in 16 hours at 6 rpm. The extracted fluid was led through
the column made of silicagel - activated carbon and then eluted with mixed dichlomethane/n-hexane solvent
to eliminate organic and colored compounds. PeCB was analyzed by the GC/ECD-2010 (Shimadzu, Japan).
The quantification and detection limits of the analysis method are 1.5 μg.kg-1 and 0.5 μg.kg-1, respectively.
The analysis results show that the PeCB contents in the ash samples vary from 0.02 to 0.22 mg.kg -1 and in
filter - bag dust from 0.003 to 0.05 mg.kg-1. This indicates that the emission of PeCB (in various types and
at different levels) to the environment depends not only on feedstock, but also on the burning procedure.
Therefore, it is essential to appropriately manage the equipment and technology during the waste burning
process.

JICA 2-4
STRENGTHENING RESEARCH ON MICRO-POLLUTANTS IN ASIA
Suwanna TIANSUWAN
Director of Environmental Research and Training Center
Key words: micro-pollutants, air pollution, pesticides residue, waste problems
Along with rapid increase in social and economic development, Thailand has been facing various
environmental problems. Air pollution, pesticides residue, and waste problems had been the major issues
in the country. The Department of Environmental Quality Promotion through the Environmental Research
and Training Center (ERTC) had been conducting numerous research projects to provide data to
countermeasure some of these problems. Many environmental policies were implemented both in the local
and national level such as Ambient Air Quality Standards for VOCs had been implemented. Extensive
promotion of community based waste management throughout the country is now on going. Law
enforcement policies by the Ministry of Agriculture. for pesticide imports, licensing, registration, control
and pricing are now strictly implemented. A large share of the governmental research and extension budget
is spent on chemical pesticide related issues, waste management, etc.
For the past decade the ERTC in collaboration with JICA had conducted several research projects in air,
and water pollution including technology transfer to other ASEAN countries. Although, research on Micropollutants is very new issue for Thailand, the ERTC has already started to conduct some research on dioxin
in the environment as well as pharmaceutical and personal care products residue in surface waters. However,
there are many more micro pollutants that are emerging in the environment that must be given attention.
Due to limited knowledge and experience on micro pollutants, as well as insufficient instruments, the ERTC
staffs are still reluctant to conduct research on these pollutants. Under these circumstances, technology
transfer by Japanese experts through the project “Strengthening Research on Micro-pollutants in Asia” is
very useful to assist our researchers in conducting their research activities in the future.
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INTRODUCTION OF JAIMA AND JASIS
Kyoichi KOMORI
Japan Analytical Instruments Manufacturers' Association
Japan Analytical Instruments Manufacturers' Association (JAIMA) is a nationwide organization that was
founded with the purpose of contributing to the advancement of science and technology by improving
technologies related to analytical instruments and promoting the progress of the analytical-instruments
industry, thereby contributing to the Japanese economy and the livelihood of its citizens. Most important
operation of our association is the exhibition named “JASIS”, and it is held for 3 days in the beginning of
September in Japan. This is the joint exhibition with Japan Scientific Instruments Association, and is the
largest analytical and scientific instruments show in Asia with the most advanced technology and
information. The activities of JAIMA and outline of JASIS will be introduced in the session. We are now
promoting a project to expand the possibility of instrumental analysis in ASEAN region. We will also
introduce this activity.
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APPROACHES AND CAPACITY BUILDING FOR ANALYSIS OF
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COMPOUNDS THROUGH THE UNU-SHIMADZU PROJECT
Osamu ITO1*, Eiko TAKASHITA1 and Masatoshi MORITA2
1
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Institute for the Advanced Study for Sustainability, United Nations University
Center of Advanced Technology for the Environment, Faculty of Agriculture, Ehime University
* Corresponding author: oito@unu.edu
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Introduction
Various substances are dissolved in water around us which contains pollutants emitted from industry, agriculture
and household. In particular, persistent organic pollutants (POPs) are concentrated through the food chain and
consiquently accumulate in the body of organisms, which may adversely affect the ecosystem and human health.
For the purpose of establishment of proper management of environmental contaminants based on scientific
monitoring procedures, focusing on the hydrosphere, UNU has been carrying out project on strengthening of
research activities and support of higher education for POPs that are regulated by the Stockholm Convention,
particularly of developing countries in the Asian region. Having completed 17 years with the five phases in the
one-period of three years, the project has entered the sixth stage.
In the 6th phase of the project, perfluorinated compounds (PFCs) in environmental water of Asian countries were
focused to strengthen and encourage efforts to reduce these chemicals. In COP4, PFOA (perfluorooctanoic acid),
PFOS and (perfluorooctanesulfonic acid) and its salts fluoride (PFOS-F) are incorporated in Annex B of the
Stockholm Convention, and it was decided to restrict use and production of these chemicals in accordance with
the provisions1). In compliance with Article 15 of the Convention, the country is asked to report every four years
on the progress for the PFCs exclusion. The Conference of the Parties will assess the need for these substances
by 2015 at the latest, then it will be decided whether to continue the re-evaluation every four years. The
analytical skills that will be enhanced during the project period are expected to spread not only within the project
participating countries but also neighboring countries, which will result in contribution to the achievement of
sound management of PFCs in the region. Training workshop on analysis of PFCs was held in February 2013 at
Shimadzu Corporation in Kyoto. The analytical equipment (LC / MS / MS) has been already arranged and the
first round of analysis has been completed.
This report is to provide brief review on the past monitoring of PFCs in the region targeted by the project as well
as consolidated results of data obtained by each participating country.
Materials and methods
The samples were collected from the river water in each project-participating country during wet and dry seasons
of 2013. After concentration to a small volume, the samples were kept in refrigerator until the analysis. For the
analysis, the samples were brought to either Korea or Singapore where the analyzer (A Shimadzu 8040
LC/MS/MS) is equipped. A whole procedure was carried out following ISO25101: 2009(E) (Water quality–
Determination of perfluorooctanesulfonate (PFOS) and perfluorooctanoate (PFOA) – Method for unfiltered
samples using solid phase extraction and liquid chromatography/mass spectrometry).
Results and discussion
As an introductory step, it should be useful to have an overview of the current status of monitoring and
management system of PFCs in each country.
China
Chinese companies, from 2003 after the leading companies including 3M have stopped production, started the
mass production of PFOS and PFOA, and have been expanding the production in recent years in response to an
increase in demand in the domestic and overseas market. While PFOS and PFOS-F are exported to foreign
countries, products containing them are imported. Sixty-six of PFOS-related chemicals have been registered in
the list of chemical substances in China, but they are still not considered as high priority chemicals because low
production volume, unclarified effects on the environment and unavailability of simple detection method.
Although those companies which deal with PFOS are making effort to follow the international regulation, it is
now in such situation that their focus is still mainly on economic aspects. In order to resolve the situation, the
Ministry of Environmental Protection has been conducting various surveies on PFOS and PFOA from 2005 with
support of other organizations. On December 2006, an instruction on restriction of PFOS use was issued by EU
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to China and the export-oriented industry was in favor to follow the regulation. Research and development of
alternatives which are high in cost-benefit effect and friendly to the environment have been initiated. The
government is appealing the importance of capacity building and technical support in order to achieve an
effective reduction of PFOS/PFOA and ultimate termination of their usage.
Monitoring of PFCs in the environment has been also promoted rapidly in recent years in China, leading to
accumulation of scientific evidences. According to a survey of PFCs in the river region to the Yangtze River
from tributaries of the Pearl River, it was found that PFOS was dominant in the Pearl River basin and PFOA in
the Yangtze River2). In addition, the two substances were also major PFCs in sediment taken from the basin.
Concentrations of PFOS in sediments from the Zhujiang river and PFOA from the Huangpu River across the
Shanghai was higher than those data reported by the Chinese Government for other district, indicating
seriousness of PFCs pollution in Chinese urban areas3). The PFOS and PFOA have been detected from the water
samples collected in remote areas. It should be known that contamination is expanding all over China already
and these compounds are diffused by some moving means. Concentrations of PFOS and PFOA in tap water are
reported to be lower than the background level (1 and 0.3ng/L, respectively) in Anshan, Dalian, Harbin, Xi'an,
Wuhan, Shanghai, Yinchuan, Urumqi and Xinjiang. In tap water in Shenyang, Beijing, Changchun, Shijiazhuang
and Chongqing, while PFOS is below the background, PFOA has been detected higher than the background4).
Korea
It is reported that the wastewater from petrochemical industry, steel mills and the metal plating industry contains
PFOS in high concentration and the wastewater from fiber manufacturing industry is suspected to major source
for PFOA release. In fact, those two PFCs have been detected in wastewater and sludge samples collected from
15 wastewater processing facility within the country5). In the West Coast of South Korea, PFCs have been
detected in relatively high concentration than in the mouth and coast of other parts of Asia. The release from the
local industry is considered to be a major cause6). Even after termination of the PFOS and PFOA production by
3M, the detected level of PFOS in human serum still continued to increase instead to decrease as anticipated.
This is probably due to production and use of these compounds by the companies other than 3M, which leads to
expansion of pollution with in the country7).
Singapore
The water samples taken over Alexandra Canal from Marina Reservoir contained PFHxS (perfluorohexanoic
acid), PFOS, PFOA, and PFNA (perfluorononanoic acid) during both the rainy and dry seasons, and PFOA has
been detected as a major compound in the surface water 8). PFCs pollution in Singapore is due to non-point
sources, such as the leakage from paved roads, buildings, garages and sewage pipes. The PFCs concentration in
the Alexandra Canal was three times higher than the other regions and the high concentration of PFHxS and
PFOS were detected as major components of PFCs in the horizontal crossing point of the middle region, which
may be due to specific pollution sources. It is assumed that the PFCs detection in surface water should be due to
industrial wastewater from industrial area and the discharge of the fluorinated surfactant contained in the spent
fuel from the airport, the PFCs detection in wastewater should be due to factory using a fluorine-based surfactant,
and the detection in coastal waters from (Johor water) should be due to release of the vinyl chloride-ether-based
compounds from wastewater treatment facilities into the environment. Effect of seasonal changes between the
dry and rainy seasons can be found in only the PFOS concentration of surface water, but seasonal changes were
not observed in PFOS and PFOA in coastal waters and wastewaters9).
India
In the Ganges basin, sewage systems are still underdeveloped and as a result the rivers inevitably receive the
untreated sewage which is contaminated with PFCs as well as other pollutants. PFCs of 12 species have been
detected from the study of PFCs in river water. PFOS has been detected as major compounds from visceral
samples of shrimp, fish and dolphins that inhabit the Ganges river. PFOA was not detected from shrimp and
dolphin. In India, there is a tendency that PFOS is more frequently detected as the major compound compared to
PFOA10).
Vietnam
PFOS levels in human serum samples obtained in Hanoi (0.58ng/mL) were similar to the measurement data of
other industrial city such as Osaka, Busan, and Seoul. PFOA concentration has tendency to be lower, suggesting
possibility that PFOS has a unique route for its release to the environment7).
Thailand
Investigation of PFCs contamination has been carried out in the wastewater treatment facilities of two industrial
zones of Thailand. PFOS, PFOA, PFDA (perfluorodecanoic acid) and PFHpA (perfluoroheptanoic acid) were
detected as a major compound from one zone, whereas PFOS, PFNA and PFUnA (perfluoroundecanoic acid)
from the other11).
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Other countries
No useful reference has yet been in a public domain from Indonesia, Pakistan, Malaysia and Philippines.
In case of the chemical pollutants such as PFCs that are newly registered in the convention, there is a large
difference in volume of information on current status depending on the country. Therefore, it is difficult for
many countries to urgently take regulation measures as defined by the Convention. The first priority should be
given in each country to grasp the current status of pollution as precisely as possible. Toward that direction, an
intensive effort is required to improve the monitoring system as well as analytical skills.
In the first year of 6th phase of the project, all together 307 samples were collected and analyzed for PFOS and
PFOA. Although extremely wide variations were observed for both PFOS and PFOA as expected, Thailand
showed significantly higher concentration than other countries. In addition, PFOA/PFOS ratio was significantly
higher in Vietnam than other countries, which is an opposite trend described above in the literature review
section. Results of more detailed analysis of data from each project-participating country will be presented in
this session.
It is believed that we are spending daily life surrounded by countless compounds made artificially, among which
there should be many substances that adversely affect the human body over the years rather than acutely. In
nature of invisibility, these substances are similar to the radioactive materials, but unlike radioactive materials,
they have a higher degree of difficulty in qualitative and quantitative analyses and in monitoring of real-time
distribution of the pollution. Moreover, those substances exist close to our daily life and hence require day-today alarming. In addition, a new substance is invented and manufactured day by day. It is expected that the
registration list of the Stockholm Convention is periodically updated and a number of the substances will greatly
increase. Since learning a new analytical technique is needed for the monitoring of new substances, it is
necessary to continue the support program on the proper management of chemical substance such as this project.
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Abstract
According to the decision UNEP/POPS/COP.6/28 at COP-6 and the 3rd guidance document for GMP (2013),
compilation of 2nd regional reports on POPs monitoring for effectiveness evaluations under the Stockholm
Convention are being conducted in five UN regions. The current status of the compilation of regional reports, in
particular the report on Asia-Pacific region, presented in GCG/ROG meeting to be held in Geneva in the middle
of November will be briefly introduced together with the major outcome of expert meeting on PFCs water
monitoring organized by UNEP Chemicals, which will be held at Amsterdam at the end of Oct, this year.
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Introduction
An Organofluorine compounds like Perfluorooctanesulfonate (PFOS) and Perfluorooctanoate (PFOA) is very
stable chemical compounds,, and those stability does not decompose it easily in a nature. Some reports of their
detection in rivers, streams, tap water, food, as well as in the atmosphere and in human blood has led to concern
of their effect on the human body as environmental pollutants 1. In this report, an analytical method was
developed to simultaneously separate and detect PFOS and PFOA in surface water sample of countries of Asia
using liquid chromatography-tandem mass spectrometry (LC/MS/MS). A water sample was passed through a
solid phase extraction cartridge, and eluted with suitable solvent and concentrated. The final extract was
analysed by electrospray ionization LC/MS/MS and the target compounds were detected using multiple reaction
monitoring (MRM). This work was done with reference to the analytical method of the ISO 25101: 2009(E) 2.
This work also describes a precedure to reduce background noise in order to increase the sensitivity of target
compounds.
Materials and methods
A sample aliquot of water (500 – 1000 mL) was collected in polypropylene bottle and added labeled
PFOS/PFOA as a surrogate. After mixing, water sample was passed through the preconditioned solid phase
extraction cartridges at a rate of 3 – 6 mL/min. To remove residual water in the sorbent packing, the cartridge
was applied a vacuum for 30 s. The cartridge was then washed with 4 mL of acetate buffer solution, which was
then discarded. The target compound was eluted with 4 mL of 0.1% ammonia/methanol and was collected in a
polypropylene tube. The solvent was evaporated under a gentle stream of nitrogen gas to 0.5 mL. Analysis of
PFOS and PFOA was performed on a Nexera XR LC-20 series and LCMS-8040 high performance liquid
chromatograph-tandem mass spectrometer operated in the electrospray negative ionization mode (Shimadzu
Corporation, Kyoto, Japan). The sample was injected with a SIL-20AC XR autosampler and injection volume
ranged in size from 1 to 10 μL. Appropriate MRM transitions were identified and optimized using automatic
instrument optimization function of LabSolutions software, pre-rod bias and collision energy voltages and these
were applied to the chromatographic method dynamically to maximize analyte signal intensity at lower
concentrations. Quantification was based on the internal standard calibration method using 13C4-PFOS and 13C4PFOA.
Results and discussion
For highly sensitive detection of PFOS/PFOA, it was necessary to remove background contamination existing
in the mobile phase or instrument components. This PFOA impurity may be detected at the same time as
the PFOA injected as the sample analyte. In order to separate the impurity PFOA existing in the HPLC system
from the analyte PFOA in the sample, a delay column, Develosil Packed Column C30-UG-5 (35 mm× 4.0 mm
i.d.,) was installed between the mixer and the autosampler. In this system, the PFOA peak was detected in 15.7
minutes, the contaminant peak was detected in 17.7 minutes, and it was separated successfully. This impurity
delay method was applied to some countries samples for a performance check. In the evaluation experiment of
the analytical curve by standard solutions, the quantitation limit (S/N=10) of PFOS and PFOA were calculated
with 10 or less ppt in this system. Preliminary result using water sample from a river in Kyoto Japan, the
recoveries of PFOS and PFOS in surface water were 84 and 71%, respectively.
References:
1. Giesy J, Kannan K. (2001); Environ. Sci. Technol. 37: 2634-2639
2. ISO 25101:2009, Water quality – Determination of perfluorooctanesulfonate (PFOS) and perfluorooctanoate
(PFOA) – Method for unfilterd samples using solid phase extration and liquid chromatography/mass
spectrometry (2009).
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Abstract: Residues of synthetic chemicals in environmental matrices (up to ug/l) are often reported from all

over the globe and most of them are proved to be toxic to organisms at trace level. Pharmaceuticals and
personal care products (PPCPs), phenolics and phthalates are important anthropogenic chemicals of great
environmental concern. Drugs (antiepileptic, non steroidal antinflamatory), personal care compounds (triclosan,
parabens), Alkylphenol polyethoxylates (octyl phenol-OP and nonyl phenol -NP) and plasticizers (Bisphenol A
and Phthlates) were determined in surface water and sediment samples from three rivers (Kaveri, Vellar and
Tamiraparani) in southern India by using Gas chromatograph with mass spectrometer. Non-steroidal antiinflammatory drugs (NSAIDs) like diclofenac, ketoprofen, naproxen and ibuprofen in river waters were found
in the range of ND (Not detected) – 200 ng/l. Antiepileptic drug (carbamazepine) and acetylsalicylic acid were
quantified up to 128 ng/l and 660 ng/l, respectively. Triclosan (antibacterial) and parabens (preservative) were
found in both surface water and sediment samples from these rivers.
The concentrations of OP, NP and BPA were ranged from ND (not detected) to 16.3 ng/l, ND to 2200 ng/l, and
2.8 to 136 ng/l, respectively. The total phthalates (sum of six major phthalates) in surface water varied between
313 and 1640 ng/l, whereas in sediments it ranged between 2 and 1438 ng/g dw (dry weight) with the highest
concentration of Diethylhexyl phthalate (DEHP). DEHP concentration was well above the USEPA sediment
guideline value. With respective to environmental risk assessment the hazard quotient (HQ) for NSAIDs suggest
low risk to the aquatic environment, whereas NP showed a greater HQ than OP and NP. This is the first study
reports the risks of PPCPs, phenolic compounds and phthalates in Indian aquatic environment.
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Introduction
The unique characteristics regarding to the resistance to hydrolysis, photolysis, metabolism and biodegradation processes in environment as well as thermal stability combined with the widespread application
perfluorinated alkyl substances (PFASs) make them not only ubiquitously scattered in many different types of
both abiotic and biotic matrices but also harmed the containing ecosystems and caused exposure in humans [1,
2]. In 2009, PFOS which is a specific PFAS and its salts were included into Annex B of The Stockholm
Convention on persistent organic pollutants.
The concentration of PFCs in some particular polluted areas in Korea has seemed higher than among the
Asian countries and the other regions around the world [3, 4]. However, available studies on PFCs status in
Korea freshwate water and sea water in industrialized bay are limited. Here, we carried out a study from August
2013 to May 2014 to determine the current status and extent of PFOS and PFOA in water samples collected
from rivers, agricultural areas and industrialized bays in Korea. Furthermore, Nakdong River in Korea which is
the second largest river in Korea and flows through large industrialized regions such as Deagu, Kumi,Yangsan
and Busan and have higher PFASs concentration than other major rivers and lake in Korea [5]. Water samples
collected from 14 sampling sites located from upstream to downstream of Nakdong River and have taken in
effluents from various potential source types were analyzed to investiage potential sources of PFASs in the
specific river in Korea.
Materials and methods
Water sample were collected in 2 sampling stages.
First sampling stage consisted of 17 sampling sites in total
located in 4 major rivers of Korea including Namhan
(n=3), Keum (n=3), Nakdong (n=4), and Yeongsan (n=3)
and 6 sampling sites in rice field areas including Yeosu
(n=1), Gwangyang (n=1), Hadong (n=1), Sacheon (n=1),
Gimhae (n=1) and Naju (n=1) in the period of August to
October, 201. Second sampling stage consisted of 32
sampling sites located in 3 heavy industrialized bay
including Ulsan (n=14), Gwangyang (n=5) and Busan
(n=13) and 14 sampling sites in Nakdong River in the
period of April to May, 2014. (Fig. 1)
Sampling: 1L clean polypropylene (PP) bottle prerinsed with Milli-Q water, methanol and water from
specific sampling site was carefully sunk about 30 cm
below water surface to collect water samples. Water
samples were transported in ice bag to the laboratory and
Fig. 1. Map showing sampling sites in this study
keep at 4oC until extraction.
Sample extraction and analysis: The method of Taniyasu et al. 2005 [6] was applied for water sample
extraction. Concentration of PFASs were analyzed by the Shimadzu 8040 LC/MS/MS. Five μL aliquot of the
extracted sample was injected to a delay column connected serially to an analytical column. Temperature of
analytical column was fixed at 40oC. Flow rate in mobile phase was 200 μL /min. To quantify the target
materials in MS/MS, a multiple reaction monitoring mode was utilized.
Quality control and quality assurance: Procedural blanks were prepared to check for possible contamination
arising from the analytical procedure. Concentrations of target analytes were subtracted from concentrations
found in blanks, when applicable. One analytical blank (methanol) and one matrix spike sample (spiked with
known concentrations of standards) were analyzed for every 10 samples to check for potential contamination,
* Corresponding author. Fax: +82 61 654 2975
E-mail : hscho@jnu.ac.kr
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accuracy and precision of the analysis. The regression coefficient (r2) of calibration curves for all target analytes
which were drawn by 9 curve points of native external standards at 0.1, 0.2, 0.5, 1, 2, 5, 10, 20, 50 ng/L were
higher than 0.99. The % relative standard deviation (%RSD) of the results of the five samples was < 30%. The
detection limit values of PFOS and PFOA ranged from 0.04 – 0.10 ng/L and 0.04 – 0.12 ng/L, respectively. The
recovery rate (%) of surrogate materials were in the range of 82.5% to 115%. The concentrations of target
analytes were not corrected for recovery rates.
Results and discussion
Table 1. Concentration of PFOS and PFOA in water samples. Data is shown as mean (min-max).
Rivers and rice field areas

PFOS
PFOA

Non-source
(n=3)
0.20
(ND-0.63)
0.36
(ND-1.37)

Agricultural source
(n=7)
0.23
(ND-1.31)
0.80
(0.19-1.72)

Municipal source
(n=5)
2.80
(0.91-7.67)
7.01
(3.05-18.1)

Industrialized bays
Hotspot
(n=4)
9.64
(6.85-33.2)
15.4
(3.93-42.2)

Inner bay
(n=12)
0.91
(ND-15.6)
0.36
(ND-4.23)

Outer bay
(n=20)
0.37
(ND-1.77)
0.21
(ND (3.72)

The overall observations of PFOS and PFOA in water samples classified under potential sources and
location in bay are showed in Table 1 and Fig. 2. Range of PFOS vs PFOA concentrations (ng/L) in 4 main
rivers in Korea of Namhan, Nakdong, Keum and Yeongsan were 0.63-1.74 vs 1.37-3.05; 0.91-11.1 vs 3.78-42.2;
ND-7.67 vs 0.55-18.3 and 0.20-33.16 vs 0.13-4.05, respectively. Highest concentration of PFOS and PFOA were
mostly observed in mid and downstream of the rivers (Fig. 3). The greatest concentrations of PFASs were found
in sampling sites Yeongsan River-Gwangju mid (33.2 ng PFOS/L) and Nakdong river-Deagu mid-1 (42.2 ng
PFOA/L), which are located in downstream from discharge points of hotspots of waste water treatment plants in
Daegu and Gwangju metropolitan city. The concentration of PFOS and PFOA in 6 rice field sampling sites were
ranged from ND-0.51 ng/L and 0.19-1.35 ng/L, respectively. In the industrialized bays, the greatest
concentrations of PFOS and PFOA were found at 15.6 ng/L and 4.23 ng/L, respectively.

Fig. 2. PFOS and PFOA concentrations in sampling stations classified under potential source types (4 main
rivers of Nakdong, Namhan, Keum and Yeongsan and 6 rice field areas of Yeosu, Gwangyang, Hadong,
Sacheon, Gimhae and Naju ) and location in bay (Busan, Ulsan and Gwangyang).
The ratio of PFOA /PFOS concentrations was in the large range of 0.01 to 11.25 (median = 1.99) for water
samples collected from the rivers and rice field areas and varied from 0.01 to 21.57 (median = 0.76) for water
samples collected from the bays. This suggests that there were variety of PFCs sources contributing to the
contamination of PFCs in water samples from river, rice field area or seawater in Korea. PFOA concentration
was often higher than that of PFOS in river water but PFOS concentration was mostly higher than that of PFOA
- 2-
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in seawater in the present study. It’s worth to note that the ratio of PFOA/PFOS concentrations of water sample
sites classified as non-source, agricultural source and municipal source were all bigger than 1. In detail, the
PFOA/PFOS concentration ratio for non-source, agricultural source and municipal source sampling sites were
4.12, 1.99 and 2.29, respectively. Thus, further investigations are needed to identify the sources of PFOS and
PFOA.
The PFOA and PFOS concentrations in the present study were relatively lower than other regions in Korea
[3,7] or in Japan [8,9], China [10] and USA [11]. An evaluation of potential ecological risks to aquatic
organisms associated with exposure to PFOS and PFOA was employed by comparing the determined
concentration of PFOS and PFOA in water samples in the present study with the water quality criteria values for
the protection of aquatic organisms reported by Giesy et al. (2010) [12]. The comparison indicates that PFOS
concentration (up to 33.2 ng/L) and PFOA concentration (up to 42.2 ng/L) found in surface water samples in the
present study were less than the criterial maximum concentration (21 μg PFOS/L and 25 mg PFOA/L)

Fig. 3. Distribution of PFOS and PFOA concentration in water samples collected from up, mid and downstream
of 4 major rivers in Korea.
and criteria continuous concentration (5.1 μg PFOS/L and 2.9 mg PFOA/L). This result suggests that chronic
and acute effects on aquatic organisms exposed to PFOS and PFOA in surface waters from 4 major rivers, 6 rice
field areas and 3 industrialized bays in Korea were not likely.
The concentrations of PFOS and PFOA in water samples collected from 14 sampling sites along Nakdong
River are shown in Fig. 4. The concentrations were reproducible and the highest levels were found in
downstream of effluents of some waste water treatment plants in Deagu City. Furthermore, relatively high
concentration of PFOA were also obtained from water samples collected from regions taken in municipal sources
such as Changnyeong, Haman, Miryang, Yangsan and Busan and low concentration of both PFOS and PFOA
were found in upstream of Nakdong River and its main tributary of Kumho River consisting Andong, Gumi and
Chigok areas.

Fig. 4. Geographical distribution of PFOS and PFOA concentrations in water sample collected from Nakdong
River mainstream
- 3-
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Introduction
Peruorinated compounds (PFCs) have been manufactured since the 1950s and have found wide application, e.g.,
as grease-proof and/or water-proof coatings and sprays, such as Teflon, paints, coating for food packaging, and
as a component of re-ghting foam, due to their hydrophobic, lipophobic, and thermal inert properties1. This
widespread use has resulted in significant release of PFCs into the environment. Due to the aforementioned
properties, some PFCs are stable in organisms and the environment. Recent studies have revealed their extreme
persistence, their tendency to bioaccumulate and biomagnify2, and their potential to adversely affect human
health and the environment (toxicity/ecotoxicity) 3. PFCs are ubiquitously found in diverse environmental
compartments at concentrations ranging from pg/kg levels to μg/kg levels all around the world, posing a global
risk of human uptake4.
In the context of risk analysis, peruorooctanoic acid (PFOA) and peruorooctane sulfonic acid (PFOS) have
attracted the most attention because these compounds commonly constitute a high proportion of environmental
contamination involving PFCs. Due to their continued presence in the environment and threat to human health,
their concentrations in various environmental compartments need to be monitored. The document “ISO 25101,
Water quality — Determination of perfluorooctanesulfonate (PFOS) and perfluorooctanoate (PFOA) — Method
for unfiltered samples using solid phase extraction and liquid chromatography/mass spectrometry” was used as
reference in this study to determine the linear isomers of PFOS and PFOA in filtered samples of surface water
(river water, reservoir water and sea water) in Singapore.
Materials and methods
Materials. The standard mixture solution of 200 ng/mL each of PFOS and PFOA and the respective surrogate
(1,2,3,4-13C4-PFOS and 1,2,3,4-13C4-PFOA) mixture solution of 100 ng/mL of each were prepared by diluting
with methanol from solutions supplied by Wellington Laboratory (Guelph, Ontario, Canada). Solid-phase
extraction (SPE) cartridges OASIS® WAX (particle size 60 μm, packed with 225 mg of sorbent) from Waters
(Milford, MA, USA), were used for sample preparation. Liquid chromatography (LC) auto-sampler vials, made
of polypropylene (PP), were supplied by La-Pha-Pack® (Langerwehe, Germany). The vials were equipped with
PP caps with silicone/PTFE septum, which were determined to be free of interferences to the analysis.
Sampling method. Our monitoring exercise in respect of the presence of PFOS and PFOA in Singapore is not
intended to be exhaustive, but to provide a regional representation of PFCs present in our water environment
(Figure 1). Surface water of 500 mL each from eight different locations including rivers, reservoirs and sea was
collected during both dry and wet season (July and December), respectively, with high-density polyethylene
(HDPE) bottles which were pre-cleaned with water and methanol. Sampling was done with 6 replicates per site
per season (3 for unspiked samples and 3 for spiked samples, labeled 1-3 and 4-6 respectively). After collection
at each sampling site, the sampling bottles were wrapped with aluminium foil. Samples were protected from
light and kept at less than 6°C during transportation back to the laboratory. All samples were stored in the dark at
less than 4°C prior to analysis. The temperature of the weather during sampling varied between 28.1°C to 32.4°C.
Sample pre-treatment protocol. Five hundred milliliters of the water sample were measured out using a
measuring cylinder. Ten milliliters of 100 ng/mL of the surrogate were added to all six replicates of the samples
while 10 μL of a 200 ng/mL standard solution were only added to samples number 4 to 6 (denoted as spiked
samples). The measured sample was then filtered through 0.8 μm glass microber lter papers (GFP-60, SP
BOEKI Pte. Ltd., Tokyo, Japan) to remove any particulate matter prior to SPE. To ensure no analyte was
retained on the filter paper, the filter paper was sonicated for 15 min in 10 mL of methanol. The solvent was then
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added back to the filtered water sample and this step was repeated for a second time. The resulting filtered water
sample was filtered once more and the filtrate was collected into another 500 mL HDPE bottle.

Figure 1: Sampling locations in July and December 2013. [1] Singapore River (SR, off Village Residence
Robertson Quay, commercial and residential area), [2] Marina Bay (MB, near Singapore Flyer, commercial area),
[3] Kallang River (KR, outside Saint Andrew’s Junior College, residential area), [4] Bedok Reservoir (BR,
floating deck, water catchment and recreational area), [5] MacRitchie Reservoir (MR, floating deck, water
catchment and recreational area), [6] Kranji (KJ, coastal area near wood industries), [7] Jurong River (JR,
outside National Oxygen Pte Ltd, industrial area), [8] West Coast Park (WC, near Promenade Lookout Jetty,
recreational and maritime area).
SPE procedures. Cartridges were pre-conditioned by adding 4 mL of 0.1% ammonia/methanol solution, 4 mL
of methanol and 4 mL of ultrapure water consecutively. The filtrate was added and flow rate was adjusted to 3-6
mL/min. After the entire sample had passed through the cartridge, 4 mL of pH 4 acetate buffer was added for
rinsing and the fraction discarded. Water in the cartridge was removed using vacuum for 1-2 min. Analytes were
eluted using 4 mL of methanol and 4 mL of 0.1% ammonia/methanol solution consecutively. The drop rate of
the elution process was adjusted to one drop per second. The resulting eluent was air dried under nitrogen gas to
0.5 mL before being transferred to sample vials. The extract was ready for LC-tandem mass spectrometry
(MS/MS) analysis. Date of the analysis is shown in Annex B.
LC-MS/MS operating conditions. A Shimadzu LCMS 8040 system (Kyoto, Japan) was used for detection and
quantification of PFOS and PFOA. HPLC and MS operating conditions are listed in Table 1. The LC system was
flushed with methanol prior to use to avoid possible interferences. A trapping column (Nomura Chemical Co.,
Seto, Japan) was installed before the separation column to remove the contamination from the system. The
instrumental blank was measured before the analysis of samples.
Table 1 LC and MS/MS operating conditions
LC conditions
Injection volume:
5 μL
Flow rate:
0.2 mL/min
Mobile phase A:
2 mM ammonium acetate water solution
Mobile phase B:
methanol
Trapping column:
stationary phase
Develosil® C30-UG-5
length
5 mm
inner diameter
4.0 mm
particle size
5 μm
Main column
stationary phase
Shim-Pack XR-ODS II
length
150 mm
inner diameter
2 mm
particle size
2.2 μm
Column temperature
40°C
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Gradient program (% of B)
MS conditions
Type of equipment:
Ionization:
Mode:
Temperatures:
Flow rates:

40% at 0 min, increase to 90% at 18 min and keep at this level
until 20 min, then revert to original conditions till 25 min.
tandem quadrupole
electrospray ionization negative mode
multiple reaction monitoring (MRM)
desolvation line temperature
300°C
heating block
400°C
nebulizing gas flow
1.5 L/min
drying gas flow
10 L/min

Results and discussion
A series of calibration solutions of 0.1, 0.5, 2, 10, 50 μg/L of standards, each with 2 μg/L of surrogates (internal
standards) was prepared and analyzed. Good linearities were obtained with R2 of 0.9997 for PFOS and 0.9999
for PFOA. The linearity equations were used to determine the concentrations of the target compounds in real
water samples. The branched isomer of PFOS was observed in all the real water samples, and was separated
from the linear isomer which was the target compound of our analysis (Peak 5 in Figure 2). Procedural blanks
(ultrapure water) were treated in the same manner as real samples and analyzed with samples collected during
both the dry and wet seasons, respectively. The practical quantitation limit (PQL) was reported as 10 times the
standard deviation of the response of repeated injections of the lowest calibration standard. Below the PQL,
results are reported as non-detected. PQLs for PFOS and PFOA in this study were determined to be 0.25 and
0.16 ng/L, respectively.

Figure 2: Chromatograms of extracts from (a) Singapore River water and (b) Marina Bay coastal water samples.
Peak identification: 1, PFOA; 2, 13C4-PFOA; 3, PFOS; 4, 13C4-PFOS; 5, branched isomer of PFOS.
As shown in Table 2, PFOS and PFOA were detected in all sampled locations (Figure 1). Generally speaking,
the amounts of PFCs were recorded higher in the dry season than in the wet season. The amounts of PFCs were
recorded highest in river water, followed by reservoir water and the lowest amounts of PFCs were found in
coastal water. The highest amounts of PFOS were detected at the Singapore River: These values were 19 ng/L
during the dry season and 16 ng/L during the wet season. The next highest value was 9.3 ng/L in Jurong River
during dry season. The highest amounts of PFOA were determined to be 7.8 ng/L at Marina Bay into which
Singapore River and Kallang river flow, followed by 7.5 ng/L and 7.3 ng/L at the Singapore River during the
wet season and the dry season respectively. The lowest amounts of PFCs were recorded at West Coast Park
during both seasons, with 0.94 ng/L of PFOS and 0.79 ng/L of PFOA during dry season and 0.27 ng/L of PFOS
and 0.33 ng/L of PFOA during wet season. Singapore River runs through the busiest commercial area in
Singapore. Jurong River runs through the highly industrialized area. The major contributions of PFCs in
Singapore surface water come from municipal and industrial wastewater disposal.
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Concentrations of PFOS and PFOA in surface water that have been reported in publicly available literature vary
widely over more than six orders of magnitude. However, half of the reported concentrations of PFOS fall within
a rather low range with a median concentration of 3.2 ng/L. Concentrations of PFOA in surface water cover a
similar range as PFOS with a median concentration of 3.1 ng/L4. The distribution of observed PFC
concentrations are largely influenced by individual pollution sources; thus the regional background level of one
particular compound cannot be deduced from these observations4. The median concentrations of PFOS and
PFOA in environmental water in Singapore were 5.0 and 4.3 ng/L (n=16), respectively. The levels were
comparable to those in Japan and urban areas of China5, and lower than those in the USA and Europe.
Table 2 Concentrations determined in real water samples during dry and wet seasons
Dry season
Wet season
Mean
Mean
Site Analyte
SD
RSD Matrix Spike
SD
RSD Matrix Spike
Conc.
Conc.
(ng/L) (ng/L) (%) Recovery (%) (ng/L) (ng/L) (%) Recovery (%)
PFOS
19
2.7
13.7
149
16
1.6
10.1
44
SR
PFOA
7.3
0.5
7.1
112
7.5
0.7
9.8
73
PFOS
6.0
0.5
9.0
103
5.3
0.7
12.4
85
MB
PFOA
7.8
1.0
12.8
72
5.7
0.7
11.9
97
PFOS
4.8
0.1
2.3
87
3.9
0.2
4.4
87
KR
PFOA
5.5
0.2
3.4
98
4.6
0.2
3.6
93
PFOS
5.1
0.5
9.3
106
1.6
0.1
6.9
93
BR
PFOA
3.6
0.1
2.6
94
3.2
0.1
4.3
93
PFOS
5.2
1.0
19.5
92
1.0
0.04
3.8
85
MR
PFOA
4.3
0.02
0.5
109
1.3
0.06
4.6
88
PFOS
1.3
0.2
11.5
97
1.7
0.07
4.1
81
KJ
PFOA
2.7
0.2
6.6
99
3.6
0.1
2.7
88
PFOS
9.3
1.7
18.8
130
5.5
1.5
26.4
116
JR
PFOA
4.3
0.1
1.8
109
6.4
2.9
45.9
103
PFOS
0.94
0.1
11.4
98
0.27
0.02
6.5
95
WC
PFOA
0.79
0.2
23.8
98
0.33
0.01
3.9
99
As can be seen from Table 2, good precisions (n=3) were obtained for all analysis with relative standard
deviation (RSD%) between 1.8% and 26.4% except for PFOA at Jurong River during the wet season. A larger
RSD was obtained at this site because the sampling point was close to sewage draining exit. The amounts of
PFOA for three sampling times were 3.7, 5.9 and 9.5 ng/L, respectively. Matrix spiked recoveries were obtained
between 72% and 130% except for PFOS at the Singapore River with 149% during the dry season and 44%
during the wet season. Poor matrix spiked recoveries of PFOS at Singapore River indicate that the matrix caused
interference to the analysis.
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UNU-7
7KHFRQWDPLQDWLRQRISHUIOXRULQDWHGFRPSRXQGV 3)&V RQWKHXSSHU*XOIRI7KDLODQG
DQGVXUURXQGLQJLQGXVWULDOHVWDWHV
ƌĞĞƌĂƚ:<^<h>͕^ƵŶŝƚŚƌĂd,KE'<>/E'͕ZƵĐŚĂǇĂKKEzdhDEKE
1DWLRQDO,QVWLWXWHRI'LR[LQ 7KDLODQG 7HFKQRSROLV.ORQJ3DWKXPWKDQL7KDLODQG
'HSDUWPHQWRI(QYLURQPHQWDO4XDOLW\3URPRWLRQ

ͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲͲ
$EVWUDFW
,QRUGHUWRPRQLWRUWKHFRQFHQWUDWLRQRISHUIOXRULQDWHGFRPSRXQGV 3)&V LQHQYLURQPHQWZDWHUVDPSOHVZHUH
FROOHFWHGIURPYDULRXVDUHDVVXFKDVFRDVWDODUHDLQGXVWULDODUHDDQGUHVLGHQWLDODUHD7KHVXUIDFHZDWHUVDPSOHV
ZHUHFROOHFWHGWRWDOO\IURPWRWDOORFDWLRQVLQWRWZRVHDVRQV ZHWVHDVRQDQGGU\VHDVRQ 7KHVXUIDFHZDWHU
ZDV H[WUDFWHG IROORZLQJ E\ ,62  DQG DQDO\]HG E\ XVLQJ /LTXLG FKURPDWRJUDSK\ 7DQGHP 0DVV
6SHFWURPHWHU /&0606  7KH UHVXOW VKRZHG WKDW WKH FRQWDPLQDWLRQ RI 3)26 DQG 3)2$ ZHUH IRXQG 
QJ/ DQG  QJ/ UHVSHFWLYHO\ DW VXUURXQGLQJ LQGXVWULDO HVWDWH DUHD 6DPXWSUDNDQ SURYLQFH  LQ ZHW VHDVRQ
7KHFRDVWDODUHDWKHPD[LPXPFRQFHQWUDWLRQZDVGHWHFWHGQJ/DW5D\RQJSURYLQFH
.H\ZRUGV3)&V3)267KDLODQG323VVXUIDFHZDWHU
,QWURGXFWLRQ
7KH 3HUVLVWHQW 2UJDQLF 3ROOXWDQWV 323V  DUH ZHOONQRZQ DOO DURXQG WKH ZRUOG 6RPH DUH H[WUHPHO\
WR[LF FKHPLFDOV DQG VRPH DUH PRGHUDWHO\ KD]DUGRXV FKHPLFDOV WKH SHUIOXRURRFWDQH VXOIRQDWH 3)26  DQG
SHUIOXRURRFWDQRLFDFLG 3)2$ DUHPDQPDGHFKHPLFDOVRIJOREDOFRQFHUQ*URXSVRISHUIOXRULQDWHGFRPSRXQGV
3)&V ZKLFKDUHV\QWKHWLFFKHPLFDOVPDMRULW\XVHGLQWKHPDQXIDFWXUHRISODVWLFWH[WLOHVDQGHOHFWURQLF ,QRXH
HWDO&DUORQL 7R[LFRORJLFDOLQIRUPDWLRQLVVFDUFH6XOIRVXFFLQDWHVDUHLUULWDQWVWRH\HVVNLQDQGWKH
UHVSLUDWRU\ V\VWHP HVSHFLDOO\ XSRQ SURORQJHG RU UHSHDWHGFRQWDFW7R[LFLW\RI3)2$DQG3)26DUHVLPLODURI
WKRVH 323V 7KH\ DUH VHSDUDWH LQWR WZR JURXSV RI KHDOWK HIIHFWV )LUVW JURXS LV DFXWH H[SRVXUH 7KHUH DUH
LQVXIILFLHQWGDWDDYDLODEOHRQDFXWHWR[LFLW\LQKXPDQVWRGUDZFRQFOXVLRQV'HUPDORURFXODUH[SRVXUHWR3)2$
RU 3)26 PD\ FDXVH LUULWDWLRQ $QLPDO VWXGLHV VXJJHVW ERWK 3)2$ DQG 3)26 DUH PRGHUDWHO\ WR[LF IROORZLQJ
LQJHVWLRQFDXVLQJHIIHFWVRQWKHOLYHUDQGJDVWURLQWHVWLQDOWUDFW6HFRQGJURXSLVFKURQLFH[SRVXUH7R[LFHIIHFWV
IROORZLQJ UHSHDWHG RUDO H[SRVXUH LQFOXGH HIIHFWV RQ WKH OLYHU JDVWURLQWHVWLQDO DQG WK\URLG KRUPRQH HIIHFWV $
VPDOO QXPEHU RI RFFXSDWLRQDO VWXGLHV KDYH UHSRUWHG DQ DVVRFLDWLRQ EHWZHHQ H[SRVXUH RI 3)2$ RU 3)26 DQG
VHYHUDO IRUP RI FDQFHU $QLPDO¶V VWXGLHV VXJJHVW WKDW ERWK 3)2$ DQG 3)26 PD\ EHFDUFLQRJHQLFDWUHODWLYHO\
KLJKGRVHOHYHOV 3XEOLF+HDOWK(QJODQGHWDO/LQGVWURPHWDO 
$FFRUGLQJ WR WKH 'HSDUWPHQW RI (QYLURQPHQWDO 4XDOLW\ 3URPRWLRQ '(43  VLJQHG DJUHHPHQW WR
FRRSHUDWH ZLWK WKH 8QLWHG 1DWLRQV 8QLYHUVLW\ 818  7KH REMHFWLYHV DUH WR DVVHVV WKH VWDWXV RI SHUIOXRULQDWHG
FRPSRXQGV 3)&V  UHVLGXH LQ VXUIDFH ZDWHU VDPSOHV DQG VXSSRUW GDWD WR 6WRFNKORP¶V FRPPLWWHH DQG
6WRFNKORP¶VVHFUHWDULDORI7KDLODQG 7KH'HSDUWPHQWRI3ROOXWLRQ&RQWURO'HSDUWPHQW DVDQDFWLYLW\IROORZWKH
1DWLRQDO,PSOHPHQWDWLRQ3ODQRI7KDLODQG 1,3 ,QDGGLWLRQWKHGDWDZLOOEHXVHIXOIRUFRQWLQXLQJPRQLWRULQJ
RI3)&VLQRWKHUVPHGLDVXFKDVVHGLPHQWVDQGELRWLVVXHVLQWKHIXWXUH
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6DPSOLQJORFDWLRQV
7KHUHDUHVDPSOLQJORFDWLRQVDQGWKH\DUHVHSDUDWHGLQWRWZRVHDVRQV7KRVHDUHGU\VHDVRQDQGZHWVHDVRQ
7KHPDLQORFDWLRQVDUHVXUURXQGLQJLQGXVWULDOHVWDWHWKHPDLQULYHU¶VPRXQWVRI7KDLODQGDQGWKHFRDVWDODUHDV
VXUURXQGLQJ WKH *XOI RI 7KDLODQG  DQG  PDLQ ULYHUV DQG WKH\ DUH &KDR3UD\D 7KD&KLQ %DQJ3DNRQJ 0DH
.ORQJ5LYHU7KHVHDUHDVDUHXVHGIRUVHYHUDOSXUSRVHVLQGLIIHUHQWDUHDVXFKDVIRUZDWHUVXSSO\DJULFXOWXUHDQG
LQGXVWU\7KHLQIRUPDWLRQRIVDPSOLQJORFDWLRQVZDVVKRZQLQWKHILJXUHDQGWKHWDEOHWR



<ϭ

ϯ͕ϭϭ



)LJXUH6DPSOLQJORFDWLRQVRI7KDLODQG


5D\RQJ SURYLQFH VDPSOH 12  &KRQEXUL SURYLQFH VDPSOH 12 %DQJ3DNRQJ ULYHU PRXWK VDPSOH
12 &KDR3KUD\D ULYHU PRXWK VDPSOH 12  7KD&KLQ ULYHU PRXWK VDPSOH 12 0DH.ORQJ ULYHU
PRXWKVDPSOH123HWFKDEXULSURYLQFHVDPSOH127UDGSURYLQFHVDPSOH12
6DPSOHSUHSDUDWLRQIRU3)&V
)LUVWPORIZDWHUVDPSOHVZHUHVSLNHG &3)2$DQG &3)26QJ/IRU/DVLQWHUQDOVWDQGDUG
DQGH[WUDFWHGE\XVLQJVXFWLRQILOWUDWLRQ6HFRQGHOXWHPORIZDWHUVDPSOHVWKURXJKFDUWULGJHDQGGULHGLWE\
XVLQJDFHWDWHEXIIHUVROXWLRQDQGGLVFDUGWKHHOXHQW7KLUGHOXWHWKHFDUWULGJHZLWKPORIPHWKDQROIROORZHGE\
 PO RI DPPRQLD LQ PHWKDQRO 7KHQ UHGXFH YROXPH RI VROXWLRQ VDPSOHV LQWR  PO E\ XVLQJ QLWURJHQ JDV
3XULW\ )LQDOO\DQDO\]HDOOVDPSOHVE\XVLQJ/&0606 ,62 
5HVXOWDQGGLVFXVVLRQ
4XDOLW\FRQWURODQGTXDOLW\DVVXUDQFHWKHSURFHGXUHEODQNDQGUHFRYHU\FRQWUROZHUHFDUULHGRXWLQHDFKEDWFKRI
DQDO\VLV7KHDYHUDJHSHUFHQWDJHRIUHFRYHU\RI &3)26DQG &3)2$DGGHGSULRUWRVDPSOHH[WUDFWLRQZDV
 DQG  LQ GU\ VHDVRQ DQG  DQG  LQ ZHW VHDVRQ 7KH SHUFHQWDJH RI UHFRYHU\ RI &3)26 DQG

&3)2$ZHUHLQWKHUDQJHDQGDQGLQGU\VHDVRQDQGDQGLQZHWVHDVRQ
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7KH /24 RI 3)2$ DQG 3)26 DUH  QJ/ DQG  QJ/ UHVSHFWLYHO\ 7KH  PDLQ ULYHU¶V PRXQWV ZKHUH DUH
ORFDWHGXSSHU*XOIRI7KDLODQGVKRZHGWKHFRQFHQWUDWLRQRI3)26DQG3)2$LQWKHUDQJHRIQJ/DQG
QJ/LQZHWVHDVRQ)RUGU\VHDVRQWKHFRQFHQWUDWLRQRI3)26DQG3)2$ZHUHLQWKHUDQJHRIORZHU
WKDQ/24QJ/DQGQJ/UHVSHFWLYHO\






)LJXUH7KHFRQFHQWUDWLRQRI3)2$LQZHWDQGGU\VHDVRQVIURPWKH*XOIRI7KDLODQG






)LJXUH7KHFRQFHQWUDWLRQRI3)26LQZHWDQGGU\VHDVRQVIURPWKH*XOIRI7KDLODQG
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7KHUHVXOWRI3)26DQG3)2$DWWKHORFDWLRQVVXUURXQGLQJLQGXVWULDODUHDVHVSHFLDOO\LQ6DPXWSUDNDQ
SURYLQFHZHUHQJ/DQGQJ/LQZHWVHDVRQ,QDGGLWLRQWKHFRQFHQWUDWLRQRI3)26DQG3)2$ZHUH
QJ/DQGQJ/LQGU\VHDVRQ%RWKVHDVRQVVKRZHGVLJQLILFDQW3)26DQG3)2$FRQFHQWUDWLRQZKHQ
WKH\ ZHUHFRPSDUHGWRRWKHUVORFDWLRQV$Q\KRZWKHFRQFHQWUDWLRQRI3)26LQGU\VHDVRQZDVKLJKHUWKDQLQ
ZHW VHDVRQ GXH WR UDLQZDWHU GLOXWLRQ LQ ZHW VHDVRQ )RU WKH VDPSOLQJ  VWDWLRQV RI /DPSRRQ 3URYLQFH ZKHUH
ORFDWHGQHDULQGXVWULDOHVWDWHERWK3)26DQG3)2$FRQFHQWUDWLRQZHUHLQWKHUDQJHRIQJ/DQG
QJ/LQZHWVHDVRQ0RUHRYHUWKHUHZDVRQHVWDWLRQRI/DPSRRQVKRZHGYHU\ORZFRQFHQWUDWLRQRI3)2$DQGLW
ZDVORZHUWKDQ/24,QGU\VHDVRQWKHVHVDPSOLQJORFDWLRQVZHUHDOVRGHWHFWHGORZFRQFHQWUDWLRQRI3)26DQG
3)2$DQGWKH\ZHUHLQWKHUDQJHRIORZHUWKDQ/24QJ/DQGQJ/UHVSHFWLYHO\7KHFRQFHQWUDWLRQ
RI3)2$DQG3)26LQWKHORFDWLRQVRIFRDVWDOPDULQHVXFKDV3HWFKDEXUL&KDQWKDEXULDQG7UDGZHUHGHWHFWHG
VOLJKWO\LQERWKZHWDQGGU\VHDVRQV7KHVHDUHEHFDXVHWKH\DUHUHPRWHDUHDV7KHFRDVWDOPDULQHZKHUHORFDWHG
LQ5D\RQJSURYLQFHVKRZHGVLJQLILFDQWFRQFHQWUDWLRQRI3)26 6DLWRQJEHDFK ZDVQJ/7KHGLVFDUGRI
ZDWHU IURP VHYHUDO DUHDV VXFK DV FRPPXQLWLHV DQG IDFWRULHV PD\ FDXVH RI KLJK FRQFHQWUDWLRQ ,Q DGGLWLRQ
5D\RQJ VWDWLRQV ZKHUH DUH VHSDUDWHG LQWR  VDPSOLQJ VWDWLRQV DUH WKH VWDWLRQV RI FRDVWDO DUHD FRPPXQLW\ DQG
LQGXVWULDOHVWDWH,QRUGHUWRWKH\DUHKRWVSRWRIVDPSOLQJVWDWLRQVZLWKWKHVLJQLILFDQWVRXUFH
&RQFOXVLRQ
,QFRQFOXVLRQWKHVDPSOLQJDUHDVDW6DPXWSUDNDQSURYLQFHZKHUHWKH\DUHORFDWHGVXUURXQGLQJLQGXVWULDOHVWDWH
]RQHZHUHGHWHFWHGKLJKFRQFHQWUDWLRQRI3)26LQZHWVHDVRQHVSHFLDOO\DW%DQJ322DQG%DQJSUDNRGVWDWLRQV
DQG WKH\ ZHUH  QJ/ DQG  QJ/ UHVSHFWLYHO\ 0RUHRYHU 3)2$ ZHUH GHWHFWHGLQ WKHVH VWDWLRQV LQ WKH
UDQJHRIQJ/)RUWKHDUHDVRIFRDVWDOWKHFRQFHQWUDWLRQRI3)26DQG3)2$ZHUHORZHUWKDQ/24
QJ/LQZHWVHDVRQ7KH\ZHUHEHFDXVHRIUHPRWHDUHDV
5HIH UH QFH
 '&DUORQL3HUIOXRURRFWDQH6XOIRQDWH 3)26 3URGXFWLRQDQGXVH3DVWDQG&XUUHQW(YLGHQFH81,'2  
 ,62  :DWHU TXDOLW\'HWHUPLQDWLRQ RI SHUIOXRURRFWDQHVXOIRQDWH 3)26  DQG SHUIOXRURRFWDQRDWH
3)2$ 0HWKRG IRU XQILOWHUHG VDPSOHV XVLQJ VROLG SKDVH H[WUDFWLRQ DQG OLTXLG FKURPDWRJUDSK\PDVV
VSHFWURPHWU\  
 .,QRXH)2NDGD5,WR6.DWR66DVDNL61DNDMLPD$8QR<6DLMR)6DWD<<RVKLPXUD5.LVKL
DQG+1DND]DZD3HUIOXRURRFWDQH6XOIRQDWH 3)26 DQGUHODWHG3HUIOXRULQDWHG&RPSRXQGVLQ+XPDQ
0DWHUQDODQG&RUG%ORRG6DPSOHV$VVHVVPHQWRI3)26([SRVXUHLQD6XVFHSWLEOH3RSXODWLRQGXULQJ
3UHJQDQF\(QYLURQ+HDOWK3HUVSHFW    
 3XEOLF+HDOWK(QJODQG3)26DQG3)2$7R[LFRORJLFDO2YHUYLHZ  
 3XEOLF+HDOWK(QJODQG3)26DQG3)2$*HQHUDOLQIRUPDWLRQ  
 /LQGVWURP $QGUHZ % 0DUN - 6WU\QDU DQG ( /DXUHQFH /LEHOR 3RO\IOXRULQDWHG &RPSRXQGV 3DVW
3UHVHQWDQG)XWXUH(QYLURQPHQWDO6FLHQFH 7HFKQRORJ\  
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UNU-8
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WASTEWATER FROM DRAINAGE SYSTEM IN HANOI, VIETNAM
PHAM Hung Viet, DUONG Hong Anh, NGUYEN Thuy Ngoc, PHUNG Thi Vi, NGUYEN Thu Huong
Research Centre for Environmental Technology and Sustainable Development (CETASD), VNU University of
Science (HUS), 334 Nguyen Trai street, Hanoi, Vietnam
Keyword: perfluorinated chemicals ( PFCs), municipal wastewater, drainage system, Hanoi
Abstract
Perfluorinated chemicals (POFS and POFA) are among emerging environmental contaminants which were
adopted to list to the new chemicals by the Stockholm Convention in 2009. While numerous studies on POFS
and POFA have been extensively investigated in industrialized counties over the past decade, very little
information is available in developing countries including Vietnam. This study presents residue concentrations
of 13 perfluorinated chemicals in municipal wastewater collected at 20 locations on the drainage system
throughout Hanoi City, Vietnam in dry and rainy season during 2013-2014. The average concentrations of PFCs
were 8.72 ng/L (range: 1.84 - 23.99) ng/L in rainy season and 7.97 ng/L (range: 4.75 - 14.82 ng/L) in dry season,
respectively. Low molecular weight PFC (hydrocarbon number ≤10) were predominant in municipal wastewater
of Hanoi, while both PFOS and PFOA were dominant compounds in the surface water in both rainy and dry
seasons. The result was showed that the contamination of PFCs in the municipal wastewater drainage system in
Hanoi may derive from different sources of highly urbanized activities.
Introduction
In Vietnam, studies on PFCs in environmental samples are few. Tanaka et al. (2006) reported widespread
occurrence of PFOS and PFOA in water at low concentrations in the capital Hanoi (in nanograms per liter levels)
by Tanaka et al. 2006. A recent study of Joon-Woo et al. (2012) reported 17 PFCs concentrations in wastewater
collected from municipal dumpling site (Hanoi) and e-waste recycling site, battery recycling site (Hanoi
surrounding provinces).
Similar to the case of other developing countries, there are concerns regarding the increasing chemical
contamination due to rapid industrial development and lack of effective chemical control and waste management
in Vietnam. The impact on the aquatic environment is expected to be severe, considering that 95 % of domestic
wastewater is discharged into the water bodies without treatment (Hoai et al. 2010). The receiving water bodies
are used for irrigation and aquaculture. Therefore, persistent organic compounds from wastewater can potentially
impact the aquatic eco- systems. In this context, the present study was initiated to investigate the occurrence of
13 PFCs in surface water from municipal wastewater drainage system in Hanoi, Vietnam.
Material and method
Study area and sampling stations
Hanoi is capital of Vietnam. Hanoi area was extended in 2008
and became the second largest city of Vietnam and its vicinity
is the major industrial and economic region in North Vietnam.
The old city area is densely populated and the municipal
wastewater was discharged into environment with a large
amount. According to the Hanoi Drainage Company 2013, the
city discharges about 600,000 m3 of wastewater per day into
lakes and rivers. Over 90% of the city's wastewater is
discharged directly into lakes and rivers without treatment,
making these watercourses seriously polluted.

Figure 1. Sampling stations in Hanoi
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It seems the wastewater in old city will be a serious problem with inhabitants who are influenced by pollution
currently. Flowing inside the Hanoi City, mainly to the south and southeast, with a total length of about 70 km,
the rivers To Lich, Lu, Set, Kim Nguu, and a part of the Nhue River play as an important open sewer system for
the drainage of rainwater and municipal wastewater, and somewhat used for irrigation in the city.
In this study, twenty surface water samples from municipal wastewater drainage system were collected in 2013
(rainy season) and 2014 (dry season). The sampling sites are showed on the Figure 1.
Sample treatment
Sample treatment procedure was implemented according to the international standard method ISO 25101, 2009.
Briefly, 100 - 500 ml surface water was filled into glass fiber. The glass fiber after soaking in MeOH was fried at
105oC to determine the suspended solid parameter. The sample was spiked with 10 μl isotope-labeled PFCs
standards 2 ppm and then run through the activated OASIS WAX cartridge. The cartridge was dried by vacuum
pump and then the PFCs was eluted by 4 ml MeOH and 4ml 0.1% Ammonia/MeOH. The elute was concentrate
to 1 ml, kept into vial and stored in the freezer for quantification.
LC/MSMS analysis
Quantification of PFCs compounds was implemented at Laboratory of Marine Chemistry and Environmental
Pollutions, Chonnam National University on March 2014 using LC-MSMS 8040 Shimadzu, Japan. The
analytical conditions and parameter based on the Shimadzu application (No.C81) were showed detail in table 1.
Table 1. LC-MS/MS parameters
No

Analyse

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

PFHxA
PFBS
PFHpA
C4-PFOA
PFOA
PFHxS
PFNA
PFDA
C4-PFOS
PFOS
PFUnDA
PFDoDA
PFDS
PFTrDA
PFTeDA

Precursor ion
(m/z)
313.00
299.00
363.00
416.80
412.80
398.80
462.80
512.80
502.80
498.80
562.80
612.80
598.80
662.80
712.80

Product ion
(m/z)
268.90
98.95
318.85
317.90
368.85
98.95
418.85
468.85
98.90
99.00
518.85
568.85
98.90
618.85
668.80

Q1 Prebias
(V)
15
14
17
15
15
15
13
30
38
18
20
22
20
24
26

CE value
(V)
10
31
10
12
11
37
11
12
46
44
12
14
55
15
16

Q3 Prebias
(V)
27
17
20
25
24
17
28
30
17
17
36
38
16
40
30

Column: Shim-pack FC-ODS (2.0 mm I.D. × 150 mm L.,3 μm)
Delay Column: Develosil Packed Column C30-UG-5 (4.0 mm I.D. × 35 mm L.)
Mobile Phase A: 5 mmol/L Ammonium formate - water Drying Gas Flow: 10 L/min
Mobile Phase B: Acetonitrile
Gradient Program: 25 % B (0 min) - 85 %B (20 min) - 25 %B (20.01 - 30 min)
Flow Rate: 0.2 mL/min
Nebulizing Gas Flow: 1.5 L/min
Injection Volume: 5μL
DL Temperature: 250 °C
Column Temperature: 40 °C
Temperature: 400 °C
Probe Voltage: 3.5 kV (ESI-negative mode)
DL Voltage/Q-array Voltage: Using default values

QA/QC
The standard of native-PFCs was spiked 20μl of 2ppm and mass-labelled-PFCs was spiked 10μl of 2ppm into
blank water. The recovery samples were implemented in the whole sample preparation procedure. The
recoveries were in a range of 67-122% for rainy season and 68-123% for dry season, respectively. The detection
limits and the quantitative limits for 13 individual PFCs in water sample were calculated by four blank samples
base on the sign/noise (S/N). LOD was 3xS/N and LOQ was 10x S/N. LOD and LOQ values of 13 analysed
PFCs are in a range from 0.02 to 0.11 ng/l and 0.07 to 0.37 ng/l, respectively.

2
─ 364 ─

Result and discussion
Concentration of PFCs in water
The concentrations of PFCs in twenty water samples are summarized in Table 2 and 3. Total concentrations of
13 analysed PFCs are 8.72 ng/L in rainy season and 7.97 ng/L in dry season, respectively. The difference of
PFCs concentrations between rainy and dry seasons was not significant. And the PFCs concentrations in rainy
season were slightly higher than in dry season.
PFCs concentrations in water samples increased towards downstream of Nhue river (from N01 to N05) and Kim
Nguu River (from KN01 to KN02). But there is a difference of PFCs concentrations from the upstream and
downstream of Lu, Set and Tolich River. Good correlation of PFAs and PFSs concentrations in each sampling
site is found in Lu-Set (R2=0.78) and Kim nguu-Yen So (R2=0.75) in dry season and Nhue river (R2=0.98) and
Kim nguu-Yen So (R2=0.77) in rainy season. This result suggests that the contamination of PFCs in the
municipal wastewater drainage system in Hanoi may be from different highly urbanized sources.
Table 2. Concentration of analysed PFCs in water (ng/L)
No.
1
2
3
4
5
6
7
8
9
10
11
12
13

PFCs
PFHxA
PFBS
PFHpA
PFOA
PFHxS
PFNA
PFDA
PFOS
PFUnDA
PFDoDA
PFDS
PFTrDA
PFTeDA
Sum PFCs

Average
1.41
0.57
1.25
3.71
0.16
nd
0.80
0.80
nd
0.02
<nd
<nd
<nd
8.72

Min.
0.46
<nd
0.40
0.79
<nd
<nd
<nd
0.18
<nd
<nd
<nd
<nd
<nd

Rainy season (n=20)
Max.
Average
2.56
1.11
1.69
0.10
2.98
0.93
11.64
3.49
0.77
0.30
<nd
0.27
4.55
0.74
1.65
0.83
<nd
0.05
0.34
0.08
<nd
0.06
<nd
<nd
<nd
<nd
7.97

Dry season (n=20)
Min.
Max.
<nd
2.24
<nd
1.42
<nd
2.07
1.62
5.67
<nd
0.82
<nd
1.69
0.29
1.95
0.29
1.50
<nd
0.88
<nd
0.29
<nd
0.42
<nd
<nd
<nd
<nd

Table 3. Concentration of total PFCs in water (ng/L)
Rainy season
Dry season
(n=20)
(n=20)
PFAs

7.18 (1.66-21.66)

6.67 (3.47-12.09)

PFSs

1.54 (0.18-2.96)

1.30 (0.56-2.90)

Sum PFCs

8.72

7.97

Composition of PFCs
PFAs were analyzed including 9 compounds from hexa-carbon to tetradecan-carbon in the perfluorinated
hydrocarbononic acid’s molecular structures. It was found that PFHxA, PFHpA, PFOA and PFDA were
determined at higher concentrations and were detected in all water samples in both rainy and dry seasons. PFOA
was highest compounds among PFAs analyzed, accounted for more than 50% of the total PFCs. PFTrDE and
PFTeDA were not detected and PFDoA and PFNA were detected only in the dry samples and at very low
concentrations. PFAs was found in water form municipal wastewater drainage system of Hanoi is dominant by
compounds with hydrocarbon number ≤ 10 HC.
Compositions of 4 perfluorinated hydrocarbon sulfonate were illustrated in Figure 3. Pattern of PFSs
concentrations was in the order of PFOS > PFBS > PFHxS > PFDS. PFOS was dominant compound detected in
the surface water (>50% in both rainy and dry seasons) and PFSs components contained hydrocarbons with low
molecular weight.
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Figure 2. Compositon of 9 PFAs in water

Figure 3. Compositon of 4 PFSs in water

Contamination in municipal wastewater
Average concentrations of PFCs in municipal wastewater were 8.72 ng/L (range: 1.84-23.99 ng/L) in rainy
season and 7.97 ng/L (range: 4.75-14.82 ng/L) in dry season in Hanoi drainage system. This result is similar to
those reported by Joon -Woo et al (2012). In the Joon-Woo reported that sum PFCs was 12 ng/l (2.1- 23 ng/l) for
municipal wastewater station in Hanoi and average of PFCs was 8.4 ng/l (nd-15 ng/l) in water near the municipal
dumping site except the PFCs level was much highest in leachate from municipal dumping site (360 ng/l) and
follow from e-waste recycling site with 57 ng/l in average (18-170 ng/l). PFOA was still highest concentration in
the analysed PFCs in this study. The concentration of PFCs in municipal wastewater from Hanoi drainage
system was much lower than even the most conservative threshold proposed for drinking water (400 ng/l for
PFOA and 200 ng/l for PFOS by US EPA, 2009).
Conclusion
This is the first report on the PFCs level in the surface water of the entire municipal wastewater drainage system
in the Hanoi city. The average concentrations of PFCs in twenty sampling location are 8.72 ng/L (1.84-23.99)
ng/L in rainy season and 7.97 ng/L (4.75-14.82 ng/L) in dry season, respectively. However, the difference of
PFCs amount between rainy and dry seasons is not significant and the PFCs concentration in rainy season is
slightly higher than in dry season. The concentration of PFCs in the water increased towards downstream of the
rivers flowing in the drainage system of Hanoi city. PFCs in the municipal wastewater drainage system in Hanoi
may be from many different sources of urban activities. PFOS and PFOA were dominant compounds detected in
the surface water in both rainy and dry seasons. In order to provide an overall evaluation on the pollution status
of PFCs, their load into the Hanoi municipal wastewater drainage system and risk assessment to the ecosystem
and human should be investigations in future studies.
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Abstract: Perfluorooctane sulfonate (PFOS) was listed as a chemical in the Stockholm Convention (SC) in 2009.
PFOS is not manufactured in the Philippines and a major concern in the initial inventory of PFOS in the Philippines
is the low knowledge in the industrial sector on specific imported articles containing PFOS. Thus, the initial survey
among industries which could possibly be using PFOS revealed that no PFOS has been imported or used in the
country. PFOS is stable in water and can be detected in rivers and effluents. The investigation of the concentrations
of perfluorocompounds (PFCs) perfluorooctane sulfonate (PFOS) and perfluorooctanoate (PFOA) in 5 selected river
waters and in 4 industrial effluent waters in Metro Manila, Philippines in the rainy season of August 2013 and in
summer of March 2014 provided the first set of information on the pollution of PFCs in the country. One industrial
site showed a much higher averaged concentration of 4.18 ng/L PFOS and 11.7ng/L PFOA for the two sampling
events than the range of 0.39-1.28 ng/L PFOS and 0.43-1.72 ng/L PFOA for the effluents from the other three
industrial sites. The river water in the vicinity of the industrial site with the high PFCs showed the highest
concentrations at 2.78 ng/L PFOS and 9.49 ng/L PFOA while the rest of the river waters showed a range of 1.021.57 ng/L PFOS and <0.1 ng/L (LOD) - 0.81 ng/L) PFOA. The investigation showed that there is some usage of
PFOs in an industrial site more than the other industrial sites.
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Abstracts: Peruorinated compounds (PFCs) are an emerging environmental pollutant that possesses toxic
characteristics. Two known PFCs, perfluoro-n-octanoic acid (PFOA) and perfluoro-1-octanesulfonate (PFOS)
are mostly used in fire fighting foam, textiles, and electronic parts. The toxicity of PFOA and PFOS have been
extensively confirmed in several studies. Stockholm Convention has listed PFOS as one of the Persistent
Organic Pollutant in Annex B. Due to the highly resistant properties of PFCs to degradation processes and its
tendency to be bioaccumulative, these compounds will continue to persist in the environment in the near future.
The objective of this study was to evaluate the concentration of PFCs in surface water in two major river basins
in the state of Selangor, Malaysia. Selangor and Langat rivers were chosen as the sampling location because
these rivers receive effluents from industries and commercial activities, but also are used as a water intake source
for water treatment plants. PFCs in the water samples were extracted from water by using Water Oasis HLB
cartridge (Milford, MA). Analyses were performed using Shimadzu UFLC XR liquid chromatography combined
with Shimadzu LCMS 8030 tandem mass spectrometer (LC-MS/MS) with electrospray ionization (ESI). A total
of 7 perfluorinated compounds [perfluoro-n-pentanoic acid (PFPeA), perfluoro-n-hexanoic acid (PFHxA),
perfluoro-n-heptanoic acid (PFHpA), perfluoro-n-octanoic acid (PFOA), perfluoro-n-nonanoic acid (PFNA),
perfluoro-1-hexanesulfonate (PFHxS) and perfluoro-1-octanesulfonate (PFOS)] were measured from water
collected at Sungai Langat and Sungai Selangor. Overall, the concentration of PFCs detected in Selangor river is
very low compared to Langat River. The highest concentration of PFCs detected in Selangor River is only at
4.4ng/L compared to the Langat River which is 375.6ng/L. The results are expected for the area around the
Selangor River is less developed compared to the Langat River except at the sampling point number 9 where
Rawang industrial area is situated. From the water samples collected, PFOS and PFOA are the most frequently
detected. However, the pattern of PFCs contribution was varied between the two rivers. Current study showed
that the western area is more polluted compared to the eastern area . Furthermore, the overall current
concentration of PFCs seems to decline significantly compared to 3 years ago (43,500ng/L to 375.6ng/L). The
highest concentration of PFCs detected in Selangor River is still among the lowest concentration detected in
other studies such as in South Korea and Japan. However, concentration of PFCs detected in Langat River is
among the highest. It is comparable to the PFCs detected in other countries such as Hanjiang River, China (568
ng/L).

Figure 1: Concentration of Perfluorinated Chemicals (PFCs) at various points of Selangor and Langat River.
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Abstract
Perfluorinated compounds [PFCs] are molecules, made of carbon chain with fluorine atoms. PFC’s are
commonly used in fluoropolymer coated cookware, extreme weather military uniforms, food handling
equipment, medical equipment, motor oil additives, fire fighting foams, paints, inks aand water repellent
products. They are very stable and highly resistant to biological degradation due to strong carbon and fluorine
binding and persistance in the environment. These compounds can bioaccumulate and also undergo
biomagnification. Within the class of PFC chemicals, perfluorooctanoic acid and perfluorosulphonic acid are
generally considered as reference compounds. PFCs can be detected in water, plants, different kinds of
foodstuffs, human breast milk and blood. Certain fluorocarbons are extremely stable and can be stored in the
bodies of both humans and animals. Studies of PFOA in animals shows that it can cause several types of tumors,
neonatal death and may have toxic effects on the immune, liver and endocrine systems. Studies has been carried
out in Japan, China and Korea on fresh water, surface water and sea water and most of the samples were found
to be contominated with PFCs. No significant studies have been carried out on PFC’s in Pakistan. Therefore,
these two compuounds (perfluorooctanoic acid and perfluorosulphonic acid) are selected for stdudy in the
surface water bodies. The samples (42) wer collected in dry and wet seasons to determine the current status and
extend of F perfluorooctanoic acid and perfluorosulphonic acid PFOS and PFOA.
Poly propylene bottles were used for the collection of water samples. The method of Taniyasu et al. (2005) was
applied for water sample extraction. The samples were analyzed on Shimadzu 8040 LC/MS/MS for PFOA and
PFOS. Five μL aliquot of the extracted sample was injected to the column with fixed temperature (40oC). Flow
rate in mobile phase was 200 μL /min. The maximum range of PFOS in wet season was up to 3547 pg while in
dry season was up to 2412pg. Similarly the maximum range of PFOA in wet season was up to 1068pg while in
dry season was up to 1200pg ./L.
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Assessing the impact of chemical substances on the environment, especially on human and ecological health, is a
long-standing challenge to governments, academia and industries. Development of an integrated approach to
environmental monitoring addresses a critical need in toxicity testing: the demand to predict and characterize the
potential risk, a product of both hazard and exposure, posed by thousands of chemicals for which there may be
limited biological data or analytical detection methods. Historically, when biological assays have identified
potentially toxic substances, these substances are then evaluated in environmental samples using chemical
analysis, one at a time and rather independently. However, having millions of chemicals on market and
thousands to come every year, it has become almost impossible to test chemicals in a one-by-one manner.
Effects of multiple chemical exposures have been hardly assessed.
This is the moment to shift the chemical risk management to a new paradigm combining toxicology and
chemistry. That will lead us to decreased animal testing, more information on the total activity of environmental
samples at particular endpoints of interest, and the development of an analytical chemistry scheme that would
target “sentinel” or representative chemicals that may predict the overall contaminant load of the samples.
Integrated exposure and effects analysis (IEEA) is a scientific approach that unites evaluation of the presence of
the environmental contaminants and assessment of their potential effects on human and ecological health. This
approach is necessary to meet the current challenges in chemistry and toxicology: an ever-growing list of
chemicals present in the environment. The traditional methodology for monitoring environmental pollutants is
based on separated lines of evidence: targeted chemical analysis, in which the compounds to be analysed are preselected, to quantify the concentration of the contaminants in the environment, or evaluation of acute and chronic
effects of the pollutants on test organisms (plants, vertebrates and invertebrates) based on classic endpoints
(mortality rates, measurement of reduced growth and alterations in the reproduction rates). Considering the
limitations and strengths of both chemical and biological assays to characterize the risks of chemical mixtures in
the environment, an integrated analysis approach is critical. Implementation of analytical chemistry together
with toxicological assays should be encouraged to assess the exposure and effects of the contaminants. The
ultimate goal of this approach is to develop a transferrable toolbox to generate scientifically sound information
required to manage the chemical risk. Recent advances in chemical analysis and bioanalytical tools are already
being applied towards this goal, but a closer collaboration between the different fields of expertise involved in
the research, as well as the stakeholders who will utilize its outcomes is essential for the fast implementation of
IEEA for a better chemical risk management.
To cultivate a network of researchers engaging IEEA related research and encourage collaboration among them,
National Institute for Environmental Studies (NIES) started the International Workshop in 2012. The Workshop
was well attended by researchers and government officials from Asia, EU and Americas. The second Workshop
was held in 2013 in the United States in conjunction with the Society for Environmental Toxicology and
Chemistry. The Workshop was then extended to the South East Chapter in January 2014 first held in Hanoi,
Vietnam. This is the second South East IEEA Workshop aiming to strengthen and expand the network by
deepening the discussions for more collaborative actions, which will enable Asian countries to take the
influential leadership for the global standardization of the integrated chemical management in future.
The topics in the workshop will include:
- Environmental research on multiple contaminants co-exist in the environmental media;
- Analytical development of chemical toxicity including novel bio-assay approach; and
- Other efforts of the national governments/international organizations to manage chemical mixtures.
Possible joint research opportunities will also be discussed.
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Introduction
Particulate pollution is a major public health concern because epidemiological studies have
demonstrated that exposure to particles is associated with respiratory diseases and lung cancer. Vehicle
emissions, particularly diesel exhaust particles (DEP), which is classified as a human carcinogen (IARC, 2012),
are considered a major contributor to traffic-related particulate matter (PM) in urban areas.
PM derived from vehicle combustions are composed of various carcinogenic compounds including
polycyclic aromatic hydrocarbons (PAHs) and metals. The particles or their chemical components induce
reactive oxygen species (ROS) which may subsequently lead to cellular oxidative stress resulting in induction of
oxidative DNA damages as well as increased synthesis of pro-inflammatory cytokines such as interleukin-8 (IL8). Clara cell protein 16 kDa (CC16) has been ascribed an anti-inflammatory function to protect the lung from
excessive inflammation. Persistent excessive inflammation is important in development of lung damage,
vascular dysfunction, and cancer.
Accordingly, this study aimed to assess DNA damage and inflammatory responses in humans exposed
to traffic-related particles containing various pollutants including PM2.5, PAHs and toxic metals.
Materials and Methods
A total of 51 residents (mean age 45.2; range 18–58 years) were recruited from healthy non-smokers
residing in traffic-congested areas in Bangkok. According to Vattanasit et al., 2014, exposure to PM2.5 and
biological effects of DNA damage and inflammatory responses in these study subjects were assessed. Briefly,
ambient and individual exposure levels were determined by collecting the PM2.5 for 8 hours (7 am -3 pm) from
the ambient air and at breathing zone of the study subjects, respectively. Concentrations of PM2.5, and toxic air
pollutants (PAHs and toxic metals) bound to PM2.5 were measured. The oxidative DNA damage was determined
by measurement of 8-hydroxy-deoxyguanosine (8-OHdG) in peripheral blood using HPLC-MS/MS.
Inflammatory responses were determined as IL-8 expression in peripheral blood by real-time RT-PCR and serum
CC16 measured by ELISA.
Results and discussion
The mean ambient concentration of PM2.5 in the study locations (142.77 μg/m3) was higher than the
national ambient air standard for PM2.5 as 24 h-average of 50 μg/m3 provided by pollution control department
(PCD) of Thailand and of 25 and 35 μg/m3 provided by WHO and US EPA, respectively (WHO,2005; US EPA,
2006). Individual exposure to PM2.5 (183.33 μg/m3) and total PAHs (7.47 ng/ m3) were in the same range as the
ambient concentrations. The ambient concentrations of toxic metals in PM2.5 including As, Cr, Mn, Ni, Cd, and
Pb were detected at range 3.11-347.74, 60.42-411.29, 0.19-144.30, 1.73-483.60, 0.81-40.97, and 2.36-5.70
ng/m3, respectively. The majority of study subjects were exposed to As, Cd, Ni, and Pb in the concentration
range found in the ambient air.
In this study, levels of 8-OHdG in leukocytes correlated with exposure levels of PM2.5 (p<0.001) and
PAHs (p<0.005). These results suggested that exposure to PM2.5 can induce oxidative DNA damage and
increased cancer risk in the human population. However, IL-8 expression in lymphocytes of the subjects did not
correlate with exposure levels of either PM2.5 or its PAHs and metal components. Serum CC16 showed positive
correlation with Pb (P < 0.05), however significantly negative correlations with B[a]P equivalent levels (p<
0.05). Exposure to the particle-bound PAHs may cause decrease of CC16 production in the lung and subsequent
decrease of serum CC16 in healthy people. A decrease in the host defense molecule may result in higher
susceptibility to respiratory inflammation.
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In conclusion, the human study showed that increased oxidative DNA damage can be detected in
circulating lymphocytes of people exposed to traffic-related PM. However, IL-8 expression in people exposed to
relatively high levels of PM should be further investigated. Moreover, people residing in traffic-congested areas
are possibly at risk of health effects from PM exposure. Preventive measures to reduce the particulate air
pollution in ambient air are needed to mitigate the health effects.
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Introduction
Dioxins (Polychlorinated dibenzo-p-dioxins, PCDDs) and furans (polychlorinated dibenzofurans, PCDFs) are
the most toxic chemical species among the persistent organic pollutants (POPs). Exposure of humans and
animals to PCDD/Fs at certain levels may lead to negative health effects such as development of cancer,
reproductive problems, immune alterations, disruption of hormones, etc1(Colbornet al., 1993).
From 1961 to 1972, under the Operation Ranch Hand carried out by the US army, about 74 million litres of
defoliants were sprayed to destroy forest canopies and crops belonging to the north liberty army2. The defoliants
contained the chlorinated phenoxyherbicides 2,4,5-T- and 2,4-D as active ingredients in different concentrations
in the formulations labeled as Agent Orange, Agent Purple, Agent White, Agent Blue with Agent Orange
(AO/Dioxin) nearly contributing half of total defoliant volume3. More importantly, most of the defoliants
contained the extremely toxic byproducts PCDD/Fs, especially the most toxic isomer 2,3,7,8-Tetrachlorinated
dibenzo-p-dioxins (2,3,7,8-TCDD). After the Vietnam War, there have been several military airbases being
contaminated by the dioxins due to spills and leakages of such defoliants to the environment.
Da Nang former airbase is one of the most AO/Dioxin contaminated site in Vietnam. Dioxin contamination
in this area is derived from the past use of the defoliants by the United States army. Previous studies have
pointed out that there are three major contaminated sites within the airbase; they are the former storage site, the
aircraft washing site and a downstream lake. Over the past 40 years, dioxin contamination from the airbase has
undergone transportation to outside areas due to anthropogenic and weathering processes. A number of local
residents have been found with very high dioxin levels in blood suggesting their recent exposure to dioxin4,5,6. In
this study, we explore the environmental contamination of dioxins, their exposure pathways and
bioaccumulation in local people, and assessing the health risk for local communities, especially for the infants as
the most vulnerable group.
Materials and methods
Samples including soil, sediment, food items and breast milk were collected in four wards surrounding Da Nang
airbase in order to assess human exposure and bioaccumulation of dioxins in local communities. Chemical
analysis of PCDD/Fs was carried out in the Dioxin Laboratory (Vietnam Environment Administration) based on
the method 1613B7 using High resolution Gas chromatography coupled with High resolution Mass spectrometer
(HRGC/HRMS).Briefly, animal tissue and mother samples werefirst freeze dried under vacuum, The dried
samples (soil, powder of animal tissue and mother milk) were spiked with 13C-PCDD/Fs surrogates and
extracted by pressurized liquid extraction in 60 min with DCM:Hexane (10:90, v/v) at 120oC and 1700 Psi.
Multi-layer silica gel columns were used for clean-up steps as described by Thuonget al8. The determination and
quantification of the seventeen 2,3,7,8-substituted PCDD/Fs congeners were performed by
MicromassAutospecUltima system (Waters Co. Ltd.) equipped with 7890A gas chromatograph (Agilent Co.
Ltd.) using DB-5MS capillary column (60 m x 0.25 mm I.D, 0.25 μm film thickness, J&W Scientific Inc.,
Folsom, CA). The method detection limits were well described in the above references.
In this study, we also collected number of data from previous studies especially those from the AO/Dioxin
hot spot areas. Those data was used for comparison and explanation for sources of the contamination.
Results and discussion
There were three sites in the airbase which was heavily contaminated by dioxins including the former storage
site, the aircraft washing site and a downstream lake namely Sen Lake. The contamination in soil of the former
storage site, the aircraft washing site ranged from detection limits to 365,000 pg TEQ/g. Sediment in the Sen
Lake also contained high levels of dioxins (mean concentration: 1900 pg TEQ/g dried wt.). Interestingly, TCDD
was very high and accounted for 70 – 98% of the total TEQ4,5,6. This is a unique phenomenon in the areas
contaminated by AO/Dioxin due to high concentration of this compound as the main byproduct in the defoliants.
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Fish samples collected from the contaminated Sen Lake also contained elevated levels of dioxins (34 –
3120 pg TEQ/d wet wt.). It is important to note that this lake was located in the military zone and thus it was
limited assess by the local people. There were only limited number of people (20-30 famers)had consumed such
contaminated fish4. A followed study pointed out that this group had extremely high levels of dioxin in blood. In
this study, we do not make specific exposure assessment for this group because it was not considered as the
representative cohort for majority in local communities.
Contamination exposure
Local residents living in the wards surrounding Da Nang airbase were exposed to dioxin through different
routes, including oral, dermal and inhalation, with ingestion through food the major source. This includes free
range chicken meat and eggs, duck and duck eggs, fresh fish, snails and beef. Although plant roots do not
normally absorb dioxin9, the consumption of vegetables and crops grown in and around Da Nang airbase also
lead to high risk of exposure if there was inadequate washing of food as dioxin in soil particles can attach to
vegetables and crops. Tables 1 below summarize the results of total dioxin/furans concentrations in local food
samples, together with daily food consumption quantities and estimated daily exposure levels for local residents.
The estimated “safe” and “worse” case daily intakes for people living surrounding Da Nang airbase are shown in
Table 1. The estimated daily intakes were calculated using the following fomular: Estimated daily intake from
each type of food (pg/day) = dioxin concentration in food (TEQ pg/g) x daily food consumption level (g/day).
For the “safe’ scenario, we assumed that foods consumed by local residents were from markets and so originated
from areas distant to the airbase. The “worst” case scenario included foods that were grown/raised locally (but
not originated from areas the contaminated hot spot). The real risks for local residents at the two dioxin hot spots
were between these ranges, as people consumed both locally produced high risk foods and foods available in
markets, which usually originated from other areas or raised/cultured locally in safe practices. In order to
calculate the daily intake, we used the food consumption levels specific for the South Central Coast Region for
Da Nang. According to the Vietnam National Nutrition Survey 2010, total meat (pork, poultry and beef) daily
consumption for the South Central Coast Region was 56.7 g/person/day and the Vietnam South-eastern Region
was 103.7 g/person/day, but did not include specific data for each type of meat (Vietnam National Institute of
Nutrition and Unicef 2010). However, data regarding per capita total daily pork, poultry and beef consumption
in 2010 showed that pork accounted for 66% of total consumption, poultry accounted for 23.2%, and beef
accounted for 10.8% (IFPRI IMPACT model results 2009, unpublished data). From this, we calculated the daily
consumption of pork, poultry, and beef as showed in tables 1. In addition, from total dioxin daily intakes (TEQ)
calculated for each type of food, we determined total dioxin daily intake per kg body weight using the average
body weight for an adult (both genders) aged 20 and above of 49.9 kg in the South Central Coast Region for Da
Nang10.
Data in Table 1 showed elevated levels of dioxin/furans in potentially high risk local foods, including free
range chicken meat (4.6 pg/g TEQ to 95 pg/g TEQ), fresh water fish (14.4 pg/g TEQ to 86.6 pg/g TEQ), fresh
water snail (53.6 pg/g TEQ), free range duck meat (8.2 pg/g TEQ to 19.6 pg/g TEQ), free range chicken eggs
(7.3 PG/G TEQ to 29.7 pg/g TEQ), free range duck eggs (15.7 pg/g TEQ) and beef (3.8 pg/g TEQ to 24.6 pg/g
TEQ). However, other foods including caged chicken, duck meat and eggs, pork meat, leafy vegetables, fruits,
rice, seafoods bought at local markets but originated from other areas, had much lower dioxin levels. For
reference, previous food consumption frequency survey of 400 households in Bien Hoa 2007 showed that 40
households (10%) raised poultry, cattle or grew crops and vegetables in the last year and 27 households grew
vegetables. Of these, 16 households grew for their own consumption and 11 households grew on a large scale for
sale11. Similar results were observed in Da Nang in 200912. Estimated daily intakes for local residents who did
not consume local high risk foods ranged from 1.2 to 4.3 pg/kg bw/day for people living in four wards surround
Da Nang Airbase. For residents who consumed local high risk foods, the estimated daily intakes for people
living surround Da Nang Airbase ranged from 27.0 to 148.0 pg/kg bw/day (tables 1).
Table 1. Concentrations of total 17 dioxin/furans in food samples collected surrounding Da Nang Airbase, and
estimated level of exposure according to the safe and the worst case scenarios
No.

Typesoffoodsamples

1

Freerangedchickenat
households(3pooled
samples)

ʹǡ͵ǡǡͺ

ȋȀȌ


A
1.3Ǧ6.7


ȋȀȌ



B
4.6Ǧ18.4



ȋȌ
C
13.2
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Ȁ
ȗα
61.0



Ǧ

Ȁ
ȗα
242.0



ȋ
ȀȀȌ
αȀͶͻǤͻ
1.2



ȋ
ȀȀȌ
αȀͶͻǤͻ
4.9





2


3


4
ͷ




ͺ




    ͲǤͲͳǦͲǤ
ͲǤͳǦǤͳ
ͳǤͷ
ͺͲǤͲ
ȋʹȌ
  
ͲǤͶ
ͳǤͲ
ͳ͵Ǥ
ͳ͵Ǥ

Chickeneggs,freeranged(2
1.5Ǧ2.6
9.3Ǧ9.8
10.9
101.6
106.9
pooledsamples)
  ǡ
ͲǤʹ
ͲǤ

ͻǤ
ͻǤ
ȋ Ȍ
Freshwaterfishcaughtat
6.7Ǧ15.3
14.4Ǧ86.6
78.6
1131.8
6806.8
localponds(4pooled
samples)
ȋ͵
ͳǤ͵ǦͳǤͷ
ʹǤͳǦǤ
Ǥͷ
ͳͷǤͷ
ͷͲǤͷ
ǡ Ȍ
Beefatlocalmarkets(2
0.3Ǧ3.3
3.8Ǧ24.6
6.1
23.3
150.6
pooledsamples)
 ȋʹ
ͲǤͲǦͲǤͲͺ
ͲǤ͵ǦͳǤͲ
͵ǤͶ
ͳʹǤͳ
͵Ǥ
Ȍ

ͲǤͲ͵
ͲǤͲͷ
ʹ͵Ǥ
ͳǤͳ
ͳǤͳ


ͲǤͲʹǦͲǤͲ
ͲǤͲǦͲǤʹ
ͳ͵ͻǤ͵
ͻǤ
ʹͺǤ
ǣ͵

 
ͲǤͲ͵
ͲǤͲͶ
͵Ͳͻ
ͳ͵ǤͲ
ͳ͵ǤͲ

TOTALȋȌ  ǣ  ǡ
 ǡǡ
TOTALȋȌ   

ͲǤͲ͵

ͳǤ

ͲǤ͵
2.0

ͲǤ͵

ͲǤʹ

22.7

ͲǤʹ

136.5

ͲǤ͵
0.5

ͳǤͲ

ͲǤʹ

ͲǤ

2.1

3.0

ͲǤͲʹ

ͲǤͲʹ

ͲǤʹ

ͲǤʹ

ͲǤʹ

ʹǤͲ
ͳǤʹ

ͲǤ

ͳͶͺǤͲ
ͶǤ͵

Estimation of the infant’s daily intake of dioxin from mother milk
Twenty seven breast milk samples were collected from primiparae who have lived over five years in wards
namely ChinhGian, An Khe, KhueTrung, HoaThuanTay which are located near Da Nang Agent Orange hot spot
(the AO/Dioxin hot spot). The samples were then analyzed for PCDD/Fs residues in order to assess the human
exposure to dioxins from the AO/Dioxin hot spot, especially health risk to the beast-fed infants. The average
TEQ levels in the four studied cohorts ranged from 8.1 to 26 pg/g lipid, with the highest level up to 51 pg TEQ/g
lipid found in An Khe ward. The TEQ level was correlated with geographical position and ranking in order of
KhueTrung, HoaThuanTay, ChinhGian and An Khe (Detailed data not showed).
The mean estimated daily intakes of TEQ (EDI-TEQ) for the local breast-fed infants were showed in Table
4. The lowest EDI-TEQ value was found in KhueTrung, Cam Le district (48.0 pg TEQ/kg bw/day) and the
highest value was in An Khe, Thank Khe district (155.6 pg TEQ/kg bw/day). Range of EDI-TEQ in the present
study was about 2 - 5 times higher than those in the control cohort of Kim Bang (24.5 pg TEQ/kg bw/day; Tai et
al., 2011), while was similar to the highest EDI-TEQ found in Wallonia, Belgium (120.08 pg TEQ/kg bw/day)
and Czech Republic (152.01 pg TEQ/kg bw/day)13. The range of EDI-TEQ in the present study was much higher
than the Tolerable Daily Intake (TDI) of 4 pg TEQ/kg bw/day proposed by The World Health Organization
(WHO)14. In Vietnam, breast milk usually serves as the main nutrient source for infants during the first state of
newborns. Therefore, this result indicated the elevated risk of exposure of dioxins and furans not only to the
mother living in the vicinities of Da Nang AO/Dioxin hotspot but also to their children.
Table 4: Estimated daily intake of TEQ for local breast-fed infants (pg TEQ/kg bw/day)
EDI

mean

min

max

Khue Trung

48.0

29.9

83.8

An Khe

156

71.3

263

Chinh Gian

114

44.4

229

Hoa Thuan Tay

107

43.7

325

As the potential for exposure through these high risk foods will remain high for some time, continued
education of local communities is essential to assist in reducing the exposure risk in the long term. It is important
to note that not all foods harvested/raised/caught surrounding Da Nang airbase and local markets were
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contaminated with dioxin, but only potentially high risk foods, including free range chicken meat and eggs, free
range duck meat and eggs, fresh water fish, fresh snails, and local beef were reported with elevated dioxin
concentations. Together with complete remediation of the contaminated sites, effective and continued
communication of this to local residents will result in a long term reduced exposure risk and significantly
reduced their dioxin daily intake to tolerable levels.
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Introduction
Persistent Organic Pollutants (POPs) are a group of compounds that are share similar fate and behavior as well as
toxic effects such persistent in the environment, bioaccumulate through the food web, and their ability to alter
normal functions of endocrine and reproductive systems in humans and wildlife. They are transboundary
pollutants and undergo long–range atmospheric transport (LRAT) from sources to remote regions1. Thus,
Environmental contamination by these compounds have been a matter of public concern. As global
commitment, the Stockholm Convention on POPs is aimed to protect human health and the environment from
these pollutants by eliminating and/or controling their production, emission, and use. Indonesia has ratified
Stockholm Convention on POPs since 2009. As party to the Convention and the amendments which have entered
into force, Indonesia will have to meet the obligations under the Convention leading to the management of the
listed POPs.
The atmosphere is the important transport route for semi volatile organic compounds such as POPs from their
emission source via deposition to terrestrial and aquatic ecosystem1, 2, 3. Therefore, understanding their levels in
air is necessary for assessing their sources, transport and loadings into the environment. For atmospheric
monitoring of POPs, passive air sampler using polyurethane foam (PUF-PAS) have been widely used as one of
the most validated techniques at local and regional scale1, 2, 3. However, there is still data gap regarding
information of their levels in the environment of Indonesia including atmosphere. In this study, POPs including
polychlorinated biphenyls (PCBs), polybrominated diphenyl ethers (PBDEs) and organochlorine pesticides such
as dichlorodiphenyltrichloroethane and its metabolites (DDTs), hexachlorocyclohexanes (HCHs),
hexachlorobenzene (HCB) and chlordane compounds (CHLs) were determined in PUF-PAS deployed at several
locations (industrial, dumpsite, urban and rural areas) in Batam Island of Indonesia. The objectives of the present
study are to elucidate their levels and spatial distribution in the atmosphere, and identify their sources based on
background location activities.
Materials and methods
The gas-phase of air samples were trapped on a PUF disk of a passive air sampler. The design and deployment of
PUF-PAS have been described elsewhere2, and the type and sampling procedure of PUF-PAS were similar with
Zhang et al3. Passive air sampler (PAS) using polyurethane foam (PUF) filter disk (14 cm diameter and 1.35 cm
thickness) was used in this study. Pre-cleaned of PUF with an accelerated solvent extractor (ASE 300, Dionex)
were prepared by Center for Marine Environmental Studies (CMES), transported to BPPT in sealed (wrapped in
solvent-precleaned aluminium foil and sealed in a zip-locked polyethylene bag) and then transferred to the
sampling locations. In each desired location, the PUFs were assembled at the deployment sites to avoid
contamination during transportation. A total of fifteen sampling sites were selected and PUF-PAS were deployed
during a total sampling period of approximately eight weeks from October to December 2011 within Batam City
and its surrounding areas comprising industrial, dumpsite and reference sites (Figure 1). At the end of
deployment period, the PUF disk were retrieved, resealed (wrapped in solvent-precleaned aluminium foil and
sealed in a zip-locked polyethylene bag) and transported to Japan for chemicals analyses.
Analyticcal methods for POPs analysis were conducted acording to the method elsewhere4. Sixty two PCB
congeners, forty two PBDE congeners (BDE-3, BDE-15, BDE-28, BDE-47, BDE-99, BDE-100, BDE-153,
BDE-154, BDE-183, BDE-196, BDE-197, BDE-206, BDE-207, BDE-209) and three HBCD isomers (D-, E- and
J-HBCD) were analyzed in PUF samples using gas chromatography with a mass spectrometry detector (GC-MS)
and with liquid chromatography with tandem mass spectrometry detector (LC-MS-MS), respectively. Whereas
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for DDTs, HCHs, CHLs, were analyzed in PUF samples using gas chromatography equipped with Electron
Capture Detector (ECD). For QA/QC, field and method blanks were collected throughout the study. Field blanks
were prepared and handled in a manner identical to the samples. Method or solvent blanks were collected
throughout the study, and were used to assess the quality of the extraction and clean-up steps.

Figure 1. Map showing sampling locations in Batam Island and surrounding ( industrial,
dumpsite, residence, reference sites)

office,

Results and discussion
The air concentrations of PCBs, BFRs and OCPs derived from analysis of PUF samples collected from different
locations of Batam and its surrounding areas have been calculated by using a sampling rate of 3.0 m3/d. Figure 2
shows concentrations of POPs in atmosfer of the present study. PCBs and BFRs were detected in PUF-PAS from
all locations, suggesting their wide distribution in gas-phase air of the present study. PBDEs were the most
abundant contaminants among the target analytes followed by PCBs, HBCDs and HCB>CHLs>HCHs>DDTs.
However, HBCDs only present in 6 of 15 samples (locations) of the present study. Concentration of total PBDEs
ranged 8.4 - 3300 pg/m3, higher than those of total HBCDs (nd-130 pg/m3), PCBs (nd-130 pg/m3), HCB (4.7-33
pg/m3), CHLs (1.6-52 pg/m3), HCHs (2.4-17 pg/m3), and DDTs (0.70-22 pg/m3). This pattern of contamination
probably reflected the different amount and historical of usage among the contaminants.
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Figure 2. Concentration of POPs in atmosfer of Batam Island, Indonesia.
Among contaminants, the distribution of POPs in atmospheric air of the present study show a steep gradient of
PBDEs and PCBs between samples collected in source areas (industrial, urban and dumpsite) and remote areas
(rural coastal and fishing village) (Figure 3). These results indicate specific location emission sources of PBDEs
and PCBs in high human activities of Batam Island. Unlike PCBs, which prevalence in lighter CB congeners
(CB-3, -8, -28, -52), the PBDE congener profiles were predominated by higher BDE congeners and showed clear
recent emission sources of current common use of technical commercial formulation of Deca-BDE (BDE-209).
The profile of PCBs could be due to commercial formulation of Aroclor 1232 which contain higher proportion of
lower congeners and/or higher volatilization of the lower PCB congeners. Other dominated PCBs were CB-101,
-118, -149, -153, -138 and could be due to KC-500 or Ar 1254 comercial formulation. These results indicate
continuous input of PCBs into the environment. There are three possible sources of PCBs: (1) emission from
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commercial products, (2) re-evaporation of previously deposited PCBs from the surface soil and water, and (3)
synthesis during thermal processes. These results highlight further study on contamination by POPs in other
environmental matrices and biota from Indonesia.
As for OCPs, there is no clear gradient concentrations were
observed (data not shown). However, higher concentrations
of certain OCPs were found in a specific location. For
instance, CHLs were found higher in industrial and residence
areas, reflecting their usage for termite control in building
materials. Other OCPs exhibit similar concentrations among
locations.
Some fresh input of POPs is anticipated in the study area.
For instance, the higher ratio of pp-DDT/(DDE+DDD) in
industrial, dumpsite and office area may be indicative of a
close to source application, probably from DDT-activated
paint5 which may come from ship building and ship breaking
which are common in Batam. Furthermore, a ratio of tCA/cis-CA more than 1.1 was observed in the present study,
an indicative of emission from fresh application of CHLs6.
Overall, this study demonstrates the feasibility of using PUF
disks as time–integrating passive samplers, to assess local air
concentrations of POPs at different land use sampling sites
throughout Batam Island. To our knowledge, this is a first
study to report gradient concentrations of POPs according to
locations using passive air samples in Batam Island.
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Introduction
Rapid population growth, urbanization, industrialization and land development along the river side
have subjected the rivers to increase stress, giving rise to increase water pollution and environmental
deterioration.1 The surface water pollution issue is one of the most serious problems in developing countries.
Most of the rivers in the urban area of the developing countries are the end points of effluents discharged from
industries.2 Waste water from urban runoff and industrial discharge contributes to the water resources
degradation, reduces agricultural production and affects the public health. In Myanmar, where most of the
developmental activities are still dependent upon rivers for cleaning as well as disposal purposes, it becomes
very important to the status of pollution of rivers in relation to various anthropogenic activities, since river water
has been used as drinking water, irrigation water for agriculture and for fish culture throughout the history of
mankind. Therefore river water monitoring is essential in order to safeguard public health and protect the
valuable freshwater resources.
Myanmar comes into the new era for building a modern and developed democratic nation and the
nation is on the threshold of new system and new era. Due to rapid urbanization and industrialization, Yangon
region is the fastest growing industrial area in Myanmar and stated as an economic capital of Myanmar. There
are eighteen industrial zones and more than 3800 industries in Yangon region.3 Most of the factories are located
in the territory of Hlaing river which is formed by the confluence of the Pegu and Myitmaka rivers and is a
marine estuary that runs from Yangon emptying into the Gulf of Martaban of the Andaman Sea. These factories
discharge their industrial waste directly into the river often without treatment. Recently there were very rare
reliable data about the water quality of Hlaing river, a river which has a high potential of contamination,
pollution and even exists as crucial component for public health threat. Therefore this cross-sectional descriptive
study aimed to assess water quality of Hlaing river near the industrial and residential area.
Materials and methods
Sample collection
Water samples from Hlaing river was collected at the sites up stream, mid stream and downstream of
industrial cities. A sample was taken at a site upstream of the industrial zones (RW10) and seven samples (
RW 3 to RW 9) were collected before and after each common drain from industrial zones which inflow into
Hlaing river. It was observed that all common drains in Shwe Lin Ban industrial zone happened to inflow into
Hlaing river while the common drains in Hlaing Tharyar industrial city drained either into Pan Hlaing river (a
major tributary of Hlaing river) or Hlaing river. Therefore, another midstream sample (RW2) was chosen at the
point of convergence between Pan Hlaing river and Hlaing river aiming to include the major tributary and
important inflow point of Hlaing river. As a downstream one, a sample (RW1) was collected from the area of
public access ie. residential area in Kyi- Myint-Daing township. Area lay out and sampling points were shown
in figure 1. All samples were collected from the middle column of river water at approximately one foot below
the surface. Global Positioning System (GPS) was used either for initial site selection or for sample water
collection.
There were ten common drains in Hlaing Tharyar industrial city through which several tons of waste
water were draining everyday. Among them, common drain number 5 and 9 were observed to be blocked and
hence a total of 8 samples were obtained. There were 552 factories throughout Hlaing Tharyar industrial city.
Based on that, a sampling frame was made and eight factories out of them were chosen by simple random
sampling. Then water disposing from the effluent channels of eight selected factories were collected. Selected
factories revealed a variety including food stuff industry, textiles industries, soap factory, chemical industry,
fisheries and cold storages and
.
Shwe Lin Ban industrial city was a rather small one compared to the former and had only two common
drains from which two drainage water samples were collected for the study. A total of 73 factories were
observed to be running in the vicinity of Shwe Lin Ban industrial city and two out of them were selected again
by simple random sampling. A total of twenty water sample bottles were collected from Shwe Lin Ban and
Hlaing Tharyar industrial cities.Water sample collection was carried out according to WHO/EPA guidelines 4
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and the whole sample collection procedure was conducted before the start of monsoon to avoid the effect of
dilution by the rain water.

Figure 1. Sites of river water sample collection from Hlaing river
Analysis
Water samples were sent out to the laboratory shortly after collection and laboratory analysis was
carried out at the Occupational Health Department Laboratory, Ministry of Health. The parameters analyzed in
this study were pH level, biological Oxygen demand (BOD), chemical Oxyegn demand (COD), total dissolved
solids(TDS), nitrate, arsenic, sulphate, lead, turbidity and iron. Statistical analysis of the results was done by
using SPSS software version 16.0.
Results and discussion
In this study, WHO reference value for water quality was adopted as a standard one. River water
samples revealed high turbidity condition (16.2±4.37) NTU compared to that of acceptable standard (5-15)
NTU. All samples from Hlaing river were highly turbid ranged from 12 NTU to 24 NTU and it was warned that
it should not be used as a drinking water. Turbidity was highest at number 5 sample river water (RW5) which
was captured before common drain 1 (Fig.1 ) which disposed water from ‘Zone 7’ of Hlaing Tharyar industrial
city. High turbidity of a river usually experienced as a result of the drifted soils from its catchment area. Since
‘Zone7’ of Hlaing Thrayar industrial city was located next to FMI housing project, possible sources of
sediment loads from the catchment area included construction of buildings, bridge construction, disposal of
industrial waste. Apart from turbidity, all other parameters lied within acceptable reference range.
Table 1 .Mean value of concentrations of parameters obtained from river water samples
No

Parameters

1

pH

2

BOD

3

COD

4

TDS

5

nitrate

6

arsenic

7

sulphate

8

lead

9

turbidity

10

iron

8.08±0.110
(7.95-8.27)
3.96±2.139
(0-6.4)
12.3±5.64
(8-25)
881.25±109.62
(732.9-1054.2)
0.684±0.188
(0.413-1.033)
5.8±2.973
(0-11)
53.6±18.6
(37-102)
5.2±2.04
(2-8)
16.2±4.37
(12-24)
1.25±2.94
(0.12-9.6)

Mean ±SD
(min-max)
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Reference value

Unit

5-5 - 9

-

20-60

3days,
27°C

200

ppm

2000

ppm

10

ppm

50

ppb

1000

ppm

10

ppb

5-15

NTU

3

ppm

Regarding Number and types of industries which dispose their industrial waste into the Hlaing river ,
there were seven zones in Hlaing Tharyar industrial city but one zone ( zone -5) had not been established well as
industrial zone. Majority of the Industries lied in industrial zones 1, 2, 3, 4. Zone 6 and 7 existed separately in
immediate vicinity. There were 552 factories in Hlaing Tharyar industrial zones and 73 factories in that of Shwe
Lin Ban. The following table unveiled the number and type of factories running currently through these zones.
Table 2 Number and types of industries in study area
Type of industries
Garment factory
Food stuff factory
Basic commodities
Construction and building materials factory
Electric industry
Wood and wood based industry
Chemical industry
Pulp and printing materials
Machinery and accessories
Fisheries and cold storage
Pulse and bean warehouse
Total

Hlaing Tharyar
45
97
95
35
12
10
15
18
23
13
184
552

Shwe Lin Ban
8
20
40
1
4
4
73

Regarding samples obtained from effluent channels and common drains before disposing into the river,
pH, BOD, COD, nitrate, arsenic, sulphate, lead and iron were lying in the acceptable range. Concerning
turbidity, all samples exceeded maximum limit of the reference range. The highest turbidity condition was
experienced at a sample from common drain number 7 of Hlaing Tharyar industrial city
Table 3.Mean value of concentrations of parameters obtained from effluent channels and common
before disposing into the river.

No

Parameters

1

pH

2

BOD

3

COD

4

TDS

5

nitrate

6

arsenic

7

sulphate

8

lead

9

turbidity

10

iron

Mean Value±SD

(min-max)
7.11± 9.8
(4.57- 9.65)
7.76±5.28
(0-20)
24.25±18.34
(9-72)
2007.65±864.26
(653-3402)
1.04±0.84
(0.211- 3.344)
11±19.84
(0-80)
84.35±4.9128
(1- 165)
2.85±1.663
(0-5)
233.95±330.07
(2-1440)
0.8775±0.8170
(0-2.5)
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Reference value
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5-5 - 9

-

20-60
200

3days,
27°C
ppm
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ppm

10

ppm
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1000

ppm

10

ppb

5-15

NTU

3

ppm

drains

According to the mean value of parameters, there were more or less within the desirable limit. Hlaing
River was contaminated but mean values were then reflecting that Hlaing river water quality was within the
acceptable situation. Moreover, observing the individual tests especially waste water samples collected from
industrial zones has some unacceptable values particularly , the range of pH is quite wide, turbidity and TDS
values were also very high. It means that waste water quality was highly contaminated but when observed, three
days 27 C BOD values and COD values were revealing much lower than reference values which enhanced the
waste water quality on the improvement perspective. Therefore, in general, water quality of Hlaing river has
some evidence of deterioratin manner but not as worse as river like Myit-Nge river or Doke Hta Waddy river
which are adjacent to the two Mandalay industrial zones. In this respect, the study strongly suggests the
following recommendations:
1. The industries generate waste water which have a tendency to contaminate at final disposal drain.
It must have their own pre treated plant as soon as possible
2. The responsible agencies, authorities and factory owners have an integrated waste water quality
and Hlaing river water quality surveillance system and may necessary to develop and operate in
regular manner
3. Legislative framework for the assessment of waste water quality throughout the industrial zones
and river water quality assessment should be implied, exercised and enforced.
The study was a very primitive and premature and the similar studies should be carried out in periodical sense
and if possible, up- scaling of similar studies should be unveiled.
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IEEA-6
GOVERNMENT’S EFFORT IN CHEMICAL MANAGEMENT IN CAMBODIA
Laksa SOPHAL1*
1

Ministry of Environment, Phnom Penh, Cambodia

Cambodia is a least developed country and its economy is depending on mainly agriculture, which is employed
more than 80% of total population. The current development of the country is agriculture, small and medium
industries (export of garment), construction, and tourist sector. In order to promote social development,
Cambodia has significant sectorial economic improvement including agriculture, industry, construction and
health. These sectors development activities have demanded high volume of chemicals uses, particularly in the
last decade. All chemical substances imported have been distributed to different places and different sectorial
users. The import of chemicals, and the data and information concerning its use, have been managed at different
institutions. Understanding its impacts may pose by improperly use of chemicals on public health and the
environment, the Government of Cambodia has paid great attention on management of chemicals permission
processes for the import and use of chemicals through the regulations, public awareness campaign, promote
organic farms…etc. which focus on the management of chemical substances such as chemicals fertilizers and
pesticides, chemicals raw material for industrial production, narcotics, pharmaceutical products, cosmetic, etc.
As chemical management is a crosscutting issues, numbers of different ministries are mandated to undertake safe
and sound management of those chemicals through its whole lifecycle including import, trafficking, distribution,
stockpile, use and dispose of. Although significant efforts have made by the government in management of
chemicals over the past years, there are still numbers of challenges facing the country.
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