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Introduction to the Book Series

Environmental pollution has played a critical role in human lives since
the early history of the nomadic tribes. During the last millennium in-
dustrial revolution, increased population growth, and urbanization have
been the major determinants in shaping our environmental quality.

Initially primary air pollutants such as sulfur dioxide and particulate
matter were of concern. For example, the killer fog of London in 1952
resulted in significant numbers of human fatality leading to major air
pollution control measures. During the 1950s, scientists also began to
understand the cause and atmospheric mechanisms for the formation of
the Los Angeles photochemical smog. We now know that surface level
ozone and photochemical smog are a worldwide problem at regional and
continental scales, with specific geographic areas of agriculture, forestry
and natural resources, including their biological diversity at risk. As
studies continue on the atmospheric photochemical processes, air pollut-
ant transport, their atmospheric transformation and removal mecha-
nisms, so is the effort to control the emissions of primary pollutants
(sulfur dioxide, oxides of nitrogen, hydrocarbons, and carbon monoxide),
mainly produced by fossil fuel combustion.

During mid 1970s environmental concerns regarding the occurrence of
“acidic precipitation” began to emerge to the forefront. Since then, our
knowledge of the adverse effects of air pollutants on human health and
welfare (terrestrial and aquatic ecosystems and materials) has begun to
rise substantially. Similarly, studies have been directed to improve our
understanding of the accumulation of persistent inorganic (heavy metals)
and organic (polyaromatic hydrocarbons, polychlorinated biphenyls)
chemicals in the environment and their impacts on sensitive receptors,
including human beings. Use of fertilizers (excess nutrient loading) and
herbicides and pesticides in both agriculture and forestry and the related
aspects of their atmospheric transport, fate and deposition; their direct
runoff through the soil and impacts on ground and surface water quality
and environmental toxicology have become issues of much concern.

In the recent times environmental literacy has become an increasingly
important factor in our lives, particularly in the so-called developed
nations. Currently the scientific, public, and political communities are
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much concerned with the increasing global scale air pollution and the
consequent global climate change. There are efforts being made to totally
ban the use of chlorofluorocarbon and organo-bromine compounds at
the global scale. However, during this millennium many developing na-
tions will become major forces governing environmental health as their
populations and industrialization grow at a rapid pace. There is an on-
going international debate regarding policies and the mitigation strategies
to be adopted to address the critical issue of climate change. Human
health and environmental impacts and risk assessment and the associated
cost-benefit analyses, including global economy are germane to this con-
troversy.

An approach to understanding environmental issues in general and in
most cases, mitigation of the related problems requires a systems analysis
and a multi- and interdisciplinary philosophy. There is an increasing sci-
entific awareness to integrate environmental processes and their products
in evaluating the overall impacts on various receptors. As momentum is
gained, this approach constitutes a challenging future direction for our
scientific and technical efforts.

The objective of the book series “Developments in Environmental Sci-
ence’’ is to facilitate the publication of scholarly works that address any of
the described topics, as well as those that are related. In addition to edited
or single and multi-authored books, the series also considers conference
proceedings and paperback computer-software packages for publication.
The emphasis of the series is on the importance of the subject topic, the
scientific and technical quality of the content and timeliness of the work.

Sagar V. Krupa
Editor-in-Chief, Book Series
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Preface

The idea of composing this book stems from the need to understand the
environmental behavior of persistent organic pollutants (POPs) on a
global scale. In recent decades, with the rapid economic development in
Asia, the effects of various persistent pollutants on human health and the
ecosystem have caused increasing concerns among scientists and admin-
istrators in the region and beyond. However, for decades research on
POPs in Asia has lagged behind those in Europe and North America.
Data are limited and vary greatly in quality. In addition, information is
scattered among numerous journals and documents, many of which are in
native languages. It is our intention to compile the most current knowl-
edge on the sources, distributions, transport and fates of selected POPs
from the rapidly developing regions of Asia.

POPs covered by this book are those of greatest concern due to their
adverse health effects, and those capable of long-range transport. These
include polychlorinated biphenyls (PCBs), polychlorinated dibenzo-p-di-
oxins and furans (PCDD/Fs), polybrominated diphenyl ethers (PBDEs)
and other brominated organic pollutants, pesticides, polycyclic aromatic
hydrocarbons (PAHs) and their derivatives, perfluorinated organic com-
pounds, alkylphenols, as well as other persistent organic chemicals of
high concern. Some organometallic compounds of concern are also in-
cluded.

Many countries included in this book have experienced a rapid eco-
nomic development during the past decades. Such development has re-
sulted in measurable changes to their natural environments. Other Asian
countries, including those in the Middle East and Central Asia, are omitted
due mainly to the scarcity of reliable information. For the countries in-
cluded, each is discussed in either a single chapter or multiple chapters that
cover specific POPs or combinations of POPs. Most individual chapters
provide regional or country-wide coverage on the targeted POPs. Three
chapters describe areas of high environmental and economical importance
(Hong Kong and the Pearl River Delta of China). Although not an Asian
country, a chapter on Australia is included because of its location in the
Eastern Hemisphere and relative proximity to Asia. This inclusion is
meaningful and relevant with regard to the long-range Transport and Fate
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of some POPs. The last chapter of the book provides a regional perspective
for POPs in the Asian countries covered by this book.

A great deal of effort has been made by our authors to collect infor-
mation from numerous sources and explore the data using the principles
of environmental chemistry, toxicology, and risk assessment. Addition-
ally, this book integrates the following information to provide important
context and insight:

e Government policies, available national monitoring and surveillance
programs, and treaties if any;

e history of manufacturing, industrial applications, and emission sources
within the region or country;

e measured concentration levels in various matrices of the physical en-
vironment;

e measured or modeled transport and transformation of POPs, and the
potential influencing factors on such processes;

e the impacts of POPs on the health of people living in the region or
country; and

e magnitude and pathways of cross-boundary exchange with other coun-
tries, regions, and continents.

Together, these are invaluable pieces in understanding the situation in
Asia and fitting it into the global “puzzle” of environmental behavior of
POPs. With the Stockholm Convention on POPs entered into force in
2004, we believe that the publication of this book is both timely and
useful. We expect this book to serve as a reference for environmental
researchers, various organizations, and government decision makers
seeking information on POPs in Asia or on a global scale.

This book is the result of decades of hard work conducted by tens of
thousands of environmental researchers all over the world. As the number
of publications on the Asian environment has grown exponentially in re-
cent years, it is highly possible and unfortunate that some excellent studies
are not included in this book. We sincerely acknowledge and highly ap-
preciate the hard work of our authors in writing the chapters.

An Li, Shinsuke Tanabe, Guibin Jiang,
John P. Giesy and Paul K.S. Lam
Editors
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Chapter 1
Persistent Organic Pollutants Monitoring Activities in Japan

Yasuyuki Shibata and Takumi Takasuga™

1.1. Introduction

Japanese environmental policy and administration system has been con-
structed under strong influence from severe pollutions experienced under
rapid economical growth and industrialization during the 1950s—1960s,
including organomercury poisoning from acetaldehyde production fac-
tory (Minamata disease), cadmium poisoning from mining activity (Itai-
itai disease) and air pollution at highly industrialized and/or densely
populated areas. Pollution by polychlorinated biphenyls (PCBs) has also
been a major issue in Japan, not only because of their extensive use in
transformer oil, non-carbon paper, etc., but also because of a severe
intoxication case, the Yusho incident (the Kanemi cooking oil health
incident in 1968), where a number of people suffered from PCB poisoning
by ingesting rice oil accidentally contaminated with PCBs used as heating
medium. The toxicity mainly came from polychlorinated dibenzofurans
(PCDFs) produced by oxidation of PCB during heating process.

Environment Agency was established in 1971 after these severe pol-
lution incidents, and the first environmental monitoring by the Agency
was conducted in 1974. The second monitoring was conducted in 1978
followed by the consecutive surveys monitoring conducted every year
until present (Ministry of the Environment Japan, 1996, “Chemicals in
the environment”). The compounds and the environmental media analy-
zed in the monitoring until 2003 are summarized in Table 1.1. The anal-
ytes had included not only organic compounds but also heavy metals in
the first phase but have been shifted to POPs, including PCB, DDT,
chlordanes (including heptachlors), hexachlorobenzene (HCB) and drins
(aldrin, dieldrin, endrin).

Meanwhile the law concerning the evaluation of chemical substances
and regulation of their manufacture, etc. (Law No. 117 of 1973, hereafter

*Corresponding author: E-mail: t_takasuga00@shimadzu-techno.co.jp
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Table 1.1. Status of POPs monitoring in Japan
74 75 76 77 78 79 80 81 82 83 84 85 8 8 8 89 90 91 92 93 94 95 96 97 98 99 00 01 02 03
Air B2 B2
Aldrin/endrin
Dieldrin B2 B2
Chlordanes Bl B2 B2
DDTs B2 B2
Heptachlor Bl B2 B2
Toxaphene/mirex B2
HCB Bl E Bl B2 B2
PCBs Bl Bl BI Bl B2 B2
PCDO/DFs O O 0O 0O 0O 0O O 0O O 0 0O A A A DA DA DA DA
Water
Aldrin/endrin E B2 B2
Dieldrin Bl Bl Bl Bl Bl Bl Bl Bl Bl Bl Bl Bl BLE B2 B2
Chlordanes Bl Bl Bl Bl Bl Bl Bl Bl Bl Bl Bl Bl Bl BLE B2 B2
DDTs Bl Bl Bl Bl Bl Bl Bl Bl Bl Bl Bl Bl Bl BLE B2 B2
Heptachlor Bl B2 B2
Toxaphene/mirex Bl B2
HCB B1 BI Bl Bl Bl Bl Bl Bl Bl Bl Bl Bl Bl Bl Bl BLE B2 B2
PCBs W W W W W W W W W W W W W W W W W W W W W W W W W BLEW BIW B2W B2W
PCDO/DFs o O D D D D
Soil
PCDO/DFs [0 O D D D D
Bottom sediment
Aldrin/endrin E B2 B2
Dieldrin Bl Bl Bl Bl Bl Bl Bl Bl Bl Bl Bl Bl BILE B2 B2
Chlordanes Bl Bl Bl Bl Bl Bl Bl Bl Bl Bl Bl Bl Bl BLE Bl BI Bl B2 B2
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DDTs
Heptachlor
Toxaphene/mirex
HCB
PCBs
PCDO/DFs
Wildlife
Aldrin/endrin
Dieldrin
Chlordanes
DDTs
Heptachlor
Toxaphene/mirex
HCB
PCBs
PCDO/DFs

Bl

Bl

Bl

Bl

Bl

Bl

Bl

Bl
Bl

Bl

Bl
Bl

Bl
Bl

Bl

Bl

Bl
Bl

Bl

Bl

Bl
Bl

Bl

Bl
Bl

Bl

Bl
Bl
Bl
Bl
Bl

Bl

Bl

Bl
Bl
Bl
Bl

Bl

Bl
Bl
Bl
Bl

Bl
Bl

Bl Bl BI

Bl Bl BI
O O O O
Bl Bl Bl BI
Bl Bl Bl BI
Bl Bl Bl BI
Bl Bl Bl BI
B1 Bl Bl Bl
Bl Bl Bl BI
O O O O

Bl

Bl

Bl
Bl
Bl
Bl

Bl
Bl
Bl

Bl

Bl

Bl

Bl
Bl

Bl

Bl

Bl
Bl
Bl
Bl

Bl

Bl

Bl
Bl
Bl

Bl
Bl
Bl

Bl

Bl

Bl
Bl
Bl
Bl

Bl

B1

Bl

Bl
Bl

Bl

Bl

Bl
Bl
Bl

Bl
Bl
Bl

Bl

Bl
Bl

Bl
Bl
Bl

Bl

Bl

Bl

Bl
Bl

Bl
Bl

BLE

BLE

BLE
BLE
BLE

BLE
Bl
o

Bl

Bl

Bl
Bl

Bl
(6]

Bl

Bl
BLE

Bl
Bl

BLE
BLE
O.E

Bl

Bl

Bl
Bl

Bl
Bl
(6]

B2
B2

B2
B2
D

B2
B2
B2
B2
B2

B2
B2
(6]

B2
B2
B2
B2
B2
D

B2
B2
B2
B2
B2
B2
B2
B2
(6]

Notes: Bl = survey on the actual condition of chemical substances in the environment (until 2001); B2 = survey on the actual condition of chemical
substances in the environment (after 2002); D = survey under the Law concerning Special Measures against Dioxins; E = survey on the envi-
ronmental endocrine disrupters; W = survey under the Water Pollution Control Law; A = the air pollutants monitoring; O = other survey.
*Details of the survey on the actual condition of chemical substances in the environment: refer to Ministry of the Environment web site http://
www.env.go.jp/chemi/kurchen/index.html (also refer to annual reports before FY1996).

*Details of survey under the Law concerning Special Measures against Dioxins: refer to Minister of the Environment of the web site http://

www.env.go.jp/chemi/dioxin/report.html

*Details of the survey on the environmental endocrine disrupters: refer to working group materials on the Ministry of the Environment web site

http://www.env.go.jp/chemi/end/index2.html
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“ Class 1: Prohibit Manufacture, Import, Use

15; PCB,PCN,HCB,Aldrin,Dieldrin,Endrin,
DDT, Chlordane (+Heptachlor), etc.

All Yes
Biodegradability .
Production
H New Chemicals N—» Bioaccumulative No
Chronic Toxicity Usage

| Toxicity

Persistence
Toxicity Specified; >300
l Yes
“ Class 2: Production/Use under Control “
23; TriCE,TeCE,CCl,, TBT/TPT etc.

Figure 1.1. Japanese Chemical Management Law.

referred to as the Chemicals Substances Control Law) was promulgated
in 1973 (Fig. 1.1). In this law, a priority of regulation was put on stable
(not decomposed substantially during sewage sludge treatment), bioac-
cumulative and toxic chemicals, i.e., POPs-like compounds. Chemicals
having these three properties together were classified as the Class 1 Des-
ignated Chemicals, and their production, import and usage were banned.
PCB was designated as Class 1 in 1974, followed by HCB in 1979, aldrin,
dieldrin, endrin and DDT in 1981, and chlordanes (including heptachlors)
in 1986. Mirex and toxaphene have never been registered in Japan as
agrochemicals, but they were also designated in 2002 as Class 1 Chemicals
(Table 1.2).

The Chemical Substances Control Law was amended in 2003, to bring
all the chemical substances, which are likely to cause damages to top
predators in the ecosystem, within its regulation. Moreover, there were
several moves to establish PCBs disposal facilities under the initiative of
the private sector in order to dispose of the PCBs already produced.
However, such moves failed to ensure understanding and consent from
local communities, with the result that much of the PCBs had remained in
stockpiling without being disposed of over nearly 30 years. It was also
found that during the long-term stockpiling some transformers were lost
or became untraceable and there were concerns that such stockpiled PCB
might contaminate the environment. Thus, in June 2001, the law con-
cerning special measures against PCB waste (Law No. 65 of 2001, here-
after referred to as the PCB Special Measures Law) was enacted to
obligate entities possessing PCB wastes to report the status of their
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Table 1.2. List of industrial and agrochemicals banned in Japan

Name Banned as industrial chemicals Banned as pesticides
DDT 1981 1971
Aldrin 1981 1975
Dieldrin 1981 1975
Endrin 1981 1975
Chlordane® 1986 1968
Heptachlor® 1986 1975
Mirex 2002 ¢
Toxaphene 2002 N
PCB 1974

HCB 1979 ¢

#Used mainly for termiticides (other than agricultural purposes); between 1979 and 1986.
PHeptachlor was also included in technical chlordane as impurity (~10%).
“Never registered as agrochemicals in Japan.

stockpiling and to dispose of such wastes within a given time frame in an
environmentally sound manner, with a view to facilitate the sure and
perfect disposal of PCB waste.

Ministry of the Environment of Japan also conducts environmental
monitoring of some POPs chemicals, including waste dumping in the seas
and oceans, monitoring of water based on regulation of water environ-
ment, and monitoring of chemicals suspected to have endocrine disrup-
tive properties (EDCs).

At the same time the issues related to the unintentionally produced
dioxins and furans, i.e., polychlorinated dibenzo-p-dioxins (PCDDs) and
PCDFs, attracted public attention in 1983 when investigations revealed
that dioxins were detected in the fly ashes from municipal waste incin-
erators. Therefore, measures to monitor dioxins in the bottom sediment
and aquatic animals and plants in the rivers, lakes, marshes and seawaters
as well as the atmosphere were initiated in 1986. Investigations were
implemented on the actual status of waste incinerators in 1984 and pulp
and paper factories in 1990. On the basis of these findings, guidelines and
administrative guidance on controlling emissions of dioxin-related chem-
icals were derived and established.

Furthermore, from around 1996 onward Japanese public became
increasingly concerned about environmental contamination caused by
releases from waste incinerator facilities. In 1997 dioxins were designated
as hazardous air pollutants and measures were introduced to control their
emission into the atmosphere in terms of the preventive actions taken to
reduce risks of health hazards under the Air Pollution Control Law (Law
No. 97 of 1968). Furthermore, in July 1999, the law concerning special
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measures against dioxins (Law No. 105 of 1999, hereafter referred to as
the Dioxins Law) was established and the regulatory framework was
put in place to implement comprehensive measures such as establishing
tolerable daily intake (TDI) and environmental quality standards,
regulating the release of emission gases and effluent water from a wide
range of facilities, introducing enhanced regulation on waste disposal and
conducting investigations on the actual status of contamination and tak-
ing measures against contaminated soil and other matters. Now these
measures are strictly implemented under the law.

In Japan, under the Dioxins Law, PCDDs, PCDFs and coplanar PCBs
are defined as the dioxins. According to the current scientific knowledge,
the source categories and the formation processes of PCB and HCB are
considered to be similar to those of unintentionally produced dioxins.
Therefore, it is assumed that the release of PCBs and HCB has also been
reduced through the dioxins reduction measures.

Under the Law concerning Reporting of Releases to the Environment
of Specific Chemical Substances and Promoting Improvements in Their
Management (Law No. 86 of 1999, hereafter referred to as the Chemical
Substances Release Reporting and Management Promotion Law), diox-
ins and PCBs are subject to the requirements of the Pollutants Release
and Transfer Register (PRTR) system.

Extensive efforts have been made in the environmental monitoring of
dioxins from 1989 in biota and sediments and from 1998 in other media
until present (Fig. 1.2) (Ministry of the Environment, 2002, “Dioxins
monitoring in the environment™). It could be seen from these efforts, that
emission of dioxins in Japan has been decreasing from 7680-8135 g-TEQ
in 1997 to 323-348 g-TEQ in 2005, a 95% reduction from the 1997
level, meeting the reduction target (Ministry of the Environment, 2004,
“Dioxin emission inventory”). In 2005, 3206 atmospheric samples, 2550
water samples, 1730 sediment samples, 924 ground water samples and
1782 soil samples were analyzed for their dioxin levels.

1.2. PCB and POPs pesticides monitoring
1.2.1. Results of biological monitoring by GC-ECD (firom 1978 until 2001)

Gas chromatography-electron capture detector (GC-ECD) was originally
selected as the analytical instrument for environmental monitoring using
organisms until 2001 when MOE decided to reorganize their environ-
mental monitoring by introducing HRGC/HRMS in order to clucidate
the present levels of POPs in Japan as the baseline value for the
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Figure 1.2. Sites for 12 POPs monitoring for atmospheric air and precipitation (FY2002—
2004).

effectiveness evaluation of the Stockholm Convention. In fact, the ratios
of ND (not detected) in the monitoring data had been increasing while
using the GC-ECD method during the last decade of the 20th century,
although data without ND have been obtained for some pollutants, such
as PCBs and DDTs, in the samples like fishes collected from the coastal
waters along densely populated areas, such as Tokyo Bay and Osaka Bay.

Generally speaking pollutant levels in fishes and other wildlife species
have been decreasing in recent decades either in their average concen-
trations or in the detection frequencies (ratios of detectable sites among
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Figure 1.3.  p,p’-DDE levels (average of five specimens’ data in each location) in fishes (Sea
bass) in Tokyo Bay, Osaka Bay and Seto Inland sea between 1978 and 2000.

all sampling sites). There seems to be, however, some differences among
locations in the time trends of pollutant levels. As an example of such
data, Fig. 1.3 shows p,p’-DDE levels in fishes from Tokyo Bay, Osaka
Bay and Seto Inland sea. p,p’-DDE levels have been decreasing contin-
uously during the last three decades in Osaka Bay and Seto Inland sea,
while the levels apparently do not show clear decreasing trend in Tokyo
Bay although their levels were higher in the early 1980s. All of these areas
are semi-enclosed environment and thus are expected to remain polluted
for a longer time. DDT concentrations in water of Sumida River and
Arakawa River, both flowing into the central Tokyo Bay indicates con-
tinuous loading of DDTs, which may contribute to maintain their higher
levels in Tokyo Bay. This might be the reason for the differences in the
temporal patterns of DDE in these three areas.

Similar trends are also observed in PCB levels in Sea bass in the three
coastal water environments as shown in Fig. 1.4. Again a clear decreasing
trend was seen in Seto Inland sea, while the levels in Tokyo Bay are rather
flat with a couple of fluctuations. The time trend in Osaka Bay is more or
less similar to Tokyo Bay but with no clear decrease in recent decades.
The difference between p,p’-DDE and PCB time trends in Osaka Bay
might reflect either the difference in recent loading of the compounds to
the Bay or the difference in their pollution histories.

Several other characteristic levels/patterns of pollutants, apparently
reflecting local environmental situations were noticeable and these will be
described in the next section based on the recent HRGC/HRMS data.
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Figure 1.4. PCB levels (average of five specimens’ data in each location) in fishes (Sea bass)
in Tokyo Bay, Osaka Bay and Seto Inland sea between 1978 and 2000.

1.2.2. Monitoring by HRGC/HRMS (after 2002)

As stated above, MOE decided to introduce HRGC/HRMS-based mon-
itoring method for all POPs (except toxaphene) in all the environmental
media in order to clarify the present pollution status of POPs in Japan as
a basis for future effective evaluation of the Stockholm Convention, and
started new monitoring from FY2002. Basically the same type of samples
obtained with the same sampling protocol as the previous environmental
monitoring are analyzed by the new methods with ultratrace detection
limits and higher fidelity (all available isotope-labeled surrogates are used
for recovery correction during sampling or pretreatment before analysis).

The basic idea of sampling site selection is different among the envi-
ronmental media. For air sampling, the sites are selected to cover all over
Japan with similar distance between the sites (roughly 100 km in average).
Water and sediments are sampled at the mouth of the major rivers, and
the major ports. Biological samples, i.e., fishes, bivalves and birds, are
continuously sampled according to the original design, i.e., by catego-
rizing Japanese environment into several typical areas, such as densely
populated, highly industrialized, rural area with agricultural activity,
remote area, etc. and selecting a few locations in each category to collect
typical biological samples in each region representing the environment. In
addition to this, human breast milk, and maternal and cord blood sam-
ples were collected in two cities to evaluate the status of POPs pollution in
human.
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As the new monitoring system has been operating only 5 years
(2002-2006) until now, it is too early to conduct trend analysis. Here a

brief description of the monitoring data by the new POPs monitoring
method will be presented.

1.2.2.1. Data reflecting local specificities within Japan

1.2.2.1.1. Air

In general, chlordanes and PCBs were found to be highest in the air
among POPs chemicals followed by HCB, heptachlor, dieldrin, DDT, etc.
(Fig. 1.5). Their levels are generally lower in winter compared with sum-
mer data summarized in Fig. 1.5. It should be noted that the median
values representing majority of the sampling sites are several times lower
than the average values shown in Fig. 1.5, for there are apparently a few

“hotspots” data in each of the chemicals by which average levels were
pushed to be higher.
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Figure 1.5. Concentrations of POPs in air (pg m~>; summer in FY2004).

Box represents
average (middle line) + SD; bar represents range (max. and min.) of data.
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There are several “hotspots” data, i.e., characteristic POPs levels/
compositions attributable to some local sources of pollution. For exam-
ple, PCB level is among the highest in Takamatsu, Kagawa Prefecture
with specific congener profile biased to highly chlorinated biphenyls.
Their congener profile is rather similar to a PCB product used for anti-
rusting paint of steel products, KC600, and above data might be attrib-
utable to some steel products or buildings located nearby the sampling
site, in which KC600 had been used. Dieldrin level in the air has been
among the highest in Fukuoka and Saga Prefecture, both in northern part
of Kyushu, again suggesting presence of some local source of dieldrin in
the area.

Trace levels of toxaphene and mirex are detected in the air with no
clear differences among the sampling sites, although both had never been
registered as agrochemicals in Japan. HCHs, now being evaluated as
candidates of the additional POPs by POPs review committee under
Stockholm Convention, are also in comparable levels to PCB and chlor-
danes in Japan as shown in Fig. 1.5.

1.2.2.1.2. Water, sediments and marine organisms

In Japanese water environment, again PCB and chlordanes are among the
highest followed by DDT, dieldrin and others (Fig. 1.6). In sediments,
PCBs are by far the highest contaminants followed by DDT, chlordanes,
HCB, etc. (Fig. 1.7). It should be noted that the average levels in Figs. 1.6
and 1.7 tend to be pushed higher by few “hotspots’ data as in the case of
air samples. Chemical concentrations in water and river/port sediments
tend to be higher in semi-enclosed bays along densely populated areas,
notably PCB and DDT concentrations in water and sediments in Tokyo
Bay and Osaka Bay. Specifically o,p’-DDE, a minor constituent in tech-
nical DDT, in water, and sediments in Sumida River and fishes in Tokyo
Bay have been showing unusually significant proportion compared with
samples in other locations, suggesting some specific sources of o,p’-DDEs
(or originally o,p’-DDT) in the river and/or Tokyo Bay region. Several
local contaminations have been identified for some specific chemicals; i.e.,
PCB in Sumida River, Osaka Port and Dokai Bay (both water and
sediments), DDT in Sumida River, Toba Port, Osaka Port and Naha Port
(sediments), chlordanes in Sumida River, Osaka Port, Takamatsu Port
and Naha Port (sediments), endrin in Toba Port (sediments), dieldrin in
Sumida River, Osaka Port, Takamatsu Port and Naha Port (sediments),
HCB in Onahama Port and Dokai Bay (sediments), and mirex in Kure
Port (sediments). Mirex levels in the sediments are detectable but rather
low except for Kure, but the concentrations tend to be higher near the
densely populated areas, suggesting the use of mirex-containing materials
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Figure 1.6.  POPs levels in water (pg L™'; FY2004). Box represents average (middle line) +
SD; bar represents range (max. and min.) of data.

in industries/household rather than for agricultural uses. It is reported
that mirex has been used as flame retardants and also for termite control,
and the above data may suggest the import/use of mirex-containing
plastics or wood products. In addition, HCHs are among the highest in
water while their levels are relatively moderate in sediments, apparently
reflecting their water solubility.

Among fishes, Sea bass in Tokyo Bay showed the highest values for
PCB, DDT and chlordanes in relation to their higher levels in waters/
sediments. Hard-shelled mussel from Tokushima has been reported to
have high levels of dieldrin and also chlordanes with extremely high pro-
portion of cis-chlordane, suggesting nearby source(s) of these chemicals.
Interestingly, levels of both toxaphene and HCB on wet weight basis is
highest in a fish living in the off-shore region of Ibaraki Prefecture com-
pared with other fishes including those living in enclosed bays, such as
Tokyo Bay and Osaka Bay, probably reflecting their long-range trans-
portability and status of global pollution as described below.
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Figure 1.7.  POPs levels in sediments (pg g~ '-wet; FY2004). Box represents average (middle
line) + SD; bar represents range (max. and min.) of data.

1.2.2.1.3. Other wildlife

DDT levels in terrestrial bird species caught in Iwate Prefecture showed
higher levels of DDT while toxaphene levels are higher in juvenile sea gull
compared with other species.

The government has been measuring PCB, HCB, DDT, chlordane,
heptachlor epoxide and dieldrin since 1998 to identify their effects on
wildlife as part of the Environmental Survey on Endocrine Disruptors.
The specimens taken include land animals such as raccoons, bears, mon-
keys and frog, and marine mammals such as seals and whales, in addition
to domestic birds and birds of prey. A relatively high concentration of
POPs was seen in birds of prey and Phalacrocorax carbo. Eggs of moun-
tain hawk eagles were also found to have a higher concentration of PCB,
DDT, heptachlor epoxide, chlordane and dieldrin than other wildlife
specimens

1.3. Regional/global transport of POPs

The data of POPs monitoring showed us general overview of the status of
local pollution in Japan, although there seems to be some information
from which regional/global scale information might be inferred.
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1.3.1. HCB

HCB concentration in the air has always been fairly constant irrespective
of the location, between 100 and 150 pg m™> in late summer or 50 and
100 pg m™* in early winter. HCB levels even in a background location,
remote island Hateruma, are still around 50 pg m ™~ in average (15-300),
supporting the view that HCB is everywhere (Expert Working Group,
2006). Chemical property of HCB shows by far the longest transport-
ability among 12 POPs chemicals. In fact, similar levels of HCB
(50-100 pg m~) have been detected in some of the background sam-
pling locations in East/Southeast Asian countries, such as Korea,
Philippines, and Indonesia (Expert Working Group, 2006). Another data
supporting the long-range transportability of HCB is its concentrations in
fishes. HCB levels in wet weight basis is highest in a fish living in off-shore
region of Ibaraki Prefecture followed by Sea bass in Tokyo Bay and
another bottom-living fish from off-shore region off Hokkaido. It should
be noted that the above mentioned first and third fish species live in
off-shore water and thus reflect surface or bottom water concentration of
chemicals, respectively. Although HCB levels are higher in coastal envi-
ronment (e.g., Sea bass in Tokyo Bay) when presented as lipid basis, the
data further supports the view that HCB contaminates not only coastal,
but also open ocean environment due to its long-range transportability.

1.3.2. Toxaphene

Similar, but more impressive phenomenon was observed for toxaphene.
Toxaphene has never been registered or produced in Japan; in fact, it was
not detected in sediments/river waters all over Japan. However, toxap-
hene concentration was highest again in a fish living off-shore region of
Ibaraki Prefecture followed by another bottom-dweller in Hokkaido, and
Sea bass in Tokyo Bay. This time the second one is highest followed by
the first and the third when the concentration is presented on a lipid basis.
Although the comparison among fishes should consider various factors,
including their trophic levels, the data seems to generally support the view
that pollution status of toxaphene in coastal environment of Japan is
similar to that of open ocean area of North Western Pacific Ocean. It
should also be noted that toxaphene levels in lipid basis shows a clear
trend, i.e., higher in northern part (Hokkaido) followed by central Japan
compared with western Japan where its levels in any fish are much lower.
This might support the view that northern Pacific water above the
circumpolar front at around 40—45° north is contaminated by toxaphene
more than southern warm water, possibly either reflecting their usage in
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northern part of northern hemisphere or reflecting evaporation in
southern warm water and condensation/precipitation in cool northern
environment (Wania and Mackay, 1993).

1.3.3. DDT

Another interesting phenomenon was observed on DDT in air samples.
There are a couple of data showing unusually high proportion of
0,p'-DDT in the air samples; for example, 0,p’-DDT occupied ~65% of
total DDT (sum of p,p’- and o,p’-isomers of DDT, DDE and DDD) in
Okinawa in the autumn of 2002, and more than 50% in Okinawa, Saga,
Shimane and Kumamoto in the summer of 2003. The o0,p’-DDT is only a
minor constituent of technical DDT and thus the above phenomenon
may suggest the presence of different sources of o0,p-DDT other than
technical DDT. In fact, it was recently reported by the Chinese scientists
that dicofol, another organochlorine pesticide produced from DDT and
sold in China contained fairly large proportions of un-reacted o,p’-DDT,
up to 11% in weight on average (Qui et al., 2004, 2005). They also found
unusually high proportion of 0,p’-DDT in their air samples, and attrib-
uted their findings to the impurity of dicofol sprayed in China. The high
0,p’-DDT found in Japanese air POPs monitoring might be attributable
to long-range atmospheric transport, too.

1.3.4. Heptachlor vs. Chlordanes

Interestingly, ratios of heptachlors vs. chlordanes are higher in environ-
mental samples, i.e., air, water and sediments, in Hokkaido compared
with other locations. These data may reflect usage pattern of heptachlor
as agrochemicals in Japan.

Heptachlors were spread into the environment either as an agrochem-
ical or as impurities of technical chlordanes. In Japan, technical chlor-
dane was used not only for agrochemicals but also for termite control,
especially in south-west part where termite tends to damage houses more
actively due to high temperature and humidity. Apparently the technical
chlordanes used in Japan had been quite homogeneous, for chlordanes
composition (proportions of trans-chlordane, cis-chlordane, trans-
nonachlor, cis-nonachlor and oxychlordane) in air, and also in water,
are quite similar to each other among the same media irrespective of the
sampling locations. It is also expected that proportions of heptachlors
in technical chlordanes were also stable; in fact, similar heptachlors/
chlordanes ratios have been observed in many places in Japan in air,
water and sediments, and majority of the data plots on chlordanes (X)



18 Yasuyuki Shibata and Takumi Takasuga

Chlordanes vs. Heptachlors (log-log plot)

3
Air (Summer; FY2004)
3

—_ 2
o
5 *
S
S Kushiro (Hokkaido)
o
2 {
(o)
ke) Sapporo

1 (Hokkaido) 3

o
0
1 2 3 4

log[Chlordanes]

Figure 1.8. Chlordanes vs. heptachlors in air samples (summer; FY2004).

and heptachlors (Y) axes are on the same single line. There are,
however, several data considerably biased to heptachlor side as shown in
Figs. 1.8-1.10. It should be noted that these data correspond to sampling
sites in Hokkaido, showing that the samples from Hokkaido are biased to
higher proportion of heptachlors compared with other locations. In fact,
heptachlors had been used in Hokkaido mostly for agricultural purposes
while chlordanes were not used so much in Hokkaido due to its cold
climate and absence of termite problem. This may be the reason why
environmental media in Hokkaido showed relatively higher proportion of
heptachlors.

1.3.5. Other proposed POPs

The environmental survey and/or monitoring data on the chemicals
relevant to the five substances that were proposed for listing in Annex A
of Stockholm Convention and considered at the first meeting of the
Persistent Organic Pollutants Review Committee (POPRC) held in
November 2005, are pentabromodiphenyl ether (PeBDE), chlordecone,
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Figure 1.9. Chlordanes vs. heptachlors in water samples (FY2004).

hexabromobiphenyl, lindane and perfluorooctane sulfonate (PFOS).
Although the proposal was made for lindane, this chapter includes the
data on alpha, beta, gamma as well as delta isomers of HCH.

1.3.5.1. Pentabromodiphenyl ether (PeBDE)

1.3.5.1.1. Atmospheric air and precipitation

A survey was conducted in FY2001 with a detection limit of 0.09 pg m™,
and the substance (PeBDE) was detected at all the 12 surveyed sites with a
detection range between 0.10 and 9.3 pg m . The survey conducted in
FY2004 with a detection limit of 0.06 pg m > detected the substance at
all of the three surveyed sites with a detection range between 0.35 and
5.4pgm~>. The persistence levels of the substance were comparable to the
previous data.

A survey of the substance in bottom sediment was conducted for the
first time in FY2004 with a detection limit of 0.035ng g~ '-dry, and the
substance was detected at one of the four survey sites with a detection
value of 0.050 ng g~ '-dry. PeBDE has not been surveyed or monitored in
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Figure 1.10. Chlordanes vs. heptachlors in sediment samples (FY2004).

other media—wildlife and bottom sediment in the Environmental Survey
and Monitoring of Chemicals Program. Many laboratories in Japan have
investigated PBDEs in recent years and reported varying levels of
contamination by these chemicals in different environmental and biotic
matrices including human samples (Ohta et al., 2002; Akutsu et al., 2003;
Watanabe et al., 2004; Kajiwara et al., 2004; Ueno et al., 2004; Takasuga
et al., 2004; Senthilkumar et al., 2005; Inoue et al., 2006).

1.3.5.2. Hexabromobiphenyl

A survey of this substance in the atmosphere was conducted for the first
time in FY2004 with a detection limit of 0.25pg m~>. The substance was
not detected at the single surveyed site.

A survey for hexabromobiphenyl in the surface water was conducted
in FY2003. The detection limit was 15pg L™'. The substance was not
detected at any of the four surveyed sites.

A survey of the substance in bottom sediment was conducted in
FY2003 with a detection limit of 8700 pg g~ '-dry, and the substance was
not detected at any of the two surveyed sites.
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Hexabromobiphenyl has not been surveyed or monitored in biota in
the Environmental Survey and Monitoring of Chemicals Program. There
is the first report of PBB detection in cormorants and fish from Japan by
Watanabe et al. (2004).

1.3.5.3. PFOS

This was the first survey to investigate PFOS persisting in atmospheric
air. The survey was conducted with a detection limit of 0.09 pg m~>, and
the substance was detected in 57 of the 60 samples from all the 20 survey
sites, with a maximum concentration of 44 pg m~>.

A survey for PFOS in the surface water, which was the first environ-
mental survey/monitoring for the substance in Japan, was conducted in
FY2002. The detection limit was 40ng L™'. The substance was detected at
all the surveyed sites (20 sites). Maximum concentration was 24,000 pg L'

PFOS has not been surveyed or monitored in the biota and bottom
sediment in the Environmental Survey and Monitoring of Chemicals
Program.

1.4. Monitoring of dioxins (polychlorinated dibenzo-p-dioxins (PCDDs),
polychlorinated dibenzofurans (PCDFs) and coplanar PCBs)

As shown above, dioxins monitoring in various environmental media has
been conducted actively in Japan from late 1990s until present together
with extensive efforts to make reliable inventories and operate effective
regulation to reduce their emission to the environment. The major emis-
sion sources were found to be incinerators for both municipal and
industrial wastes, thus severe regulation was enforced on the incinerators
to reduce total emissions of dioxins. In fact, dioxin levels in the air
(Fig. 1.11) have been decreasing significantly during recent years in
accordance with the estimated decrease of dioxin emissions inventory
(Fig. 1.12).

Dioxin levels in the surface water and ground water have been
decreasing steadily but rather slowly compared with levels in air, and
their levels in sediments and soil do not seem to have decreased clearly. In
general, these tendencies are consistent with the estimated behavior based
on their chemical properties.

In addition to the incineration processes, herbicides, CNP (2,4,
6-trichlorophenyl-4’-nitrophenyl ether) and PCP (pentachlorophenol)
usage was reported as the major source of dioxins, especially during the
late 1960s—1970s. While CNP contained particular non-toxic dioxin con-
geners such as 1,3,6,8-TeCDD and 1,3,7,9-TeCDD (Yamagishi et al.,
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Dioxin levels in environmental media. Left axis for air, surface water, ground

water; right axis for sediments, soil. Note that the data are sum of PCDDs, PCDFs and
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Figure 1.12. Emission inventory of PCDD/Fs in Japan. Each box represents upper and
lower estimates of the total emission.

1981), PCP was found to have OCDD/F (Sakurai et al., 1998; Masunaga
et al., 2003). Further, studies by Masunaga et al. (2001) indicated the
existence of toxic 2,3,7,8-substituted congeners both in CNP and PCP.
There are several reports on the time trend of dioxins pollution by anal-
yzing sediment core samples (Yamashita et al., 2000; Kubota et al., 2002;
Sakurai et al., 2002; Sakurai, 2003; Okumura et al., 2004). There are
also reports concerning the topic by analyzing stored materials, including
human samples (Konishi et al., 2001—Fig. 1.13; Choi et al., 2002, 2003).
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1.5. Stockpiles and wastes of POPs

1.5.1. Development of detoxification methods for agricultural chemicals containing
POPs

In Japan, organic chlorine agricultural chemicals including certain POPs
(aldrin, dieldrin, endrin, DDT and BHC) are usually stored underground.
The result of the investigation on the conditions of stored chemicals
published by the Ministry of Agriculture, Forestry and Fisheries in
December 2001 shows that the total amount of stored agricultural chem-
icals and the number of the stored places identified on this investigation
was 3680 tons and 174 places, respectively. A field investigation was car-
ried out by MOE in two districts with a view to assessing the actual
conditions of the storage by farmers of agricultural chemicals containing
POPs, etc., which revealed that approximately 1-2% of farmers had held
2066 kg of agricultural chemicals containing POPs, etc. 97,228 kg of
the agricultural chemicals containing dioxins were collected by farmers’
cooperation, etc. from 1998 to 2002.

The detoxification methods for agricultural chemicals containing
POPs, etc. have been verified and these chemicals are properly disposed
of by these methods.

1.5.2. State of PCB waste in storage and disposal under the PCB special measures
law

MOE has released the state of PCB waste in storage that has been
reported under the PCB Special Measures Law. The data on the storage
and disposal status of PCB waste as of March 31, 2003, was submitted
from businesses to prefectural and municipal governments.

Compared with the previous report as of March 31, 2002, the amount
of PCBs stored has been increasing while the use of PCBs has been
decreasing. This trend is due to the progress in gathering information on
PCB waste because of the enforcement of reporting under the Law.
Besides this, shift from using PCBs to storing them during this period also
influenced such a trend.

The government will implement a project to develop wide-area waste
disposal facilities nationwide in the pivotal cities of Kitakyushu, Toyota,
Tokyo, Osaka and Muroran, as listed below, through the Japan Envi-
ronmental Safety Corporation (JESCO), and in co-ordination with local
public authorities.

Most PCB wastes come from high-voltage transformers and a limited
number of other products, and these would require immediate attention.
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The project will therefore focus initially on these products. As to smaller
waste electrical devices such as stabilizers and other contaminated ma-
terials, including carbonless copying paper, which contain only a small
amount of PCB, deliberation will be accelerated on the establishment of a
treatment system for these materials. At the same time, it is necessary to
evaluate new and existing waste disposal technologies, with top priority
placed on ensuring safety. The recent advancement of disposal technol-
ogy for PCB wastes from stabilizers now enables safer treatment of sta-
bilizers. In project sites where large volumes of disused stabilizers are left
untreated, an appropriate treatment system will be launched as soon as
possible. For other devices and project sites, effort will be strengthened to
develop a comprehensive waste disposal system in line with new tech-
nologies expected in the future.

In the construction of wide-area waste disposal facilities, JESCO is
targeting small- and medium-sized enterprises and other business insti-
tutions which can commission JESCO to treat their PCB wastes and in
doing so reduce their financial burden. The corporation plans to ensure
the minimum treatment capacity for these facilities by having these wastes
brought to the facilities in a systematic manner during the treatment
period.

Enterprises which hold large volumes of waste PCBs, PCB-containing
waste oils and disused pole-mounted transformers that contain PCB-
containing insulation oils are building or planning to build treatment
facilities on their own. It is essential for the government to assist and
encourage their effort. For pole-mounted transformers and insulation oils
extracted from these pole-mounted transformers, concerted actions will
be taken in line with the efforts of electric power companies which store
those PCB wastes.

Tables 1.3—1.5 show the estimated disuse volume, storage volume and
disposal volume of wastes generated from disuse of PCB-containing high-
voltage transformers and high-voltage condensers, and other large elec-
trical devices during the period up to 2016, when treatment of PCB wastes
is to be terminated under the law.

1.5.3. Study for proper disposal of POPs wastes

Stored agricultural chemicals containing the chemicals mentioned above
and ashes from incineration plants, etc. containing dioxins must be dis-
posed of appropriately as wastes containing POPs. Wastes containing
dioxins are properly disposed under the Dioxins Law and the Waste
Management and Public Cleansing Law (Law No. 137 of 1970, hereafter
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Table 1.3. High-voltage transformer and other devices

Fiscal year

Disused volume
(units)

Disposal volume
(units)

Storage volume
(units)

Current
March-2002

2002-2008

2009-2016

High-voltage

transformer: 1800;
high-voltage

condenser: 31,200;
other devices: 5900

High-voltage

transformer: 1600;
high-voltage

condenser: 26,800;
other devices: 5000

High-voltage

transformer: 4400;
high-voltage
condenser: 83,400;
other devices:
15,500

High-voltage

transformer:
10,100; high-
voltage condenser:
193,700; other
devices: 36,100

High-voltage

transformer 11,079;
high-voltage
condenser: 219,106;
other devices:
40,744

(March 2009); high-

voltage
transformer: 8500;
high-voltage
condenser: 166,900;
other devices:
31,100

High-voltage

transformer: 0;
high-voltage
condenser: 0; other
devices: 0

Note I: “Disused volume” refers to the amount of wastes generated from electronic devices
as they are used during the corresponding period.
Note 2: “Other devices” refers to any of low-voltage transformers, low-voltage condensers,
reactors, discharge coils, surge absorbers, meter transformers, switches, breakers and rec-
tifiers that are as large as a high-voltage transformer or high-voltage condenser.
Note 3: Figures are rounded to 100 units except for the current storage volume.

Table 1.4. Waste polychlorinated biphenyl (waste PCBs) and other wastes

Fiscal year

Disused volume (t)

Disposal volume (t)

Storage volume (t)

Current-March
2002

2002-2008

2009-2016

Waste PCBs: 0;
PCB-containing
waste oils: 0

Waste PCBs: 0;
PCB-containing
waste oils: 0

Waste PCBs: 0;
PCB-containing
waste oils: 800

Waste PCBs: 100;
PCB-containing
waste oils: 1800

Waste PCBs: 70;
PCB-containing
waste oils: 2610

(March 2009); waste
PCBs: 100; PCB-
containing waste
oils: 1800

(July 2016); waste
PCBs: 0; PCB-
containing waste
oils: 0
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Table 1.5. Pole-mounted transformer

Fiscal year Disused volume Disposal volume Storage volume
(units) (units) (units)
Current—March - - Case: 1,863,225; oil
2002 equivalent:
178,320t
2002-2008 Case: 1,072,000; oil Case: 1,228,000; oil (March 2009); Case:
equivalent: equivalent: 1,702,000; oil
61,000t 143,000 t equivalent:
95,000t
2009-2016 Case: 880,000; oil Case: 2,582,000 oil (July 2016); Case:0;
equivalent: equivalent: oil equivalent: 0
38,000t 133,000t

Note: Figures are rounded to 1000 units or 1000t except for the current storage volume.

referred to as the Waste Management Law). Wastes containing PCB are
disposed under the PCB Special Measures Law.

The following are being addressed for other POPs based on the out-
comes of the above mentioned development of detoxification methods
with a view to understand the actual wastes emissions and formulating
their disposal standards.

e Estimation of the existing quantity of unintentionally produced POPs.

e Compilations of technical issues to be considered in respect of methods
of collection, transportation and storage of POPs wastes.

e Necessary studies for the development of POPs wastes disposal stand-
ard.

e Studying the monitoring method on the maintenance and management
of POPs wastes disposal process.

1.6. Conclusion

Brief outlines of POPs monitoring activities in Japan are summarized in
this chapter. In Japan, government has been carrying-out extensive en-
vironmental monitoring as the basis to plan and conduct environmental
management of chemicals. After more than two decades of operation, the
monitoring was reorganized recently to use HRGC/HRMS in order to
know precisely and accurately the present levels of POPs contamination
in Japan. Also the new monitoring method is now being implemented to
East Asian countries to conduct regional monitoring of POPs in the
background air sampling locations as per the requirement of Stockholm
Convention (Expert Working Group, 2006). The government has also
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been conducting development of new analytical methods for compounds
not yet monitored, including those evaluated as additional chemicals for
Stockholm Convention, such as PBDEs and PFOS, and perform expo-
sure assessment of these new chemicals to human. Furthermore, parts of
the samples collected for regular environmental monitoring under the
framework of “Chemicals in the Environment” were stored in frozen
state for future (Environmental Specimen Banking). These activities,
together with extensive researches and monitoring in national/local
governmental institutes, universities and private sectors, will help the
world to keep and improve quality of life by managing these chemicals

properly.

REFERENCES

Akutsu, K., Kitagawa, M., Nakazawa, H., Makino, T., Iwazaki, K., Oda, H., Hori, S., 2003.
Time-trend (1973-2000) of polybrominated diphenyl ethers in Japanese mother’s milk.
Chemosphere 53, 645-654.

Choi, J.W., Fujimaki, S., Kitamura, K., Hashimoto, S., Ito, H., Suzuki, N., Sakai, S.,
Morita, M., 2003. Polybrominated dibenzo-p-dioxins, dibenzofurans, and diphenyl
ethers in Japanese human adipose tissue. Environ. Sci. Technol. 37, 817-821.

Choi, J.W., Miyabara, Y., Hashimoto, S., Morita, M., 2002. Comparison of PCDD/F and
coplanar PCB concentrations in Japanese human adipose tissue collected in 1970-1971,
1994-1996, and 2000. Chemosphere 47, 591-597.

Expert Working Group, 2006. POPs Monitoring Project in East Asian countries, “Back-
ground air monitoring of persistent organic pollutants in East Asian countries
2004-2006,” Ministry of the Environment, Japan.

Inoue, K., Harada, K., Takenaka, K., Uehara, S., Kono, M., Shimizu, T., Takasuga, T.,
Senthilkumar, K., Yamashita, F., Koizumi, A., 2006. Levels and concentration ratios of
polychlorinated biphenyls and polybrominated diphenyl ethers in serum and breast milk
in Japanese mothers. Environ. Health Perspect. 1141, 1179-1185.

Kajiwara, N., Ueno, D., Takahashi, A., Baba, N., Tanabe, S., 2004. Polybrominated
diphenyl ethers and organochlorines in archived northern fur seal samples from the
Pacific coast of Japan, 1972-1998. Environ. Sci. Technol. 38(14), 3804—3809.

Konishi, Y., Kuwabara, K., Hori, S., 2001. Continuous surveillance of organochlorine
compounds in human breast milk from 1972 to 1998 in Osaka, Japan. Arch. Environ.
Contam. Toxicol. 40, 571-578.

Kubota, A., Someya, M., Watanabe, M., Tanabe, S., 2002. Contamination status of
PCBs (including coplanar congeners), polychlorinated dibenzo-p-dioxins (PCDDs)
and dibenzofurans (PCDFs) in sediments from Uwa sea, Japan. Nippon Sui. Gakk.
68, 695-700.

Masunaga, S., Takasuga, T., Nakanishi, J., 2001. Dioxin and dioxin-like PCB impurities in
some Japanese agrochemical formulations. Chemosphere 44, 873-885.

Masunaga, S., Yao, Y., Ogura, 1., Sakurai, T., Nakanishi, J., 2003. Source and behavior
analyses of dioxins based on congener-specific information and their application to
Tokyo Bay basin. Chemosphere 53, 315-324.

Ministry of the Environment, Japan, 1996. “Chemicals in the environment,” (every year
in Japanese; English version available on FY2005~2001, 1998, 1996). English



Persistent Organic Pollutants Monitoring Activities in Japan 29

version: http://www.env.go.jp/chemi/kurohon/en/index.html Japanese version: http://
www.env.go.jp/chemi/kurohon/index.html

Ministry of the Environment, Japan, 1998. “Environmental monitoring survey of exogenous
endocrine disrupting chemicals” English version: http://www.env.go.jp/en/chemi/ed/
eeds/MonitoringSurvey.html (results of 1998 survey).

Ministry of the Environment, Japan, 2000. “Dioxin monitoring in the environment” English
version: http://www.env.go.jp/en/chemi/dioxins/survey2000.html (monitoring data on
2000), Japanese version: http://www.env.go.jp/chemi/dioxin/report.html

Ministry of the Environment, Japan, 2002. “Marine environment monitoring” English
version: http://www.env.go.jp/en/press/2004/0906a.html (report of FY2002), Japanese
version: http://www.env.go.jp/earth/kaiyo/monitoring.html

Ministry of the Environment, Japan, 2004. “Dioxin emission inventory” English version:
http://www.env.go.jp/en/press/2005/1125a.html (inventory in 2004), Japanese version:
http://www.env.go.jp/chemi/dioxin/report.html

Ohta, S., Ishizuka, D., Nishimura, H., Nakao, T., Aozasa, O., Shimidzu, Y., et al., 2002.
Comparison of polybrominated diphenyl ethers in fish, vegetables, and meats and levels
in human milk of nursing women in Japan. Chemosphere 46, 689-696.

Okumura, Y., Yamashita, Y., Kohno, Y., Nagasaka, H., 2004. Trends of PCDD/Fs
and co-PCBs in a sediment core collected in Sendai Bay, Japan. Water Res. 38,
3511-3522.

Qui, X.H., Zhu, T., Jing, L., Pan, H.S., Li, Q.L., Miao, G.F., Gong, J.C., 2004. Organo-
chlorine pesticides in the air around the Taihu Lake, China. Environ. Sci. Technol. 38,
1368-1374.

Qui, X.H., Zhu, T., Yao, B., Hu, J.X., Hu, S.W., 2005. Contribution of dicofol to the
current DDT pollution in China. Environ. Sci. Technol. 39, 4385-4390.

Sakurai, T., 2003. Dioxins in aquatic sediment and soil in the Kanto region of Japan: Major
sources and their contributions. Environ. Sci. Technol. 37, 3133-3140.

Sakurai, T., Suzuki, N., Masunaga, S., Nakanishi, J., 1998. Origin attribution of polychlo-
rinated dibenzo-p-dioxins and dibenzofurans in sediment and soil from a Japanese
freshwater lake area through congener-specific data analysis. Chemosphere 37,
2211-2224.

Sakurai, T., Suzuki, N., Morita, M., 2002. Examination of dioxin fluxes recorded in dated
aquatic-sediment cores in the Kanto region of Japan using multivariate data analysis.
Chemosphere 46, 1359-1365.

Senthilkumar, K., Takasuga, T., Ishizuka, M., Tanikawa, T., Fujita, S., 2005. Contami-
nation profiles of UNEP POP’S and PBDEs in brown rat collected from urban and rural
regions of Japan. Organohalogen Compd. 67, 615-618.

Takasuga, T., Senthilkumar, K., Takemori, H., Ohi, E., Tsuji, H., Nagayama, J., 2004.
Impact of fermented brown rice with Aspergillus oryzae (FEBRA) intake and concen-
trations of polybrominated diphenylethers (PBDEs) in blood of humans from Japan.
Chemosphere 57, 795-811.

Ueno, D., Kajiwara, N., Tanaka, H., Subramanian, A., Fillmann, G., Lam, P.K.S., Zheng,
G.J., Muchitar, M., Razak, H., Prudente, M., Chung, K.H., Tanabe, S., 2004. Global
pollution monitoring of polybrominated diphenyl ethers using skipjack tuna as a bio-
indicator. Environ. Sci. Technol. 38(8), 2312-2316.

Wania, F., Mackay, D., 1993. Global fractionation and cold condensation of volatile
organochlorine compounds in polar regions. Ambio 22, 10-18.

Watanabe, K., Senthilkumar, K., Masunaga, S., Takasuga, T., Iseki, N., Morita, M., 2004.
Brominated organic contaminants in the liver and egg of the common cormorants
(Phalacrocoraxcarbo) from Japan. Environ. Sci. Technol. 38, 4071-4077.


http://www.env.go.jp/chemi/kurohon/en/index.html
http://www.env.go.jp/chemi/kurohon/index.html
http://www.env.go.jp/chemi/kurohon/index.html
http://www.env.go.jp/en/chemi/ed/eeds/MonitoringSurvey.html
http://www.env.go.jp/en/chemi/ed/eeds/MonitoringSurvey.html
http://www.env.go.jp/en/chemi/dioxins/survey2000.html
http://www.env.go.jp/chemi/dioxin/report.html
http://www.env.go.jp/en/press/2004/0906a.html
http://www.env.go.jp/earth/kaiyo/monitoring.html
http://www.env.go.jp/en/press/2005/1125a.html
http://www.env.go.jp/chemi/dioxin/report.html

30 Yasuyuki Shibata and Takumi Takasuga

Yamagishi, T., Miyazaki, T., Akiyama, K., Morita, M., 1981. Polychlorinated dibenzo-
p-dioxins and dibenzofurans in commercial diphenyl ether herbicides, and in freshwater
fish collected from the application area. Chemosphere 10, 1137-1144.

Yamashita, N., Kannan, K., Imagawa, T., Villeneuve, D.L., Hashimoto, S., Miyazaki, A.,
Giesy, J.P., 2000. Vertical profile of polychlorinated dibenzo-p-dioxins, dibenzofurans,
naphthalenes, biphenyls, polycyclic aromatic hydrocarbons, and alkylphenols in a
sediment core from Tokyo Bay, Japan. Environ. Sci. Technol. 34, 3560-3567.



Developments in Environmental Science, Volume 7 31
A. Li, S. Tanabe, G. Jiang, J.P. Giesy and P.K.S. Lam (Editors)

Copyright © 2007 Elsevier Ltd. All rights reserved.

ISSN: 1474-8177/DOI:10.1016/S1474-8177(07)07002-7

Chapter 2

Emission, Contamination and Exposure, Fate and Transport,
and National Management Strategy of Persistent Organic
Pollutants in South Korea

Seung-Kyu Kim™, Jong Seong Khim, Kyu-Tae Lee, John P. Giesy,
Kurunthachalam Kannan, Dong-Soo Lee and Chul-Hwan Koh

Abstract

Public concern over persistent organic pollutants (POPs) re-emerged
in the 1990s due to studies describing endocrine disrupting effects of
some POPs. While monitoring data suggested that concentrations of
contaminants were less in South Korea than in more industrialized
countries, the public perception was that there were significant risks
posed by POPs. This perception may have resulted from inaccurate
and insufficient information about the status of POPs in South Ko-
rea. The South Korean government, as a signatory authority of the
Stockholm Convention, is obliged to submit a national implementa-
tion plan to ban or minimize POPs emissions. To date, little has been
known regarding the overall POPs status including inventories, usage
patterns, sources, emission, fate, and distribution in South Korea. To
assess the status of four emerging POPs as well as the 12 existing
classical POPs in South Korea we have compiled and reviewed all the
available literature published since the mid-1990s on POPs in South
Korea. We present and discuss: (1) emission inventories of individual
POPs; (2) concentrations of the various POPs in various compart-
ments of the environment; (3) conducted ecosystem and human ex-
posure assessments; (4) report a case study of fate and multi-media
transport of POPs; and finally (5) propose an appropriate strategy to
minimize the risks of POPs in South Korea. In brief, concentrations
of POPs were found to be relatively small, compared to most other
industrialized countries. In fact, concentrations of many of the clas-
sical POPs were less than the environmental quality criteria suggested
by government agencies, except for a few ‘hot spots’. However, due to
a lack of sufficient information, the status and trends of PCDDs/DFs,
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DDTs, PBDEs and PFAs could not be assessed. Additional infor-
mation from monitoring studies would be needed for certain loca-
tions. For instance, the emission of dioxin-like compounds, expressed
on a per area basis, was estimated to be one of the greatest in the
world, even though the recent governmental efforts to reduce the
emission have resulted in decreased releases of several classes of
POPs. Concentrations of some perfluoroalkylated compounds
(PFAs), in some freshwater locations were found to be some of the
greatest in the world. Identification of hot spots followed by reme-
diation (for classical POPs) and nationwide monitoring surveys (for
emerging POPs) would be strongly needed.

2.1. Introduction

The ‘dirty dozen’ or the 12 legacy organochlorine substances, consist of
two byproducts (polychlorinated dibenzo-p-dioxins and polychlorinated
dibenzofurans (PCDDs/DFs)), one industrial product (polychlorinated
biphenyls (PCBs)), and nine pesticides (DDTs, chlordanes, heptachlor,
aldrin, endrin, dieldrin, toxaphene, mirex, and hexachlorobenzene
(HCB)) (Stockholm Convention on Persistent Organic Pollutants,
2001). PCBs and HCB are also emitted as byproduct or impurities (UN-
ECE/EMEP, 2002; Breivik et al., 2004). These dirty dozen persistent
organic pollutants (POPs) were prioritized for global action by the
Stockholm Convention on POPs, developed under the auspices of the
United Nations Environment Program (UNEP). The criteria for prior-
itization included persistence, bioaccumulation potential, and toxic po-
tency (PBT) in addition to their potential for long-range transport (LRT).

Since 1998, the United Nations/Economic Commission for Europe
(UN/ECE, 1998) has included, in addition to the dirty dozen POPs, hex-
achlorocyclohexanes (HCHs), polycyclic aromatic hydrocarbons (PAHs),
chlorodecone, and hexabromobiphenyl. The New Protocol on Persistent
Organic Pollutants to the Convention on Long-Range Trans-boundary
Air Pollutant (CLRT protocol) has served as the basis for these criteria.
Besides the 12 existing POPs, the emerging POPs such as polybrominated
diphenyl ethers (PBDEs) (Palm et al., 2002; Tanabe, 2004) and per-
fluoroalkyl acids (PFAs) (Giesy and Kannan, 2001; Renner, 2001a,b;
Prevedouros et al., 2006) are also of increasing concern due to their ex-
tensive worldwide usage as well as possible PBT and LRT characteristics.
Alkylphenols (APs) such as nonylphenol (NP) and octylphenol (OP) with
endocrine disrupting properties are also stable in the environment with a
half-life of approximately two months in water and in the order of years
in sediments (Mackay et al., 2000; Ying et al., 2002).
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National concern regarding POPs in South Korea was amplified in the
mid-1990s when dioxins, carcinogenic, and endocrine disrupting com-
pounds (EDCs), were reported to be emitted primarily from waste in-
cinerators throughout South Korea. The total number of incinerators in
South Korea reached a maximum of 16,000 in 1998. During the same
period, it was reported that some of the POPs, including dioxins, could
cause effects, such as breast cancer and reduced semen quality and po-
tentially be ‘environmental hormones’. The South Korean government
classified them as priority pollutants for regulatory actions in South Ko-
rea. Based on a survey conducted in 2003, 91.4% of South Koreans
responded that they had heard the term ‘environmental hormone’ at least
once in their life (Kim, 2003). A survey of risk communication and per-
ception in environmental problems (Kim et al., 2002a), found that over
82% of 574 people surveyed thought that the South Korean environment
was polluted. Nevertheless, little was known in the public surveyed (i.c.,
< 2.5 points of total 13 points) about the causes, pathways, toxic effects,
and there was no personal action plan to decrease exposure to dioxins
and other POPs. Most of the people responded that their knowledge
regarding POPs was acquired from the mass media rather than from the
scientific research papers. Recent nationwide monitoring studies have
found that concentrations of POPs such as PCBs and organochlorine
pesticides (OCPs) in the environment, are less than those in other indus-
trialized countries such as the USA and Japan, and generally less than the
established criteria, except for some hot spots (Kim et al., 2002b; Hong et
al., 2006). Thus, in addition to having only limited information on the
status and trends of contaminants and their potential toxic effects with
which to conduct risk assessments and implement risk management, there
was also a gap in risk communication. Thus, the public could not assess
the real risks that POPs may pose to the health of the South Korean
population and ecosystem.

In addition to public concern, international conventions to reduce or
eliminate emissions of POPs in South Korea took effect in May 2004. The
South Korean Government, as a signatory participant of the Stockholm
Convention on POPs, plans to ratify the convention. Then the govern-
ment is obliged to submit a National Implementation Plant (NIP) to
minimize POPs emission and update the plan and provide a status report
every two years from the time of ratification (Stockholm Convention on
Persistent Organic Pollutants, 2001). Therefore, it is inevitable that a
scientific assessment and review of the domestic status and history of the
POPs pollution including emissions, contamination levels (or distribu-
tion), exposures, and risks will be needed. This information will be dis-
seminated to the public and also used to develop efficient control
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strategies to minimize exposure of humans and the wildlife to the POPs.
Here, we facilitate this process by bringing together in one place, for the
first time, a comprehensive compendium of information available on
POPs in Korea.

Studies of POPs in South Korea can be arbitrarily categorized into 3
periods: from the 1960s to mid-1990s, mid-1990s to 2000, and 2001 and
later. The first study of POPs in South Korea to appear in the literature
was about OCPs residues in South Korean foodstuffs performed by the
‘Rural Development Administration’ in 1967 before the beginning of re-
striction of the use of OCPs in South Korea (Lee, 1982). Until the mid-
1990s, most studies of POPs in South Korea had been conducted on OCP
residues in agricultural products such as vegetables (Park and Yoo, 1972;
Park et al., 1974; Kim et al., 1981), foods (Kim and Lee, 1980; Lee, 1982;
Ryu et al., 1986), agricultural soils (Park and Ma, 1982; Choi et al., 1987),
and marine food/sediment (Lee et al., 1976, 1977; You and Park, 1984;
Suh et al., 1986). The most extensive collection of data during the 1960s
to mid-1990s appeared on OCPs and specifically for calculation of daily
intake rates (Lee, 1982) and on the investigation of OCP residues in 236
agricultural soils (Park and Ma, 1982). Due to these initiatives and some
pioneering efforts, the uses of POPs have been restricted in South Korea
since late 1960s. Because early analytical techniques involving packed GC
columns were less accurate and sensitive than more modern methods, the
accuracy of the historical analyses of OCPs is questionable. Since the
mid-1990s, several studies by academic institutions applied state-of-the-
art analytical techniques to quantify POPs. During this period, in 1996,
standard analytical methods were established for quantifying dioxins in
air. The development of sensitive and standard analytical techniques im-
proved the accuracy of POPs quantification, which made international
comparisons of concentrations possible. These data were available for
robust meta-analyses. Governmental efforts began only in the last decade
for through investigation and effective management of POPs. Since 1999,
the South Korean government and the Ministry of Environment
(KMOE) began nationwide monitoring of POPs in the environment
and in humans. Since 2001, comprehensive projects have been undertaken
to establish the national emission inventory of some priority POPs (di-
oxins in particular).

While comprehensive research and surveys were delayed, or lacking, no
significant effort had been put toward the overview of the existing data of
emissions, sources, distribution, exposure, and fate of POPs. Lee and Kim
(1999) collected published data on concentrations of EDCs for almost all
environmental media and human tissues and performed a meta-analysis
to examine the relationship between the sperm quality of South Korean
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males and exposure to EDCs. Environmental concentrations and rates of
emission of POPs, such as PCBs and OCPs, have been reviewed by
KMOE (KMOE, 2004a). These preliminary studies were limited to the
collection of data on concentrations in various environmental compart-
ments.

In an attempt to provide an overview and assessment of the POPs in
South Korea, we have conducted a comprehensive literature search and
compiled the existing POPs data (including the emerging POPs) from
surveys conducted since the mid-1990s in South Korea. This chapter
presents: (1) emission inventories of individual POPs; (2) concentrations
in various environmental including humans; (3) exposure assessment in
the ecosystem and humans; (4) a case study of fate and multi-media
transport of POPs; and finally, (5) a proposal for a strategy to minimize
releases and ultimately eliminate POPs in South Korea.

2.2. Methodology: Literature survey and target POPs

For this chapter, we searched the peer-reviewed, open, scientific literature
by using the Science Citation Index (SCI) and ‘ScienceDirect’, ‘SCIRUS’,
and ‘SpringerLink’. Domestic articles that would not be listed in these
citation services were collected using online websites of 33 South Korean
science societies and ‘Korean studies Information Service System (KISS)’
of Korean Studies Information Corporation. Literature collected in-
cludes: (1) 91 articles published in SCI journals; (2) 57 domestic articles;
(3) 40 research reports performed or funded by governmental agencies;
and (4) 4 dissertations (Fig. 2.1). Reports quoted consisted of 25 regular
nationwide monitoring studies (6 by National Institute of Environment
Research (NIER), 16 by the South Korea Food and Drug Administration
(KFDA), and 3 by the Ministry of Maritime Affairs and Fishery (MO-
MAF)), 12 emission inventories, and 3 exposures and meta-analyses.
Most inventories of emissions were either performed or funded by the
KMOE or NIER.

In the present study, 17 compounds including dirty dozen POPs (OCPs,
PCDDs/DFs, PCBs), two emerging POPs (PBDEs and PFAs), and two
potential POPs (APs and PAHs) in the South Korean environment were
reviewed (Table 2.1 and 2.2). Among the 17 POPs, the most studied
pollutant was determined to be chlorinated dioxins and dioxin-like com-
pounds such as PCDDs/DFs and dioxin-like PCBs for which occurrence,
distribution, contamination level, fate, exposure, and control techniques
have been fairly thoroughly investigated. The literature on dioxin re-
search included 42 SCI articles and 57 domestic articles. Because most of
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Fig. 2.1. Korean literatures collected for meta-analysis of target POPs substances: SCI
article (1J), Domestic article (DJ), Research report (Report), and PhD dissertation.

the data originated from 13 laboratories certified for dioxin analysis, the
domestic articles were also included in this survey. Although 80 domestic
articles were reviewed, information from only 33 SCI articles were used
for the meta-analysis of PCBs, OCPs, and PAHs because they were con-
sidered to provide sufficient information to allow us to describe distri-
bution and concentrations in the environment. Most of these articles
reported concentrations in the environment as well as possible sources. In
addition to legacy POPs, we also reviewed information on emerging
contaminants of concern. Data on alkylphenols were extracted from 11
SCI articles and 4 reports; PBDEs from 2 SCI articles, 1 domestic article,
and 2 reports; PFAs from 5 SCI articles. The number and volume of the
literature indicates that the South Korean POP studies have primarily
focused on legacy POPs (i.c., dioxins, PCBs, and OCPs) while little at-
tention is given to emerging POPs (i.e., PBDEs and PFAs).

The physico-chemical properties of these POPs are illustrated in
Fig. 2.2. APs and PFAs (hydrophilic substances) are relatively more wa-
ter soluble than the legacy POPs, which suggests that these pollutants
could easily reside in water column and then can be carried to remote
areas by hydrospheric movement (Yamashita et al., 2005).



Table 2.1. Target POPs involved in this study and the regulatory action in Korea

Pollutant category Major use in Korea Regulatory action

ACMA? TCCA® ISHA® EBAY CACA®/ WCAP Food
WQCA'/ residual
SECA® level

Existing POPs

Polychlorinated biphenyls (PCBs)  Dielectic fluid etc. - Ban (’96) (> 50 ppm, Ban (°03) Ban (*79) Specific Hazardous waste -
’99) hazardous (> 2 ppm)k
chemical
OCPs'
DDTs Insecticide Ban (°69) Ban (> 1%, *91) Ban - - - <0.1 ppm
Chlordanes (CHLs) Insecticide/additive agent Ban (°69) Ban (> 1%, "99) Ban - - - <0.02 ppm
Hexachlorocyclohexane (HCHs)  Insecticide Ban (°69) Ban (> 1.5%, 91) Ban - - -
Aldrin Insecticide/additive agent Ban (’69) Ban (> 0.1%, ’99) Ban - - - <0.01 ppm
Endrin Insecticide/additive agent Ban (’69) Ban (> 1%, ’99) Ban - - - <0.01 ppm
Dieldrin Insecticide/additive agent Ban ('70)  Ban (> 1%, ’99) Ban <0.01 ppm
Heptachlor Insecticide/additive agent Ban (°79) Ban (> 6%, ’99) Ban - - - <0.01 ppm
Toxaphene (Camphechlor) Insecticide Ban ('82)  Ban (> 1%, 91) Ban - - - -
Endosulfan Insecticide - Ban (> 1%, <’03) Ban - - -
Tetrachlorobenzene (TeCB) Intermediate in pesticide - - - - - -
Pentachlorobenzene (PeCB) Intermediate in pesticide Ban (> 1%, <’03) Ban
Hexachlorobenzene (HCB) Domestic no use - - - - - -
Mirex Domestic no use - - - - - -
Dioxins/furans (PCDDs/DFs) By-products - - - - Restricted -

release ('97)'
By-products - - - - - -
By-products - - - - - - -

Coplanar PCBs (coPCBs)
Hexachlorobenzene (HCB)
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Table 2.1. (Continued)

Pollutant category Major use in Korea Regulatory action
ACMA? TCCA® ISHA® EBAY CACA®/ WCA! Food
WQCA/ residual
SECA® level'

Emerging POPs

Polybrominated diphenyl ethers Flame retardant - - - - - _
(PBDEs)
Perfluoroalkyl acids (PFAs) Acids of fluoropolymer, rust/oil/

water retardant
Others
Alkylphenols (APs)
Polycyclic aromatic hydrocarbons - - - - - — _
(PAHs)

“ACMA (Agrochemical Management Act); the ban of registration of pesticides, indicating implicitly the ban of import, manufacture, and selling.
"TCCA (Toxic Chemical Control Act); the restricted use (until *90) and the ban (from 91) of manufacture, import, and use of non -food additive
agent.

“ISHA (Industrial Safety and Health Act); the same legal action as TCCA was enacted in 2003.

JEBA (Electricity Business Act); the ban of use for electric heater of facilities used PCB -containing dielectic fluid.

°CACA (Clean Air Conservation Act); the specific air hazardous chemical.

'WQCA (Water Quality Conservation Act); the water quality criteria of PCBs as specific water hazardous chemicals.

ESECA (Soil Environment Conservation Act); the air quality criteria of PCBs as specific water hazardous chemicals.

"WCA (Waste Control Act); the restriction of waste treatment.

iGuideline of Korean Food and Drug Administration (KMOE, 2004).

JOCPs (Organochlorine Pesticides).

KPCBs as specific hazardous waste should be treated in separated and specific method and reported and confirmed by KMOE administrator.
'Release guideline of waste incinerators (see Table 3).

8¢
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Table 2.2. Target compounds of persistent organic pollutants (POPs) reviewed; PCDDs/
DFs, PCBs, OCPs, PAHs, APs, PDBEs, and PFAs, respectively

Abbreviation Full name
PCDDs/DFs Polychlorinated dibenzo-p-dioxins/-dibenzofurans
TCDD/DF Tetrachlorinated dibenzo-p-dioxin/-dibenzofuran
PeCDD/DF Pentachlorinated dibenzo-p-dioxin/-dibenzofuran
HxCDD/DF Hexachlorinated dibenzo-p-dioxin/-dibenzofuran
HpCDD/DF Heptachlorinated dibenzo-p-dioxin/-dibenzofuran
OCDD/DF Octachlorinated dibenzo-p-dioxin/-dibenzofuran
PCBs Polychlorinated biphenyls
di-CB Dichlorinated biphenyl
tri-CB Trichlorinated biphenyl
tetra-CB Tetrachlorinated biphenyl
penta-CB Pentachlorinated biphenyl
hexa-CB Hexachlorinated biphenyl
hepta-CB Heptachlorinated biphenyl
octa-CB Octachlorinated biphenyl
nona-CB Nonachlorinated biphenyl
deca-CB Decachlorinated biphenyl
OCPs Organochlorine pesticides
CBs Chlorobenzenes
1,2,3,4-TCBZ 1,2,3,4-Tetrachlorobenzene
1,2,4,5-TCBZ 1,2,4,5-Tetrachlorobenzene
PCBZ Pentachlorobenzene
HCB Hexachlorobenzene
HCHs o-, -, y-, 0-Hexachlorocyclohexane
o-HCH a-Hexachlorocyclohexane
p-HCH p-Hexachlorocyclohexane
y-HCH y-Hexachlorocyclohexane (lindane)
0-HCH d-Hexachlorocyclohexane
CHLs Chlordanes
PentaCA Pentachloroanisole
HeptaC Heptachlor
HeptaCE Heptachlor epoxide
OxyCHL Oxychlordane
y-CHL y-Chlordane (trans-Chlordane)
oa-CHL a-Chlordane (cis-Chlordane)
cis-nonaC cis-Nonachlor
trans-nonaC trans-Nonachlor
Drins Drins (Aldrin, Dieldrin, Eldrin, Endrin sulfate)
Endosulfan Endosulfan I, II, Endosulfan sulfate
DDTs Dichlorodiphenyl trichloroethanes
o,p'-DDE o,p’-Dichlorodiphenyl dichloroethane
p,p'-DDE p.p'-Dichlorodiphenyl dichloroethane
o,p’-DDD o,p'-Dichlorodiphenyl dichloroethylne
p.p'-DDD p.p'-Dichlorodiphenyl dichloroethylne
0,p-DDT o,p'-Dichlorodiphenyl trichloroethane

p,p-DDT p,p'-Dichlorodiphenyl trichloroethane
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Abbreviation

Full name

PAHs
NAP
2-MNAP
1-MNAP
BiP
2,6-DIMNAP
ACY
ACE
2,3,5-TriMNAP
FLU
PHE
ANT
I-MPHE
FLT
PYR
BaA
CHR
BbF
BkKF
BeP
BaP
PER
1123cdP
DahA
BghiP
APs
NP
OP
BP
BPA
PBDEs
penta-BDE
octa-BDE
deca-BDE
PFAs
PFOS
PFHxS
PFBS
PFOSA
PFDA
PFNA
PFOA
PFHpA
PFHxA

Polycyclic aromatic hydrocarbons
Naphthalene
2-Methylnaphthalene
1-Methylnaphthalene
Biphenyl
2,6-Dimethylnaphthalene
Acenaphthylene
Acenaphthene
2,3,5-Trimethylnaphthalene
Fluorene

Phenanthrene

Anthracene
1-Methylphenanthrene
Fluoranthene

Pyrene

Benzo[a]anthracene
Chrysene
Benzo[b]fluoranthene
Benzo[k]fluoranthene
Benzo[e]pyrene
Benzo[a]pyrene

Perylene
Indeno[1,2,3-cd]pyrene
Dibenzo[a,h]anthracene
Benzo[ghi]perylene
Alkylphenols

Nonylphenol

Octylphenol

Butylphenol

Bisphenol A
Polybrominated diphenyl ethers
pentabromodiphenyl ether
octabromodiphenyl ether
decabromodiphenyl ether
Perfluorinated alkyl compounds
Perfluorooctanesulfonate
Perfluorohexanesulfonate
Perfluorobutanesulfonate
Perfluorooctanesulfonamide
Perfluorodecanoate
Perfluorononanoic acid
Perfluorooctanoate
Perfluoroheptanoate
Perfluorohexanoate
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Table 2.2. (Continued)

Abbreviation Full name

Dioxin-like compounds

PCDDs 2378-TCDD, 12378-PeCDD, 123478-HxCDD, 123678-
HxCDD, 123789-HxCDD, 1234678-HpCDD, OCDD
PCDFs 2378-TCDF, 12378-PeCDF, 23478-PeCDF, 123478-

HxCDF, 123678-HxCDF, 123789-HxCDF, 234678-
HxCDF, 1234678-HpCDF, 1234789-HpCDF, OCDF

coPCBs non-ortho PCBs (PCB 77, 81, 126, 169), mono-ortho PCBs
(PCB 105, 114, 118, 123, 156, 157, 167, 189)

2.3. POPs issues and control strategy in South Korea

Although numerous books and research articles describing the geogra-
phy, climate, weather, population, and other national statistics of South
Korea have been published, we provide a brief overview of these geo-
graphical and demographic characteristics of South Korea because this
information is pertinent to understand the POPs issue in South Korea.
Furthermore, we have provided a historical overview of government
policies and regulations regarding POPs in South Korea. This overview
covers the history of POPs issue, national strategy for POPs control, and
national surveillance and monitoring in South Korea.

2.3.1. Description of South Korea
2.3.1.1. Geography

The Korean Peninsula is located in the northeastern part of Asia, which
lies between 33°N and 43°N parallels, 124°E and 132°E meridians bor-
dered on the north by China and Russia. South Korea is about 1100 km
long and 300 km wide with total land area of ~222,000 km?, almost the
same size as the United Kingdom. The geomorphology of South Korea is
characterized by mountains and hills. Such hilly terrain, while occurring
mostly in the eastern part of the Korean peninsula accounts for about
70% of its territory (Fig. 2.3). More than 3200 islands are scattered along
or near the southern and southwestern coastlines. Due to the many is-
lands that make up parts of Korea, the coastal length of the islands
(~8600 km) is almost equal to that of main peninsula (~8700 km). Most
of the rivers flow into the Yellow Sea and the South Sea after draining the
western and southern slopes of the peninsula. POPs study as well as other
regular monitoring programs have covered the far eastern island (i.e.,
Dok-do) in the East Sea and the southern Jeju Island.
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Fig. 2.2. Physicochemical properties (at 25°C) in literatures of target POPs for the present

study; Mackay et al., 2000; Cetin and Odabasi, 2005; Lau et al., 2006; Bruner et al., 1990;

Park et al., 2002a; Bamford et al., 1999; Paasivirta et al., 1999; Wong et al., 2001; Falconer

and Bidleman, 1994; Braekevelt et al., 2003; Hawker and Connell, 1988.
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water & urban

Yellow Sea East Sea

South Sea

Fig. 2.3. Maps of Asia (a) and Korean peninsula: landscape (b) and digital elevation map
(DEM, (c)): Major eight cities with bold character have population over one million. Iron
steel mills located at Pohang, Gwangyang and Incheon, and big industrial complexes at
Incheon, Ulsan, and Masan. Fiber industry complex has been developed in Daegu since
1950. Major rivers are magnified; Han River (1), Kum River (2), Youngsan River (3),
Seomjin River (4), and Nakdong River (5).
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2.3.1.2. Climate

The climate of South Korea is temperate monsoon, in general, but ge-
ographically and seasonally varied. The western coast open to continental
Asia is vulnerable to the influence of the winter monsoon. In contrast, the
eastern coast is sheltered from the winter monsoon by the Taebaeksan
range, the backbone mountain of the Korean Peninsula. Winter is dry
and cold (—6-7°C in January) and is influenced primarily by the Siberian
air mass. Summer is hot and humid with temperatures ranging from 23 to
27°C. The climate is the result of the maritime Pacific high-pressure ridge.
Temperatures in all seasons are somewhat less than those that occur at
corresponding latitudes in other continents, such as North America or
Western Europe. Annual precipitation is about 1500 mm in the central
region. More than a half of the total rainfall is concentrated in summer,
while precipitation of winter is less than 10% of the total.

2.3.1.3. Population

South Korea, the southern half of the Korean Peninsula, is composed of
Seoul, seven major cities, and nine provinces with a total population of
ca. 48 million (2005 Census). Seoul, the capital city of South Korea, is
densly populated (11 million), accounting for about a quarter to the total
population in South Korea. Other seven major cities with population of
greater than 1 million are Busan, Daegu, Incheon, Gwangju, Dacjeon,
Ulsan, and Suwon. Since the early 1960s, South Korea has achieved a
rapid economic growth, which has been termed the ‘Miracle on the Han
River’. Recently, the size of the economy of South Korea has grown up to
be the 10th largest in the world, and the 3rd largest in Asia, next only to
China and Japan.

Substantial urbanization has followed economic growth. South Korea
is one of the countries where available area per capita is the least in the
world (population density of South Korea is 473km™?). Futher, the
concentration of population density and industries within its urban re-
gions (viz. Seoul and seven major cities) has reached serious proportions,
accounting for approximately 50% of the total population in only 5.5%
of the land area and approximately 55% of the manufacturing industries
in only 11.8% of the land area. In recent years, the government has
sought to minimize the urbanization in the capital region, but the trend of
urbanization continues to increase. Urbanization rate, the ratio of pop-
ulation in urban area to total population, has increased dramatically,
from 28.3% in 1960 to 89.2% in 2004 (KMOE, 2005b). This implies
that pollution is likely to be localized in urban and industrial areas.
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Furthermore, urbanization means a significant increase in the surfaces
without vegetation such as asphalt and building cover. Surface conditions
could substantially influence the residence time and fate of POPs in a
system. Agricultural activities, of which the dominant activity is rice cul-
tivation, occur primarily in the western and southern areas of the South
Korean peninsula. Thus, the water quality of the inland rivers is asso-
ciated with OCP use history and agricultural products contamination in
South Korea.

2.3.1.4. Economy and potential hot spots

Heavy industrialization together with urbanization brought by rapid
economic growth has resulted in serious environmental problems in some
areas. Now, more than 570 Industrial Complexes (ICs) (30 national ICs,
more than 210 regional ICs, and more than 330 agricultural ICs) are in
operation nationwide (http://www.kicox.or.kr). Majority of large scale
ICs are located near large coastal cities such as Incheon, Busan, Ulsan,
Masan, and Pohang. Since many of the ICs are situated near the larger
cities, large amounts of industrial wastes together with municipal wastes
from inland areas are discharged into the coastal regions. Organic con-
taminants could also be transported into nearby coastal areas by rivers
and/or streams. Thus, greater environmental pollution with POPs and
EDCs would be expected to occur along the coastal areas of highly in-
dustrialized regions.

2.3.2. POPs issues in South Korea
2.3.2.1. History of POPs issues

There have been accidental releases of pollutants that have cause effects
on humans and wildlife, such as Yucheng in Taiwan, Yusho in Japan
(Ikeda, 1996), PCB contamination of poultry in Belgium (Bernard et al.,
1999), Seveso in Italy (Mocarelli, 2001), and dioxin contamination by
redistribution and burial of contaminated soils at Love Canal in the USA
(Vianna, 1983). However, despite intensive and rapid industrialization
and urbanization, such massive POPs related cases have not occurred in
South Korea. Since the 1990s, monitoring South Korea has rarely found
POP concentrations as great as parts per million (ppm).

Public concern over POPs (or EDC) was initiated by the dioxin issue,
evoked by environmental groups and mass media in the mid-1990s, on
waste incinerators. The public concern was further heightened following
the reports of adverse effects of tributyl tin (TBT) on mollusks in South
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Korean coastal waters (Shim et al., 2000). The issue of human health
effects from exposure to POPs, was first investigated relative to releases of
dioxins from incinerators to neighboring residents who claimed to have
experienced great rates of cancer compared to the control population
(CIES, 2002). Whether the ‘increased rate of cancer’ in Pyeongtak area
has truly occurred was not clear in the following and more comprehensive
study (Pyoungtak City, 2003). Even though there was no clear relation-
ship between exposure and adverse outcomes, such as cancer and con-
centrations of PCDDs/DFs in blood, there was a relationship between
proximity to incinerators and the concentrations and patterns of
PCDDs/DFs in soils and blood. Elevated CYP 1Bl enzyme activity
was observed in individuals living near incinerators. In contrast to acute
inhalation exposure, due to the increased consumption rate of fatty food
such as fishes and meat in South Korea, another recent concern has been
chronic exposure to POPs through consumption of contaminated food.
According to a recent food consumption survey, fish/shellfish and meat
constitute 13% of the total daily intake of food, which is 1280g d~'
person—'. Particularly, the fish/shellfish consumption rate contributes as
much as 7% (KREI, 2004) of the total diet. Intake of fish/shellfish and
meat in 1980 represented only 1% and 4%, respectively (Lee, 1982).
Cereal intake has decreased, while animal food consumption has in-
creased; in which, seafood intake is gradually increasing. Consumption of
fish/shellfish is thought to be a dominant factor in human exposure to
POPs in South Korea.

2.3.2.2. National strategy for POPs control

Regulatory controls of POPs-containing raw materials or wastes in South
Korea are based on eight individual acts (Table 2.1). In 2005, one POPs
specific ordinance was presented for registration to effectively enact the
use, distribution, emission/discharge, environmental residual levels, and
treatment and management over the whole life cycle.

The early regulation was focused on classical POPs, namely, the OCPs
(Table 2.1). Like many other developed countries, almost all OCPs were
banned from use in South Korea, during the early stages of POPs control
in the late 1960s. The AgroChemical Management Act (ACMA) banned
the registration of OCPs in 1969, which implies the ban of import, man-
ufacture, and sale. After the ban of other OCPs, heptachlor and toxap-
hene were widely used as alternatives (see later Fig. 2.9). However, in
1980, these two pesticides were also banned from use in South Korea.
HCB and mirex were neither imported nor produced in South Korea
as pesticide. Endosulfan, known to affect the central nervous system
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(Paul and Subramaniam, 1997; Roberts et al., 2004), has not been banned
and is still being used. It is know that OCPs were imported and used
illegally for a few years even after the ban. Furthermore, some OCPs are
known to have been used as a non-food additive agent. For example,
chlordane was used as an adhesive for plywood and DDTs as an inter-
mediate in the production of dicofol. It was not until the 1990s that
regulation of OCPs in South Korea was mandated by the Toxic Chemical
Control Act (TCCA).

PCBs were imported from abroad and their use was legally regulated
for the first time in 1979. The Electricity Business Act (EBA) prohibited
the use of electric heaters with PCB-containing dielectic fluids. However,
existing PCB-containing articles were allowed to be used for other pur-
poses until 1996 when production, import, and use of articles containing
concentrations of PCBs greater than 50 ppm were banned by the TCCA.
Waste containing concentrations of PCBs greater than 2 ppm was clas-
sified as specific hazardous wastes was treated by special methods listed in
the law, and should be reported to and confirmed by the KMOE.

According to the Stockholm Convention, PCB-containing equipments
such as capacitors, condensers, and transformers should be forbidden
from use by 2025 and are recommended to be treated by environmentally
sound methods by 2028 (Stockholm Convention on Persistent Organic
Pollutants, 2001). The South Korea Ministry of Environment (KMOE),
South Korea Electric Power Corporation (KEPCO) and six electric
power companies, and three non-governmental organizations (NGO)
reached a cooperative and administrative agreement in 2004 for the re-
moval of PCBs in South Korea by 2015 (KMOE website). An investi-
gation of the domestic status of PCB-containing articles is currently being
conducted.

In spite of the regulations, government actions on POPs began prac-
tically only after a public concern on the dioxin release in waste incin-
erators in 1997. Since then, the emission of PCDDs/DFs was included in
regulations. Recently, in response to the Stockholm Convention, periodic
monitoring has been conducted in South Korea.

The total amount of waste generated in South Korea in 2003 was
300,000 ton day~'. Construction waste, a dominant waste-type in South
Korea, has increased from 16% in 1966 to 49% of the total amount of the
waste currently. Almost 90% of this waste is recycled and just 1.5% is
incinerated. Thus, the proportion of solid waste that is incinerated (6%) is
rather small, relative to other countries in Asia (Fig. 2.4). However, the
proportion of municipal and industrial waste that contributes to 17% and
34% of the waste that is incinerated has increased continuously. In 1993,
the ratio of municipal solid waste (MSW) that was incinerated in South
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Fig. 2.4. Annual trend of number of all the incinerators in operation (bar plots from Kim
et al., 2002d) and waste amounts treated by each method (symbol-line plots from KMOE &
NIER, 1997, 1998, 1999, 2000, 2001, 2002, 2003) in Korea.

Korea was about 2.4%, which increased to 14.5% in 2003 (KMOE,
2005b). The proportion of industrial waste that is incinerated has in-
creased from 1.9% to 7.8% during the same period. The proportion of
waste that is incinerated is expected to increase in the future as land
becomes more and more developed and lesser land is available for landfill.

Waste incineration is a known source of dioxins and other dioxin-like
compounds. As a part of change in waste management policy since the
early 1990s, many incinerators have been constructed. The number of
incinerators in South Korea reached a maximum of about 16,000 in 1998
(from only 100 in 1993). However, it has decreased noticeably to ~5000 in
2003 since an introduction of stringent dioxin emission regulations for the
incinerators in 1997 (Fig. 2.4). The majority of these incinerators (more
than 90%) are small-scale facilities with a capacity of less than 0.2 ton
hr~'. Although the number of large-scale incinerators with capacities of
greater than 4 ton hr" is only 0.2% of the total incinerators, the quantity
of wastes treated by these large-scale incinerators is over 70% of the total
incernation (Table 2.3). Thus in 1997, the government has started to
require emission control of newly installed municipal incinerators with
incineration capacities equal to or greater than 50 ton day~' (Table 2.4).
Since that time, large-scale incinerators have been required to restrict
emission of dioxins to less than 0.1ng I-TEQ Nm™. Subsequently,
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Table 2.3. Temporal trend of the number of incinerators (unit; n) and waste amounts
incinerated (unit; 10° ton yr=")

Incinerator size References

Year Small Medium Large Total

Incinerator facility (n)* 2000 11,841 394 103 12,333 KMOE, 2001
2001 7697 362 114 8173 KMOE, 2002a
2002 5733 309 126 6168 KMOE website

Incineration amount 2000 328 646 2335 3309 KMOE, 2001
2001 257 848 3481 4586 KMOE, 2002a
2002 322 751 3899 4972 KMOE website

“Data were collected in June every year. Final values are less than these.

medium- and small-scaled incinerators have been included in these reg-
ulations (Table 2.4). Now, all the incinerators are required to reduce
emissions of dioxins to less than 0.1-10 ng I-TEQ m ™. Under the Waste
Control Act (WCA), facilities that incinerate less than 0.025ton hr™' are
no longer allowed (Kim, 2001). Another provision of the WCA is that all
incinerators are obliged to conduct regular monitoring for dioxin-like
compounds: semiannually, annually, and biannually for large, medium,
and small scale, respectively. Since these regulations went into effect, the
best available technologies (BAT) such as spray absorber/bag filter (SDA/
BF) with lime and activated carbon mixture sprayed into the SDA have
been applied to incinerators (Kim et al., 2001a) and the number of
smaller, less economically feasible incinerators has greatly decreased.

In addition to regulations on waste incineration, discharge/emission
guidelines for dioxins released from industrial sources, such as metallur-
gical plants, are expected to be established in 2006 (KMOE website). In
2005, an administrative agreement on reduction of dioxin emission
through industrial processes was adopted by among KMOE, NGOs, and
four industries, including the iron & non-iron metal industry, cement
industry, and chemical industry. The groups agreed to reduce dioxin
emission to 70% of that estimated for 2001 by 2008 and 50% by 2010. To
achieve this goal best environmental practice (BEP) in addition to BAT
will be adopted.

Establishment of emission and/or discharge guidelines for each source
and environmental quality criteria for each compartment are legal reg-
ulations that have been established to reduce environmental exposure to
POPs. South Korean guidelines and quality criteria are applied to dioxins
from municipal waste incinerators, and waste and environmental quality
guideline for PCBs (Table 2.1). The extensive guidelines will be applied
following a ministerial ordinance entitled ‘Specific Act on Management of



Table 2.4. Guideline of dioxins release from waste incinerators (ng I-TEQ m™)

0S

Waste type Incinerator size Guideline and application date
New incinerator Existing incinerator
Municipal solid waste Category Capacity/application From Jul./97 To Jun./99 To Jun./03 From Jul./03
Large > 50 ton/day 0.1 0.5 0.5 0.1
Other all wastes Category Capacity/application From Jan./01 To Dec./02 To Dec./05 From Jan./06
Large >4 ton/hr 0.1 20 20 1
2-4 ton/hr 1 40 40 5
Medium/small 0.025-2 ton/hr 5 40 40 10
Hospital/medical waste Category Capacity/application From Aug./04 To Dec./05 To Jun./06 From Jul./07
Large >4 ton/hr 0.1 0.1* (20)° 0.1 (1) 0.1 (1)
2-4 ton/hr 1 1 (40) 1 (5 1(5
Medium 1-2 ton/hr 1 5 (40) 5(10) 1(5)
0.2-1 ton/hr 5 5 (40) 5(10) 5(5)
Small 0.025-0.2 ton/hr 5 - 10 (10) 10 (10)

#For hospital/medical waste incinerators installed between Jan./01 and Jul./04.
®For hospital/medical waste incinerators installed before Jan./01.

v 12wy ndy-bunag
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Persistent Organic Pollutants including Dioxins (Specific Act for POPs
control)’ that was recently promulgated (KMOE website). This ordinance
involves regulation and activities to reduce exposure to POPs including:
(1) prohibition and restriction of production, distribution, and use of
POPs; (2) establishment of environmental quality guidelines (EQGs) in
each compartment, human tolerable daily intake (TDI), standard oper-
ation procedure (SOP), and regular monitoring system; (3) emission con-
trol including establishment of emission guidelines and emission
inventories; (4) management of POPs containing waste; and 5) protec-
tion of POPs contamination of soils and restoration of POPs-contami-
nated soils.

2.3.2.3. National surveillance and monitoring

Beginning in July 1999, several governmental agencies have established
‘A 10-year National Research Program for Endocrine Disruptors (1999—
2008)’ (Choti, 2002). As part of this program, it has been agreed that seven
governmental ministries, including the Ministry of Environment
(KMOE), Rural Development Administration (RDA), South Korea
Food and Drug Administration (KFDA), Ministry of Maritime Affairs
and Fisheries (MMAF) and the Ministry of Labor (MOL) should per-
form various kinds of research and surveillance of EDCs (or POPs). Risk
assessments and regular monitoring for POPs exposure from foods and
environmental media, and in humans should be conducted and emission
inventories developed (Table 2.5).

Nationwide surveillance of POPs is now being performed by a number
of governmental agencies. They are establishing emission inventories and
regular monitoring of residual levels. National emission inventories are
necessary for tracing the life cycle of pollutants, estimating their behavior
and fate in environments, and managing and controlling POPs substances
by use of BAT in an integrated strategy. Studies of the emissions and/or
discharge have focused on unintentionally produced by-products includ-
ing PCDDs/DFs, coPCBs, PAHs, and HCB because product POPs such
as PCBs and OCPs, the uses of which were regulated previously. The
earliest emission study was on atmospheric emission of PAHs through
pyrolytic processes (MCIE, 1999). This study estimated emission rates by
methods developed by the US EPA (US EPA, 1998a). Similar top-down
approaches using emission rates and activities of individual sources were
applied to estimate preliminary emission inventories for PCDDs/DFs
(KMOE, 2001, 2002a) and byproduct PCBs, HCB, and PAHs (KMOE,
2003b) from point sources, and PCDDs/DFs from non-point sources
(KMOE, 2004c). The estimates provided by these preliminary studies



Table 2.5. Governmental investigation projects for POPs in Korea (modified from KMOE website (http://www.me.go.kr/dev/board/)

Target medium Investigation contents Target POPs* Year® Governmental References
institution
Emission inventory
Point source Waste incinerators PCDDs/DFs, 2001-2005 KMOE® KMOE website; NIER, 2000b;
(n = 1800), metallurgical/ coPCBs KMOE, 2001, 2002a, b, 2003a,
chemical/energy/mineral 2004b, 2005a
production industries
(n = 288)
Non-point Transport, uncontrolled/ PCDDs/DFs, 2004— KMOE KMOE, 2004c, 2005a
source residential fuel coPCBs, HCB
combustion, fires etc.
Products PCBs product and waste, and PCBs, OCPs 2003-2005 KMOE KMOE, 2004a
OCPs
By-products Unintentional PCBs and PCBs, HCB, PAHs 2004-2006 KMOE MCIE, 1999; KMOE, 2003b;
HCB, and PAHs in point KMOE, 2005a
and non-point sources
Monitoring
Environmental Air, freshwater, river/lake 67 EDCs 1999— NIERd/KMOE NIER, 2000a; 2001; 2002; 2003;
media sediment, soil, and fresh 2004; 2005a; KMOE website
fishes
Coastal water, sediment, and PCDDs/DFs, 1999— MOMAF* Kim et al., 2002b; Oh et al., 2003;
sentinel organism (i.e., coPCBs, PCBs, Hong et al., 2006
mussel-watch program) OCPs, PAHs etc.
Agricultural farm land PCDDs/DFs - RDA! -
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Multi-media nearby
incinerator (stack gas/
ambient air, discharged/
ambient water, soil,
sediment etc.)

Food Food items and tolerable
daily intake (TDI)

Stock farm products

Seafood

Seafood for export

Agricultural farm products
Human Human blood and milk
Resident blood nearby waste
incinerators

PCDDs/DFs 2003-2008

PCDDs/DFs, PCBs, 2000-
PAHs, PBDE:s etc.

PCDDs/DFs -

PCDDs/DFs, 2001-

coPCBs, PCBs,
OCPs, PAHs etc.

PCDDs/DFs, PCBs 2005-
etc.

PCDDs/DFs -

PCDDs/DFs 2000-

PCDDs/DFs Intermittently

NIER

KFDA®

NVRQS"
MOMAF
NFRQIS!

RDA .
KFDA/NITR/

KMOE website, NIER, 2005b,
Kim et al., 2005b

KFDA website
Oh et al., 2005a, Yim et al., 2005,
Moon and Ok, 2006

MOMAF website

KFDA website

4PCDDs/DFs (Dioxins and Furans), coPCBs (coplanar PCBs), PCBs (polychlorinated biphenyls), HCB (hexachlorobenzene), OCPs (organochlorine
pesticides; DDTs, Chlordanes, Dieldrin, Aldrin, Endrin, Heptachlor, Toxaphen, Hexachlorocyclohexane, endosulfan etc.), EDC (Endocrine Dis-

rupting Compounds).

®The duration indicates the duration of measurement performances for emission and monitoring.

*KMOE (Korea Ministry of Environment).

INIER (National Institute of Environmental Research).
*‘MOMAF (Ministry of Maritime Affairs and Fisheries).

fRDA (Rural Development Administration).

¢KFDA (Korea Food and Drug Administration).

_hNVRQS (National Veterinary Research Quarantine Service).
fNF RQIS (National Fisheries Products Quality Inspection Service).
INITR (National Institute of Toxicological Research).
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may have large uncertainties due to use of emission factors developed
abroad. Since 2001, extensive measurements have been made to establish
actual inventories of PCDDs/DFs, coPCBs, HCB, by-product PCBs, and
PAHSs (i.e., benzo[a]pyrene) for both point and non-point sources (Ta-
ble 2.5). In 2005, the KMOE announced the first emission inventories
with a reference year of 2001 for dioxin-like compounds (KMOE web-
site). Domestic status on usage and waste management of product POPs
such as PCBs and OCPs have also been investigated since 2003 (KMOE,
2004a). In particular, during 2003-2004, the NIER investigated the PCB
contents of 1237 capacitors. They are now contemplating surveying an
additional 3000 capacitors (KMOE website). KMOE plans to investigate
PCB-containing capacitors of 130,000 electrical plants between 2005 and
2007 (KMOE website).

Several agencies are responsible for the nationwide monitoring of POPs.
Long-term monitoring for environmental media includes inland, marine,
and agricultural regions (Table 2.5). In this large-scale monitoring pro-
gram, the NIER began with the investigation of 37 EDC substances in the
inland environment including 43 water sampling stations, 11 river/lake
sediment stations, 24 air sites, and 35 soil sites in 1999, The sampling
campaign is continuing and the number of target substances and sites has
been expanded every year. For example, since 2000, fishes and amphibians
were included at 31 sites in five main rivers (Jeong et al., 2001a, b; Kim et
al., 2004a). The regular monitoring involves PCDDs/DFs, PCBs, OCPs,
and alkylphenols. Marine environments are also monitored annually by
MOMATF for sea water, sediment, and bivalves along the coastal area, as
mussel watch program (Kim et al., 2002b; Oh et al., 2003; Hong et al.,
2006). Fishes from coastal environment and/or markets were also inves-
tigated for dioxin-like compounds (Oh et al., 2005a; Moon and Ok, 2006)
and organochlorines including PCBs and OCPs (Yim et al., 2005). In
addition to the long-term environmental monitoring described above,
more targeted, site-specific monitoring is performed for dioxin-like com-
pounds in multi-media (i.e., stack gas, discharged wastewater, and am-
bient air/water/soil) around 34 waste incinerators from 2003 to 2008. In
addition to environmental monitoring, since 2000 foodstuff and human
tissues have also been monitored by each responsible governmental in-
stitution for stock farm products, seafood, and agricultural farm products.
For instance, the KFDA monitors PCDDs/DFs, PCBs, and PAHs in
foodstuffs and PCDDs/DFs, PCBs, OCPs, bisphenol A, and PBDEs in
human tissues (KFDA website). According to the ‘Specific Act for POPs
control’ the monitoring data from these studies are expected to be inte-
grated into assessments of environmental and human risk, and establish
environmental quality criteria and tolerable daily intake on the basis of
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contamination status and trends in South Korea. While extensive mon-
itoring is being performed by governmental agencies, the reported detec-
tion limits are insufficient. Improvements in analytical methods applied in
some of the monitoring programs will be necessary to provide information
for meaningful risk and fate assessments.

2.4. POPs emission in South Korea
2.4.1. By-product POPs

POPs are generated as waste itself, or during waste treatment, and from
synthesis and production of products. Measurements of by-product POP
emission began with PCDDs/DFs for waste incinerators in the late 1990s
and from 2001 to 2005 have been performed annually at many industrial
sources and non-point sources. Other by-product POPs including HCB,
BaP, and PCBs were added to these investigations in 2005. The South
Korean government is planning to perform long-term measurement for
‘emission inventories of by-product POPs including PCDDs/DFs, coP-
CBs, and HCB’ from 2006 and to report the result biennially.

2.4.1.1. Dioxin-like compounds (PCDDs/DFs and coPCBs)

The emission inventory of dioxin-like compounds in South Korea was
determined during two preliminary studies (KMOE, 2001, 2002a). For
emission factors, the preliminary study (KMOE, 2001) adopted measured
values for waste incinerators and the values of UNEP chemicals Toolkit
(UNEP Chemicals, 2001) for the other sources. Estimated PCDDs/DFs
emission in 1999 ranged from 1163 to 1595g I-TEQ yr~' due to uncer-
tainties in emission factors and activities (Table 2.6). Besides the prelim-
inary estimate, since the late 1990s extensive measurements of PCDDs/
DFs have been performed at waste incinerators and the emission data by
2004 had been compiled for 1800 incinerators. Moreover, nationwide
industrial sources have been investigated every year since 2001; 34 fer-
rous/non-ferrous metal production factories in 2001, 114 non-ferrous
metal and mineral production factories in 2002, 73 chemical/energy/
landfill factories and crematories in 2003, and 63 municipal wastewater
treatment plants and 9 types of vehicles in 2004. By 2005, measurements
of total dioxin emissions had been made on 288 industrial sources. Based
on these measurements, KMOE made the first official estimate of
PCDDs/DFs emission in South Korea. It has been estimated that the
total PCDDs/DFs emission was 1021 g I-TEQ yr~' in 2001 (KMOE
website) (Table 2.6). This emission was approximately 62% of that
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Table 2.6.  Summary of annual inventories of PCDDs/Fs emission in Korea (g I-TEQ yr™ ")

Source category® 1998° 1999°¢ 2001¢ Conc.®
Waste incineration
Municipal waste (Large, L) 1.47 0.355 163.5 0.02
Municipal waste (Medium, M & 105 327 7.15
Small, S)
Industrial furnace 733 429 728.2 253
Construction waste 152
Hazardous waste 126 129-310 6.66
Medical/hospital waste 2.99-7.18 -
Sludge - 0.398-3.98 - —
Total (average) 965.5 1040-1230 891.6 -
Ferrous and non-ferrous metal production
Iron ore sintering - 9.37-125 96.4 0.043
Coke production - 2.86
Iron and steel production plants - 53.8-173
Foundries - 0.049-1.62
Copper production - 0.034 15.0 4.234
Aluminum production (all - - 0.25
secondary)
Lead production - 0.025-4.00 0.15

Zinc production - - 0.036
Brass production - - -
Magnesium production - - -
Thermal non-ferrous metal - - -
production
Shredders - - -
Thermal wire reclamation - - -
Total - 66.1-307 111.4 -
Power generation and heating
Fossil fuel power plants - 17.2 9.8 0.019
Biomass power plants - - -
Landfill and biogas combustion - - -
Household heating and cooking - - - -

(biomass)

Domestic heating (fossil fuels) - 8.39 - 0.074

Total - 25.6 9.8 -
Production of mineral products

Cement kilns - 7.29 3.1 0.095

Lime - 0.196 0.050

Glass - 0.023 0.018

Ceramics - - 0.223

Asphalt mixing - 0.190 -

Total - 7.70 3.1 -
Transport

4-Stroke engines - - (0.057)f 0.138

2-Stroke engines - - 0.187)F
Diesel engines - 0.591 (0.756) 0.559
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Table 2.6. (Continued)

Source category® 1998° 1999¢ 2001¢ Conc.®
Heavy oil fired engines - 15.2 13.5)° -
Total - 15.8 (14.5)f -

Uncontrolled combustion processes
Fires/burnings (biomass) - 0.114 - -
Landfill/industrial fires, waste - 7.32 - -

burning
Total - 7.43 - -

Production of chemicals or consumer goods
Pulp and paper mills (boilers) - 0.046 0.6 0.002
Chemical industry - - 1.538
Total - 0.046 0.6 -

Miscellaneous
Drying of biomass - - - -
Crematory - 0.002-0.403 4.1 0.127
Smoke houses - 0.070-0.704 - -
Dry cleaning residues - - - -
Tobacco smoking (pg item™") - 0.009 - -
Total - 0.081-1.12 4.1 -

Total - 1163-1595 1021 (1036)"

YUNEP Chemicals (2001).

"Modified from NIER (2000b) by considering gas amount emitted per unit ton for different
incinerator type and size.

“KMOE (2001); Emission estimated from top-down approach. Ranges are estimated when
varying incinerators’ activities (i.e., emission gas amount per ton) or emission factor.
YWebsite of MOE (www.me.go.kr/dev/board/); First emission calculated from measure-
ments for point sources (i.e., up to 2001 for waste incinerator and up to 2005 for others).
°Average concentration of stack gas measured at each source since 2000 (ng I-TEQ m™>);
Municipal waste (L) from KMOE (2004a), other waste incinerators from KMOE website,
ferrous and nonferrous metal industry from Yu et al. (2006), transport from KMOE (2005a),
and others from KMOE (2004b).

FKMOE (2004c); Results of PCDDs/DFs for non-point sources. Total value in parenthesis
includes the non-point emission.

reported for 2001 in Japan, a country that has one of the largest releases
worldwide (JMOE website).

A major contributor of PCDDs/DFs release to environments is waste
incinerators (77-89% in preliminary study and 86% in follow-up studies)
followed by 6-19% from ferrous/non-ferrous metal industry and <5%
from others including power generation and heating, mineral production,
chemical industry, and non-point sources. Non-point sources like trans-
portation and uncontrolled burning processes showed a minimal contri-
bution of <2%.

All studies found that more than 70% of PCDDs/DFs released from
waste incinerations were from industrial waste incinerations including
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industrial waste furnace, construction waste incineration, hazardous and
medical/hospital waste incineration. In particular, small- and/or medium-
sized municipal waste incinerators (~30%) were one of the major con-
tributors with industrial waste furnaces contributing approximately 35—
40% of total dioxin emission. In 2002, the number of small incinerators
comprised 93% of the total number of incinerators, although the amount
of waste treated by smaller incinerators was only 6.5% (Table 2.3). Rel-
atively great amounts of dioxins were emitted from small- and medium-
sized incinerators and industrial incinerators, despite the lesser amount of
waste treated. This could be due to poor operating conditions, lack of
emission control equipments, and ill management practice. The UNEP
estimated the emission of gas per unit ton of waste incinerated to be
5000 Nm® ton~' when BAT, including activated carbon addition and
SCR/DeNOx were applied, while the value was estimated to be 10000 Nm?
ton~" for incinerators with poor operating conditions (UNEP Chemicals,
2001). In 1999, the amounts of stack gas emissions from domestic incin-
erators was 3758-8401 (average = 5230 Nm® ton~ ') for large waste incin-
erators, 4400-15000 (average = 12000 Nm® ton™") for small/medium-
incinerators, and 440015000 (average = 12000 Nm?® ton~") for industrial
furnaces (KMOE, 2001). Thus, improvements in operating conditions for
industrial furnaces and small/medium-sized incinerators will be necessary
to achieve further reductions in emissions of PCDDs/DFs. In 1998, the
Environmental Management Corporation measured dioxins and furans
released from selected incinerators, including various types of incinerators
and reported an estimate of national emission as 446.5 g I-TEQ yr~'. This
value is certainly an underestimated one because of the use of such as-
sumptions as best operating conditions for all incinerators (i.e., 5000 Nm®
ton™") (NIER, 2000b). This actual emission rate, based on real operating
conditions as in 1999, would be expected to be 965.5g I-TEQ yr~!
(KMOE, 2001). Predicted contributions of individual incinerator types to
dioxin emission were similar with that determined by other studies. Over-
all, the studies indicated that PCDDs/DFs emission from waste inciner-
ators in South Korea was approximately 1000 g I-TEQ yr~' (891.6-1230 g
I-TEQ yr~') between the late 1990s and early 2000s (Table 2.6).

Because of the relatively great contribution of waste incineration to
dioxin emission, since 1997 the South Korean government has regulated
releases of dioxins from waste incinerators (Table 2.4). Almost all large
municipal waste incinerators with BAT reduced the dioxin release to rates
that are less than the emission guideline of 0.1ng I-TEQ Nm™* (Ta-
ble 2.6). Guidelines have now been established for all types of inciner-
ators. Furthermore, incineration in facilities with capacities below
0.025ton hr™! is prohibited. As a result of this regulation, the number



Organic Pollutants in South Korea 59

of incinerators, particularly smaller incinerators, has decreased. In 2003,
the smaller incinerations comprise only about 31% as many as were op-
erating in 1998 (see Table 2.3 and Fig. 2.4).

Some PCBs are dioxin-like compounds due to their ability to bind to the
arylhydrocarbon receptor (Ah-R). In particular, these are the non- and
mono-ortho-substituted congeners. Because of their ability to assume a
somewhat planar configuration that can result in a molecular size and
conformation that is similar to 2,3,7,8-TCDD these congeners are some-
times referred to as co-planar PCBs (coPCBs). The total release of dioxin-
like compounds would be underestimated if coplanar PCB congeners were
not included. KMOE also reported the emission of dioxin-like compounds
including PCDDs, PCDFs, and coPCBs, to be 1247 g WHO-TEQ yr*1 for
2001. Here we have corrected the emissions of 1998 and 1999 using the
correction factor (~10%) of I-TEQs to WHO-TEQs for PCDDs/DFs and
the ratios of coPCBs to PCDDs/DFs for individual sources presented in
the KMOE emission report for 2001 (Table 2.6). When this is done, the
contribution of coPCBs to the WHO-TEQs was estimated to be approx-
imately 10% for waste incinerators and 6-26% for industrial sources.
Corrected emissions were determined to be 1322 and 1927 g WHO-TEQ
yr~'. The conversion factor of I-TEQs (NATO/CCMS, 1988) to WHO-
TEQs (van den Berg et al., 1998) is frequently less than 10% for municipal
waste incinerators in South Korea; 0.7-18% (average 7%) for gas, ash,
and smelted slag (Kim et al., 2005a) and on average 4% for stack gas (Kim
et al., 2001b) and fly ash (Shin and Chang, 1999). Thus, the corrected
values seem to be a slightly greater than actual expected emission rates.

The South Korean government also reported annual emissions of di-
oxin-like compounds from waste incineration from 2001 to 2005. During
this period the rates of emission of WHO-TEQ in 2004 decreased by
23.5% relative to that in 2001 (Fig. 2.5). Assuming a similar emission as
in 2001 for non-waste incineration sources, total atmospheric release of
dioxin-like compounds were predicted to decrease 67% between 2001 and
2004, to 410.6g WHO-TEQ yr~'. The release of dioxins in 2004 is com-
parable to 401.9g WHO-TEQ yr~! in Japan in 2003 (Fig. 2.5). The re-
duction in emissions of dioxin-like compounds from waste incineration
seems to reflect the successful regulation for incinerators in South Korea.
For instance, the emissions of dioxin-like compounds, expressed as I-
TEQ from only 33 incinerators (9.8% of 336 investigated including 243
small- and medium-sized incinerators) exceeded the emission guidelines;
so do 12 of 82 municipal incinerators and 21 of 254 industrial incinerators
(KMOE website). Furthermore, the average release of TEQ from large
municipal waste incinerators decreased from 5.97 ng I-TEQ Nm ™2 in 1997
to 0.06ng TEQ Nm ™2 (Lee et al., 2002).
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Despite this decrease, in 2004 the emission rates were greater than that
of some European countries (Fig. 2.5a, b). Particularly, when emissions
of TEQ were normalized by expressing them on a per capita or unit area
which was 25.7 ug WHO-TEQ capita™' yr~! and 12.7mg WHO-TEQ
km~? yr~! in 2001 (Fig. 2.5c, d). These values are 1.6 and 2.4 times
greater, respectively, than those of Japan in 2001. The emission per unit
area remains the greatest in the world, even though the value in 2004
decreased to 4.2 ug WHO-TEQ km ™2 yr~! (Fig. 2.5d). The relatively great
emission rate suggests that the exposure level at least during recent years
of South Korean environments and humans has been greater than that
for other countries.

In spite of the new introduction of emission regulations, waste incin-
eration is still a major contributor to dioxin emission (greater than 60%
of the total emission) in South Korea. In Europe, however, iron ore
sintering is the predominant emission source followed by the previous
‘No. I’, municipal waste incineration (QuaP et al., 2004). The South
Korean government also plans to regulate the release from industrial
sources. For instance, government, NGO and industries have agreed to
reduce the release of TEQ from industrial sources to 70% of the 2001 by
2008 and further to 50% by 2010 by establishing release guidelines for the
industrial sources. Banning of small-scale incinerators and enforcing the
release guideline of 0.1 ng Nm ™ for all the waste incinerators is expected
to result in a considerable reduction of the emission. According to the
emission reduction scenarios (KMOE, 2001), 92% and 68-83% of the
emissions are expected to be reduced from waste incineration and from all
sources, respectively. With further application of this release guideline to
iron ore sinters and steel electric furnaces, total dioxin emission in South
Korea are predicted to decrease between 91% and 94%.

Non-point sources are minor contributors (~4% of total emission for
2001, 33.96 ¢ I-TEQ yr~ ') (KMOE, 2004c). Among non-point sources, it
has been estimated that large ships, using heavy oils, contribute 45% of
the total emissions from non-point sources. Major harbors could thus be
affected by this source (Cooper, 2005). The releases from landfill leachate,
municipal wastewater, and paper/pulp wastewater contribute 2.254¢g
WHO-TEQ yr~' (KMOE, 2004c). This is comparable to Japanese emis-
sion for 2003 (http://www.env.go.jp/en/press/2004/).

2.4.1.2. PCBs
By-product PCB emission from all potential sources was estimated by the

‘top—down’ approach (KMOE, 2003b). This estimate was made for 2000
by using emission factors from UK National Atmospheric Emissions
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Inventory (UK NAEI website) and the Co-operative Program for Mon-
itoring and Evaluation of the Long Range Transmission of Air pollutants
in Europe (EMEP) workshop (MSC-E, 2002) and an activity database of
individual sources in South Korea. Estimated emission of by-product
PCBs was 1085kg yr~! and is likely to be greater than that for many
European countries in 2000 (Fig. 2.6). Considering the greater PCDDs/
DFs emission in South Korea than that in European countries, and the
similar emission sources of both PCDDs/DFs and PCBs, relatively
greater PCBs emission might be reasonable, although the emission esti-
mates are associated with large uncertainties. Among the sources, the
ferrous metal industry was a major contributor, 93% (i.e., ~1000 kg yr—")
to the total emissions, followed by fuel combustion (5.9%, 64.2kg yr"),
waste incineration (1.3%, 14.23kg yr™ '), and others including non-fer-
rous/mineral production (<0.01kg yr™'). A total of 872kg PCB yr~ ' is
estimated to be released from electric furnaces producing iron from scrap.
This is different from the source profile of Europe where the fuel com-
bustion is a major source. All ferrous steel mills are located in coastal
areas in South Korea (see Fig. 2.3), suggesting the possibility of con-
tamination of localized marine environments with by-product PCBs.

2.4.1.3. HCB

HCB was neither imported nor manufactured in South Korea. Domestic
emission, therefore, should originate from process such as combustion of
organic matters combined with chlorine and from impurities in the pro-
duction of chemicals and pesticides. HCB emission for 2000 in South
Korea was estimated in a preliminary study of emission inventory using
‘top-down approach’ (KMOE, 2003b). Emissions from some sources in
2005 were determined by measuring concentrations in archived samples
originally collected for analysis of PCDDs/DFs in 2001-2003 (KMOE,
2005a).

Domestic HCB emissions have been estimated to be 245kg yr~' for
2000, which falls approximately in the mid-range of the values reported
for EU countries (Fig. 2.6). However, the direct intercomparisons among
the countries may be misleading due to the varying uncertainties in emis-
sion inventories of these countries. According to the preliminary study
(KMOE, 2003Db), the source contribution of HCB emission is as follows:
waste incineration (62%, 152kg yr~')>iron ore sinter (19%, 50kg
yr~')>fuel combustion (14%, 35kg yr~')>non-ferrous metal/mineral
production (3.6%, 8.7 kg yr~')>transport (1%, 2.4kg yr—'). Emission of
the electric furnace for scrap iron was not included in the preliminary
study. Thus, the contribution of the ferrous metal manufacturing would
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be greater if released from electric furnaces are included. KMOE (2005a)
measured HCB emission in archived samples from ferrous/non-ferrous
metal production, mineral production, chemical and energy production
plants from 2001 to 2003, and some additional metal production facto-
ries, wastewater treatment plants, and non-point sources such as boiler
and uncontrolled incineration in 2005. The measured emission rate was
185kg yr~' for 2001 as a reference year (Fig. 2.6). In contrast to the
preliminary estimate, the individual source categories showed fairly even
emission rates; that is, 34% from ferrous/non-ferrous metal production
(63kg yr™Y), 28% from fuel combustion (52kg yr™'), 36% from trans-
portation (68 kg yr™'). Iron ore sinter released four times less HCB than
the estimated value for 2000, while the electric furnaces emitted 30 kg
yr~'. This discrepancy indicates that the uncertainty of preliminary es-
timates is still great and warrants further emission measurements. The
later study of actual measurements did not include emission from waste
incineration. Thus, the total HCB emission observed in 2001 would be
greater if waste incineration were included as a source. For instance, total
HCB emission would be 337kg yr~' if estimates of the preliminary study
(ca. 152kg yr~ ') are simply added. Based on an assembled list of potential
sources for HCB, it was estimated that approximately 23000 kg HCB yr~'
(with a range of 12000-92000kg yr—') was released in global environ-
ments during the mid-1990s (Bailey, 2001). No single major source of
HCB was identified. Uniform contribution from pesticide application
(28%), manufacturing (41%), and combustion (30%) were estimated.
The contribution of South Korea to global HCB emissions was estimated
to be approximately 1.3%.

2.4.1.4. PAHs

PAHs are not included in the list of ‘dirty dozens POPs’ of the Stockholm
Convention. However, in addition to 12 existing POPs, UN/ECE (United
Unions Economic Commission for Europe) considers PAHs, HCHs,
chlorodecone, and hexabromobiphenyl as potential POPs to be restricted
based on ‘The New Protocol on Persistent Organic Pollutants to the
Convention on Long-range Trans-boundary Air Pollution’ adopted in
1998. PAHs may be listed as POP in the future Stockholm Convention.

PAHSs are released to the environment from a number of sources: py-
rogenic sources including fossil fuel combustion and pyrolytic processes
of organic matter such as incineration and petrogenic sources such as oils
spills. Direct oil spilled from stationary sources and accidents cause con-
tamination of land. Oil spills at US Army bases in South Korea is re-
ported as a source of soil and groundwater contamination to nearby area
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and it has been suggested that remediation of these sites is required. Oil
spills from ship accidents could be a major source of PAH to the marine
environment. For example, the supertanker Sea Prince was stranded near
Sori Island off the South Coast of South Korea. This accident alone
released 4160 tons of crude oil and 880 tons of fuel oil into the marine
environment (Yim et al., 2002).

Two preliminary studies of atmospheric releases of PAHs in South
Korea have been conducted. The top—down approach was adopted to
estimate the emission rate of each source by multiplying the emission
factor reported by the US EPA (1998a) and the statistics of activities of
the each source in South Korea (MCIE, 1999; KMOE, 2003Db).

The total emissions of seven PAHs including BaA, CHR, BbF, BkF,
BaP, DahA, 1123cdP (see Table 2.2 for full names), identified by the
International Agency for Research on Cancer (IARC) as animal carcin-
ogens, were 63.4 ton yr~' for 1995 and 55.3 ton yr~' for 2000 (Fig. 2.6). A
dominant contributor to PAH emissions was found to be coke oven
process for the steel manufacturing, emitting over 60% of the total
quantity. Chemical production processes and fuel combustion contrib-
uted approximately 10% and 5%, respectively. The total mass of the 16
priority or ‘indicator’ PAHs suggested by the US EPA, emitted in South
Korea during 1995 was estimated to be 768 ton (MCIE, 1999) and 857 ton
during 2000 (KMOE, 2003b). In the two preliminary studies, because
many sources could not be included due to the lack of information, the
total emissions were likely to be underestimated. In contrast to South
Korea, fuel combustion was the predominant source of PAHs in EU
countries. The discrepancy of national PAH emission profile among
countries depends significantly on its industry patterns. One of the im-
portant reasons for the large contribution of coke oven process in Korea
is the huge scale production of steel in Korea as compared to most Eu-
ropean countries. The steel industry is not only a large emitter of an array
of pollutants but an energy intensive one, and as a result, it is not
blooming in most developed countries. This can be one reason that the
inherent emission measurement based on its industrial pattern is required
for each country.

2.4.1.5. Comparison of by-product POPs emission inventories

Measurements of emissions of by-product POPs, such as dioxin-like
compounds and HCB have been performed and preliminary estimations
exist for other POPs. However, due to uncertainty in estimations, com-
parisons among POPs should be made with caution. Most by-product
POPs are likely to be produced from similar sources, principally pyrolytic
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processes. According to the emission estimates, more than 60% of dioxin-
like compounds and HCB were estimated to be emitted from waste in-
cinerators, while substantial portions of PCBs and PAHs were released
from metallurgical processes, including electrical furnaces and coke ov-
ens, respectively (Fig. 2.7). These waste incineration and the metal pro-
duction processes contributed over 80% to the total emission for each of
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Fig. 2.7. Contribution of each emission source to total emission of by-product POPs in
Korea. ‘Dioxins’ includes PCDDs, PCDFs and coPCBs measured in 2001 (see Table 2.6),
and ‘16-PAHs’ means the total emission of EPA priority 16 PAHs. PCBs, HCB, and PAHs
emissions were quoted from the preliminary estimation study (KMOE, 2003b).
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by-product POPs except for PAHs. For PAHs, the secondary contrib-
utors were fuel combustion (19%) and oil refineries (15%). This indicates
that the release of by-product POPs in South Korea can be reduced
efficiently by focusing the regulation of these two source categories of
waste incineration and metallurgical processes.

2.4.2. Product POPs

The governmental works on the emission inventories of product POPs
(i.e., PCBs, OCPs, and PBDEs) began only in 2003 as one of the strategies
on Stockholm Convention. Preliminary studies (KMOE, 2003b; KMOE,
2004a) and investigation campaigns to determine the domestic status of
PCB-containing facilities (KMOE website) are underway. The history of
production and use of OCP products and intermediates was recently re-
viewed (KMOE, 2004a). Domestic use of PBDEs has been reviewed in a
report on the use and import of brominated flame retardants (KMOE,
2005¢). Distribution and emission of NP as one of APs has been inves-
tigated annually by KMOE. However, there is no information on the
production and or use of PFAs in South Korea.

2.4.2.1. PCBs

The Stockholm Convention stipulates that, use of PCBs-containing ar-
ticles should be forbidden after 2025, and it is recommended that PCB
stocks (articles and wastes) be destroyed by 2028 by use of environmen-
tally sound methods, and that national efforts for removal of PCBs
should be submitted by signatory nations (Stockholm Convention on
Persistent Organic Pollutants, 2001). Under an agreement among
KMOE, electric power companies, and three NGO for removal of prod-
uct PCBs in South Korea, the domestic use of PCB-containing trans-
formers is being investigated nationwide and methods of establishing
appropriate collection, storage, and treatment implemented.

A governmental investigation on PCB use is in process in South Korea.
However, as no report is available yet, we reviewed the estimation of
Breivik et al. (2002a), which provided the estimates of consumption of 22
major PCB congeners for 113 individual countries. These estimates are
based on reports from PCB manufacturers and information on imports,
exports, and consumption as well as restriction on production and im-
ports, and the population and economic status. The total, historical global
production of PCBs has been estimated to be approximately 1.3 million
tons and Monsanto, the manufacturer of the Aroclors, produced
about 50% of the total global production. The estimated cumulative
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consumption of the 22 predominant PCB congeners in South Korea
ranges from 3000 to 6500 tons (default consumption = 4300 tons), which
ranks 16th out of 113 countries for which information is available
(Fig. 2.8). This quantity is 2% and 20% of the consumption of the USA
and Japan, respectively. Products containing PCBs such as Aroclor,
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Fig. 2.8. Consumption (total PCBs’s consumption modified 22 congener’s consumption of
Breivik et al., 2002a; see the text) and emission (sum of 22 congeners from Breivik et al.,
2002b) of PCBs. Two bars in emission plot are the sum of emissions from 1945 to 2000 from
Breivik et al., 2002b (white) and KMOE, 2003b (dark gray). Horizontal lines in the plots
mean the first legal restriction point in Korea, 1979 (EBA; see Table 2.1). Total consumption
of each country (far-right plot) was the sum of annual total PCBs consumption of each
country (modified from the default 22 congeners’ consumption of Breivik et al., 2002a).
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Kaneclor, and Chlophen contain a wide range of congeners. Based on
studies of sources of PCB contamination, the South Korean environment
appears to be contaminated by a mixture of various products. The pre-
dominant product was found to be Aroclor 1254 in Incheon, Aroclor 1242
in Masan, Aroclor 1260 (or Kanechlor-600) in Ulsan, and Aroclor 1242 in
the Han River (Kim et al., 2000a, 2002b; Kim, 2004; Hong et al., 2006).
Breivik et al.’s 22 congeners comprise of only ~50% in Aroclor mixture
(1242:1254:1260=1:1:1). Using the fact, we could estimate the total PCBs
consumption in South Korea by multiplying a factor of 2 with the in-
ventory for 22 congeners. Based on this estimation, total PCBs consump-
tion in South Korea was estimated to be 6000-14000tons (default,
9000 tons). When this 2-fold assumption was applied to other countries,
the estimated total PCBs consumption was 462000-552000 (default,
500000 tons) for the USA and 30600-62200 (default, 47000 tons) for Ja-
pan. Assuming a total production of approximately 680000 tons in the
USA (http://www.epa.gov/opptintr/pcb/) with essentially all of the pro-
duction used domestically, our estimate matched well with the reported
value. Furthermore, historical total consumption in Japan was reported to
be 54000 tons (JEMCAA, 1997). This value is similar to the consumption
estimated in the present study.

Emission of 22 PCB congeners, originating from unintentional use
of PCBs-containing product such as accidental releases and disposals
including landfill, open burning, waste incinerations, and destruction,
has also been estimated (Breivik et al., 2002b). According to their
estimation, the historical release of PCBs to the South Korea has
been estimated, based on the 22 indicator congeners, to be 2.5-742 tons
(default 53tons). KMOE (2003b) also estimated the total release of
product PCBs to the South Korean environment between 1945 and 2000
to be 235tons by using an emission factor of 0.13g capita™' yr' as
presented in EMEP/CORINAIR guidebook (EMEP/CORINAIR, 2000).

The primary use of PCBs, over 50%, was in dielectic fluids for trans-
former and capacitors (UNEP Chemicals, 1999). Moreover, leakage from
transformers and capacitors is the major contributor of PCB to the en-
vironment (EMEP/CORINAIR, 2000). The South Korean government
investigates PCBs-containing transformers nationwide and provides
funds for development of PCBs waste treatment technologies. The South
Korea Electric Power Corporation (KEPCO), practically the only elec-
tricity company in South Korea, has 1.7 million transformers and 540
capacitors (KMOE website). Recent voluntary investigations of electric-
ity companies for 1237 transformers revealed that 22% (i.e., 272 trans-
formers) contained PCBs at concentrations of greater than 2ppm,
which is the threshold to be categorized as a specific waste by the WCA
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(KMOE website). The number of transformers containing more than
50 ppm PCBs, which is the guideline for the prohibition of use set by the
TCCA, was 19 (i.e., 1.5%). In another study of 90 transformers (KMOE,
2004a), similar results were obtained. That is, 2.2% of transformers con-
tained more than 50 ppm PCBs while 22% contained more than 2 ppm
PCBs, while 78% of the transformers contained less than 2 ppm PCBs.
The KEPCO reports that 13,610kl of waste dielectic fluids and 394,
529 waste transformers occurred in South Korea and 643 tons of PCBs-
containing waste was exported between 2000 and 2005.

2.4.2.2. OCPs

The classical OCPs have been restricted from use in South Korea since
the late 1960s (Table 2.1). OCPs residues currently in the environment are
unlikely to have originated from their recent use, they are rather residuals
from historical applications. Historical production, distribution, and
consumption of seven individual OCPs including DDTs, CHLs, he-
ptachlor, aldrin, endrin, dieldrin, and toxaphene for pesticides and ad-
ditive agents have been reviewed (KMOE, 2004a). Here, we have
compiled the consumption data reported by KMOE for the OCPs and
those of other studies for HCHs and Endosulfan (Lee, 1982; Jeong et al.,
2001c). There is a large uncertainty in the database for OCPs usage in
South Korea. DDTs and toxaphene consumption estimates from indi-
vidual studies varied by a factor of 2 but those for aldrin and heptachlor
estimated varied widely. For instance, heptachlor consumption was re-
ported to be approximately 600 tons in one study (Lee, 1982), which is
only 4% of the estimate of KMOE.

Total historical consumption of OCPs in South Korea was 31,000 tons
with the following relative proportions: heptachlor (53%)>endosulfan
(16%) > aldrin (10%)>DDTs (9%)>HCHs (6%) (Fig. 2.9). DDT, was
the first OCP applied in South Korea and was widely used from the late
1940s to the early 1970s. This pesticide was replaced by other OCPs after
the toxicity of DDTs to wildlife was known. Use of most OCPs was
banned in the late 1960s, but less persistent compounds such as he-
ptachlor and toxaphene were still used until the early 1980s. Endosulfan is
still used in large quantities in many parts of the world. Endosulfan has
been in use for more than three decades. It was introduced as a replace-
ment for other more persistent OCPs when they were banned. For ex-
ample, about 1000 tons were consumed in South Korea over five-year
periods from 1971 to 1999 (Jeong et al. (2001c). According to KMOE’s
annual report for distribution and emission of industrial hazardous
chemicals, 1144kg of endosulfan was released to atmospheric from
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Fig. 2.9. Historical usage amounts of each organochlorine pesticides: DDTs, CHLs, Al-
drin, Endrin, Toxaphene, and Heptachlor from KMOE (2004c), HCHs from Lee (1982), and
Endosulfan from Lee (1982) by 1980 and modified from Jeong et al. (2001c) since 1981.

Total endosulfan use of five years (from Jeong et al. (2001c)) was converted to annual
average amount.

chemical processes and/or chemical manufacturing processes in South
Korea. But, the amount released varies among years. For instance, 4 kg
was estimated to be released in 1999 while 819 kg was estimated to have
been released in 2003. These estimates are associated with great uncer-
tainties. Furthermore, it is not certain whether the KMOE report includes
releases of endosulfan from agricultural applications.

The order of contributions of OCPs to the total mass of OCPs meas-
ured in bivalves (Kim et al., 2002b) and sediment (Hong et al., 2006), was
DDTs (63%)>HCHs (21%)>CHLs (11%)>dieldrin (1%). A possible
explanation for this observation is the difference in chemical properties
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among pesticides. The half-lives of DDTs, y-HCH, and CHLs in soil and
sediment are 3—10 times longer than those of heptachlor, aldrin, and
endosulfan (Mackay et al., 2000; Ghadiri and Rose, 2001). Furthermore,
the vapor pressures of heptachlor and aldrin are 10- to 1000-fold greater
than that of DDT, chlordane, and -HCH. Since the pesticides were
applied on land, they may have been volatilized. More volatile pesticides
have shorter residence times in soil and aquatic systems. DDTs and
CHLs were used as additive agents even after the ban in use as pesticide.
For instance, it has been reported that CHLs were used as an adhesive
for plywood until 1995 (KMOE, 2004a). DDTs were formed as an
impurity during the manufacturing of a pesticide, dicofol. Based on
the consumption of dicofol from 1972 to 2002 with the DDT content of
0.1% in dicofol, additional releases of DDTs to the environment during
the three decades was estimated to be 578 kg (KMOE, 2004a). This
quantity is substantially smaller (0.02%) than its consumption as a
pesticide until the early 1970s and does not affect the overall estimates of
releases.

HCB is frequently detected in South Korean environments at concen-
trations that are less than DDTs>HCHs > CHLs. HCB was neither im-
ported nor produced as a pesticide, but is known to be released into the
environment at minimal concentrations as a trace contaminant in chlo-
rothalonil. Estimated emission on the basis of HCB content (ca.,
0.0219%) in chlorothalonil has been, on average, 77kg yr~' between
1970 and 2004 (KMOE, 2004a). This amount corresponds to between
20% and 30% of the emission as a by-product.

In the global estimation the usage of HCH in South Korea has been
estimated to have been between 10,000 and 100,000 tons (Li, 1999).
The great estimate was based on an assumption of very great appli-
cation rates of 10-40tons kha~'. However, these estimates appear
to be overestimated compared with approximately 2000 tons reported
in other studies (Lee, 1982; Jeong et al., 2001c). This inconsistency
could be due to false information of usage. Indeed, the concentrations
of HCHs in South Korean environments were comparable or less
than in many other countries. For instance, residual concentrations
in coastal bivalves and sediment ranged from 0.2 to 6.6
(median = 0.1ng g~ wet wt.) and ND to 5.5 (median =0.32ng g~'
dry wt.), respectively.

The consumption of OCPs in South Korea can be compared with that
of China, which is one of the largest consumers of pesticides in the world.
China has used 200,000 ton yr~' of total OCPs every year between 1970s
and 1980s (Wang et al., 2005). Three major OCPs including HCHs,
DDTs, and toxaphene, collectively accounted for 80.1% of total pesticide
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use in 1970. The usage of HCHs and DDTs in 1980 corresponded to 70%
and 5%, respectively, of gross pesticide usage.

2.4.2.3. APs

APs mainly originate from the degradation of alkylphenol polyethoxy-
lates (APEOs), which are used as nonionic surfactants or detergents in
industries and household products for over 40 years (Shang et al., 1999).
APEOs are contained in cleaning products, paints, herbicides, and pes-
ticides, and are used to facilitate processes in pulp and paper production
and textile manufacturing (Field and Reed, 1996). APs, including NP and
bisphenol A (BPA), have endocrine disrupting activity. In the past 40
years, APEOs production was estimated at > 300 x 10> ton yr~! world-
wide (White et al., 1994). Primary degradation of APEOs in wastewater
treatment plants or in the environment generates more persistent and
toxic shorter-chain APEOs and APs such as NP, OP, and butylphenol
(BP) and AP mono- to triethoxylates than the parent substances (Giger
et al., 1984).

Nonylphenol is a degradation product of nonylphenol polyethoxy-
lates (NPEOs), which have been the most widely produced APEOs.
NPEOs have a worldwide production of ~700 x 10° tons annually with
wide applications such as industrial and institutional (30%) or house-
hold (15%) cleaning agents (Ying et al., 2002; Knepper and Berna,
2003; Jonkers et al., 2005), and many other industrial applications in-
cluding wetting agents, dispersants, emulsifiers, solublizers, foaming
agents, and polymer stabilizers. NPEOs have been discharged into sur-
face waters, mostly in wastewater or sewage. Many countries have
banned the usage of APEOs surfactants: for instance, the European
Union restricted the use of NP and APEOs (Cox and Drys, 2003).
Neither inventory efforts nor regulatory action has been taken in South
Korea.

BPA is used as an intermediate in the manufacture of epoxy resins and
polycarbonate plastics. Global use of BPA is estimated to be more than a
million tons per year with 347 x 10° tons yr~! of estimated use in Western
Europe in 1993 (BUA, 1997). Although BPA is expected to be released
mainly via sewage and industrial wastewater system (Fiirhacker et al.,
2000), the significant emission is also estimated from combustion sources
such as uncontrolled domestic waste burning with ~75 x 10°kg yr™" in
the USA (Sidhu et al., 2005). KMOE reports the emission of hazardous
chemicals including BPA annually. According to the report, atmospheric
emission of BPA was 4446kg yr~' in 2002 and 1923kg yr~' in 2003
(KMOE website).
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Fig. 2.10. Worldwide Brominated Flame Retardants (BFRs) consumption: Americas, Eu-
rope, Asia and Global consumption in 1999 (www.bsef.com), Japan in 1999 and 2001
(Watanabe and Sakai, 2003), and Korea in 2003 (KMOE, 2005c). Korea’s values are not
consumed but imported amounts. However, the consumption amount is estimated to be
similar with this pattern (see the text).

2.4.2.4. PBDEs

The main types of brominated flame retardants (BFRs) are polybromin-
ated biphenyls (PBBs), PBDEs, and tetrabromobisphenol A (TBBPA).
PBDEs have replaced PBBs, which are the first brominated organic
compounds to be used as flame retardants and were phased out because
of environmental issues, but are now being replaced by TBBPA (Renner,
2000). The global consumption of BFRs is estimated to be 203425 tons in
1999 with PBDEs accounting for 33% (Fig. 2.10). Deca-BDEs, 82% of
total PBDEs, are the most widely used product. Domestic BFR con-
sumption in South Korea in 2002 was 49050 tons, of which 25% (i.e.,
12408 tons) was PBDEs with deca-BDE accounting for 12324 tons and
penta- and octa-BDEs accounting for 84 tons (KMOE, 2005c). Imported
amounts of each product in 2003 showed a similar distribution to the
consumption estimated in 2002 (Fig. 2.10). In BFR market of Western
Europe, consumption of PBDEs has declined from 26% in 1996 to 11%
in 1998 (DEPA, 1999). Penta-BDEs product has been restricted for over
one decade and is now banned within Europe. Furthermore, there has
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been a trend to substitute PBDEs with other flame retardants in northern
Europe since 1996 (Renner, 2000). However, the market of BFRs in
South Korea, sharing ~56% of flame retardant market, has increased
annually by 13.5% on the average (KMOE, 2005c). In South Korea,
PBDE:s are regulated under the ‘EcoLabelling policy’.

Possible major sources of BFRs are wastewater effluent and flue
gases from BFR factories and other facilities processing BFRs (Watanabe
and Sakai, 2003). Additives such as PBDEs may leach from the surface
of products treated with these compounds, in contrast to TBBPA that
are reactive and chemically bound within the material matrices (de
Wit, 2002). Based on a model estimate, Danish EPA concluded that
PBDE source is evaporation from products in use (DEPA, 1999). Thus,
indirect releases from products should also be considered in emission
inventories.

PBDEs, one of the major types of brominated flame-retardants, are
used as additives in polymetric materials such as polystyrenes, plastics,
paints, textiles, machines and household electric appliances such as com-
puter and television, upholstery, and building materials. Commercial
PBDE products consist predominantly of penta-BDEs, octa-BDEs, and
deca-BDEs products. Each product is composed of several congeners.
PBDE:s is known to cause various adverse effects including neurobehavi-
oral development (Darnerud, 2003), thyroid system (deBoer et al., 1999),
and, some congeners elicit carcinogenicity (McDonald, 2002). Concen-
trations of PBDEs in environments have been rising in contrast to clas-
sical POPs whose levels have been declining markedly during the last 20
years (de Wit, 2002).

2.4.2.5. PFAs

Concern about per- and poly-fluoroalkyl acids (PFAs) including perflu-
orocarboxylates (PFCA) and perfluoroalkylsulfonates (PFAS) is increas-
ing due to their persistence, bioaccumulation potential and potentially
toxicity (i.e., PBT). Due to the presence of the high-energy carbon—flu-
orine bond, these compounds are resistant to hydrolysis, photolysis, mi-
crobial degradation, and metabolism by vertebrates. The PFAs are also
bioaccumulated and biomagnified through food chains (Kannan et al.,
2005; Sinclair et al., 2006). These anthropogenic compounds reportedly
exert various toxic effects, including peroxisome proliferation and po-
tential carcinogenicity (Renner, 2001a), accumulation of triglycerides in
liver. These compounds have been routinely and globally measured
in environmental matrices; water, wildlife, and human populations
(Giesy and Kannan, 2001, Kannan et al., 2004; Yamashita et al., 2005).
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The concentrations of PFAs in environments have increased sharply over
time (Holmstrom et al., 2005). The sorption/accumulation and fate of
PFAs differ from classical chlorinated and brominated POPs in that
perfluorinated molecules have surfactant characteristics (i.e., having polar
and nonpolar domains) and oleophobic properties. Thus, PFAs is likely
to bind to serum protein rather than lipid in tissues (Jones et al., 2003).

Because of their chemical stability, surface tension lowering properties,
and ability to create stable foams, PFAs are used in a wide variety of
industrial and commercial applications and processes; metal plating and
cleaning, coating formulations, fire-fighting foams, polyurethane produc-
tion, inks, varnishes, vinyl polymerization, lubricants, pesticides, surfact-
ants, gasoline and oil, and water repellents for leather, paper, and textiles
(Holzapfel, 1966). Recent studies report that levels of PFAs precursors,
degraded to more toxic and persistent metabolites, are greater in indoor
than outdoor air due to their application to upholstery and carpets
(Shoeib et al., 2004, 2005). The global distribution of PFAs has been
hypothesized to be due to volatile neutral precursors of PFCA and PFAS
that are distributed via atmosphere, and undergo long-range transport to
remote areas, and degrade to yield the free acids (Martin et al., 2002;
Renner, 2001b).

Due to their poten