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Executive Summary

The overallgoal of this regional overview is to provide NOWPAP member
courtries with a synthesis report @ngroup of chemicals with potential adverfeds
to the environment, i.epersistent toxic substances (PTS). The reposters their
sources, transport, emgnmental levels,potential health risks to humas and
environment,management and research activities as well as the gaps on available
information and maagementsystens. Particular emphasis has been paithe possible
ecotoxicological effects of PTS the marine environment of the region. The report is
intended to be a scientific basis fmmotecing the regional environment aride human
healthfrom the adverse effects of PT&nd is expected to be useful foisely usng,
developng and manaigpg coagal and marine environmenand obtaimg the utmost
long-term benefits for thedmans of the region.

NOWPAP region consists of semiclosed marginal seas, which play
indispensable rolefor the surrounding countries by providing foodnd mineral
resource, marine leisure and transport. Warm current flowing into the central
NOWPAP area affectghe climate in the region together with the dominant air flow
controlled by easboundjet streanmand seasonal heat exchange leetvcontinent and
ocean, i.eAsian monsoon.Both flows also transport PTS in the regidduge human
population lives in the region and the surrounding areas, and extensive industrial and
agricultural activities have been conducted to support their life. Thus there have been
large demands anproduction/use of PTS as well as their unintentional sources, and
thereforeproper management of PTS in the region has high priority.

PTS may be categolizeas follows:1) agricultural chemicals and other biocidal,
pharmaceutical chemicals, such asTDRhlordane, etc., which have been developed
and used to utilize their potential toxicities to control pests, wesds 2) industrial
chemicals such as PGBPBDEs, PRCs etc., which have been used as stable, durable
chemicals but are found toe unexpectedy toxic to wildlife/human beings, and 3)
unintentional byproducts, such as dioxins and PAHs, which are unintentionally
produced toxic chemicals during production of other chemicals or combpstioeses
such as waste incineration and steel ingudthe long range transport potentiad PTS
is primarily dependent on theirhgsicochemical properties, i.some chemicals like
HCB and PFOS are transported through airseavater in trly global scale while
others, such as dioxins, are primarily adsdrion particles and thus transported shorter
distances at a time. Some part of them is transported by migrating wildlifecarsdrial
activities (international tradef PTScontaining products and wastes). Particularly the
latter process has been causmgp-called ewaste problem, i.esevere local pollution
by some of PTS in the wastes of electric products or unintentionally produced chemicals
through the recovery of valuable materials from the wastes. NOWPAP region and
surrounding areas are now becogimajor factories of advanced products and
chemicals for global market, and many emerging chemicals are produced/used.

In accordance with themassive production/use of PTS as well as part of
implementation activity othe Stockholm Convention or otheelated international
regulatiors, fairly extensive environmental survey data as well as collection of emission
inventory information on PTS have been conducted in the NOWPAP region. Summary



of the related information is compiled in the present reporhodigh information on the
temporal trends of PTS is rather limited, data reported in Japan clearly showed general
decrease of major POPs, including dioxins, in the last decades. On the other hand, some
of emerging PTS, including brominated flame returdaand fluorosurfactants, are
shown to be produced in the region until recently or even now, and their environmental
levels and trends need to be clarified. There still remain many igafmgterm
environmental monitoring activities, PTS concentration amdisgon inventory
information, and further efforts are needed in the regidmarmonized and continuous
manner. Also further synthesizing activities aeeded for ecotoxicological studies

the region as each country has been condustujesrelatedto different aspects of the
toxicity, i.e. induction of xenobiotianetabolyzing enzymes, analysis of PEC/PNEC
relationship, accumulation of PTS in top predatarsd analysis of imposex or other
specifictoxic effects to sensitive organisms.

In many coutries, clemical management framework fairleast somef PTS has
been established inntermationally harmonized manneridowever here is large
difference in the framework of regular environmental monitoring. In Japan,
environmental monitorng of PTS hasdm being conducted for nearly four decades as
indispensable part of sound chemical management systamofficial or standard
samplindanalytical procedures as well aguality assurance and quality control
(QA/QC) protocols have been developed. Furthaenpart of the monitoring samples
during the whole period have been archived in the environmental specimen bank for
enabling future retrospective analysis of newly emerged pollutants to reveal their time
trends. The Japanese experience may be usefubtf@r countries for better
management of PTS.

In conclusion, establishment of sound chemical management system, particularly
on PTS,is important and urgent ithe NOWPAP region, whersignificant amount of
chemicalsjncluding PTS are flowing into theemienclosed marginal seas through air
and water. Environmental monitoring is indispensable as a primary tool to reveal the
temporal and spatial trends of PTS, to identify their souandshotspots and to assess
effectiveness of regulations. Establigtmh of regional monitoring network and related
activities in harmonized manner, but also considering specific needs and status of each
country, is a crucial step. Environmental chemodynamic models oRirfgeded to
assess environmental/ecological risks predict future status, and to design better
management system. Information collection on inventory of PTS ensswiothe
environment as well as detailed monitoring date critical for proper design,
improvement and use of models. Toxicologicaitexicological data on PTS is also
needed to assess their risks properly, and collection and sharing relevant information in
the NOWPAP region will support better PTS management. Proper assessment of risks
of simultaneousand longterm exposureto various chemicals, includingTS for the
wildlife and human beings is a real challengegh@eNOWPAPregionas well as in the
world, and longterm strategyand scientific researcto tackle thee issues will be
needed.



This review has been prepared by Pretesyasuyuki SHIBATANIES, Japan]
well known specialist in PTS and POPs fields. Without his generous and extremely high
skilled work this overviewcould neverbeencompleted. The contributioand datgrom
the national experts Dr. Yibing LV (CNEMC, Chna), Dr. Hyobang MOON (Hanyang
University, Korea), Dr. Olga LUKYANOVA (TINR@&Center, Russia) were also
invaluable and vital. The final edition was carried out by Dr. Vladimir SHULK?K |,
FEBRAS, Russia) based on tkmnd and constructiveomments oNOWPAP RCU,
other NOWPAP RACs,ational experts and NOWPAP Focal Points.



Introduction

1.1. Goals and objectives of the Overview

The overall goal of this regional overview is to provide NOWPAP member
countries with a synthesis reparbvering sources, ransport, environmental levels,
potential risks to human health and environmergnagement and researdtities as
well as the gaps iravailable information and managent systemon a group of
chemicals with potential adversdfexts to the environmenti.e. persistent toxic
substances (PTS)he report is intended to be a scientific basis gfastecing the
regional environment anthe human healtifrom the adverse effects of PT&nd is
expected to be useful favisely usng, developng and manaigg coastal and marine
environmentand obtaimg thar utmost longterm benefits for the human populations
of the region.

Chemicals having persistency, bioaccumulative properties and toxicities, such as
PCBs, DDT and dioxins, sometimes called PTS, POPsigpsorganic pollutants) or
PBT (persistent and bioaccumulative toxsubstancgs have been of major
environmentakoncern for decadegarticularly after the publication of epeataking

ASilent Springodo by Rac hextensiv@ aseascliom PTE has 1 96 2 .

been conducted and revealed ubiquitous presence of PTS in the global environment,
particularly in top predatordt its 18" meeting in 1995, Governing Council of United
Nations Environment Programme (UNEP) adopted the decision 1@?8Bistent
Organic Pollutants (PORS) under which development of recommendations and
information on international action, including such information as would be needed for
a possible decision regarding an appropriate international legal mechanism on POPs,
had started UNEP, 1995) Then at 18 meeting in 1997, the UNEP Governing Council
concluded that international action, including a global legally binding instrument, was
required to reduce the risks to human health and the environment arising from the
release of POPsUYNEP, 1997. Based on this decision, Intergovernmental Negotiating
Committees started in 1998 to prepare an international legally binding instrument for
implementing international action, and the Stockholm Convention on Persistent Organic
Pollutants was adopted at the Conference of Plenipotentiaries held at Stockholm in May
2001 (Stockholm Convention, 2001)

At around the samime, the Global Environment FacilityGEF funded actrity
to compile information and identify information/capacigpgrelated toPTS pollution
in the regional and global scale was condu¢@BEF/UNEP, 2003)Many of PTSare
subject to atmospheric, aquatic or biological transport over long distances and are
globally distributedanddetectable even in areas where thayennever been used. The
lipophilic character of these substances causes them to be incorporated and accumulated
in the tissues of living organisms leading to body burdens that pose potential risks of
adverse health effects. Toxic chemicals, which aredessistent but for which there are
continuous releases resulting in essentially persistent exposure of biota, raise similar
concerns. The persistence and bioaccumulation of PTS may also result in increase over
time of concentrations at higher trophic lesyeincluding humans. POPs under the



Stockholm Conventiorare considered as a stgroup of PTS with high longange
transport potential.

Under the GEF program, 28 chemicals or chemical groups were nominated as
PTS, including twelve original POPs, otheragnohalogen chemicals such as
organochlorine pesticides, organobromine flame retardants and organofluorine
surfactars, polycyclic aromatic hydrocarbons, organometals, and endocrine disruptive
chemicals such as phthalate esters and alkyl phenols. Inoadtht twelve original
POPs, pentachlorobenzene and 9 chemicals in PTS list, a-e.,b- and ¢
hexachlorocyclohexane, chlordecone, hexabromobiphenyl, tetraipemeanated
diphenylethers, hexa/heptarominated diphenyéthers, perfluorooctane sulfonated
endosulfan have been added to the list of POPs under the Convention while five other
chemicals including two in PTS list, i.e. pentachlorophenol and-sharh chlorinated
paraffins, are under review as of [Retber 2012. Except for organometals apdHs,
majority of chemicals listed in PTS programme are ridegided to beadded to the
POPs list, which now cover8Zhemicalsas of May 2013 after the CGH expanding
nearly twice the original number during orflyyears after thentry into forceof the
StockholmConvention.

The Northwest Pacificegion comprises sereinclosed marginal seas situated in
both the sukpolar and temperate zones. It has spectacular marine life and commercially
important fishing and mariculture grounds and rich offshore rairresources such as
oil. Coastal development, industry, transport, oil production and activities such as land
reclamation and intensive mariculture take an -gveater toll on coastal ecosystems.
Chemical and industrial wastes, untreated municipal sewaggicultural pesticides and
nutrients in ruroff cause widespread damage and stimulate eutrophication and harmful
algal blooms. Added to these are pollution from land, accidental oil spills, atmospheric
pollution and marine and coastal litter.

It is of particular importance to survey information on the priority chemicals of
concern inthe NOWPAP region at this moment, in order to respond to the rapid growth
of the list of chemicals to be banned/regulated undendtienalinternational activities,
including Stockholm Conventignand to establish sound management of chemicals in
the region in order to protect the regional marine environment and human health from
their adverse effects. The list of chemicals to be surveyed is nominated by the experts
from the countries inthe NOWPAP region, and the relevant information on their
production, ecotoxicological effects, the environmental levels and transport,
management systems, research activaies regulatory frameworks as well as gaps to
be filled is compiked in this report in order to support member countries of the
NOWPAP to take further appropriate action on PTS.

1.2. General background information on NOWPAP

The Northwest Pacific Action Plan and three supporting resolutions including five
priority projects were adopted in 1994. NOWPAP member countries established four
Regional Activity Centres (RACs) in 20dD02. From 1994 to 2004, UNEP Regional
Seas Coordinating Office acted as Interim Secretariat for NOWPAP. NOWPAP



Regional Coordinating Unit (RCWstablished by member countries anehosted by
Japan and the Republic of Koreig,facilitating the implementation of the Action Plan.

The two RCU offices were inaugurated in November 2004 and started operations in
January 2005. The NOWPAP Regional Gpill Contingency Plan was adopted in
2003. The Memorandum of Understanding on Regional Cooperation regarding
Preparedness and Response to Oil Spills in the Marine Environment of the Northwest
Pacific Region was signed in 2004/2005. NOWPAP Regional A&lan on Marine

Litter was adopted in 2007.

In order to support the implementation of the priority project activities of the
NOWRPAP region, a network of Regional Activity Centres (RACs) was established:

A CEARAC, Toyama, J a p the Spdcial vVanitaimg.ando wp a p . C
Coastal Environment Assessment RAC,;

A DI NRAC, Beijing, Peopleds RepDdiad i c of
and Information Network RAC;

AMERRAC, Daej eon, Republ i c -dhe Maimer ea ( me
Environmental Emergey Preparedness and Response RAC; and
A POMRAC, VI adivost ok, Russi antheFeder at

Pollution Monitoring RAC.

These centres are responsible for carrying out activities at the regional level and
serve all member states.

1.3. Geogaphical scope of NOWPAP area related to this Overview

The geographical scope of NOWPAP covers the marine environment and coastal
zones from about 121 to 143 E and from approximately 33 to 52 N, without prejudice to
the sovereign right of any state,ancdhc |l udes Japan, the Peopl eds
Republic of Korea and the Russian Federatiimong 1,637.92 million peoples in the
four countries, 356.27 millions are reported to live in the regnmhyding 33.67 million
from Japan, 272.60 milliorrdm P.R. China, 48.4 million from the Korean Peninsula
and 1.60 million from the Russian Far EE®OMRAC Technical Report No.3, 2007)

The region is located along the eastern edge of the Eurasian continent and spans
from subtropical (south) to sukpolar (north) climate. Biogeographically the region
belongs to East Palearctic region with major terrestrial vegetation of (from south to
north) summegreen broadleaved forests, temperate hardveoodfer, and boreal
forests (or Taiga) as well as marine ectsys covering from coral reefs to cold and
deepwater ecosystem.



Figure 21 NOWPAP region

In the global atmospheric circulation, the region is under Ferrel circulation and
affected by the westerlies, particularly by polar jet stream in wirtae dimate of the
region is governed primarily by the heat exchange between the Eurasian continent and
the Pacific Ocean. During summer, a strong high pressure area (or anticyclone) is
developed in Pacific and send out hot and humid air, which provide nrapipation
to thesouthern part oNOWPAP region. In winter, on the other hand, cold and dry air
is sent from the high pressure area at Siberia to the ofeamir obtains humidity from
the warm current flowing through the central NOWPAP and provatge precipitation
as snow falls to the nortivestern part of JapanThe anticycloneat Siberiaalso pushes
polar jet stream down to around 40 degrees north in winter, and this, together with
subtropical jet stream at the polar limit of tropical Hadlel}, governs the eastound
movement of air mass in the region. The seméfsern part of the region is affected by
Asian monsoon with rainy seasons in early summer and early autumn, and also by the
occasional Typhoons during summer &adlyautumn season

The region is separated in an outer area and an inner area by the archipelagic
arches including Japan. The inner includes several seas known as the Asian Inland Seas
(or marginal seas). These seas include a number of local current patterns asoeall as |
influences like the large rivers and the monsoon cycle. The region is influenced by the
warm Kuroshio and the cold Oyashio current systems, both of which constitute part of
great ocean current system in the North Pacific. Oyashio current is palyicida in
nutrients. The front of these current systems meets off pacific coast ofdd@ittiapan
and induces one of the most productive marine areas in the world from the eastern edge
of the NOWPAP region towards the central North Pacific. The miesars of Kuroshio
Current flows in the Philippine Sea along the southern coastline of Japan. Its branch,
Tsushima current, is flowing east/north east bound along the southern side of the central
part of NOWPAP sea area while tbeld Liman currenflows in the northern side along
the Eurasian continent to the south west directidsushima currenpassedetween
Japan (Kyushu island) and Korean peninsuidn a volume transport of 2.65 S®%v
(Sverdrup) = 1® m¥sec)in average and flowspartly through Tsugaru Straito the
North Pacific and partly between Hokkaido and Sakhalin (or La Perouse / Soya Strait)



to the sea of Okhotsk Liman current, on the other hand, is thoughtoéo mainly
composed of cooled Tsushima current water @wvelr water of Amur cming through
Tatarskiy Strait

There are tides of various patterns along the coasts. Higher amplitude areas are
located in western part of the region where tidal amplitude reach&sné in western
Kyushu, Japan, and more than-1I2 m in some areas &forea. Muddy tidal flats are
developed along the coastlines in higher amplitude areas. On the other hand, those
around the central NOWPAP region generally show much smaller tidal amplitudes in
both daily and seasonal variations. Strong wind and rougk,vespecially in northern
part of the central NOWPAP in winter season, affects land shape of the coastal zone
strongly, particularly in sand and / or pebble beaches, and the areas are known to have
large seasonal erosion / deposition process. This @thymiocess as well as organic
contents of the coastal sediments affects the behavior of PTS chemicals strongly; i.e.,
sediments with high organic content and limited physical movement tend to absorb PTS
and may play as a secondary emission source of RT&npterm.

The inner seas and the outer seas are separated from the open ocean by quite
shallow passes and straits (a few hundred meters in depth). Off the archipelagic arch,
the sea bed is very steep and reaches great depths (e.g. 9,600 m off Tapan).
continental shelf is wide in the western part of NOWPAP, which overlaps with high
amplitude tidal areas, whilst on the oceanic side there is almost no continental shelf.
The archipelagic arch is one of the most intensive volcanic and seismic aetjiags
in the world.

In a particularly cold winter, surface sea water in the mornttpart near
Vladivostok becomes dense enoughstart sinking into the bottom of the ocean to
make a unique water body (bottom water or proper wgkumamoto et al., AWB;
Aramaki et al., 2013)This process provides oxygen to the bottom water. Pollutaats
also transported vertically either by the process or as sediments (fecal pellets etc.).
There are several reporssiggesting / indicatinghe slowing down of the pduction
rate of the bottom waten the central NOWPAP regian recent decades$or example,
dissolved oxygen levels in bottom water was reported to be decreasing in recent decades
by potentially reflecting the global climate change (global warming) @at899)

This process may affect the ecosystem of the central NOWPAP region as well as PTS
cycling.

The coastal environment is influenced by rivers. Some of the largest rivers in the
world are present in the surrounding areas; for example, Yangtee &id Amur River
with drainage areas of 1,808,500 and 1,840,009 kespectively. In China alone there
are more than 150 rivers covering a drainage area over 10,000,680t kiapan there
are many rivers with rather short and small drainage areas; dh®taggest river is the
Shinano River, 367 km in length with drainage areas of 11,900 tke Tone River
with 322km and 16,84&m?, and the Ishikari River with 268m and 14,33&m>,

Major river systems supplying terrestrial water to Wader bodyin / around the
region include; Shinanolb km¥a), Agano (3 km*a), Mogami (L2 km*/a), Omono
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(8.7 km*/a), Ishikari @.7 km*a), Teshio @.4 km¥a), Kitakami (12km%a), and Tone
(8.0km*a)rivers in Japaridata from Ministry of Land, Infrastructure eftapan, 2000),
Songhua 16.2 km*/a), Liache (14.8 km%a), Haihe (22.8km®a), Yellow (65.8 km®/a),
Huahe (62.2 km*a) and Yangtze(Changjiang)(953.1 or 924km%a) (POMRAC
Technical Report No.2, 2006, Tian et al., 1p&®3verslocatedin/around the regio in
China,andNakdong(131 kn¥/a), Han (.89km%a), Geum (66 kriYa), and Seomjin(39
km?®a) Rivers in Korea POMRAC Technical Report No.2, 2006The main riversn
Russianare the Tumannaya (Tumei9 km/a), Razdolnaya (Suifunf2.3 km*/a),
Samarga2.6 knt/a), Koppi (2.2 knt/a) andTumnin (7.9 knt/a) Riverswith a total
annual input about 27 KinTotal annual input of all rivers in the Russian part of the
NOWPAP was about 43 K {POMRAC Technical Report No.2, 2006dmur River
(310km*a) in Russia mp affect the regiompartly through the Tatarskistrait.

Far Eastern regions of Russia adjoining NOWPAP region are Priméusiy
south part oKhabarovskyKrai, and the Sakhalin Island. Overall length of the Russian
part of NOWPAP regional sea is ab@,230 km of shoreline. The total catchment area
is about 142,000 kfm About 80% of Primorskyi Krai and the adjoining part of
Khabarovsky Krai are occupied by the mountain ridges belonging to the Sikhote Alin
mountain system. Average elevation is 600 nsetanth the highest peaks reaching
1,855 meters. Southwestern Sakhalin Island has low mountains and hills. Almost 80%
of the territory is covered by forest and an additional 8.1% is occupied by wildlife
reserves.

Cold dry winters and moderate warm hunmsdmmers are typical for the
Primorsky Kraii Russian mainland part. There is clear shift of air temperature decrease
in winter and increase in summer in moving away from the coast to the west even for
the distance 380 km. The average temperature in cabsone is 101 2 AC i n wi nt et
and +16AC in summer. Annual precipitation
coast to 650 mm near the Khanka Lake 200 km away the se26%0of annual
precipitation comes in the April to October period, and major gaiver runoff takes
place in summer.

The highest industrial and transport activity in the Russian area of NOWPAP
region is located on the southern coast of Primoksiay, aroundPeter the Great Bay.
This Bay is located in the northewestern part of #tacentral NOWPAP regianMajor

ctyports VI adivostok and Nakhodka are | ocat
important area for fishing, mariculture, shipping and recreafmnsity of population
along Bayds coastl i nerniederatdistact.t hi ghest i n the

The overview of PTS and POPs focus on the pollution situations about
Heilongjiang, Liaoning, Jilin, Shandorand Jiangsu provinces, but literatures about
other regions of China also included to provide more informatdmong the ive
provinces, the climates in Jiangshu and Shangdong are warm temperate zone and semi
humid continent monsoon climate and have four sharp seasons. Jiangsu is often affected
by typhoons. The annual precipitation in Jiangsu province is about 1000 mm and 550
950 mm in Shandong province. The other three provinces belong to temperate
continental monsoon climate with more drought and cloudy days in spring and hot and
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rainy days in summer. The winter days in these three provinces last longer than in other
provinces. Of the three provinces, annual precipitation of Liaoning province is 600
1100mm. The major parts of Jiangsu province, Shandong province and Liaoning
province are hilly and plain regions, while mountainous regions cover a big proportion
in the otherwo provinces. Besides, water area of Jiangsu province is quite large with
17% of the area of the whole province. The vegetation coverage rate of Liaoning
province, Heilongjiang province and Jilin province is 28.7% , 41.9% and 42.4%
respectively; but on theontrary, for other two provinces vegetation coverage is much
lower, 21.5% in Shandong province and 10.56% in Jiangsu province. Among the five
target provinces, Heilongjiang and Liaoning provinces have 84 natural conservation
areas covering 2.3 million bhares and occupying 5.05% area of province territory and
81 natural conservation areas covering 2.848 million hectares occupying 9.7% area of
the province territory respectively. In Shandong Province, there are 66 natural
conservation areas covering ab6@t area of whole province, while Jiangsu and Jilin
provinces only have 26 and 27 natural conservation areas covering 0.738 million
hectares and 1.846 million hectares respectively (POMRAC Technical Report No.3,
2007)

The Korean Peninsula is located irethortheastern part of Asia, which lies
between 33°N and 431°N parallels, 124°E and 1321°E meridians bordered 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 KniThe geomorphologyf@outh 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. More than 3200 islands are
scattered along or near the southern and smstern coastlines. Due to the many
islands that make up parts of Korea, the coastal length of the ista®@80(km) is
almost equal to that of main peninsute8700 km). Most of the rivers flow into the
western and southern sidegter draining the weste and southern slopes of the
peninsula. POPs study as well as other regular monitoring programs have covered the
eastern islargland the southern Jeju Island.

The climate of South Korea is temperate monsoon, in general, but geographically
and seasonallyaried. 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 isrgt and cold and is influenced primarily by the Siberian air mass.
Summer is hot and humid with temperatures ranging from 23°@. 3%e climate is the
result of the maritime Pacific higbressure ridge. Temperatures in all seasons are
somewhat less thahdse 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 half of the total rainfall is concentrated in summer, while
precipitation of wirer is less than 10% of the total.

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, isselgnpopulated (11 million),
accounting for about a quarter to the total population in South Korea. Other seven major
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cities with population of greater than 1 million are Busan, Daegu, Incheon, Gwangiju,
Daejeon, Ulsan, and Suwon. Since the early 1960¢hS¢area has achieved a rapid
economic growth, which has been termed the
size of the economy of South Korea has grown up to be thiddgest in the world, and

the 3%largest in Asia, next only to China and Japa

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 is473 km?). Further, the concentration of population density and
industries within its urban regions (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 population in urban area to total population, heasedr
dramatically, from 28.3% in 1960 to 82% in 2012. This implies that pollution is likely to
be localized in urban and industrial areas. Furthermore, urbanization means a significant
increase in the surfaces without vegetation such as asphalt andidpaitder. Surface
conditions could substantially influence the residence time and fate of POPs and related
compounds in a system. Agricultural activities, of which the dominant activity is rice
cultivation, occur primarily in the western and southern amdathe South Korean
peninsula. Thus, the water quality of the inland rivers is associated with esy@miole
pesticides use history and agricultural products contamination in South Korea.

Heavy industrialization together with urbanization brought kgidreeconomic
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. Majority of lamgde ICs are
located near large coastal cities such as Incheon, Busan, Ulsan, Masan, and Pohang.
Since many of théCs are situated near the lujies, large amounts of industrial wastes
together with municipal wastes from inland areas are dischartgethancoastal regions.
Organic contaminants could also be transported into nearby coastal areas by rivers
and/or streams. Thus, greater environmental pollution with the POPs and related
contaminants would be expected to occur along the coastal areghlgfihdustrialized
regions.

The cvelopmenbriented coastal utilization has resulted in deterioration of
marine ecosystem, loss of tidal mudflats, lasgale and londasting redtides in South
Korea, which have emerged as major coastal environmestas since 1990s. Because
the coastal areas of seemnclosed bays in South Korea have been targets of the land
based developmental activities such as industrial complexes construction, city
development, and coastal reclamation, pollutants dischargeduivipnoper treatment
and consideration of environmental carrying capacity of the bays have caused anoxia in
water column, redides and degradation of coastal water quality. Representative
contaminated bays with these environmental problems are YeongilJBdnge Bay,
Masan Bay, Ulsan Bay, Onsan Bay, and Busan Bay, which are located at the
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southeastern coastal regions. These bays have been suffered from the intensive
industrial and shipping activities for over 30 years.

The development such as reclamataincoastal environment for industrial and
agricultural purposes has destroyed many useful and productive functions in Korean
coastal waters. Representative site is Lake Shihwa, which is located at west coast of
South Korea. Overall, atmospheric depositeord direct and indirect (e.g. soil runoff)
discharges from industrial activities are primary distribution pathways of persistent
toxic substances (PTS) into marine and coastal ecosystems. In South Korea, a variety of
air pollution reduction measures, inding the use of clean fuels, expanded supply of
low sulfur fuels, and introduction of le@mission vehicles, have improved air quality
in those cities gradually. In spite of the wider use of clean fuels and more strict emission
standards, concentrationsprticulate matter in the atmosphere have been rising due to
increase in vehicle gas emission and Asian dust et of wastewater treatment
plants (WWTPSs) are directly emitting effluents to major rivers and/or coastal zones in
Korea. In recent yearshe PTS and persistent organic pollutants (POPs) have been of
great concern in coastal regions of Korea. Under the Stockholm Convention, the Korean
government has performed the POPs monitoring for multimedia such as air, water, soil,
sediment and biotadm terrestrial and coastal regiod%is report aims to investigate
the contamination status and trends of PTS and POPs in South Korea and to assess their
ecological effect in marine and coastal waters based on nationwide monitoring program
of South Korea.

Japan arch separates central NOWPAP region from Okhotsk, Philippines and
Pacific oceans. Majority of Japan with 377,914°Kiand area and 126.5 millions
population is within NOWPAP region, though nearly three quarters of population live
facing to the Peaific or Philippines Sea rather than the central NOWPAP area. Japan is
composed of more than 6,800 islands, with five major islands (Hokkaido, Honshu,
Shikoku, Kyushu and Okinawa) on which almost all people live. 61% of the land area is
categorized as numtains (with altitude more than 300 m), and majority of population
lives in alluvial plains developed along the downstream of rivers nearby the coast.
Many of the rivers are rather short with steep gradient. Annual precipitation is 1,718
mm in averagec.a. twice of the world average, with considerable local and seasonal
variations. Precipitation is generally higher in rainy season (Baiu) in early Summer
(June to July) in many places except Hokkaido where Baiu is not present. On the other
hand, anothehigher precipitation is seen in Typhoon season (Autumn) in the sotithern
middle part of Japan, while precipitation as snow falls are rather evident in winter
season in nortwestern to northern Japan along the central NOWPAP region. The
climate of Japarnncludes suHropical, temperate and syiolar, and average monthly
temperatures span from 16.6 ~ 28.%n Naha, Okinawa t63.6 ~ 22.3A G Sapporo,
Hokkaido. It was reported that the average temperature in Japan has been increasing
1.15A @n the lastl00 years.

Among the top 20 large cities with total population of 35.6 millions, only 4, i.e.,
Sapporo (No.5, 1.9 millions), Fukuoka (No.8; 1.5 millions), Kitakyushu (No.14, 0.97
millions) and Niigata (No.16, 0.81 millions), are faced to central NOWPARewthe
rests are to Pacific or Philippines oceans. As a consequence, impact of industrial
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activities tends to be generally stronger along Pacific/Philippines Sea than along central
NOWPAP region. Agriculture and stock farming, both of which need laeiph are

rather active in the region along the central NOWPAP. For example, top three of the
rice production prefectures, i.e., Niigata, Hokkaido and Akita, face to the area. Total
coastline of Japan is reported to be 33,889 km with many differerddapes with rich
species variations from tropical to sub arctic. Coastal environment plays a fundamental
role as a nursery to keep diversity of marine ecosystems, and has been supporting human
activities such as fisheries, aquacultures and marine leiséitepresent no oil/coal
production nor other mining activities are conducted in the area. Transportation of raw
materials, fuels and products by ships, on the other hand, is another impspacito

support human society and economic activity, andelandustrial plant complexes,

ports and power stations as well as large petroleum reserves have been constructed along
the coastlines. All the 15 large scale petroleum processing plants have been constructed
along the coastlines of bays faced to Philipgisea or Seto Inlarg@ka There are many
smaltsized complexes or individual factories located in each prefecture, mainly along
the coastline, including those in the central NOWPAP. Among 17 nuclear power plant
stations, 9 are faced to central NOWPAPAN the other hand, large part of oil/coal
power plants are located nearby densely populated areas, such as Tokyo, Osaka and
Nagoya, along the Pacific/Philippines Sea sides. Ministry of Land, Infrustructure,
Transport and Tourism Japan recently reorganisgzanese ports system and identified

23 specially designated major ports to play as a hub in the international trades. Among
the 23 ports, 5, i.e., Niigata, Fushikoyama, Fukuoka, Kitakyushu and Shimonoseki,

are faced to or nearby the central NOWPABiae and are supporting large scale
transport of raw materials as well as variety of industrial / agricultural products between
the countries.
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2. General characteristics of PTS

The term PTS (Persistent Toxic Substances) represents the chemical substances
with persistent and toxic properties. T@onymswith similar meanings include POPs
(Persistent Organic Pollutants) and PBT (Persistent, Bioaccumulative and Toxic
substances).

The term POPs has been used under the Stockholm Convention, and alsbainder
Aarhus Protocol on Persistent Organic Pollutants in United Nations Economic
Commission for Europe (UN ECEROPs possess toxic properties, resist degradation,
tend to bebioaccumulatd, and are transported, through air, water and migratory species,
aaoss international boundaries and deposited far from their place of release, where they
areaccumulatd in terrestrial and aquatic ecosystems. Even very low exposure to POPs
may induce cancer, damage central and peripheral nervous system, cause immunity
system diseases and procreation disruption, and disturb the normal growth of i$ants.

a result, an international legal binding, the Stockholm Convention, was established to
protect human and the environment from POPs. The list of POPs under the Stockholm
Convention originally included 12 chemical substances (or groups), i.e., dioxins, furans,
PCBs, HCB, DDTsc¢hlordane heptachlor, aldrin, dieldrin, endrin, toxaphene and mirex.
The list is extended further by the addition of 11 more chemicals (or grmahsjing
Te/PeBDEs (tetrdpentabromodiphenylethers), Hx/HpBDEs (hexa
/heptabromodiphenylethers), HBBs (hexabromobiphenyls), chlordecone, PeCB
(pentachlorobenzene), PFOS (perfluorooctane sulfonate) and its salts and PFOSF
(perfluorooctane sulfonyl fluorg), lindane ¢ HCH), a-HCH, b-HCH, endosulfan and
HBCD (hexabromocyclododecane) as of COR 2013.

The term PBT was used by US EPA for the control of priority chemicals from late
199(s. The list of PBT Class | (top prity substances) included l12ibstances or
groups, i.e., PCBs, dioxins/furans, HCB, dieldrin/aldrin, DDTs, chlordane, toxaphene,
mireX, benzo(a)pyrene (BaP), octachlorostyrene, mercury and alkyllead.

PTS, on the other hand, was used under the GEF/UNEP Chemicals programme of
fiRegiondly based assessment of persistent toxic substai2@802003) to represent a
group of chemicals to beontrolledwith high priority, including 12 original POPs + 10
among 11 new POPs (except PFOS; Te/PeBDE and Hx/HpBDE were jointly defined as
PBDE (polyorominated diphenyl ethers), aad/b-/gdHCH were combined into HCHSs)

+ PAHs (polycyclic aromatic hydrocarbons), chlorinated paraffins, atrazine, PCP
(pentachlorophenol), organotins, organomercuries, organoleads, phthalates, octylphenols
and nonylphenols.

As summarized above, thaefinition of original PTS includes almost all POPs
(both original and newly added POPs) and PBT (except inorganic mercury and
octachlorostyrene). Here we will follow this original view of PTS, and will include all
the previousPTS, PBT and POPs (original and newly added ones). Furthermore, those
being reviewed under the POPs Review Committee (POPRC) as candidates of further
additional POPs, i.e.,shortchain chlorinated paraffins (SCCPsPCP, PCN
(polychloronaphthalene), HCBD(hexachlorobutadiene) and the newly proposed

1€



candidate chemical, dicofare also included. Otheaewly proposed chemical in 2013,
commercial decabrominated diphenyl ether, will be treated as PBDE together with
commercial tetraand octabrominated diphgnethers in this report. In addition, some
other chemical substances with persistence and known toxicities, like perfluoroalkyl
carboxylates, such as PFOA and PFNA, and other current use pesticides with potential
to be transported for long range (seeidaection), will be included within the scope of

the present report. The target chemical substances are summarized in Figurag 2
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Theinformation on theurposes angroduction mechanisms as well as the loagge
transport potentialof PTS will be indispensablefor thar efficient elimination /
management. From the former standpoint, PTS may be caedjinto bioactive
chemicals (agricultural chemicals, pharmaceuticals etc., being developed to utilize their
biological activities for controlling pests, weeds, bactedtr.) industrial products
(insulating oils, plastic additives etc., being developed primarily to usedheimical
properties (stabilityetc)), and unintentionally produced chemicals. From the latter
standpoint, on the other hand, PTS will be sepdrat global, regional or national/local
pollutants based primarily on their chemical properties related to therdogg
transport through either air or water. In the latter standpabmt,the other hand
transboundary transport of chemicals through &unactivity, particularly those in
commercial products and wastes (such as flame retardants in TV cases), is another
important issues to be considerddiere the target of chemicals will be briefly explained
based on the former criteria, i.e., (1) agrictdd chemicals and pharmaceuticals and
personal care products (PPCPs), (2) industrial chemicals, and (3) unintentional products,
followed by thebrief explanation of their long range transport properties, which will be
discussedurtherin relation to modedevelopment and regional transport in section 3.3.
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2.1. Persistent Toxic SubstancédsAgricultural chemicals
2.1.1Agricultural chemicals related to Stockholm Convention

The agricultural chemicalsonsidered in this report include those that are ddfin
by the Stockholm Convention, as well as others that have drawn attention due to their
properties as well as théirgh volume ofproduction /use and their regular detection in
the environmentBecause of low persistence of organophosphorous pestigdes),
most of studies on pesticides in environment and human have been focused on the
organochlorine pesticides (OCPs), whibhve strong bonds between chlorine and
carbon componentsThese chemicals are easily accumulated in fat tissoeshighly
insoluble in water. The widest application fQCPsis as an insecticideOCPscanbe
releasd into the environment via direct application, contaminated waste disposal,
incinerator emissions or runoff.the major exposure source of OCPs to human and
wildlife could be diet.

The pesticidesoriginally defined by the Stockholm Conventiomere aldrin,
chlordane, DDT, dieldrin, toxaphene, mirex, endrin, heptachlor and, l4@8& those
added later include chlordecomentachlorobenzene (PeCBhdane (+HCH), a-HCH,
b-HCH, and endosulfanMajority of these chemicals were produceshd used
intentionally as agrochemicaldut are also used for vector control, pest control of
human or pets, etc HCB and PeCB, on the other handere synthesized also for
industrial purpose (for manufacturing organochlorine (OC) chemicals, including
solvents and otheagricultural chemicals like PCNB (pentachloronitrobenzénei
addition, HCB and PeCB have unintentional production sourcesie ®C agricultural
chemicals, including mirex, were also used for flameetardants while the
fluorosurfactant, PFOS, includes usage to controtdeétfng ants. It should be pointed
out that some of pesticides, such as chlordane and mirex, also ustinide or
parasitecontrol n or around houses / buildings and thus may have different exposure
route to human beings from ordinaagricultural chemicals. Other OC chemicals,
including pentachlorophenol (PCP) and chloronitrophene (CNP), have been produced
and used mainly as heruilgs. A brief description of each pesticide is given here.

Aldrin is an insecticide primarily used against soil and crop pests, such as corn
rootworm, wireworm, rice water weevil and grasshoppers. Aldrin is most commonly
used on corn, potato and cottolomsandalso used to protect wooden structures from
termites. Aldrinis readily convemrd to dieldrin in plants and animals and, therefore,
residues of this chemical are usually found in small amounts. Aldrin has low toxicity to
plants, but has adverse efts on aquatic invertebrates, particularly insects. Acute
exposure to aldrin has caused death in waterfowl, shorebirds, fish and humans. The
International Programme on Chemical Safety (IPCS) estimates the fatal dose for
humans to be five grams. The mostmonon human exposure pathway is via food,
particularly dairy products and meat.

Dieldrin is an insecticide used against termites, textile and agricultural pests, and

insect vectors of disease. The main crops treated with dieldrin include corn, cotton and
potato. The use of dieldrin as a vector control has been banned in some countries
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because of concerns related to the environment and human health. Dieldrin has low
toxicity to plants but high toxicity to insects, fish and aquatic animals (frog embryos, fo
example, have been noted to develop spinal deformities when exposed to dieldrin).
Toxic effects on birds and mammals vary. Dieldrin is suspected of negatively affecting
the immune response in humans. Humans are exposed to dieldrin through their food
(mainly dairy products and animal meats). It is important to note that because aldrin
easily converts to dieldrin in plants and animals, levels of dieldrin reflect total
concentrations of both chemicals.

Endrin is an insecticide used against pests of cottime, and corn. It has also
been used as a rodenticide to combat mice and voles. Many animals can metabolize
Endrin. Therefore, it does not accumulate as severely as some of the other persistent
organic pollutants. However, endrin is highly toxic to fiskl ather aquatic organisms.
Endrin is suspected of suppressing the human immune system. As with many of the
other POPs, humans are exposed to endrin through their diet, although intake levels are
usually noted to be very low.

HCB andPeCB are a member athlorobenzenes and have been used not only as
pesticides but also as intermediates for the production of other organochlorine
chemicals and also produced unintentionally as grbguct of producing other
organochlorine chemical(carbon tetrachloride, pehmlorethylene, trichloroethylene,
etc.) or industrial as well as combustigmrocesses includinghlor-alkali plants that
utilize graphite in their electrolytic cells, aluminium manufacture, pyrotechnic
production,municipal and industrial incineratordHCB and PeCBare among the most
volatile PTSand are transported for a long distance through the air to reach and deposite
in a coldregion, such aarctic regionor high mountainsand produce pollution isuch
a remote aredistant from their sources

HCB was first manufactured in 1945 for using as a seed treatment, especially for
control of bunt wheat. By the mid 1980s most nations had ceased its manufacture. HCB
has been detected in emissions of a variety of industrial procassksten appears as
a contaminant in chlorinated pesticides (including pentachlorophenol,
pentachloronitrobenzene dicloram, chlorothaloril, picloram, simazine, and atrazine).
Other documented uses include as a raw material for synthetic rubber, a PVC
plasticizer, a rubbgpeptzing agent in the production of nitresand styrenerubbers,
and a chemical intermediate in dyes, and wood preservaiGubstantial portion of
HCB measured in thgresentatmosphere is thought to come from volatilisation of "old"
HCB on the soil frompast agricultural use and contaminati@ailey 2001). Only a
small fraction of the HCB generated as apgogduct may be released depending on the
process technology and waslisposal practices employed. For example, according to
the US Toxic Chemical Re&se Inventory (TRI), releases of HCB from the ten largest
processing facilities in North America we@et6 t, most of this to air, compared with
almost 542 t transferred offsite as waste for treatment in regulated facilities.

Chlordane is a mixture of various isomers withdifferent number ofchlorines

and was aroadspectrum agricultural insecticide used on crops, such as vegetables,
grains, maize, potatoes, sugarcane, fruits, nuts, cotton and jwt@s lalso used to
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combat termites. Chlordane canll kaquatic invertebrates, fish and birds. Bio
concentration, rather than bioaccumulation, seems to be the process of greatest concern.
Chlordane is suspected of damaging the human immune system and is listed as a
possible human carcinogen. The most comimaman exposure pathway is through the

air, particularly from indoor environments.

Heptachlor is also a mixture of isomers and was usedragsecticide to combat
soil and crop pests (particularly of cotton), termites, grasshoppers, fire ants, and
mosqutoes (to control malaria). Heptachlor is metabolized to heptachlor epoxide,
which has a similar toxicity level to heptachlor. Heptachlor is toxic to wildlife even at
low concentrations. In birds, exposure to the chemical has induced behavioral changes,
reduced reproductive success, and mortality. Heptachlor is listed as a possible human
carcinogen. The main exposure pathway for humans is thifooghparticularlymeat.
Major isomers of heptachlor are also included in technical chlordane, and total
heptactor / total chlordane ratios of heptachkprayed areas are sometimes
significantly higher than those sprayed with only chlordane.

DDT was broadly used during World War Il to control insectsaifly
mosquitoes) that spread diseases such as malaria,edéngr and typhus. After the
War, DDT was also used on agricultural crops such as cotton. DDT is still used in many
countriesin tropical regionto control insect vectors that carry disease. Concerns about
the serious environmental effects of DDT, pafacly on birds, resulted in many
countries banning or severely restricting its use in the 1970s. DDT's breakdown
products include DDD/TDE and DDE, each of which possesses its own toxic
characteristics. DDT is highly toxic to fish, causing severe behawdbaaiges and death.
Acute toxicity of DDT in birds has been observed to affect reproductive success (for
example, it causes eggshell thinning in birds of prey). The-termg chronic health
effects of DDT on humans include immune system depression amuberdike
alterations during reproductive developmddDT and its metabolite DDE are listed as
possible human carcinogens, particularly as regards hormonal cancers, such as breast
cancer. Humans are mainly exposed to DDT through their food; in fact D®bHden
detected in food and breast milk all over the world.

Mirex is an insecticide used against fire ants, western harvester ants and yellow
jacket wasps in the United States, leaf cutter ants in South America, harvester termites
in South Africa, mealypugs in Hawaii andtermitecontrol in China Mirex is also used
as a fire retardant in plastics, rubber, paint, paper and electrical goods. Mirex is one of
the most stable and persistent POPs. The chemical is toxic to plants (affecting their
development ad growth), aquatic organisms (crustaceans are the most sensitive), fish
(affecting their behavior) and birds. Mirex is listed as a possible human carcinogen.
Humans are exposed to mirex through their diets, particularly meat, fish and wild game,
althoughintake levels are generally below residue tolerances.

Toxapheneis an insecticide used to protect cotton, cereal grains, fruits, nuts and
vegetablesand also used to combat the ticks and mites that are parasitic to livestock.
Toxaphengemade upat least670 chenmtals,is nortoxic to plants, highly toxic to fish
and has been noted to cause reproductive disoirdéisds. Toxaphene has been listed
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as a possible human carcinogen. Humans are exposed to the chemical through their
diets, but levels detected food are usually very low.

In 2009, three corepers (FHCH, b-HCH and 2-HCH or lindane) of
hexachlorocyclohexanes (HCHswere designated asew POPsunder Stockholm
Convention HCHs are insecticide, and have been produced in huge amounts in the
world, including 4 million tons of technical HCHs and 11,400stohg-HCH isomer in
China, and 287,000 tons of technical HCHs in JagaHCH is the active ingredient of
the mixture and has been produced and commercialized in some countries including
those in Europe. It is also used farabbyor rice control in humas as well as pets.
Technical HCH mixture, on the other hand, contam$ICH isomeras a major
component and was synthesized in other countries including Japan and &thit@H
is most volatile among the isomers, and known to be transported for longcdista
arctic region or high mountainghereit deposits and contaminatéise environment.

On the other hand)-HCH resists metalolism and tends to be accumulated in higher
levels in organisms than other isomers.

Chlordecone is an organochlorine pesti@d structurally very similar to mirex
(two chlorines are replaced with ketone in chlordecone), and has been used mainly for
agricultural insecticide, miticide and fungicide. It's use started in 1958 for variety of
purposes, including insecticides to cohtibanana root borer, Colorado poteto beetle,
potato and tabaco wireworm, as well as larvicide of fly and fungicide against apple scab
and powdery mildew. It's production reached to 1,600 t (total betweeni 19%23) in
US and majority of chlordecone as livas its derivative, Kelvan, were exported to
Europe, Asia, Latin America and Africa Chlordecone was listed in Annex A of the
Stockholm Convention at its 4th COP in 2009KNEP/POPS/POPRC.3/20/Add.10
fiRevised risk profile on chlordecod)e

Endosulfan is another organochlorine insecticide, composed from two isomers
(a-, andb-) (UNEP/POPS/POPRC.5/10/AddiRisk profile on endoslfas). It has been
sold from mid 1950's in 60 countries in the world, and has lnsed for variety of
crops, including soy, cotton, rice, tea, vegetables, fruit, nuts, berries, grapes, 88, |
it was registered in 2006 as veteriy insecticide to control ectoparacites of beef and
lactating cattle as a ear tag. Its annual production reached to 10,000 t in 1980. In recent
years India was the largest production country (9,900 t/a during20®7; more than
4,000t was exported in 2007) followed by Germany (c.a. 4,000t/a), China (2,400 t),
Israel, Brazil and Korea. Endosulfn was listed in Annex A of the Stockholm Convention
at its 5th COP in 2011.

2.1.2 Other agricultural chemicals includjrourrent use pesticides
There is information concerningarctic pollution caused by the current use
pesticidesthrough their long range transpor{Hoferkamp et al., 2010) The list

includes chlorothalonil, chlorpyrifos, dacthal, diazinon, dicofol, megkhlor,
pentachloronitrobenzene (PCNB), trifluralin, PCP and Lindane.
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Chlorothalonil is a polychlorinated aromatic compound first produced in 1966 in
US. It has been used as fungicibactericideand mildewcide for peanuts, potatoes,
tomatoand golfcourses, and its annual usage in US averaged 6,800 t (US EPA, 1999:
EPA 738R-99-0 0 4 Reregistration Eligibility Decision (RED) Ch 1l or ot).hal oni |
Dacthal, or dimethyl tetrachloroterephthalate, is a herbicide developed by American
Vanguard. HCB and 2,3&TCDD were detected as impurities in dacthal by US EPA,
and the registrant subsequently altered their manufacturing process to reduce their
contamination EPA 738 R-98-005, Reregistratiorkligibility Decision(RED) DCPA).

Chlorpyrifos is an organophosplte insecticide with three chlorine atoms on the
pyridine ring. It was introduced commercially in1965. In the organism, it is
metabolizedby mixedfunction oxidases in the liver, and becomes highly reactive
chlorpyrifos oxon by oxidative desulfurization. This onion form binds with
acetylcholineesterasestrongly and inhibits its activity.Ilts annual use was estimated
around 2,200i 3,200 t for agricultural, and 680 1,040 t for industrial purposes,
respectively, in US (EPA 1982). Currently China ipared to become the largest
production base of Chlorpyrifos in the world with total production capability exceeding
100,000 t (AgroNews 2012). Diazinon is another organophosphate insecticide
developed in 1952. 4,670 t of diazinon was produced in UR%® IASTDR 1990
fiDiazinorp). It was once used broadly in ragricultural indoor and outdoor uses.
However, recently the use was limited to agricultural use in US, and its use is expected
to decrease gradually.

Dicofol is an organochlorine pesticide,rppeularly for controlling mites, which is
produced by the chlorination followed by hydrolysis of DDT. Like in the case of DDT,
dicofol has two major isomers, p,nd o,pisomer. Annual domestic agricultural use
of dicofol was reported to be 390 tWs (between 19896; US EPA 1998). Due to the
presence of unreacted DDT and other derivatives in the final product, a Dicofol Specific
Review was initiated in 1984, which concluded that dicofmitaining use will be
cancelled in US if the impurity leveksxceed 0.1 % by July 1, 198Use of DDT as
intermediate for dicofol production was first registered as the specific exemption of the
production and use of DDT under Stockholm Convention. As at 17 May #0€@,
were no Parties registered for the spie@xemptionsfor this purpose.n accordance
wih Article 4 of theConvention, no new registrations may be made with respect to such
exemptions Dicofol is nominated as a candidate adlditional POPs under the
Convention in 2013. Another organochlorinesecticide, methoxychlor, has
structurely similar to DDT with two hydroxyl groups on the benzene rings instead of
chlorine atoms. It was used to protect crops, livestock and pets against fleas,
mosquitoes and other insects. In 1975, 2,500 t of methoxysfal® produced in US, but
the level became an order of magnitude lower in late 1980's. It has shown to have acute
toxicity as well as endocrine disruptive activities, and US EPA decided that
methoxychlor is not eligible for reregistration2004

PCNB is a fungicide produced from nitrobenzene or PeCB. It is used to control
diseases on vegetables, field crops, turf, seeds etc. EPA estimated usage of PCNB in
US around 350 450 t/a, mainly for cottons, potatos and turf$rifluralin is an
organofluorinechemical with trifluoromethyl moiety on dinitdd,N-dipropylaniline
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moiety. It is produced in US, Italy, Australia, Brazil etc. with total amount of 20,000
25,000 t/a . Trifluralin was banned in 2009 in EU (UNECHBIPROGmbH, 2010).

PCP has beemsed as herbicides and other agrochemical purpdkesdentified
main sources into the environment are: treatment of wood (sapstain control agent),
impregnation of heawguty textiles and fibres (fungicide), use and disposal of treated
wood and textiles(including imported goods), contaminated sites (former PCP
production and wood preservation plants) and treatment of contaminated soil and
groundwater, natural sources or burning procesB€$ is nominated as additional
POPs under the Stockholm Conventiand is being reviewed by POPs Review
Committee.

2.1.3 PPCPs or other biologically active chemicals of concern (Boxall et al., 2012)

Potential environmental impacts of antibiotics (such as triclosan), or
pharmaceutical compounds used in house as wgeih goultry industries have been
attracted attention in recent decade. These chemicals are frequently termed as PPCPs
(pharmaceuticals and personal care products) together with musks in detergents, UV
protection chemicals for ststreens, parabens foregervatives, etc. These chemicals
are frequentlydetectedin effluents from sewage treatment plants (or waste water
treatment plants; WWTPSs) and balids used for fertilizers

Triclosan is an organochlorine chemical with antimicrobial activity, andbesen
used for various purposes including hawdps, toothpaste, etc. Triclosan is known to
produce nofTEF type dioxins (2,99CDD, 2,3,#TrCDD, 1,2,8TriCDD and 1,2,3,8
TCDD) by photochemical reactioms the environment. Other chemicals of concern
the effluents of WWTPs, though rather categolized as industrial chemirelisge
benzophenone3 and4-methylbenzylidene camphor(UV filters) (TovarSanchez, A.,
et al. 2013)synthetic musks(Nakata, H., et al., 2012 / Zhang X., et al., 20@&jficial
sweeteners (such asacralosg, cyclosiloxanesnano-particles and other polar organic
chemicals including.AS (Johnson, A.C., et al., 2008).

2.2.Persistent Toxic SubstancesIndustrial Compounds

Variety of chemicals have been produced and usedddustries as well as in
commercial uses. Majority of industrial chemicals coned from the standpoint of
PTSare organohalogen compounds with either of the following properties / uses;

1) Stable liquids for heat transfer, insulatidnydraulic liquids,solvents;
PCB, HCB, PeCB, SCCherfluorinated alkyl ethersfc.

2) Flame retardant®?BDE, HxBB, chlorinated paraffins, HBCDecloran
plus

3) Stable surfactants or dispersants; PFOS and their salts, derivatives, PFOA
or other fluorosurfactantetc.

In addition, other chemicals without halogen atoms are also of concern;
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4) Other additives to plastics or other personal uses; plastisizers (including
phthalate diesters), UV adsorbers, antimicrobes (triclosan etc), musks; nano
particles

In this section we brieflysummarize information regarding industrial POPs
chemicals controlled under the Stockhdllmnvention including original, newly added
POPs, those currently being reviewed under the Convention, and other PTS chemicals.

PCBs are a family of 209 compounds cooged of attached benzene rings with
varying numbergfrom 1 to 10)and locations of chlorine atoms. They are resistant to
heat, noAlammable, have a low vapor pressure and a high dielectric constant. PCBs
were first manufactured in 1929 for industrial usemarily as heat exchange fluids and
as an insulating medium in electrical capacitors, transformers, hydraulic and heart
transfer systems. They have also been used in sealants used for weatherproofing, and in
carbonless copy paper, paint additives, adies and plastic@fter recognition of the
toxicity and ubiquitous presence in the environment, PCB praduetas banned in
many countries.HoweverPCBscontaining goods produced before the banluding
electrical transformers and capacitaase stii used in the world PCBs remain in the
environment for decades, where they are available for uptake and subsequent
bioaccumulation in organisms. PCBs are alsepipducts of incomplete combustion
and industrial processes. They include 13 compounds véxhblbit extremely toxic,
dioxin-like properties. PCBs are toxic to aquatic organisms and fish, and cause
reproductive failure, immune suppression in a varadtypther wildlife species. Acute
human exposure to PCBs can produce swelling of the eyelidseptgtion of the nails
and mucous membranes, fatigue, nausea and vomiting. Chronic exposure, including at
low levels, can cause alteration to liver enzymes, rashes, acne, developmental, mental
and behaioral problems, immune suppression, and possibly caSugdies of children
in the United States (Michige8tate) followed subsequent to exposure to PCBs while in
the womb (via placental transfer) and from breast milk, manifested deficits in
intellectual function, shoiterm memory loss, and hyperactivity darbehavoral
problems.Humans are exposed to PCBs through their diet. Fish and marine mammals,
because of their high fat content and elevated position in the food chain, are at risk of
PCB contamination. They also constitute a major dietary food for sdroegeal
peoples living in the Arctic. Vegetable oils and milk also constitute dietary pathways of
exposure.

HCB andPeCBwere explained in the previous section.

Polybrominated diphenyl ethers (PBDE)have been commercially used as three
technical mixtues: tetra or pentabromodiphenyl ether tefra/pentaBDE),
octabromodiphenyl ether (0eBDE), and decabromodiphenyl ether (d&faE). The
penta and octgproducts contain several BDE congeners, while the-gemduct is
composed almost entirely of deB®E. The former two were designatedtara/penta
BDE and hexa/heptBDE, respectively, under the Stockholm Convention. Thag a
big share amongrominated flame retardants (BFRanhdhave been widely used in
many products, such as television sets, cdserpu radios, textiles, new synthetic
building materials, and automobilefRecent major use of cPeBDE and cOBDE were
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polyurethane foam (998 % of cPeBDE production; 11B% weight loadings) and ABS
(acrylonitrile-butadienestyrene) polymers (95% of cOBO&oduction; 1218% weight
loadings), respectivelyCumulativeproduction of commercial PeBDE asdmmercial

OBDE were estimated to be 100,000 t and 180,000 t (latter based on rough estimated
figure of 6,000t/a times 30 yeard)yNEP/POPS/POPRC.2/1Add.1 ocTe/PeBDmB,
UNEP-POPSPOPRC.220-Add.6 0Risk profile on cOBDEB). CPeBDEwas produced

in Israel, Japan, US and EU, but has been phased out (Japan (1990), EU (1997), US
(significant new use rule in 2006)). Similarly the production of cOBDReatherlands
France, US, Japan, UK and Israel already ceased. A nemelyosedcandidate,
decabromediphenyl ether (DBDE), on the other hand, is still produced and used. 7,500

i 10,000 t/a of DBDE is sold in EU (2010; except those imported in articles or
preparatios), 25,000 50,000 t/a in US (in 2002, 2006), and its production in China
was estimated to be 30,000 t/a (2008NEP/POPS/POPRC.9DBDEQG). PBDE are

similar in behavior (Wdrophobic, lipophilic, thermal stable) to PCB. Growing
evidence suggests thBBDE are widespread global environmental pollutants and that
they are capable of biaccumulation in food chainSeveral studies have reported their
occurrence in a wide variety of environmental compartments, and in human tissues from
around the worldPBDEs

Hexabromobiphenyl is another brominated flame retardant (BFR). 6,000 t of
total PBB (Polybromobiphenyl) was produced during 187@76, and 88 % (c.a. 5,400
t) was thought to be hexabrominated formrifNEP/POPS/POPRC.2/17/Add.Risk
profile on heabromobiphenyl). HxBB was mainly used for ABS thermoplastics for
constructing business machine housings, industrial products (for example, motor
housing), and electrical products (such as TV, radios).

In addition to PBDE and HxBB, another BFRexabromocyclododecane
(HBCD), was decided to be listed in Annex A of the Convention at-6Q@i 2013.
HBCD is a mixture of several isomers wifHBCD as the dominant isomer (B3%).
It has been used for flame retardant of expanded (EPS) and extruded (XPS) polystyrene
foam insulation boards in the building and construction industry as major application.
HBCD levels in polystyrene foam boardsxgad from 0.7 % to 3.0 %. Another use
includes polymer dispersion on cotton, or cotton mixed with synthetic blends, in the
back coating of textiles where HBCD is present around in concentrations ranging
between 2.2 4.3 %. Global demand of HBCD was ogfed around 21,000 22,000
t/a (2002~2003). In US, the sum of manufactured and imported HBCD is between
4,540 to 22,900 t. Recent Japanese sum of manufactured and imported HBCD was
reported around 700 t in early 1990's, and recently is between 32004) to 2,700 t
(2008). In EU, total vilume of HBCD was estimated about 11,580 t in 2006. Various
toxicological and ecotoxicological data have been reported in the three groups of BFRs,
i.e., PBDE, HxBB and HBCD, including endocrine disruptive effedtar example,
HBCD is thought to be endocrine disruptors of both the hypothalpitwitary-thyroid
hormone axis and of sesteroid regulated processes in mammals.

Short-chain chlorinated paraffins (SCCPs)are part of a family of chemicals

referred to aschlorinated paraffins. Chlorinated paraffins are complex mixtures of
straight chain chlorinated hydrocarbon molecules with a range of chain lengths (short

27



C10-13,middleC14-17 and long C180) and degrees of chlorination (between Z0

% weight basis)These compounds were first produced as extreme pressure additives
around 1930. In 1985, the estimated world production of chlorinated paraffins was
y300000 tons (WHO 1996). SCCPs comprise the smallest fraction of the global
productionand have been used flubricants and coolants in metal cutting and metal
forming operations and as secondary plasticizers and flame retardants in.pldstics
widespead use of SCCPs potential sources of environmental contamination,
particularly to the aquatic environment. SCCPs may be released into the environment
from improperly disposed metalorking fluids containing SCCP or from polymers
containing SCCP%Available data support that SCCPs are not mutagenic, nor genotoxic,
and are of low toxicity with general neapecific toxicity following repeated exposure.

As SCCPs contain a huge number of isomers, however, further toxicological researches
will be needed to ssess itgotentialimpact on human beings and wildlife properly
(EuropearCommissionJoint Research Centre, 1999).

Dechlorane Plus (DP)is an organochlorine flameetardantdeveloped as a
replacement for mirex by mirex producer, OxyChem, in US and heas used for more
thanfour decades (Xian, Q. et al., 2011; Feo, M.L. et al., 2012). Annual production of
DP in the world was estimated around 5,000 t, among which 450 t was produced in US
and 300- 1,000 t in China. A company, Anpon, in China (locatké i Orerthwest
of Shanghai) alone has reach@dductioncapacity of 2,000 t per year in 2006. Like
other flame retardants, the percentage composition of DP in commercial polymers is
rather high (10i 35 % on weight basis). (Sverko, E., et al.,, 20QQdher flame
retardants with similar chemical structure include dechlorane 602, 603 and 604.

Per/polyfluorinated compounds (PFCs)or fluorosurfactants include per
polyfluorinated carbon chains with polar group, such as sulfonate, carboxylate,
phosphatephosphite or alcohol. Perfluorooctane sulfonate (PFOShasbeensold in
the market from 1956 in US. PFOS and its derivatives have beenruaedhriety of
industrial and commercial products, such as stain repellavegjon hydraulic oils
paper coings,fire fighting foams, antireflectannd photoresists for semiconductors,
matal plating, baits to control leafitting ants, etc. PFOA or other perfluoroalkyl
carboxylates have been used for dispersants for fluoropolymer production, surface
coatngs, paint mix, and mold releasgents. A global monitoring study in the early
2000s showed the widespread presence of perfluorooctanesulfonate (PFOS) and related
compounds in wildlife tissues as well as bioaccumulative properties of these
compounds. Txicological studies on PFOS and perfluorooctanoic acid (PFOA) showed
adverse effects on intercellular communication, membrane transport, and developmental
and neuroendocrine anomalies in laboratory animals.

PFOS has been produced in US for nearly hatfeatury by electrochemical
fluorination (ECF) process, which produces variety of branched isomers in addition to
linear PFOS. A primary product, containing only 30% of linear isomer, is partially
purified (to 70 % linear) and sold in the market. It waBmated that the global PFOSF
(precursor of PFOS) production was 13,670 tons in total until phasing out of 3M
production in 2003. In Japancampanyproduced PFOS by ECF between early 1880
until 2009. Recent annual production was estimated to b&0lt. In China, PFOS
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started to be produced in 2001, and the recent annual production is estimated to be
around 200 to 250 t/a.

PFOS is now controlled globally under the Stockholm Convention as listed in
Annex B, which, however, means that its producttand use continue for various
acceptable purposes and specific exemptioggstezed by the Parties. In US, a
stewardship program is ongoing to phase out the use of PFOlarayad perfluoroalkyl
carboxylic acids until 2015. Some countries, including U8 and Germany, set up
temporal criteria to start action on the drinking water levels of PFOS and PFOA.
Variety of their derivative have been synthesized and used in industries, while their
emission sources, environmental fates and behaviors are didl ttarified. Another
group of fluorochemicals, scalledfluorotelomeralcohols, such as 8:2 FTOH and 10:2
FTOH, have been used for surface treatment. They are more volatile than carboxylic or
sulfonic PFCs, transported lomgnge through theatmosphere and known to be
converted to PFOA or other perfluoroalkylcarboxylates in the environment.

Contrary to other industrial chemicals such as flame retardants, PFCs are not
fibulk chemicab, i.e.,usuallyincluded in the products far less than 1% in welufgis.
However, it should be pointed out that they have been used in many active and
advancedindustriesin East Asian countries, including electronic devices and car
production, textiles and leather industries, metal plating, other high quality materials
production, and medical sector or other sectors using such high quality / sophisticated
products. They show rather unique environmehtdiavios due to their high water
solubility, which, together with their extreme persistence, give them rather blghatf
contaminating water environment.

Organotins are a group of chemicals with different numbers (1 to 4) of alkyl or
aryl-group, including methyl, butyl and phenyl groups, attached t@®tigandins have
been extensively used for industrial and adtigcal purposes such as PVC stabilizers,
fungicides, insecticides, industrial catalysts and wood preservatvesng them,
tributyltin (TBT), its derivative (TBTO) and triphenyltimTPT) have been widely used
as antifouling pairgton fishing boats, largships and vessels, harbor structures, marine
platforms and aquaculture nefthe primary source of TBT is leaching from sea ship
hulls. Related activities that cause emissions of TBT are sea ship traffic, docking
activities and dumping of dredged materiatratched paints containing TBT or TPT
contaminate the local areas around the docks and harlmoesidition, sources include
industrial discharges from production/formulation of all organic tin compounds,
atmospheric deposition of organic tin compountiBT used for wood conservation
application, leaching, dumping of conserved wood as waste, antiseptic or disinfecting
use of TBT and disposal of harbor sediments contaminated with organic tin compounds
(OSPAR 2000).Considerable quantities of TBT were @ded into the marine
environment and as a consequence, widespread pollutions in marine environment
occurred. TBT pollution in the aquatic environment has been of global concern because
of its extreme toxicity and ecotoxicological hazards, and then restrioh its use has
been implemented in many developed countries in the mid to end 1980s. The
International Maritime Orgamation (IMO) has launched the Antifouling System (AFS)
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treaty in which TBTbased paint is completely banned from 2003 and no residue o
TBT is allowed on ship hulls from 2008

Considerable scientific efforts to synthesize informationv@rcury havebeen
conducted to support anothémternational legally binding instrument, Mamata
Conventionfor Mercury, established in autumn 201Global mercury emission to the
air from anthropogenic source is estimated to be 1960 tons in 2010, one third of which
comes fromartisanaland small scale gold mining (Global Mercury Assessment, UNEP
2013). al combustion is estimated itgput 475 tons émercury in 2010, the majority
of which is from power generation and industrial use. In regional scale, East and South
East Asia are estimated to account for 40% of the global anthropogenic emission
followed by South Asia (8%). There still remain consadide uncertainties as for these
emission estimates (for example, total emission estimates varied betyddénahd
4,070 tons in 2010). Also it should be pointed out that current anthropogenic source is
estimated to share only 30 % of the total emissaon, majority of the rest is thought to
be reemissions of previously released mercury. It is estimated that mercury levels in
surfacel00m of the ocean doubled in the last 100 years due to historical use of mercury.
Annual mercury emission to the glolajuatic environment is likely to be at least 1,000
tons.The contribution from the natural geological process is estimated to share 10 % of
the total. Chloralkali process to make chlorine gas and sodiwydroxide by the
electrolysis of brine as well as batty uses are among the most significant use of
mercury in the worldConcord East/West Sprl (2004)h Europe, 7,600 tons of liquid
mercury is currently used for 34 electrolysis plants in 15 countries, velciobuntfor
31% of total chlorine productionni Europe (in homepageof Euro Chlor
http://www.eurochlor.org/chlorinendustryissues/mercury.aspxA voluntary phasing
out program of mercury cell technology in European Chloroalkali industries until 2020
is now ongoing. In Japan, mercury cell processs phased out in 1986 and méjpr
of sodiumhydroxideis synthesized by ion exchange membrane metfde situation
is similar n Ching wheremercury cell process accounted for c.a. 10 % of all the
electrolysis plants in 1975, but was decreased toi@ ¥95 (Qi, et al. (2000))lt is
now reported to be phased auiChina(Manabe, 2011).

Methyl mercury, more toxic than inorganic mercunypay be volatized or emitted
into the air from combustion sources such as incinerators and power plants. Municipa
solid-waste incinerators and celalirning power plants are both substantial sources of
methyl mercuryfor mercury is a contaminant in coahile unintentional methylation
process may likely occur in incineratioAlthough inventories have estimated itgof
these constituents, estimates of associated methyl mercury formation have not been
made. Methyl mercury is also known to be produced by biological activity from
inorganic mercury, thougglobalsignificance of this latte route is not cleBor humas,
marine seafoods, particularly fishes and marine mammals of higher trophic levels, are
known to be major consumption roubé mercury, particularly methyl mercurand
sone countriesset fish consumptn advisories to reduce exposure levels and risks of
methyl mercuryIn Japan, Ministry of Health, Welfare and Lal@amounceddvisories
for pregnant women as for elimination of seafoffdshes and marine mammalsjth
higher levels of mercurgluring pregnancy stage
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Organo-lead, including alkyllead, wasnce used mainly as asinocking agents

in gasoline. Historically lead has been used for variety of purposes, including white
paints and face powders, antist paints for steels, solders, crystal glass production, etc.
Lead is known to have nervous takyc particularly for children, and its control has
been of concerns in many countries in the wollelad has four stable isotopes, and
isotope signaturebave been used as specific indicators to identify major exposure
sources, to conduct source appomm@mt, and to trace movement of lead in the
environment.

2.3. Persistent Toxic SubstancdsUnintentional By-Products

Some of the PTSs are both intentional and unintentional production sources while
others, notably dioxins and furans, have only unimeal sources. Unintentional
sources include either the production of other chemicals or combustion/high
temperature processes.

Polychlorinated dibenzoep-dioxins and dibenzofurans (PCDDs/Fs) are
ubiquitous contaminants in environmental media and hunfR@8®D/Fs are mainly
generated by combustion process of solid waste incinerators and steel industgy. T
arealsoknown to be byproducts of synthesizing various chemicals, including 214,5
PCP, CNP productions and Chleatkali industries (Hites, R.A2011, Sakurai et al.
1998, Masunaga et al., 200Detailed studies have been conducted to clarify the
production mechanisms and to develop techniques to reduce their productions /
emissions, and the relevant information as well as estimation methddsragrhissions
from different sources have been compiled under the Stockholm Convention.

PCDD/Fsare toxic to fish, causing behavioral changes and death (early life
stages are particularly sensitiv@hey have also been implicated in a diversity of
dewelopmental and digestive disorders in birds and other wildlifeumans, chloracne
is the most consistent health effect observed with exposure to dioxins. Other health
effects include fatigue, depression, personality changes and altered cellular and
hormone levels (which can include immune, enzyme, reproductive and developmental
disorders). The fetus (via the placenta) and bifessting infants are at higher risk of
thalamic, pituitary and thyroid regulatory system problems. ExposuRCD/Fsis
also hought to exacerbate endometriosis in women (a painful, chronic gynecological
disorder in which uterine tissues grow outside the uterus) and has been linked to
impaired glucose tolerance and diabetes. TI¥ 2,8-tetrachlorodibenzg@-dioxin (2, 3,

7, 8-TCDD) congener is classified as a human carcinogen and is a multisite carcinogen
in experimental animals, according to the World Health Organization's International
Agency for Research on Canc@ARC). The US EPA in its draft reassessment has
classified 23, 7, 8-TCDD as a hormonal carcinogen. Humans are exposed to dioxins
through their diet, namely the fatty portion of animal products. Furans, along with
dioxins, are common bgroducts of PCB manufacture, waste incinerators, and auto
emissiors. Furans hae many of the same toxiffects on the health of wildlife and
humans as do dioxins; however, tHRC of the World Health OrganizatiofWWHO)

notes that scientific evidence suggests that furans are not classifiable as to their
carcinogenicity to humans.umans are exposed to furans in their food, again, mainly
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through the fatty portion of animal products. The mechanisms of their toxicities have
been extensively studied in recent decades, including identification of their target
receptor, ARReceptor (AhR)and other genes / proteins involved in the process as well
as induced by the dioxins (Chopra & Schrenk, 2011, Yoshioka et al., 2011). AhR
induces cytochrome P450 1A1, one of a series of enzymes hydroxylating hydrophobic
xenochemicals to provide them aoclior adding hydrophilic moieties, like glucuronate

or sulfate, and to promote their excretion to the outside of the body. Dioxins themselves,
however, are not metabolized by CyP1A1, and the failure to eliminate this group of
chemicals may be related tioeir strong toxicity. Further research, however, is needed

to understand their toxicity mechanisms well.

There have been an increasing number of observations, which appears to indicate
that dioxins may have been present in the environment for consigdérager than the
onset of industrial activity{ashimotoet al, 1990 andlcock et al., 1998), and that they
may be formed through neamthropogenic activitiesDioxins were detected in a
sediment core around the ageBdahousand years, much earlier tithe industrial ages,
obtained from the bottom of Pacific Ocean (Hashimoto el@90. The researchers
believe this is consistent with the emission of trace quantities of PCDD/PCDF from
natural forest firesprior to the human activities These studies pvide a strong
indication that natural processes can form PCDD/PCDF. There is little doubt though,
that the vast majority of PCDD/PCDF is formed through anthropogenic activity.
Brominatedand mixed (chloro/bromp dioxins are also known to be produced bg t
incineration of wastes including, for example, organobromine compounds. In a real
incineration procedure, variety of dioxins with both chlorine and bromine substitutions
are expected to be produced, though limited data have been available in theditera
due to lack of available standards for the research of such a huge amount of complex
mixture of chemicals.

PCB, HCB and PeCB are known to be produced in high temperature processes
such as incineration. Their emissions to the environment depetiteancinerating
conditions, composition of materials to be incinerated,adosg¢ncgresence and type of
flue-gas treatment plants. Ministry of the Environment, Japan, has been conducting
extensivesurveyto quantitate total unintentional emission of P&l HCB as well as
dioxins/furans, and compiled the data. Based on their report, it spEmesallythat
unintentional production / emission of these three groups of chemicals show similar
trends with dioxins, and that BAT/BEP developed to decrease diexmssion will be
applicable to the decrease of PCB, HCB and PeCB. Differences in their
physicochemical properties, such as volatility, however, affect the efficiencies of filters
to remove emission of each chemical. See s¢stion2.1 and2.2 for thar intentional
production

Polycyclic aromatic hydrocarbons (PAHs)are most ubiquitousontaminants in
the environment.These compounds are generally molecules made agdobgenand
carbon atoms with two or more fused benzene rings in linear, angulatusier
arrangements. Two general types of PAH have been characterized as follows; (1) fused
ring compounds such as alkylated naphthalenes, phenanthrene, and benzo[a]pyrene and
(2) linkedring compounds such as biphenyls. Together, PAH comprise a horaslogu

32



series of fused aromatic ring compounds increasing enviroair@ntcern.PAHs and

their derivatives have attracted attention according to their potential health hazard to
human as well as wildlife?PAHs are of extreme ecotoxicological importance stheg

have been found to be responsible for such toxic effects as DNA adducts and
carcinogenesis. The investigationtbEsecompounds has been great scientific interest
because they are potentially carcinogenic, mutagenic, and teratogenic to aquatic
organsms. Not all PAH are potent carcinogens and mutagens, but some of them can
Initiate carcinogenesis and mutagenesis after metabolic activation.

Although PAHSs are included in oilspmbustion sources are thought to account
for over 90% of the environmentdlurden of PAHs. In particular, stationary point
sources account for around 90% of these inputs (Howsam and Jones 1998). Inputs to the
atmosphere are dominated by emissionscateal with residential heatifgoal, wood,
oil and gas burningand industrial processes (coke manufactuegc). Automobile
emission and wild fires are also sources to the atmospheric A¥dtscombustion
processes such as the production asel of creosote and cetalr, and the remediation
of sites cotaminated with these substascthough poorly quantified, are potentially
significant primary and secondary sources. Nations undergoing rapid industrialization
may well prove to be an increasingly significant source of PAH in global terms with the
increase in number of mobile and wsdrial source In marine environment, the
contamination sources of PAHs have tmain pathways,i.e. atmospheric deposition
from combustion process and oil spillage.

PAHSs with three or less number of aromatic rings are present mainly in gas phase
while those with five or more numbers are mainly garticle phase.A variety of
derivatives of PAHs are also known to be present, including methylated or other
alkylated PAds, nitroPAHSs, chlorePAHs aminaPAHs and oxy/hydroxyPAHs The
first group is foundn oils or other geological samplesd has been used as markers to
reveal underground thermal history after their formation as well as identifying their oil
production areas. They are also used as a charactenatker for oil combustion
process The ktter groups,particularly nitrePAHSs, areproduced in high temperature
processes, such asitomobileengines and they are used as markers to identify major
sources of airborne particles. Extensive researches have been conducted to utilize ratios
or presace / absence of specific PAHs as well as their isotgmatsires for diagnostic
purpose to identify major emission sources of PAHs in the environfagamples of
PAHSs source indicators and their diagmosatios are summarized in Talilel.
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Table2-1 PAHSs diagnostic ratios for the identification of emission sources (from Yan et al. (2005); Kumata et al. (2006); Tobiszewski

& Namiesnik (2012))

Diagnostic ratio for each source type

Pyrogenic/combustion
Indicators Marker Petrogenic Fossil fuel combustion Biomass | Non-combustion

Petroleum| Dieasel Coal combution| (Al smelter)
combustior] combustion|combustion]  (wood)

FLA / (FLA + PYR) petrogenic / petroleum burning /| _ 4 4, 0.40 - 0.50 >050 | >0.50

biomas or coal burning

ANT / (PHE + ANT) petrogenic vs pyrogenic <0.10 >0.10 >0.10 >0.10

BaA / ( BaA + CHY) petrogenic vs pyrogenic <0.20 > 0.35 > 0.35 > 0.35

BaP / (BaP + BeP) fresh (0.5) vs aged (< 0.5) patrticles

RET / (RET + CHY) wood burning ? 0.15-0.50 0.30 - 0.45| 0.83, 0.96

lcdP / (IcdP + BghiP) petrogenic / petroleum buming /| - _ 5 0.20 - 0.50 >050 | >0.50

biomas or coal burning

2meNP / PHE fossil fuel vs combustion 2.0-6.0 <1.0

1,7-dmPHE / (1,7- + 2,6-dmPHJfossil fuel s biomass combustion ? 0.4 0.65 - 0.68 0.9

SmePHE / PHE petroleum vs diesel combustion <1.0 >1.0

BbF / BKF 25-29

BaP / BghiP traffic (> 0.6) vs non-traffic (< 0.6) emission

SLMW / SHMW petrogenic vs pyrogenic >1.0 <1.0

pPAHs / (p + C1)PAHs petrogenic vs pyrogenic <0.50 > 0.50

nPAHs/pPAHs Combustion temp (ratios are higher in higher temp combustion)

4o 2o fossil fuel vs biomass <10"° 102 |

FLA: Fluoranthene BaP: Benzo(a)pyrene 1,7dmPHE: 1,7-dimethylphenanthrene BbF: Benzo(b)fluoranthene

PYR: Pyrene BeP: Benzo(e)pyrene 2,6dmPHE: 2,6-dimethylphenanthrene BkF: Benzo(k)fluoranthene

ANT: Anthracene

PHE: Phenanthrene

BaA: Benzo(a )anthracene
CHY: Chrycene

RET: Retene

IcdP: Indeno(123-cd)pyrene
BghiP: Benzo(ghi)perylene
2meNP: 2-methylnaphthalene

SmePHE: total methylated phenanthrenes
SLMW: sum of low molecular weight PAHs
SHMW: sum of high molecular weight PAHs
pPAHSs: parent PAHs (no side chair

C1-PAHSs: Cl-alkyl PAHs
nPAHS: nitro-PAHs
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2.4. Regionaly Specific PTS

Information on the productioor usageof a particular chemical in theg®mn and
the compaisonwith its global productiomvill be useful b consider regional priority of
chemicals in PTS list in NOWPAP regiorfome of the data compiled in the homepage
of the Stockholm Convention on each chemical were compiled in the presaotisn.
Other information on thehistorical, presentusage or sales of seted persistent
pesticidesin each NOWPAP country were found in National Implementation Plan
(NIP) of several countries under the Stockholm Convention, and also published in
scientific literatures, such a¥oldner and Li (1993, 1995lobal toxaphene, DDTg
HCH & HCHy), Li et al. (1996, 19971999; global technical HCHs aiad, b-, gHCH),
Li & Macdonald (2005; global HCHSs), Li et al. (2001; HCH in China, 2004; HCHSs in
former Soviet Union), Li et al. (1999; DDT in China, 2006; DDT in former Soviet
Union), Barrie et al. (1997)Breivik et al. (2002; global PGRB53), Jia et al. (2009;
endosulfan in China). Emission estimate of PFOS and other PFCs have been published
by Murakami et al (2008; Japan), Murakami & Takizawa (2010; Japan and global
estimate), Kim etl. (2011; Korea), Kim (2012; Korea), Lim et al. (2011; PFOS in
China), Zhang et al. (2012; PFOS in China), and Xie et al. (2013; PFOS in China).
Several reviews are published on BFRs, including Tanabe (2008; PBDE and HBCD in
Japan), Ma et al. (2012; PBDiE China), Chen et al. (2012; PBDE in China). Recently
Wang et al. publishe@ review article on the inventory of POPs in China (Front.
Environ. Sci. Engin. 2012, 6(1)i 26).

Table 21. Global cumulative usage of selected pesticides for various peffitidse
(Barrie et al. 1997)

Pesticides Usage (tonnes) | Period Source
DDT 1500000 1948-1993 Voldner and L1 1995
Technical HCH 550000 1948-1993 Voldner and L1 1995
Technical lindane | 720000 1948-1993 Voldner and L1 1995
Toxaphene 450000 1948-1993 Voldner and L1 1993
Technical HCH 40000 1980 Lietal 1996
29000 1990
Technical lindane | 5900 1980 Lietal. 1996
4000 1990
a-HCH 28000 1980 Lietal 1996
20400 1990
v-HCH 11900 1980 Lietal. 1996
8400 1990
Interpolated
DDT 2600000 1950-1993 Voldner and L1 1995
990000 1970-1993
Toxaphene 1330000 1950-1993 Voldner and Li 1993
670000 1970-1993
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Table 22. Current use pesticides and th@imduction(Hoferkamp et al., 201 ®ther3

chlorothalonil 50007300 t/year in US

chlorpyrifos 3600500Qor 29064200)t/year in US
dacthal 200 t/year in US

diazinon 1820:3200(or 4670)t/year in US
dicofol 5500 t/year globally 390 t/a in US
methoxychlor 193-2500 t/year in US
pentachloronitrobenzene (PCNB)350-450 t./year in US

trifluralin 870010500 t/year in U$2000625000 t/y in the
world)

PCP 850050000 t/year in US

(Lindane 3220 t/year globally

While the production of legacy POPs and other OCPs have been decreasing /
ceasing in recent decades in US / Europe, sontieeafhemicals production have been
moving to Asia. Br example China is now reported to be the largest production base
of Chlorpyrifos, an organophosphate insecticide with chlorine atoms. Other major
pesticides of high exporting value produced in China include glyphosate, imidacloprid,
paraquat, atrazine and ZX (AgrNews, 2012). China is also known as the biggest
production country of chlorinated paraffins, and also PFOS.

PFOS seems to be an interesting example of PTS of regional concern in
NOWPAP. Majority of PFOS had been produced in US and Europe ungl 2@fler
phasing out of its production, global demand of PFOS is now supplied by China. PFOS
has been used in many advanced industries, including electronic devices production and
high quality textileproduction which have been developing and are vextyva in East
Asian countries. This may be at least part of the reason why PFOS emission inventories
or its environmental levels in East Asiaountriesare among higher groups in the
world. PFOS is also known to be highly soluble in water, and is utdgsieow distinct
environmental behavior argtrongpotential to contaminate water environment. There
are also a series of perfluorochemicals wdifferent structures which have been
produced and used for similar purposes. They are frequently usedvasivks rather
than free chemicals, and analysis of their total levels (including derivatives) needs
further research. Further research will also be needed to assess their health and / or
environmental effects as a whole.

Another group of chemicals gbtentialconcerninclude unintentionally produced
chemicals, particularly as fyroducts during the synthesis of other chemicBlgxins,
for example, were produced in the synthetic process of several OC chemicals or chloro
alkali process as stated alovRecently several incidences of unintentional PCB or
other organochlorine production have been reported, inclutitection of unreacted
DDT in dicofol Qiu et al., 2005), unintentionally produced PCB and HCB in
chlorinated paraffins (Takasuga et a012), and PCB contamination in several
pigments and silicone glue (Anezaki & Nakano, 2013). Easa& A8 now major
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producers and users of various halogenated chemicals, and potential impacts of their
impurities, in addition to the chemicals themselvegdfurther attention and research.

The western coasif the northern part of NOWPA$eas can be divided into four
regions according to the pollution loads: (1) Amur Lagoon, (2) northern region, (3)
central region, and (4) southern region of Primorskyi.KWéater composition in the
Amur lagoon is influenced to a great extent by the Amur River. In the lagoon waters,
there is a high concentration of detergents, petroleum hydrocarbons and heavy metals.

In recent years, the development of oil industry in téreitory of the Northern
Sakhalin and its shelf has caused serious concerns regarding the state of marine
ecosystems. Crude oil and petroleum are the main emergent substances in this region.
Southerawestern coastal waters of Sakhalin are the activepsigparea with polluted
by diesel waste, heavy metals and detergents.

In the northern region from the Zolotoy Cape to Povorotny Capéhe major
sources of pollution to coastal waters aremieing and orechemical production. The
largest operationsra located near Rudnaya and Zerkalnaya Bays. Pollutions include
large quarnties of heavy metals (Pb, Zahd As, as well as other chemicals in dissolved
and suspended forms.

In the southern regionPeter the Great Baly large volumes of wastewater get
into marine environment untreated. Sewages contain many domestic and industrial
pollutants, including pesticides. Razdolnaya River entering the Bay brings various
pesticides coming from agricultural regions of Primorsky krai. Detectable
concentrations of DT, HCH and PCB were revealed in bottom sediments of estuaries
of several rivers running into the Bay.

In the southeriwestern region in the Tumen River mouth the detectable level of
DDT and HCH was recorded. The impact of the tailings discharged hetd@@men
River on the marine biota is considerable.

Another natural resources production area is Bohai Bay, which is located near the
southwestern edge of NOWPAP region. Bohai Bay is reported to be the largest oil and
gasproductionbase offshore in Gha. In Japan, a small scale oil production was once
conducted from Niigata to Akita prefectures, both of which faced to central NOWPAP
area, but stoped operation years ago. Maricultures are active within bays or Seto Inland
sea areas as well as Pacifides of northern Japan, while they are not so actively
conducted along NOWPAP area. Agricultural activities as well as industrial and other
activities from ordinary life may have potential sources of environmantecs to the
NOWPAP marine environment.

In summary, regionally specific PTS may be grouped in the following lists;
* Residues and other secondary emissions from legacy POPs, i.e., those produced in the

past and contaminated the terrestrial, coastal anghoffe environment. This group
includes PCB, DDT and other OCPs, and organic tins.
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* Current production or usage of chemicals in or nearby the region. Particularly those
produced or used relatively in large amounts, such as Chlorpyrifos or other current
use pesticides, chlorinated paraffinBFOS and other fluorinated chemicals,
brominated or chlorinated flame retardants, etc., may need further attention to
evaluate potential of their adverse effects to human life and environment properly.

* Unintentionary produced chemicals. Some are predue incineration or other high
temperature processes, such as dioxins and PAHSs, their derivative etc. Other
compounds as bgrudcts in the chemical production processes, on the other hand,
also need attention. Chlorinated aryl chemicasch as PCB dners and
polychlorinated benzene®nd to be produced in various processes.

* Large oil and gas production activity in the nedastern and soutiestern edges of
NOWPAP region. These facilities may have a potential to cause large pollution in /
arourd the area with chemicals including PAHSs.

In addition to the production amounts in NOWPAP region, dcagge transport

potential of chemicals should be taken into consideration for selecting regionally
specific PTS. This aspect will be discussed furthesection 3.3.1.
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3. Characteristics of PTS sources, transport and ecotoxicological effects in
the NOWPAP region (by the published data)

3.1. General information on PTS sources

PTS chemicals may be categorized into intentional and unintentmmes.
Lifecycle of an intentional chemical includes its production, storage, transport to its
usage sites, usage, and waste treatment process (dumping, incineration, recycling, etc.).
Environmental emission may occur in each step. Unintentional onése otherhand,
may be emitted into the environment at the time of production, or may be included in
another intentional product and will contaminate the environment / human beings when
the product is used.

10 intentional ones among the original 12 BCie sometimes callgidegacy
POP® due to the fact that majority of their production occurred in the past and stop
now, and their past production and usage cause present contamination in the global
environment / human beings. Among the new 11 POPsrsadtked to the Annexes,
Lindane ¢+HCH), a-HCH, b-HCH and chlordecone are also in the category of legacy
POPs while the other 7, including four brominated flame retardants, HxBB, Te/PeBDEs,
Hx/HpBDEs, HBCD, an organochlorine pesticide, endosulfan, and a fluorosurfactant,
PFOS (includingts salts and PFOSF), have been used until recently, or even now. In
the latter chemicals, except for the agrochersjoaission from the production and
usage may play major roles in the environmental emission of the chemicals, while the
secondary emissiofrom the contaminated soils, coastal sediments etc. as well as those
already in the environment and moving around the globe are of primary concerns in the
rest of POPs, i.efi | e gP®Bsy Another significant difference exists between the
agrochemicalsor other bioactive chemicals, which are intentionally used in open
environment, and industrial chemicals, which tend to be used in closed condition or
working / indoor environment or in commercial goods for personal uses. Industrial
chemicals tend to hawoint sources, such as factories, waste dumping sites etc., though
some recent ®Ps, such as PFOBave been used in many different purposes, including
personal goods, and thusay have diffusive or nepoint sourcestoo. Brominated
flame retardants aranother group of chemicals with mpaint sources due to their
brode use in commercial goods and building materials of hoUdesy are also
characteristic to have indoor exposure as major exposure occasion in contract to regacy
POPs which have been exgaal mainlythroughfood consumption, particularly fishes or
other aquatic organismblore detailed information of sources in each country will be
given in thefollowing sections. Major sources of POPs, i.e., those listed in Annex A to
C of the Stockholm Quvention, have been investigated in each Party and reported in
the NIP (National Implementation Plan) under the Stockholm Convention. This will
provide us with a solid basis for the compilation of PTS sources information. It should
be noted, however, ththe information in NIP is generally country basis and not always
compatible with the geographical restriction of NOWPAP region. In addition to them,
the information on some other chemicals may be available in PRTR databases in several
countries. PRTRnicludes air and water emission data from each factory / office and
thus will be useful to make a detailed map of emission sources in the region, though its
quantitativeprecisionis supposed to be not high duevtduntar nature of the reported

39



data fromeach factory / organization. In some countries, use of agrochemicals, such as
pesticides, herbicides, etc., for agricultural purposes have been compiled in local district
basis. FAO once made a compilation of usage of pesticides in each country of the
world. This does not seem to be updated, however, and the reliabititye ekisting

data is not clear. A todit for estimating emission of unintentionally produced POPs is
available for dioxins and furans to support NIP compilation, though this is reant
provide a simple and rough estimate of the production. There are also a number of
scientific publications on the estimation of major emission sources of PORshaard
chemicals. In thdollowing section general description of the topas well as he
information in each countnyil be summarized

3.2. Generation, use and discharge/emission
<Russia>

Contamination of the environment with PTS may come from point sources
(industrial discharges and wastewater treatment plant effluents) or, morenttgque
from diffuse sources (atmospheric transport and deposition), the major pathway for
transfer of persistent organic pollutants to remote sites.

Russia has some shortage of reliable monitoring data on the PTS, programs on
emission control, and adequad@ta quality control. Environmental management of
chemicals and relevant research began some time ago. Studies of PTS concentrations in
the environment and in human populations have been carried out periodically. Reliable
data is very limited, but now Rsia has established environmental standards to cover
PTS.

Many industries in Russia continue to use technologies installed when the plants
were originally built. Industry began to change rapidly in the 1990s. Industrial
production in Russia has declinedany old industries have been closed or renovated
and thisprocess is resulting in new, profitable and merevironmentally friendly
operations. In 2002012 years some new enterprises of oil and gas industry have been
built in the region. These plantseaable to produce PTS as components of wastewaters
and emissions.

Some PTS entering the marine ecosystems in the Russian part of NOWPAP
region are of terrestrial origin, and thus can be described as from land based sources.
Three general terrestrial paths are identified: 1) atmospheric; 2) via rivers; 3) direct
flow into the sea via dumping, sewages and storm water runoff. Atmospheric pollutants
include materials that are dropped with rain and snow.

Typical sources of coastal water pollution are ddroegastewater, industrial and
agricultural wastewater, and natural loads. There are two types of discharge of
wastewaters: point and nqoint. Point sources include constantly existing streams and
sewage outlets where the direct measurements of theadyechre possible. The non
point sources include temporary streams, farmland and urban surface runoff, livestock
production. Both point and ngpoint sources are presenite the Russian part of
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NOWPAP region. Most wastewater sources have not been treaddid before
discharge; however, certain amount of sewage directly discharged into the sea.

The discharge of wastewaters within Primorsky Kraithe major Russian
provinces faced to thBlOWPAP area is provided by different kind of economical
activities. Tle electricity and @at production is a main activity terms of wastewater
discharge. Municipal water usage, treatment and discharge are second ones. Other
activities generate and discharge less than 15% of total amount of wastewater. The
agriculture, cobproduction and transport becomw®st significant source of pollution,
at the excluding of power generation and municipal water usage.

Based on 2002010 data, the air in Primorsky Krai and other territories of region
was mostly contaminated by N@nd benod(a)pyrene.. The main sources of air
pollution are emissions from industrial enterprises (including thermal power plants) and
from automobiles. PTS concentrations in the air are not control.

Data on PTS in river and marine waters are limifEBde useof data on PTS
concentrations in bottom sediments and in mollusks might be an alternative way to
assess the impact of land based sources on coastal marine areas. Data on PTS
concentrations in sediments and marine organisms are more readily availatdéeElev
PTS concentrations (DDT, HCH and PCB) have been detected in a wide range of
environmental media and aquatic biota. Other PTS suchldas, dieldrin, endrin,
chlordane, mirex, toxaphene and heptachlor have not been used in the Russian
Federation.

Organotins are the component of aittiling paintswhich have been used in
ships, fishery nets and in various coastal constructions. Organotins are toxic substances
which are able to accumulate in bottom sediments around dockyard or other harbor
facilities. Biological effects of organotins appeared in imposex formation in marine
organisms, gastropod especially. Active marine transport in the coastal waters of
Primorsky krai (Peter the Great Bay and others) and in adjacent sea implies the
occurrence of organmins in Russian area of NOWPAP region. However, we do not
know any relevant data on organotins level in marine environment in this area.

The discharge of wastewaters is the main source of PTS entering the coastal
waters in the Russian part of NOWPAP regidhe volume of wastewater generated
and discharged in 2002 in Primorsky Kray was 398 millioh and reached up 407.3
milionm®i n 2007 (Natural Resources andl7Protect
to 1.00 million tons/day, that is rather stableu3hhe distinct trend of decrease was
observed (Figurg-1).

This volume of wastwaters looks not so big imccordance with relatively low
absolute population in the part of Russia under consideration. But amount of waste
waters generated by capita reache in the Primorsky Krai 266 tons/person/year that is
twice comparing with Korea and China. It means that local hot spots are likely possible
at the Russian part of NOWPAP area despite the low population dedsityage from
t he regi on 0 s adiVoatokg acesotints or 84%0, of tMd amount. Expert
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assessment adds an additional 138 millictyear of waste and storm water from the
Vladivostok area and 21million #year from the rest part of region as storm water run
off. An assessment of annual dirégput can be made accounting for the concentrations
of some chemical substances in waste and storm wateifftun

Thousand tons
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Figure3-1. Annual amount of wastewasalischarged to Amursky bay (grey bar) and

Ussuriisky bay (dark bar) from Vladivostok and its suburbs in
(Nigmatulina,2007).

The annual discharge of domestic wastewater in Primorsky Krai in 2007 was
about 0.132 bin. tons, and about 41% of #nmwunt is discharged untreated and 19% is
only partially treated. The annual discharge of industrial wastewater in Primorsky Krai
in 2007 was about 0.25 bIn. tons, with 94% of this volume discharged untreated.
Fortunately, 93% of this untreated industrastewater is cooling water from electric
power stations that release pretty low levels of contamination. Information on direct
input of contaminants in Russia is gathered from official data on municipal and
industrial waste volumes and on expert assessmeThe annual discharge of
wastewaters in Primorsky krai in 2002010 are presented in FigL3e.
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Figure3-2. Wastewater discharge, milliortfyear, in Primorsky krai in 2068010
(Report..2012)
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Figure3-3. Total amount of contaminants, thotisdischarged with wastewaters in
Primorsky kraiin2002 0 10 ( Report éeé2012)

Last years the total volume of wastewaters and amount of contaminant increased
slightly, it reflects the industrial development in Primorsky krai (Fi¢p18.

Wastewater volumeloes not exceed-2% of river runoff, but contribution of
pollutant inputs due to wastewater reaches up 20% for BOD aB@%6for ammonia
and petroleum hydrocarbons. Second point is a very contrast spatial distribution of
wastewaters discharge: The VhiaostokArtem-Ussurisk agglomeration locates on the
south of Primorsky krai gives 88% of wastewater inputs of pollutants (Bable

Table3-1.Wastewater discharge from the different industry to the Amursky and
Uusuriiskybays in 200{Nigmatulina, 200y

Amursky Bay Ussuriisky Bay

Total volume, % Total volume, %

thous.nVyears thous.nVyears

(number of enterprises) (number of enterpriseg
Municipal 52011 (13) 88,5 13528 (9) 82,3
water usage
Power 2286 (8) 3,9 436,4 (1) 2,7
generation
Military 597 (2) 0,1 225 (4) 1,4
Railway 415 (5) 0,7 --fi- --f--
transport
Auto transport 28 (2) 0,1 --fi-- --fi-
Industry 2693 (22) 4,6 2017 (16) 1,3
enterprises
Agriculture 1320 (16) 2,2 228 (5) 1,3
Total 58815 (68) 100 16437 (35) 100
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PTS concentration invastewater and wastes are not analyzed specifically, but
these chemicals can be generated in each industry and entering the river and marine
environment.

Official data on the waste dumping at the Russia within NOWPAP area are
absent. The main part of dped waste consists of dredged sediments. Negative
influence of this material on the coastal waters connected with elevated concentration of
pollutants because dredging operations at Russian Far East are carried out in the harbor
areas with usually contanated bottom sediment3here are experimental data on
polluted grounds dumping impact on ecological conditions in coastal waters around
Vladivostok. The grounds were excavated in the highly polluted Golden Horn Bay in
19701983 and moved to Amursky bay dssuriisky bay, where the dumped sediments
could be transported on vast distance from the site of dumping under influence of water
dynamics with accumulation of pollutants both in deeper part of the &ad in their
coastal zones. Inputs of sediments whigh concentrations of pollutants, petroleum
hydrocarbons mainly, is considered as a cause of the rise of negative processes in
bottom water layer. Petroleum biotransformation with microorganisms leads to
appearance of various toxic substances in seawdtash affect marine organisms
(Mishukov et al., 2009).

Municipal and industrial wastes in Russia are kept on the landfill directly or after
incineration. Emission of gases from landfill may be sources of PTS.

Dioxin (PCDD) and furan air concentration® aletermined on the Asian part of
Russian Federation (RF) territory (ATR), as compared to the European part of RF
(ETR). Dioxin emission was 225 g TEQ in ATR and 839 g in ETR in 2010 (State report
2011).

At the same time air pollution and air transfee ¢he important sources of PTS
drop to marine environment. Air pollution in Russia in 2080 has not increased
significantly. Roshydromet monitoring services control benzo(a)pyrea®) (Bmission
in major cities. In Primorsky krayd level exceeded MPin 5 citiesi Vladivostok,
Nakhodka, Ussuriisk, Spassk, Partizansk. @g.Table3-2).

The main sources of air pollution are emissions from industrial enterprises
(including thermal power plants) and from automobiEesmission of power stations is
more than 50% of total emission. Annual emission of auto transport in 2010 was 176,8
thous. t, or 76% of industrial emi ssion (Re

Among POPs, dioxins, furans, PCB, HCB have unintentional sources of air
pollution. Major sources of dioxin emissioand contamination are known to be
processes like waste incineration, metal production,-fusb incineration and
uncontrolled combustion, for example fires at landfill sites. The European regulations
stipulate that air emissions should be less than OTIEGYNnT.

Dioxin emission has been evaluated in European part of the territory of Russia (ERT)
only. Total drop of TCDD and furans in 2008 was estimated as 1958 g TEQ. Of this
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amount 1057 g were caused by Russian and foreign anthropogenic sources,@and 901
(46%) due to natural sources, fires mainly. Dioxin drop from Russian sources to the

C,ng/m3
w

Vladivistok Nakhodka Partizansk Ussuriisk

Figure 3-4. Benzo(a)pyrene concentration (C, ny/im the air of industrial cities of
Primorsky Kkrai in 2010 (Reporté201nf) . MPC o

Table 3-2. Emission of toxic substances (thous.t) to atmosphere from industrial

enterprises in Primorsky krai (Reporte2012)

Substances 2009 2010
Total 226,1 232,8
Solid particles 83,7 86,1
Toxic hydrocarbons | 2,5 3,1
Organic volatilties - 3,2

Asiatic part of territory of Russia was 221 g TEQ, and to European part of
territory of Russia 664 g (State report ...2011).

<China>

In China, POPs monitoring in recent years found that the concentration of residual
pesticide POPss relatively high inwater bodies of a small number of estuaries, and that
the concentration of pollution caused by POPs is relatively high in the soils of
wastewateirrigated farms, vegetable plots and sites of pesticide POPs production and
storage.Relatively high concerditions of Dioxins were detected in the organisms,
sediments and soils around a few lakes in central and east China, and the sadiments
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some maritime zones of the East China Sea and Yellow Sea. In sodium
pentachlorophenol contaminated areas and schmatasss affected areas, Dioxins
levels in human blood samples and human breast milk samples were found to be higher
than those in persons in other areas. But due to lack of the systematic monitoring and
risk assessment,Git still hard to determine impactf POPs on Chir@a ecological
environment and public heal{National Implementation Plan (NIP) of China, 2007).

Pesticide POPs in Annex A of the Convention

Pesticide POPs in Annex A of th8tockholm Convention include: Aldrin,
chlordane, dieldrin, endrj heptachlor, hexachlorobenzene, mirex and toxapfdmse
are 45 enterprises in China that produce the pesticide POPs from Annex A of the
convention (including primary production and formulation plants), which are located in
18 provinces and municipabt of China (Fig-5).

Production and use of toxaphene and heptachlor were stopped in tlis, EitD
the production and use of hexachlorobenzene were stopped in 2004. Currently,
chlordane and mirex are still in production and use, mainly for termeteeption and
control in buildings.

®
Y
| Pestiode POPs production enterprises in
* 3 Jiangsu and Shanghed
h 2"
@ Existing pesticide POPs production enterprises: 10 /
¥ Historical pesticikde POP; production enterprises: 35 \ R |

Fig. 3-5 Distribution of enterprises producing pesticide POPs in Annex A

By the end of 2004, China had produced a total of 110,000 tons of pesticide POPs
from Annex A of the convention, of which about 30,000 toesendirectly used in field
as agricultural pesticides for pest prevention an control, in termite prevention and
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control and in disease control, and about 80,000 tons of hexachlorobenzene were used
as raw materials in the production of pesticides (sodiuntapblorophenate (NRCP)

and pentachlorophenol (PCP) and some was exported. Table 1 presents the production
and use situation of enterprise producing pesticide POPs listed in Annex A of the
Convention.Table 2 gives thedsicsituation of other pesticidBOPs that were never
produced or the production of which has stopped (NIP of China, 2007).

Tabe 3-3. Productionsituation and uses of pesticide POPs in Annex A at the end of
2004

Number

Out  Impor f Highest Accum
Production put t/expo roductio historical ulated
Type capacity (ton rt P output tout Uses
(tons/year) slye (tonsly enterpris (tonslyear cz,:joﬁg)
ar) ear) esp ,year)
Chlordane 1,760 363 0 5 843(1999) -9,000 Termite control
(Crude
oil)
Mirex 677 15 0 3* 31(2000) -160 Termite control

Table 3-4. Basicsituation of other pesticide POPs that were never produced of the
production of which has stopped

Highest
Type Status historical Accumulater Usage field in the
annual output  output (tons) past
(tons, year)
Used to
Hexachlorobenzene produce, 7,365(1990) >79,278 PCP raw materials
stopped in 2004
Urso?jcijce o Aagriculture(grain
Toxaphene P " 3,740(1973) 20,660 and cotton
stopped in the production)
1980s
Used to
Heptachlor g{ggggg’ in the 11(1968) <100 Railway crossties
1980s
Used in
. research, ever
Aldrin produced in
scale
Used in
Dieldrin research, neve
produced in
scale
Never
. researched,
Endrin produced or
used
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Especially, the Chlordane distribution related to the NORWAP region in China are
given in Tab &.

Tab. 3-5 Chlordane use di¢ribution from 1997-2001

Province Annual Consumption (tons) Five years accumulated
1997 1998 1999 2000 2001 consumption (tons)
Liaoning 1 0 0 0 0 1
Jiangsu 86.2 1111 103.4 96.4 78.8 475.8
Shandong 0.4 04 0.4 0.3 0.3 1.8

PCBs from Annex A of the ®nvention

The production of PCBs oils began in 1965 in China and there were 4 production
enterprisesThe production was gradually stopped from 1974 to the &98@cording
to preliminary investigation and analysis, the accumulative production outpubeat
7,000 to 10,000 tond?CBs oils can be used to produce many kinds of RE©©B&ining
products PCBs usage is divided into three categories (according to the extent of contact
of PCBs in products with the outside): closed use (such as capacitos$otngers and
current stabilizers), sertiosed use (such as heat transmission oil, hydraulic oil and
vacuum pump oil) and open use (such as printing ink, dope and fireproofing paint).
There were 11 enterprises producing the aforementioned -B&@Baining products
before 1980, of which 3 produced PC&mtaining electrical capacitors, and 8
produced PCBsontaining paint. All of them stopped production in the beginnirthef
1980s.

Preliminary investigations show that out of all PCBs produced in Chimayt
1000 tons were for open use such as paint additives, about 6000 tons were used as an
impregnatefor electrical capacitors, and the rest needs further verification. The
capacitors were YL, YLW series powfactor correction capacitors, CL series deria
capacitors, and RLS and RLST series electrical heating capacitors. According to
technical requirements on PGBsntaining capacitors in the 19¥0Qit is estimated that
each capacitor contains-1® kilograms of PCBs oil and hence the accumulative output
of PCBscontaining capacitors was about 500,000.

During the 1956s and the 1988, China used to import PCBsntaining
electrical equipment from other countries without being informed, most of which were
specific transformers and capacitors for largglitees. The imported PCBsontaining
electrical devices were mostly distributed in large enterprises and the rest were
distributed in the electrical power sector. At present, it is beginning to be found that
there were PCBs contained in about 500 capexifalready discarded) and about 50
transformers (already discardedin the electrical power sector; but the data for most
imported PCBsontaining electrical devices, possibly in large enterprises in the non
power sector, are not available. Distributiohidentified enterprises producing PCBs
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oils, PCBscontaining electrical equipment and PG&staining paint can be seen in
Fig. 3-6 (NIP of China, 2007).

Enterprises peodudng PCEs costaining saint

A
©  Emenprbes producing PCEs contafiing slectricel equlpmere
A trerprises producing PCB ails (RC-3) /

Enterprises peoducing PCBs oils (PCE-5) \ & Kes |

Fig. 3-6 Distribution of identified enterprises producing PCBs oils, RC&%aining
electical equipment and PCBsntaining paint

PCBscontaining devices in use include PG&mtaining capacitors and
transformersExisting investigation results show that RPCBntaining electrical devices
in use in China are capacitors, most of which exigtifferent types of large enterprises
and institutes of the nepower sector. At present, there are about 460 Rf©B#&ining
capacitors found in use in the power sector of the whole country. Becatlssegtent
of sectors involved, the large numbereotterprises, the weakness in management, and
the long time period, investigations have encountered great difficulties concerning
PCBscontaining capacitors irthe nonpower sector of Chinalnvestigatios in
Liaoning, the demonstration province, show tthere are about 554 PClBentaining
capacitors in use ithe nonpower sector in the province, the distribution of which is
shown in Fig. 37.
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Huludao &

Fig. 3-7 Distribution of PCBscontainingcapacitorsn use in the noipower sector in
Liaoning Province

Chemicals from Annex B of the Convention, DDT

China began producing DDT in the 1980and there used to be 11 production
enterprises. The highest annaaitput was 21,164 tons and tbemulative output by
2004 was 464,000 tons. Figurel@ shows DDT produitin over the years. Since the
State Council decided to stop DDT production in the whole country in 1983, there
remain only two enterprises producing technical grade DDT and one enterprise
producing DDT preparations. Since 1995, the output of technicaé @»&T in China
has been maintained at the level of 580000 tons/year, and the output in 2004 was
3,945 tons.

China stopped large scale production and agricultural application of DDT in the
1980(s. In the disease control field, DDT was used to Kill guitees and pests in the
malaria prevailing areas (mainly in the south of the Yangtze River) by the indoor
residential spraying method. But since 2001, DDT has not been used in normal disease
control. In 2004, DDT was used as the intermediate in dicoftiymtions, which
accounted for more than 73% of the total national use amount. Some was exported for
disease vector control, accounting for about 23% of the total, and a little was used in
antifouling paint, accounting for about 4% of the total.

Currently there are 3 to 5 enterprises producing technical grade dicofol, one of
which basically produces dicofol with sgifoduced DDT in a closed system. The
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annual output of dicofol of the whole country is about 3;8@DO0 tons. Besides that,
there are about9 antifouling paint production enterprises using DDT as the additive,
with the annual average consumption of about 250 tons.

From 1998 to 2004, there were some DDT exports each year, but there was no
DDT import. DDT was mainly exported to Africa and Suedst Asia for malaria
prevention and control (NIP of China, 2007).

@ Enterprise that used to produce DDT
0 Enterprise that now produces DDT 1 o

Fig. 3-8 Distribution of DDT production enterprises

The chemicals listed in Annex C of the Convention, Dioxins

Due to great discrepancies of industrial enterprises in scale, teghnol
management, pollution control facility, environmental protection awareness, etc. , and
release status of each soyme®nitoring data on Dioxins releases and pollution research
are quite insufficient in China.

Research showed that the local comimmstmight be the main contributor of
PCDD/PCDFs sources in Anshan, Liaoning Province. Polyurethane foam-@dKF)
based passive air sampling were used to collect samples in a big steel industrial park of
Anshan, Northeast China from June 2008 to MarclRZQ0et al, 2011). The levels,
seasonal variations and potential sources of PCDD/Fs, PCBs and PBDEs in the
atmosphere around the steel industrial complex were investigated, and potential
contribution of these three groups of persistent organic polluf@@Bs) from iron and
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contribution of these three groups of persistent organic pollutants (POPs) from iron and
steel production was also assessed. The air concentrationgl@PCDD/Fs
(summer:0.02.77 pg nt;winter:0.209.79 pg nt), F19PCBs (summer:23.565.8 pg
m3;winter:14.681.3 pg nT) and F13PBDEs (summer:2.910.7 pg nt;winter:1.10

3.89 pg nT) in this targeted industrial park were relatively low in comparison to other
studies, which implied that industrial activities of iron and steel had noltedsin
serious contamination to the ambient air in this area. On the whole, the air
concentrations of PCDD/Fs in winter were higher than those in summer, whereas the
concentrations of PCBs and PBDEs showed opposite trends. The results from principal
compament analysis indicated that coal combustion might be the main contributor of
PCDD/F sources in this area.

The sources of other PTS

The sources of other PTS and POPs were discussed in some literatures.
Distribution of PAHs in surface seawater of Qingadaast area and their preliminary
apportionment were studiddli et al, 2012). Total 15 PAHs concentrations have been
quantified by solid phase extractibigh performance liquid chromatography with
fluorescentdetection. The results showed that the comeéinhs of total PAHs
correlated strongly with dissolved organic carbon concentrations (R=0.9447) in surface
seawater. The two ratios of paired PAH isomeric compounds, fluoranthene to
fluoranthene plus pyrene, and anthraceng@henanthrene plus anthracefer source
apportionment suggested that various petroleum related sources, such as oil spill and
petroleum combustion, were the major origin at most sampling sites, except in clean
areas where PAHs wernpredominantlyderived from coal and wood combustion
Contents and distribution characterizations of PAHs, PCBs, and OCPs in the sediments
collected from the southern Shandong Peninsula coastal area were discussed using gas
chromatographynass spectrometry (GC/MS) analysis method (Wang, 2010). Results
showed that the concentration of PAHs in the surface sediment decreased gradually
from the inshore area to the offshore area. According to the ratio of P/A and FL/PY, the
release from fuel combustion was one of the most major source of PAHs in this area.
The oncentrations of PCBs and OCPs in the surface sediment also decreased from the
inshore to the offshore area. The HCHs data showed the area was polluted by
agricultural and industrial activities at the same time. There were only a few DDTs
imported into the area in the recent years, and DDTs were decomposed by aerobic
microorganisms in surface sediment.

Scientific reportshave beenpublished recently on the estimation of PFOS
production, usage arehvironmentakemissionin China (Lim et al., 2011, Zhang al.,
2012, Xie et al., 2013). Estimation of changes of annual PFOS production in China are
shown here (all relrawn based on the data reported in the reports). Although there are
some inconsistencies as for the recent trends of PFOS productiestiaditedc.a. 250
t/a of PFOS production in middle 2680 and a totatumulativeproduction of 900 to
1,800 tons until now.
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Figure 39 PFOS production estimate (based.on et al., 201)
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Figure 310 PFOS production estimate (basedZbang et al.2012)
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Figure 311 PFOS production estimate (basedXamet al, 2013)
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Figure 312 Emission estimate of PFOS from each industrial sector in China (based on
reported data i5. Xie et al. 2013)
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Figure 313 Emission estimate of PFOS from each indaistector in various provinces
in China (based on reported dat&inXie et al, 2013

<Korea>

The Korean Ministry of Environment has launched a nationwide inventory
project, to identify the sources of PCDD/F adixin-like PCB emissions into the
atmosphere. In 2001, the annual emission of PCDD/Fs dfeICBs from various
sources was esti mateeds theoWortdeHealth? Qr@gamnizatdr3 3
(WHO)-toxic equivalent (TEQ) values in 1998. The main source of dioxins in Korea
was found to be municipal solid waste incinerator, which account for aboubB&%#

total TEQ emissions. The second most important source is the steel industry, with a

contribution of about 9.2% of the total TEQ emissions. dRBCBs contributed about

gl y

8.3110.8% of the total Themfore she onaja soordéd t hes e

PCDD/Fs in Korean environments could be summarized with emissions from
incinerators and steel industry (Moon et al., 2008a).
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In South Korea, gproximately 4300 tons of PCBs were used until the 199@s
approximately 3600 tons of various OCPs weredufee agricultural purposes until the
1980s (Kim and Smith, 2001). Althoudggoreangovernmat prohibited production, use
and application for all the OCPs under Stockholm Conventimse contaminants are
still present in coastal environments (Hong et2006;Moon et al., 2009a; Choi et al.,
2010a; Moon et al., 2010a; Park et al., 2010; Choi et al., 2Cddc are found in
humans oon et al., 202a) Among OCPs, HCB was not used for agricultural
purposes in South Korea and the occurrence of HCB seebesassociated with long
range transport from neighbor countries (Japan and China) and incineration activities.

Brominated flame retardantBFR9 are not produced in Korea but are imported
from various countries (KEI, 2001). The use of flame retardaass been steadily
increasing, by approximately 10% per year for the tlastdecads (KEI, 2001). Total
consumption of BFRs, within the total flame retardant market, was approximately 56%
(KEI, 2001). The consumption of BFRs in Korea in 2002 was 49,050 (tOIS5 1,
2002); decaBDE accounted for a major proportion (25%; 12,324 tons), while penta
BDEs and octdBDEs collectively accounted for only a minor proportion (0.2%; 84
tons) of the total BFR market (KISTI, 200According to a report by Watanabe and
Salai (2003), total deeBDE consumption in Asia was 24,050 tons in 2001, indicating
that about 50% (12,324 tons) of the total dB&E demand in Asia was in Korea. The
rapid growth of the electronics market in Korea could explain the increase in demand
for PBDEs.

There has no consumption data available on PFCs in South Korea. However, the
consumption pattern would be similar to worldwigl®ductiontrends.The worldwide
production of perfluorooctane sulfonyl fluorideROGSF) was estimated to be,060
tons diring the period 197@002, and the current inventory of PFOS in ocean surface
waters is estimated to be 23570 tongYamashita et al., 2005)

According to the investigation of Korean Ministry of Maritime Affairs and
Fisheries (MOMAF) from 1999 to 200MOMAF, 2003), the production of tin based
antifouling paint stayed a plateau from 1998 (4,139 ton) to 2000 (4,279 ton) and then
began to decrease in 2001 (3,596 ton) after partial ban of the use of trialkyltin based
paint on ship < 400 ton in Korea. Byrtoast, production of thfree antifouling paint
steadily increased from 8% of total amount of production in 1998 (373 ton) to 38% in
2001 (2,229 ton).Owing to the recommendation from the International Maritime
Organization (IMO), the Krean governmentdecided the restriction on use of TBT
based antifouling painttn March 2000and thentheir use was totally banned in
November 2003.

<Japan>

In Japan, 59,000 t of PCB was produced until 1972, among which 54,000 t was
estimated to be used domestically (®,3@vas exported while 1,000masimported in
the period). Domestic use included 37,100 t of transformer or condenser oils, 5,400 t of
non carbon duplicating papers, 8,600 t of heating oils and 2,900 t of other purposes.
After ban of PCB production andew usage, the Law concerning special measures
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against PCB waste was established, and government asked companies to register and
keep PCB containing transformers or other eleatguipmentwhile collected and
stored other PCB containing goods. Decompasitof PCB oil (5,500 t) was first
conducted by incineration (1987~1989).ueDto increased concerns about harmful by
product formation, noincineration processes, including chemical dechlorination
(sodium dispersion method), plasma melting decompositi@ethed, hydrothermal
oxidation decomposition method and catalyst hydrothermal dechlorination method, had
been developed and employed for the decomposition of PCB from 2004. Five facilities
have been constructed at Kitakyushu, Toyota, Tokyo, Osaka and idokka the
process. During the loAgrm storage, part of the stockpile (0.1 ~ a few %) was lost
due to bankrupts or other reason&dditionally, 30 among 3,495 ansformers and 88
among 37,652ondensers in the affected Tohoku areas were lost byehe gast Japan

earthquake and Tsunamilifarch2011.

All the POPs agricultural chemicals are now banned in Japan. After the ban, these
chemicals were buried underground until the destruction methods are established.
Ministry of Agriculture, Forestry andFisheries conducted survey dburied
agrochemicals in 2001, and identified 4,400 t of POPs agricultural chemicals all over
Japan. Among them 2,200 t was decomposed until 2008, and 1,800 t was decomposed
until 2012. Now 400 t is kept under control. Mgty of POPs agricultural chemicals,
however, were already used in the environment.

Table 36. Amounts of ®OPs agricultural chemicals used in JagsOE 2002)

Name total usage amounts (year range)additional information
Aldrin 2,500t (19581972) all imported

Dieldrin 6731 (19581972) all imported

Endrin 1,500t (19581972) all imported

DDT 45,000 t (~1970) total domestic production

21,800t (1958~1970)

21,700 t (19571971)

Chlordane 240 t (19581970)
~11,900 t (1979~1986)
Heptachlor 1,500 t (1958~1972)

domestic use as agrochemicals
for pest control

all imported (as agrochemicals)
termite control

all imported

Mirex never registered as agrochemicalmight be used as flame retarti&an
Toxaphene never registered as agrochemicals

Table3-7 Emission estimates of other POPs

HCB 840 t ¢1982)

1.9~68 t/a (1965: total)

0.9~10 t/a (1995: total)
Dioxins/furans

120t

200t

162 kg

Sakai et al., 2001
impurities in PCP, PCNB, TCTP

Masunaga et al., 2001
impurities in PCP

impurities in CNP

impurities in other herbicides
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In 199(s, unintentional production of chlorinated dioxirand furans from
incinerators and other high temperature processes became major environmental concern
in Japan. Act on special measures against Dioxins was established in 1999, and
extensive efforts have been conducted to identify major emission sagueasify their
levels, find and develop BAT/BEP, and reduce emissions. Emissions of
dioxins/furans/diPCBs were estimated based on measured data of selected incinerators
and other high temperature processes every year. Also extensive monitoring of
atmogphere, water, soils and sediments have been conducted to assess effectiveness of
measures and countermeasures against dioxins. Furthermore dioxins monitoring in
human samples and selectedldlife have been conducted and reported by the
government. The re#s of changes in emission inventories and environmental
monitoringdata are summarized in figure.
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Figure 314 National dioxin emissions and environmental levels in air and water
Bar graph represents estimated emission investarf dioxins.

Atmospheric levels oflioxinsare affected primarily by the emission inventory of
dioxins to the atmosphere. As shown above, there has been quantitatively good
correlations between estimated emissions (bar graphs; basetbrtoring data of
selected incinerators and other high temperature processes) and averaged atmospheric
levelsof dioxins, indicating thatapancould capture the pollution status precisely and
guantitatively, and that dioxin management in Japan has been conducteskfsiligce
and efficiently to reduce the emission of dioxins to 158 ~ 18&Q, i.e.,1/50 of the
1997 levels during the last 13 years
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Table 37 National dioxin emissiomventoriesn Japan

Total Amount of Dioxins Emission (g-TEQ/year)

Sources of Dioxin Emissions
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
1 Fields of waste disposal 7205~ (3355~ 2562~ 2121~ |1689~ |748~ 219~ 215~ 213~ 193~ 182~ 132~ 102~ 95
7658 3808 2893 2252 1801 771 244 237 237 218 200 137 103
i " water” 5.3 5.3 5.3 2.5 15 0.87 0.60 065 0.36 0.78 1.6 0.6 0.6 0.7
General waste incinerators 5000 1550 1350 1019 812 370] Il 64 62 54 52 42 36 33
i " water” 0.044 0.044 0.035 0.035 0.019 0.008| 0.004 0.002 0.001 0.003] 0.002 0.001 0.001 | 0.0021
Industrial waste incinerators 1505 1105 695 558 535 266 75 70 73 63 60 42 33| .29
i " water” 5.3 5.3 5.3 2.5 1.5 0.86 0.60 0.65 0.36 0.78 1.6 0.6 0.6 0.7
Small-scale waste incinerators 700~ 700~ [517~ 544~ 342~ 112~ 713~ 81~ 78~ 76~ 70~ 48~ 33~ a3
1163 1153 848 675 454 135 98 103 102 101 88 53 34
2 Fields of industry 470 335 306 268 205 189 149 125 110] 93 100 80 54 61
[ “water” 6.3 5.8 5.8 5.0 1.8 1.2 0.93 1.0 1.0] 0.756 0.8 0.5 0.3 06
Electric steel-making furnaces 229 140 142 131 95.3 94.8] 803 64.0 49.6) 395 50.2 330 20.1 30.1
Sintering furnaces for iron and steel industry| 135 114 101 69.8 65.0 51.1 35.7 30.4 293 21.2 20.5 22.5 9.1 10.9
Facilities for recovering zinc 474 254 21.8 26.9 9.2 14.7 5.9 8.1 4.1 82 1.8 3.1 2.1 2.3
i " water” 0.0036] 0.0036| 0.0036| 0.0036 00036/ 0.0026( 0.0066 00047 0.0018] 0.00065 00014 | 0.0006| 0.0008 | 0.0004
Facilities for manufacturing aluminum 31.0 28.8 23.1 222 19.7 16.3 174 13.0 15.2 129 15.6 11.3 14.6 8.7
base alloy E " water” 0.34 0.068 0.093 0.056 0.082 0.024] 0.029 0.011 0.008] 0.027| 0.023 0.009 0.008 0.011
Facilities for recovering copper 0.053 0.053 0.048] 0.038 0.013 0.088] = = = = = = = -
Pulping process with bleaching 0.74 0.71 0.74 0.73 0.90 0.65 0.46 0.62 0.58] 0.50 0.58 0.27 0.19 0.24
i “water” 0.74 0.71 0.74] 073 0.90 0.65 0.46 0.62 0.58] 0.50 0.58 0.27 0.19 0.24
Other facilities 26.5 258 17.8 17.9 15.3 11.0 9.9 9.1 108 10.2 11.1 9.6 75| 85
i " water” 5.2 5.0 5.0 4.2 0.85 0.52 0.44 0.38 042 0.22 0.19 0.20 0.13 ) 0i32‘
3 Others 4.8~ 49~ 49~ 49~ 4.1~ 43~ 4.4~ 42~ 42~ 40~ 42~ 3.6~ 24~ 25~
74 76 1.1 76 75 7.2 1.3 7.2 12 7.0 7.3 6.3 40|  43]
E " water” 1.2 1.2 1.2 1.2 1.0 0.53 0.56 037 047 0.24 0.29 0.20 0.14 0.23
Crematories 2.1~ 22~ 22~ 22~ 22~ 23~ 23~ 24~ 24~ 25~ 26~ 22~ 12~ 12~
4.6 4.8 4.9 4.8 4.9 5.1 5.1 5.3 5.3 54 5.7 4.9 2.8 3.0
GCigarette smoke 0.1~ 0.1~ 0.1~ 0.1~ 0.1~ 0.1~ 0.1~ 0.1~ 0.1~ 0.1~
0.1 007 0.06 0.058
0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Automobile exhaust 14 14 1.4 14 14 1.4 1.4 1.3 1.2 1.2 1.2 1.1 1.0 1.0
Sewage treatment plants 1.1 1.1 1.1 1.1 0.99 0.51 0.54 0.36 0.46 0.23 0.28 0.19 0.13 0.23
i " water” 1.1 1.1 1.1 1.1 0.99 0.51 0.54 0.36 0.46 0.23 0.28 0.19 0.13 0.23
Solid waste final disposal sites 0.093 0.093 0.093 0.056 0.027 0.021 0.020 0018 0.012 0.014] 0010 0.010 0.006 |  0.006
i " water” 0.093 0.093 0.093 0.056 0.027 0.021 0.020 0.018 0.012 0.014] 0010 0.010 0.006 0.006
Total 7680~ (3695~ 2874~ 2394~ 1899~ |941~ 372~ 344~ 327~ 289~ 286~ 215~ 155~ 158~
81356 4151 3208 2527 2013 967 400 369 354 317 307 223 157 160
i “water” 128 12.3 12.4 8.7 4.4 2.6 2.1 2.0 1.8 1.8 2.7 1.3 1.1 1.5

Note 1: Emissions from 1997 to 2007 used WHO-TEF(1998), and emissions after 2008 used WHO-TEF(2006) where possible.
Note 2: "Water” i the table means the amount enutted into water.
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Figure 315 Chronological changes in daily intake aixns from food
The following Table ® compiles recent reported data on the estimation of PFOS
and other PFCs emission inventories in Japan and Korea together with the world

emission It was estimated that global PFOS production reached its maximmaonéa
4,400 tons) in 2000 (3M, 2000).

Table 3-9 Emission Estimates of PFCs (unit; ton/year)

Japart Kored’ Europe Whole glob®
2005 | Domestic Industrial|Wastewater Ref) Ref" 2000 |2004-2004
PFOS 3.6 0.05 0.12 1.63 21.3 14-84°
PFHXA 0.29 0.39 0.61 2.8
PFHpA| 2.6 0.05 0.05 0.08 0.86 1
PFOA 5.6 0.24 0.1 0.28 14.3 31.3 200 50-100
PENA| 26 | 003 | 002 | 004 | 0.26 25 | (6-13)"

1) Murakami et al., Environ. Sci. Technol., 42, 6566 (2008)

2) Kim et al., J. Hazard. Materials 201-202, 82 (2012)

3) McLachran et al., Environ. Sci. Technol., 41, 7260 (2007)

4) Pistocchi, Loos, Environ. Sci. Technol., 43, 9237 (2009)

5) Prevedouros et al., Environ. Sci. Technol., 40, 32 (2006)

6) Paul et al., Environ. Sci. Technoo., 43, 386 (2009)

7) Murakami, Takizawa, J. Japan Soc. Water Environ., 33, 103 (2010)

In Japan, PFOS was produced by a company located along central NOWPAP from early
19803 until 2009. Recent data on the production and import of PFOS is compiled in
the following table (Ministry of the Environmg&r2009).
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Table 3-10 Data on PFOS and their salts in Japannit; tons/year)

. Domestic shipment
Year |Production Import Total AEEE Export
2000 no data no data no data 5.9n0 data
2001 no data no data no data 3.7.no data
2002 7.1 3.1 8.8 3 0.1
2003 14.5 8.7 2 0.7
2004 8.5 9.2 1.1 0.1
2005 5.7 7.9 0.85 <0.1
2006 6.5 0.2 6.7 0.4 <0.1
2007 8 0.3 8.5 0.23 <0.1
2008 5.5 0.3 6.2 0.18 <0.1

AFFF: aqueous fire fighting foams.

Also the information on the current major usage / emission industries is compiled and
reported by Japanese government.

Purposes
Major usages in . .
Stockholm Convention |, \é\ﬁ::';z:::aczltsrepellants
Parties
PUIDOSES Shipment ratios
P 2006 2007 2004
Antireflectants / photoresists for semiconductors 67% 76% 889
Chemicals for metal plating 21% 14% 69
. . AFEE 5% < 1% 30
Past major domestic i< oy print papers < 1% 5% 09
usages in Japan (2006+ Others, including
2008) according to ME] : Aviation hydraulic oils
Textile Industries _ 6% 50 49
: Etching for metals / semiconductors
: Industrial polishes, abrasives
: Insect baits to control ants
. Photoresist for semiconductors
Essential uses under
ghe{nlﬁl Su.bs\t]ances Photographic film for industries
onfrortawin Japan | yse of PFOS-containing AFFFs)

As explained later, production, import and usage of industrial chemicalpan Ja

are controlled by théct on the Evaluation of Chemical Substances and Regulation of
Their Manufacture, etc. (Chemical Substances Control Law). All the chemicals listed
under the Annexes A and B of the Stockholm Convention have been designated as
Class 1 Specified Chemicals under the law; i.e., their production, import and usage are
basically banned in Japan except for essential uses and specific exemptions registered
by the government against the Convention. As listed in the above table, major PFOS
usages in recent years include active ingredients in AFFF (2/3 ~ 3/4 of the total PFOS)
followed by metal plating. Majority of PFOS stockpile in the present Japan, on the
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other hand, was estimated in the form of AFFF. Based on the governmental survey,
stackpiles of PFOS as in the form of AFFF in each industrial sector are as follows;

unit; kg Stockpile of PFOS in Japan
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500 IIII
0 T T T T

Fire-fighting Airport Self-defense Petrochemical  Others
organizations force facilities complexes

Figure 316 Estimated stockpiles of PFOS in the form of AFFF in each sectors

The data on PFOS stockpile in each sector on prefecture basis is available and is shown
in thefollowing Figure 317.
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Figure 317 Estimated PFOS stockpiles in each prefecture (data from the Ministry of
the Environment)

As shown in the figure, more than @ntof PFOS as in the form of AFFF is
stocked in several prefectures including MetropalitTokyo where firdighting
organizations or petrochemical complexes are found to be large stock places of PFOS.
Majority of fiother® are in fact car parks under the ground or in the building located
particularly in densely populated areas, which use FAKF their fire extinguishing
facilities. Decomposition of PFOS stockpile, including those in AFFF, started by
establishing decomposition methods and setting criteria to confirm both good
decomposition efficiencies and safe operation of the facilities.
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Figure Estimated TBTs shipment in Japan (Ministry of the Environment (2009))
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Figure Estimated demands of brominated flame retardants (TeBDE, OBDE, DeBDE,
HBCD) and chlorinated paraffins (CPs) in Japan (Ministry of the Environment
(2013))
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Ministry of the Environment (2013))

Detailed studyn theemission inventory of mercury in Japaas recently published
(Nansai et al (2012)).

3.3. Regional features of PTS transpoiincluding modeling approaches

Longrange transport of chemicals in thegional or global scale igrimarily
controlledby their physical / chemical properties, thbuguman economic activities,
i.e., import andcexportof chemicals, goods or wastes containing substantial amounts of
target chemicals, also affect the spread of chemicals significantly. First, grouping of
chemicals according to their physicochemical priipg will be described followed by
the majortransportprocesses in the environment through air, water and biota as well as
economicactivities

3.3.1 Longrange transport potential of chemicals in air and water

Chemicals, if persistent enough, distiti to various environmental media, such
as air, water, soil, sediments and biota, according to their physicochemical properties,
and tend to spread into the global environment on the movement of air or water.
Persistent chemicals will be generally catezgd into three groups, i.e., Fliers,
Swimmers and Hoppers (sometimes separated into single Hoppers and multiple
Hoppers), according to their partition properties among air, water and soil (or biota)
(Wania 2003 Lohmann et al, 2007 Among them, most iportant group from the
standpoint of transboundary pollution is Hoppers, i.e., those having limited volatility
and staying on the surface of soils or water with occasional evaporation into air and

63



travel for some distance until condensation or wash di, il the case of jump of
grasshopperd3rasshopper effeciVania & Mackay, 1996 The ambient temperature

at which the Acondensation pointo S reac
involved, indicating a global fractionation or global distillati®mong Hoppers, more
volatilve chemicals, such as HCB aaeHCH, tend to stay in air and travel for a leng
distance until their deposition on cold environment, such as Arctic / Antarctic or high
mountains. Their behavior is like movement of water vapmn ftheir sources (tachen

or bath) to a cold, northside window in a winter house. Their environmental levels
generally show small temporal / spatical variations except for the areas around the
strong emission sources. Other Hoppers with low volatilitghsas DDT or dioxins,

tend to be absorved on fine particles, and move for a shorter distance with particles.
Chemicals with high volatility (Fliers), like flon, for example, are always in gas phase
even in cold environment and travel globally, but may aféect health of human or
wildlife significantly due to lower chance of contamination through food chains because
of their low levels in water or terrestrial environment. Similarly those with higher
solubility into water (Swimrars) were thought to havimlited chance of contamination
through food chains due to their lewlipophilicity. However, PFOS (Perfluorooctane
sulfonate) was suspected to have potentially significant effects to the health of human
and wildlife due to its high bioaccumulation projes inspite of its high water
solubility and low lipophilicity, and was nominated and agreed to the additional POPs
under the Stockholm Convention.

Other group of chemicals interested from the point of d@mge transport include
unintentionally produed chemicals such as PAHs (polycyclic aromatic hydrocarbons)
and dioxins. They are produced in high temperature chemical reaction processes, such
as incineration and smeltering, and include low volatility compounds mainly attached in
the particles. Thegnay be spread widely into the environment on the strong upper flow
of air produced, for example, indHarge forest fires. A findraction of atmospheric
particles with diameters less than 2.5 micrometers (PM2.5), which are produced mainly
through combstion of coals, gasolines, diesels and other incineration processes, has
attracted attention in recent days due to their potential health effects through inhalation.
They tend to be produced in densely populated areas and affect the local environment.
They can be transported in long distance, however, due to their small sizes and thus are
also important from the standpoint of lerange transport of pollution. Among them,
black carbon, or soot, has attracted attention not only from their health efi¢ctisd
their potentital effects to climate change.

An idea of longrange tranport potential (LRTP) of a chemical has been proposed
to show how long a particular compound will be transported in the environment, and
characteristic travel distance (CTDashfrequently been used to express the property
quantitatively. CTD is calculated as a distance of a chemical decreasing to 1/e of the
original concentrartion during transport in a media (air or water) under a hypothetical
condition in each model. Althgh CTD is expressed as a number with distance unit
(km), it does not have a meaning in the real environment and is ‘tepehdent, i.e.,

CTD values are generally not comparable quantitatively among different models.
Orders of CTD distances among chenscahtowever, are reported to be generally
consistent among the models, and CTD will be useful as a guide to catagolize chemicals
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into several groups with different transport potentials. Calculated CTDs for group of
chemicals reported in the literatures eompiled in the following tables (note that each
of the tables is calculated based on different models).

Table3-12 Calculated CTD (unit; km) of selected POPs (T. Harner et al., 2012)

Chemical CTD (air) CTD (water)
Hexachlorobenzene 230000 700
Pentachlorobenzene 120000 200
PCB-180 (hepta homolog) 17000 340
a-HCH 7800 830
PCB-28 (tri homolog) 5100 190
gHCH 4200 220
BDE-99 3700 540
DDT 3600 490
b-HCH 3100 430
Hexabromobiphenyl 3000 540
Toxaphene 2800 1600
2378TCDD 1600 130
Dieldrin 1100 580
chlordanes 1100 300
chlordecone 710 1700
Aldrin 60 130
PFOS** 10 63 000

Table 313 CalculatecCTD (km; air) of current use pesticid¢sloferkamp et al., 2010)

chlorothalonil 430
chlorpyrifos 4420
dacthal, 2690
diazinon 130
dicofol 640
methoxychlor 55
pentachloronitrobenzene (PCNB)12100
trifluralin 110
PCP 1320

As explained previously, HCB is known to be transported truly long distance, in
global scale, from their sources. In fact, HCB levels in the air samples collected in all
over Japan showed strikingly narrower spatial variations compared with othecalsemi
(see later chapter on environmental monitoring data). Pentachlorobenzene also shows a
similar level of estimated CTD, and thus thought to have similar long range transport
potential to HCB. They are true global pollutants and their movements feedkxae
size of NOWPAP region, suggesting that their levels in NOWPAP region may reflect
current global pollution status with variations reflecting the effects of sources within the
region. PCB isomersa-HCH and some other chemicals including PCNB show
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relatively large CTDs, too, and thus are expected to be transported in transregional /
global scale. The proportion of the effects of sources outside of the region is different
in different chemicals depeding on their source distribution. It was reported that major
emission sources of PGB and PCB 153 are located in Europe and North America and
their transboundary transports significantly affect their levels in East Asia, @ahile
HCH and b-HCH were maily originated from the sources within the region
(Woehrnschimmel et al., 2012). Due to its high LRTP and water solubility, hoveever,
HCH shows large mobility once emitted in the environment. Recent report on the HCH
levels in surface sea water collextey a ship of opportunity shows much higher levels

of a-HCH in northern side of circum polar front of North Pacific Ocean than southern
side, indicating the result of long range transpora-¢iCH from its usage area to the

cold polar region during a fedecades after its banning (Kunugi et al., 2010). Other
OCPs (organochlorine pesticides) and brominated flame retardants as well as dioxins
and furans, all having smaller CTDs, tend to be present in particulate rather than in gas
phase, and thus show shorteansport capabilities and tend to reflect local pollution
status more strongly.

3.3.2 Other factors to be considered in the environmental transport of PTS

Generally, chemicals are transported on the flow of air, surface water or ground
water in errestrial environment, and sea current in marine environment. Outline of the
transport processes including information of winds, rivers and sea currents in NOWPAP
region were summarized in the previous sections. Here we add some more processes to
be comsidered for the construction of models, particularly for some types of chemicals.

Many of the PTS tend to be adsorbed on particles or sediments once in water
phase; their movement in terrestrial environment is supposed to be affected by the
movement of sib / sediment particles on storm water, and thus rather difficult to
simulate quantitatively. Eventually, however, they are transported and deposited in
coastal environment. Coastal sediments are thus thought to be a temporal sink and
secondary sources onany of PTS, including organotins, i.e., tributyltin (TBT) and
triphenyltin (TPT), which once used extensively as antifouling reagent in the bottom of
the ship or on fishing nets. Although TBT and TPT are already banned under the
Convention of Internatinal Maritime Organization (IMO), past usage of these
chemicals sometimes caused severe coastal pollution, particularly in places nearby
docks and ports, where coastal sediments were contaminated with fragments of paints
including these antifouling reagent

The chemodynamics of PTS in open ocean environment may include several
different processes; i.dransport through air and deposition (dry and wet) to the surface,
partition between air, water and biota (and particles), horisontal transport with wa
(sea current), seasonal vertical mixing in mixing layers, sedimentation to deep water by
biological processes, and vertical transport with water. Importance of Sea Surface
Microlayers (SML) for the partitioning and transport of some chemicals / heatgls
have been pointed out, although quantitative treatment of the effects of SML to PTS
awaits further researches. Sea ice coverage may also affect environmental behavior of
PTS. Considerable attention has been paid recently on the potential efffgltibad
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warming / climate change on the environmental chemodynamics of POPs, including re
emittion of deposited POPs to the air by the ice melt processes in Arctic region
(UNEP/AMAP expert group, 2010). It is pointed out that vertical cycling of sea wate

in NOWPAP region has been slowed dowmrrecent several decades, possibly because

of global warming. As a thermohaline process, this is affected strongly by sea surface
temperatures (SST) and salinities in winter in a region near Russia where a daep wat
is thought to be produced. Changes in temperature and precipitation in both inside and
outside of NOWPAP region may potentitally affect the deep water production process
and hence vertical cycling processes.

Other transport processes to be considareldde those accumulated in migrating
organisms. Some birds species and fishes migrate long distances within or across
NOWPAP borders. Part of the PTS accumulated in their body during their stay in more
polluted areas may be excreted in less pollutedsaend cause detectable levels of
pollution. Potential transport of POPs by whales between Northern and Southern
hemispheres were calculated by Wania and their data was the basis for the explicite
description of the process under the Stockholm Conve(ifiamia, 1998).

Another transport mechanisms which might cause significant pollution in other
countries are those related to human economic activity, i.e., trade of chemicals, products
containing target chemicals, and recycling / reuse of used goodgaatel materials. In
order to prevent spread of pollution through the trade of new industrial products, several
international activities, such aBasel, Rotterdam an&tockholm Convetiosn and
OECD-based activities, have been conducted, and harmonizationgathe activities
are being persuited. Chemicals already banned / restricted internationally, for example
POPs, should be notified at the time of trading, thus synergies among the three
conventions, i.e., Stockholm Convention (protect human health amdmment from
POPs), Rotterdam Covention (prior informed concent of trades including hazardous
chemicals) and Basel Convention (regulations on inport / export of hazardous wastes),
have been strengthened. Recycling activities have been developed fthm bo
environmental and economical reason, and now play significant roles in various
industrial sectors. Global trade of plastic wastes showed significant flow of these
wastes to East Asia (Terazono et al., 2004). Waste treatment / dumping processes as
well as recyling / retreaval of resources from the wastes may cause emission of
pollutants. The process is particularly problematic in developing countries, due to
inferior facilities for conducting such processes, lack of suitable waste treatment system
for preventing emission of pollutants, and lack of information on the chemicals included
in the wastes / goods. TV, PC and other electric @guamts contain various resources,
such as gold, as well as flame retardants, plastisizers and other plastic sidslitine
of which have been banned / being phased out due to potential adverse effects to human
beings and the environment. In addition, recyling / retreaval processes themselves may
produce unintentional chemicals, such as dioxins. Emission of PTSHetreatment
of electric wastes, a smlled Ewaste issue, has attracted attention in recent decades
though the emission inventory from the processes are still difficult to compile. Among
the new POPs, PFOS is even more difficult to control becausergsent only on the
surface of materials / goods, occupying only small proportions (on total weight basis),
thus usually not explicitely stated in MSDS or other component list. Furthermore, it is
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not only present as free form but also combined with petgimwhich are difficult to
detect / quantitate in the present analytical methods.

Among PTS, PFOS is exceptional in its high water solubility, and thought to be
transported mainly on the movement of water for a long distance as shown in Table 3
12. Although considerable researches have been conducted recently to identify major
sources of PFOShere still remain large uncertainties as for the emission inventory.
There are several reasons for the difficulties; 1) PFOS had been largely produced
outsideof the NOWPAP region until recently and the major inventory in NOWPAP
region consists of users and waste dumping sites, both of which are difficult to identify
and estimate their emission levels, 2) PFOS has wide application for various purposes in
variety of derivatized forms, many of which are difficult to identify by the current
analytical procedures, and 3) PFOS haspaint sources (diffuse sources) and tend to
contaminate ground water once emitted. The production is now limited in China, and
its usage has been banned / strictly controled after listing to Annex B of the Stockhom
Convention. However, the past usage still affect the environment of each country
considerably through various routes as shown above. In addition to waste dumping
sites, sewge treatment process was also reported to cause secondary pollution through
the usage of PFO&ntaminated sewage as fertilizers in agricultural fields(REFs).

3.3.3 Outline of researches on PTS models

Development of models have been helping usnidetstand chemodynamics and
predict environmental transport and fate of chemicals including PTS (Waniackalyl
1996; Wania, 1998; Wania, 2003). These models are basically grouped into two
categolies, i.e., Lagrandian models based on the fluid dynaescrigtion of the
movement of chemicals, and Euler models by separating environment into boxes in
which partitions of chemicals between different environmental media are calculated
(Hollander et al., 2008). The latter approach is also called multimeddtelnor
fugacity model and has been used by many researchers due primarily to much smaller
demands to computer power than the former approach (Mackay, 2001). In fact these
two types of models are frequently combined together to properly calculate patitio
movement of chemicals in the environmeniglobal and regional scaledn addition,
various researches have been reported to compile or estimate emission inventory data
for particular chemicals, which are needed to develop models (Lohmann 80d)., 2

Extensive researches have been conducted on the development and application of
models to describe environmental fates of chemicals, including their comparison
(Scheringer, 2009; Hollander et al., 2008; Fenner et al., 2005). LRTP of toaheca
brominated diphenylethers was evaluated by using four different models (Wania &
Dugani, 2003). By the comparison with PCB congeners as benchmark chemicals, a
reasonable result consistent with the field monitoring observation was obtained; i.e.,
lower-brominated congeners have a LRTP comparable to that of PCBs known to be
subject to significant LRT, whereas the highly brominated congeners have a very low
potential to reach remote ared®art of quantitative differences among models could be
explained by thdlifferences in the assumed height of the air compartment, which
influences the relative importance of atmospheric degradation and deposition processes.
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An improved design of atmospheric monitoring method for global as well as regional
scale POPs monitarg is proposed based on discussion among field scientists and
modelers (Hung et al., 2013).

In addition to the development of atmospheric transport models and multimedia
fugacity models, modelling researches have been actively conducted in water
environmet, where integration of bioaccumulation through the foodweb into
multimedia partition is a key issue. Marinov et al. (2009) reported development of
PAHs models in marine environment. They compared the model results with
monitoring data and found essefifiagood relationship. They pointed out, however,
that the validation of the observed dynamics would require far ncoraplete and
extensive datasets that those available in literat@ae of the key issues is reliable
estimate of bioaccumulation proceswough the foodweb. Experimentally, BCFs
(bioconcentration factors), in which exchanges through only respiratory or dermal
processes are evaluated, have been most often measured while BAFs (bioaccumulation
factors), which include exchanges through atbgessesncluding feedsand thus are
expected to represent the natural situation more appropriately, are reported to be
measured only 0.2% of current use organic chemicals. BMFs (biomagnification factors),
which represent accumulation potential througbdf consumption, is another important
factors to be clarified (Arnot and Goba, 2006). Walters et al. (2011) recently reported
bioaccumulation status of PCBs in a lake to investigate relationship betweern water
octanol partition coefficients and organismphic position as revealed by the stable
nitrogen analysisd°N). TMFs (Trophic magnification factors) derived from stable
isotope analysis have been increasingly used to quantify biomagnification of
organochlorines in the environment. Based on the detailed field studies as well as
standardization of TMFs valueshe authors demonstrated usefulness of TMFs by
showing remarkably consistent Kow effect on TMFs.

Detailed bioaccumulation studies of PTS from water and sediments to fishes were
conducted under controlled experimental condition using microcosm andeperéed.
Uptake efficiency of dissolved PFOS at the respiratory surface of a marine benthic fish,
marbled flounder, was estimated to be 3.2% of that of oxygen, and the half life of PFOS
in the whole body to be 29 to 31 days (Sakurai et al (201BFOSin suspended and
bottom sediments was also found to contribute to body burden of the fish, and the
authors recommended further investigation for revealing uptake mechanisms. The same
group also reported the results of respiratory uptake kinetics of S9iRdluding PCB,

DDT and PAHs, and reported respiratory uptake rate constants, ranging from 2,000 to
42,000 L kglipid™ d*, and respiratory uptake efficienciés,), ranging from 0.060 to

1.3 (Kobayashi et al. (2013))They reported that, except for P&, E, tend to increase

with the increase of octanol/water partition coefficients up to lgg=6, however that

the value of K, was found to be significantly lower (about eird) than those
reported in the literatures for the chemicals with Igg Between 3 and 5.
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3.4. Current status and temporal trends of PTS concentration in the
environment

A large amount of information on the environmental levels of variety of chemicals
have been accumulated in NOWPAP region. Here summaries of relevant tidarma
in each country will be compiled.

<Russia>

Recent years major marine monitoring researches in the Russian area of
NOWPAP region took place in the coastal waters of Primorsky krai, in Peter the Great
bay namely. This bay locates in the nentbsternpart of thecentral part of NOWPAP
region The density of population and industry along the coastal line of the bay is the
highest in the Russian Far East, so the bay is the most polluted area on the Russian coast
of NOWPAP region. The main areas of moriitg program include the inner bays and
bights, Amursky bay and Ussuriisky bay which are situated around Vladivostok, and
Possyet Bay which is located in the south on the bordersNuitth Korea and China
(Figure3-18).

Figure3-18. Peter the G Bay

Total amount of DDT and HCH in seawater and bottom sediments in2(89D
was determined in three areas around Vladivostok: Zolotoy Rog Bay (Golden Horn
Bay, this is the most polluted harbor near Vladivostok), and Amursky and Ussuriisky
bays whichare located around Vladivostok (Figure 6).

Total pesticide concentration in sea water varied from year to year, but in general
decreased, especially when compared with the middle of the-sLl99€yanochlorine
concentrations in bottom sediments colleceedund Vladivostok were analyzed in
1996- 1998 (Tkalin et al., 1997, 2000). Sediment samples were taken by van Veen grab
and only the surface layer (about 2 cm) was used for analysis. Pesticides concentrations
were determined using a Varian 36100 GC ashtrn 4DMS/MS. Data are presented
in Table3-14.
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Table3-14. Concentrations of organochlorine pesticides in bottom sediments (ng/g dry
weight) in Peter the Great Bay (around Vladivostok) (Tkalin et al., 1997; 2000)

Area, year Sum of HCHs Sum of DDTs
1994 <0,207 5,50 0,80- 22,70
1996 0,28 5,70 <0,50-26,10
1997 0,191 4,77 0,017 4,31

In 1997 a HCH/g HCH ratio did not reveal specific feature, bat HCH
dominated in general in Amursky bay. DDT/DDE ratio changed from 0,19 to 4,3.
Authors suggest #t sources of DDT and technidalgradegHCH still existed in this

area, despite an official ban on the use of these chemicals. Probably DDT and HCH
were used unofficially for pest control on ships or for technical and domestic purposes.
Regular data on gécide concentrations in bottom sediments are available since 2004
only. Total concentration increasgd2008 (Fig.3-19).
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Figure3-19. Total PTS concentrations (HCH + DDT) in seawater and bottom sediments
in interior bights ad bays of Peter the Great Bay, Sea of Japan (the Russian area of
NOWPAP region) (Lukyanova, Chernova, unpublished data)

NeverthelessEnvironmental Monitoring Center (EMC) of Primorsky Territorial
Office on Hydrometeorology and Environmental MonitoringPrimhydromet) has
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permitted concentrations (MP@dopted in Russia. MPC for seawater in fishery areas

in the Russian Federation for DDT, HCH and PCB is 10 ng/l. Ecologiaatards for

these chemicals in bottom sediments in Russia are not developed yet. Average
concentration in bottom sediments in unpolluted areas of Peter the Great Bay is 2,5 ng/g
wet weight.

In 2010 pesticide concentrations in sea water in the Bay wmarkarsor slightly
lower than in 2009 (State report..2011). Pesticides concentrations in bottom sediments
remained at the same level as 2009 but DDT concentration increased3Tahléligh
levels of DDTangHCH t esti fy fANewo ptalaréas.ci des i nput
Table 3-15. Pesticides concentrations in marine environment in Peter the Great Bay in
2010 at various locations (State repor2011)

Pesticides Seawater, ng/l Bottom sediments, ng/g
a HCH 0,9 3,91 18,2

gHCH 14,5 7,91 16,0

DDT 1,07 4,07 29,0 35,41 57,9

DDE 1,07 5,01 29,0 25,5- 33,6

DDD 1,0-2,57 34,0 16,71 55,4

In the river waters studied in Primorsky Krai the OCP concentrations of group
DDT (sum of DDT and its metabolites DDD and DDE) were less than 35 ng/l, and
group HCH(sum of hexachlorcyclohexan isomers: Eldrin etc.) were less than 4 ngll
(State reporté 2011).

Regular monitoring of PCBs in marine environment in Russia is not carried out.
In 2010 several samples of bottom sediments collected in estuarine zones rofhdete
Great Bay were analyzed. Many rivers with different levels of anthropogenic pollution
flow into the Bay. According to the hypothesis of biogeochemical barriers it is supposed
that major amount of pollutants including PCBs precipitates in estuafiesefore,
pollutant concentration in estuaries may be a maximum over neighboring areas. DDT
and PCB concentrations in bottom sediments in estuaries of three rivers flowing into the
Bay were similar. The highest PCB concentration (32 ng/g dry weight) viasraeed
in the estuary of Razdolnaya River, which flows through the urban areas §rHi)le

Table3-16. PTS concentrations in the bottom sediments (ng/g dry weight) of estuaries
of the rivers flowing into Peter the Great Bay (2010) (Lukyanova etCdl3)2

PTS Gladkaya River Sukhodol River Razdolnaya River
PCB 6.9 11.5 32.6
HCH (U + 0.5 0.48 2.1
DDu+DDD+DDE 6.3 12.9 44.7

12




Detail analysis of the samplesvealed dominatiomf g HCH andp,p-DDT in
bottom sediments (Tabl@17). Data obtainedontinued input of OCP to coastal zone
in Russian area of NOWPAP region.

Table3-17. PCB and organochiane pesticides concentratiandottom sediments
from estuaries of some rives flowing into Peter the Great Bay, pg/g dry weight
(Lukyanova et al., 2(H)

Gladkayal Sukhodol| Razdolnayg Razdolnaya

River River River 1 River2
Sum monechloro
biphenyls(CB) 33 <5 83 32
Sum dii CB 189 <5 1559 916
Sum triCB 839 201 800 240
Sum tetraCB 2191 3066 11658 6276
Sum penta CB 3002 6762 1545 7762
Sum hexa CB 604 1400 3043 2046
Sum hepta CP 26,9 70,7 55,9 34,4
Sum octa CP 1,0 6,8 9,1 4.6
Sum nona CP <0,1 <0,7 <0,3 <0,3
Total Sum PCB 6886 11505 32633 17311
HCB 63 26 753 434
UHCH 30 63 154 183
9-HCH 380 307 1374 1570
b-HCH 67 50 350 334
d-HCH 31 23 128 98
tsp'-DDE 67 42 209 189
p,p'-DDE 410 447 1560 1431
tsp-DDD 232 561 1061 982
p,p-DDD 2026 3135 8912 6702
tsp'-DDT 783 2300 5765 6558
p,p-DDT 2778 6423 27225 24585

Qualitative analysis oPCBsshowed that irgeneral thecongenerprofilesin the
samples closest to thecomposition of the commercial mixtureAroclor-1254:
pentachlorobiphenyldominated takingin samples o#43-5%% (Table3-17). However
in contast toAroclor 1254, a high proportion detrachlorbiphenylsvas observedn
Sukhodol andRazdolnaya rivers 27 and 3646 respectively, (in théroclor 1254 -
15%). Low-chlorinatedcongenergmonag, di-andtrichlorobiphenyl} are presenteth
all samplesTheir combined share Gladkaya river wad5%, Sukhodol river 1.8%,
Razdolnayaiver- 6.9-7.5% (in Aroclor 1254 - <1%). This facts indicates thgresence
in the samples a certain numberotiier commerciaPCB mixtures Aroclor 1248.As
SovolP-53, which is similarto Aroclor 1254,is most used in Russia, data tesafiairly
fresh,though minor,PCBsinputin ariver from theanylocal sources. This congeners
profile is typical for SukhodoRiver. Sampledrom two otherrivers are moredifferent
in congenerprofile of Aroclor 1254, which indicates dong presencef PCBsin the
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environment,in which their transformation waaimed atreductive dechlorinationof
congeners ds a resultjow-chlorinatedcongenersare beginning to domingteThis
processusually takes placen bottom sediments as a result adtivity of anaerobic
microorganism®ccursrelativelyslowly, so ittakes a long time

PAH analysis in seawater and bottom sediments provide from time toBafe.
concentration in the watef the Anur Bay(Peter the Great Bayyas on averageé , 4 N
0,2ng /I on the depth In from the bottom Anikiev et al, 1987. The influence ofocal
pollutant source§Razdolnaya riverViadivostok city)affects only thenearest zonen
the center ofthe anticyclonic circulation atlow speedflows BaP concentration
reached.7 ng/l, while the other sistationst wasapproximately 0.31g |.

Similar situation was observed in August, 2005. Seawater samples were collected
in the surface lay. The minimal BaP contration was detected in exterior open part of
the bay near Reineke Island(<@g/l). Higher concentration of BaP (0.55 ng/l) was
found in the surface water in polluted area near Vladivostok (Cherkashin et al., 2008).
Ecotoxicological experiments showathexisting concentratiois not likely to havea
negativeimpact on survivaprelarvaeJapanese anchovy for short peri¢@é hour$.
However,in case of emergencyil spills PAH concentrationsnight be higher and
exceedhe estimate@xperimentalzaluesof the maximunmmonlethal concentrations for
ichthyoplankton

Table3-18. Persistent Organic Pollutants in marine organisms from the Russian zone
of NOWPAP region, ng/g wet weight (2011) (Popkov, 2011).

Site of sampling Species HCH DDT+DDD+ | PCB
U +6b DDE
Peter the Great bay Flounder n.d. 13 18
Liopsetta pinrfasciata

Peter the Great Pollock 8 18 17
Bay
Central part of Shrims n.d. n.d. 13
NOWPAP
Central part of Snow crab n.d. 14 17
NOWPAP
Central part of King crab n.d n.d n.d
NOWPAP
Centrd part of Greenling n.d. 129 22
NOWPAP
Central part of Pollock n.d. 124 29
NOWPAP
Central part of Flounder n.d. 133 23
NOWPAP Pleuronectes miacephalus

n.d.i not detectable
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Regular state monitoring of pesticides content in commercial fish andishe!

carried out since 2010. Moni toring program
safetyo (2008), the Act of the Government ¢
of the quality and safety of water bi ol og
Fi sheries Agency fAMonitoring of marine bio

by

in fisheries areaso. Data for 38he NOWPAP r e

HCH, DDT and PCB concentrations in marin
norms for seafoo@stablished in the Russian Federatia?D0 ng/g wet weight. This
monitoring program began since 2010, and it will be continued in future.

The total amount of DDT and its metabolites and isomers of HCH was detected in
organs of the sea gulls, fishes, taseks and marine plants from the various sites of the
Peter the Great Bay in 192810 fFigure3-20). Mussels and flounders were used as the
main bioindicators.

Figure3-20. Map of sampling sites in the Russian area of NO\R'Pégion.

According to the welknown program Mussel Watch mussels are the most
suitable bioindicators of marine pollution in coastal areas all over the World Ocean. In
the middle of 1990s DDT and HCH concentrations were detected in soft tissue of
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musse$s Crenomytilus grayanusand Modiolus kurilensiscollected in Peter the Great
Bay near Vladivostok (Tabl&19) (Tkalin et al., 1997, 2000)

Table 3-19. Concentrations of organochlorine pesticides (ng/g dry weight) in the
mussels from Peter the Great Bak4lin, 1997, 2000)

Mussels, | p.p- | pp- |pP- |E v b- > | E Total
station |DDT |DDD |DDE |DDT HCH | HCH | HCH | HCH

M kuriensis, | 0 42 | 2.76 | 6.24 |9.42 |057 |0.26 |0.52 |1.35 |10.77

Reineke
Island

Mkuflensis, | 012 | 10.15 | 9.74 |20.01 |0.83 |0.83 |0.77 |2.43 |22.4

Skrebtsova
Isl.2

C.grayanus | 025 |1.93 |2.10 [4.28 |029 |059 |0.25 |1.13 |541

Reineke
Island

C.grayanus | 053 | 1.80 [3.39 |572 |031 |022 |1.76 |229 |8.01

Peschany
Capé

Reineke Islanti reference area, Skrebtsova?slpolluted area.

In the early 2000s the total pestiesd concentration in soft tissues of mussels
collected near Vladivostok (Amursky and Ussuriisky bays) varied from 1 to 30 ng/g wet
weight. In liver of flounders from the same areas level of HCH isomers ranged from 30
to 45 ng/g as well as the concentratioh®ODT and its metabolites varied from 10 to
170 ng/g in certain year3he highest total pesticide concentration was determined in
the liver of the sea gull4500 ng/g wet weight.

Organochlorine pesticides (OCP) concentrations in soft tissues dfelsius
Crenomytilus grayanusom the Amursky and the Ussuriisky bays increased from 5 to
10 times from 1996 to 2004 (Tkalin et al., 1997; 2@yarova et al., 2004).(Figufe
21).

N
o

B 1996
@ 2004

w
o

ng/g wet weight

N
o

=
o

o _

Amursky Ussuriysky Rieneke Is.

Figure3-21. Changes of organochlorine pesticides (OCP) (HCH+Dhcentrations
(ng/g wet weight) in soft tissues of musseaenomytilus grayanufom Peter the
Great Bay ( Boyarova et al., 2004).
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The highest pesticides concentratier&l0 ng/g wet weight were determined in
mussels from the Possyet bay in the Bauestern part of the Peter the Great bay, near
the border with North Koreand China (Lukyanova et al., 2001; Boyarova, Lukyanova,
2006).

Results comparison with the data of Mussel Watch Program on pesticides content
in mussels collected in the AsRacfic region (Monirith et al., 2004) shows that total
pesticides content in mussels collected in Peter the Great Bay is lower than in mussels
collected in Hong Kong, China and Vietnam. But there is one feature. Normally HCH
level in soft tissues of mussefsom Peter the Great Bay was higher then DDT
concentration, on the contrary in mussels collected in the otherPasific countries
where DDT s dominating pesticide (FiguBe22).

250 +

200 ~+

150 +
| DDT
100 + @ HCCH

nglg

50

Figure3-22. Data of Mussel Watch program on OCP contemhussels from the Asia
Pacific region and from the Peter the Great Bay (Monirith et al., 2003; Lukyanova et al.,
2007; Lukyanova, Boyarova, 2009).

Fish are important protein source in human nutrition. Seafood safety is necessary
for human health. Maximalotal pesticides concentrations were determined in fish
muscle from the Possyet bay. DDT level was higher than HCH. Total concentrations in
fish from the other sites of Peter the Gre
Federation200 ng/g wet wegjht) (Figure3-23). It is well known that maximal amount
of pesticides accumulates infath organs, namely in liver. OCP content in liver of
three species of flounders was higher then in muscles7@0tg/g wet weight in liver
and 2050 ng/g in muste. HCH concentration in liver of bottom fish (flounders) was
higher (40120 ng/g wet weight) then in pelagic fish (herrigng/g, rudd 10 ng/g).

OCP concentration in various marine organisms in foodroet bne locatiori
the Possyet 8y increagd through food chain from seaweeds J21g/g) to fish (120
- 600 ng/g) and to seabirds (4500 ng/g). Concentration coefficient (ration of OCP
concentration in sea gull liver to OCP concentration in seaweeds) was about 900.

DDT and HCH concentrationa organs of haarder inhabiting estuarine zookes
rivers flowing into Peter the Great Bay were much higher than in marine fish (about
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1700 ng/g wet weight in liver of haarder and-ZTD ng/g in liver of flounders).

Pesticides concentration

of pollution was significantly lower (Figur&24).
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@ HCCH
B DDT

ng/g wet weight
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100

Navaga (Eleginus

gracilis)

Bullhead
(Acanthogobius
flavimanus)

Mullet (Mugil
cephalus)

in liver of drder in polluted Razolnaya river was
approximately two times higher than in fish collected in Arteomovka river where level

Figure 3-23. Pesticides concentrations muscles of fish (Pogst Bay (Lukyanova et

al., 2007)
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Figure3-24. OCP concentrations in organs of estuarine fish (ha&idar
haematocheilp (Lukyanova et al., 2010).

DDT/DDE ratio in fish from southern part of the Peter the Great Bay (the Possyet

bay and Furg e | ma

Hereby, btal amount of pesticides in marine environment of Peter the Great Bay

l sl and) was
environmenand marine organisms (Figuse25).

O1 indicat.

ng

decreased last two decades (1:2000) (Fig3-19). But dataobtained a longerm

presence and new input of PTS to marine coastal and estuarine ecosystems of the
Russian part of the NOWPAP region. Pesticides accumulation have been found in
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various marine organisms. Monitoring programs on PTS (HCH, DDT, PCB)
occurences in marine environment carried out by the Russian Governmental services
and agencies in the Russian part of NOWPAP region will be continued.

30
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10

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

Figure3-25. DDT / DDE ratio in liver of various fish species from Peter the Great Bay
(Lukyanova et al., 2007).

1 - Herring (C. pallasi) (Tumannaya River mouth) 7 - Flounder (P. obscurus) (Furugelma Isl.)

2 - Flounder (P. stellatus) (Posyet Bay) 8 - Flounder (P. stellatus) (Furugelma Isl.)

3 -Flounder (P. obscurus) (Furugelma Isl.) 9 - Flounder (P. pinnifasciatus) (Amursky bay, 2004)
4 - Herring (C. pallasi) (Amursky bay) 10 - Flounder (P. obscurus) (Amursky bay, 2004)

5 - Rudd (Tribolodon brandti) (Amursky bay) 11 - Flounder (P. pinnifasciatus) (Amursky bay, 2005)
6 - Mullet (Mugil cephalus) (Sivuchiya Bay) 12 - Flounder (P. pinnifasciatus) (Ussuriisky bay, 2005)

79



<China>

Along Bohai Bay, the characteristics and transport of PTS were studied. In recent
years, the rapid economic development in this area, bhasght out continuous
increasing of the pollution loads the Bohai Sea, especially as the result of the large
coastal reclamation project on Tianjin Binhai New Area. In the period of-2009, the
sediment samples inthe main rivers, estuaries, intertidal zone, and near shore area of
Bohai Bay, were collecte and macrobenthos samples associated with the marine
sediments were used to assess the influence of hydrodynamics in the coastal
environment on the pattern of trace contaminants and the macrobenthic community
(Zheng et al, 2011). Based on data deriveanfthese samples, the levels of PAHS,
OCPs, PCBs, and PBDEs in sediments followed the order PAHs>OCPs>PCBs>PBDEs.
The higher concentrations of PCBs, OCPs, PAHs and PBDEs were found in the
estuarine and near shore environment of the Dagu Drainage RiverspEtel
distribution of OCPs was different to that of PCBs due to the direction of the velocity
field of Bohai Bay in its old and new topography, and the higher vealebility of
OCPs than that of PCBs. The results of the Pearson correlation and thimdi¢te
that the medium diameter (MD) of sediments was the predominant factor influencing
the distribution of PCBs and OCPs, most sampling sites were characterized mainly by
TOC of sediments and biomass of macrobenthos. The results indicate that the
distribution of trace contaminants and macrobenthic community in Bohai Bay are
mainly affected by the hydrodynamic conditions.
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Fig. 3-26 Thedistribution of trace persistent organic pollutants in sediments from the
west coast of Bohai Bay (A PCBs, B OCEBsPAHs and D PBDEs

China usually has not organized or conducted systematic monitoring on PTS and
POPs yet. But in 200Z008, nationabmbientair monitoringprogramson POPs are
performed.Various methods for sampling and analysis for POPs testing begn
applied in different countries or regions. However, in the recent background survey,the
sampling, analysis and data treatment wemeductedn principle in accordance with
fiGuidance on the Global Monitoring Plan for persistent Organic Pollotabtstailed
information on air concentrations in the region is shown in B&k0. Among the 11
sampling sites, 3 sties were at the NOWPAP reditve.concentratios of some kinds
of POPs athe3 locations are shown at Te®21.

Tabe 3-20. Summary for @ monitoring programs

Period Location Number of POPs remarks
site/sample(/year

20072008 11 provinces 2 samples/site  PCB, HCB, Minstry of

Aldrin, Environmental
Dieldrin, Protection,
Endrin, DDT, Chine®
Chlordane, Centers for
Heptachlor, Disease
Mirex, Control and
PCDD/PCDFs Prevention
and diPCB

Tabe 3-21. The POP<goncentratios in 3 background locations

Daxinganling, Qingyuan, Liaoning Changdao, Shandong
Heilongjiang Province Province Province
Al A2 K1 K2 Bl B2
Heptachlor ND ND ND ND ND ND
Aldrin ND ND ND ND ND ND
transHeptachlor ) ND ND ND ND ND
epoxides(A)
oxychlordane ND ND ND ND ND ND
transHeptachlor ) ND ND ND ND ND
epoxides(B)
transchlordane ND ND ND ND ND 4.1
2,4-DDE ND 0.07 0.05 0.03 0.03 0.02
cischlordane ND ND ND ND ND ND
transnonachlor ND ND ND ND ND ND
4,4'DDE 0.90 0.57 0.41 0.16 0.30 0.21
dieldrin ND ND ND ND ND ND
2,4-DDD ND ND ND ND ND ND
endrin ND ND ND ND ND ND
4,4-DDD ND ND ND ND 0.032 ND

81



2,4-DDT ND 0.21 ND ND ND ND

cis-nonachlor ND ND ND ND ND ND
44-DDT ND ND 0.27 0.12 ND 0.12
Mirex ND 0.02 0.05 0.03 0.03 0.05
PCB-28 8.7 12.6 7.8 4.0 1.9 0.8
PCB-52 2.0 3.8 26.7 17.8 20.4 55.3
PCB-101 0.4 0.6 0.7 0.5 1.1 0.7
PCB-138 0.1 0.1 0.03 0.1 0.03 0.03
PCB-153 0.2 0.3 1.1 1.1 0.5 0.5
PCB-180 0.1 0.1 0.1 0.1 0.2 0.1
HCB 60.2 64.4 1846.5 203.1 138.6 54.3

3.4.1 Pesticide POPs in Annex of the convention

Some researchers have carried out field studies at some places at different time
and discovered the existengé pesticide POPs in Annex A in the air, water, soil and
foods, but there is no continuous and systematic data. A small number of data show that,
comparing with those in sediments and shellfish, POPs concentrations in other media
were relatively low.

3.42 PCBsfrom Annex A of the convention

China has not conducted systematic monitoring of PCBs in the environment and
has only conducted research monitoring in some areas. Some of the monitoring results
are shown in Tabl&-22. Research shows that PCBs existsediments of a few
estuaries and marine coastal areas

Tab.3-22 Demonstration data of PCBs concentrations in environmental media in
research reports of some areas

. Testing Sampling/sample Environmental PCBs Reference
Place Time . . .
method number media concentratios literature
Taihu Lake 2000 GC-ECD Not available Bottom mud 0.983 ng/g Yarzl%gé al,
Qingdao
) 1997 . . . Surface 0.6532.9 ng/g Zhu et al.,
marine 1999 GCECD 9 sampling sites sediments dry weight 1995

coastal area

3.4.3 Chemicalrom AnnexB of the convention

Although DDT was banned as a pesticide in China, it can still be detected in air,
water, sediment, field soil, grains, vegetables, fruits, meat, animals and human tissue in
many areas. However, most research data show that DDT conoastiate lower than
relevantstandardsRelevant data are shown in T&23 (NIP of China, 2007).
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Tab.3-23 Demonstration data for DDT concentrations in different environmental

media in some research documents

. Environmental Monitoring Number of Time of Total DDT
Region : o Reference
media M ethod samples monitoring level
Atmosphere pg/m’
Tianjin Particle GC/ECD 2002 1,874 Chez%gogt al,
Haidian Particle GC/ECD 2002 a01962  Chengetal,
Beijing 2000
. Liu et d.,
Taihu lake Gas GC/ECD 2002 1,139 2004
Water ng/|
Liaohe river  Water 19982000 7.04 Zhang etal.,
2000
Guanting
Reservoir Kang et al.,
Yongding Water GC/ECD 2000 ND-46.8 2003a
River
. 192.52651
Tonghui Water GC/ECD 2003 31583449 “"%d el
134.93788
Estuary and
Marine ng/g
sediment
Liaodong . .
Bay, Bohai Marine GC/ECD 18 2005 03121  tuetal,
sediment 2005
Bay
Guanting
Reservior of . Kang et al.,
Yongding Sediment GC/ECD 2001 0.31.9 2003b
River
Taihu of
Estuary GC/ECD Yuan et al.,
vanguze sediment GCIMS 2000 9.2221.35 2003
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DDT concentrations in various foods of China in 2000 are shownhn3¥24.

Tab.3-24 DDT concentrations in various foods of China in 2000

Variety Number of Average Concentration (ng/g) I(\?;It?cl)rr]]?'il Current National
Samples p ,-pmor o, -pmr p ,-pmlr Standard*(ng/g) Standard*(mg/kg)
Grains 80 4.1 7 14.1 200 0.05
Fruits 88 0.8 1.3 0.8 100 0.05
Meat and its 40 08 23 27 100 0.05
products
Content of
fat is less
than 10% 41 56 1.3 1.8 200 0.02
(calculated
by original
sample)
Content of
fat is more
than 10% 2
(calculated
by fat)
Fish 30 3.6 0.9 2.5 500 0.5
Eggs 51 2.5 0.5 15 1000 0.1
. Converted to
Milk powder 15 0.6 0.6 2.0 fresh milk
Milk 5 57 255 1.3 100 0.02
Ve%ﬁgab'e 10 0.2 05 1.0 500
Tealeaf 44 10.8 13.8 31.1 200 0.2

* The source of original standards is tB&andard on HCH and DDT Residue in Foods Such as
Grains and Vegetablg§6B276381), and the source of new standards isLih@ts of Pollutants in
Foods(GB27632005).

Resarch and monitoring data show that DDT concentrations in environmental
media and foods are decreasing constantly in China. Except for sediments and shellfish
in few estuary and marine coastal areas, DDT concentrations in other environmental
media and foosl are lower than national standards. Production and use of dicofol is the
main source of DDT pollution.

DDT has been detected in human milk in many areas of Chin&Dp,p
decreased from 1.8 mg/kg in 1982 to 0.24 mg/kg in 1998, and total DDT decreased
from 7.71 mg/kg to 2.04 mg/kg. It can be concluded that since DDT was banned, DDT
concentrations in human milk have obviously decreased.

3.4.4 Thechemicals listed in Annex C of the Conventi@ioxins

Except that the Action Plan on Foods Safety issue®@3 2ists Dioxins capacity
in the monitoring plan, and a few research monitoring activities have been carried out
on animal foods on this basis, China has not established systematic monitoring of
Dioxins in environmental media, health indicators or fodgh little research data, it
is very difficult to completely reflect and evaluate the environmental and health risks
caused by Dioxins pollution. Some of the research outcomes are listed irB&ble
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Tab.3-25 Sample data on Dioxins concentrationsasearch reports of some regions

. Dioxins Monitoring Sample Monitoring  Reference
Region Sample concentration  method situation Time Literature
Dalian Human  15.84pg  CALUX 47n:‘i‘|1£“a” 2002 Jinetal.,

milk TEQ/qg, fat method 2003
samples
32 human .
Human 7.21 pg CALUX . Jin etal.,
Shenyang . milk 2002
milk TEQ/qg, fat method samples 2003

3.4.50ther PTS an&merging POPs in China

A review can be found about the recent research on emerging POPs in China,

including PBDEs and PFOS/PFOA, which are newly listedthe Stockholm
Convention, as well as Dechlorane Plus and sttwain chlorinated paraffins (SCCPs),
which have not been listed in the Convention (Wang et al, 2010).

Tab. 3-26 Summary of Emerging Persistent Organic Pollutions in China

EmergingPOPs Research status Comparison Remarks
PBDEs Relatively well In some ewaste Qingdao Seashore,
studied in the dismantling sites, the sediment, 0.15.51
multimedia levels are very high. ng/g;
environment, human BDE-209 is usually Coas of Bo Sea,
and organisms the dominant BDE-209 and PBDES€
were 2.29 and 0.16
ng/g.
PFOS/PFOA Some studies have| PFOS/PFOA levels if Dalian coastal waters

been conducted in
various
environmental
metrices, humans,
and organisms

China are relatively

low. PFOS is usually]

the dominant PFC in
the environment,
except in water

generally much lowe
than those in
American or
Canadian

DP Very few studies hav{ The DP levels in air| Harbin, Heilogjiang
been conducted on in China are Province, 0.380.21
DP pollution in China] comparable to those pg/m3
in air in Great Lakes,
USA
SCCPs Have developed an| SCCP levels have ng

method for analysis

been reported

Summary of emerging POPs pollutions in China can be found in Baét8eMost

research on PBDEs has been conducted in-thastedismanting sites in Guangdong

and Zhejiang provinces, where PBDEs are at high levels in the environmental matrices
and human bodies. PFOS/PFOA levels are relatively low in environmental matrices and
human bodies in China, perhaps because of less usage comptiretiavin North
America. Few studies on the pollution status of DPs and SCCPs have been reported in
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China. Longterm temporal variations of the levels of such pollutants in China remain
unclear because all available data are reported in very recentty earh work should

be done to strengthen the monitoring capacity for emerging POPs in China and to better
understand their pollution staty$vang et al, 2010).

<Korea>

Since 1999, National Institute of Environmental Research (NIER) supported by
Ministry of Environment (MoE) began nationwide monitoring of POPs in the
environment and humans. Since 2001, comprehensive projects have been undertaken to
establish the national emission inventory of unintentionally byproducts (dioxins in
particular). For marinenvironment, the National Fisheries Research and Development
Institute (NFRDI) supported byhe Ministry of Ocean and Fisheries (MOF) has
launched the POPs and related compounds (PAHs and butyltins) monitoring in seawater,
sediment and bivalves (mussels aysters) since 2001. Based on the nationwide
monitoring program foterrestrialand coastal environments of Korea, a large number of
studies have performed to investigate contamination status and tetngodabf POPs
and related compounds. For exammeveral studies have performed to characterize
contamination and source of PCDD/Fs in Korean coastal waters and humans (Moon et
al., 2005; Moon and Ok, 2006; Moon et al., 2008a, 2008b; Moon and Choi, 2009; Moon
et al., 2009b, 2010b, 2010d, 2011b, 2012boi et al., 2010a, 2011a). Many studies on
the occurrenceof PCBs and OCPs have reported in Korean coastal witenset al.,

2002; Hong et al., 2006; Moon et al., 2602008b, 2009; Choi et al., 2010; Moon et al.,
2010a; Park et al., 2010; Choi et &Q1]1) in humans Koon et al., 2A1b). Several
studies have reported on PBDE contamination and tbesumptiorpattern in Korean

air, sediment and biota (Moon et al., 2007a; 2007b; 2007c; 2008b; 2010a; Park et al.,
2010; Moon et al., 2012c; Lee et alg138) and humans (Moon et al., 2012a). However,
only limited information is available on contamination by PFCs in Korean coastal
waters and biota (So et al., 2004; Yoo et al., 2008; 2009; Moon et al., 2B&68ejl on

the nationwide monitoring program, sealestudies have reported on contamination
status and temporal trends of BTs in seawater, sediment and biota including marine
mammals (Choi et al., 2009a, 2009b, 2010a, 2010b, 2011a, 2012b, 2012, 2013a, 2013b).
In addition, gveral publicatiors on distribtion, sources and toxicological effects of
PAHs were reported for Korean coastal waters during last decades (Yim et al., 2005,
2007; Moon et al., 2006; 2008b, 2010e, 2011a, 2012d, 2012¢).

The average concentrations of PCDD/Fs in ambient air sarfmptasthe 37 sites
ranged frormot detected (NDjo 617 fg }FTEQ nt, with anaverage of 28 fg-TEQ n?

(Figure 3-27). Compared with rural sitegtmospheric PCDD/Fs concentrations were
obviously elevated aesidential/industrial sites. Although some industrisdssshowed
higher levels of PCDD/Fs and PCBs than the residential and backgeveas, the
PCDD/F and PCB levels in the South Korean atmosplvere similar to that of other
countries and muclower than the Korean atmospheric PCDD/Fs standard (6T

m?). Spatial distributions of atmospheric PCDD/Fs show that the levels of atmospheric
PCDD/Fs were found to libe highest in the noritvest area of South Korgahich are

close to Seoul, the biggest city of South Korea
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Figure 327. Spatial distribubn of PCDD/Fs in atmosphere in South Korea (a) winter,
(b) spring, (c) summer and (d) autumn (Shin et al., 2011).

The concentrations of BPCBs ranged from ND to 16 fg WHOTE®’, with an
average of 8 fyYHO-TEQ n? (Figure 3-28). At most siteDL-PCBs wee not detected
due to a low contribution to TEQ valugnan PCDD/Fs. Spatial distributions of
atmospheric PCBs amso characterized by the highest levels of BLBs in the north
west area of South Koredhe TEQ values of DIPCBs in ambienair samplesrbm
industrial and residential sites showed a goodelation with those odPCDD/Fs. The
coefficients of determinatiomluring winter period were 0.88 (industrial) and 0.92
(residential), respectively. However, samples from rwsies did not show any
significant correlation.
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Figure 328. Spatial distribution of dioxiike PCBs in atmosphere in South Korea (a)

winter, (b) spring, (c) summer and (d) autumn (Shin et al., 2011).

Figure 329 shows a temporal trend of atmospheric levels of PCDYF3otth
Korea from 1998 to 200 The first reliable officialmonitoring programs of air
PCDD/Fs and DIPCBs in South Koredave been started from 1999 and 2002,
respectively. For PCDD/Fs, mean concentrations decreased from 425 to PBGgni?
from 1999 to 200 which accounts for a 93% reduction in air levelfie Korean
government has regulated PCD¥missions from MSWiIs since 1997 (>50 Agrold
0.5 ng ITEQM®, new 0.1 ngHTEQ nt) which resulted small size incineratdrscame
the major point source of PCDIEs emission in KoregShin et al., 2011 and
reinforced the regulation in 2004 (>25/kgold 10 ng 4TEQ n?¥, new 5 ng TEQ nT),
resultingin a total decrease of PCDD/Fs emissions. Meanwhile, biannoatlgnal
dioxin emission inventories of the atmbgpe wereannounced from 2005. In January
2007, South Korea became an official signatory of the Stockholm Convention. For the
effective implementation of the Stockholm Convention, the Korean government
promulgated a special law on POPs management in 2008 egulated PCDD/F
emissions from other industrial sources (sucmagallurgy and nometallic industries
etc.) from 2009. As a resuthe contribution to atmospheric PCDD/Fs from incinerators
has decreasddom 88% to 49% during 2001 and 2007. In 20Béamount of PCDD/F
emissions to the atmosphere in Soktrea was estimated to be 188 g, which means a
decrease of 81%ompared to 2001 (1004/yga). Those decreasingmounts of
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atmospheric emissions of PCDD/Fs and PCBs masihtributed to the decrsiag
trend of atmospheric levels. Aswole the law reinforcement and implementation of
best availabletechniques/best environmental practices (BAT/BEP) at the emission
sources resulted in the reduction of PCDD/Fs from those facilities.
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Figure 329. Temporal trends of PCDD/Fs concentrations (pg TERimambient air
from Korea during 1992007 (Shin et al., 2011).

From marine environmentmonitoring performed in the NFRD| the
concentrations oPOPs and related compounaie summarizedh Table 3-27. The
concentrationén sediments ranged from nd to 15.03 ng/g deyght for PCBs, from nd
to 3.76 ng/g dry wight for HCHs, from 0.02 to 4.03 ng/g dryewght for DDTs, from
15.58 to 108 ng/g dry weight for PAHSs, from 1.44 to 817 ng Sn/g dreight for TBT,
and from 0.06 to 12.2 pg TEQ/g dryeight for PCDD/Fs. Concentrations of PCBs,
HCHs, DDTs and PAH$ound in nationwide monitoring programere much lower
than those reported in previosidiesin several coastal regioigKhim et al., 1999, b
Hong etal., 2006; Yim et al., 2007; Moon et al., 2@)&hoi et al., 2008, h. The TBT
and PCDD/F concentrations in industrialized bays ranged from nd to 5372 ng Sn/g dry
weight (Choi et al., 2008, b, and from 0.44 to 38.5 pg TEQ/g dreight (Moon et al.,
2008a), respectively.

The higher concentrations of contaminantseweral studie§Khim et al., 1999,

b; Hong et al., 2006; Yim et al., 2007; Moon et al., 2§@8hoi et al., 2008, b could

be attributed to differences in the sampling sites. Samplingewiqurs surveys was
done at sites r egar dedrcesirseadah degiant whie indhes 6 6
present Korean nationwide monitoring study, hot spots were generally avoided. Ranges
reported for sediment in the literature are usually broad kecalidifferences in the

data calculation methods, sampling periods and influence of sampling sites. The levels
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of PCBs and DDTs determined Korean coastsvere apparently lower than those from

the Mediterranean Sea (Gom@mtierrez et al., 2007), or with the broad range
reported in the monitoring of toxic substances in Hong Kong (Kueh and Lam, 2008) and
the Baltic Sea (Pikkarainen, 2007). HCH and PAH concentrations in our study were
also comparable with those in the Hong Kong marine environment. PCDD/F
concentrations in this study were lower than those in Hong Kong coastal waters and the
Baltic Sea, and TBT concentrations were higher than those in Hong Kong coastal
waters (Pikkarainen, 2007; Verta et al., 2007; Kueh and Lam, 2008). The mean
detectable fquencies of PCBs, DDTs, PAHs, TBT and PCDD/Fs revealed ubiquitous
contamination of sediments along the Korean coast, ranging from 54% (DDTSs) to 100%
(PAHs). Among those chemicals, in particular, PAHs and PCDD/Fs with high detection
frequencies should beowgsidered as major environmental problems because of the
presence of an ongoing source. PAHs originate from a variety of anthropogenic sources
including thermal combustion processes, vehicular emissions, and biomass burning
(Oros and Ross, 2005).

A waste ncinerator is known to be one of the main sources of PCDD/Fs. In
Korea, 32 municipal solid waste incinerators and about 1000 various incinerators (small
scale < 200 kg/hr and medium scale > 200 kg/hr) are currently in service (Park et al.,
2009). Samplin@rea includes many industrialized bays and special management zones
(Ulsan Bay, Busan Harbor, Masan Bay and Incheon coast), which contain large harbors
and industrial complexes. A large petrochemical andfamous industrial complex is
located in the ccdal area of Ulsan Bay in the east coast. Area near Masan Bay in the
south coast is home to petrochemical industrial, a steel mill complex, -femons
industrial complex. Industrial source such as steel manufacturers, machine shops, dye
houses, pulp fdories, and a sewage treatment plant are located around Incheon coast
and artificial seawater Lake Shihwa in the west coast. DDTs and PCBs showed
moderate detection frequencies, even though the use of DDT and PCBs was banned in
1971 and 1979, respectivelpDTs and PCBs are organic contaminants with a long
history due to their physicochemical properties. Ubiquitous contamination of DDT and
PCBs in shellfish, cetaceans and sediments has been reported from Korean coastal
waters (Choi et al., 2080 Park et al 2010). TBT also exhibited a moderate mean
detection frequency, despite the complete restriction on the use otbd&d
antifouling paints that occurred in 2003. The reason could be its rapid degradation. The
half-life of TBT in sediments from a seawatmarina was estimated to be about two
years De Mora et al., 1989). The low detection frequency of HCHs can be attributed to
differences in their physicochemical and biochemical properties (Simonich and Hites,
1995). HCHs have higher biodegradability dader lipophilicity compared with the
other contaminants.
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Table 327. Concentrations of POPs and related compounds in sediments from Korean coastal waters du2dg72(CHoi et al.,

2011a)
Site Code Sampling site PCBs® HCHs" DDTs" PAHs" TBT PCDD/(Fs®
(ng/g dry wt) (ng Sn/g dry wt) (pg-TEQ/g wet wt)
1 Sokcho coast 022+036 ND + 0.00 0.02+003 15.58+17.93 434+8.85 0.06 +0.07
2 Jumunjin cost 0.10+0.14 3.76+0.67 0.04+0.07 3498 +23.68 376+7.20 0.09+0.07
3 Jukbyeon coast 0.25+045 0.88+1.66 1.61+2.68 2959+ 19.68 243+5.00 0.17+0.10
4 Hupo coast 0.61+0.72 ND + 0.00 0.69+ 081 429.77 +£430.05 56311055 0741043
5 Guryongpo coast ND + 0.94 ND + 0.00 007+0.11 102.72+ 17643 536+22.14 045+ 054
6 Ulsan coast 1433+1823 251+440 1.02+1.51 1082.26+1211.56 81724+ 1573.61 2754098
7 Onsan coast 3.77+3.70 03041057 059+ 061 23934+ 166.66 23.00 £ 20.61 364+1.51
8 Busan North Harbor 1503+8.72 056+0.79 403 +5.60 608.60+459.17 35.17+2843 334+1.68
9 Busan South Harbor 292+4.18 1.26+£235 250+ 4,68 213.93+140.26 45.60 £ 65.96 266+2.32
10 Jindong Bay 0.72+040 005+ 0.09 1.19+1.18 35239423693 74.02+9348 635+1.79
11 Wonmun Bay 091+0.79 002+0.05 1.01+0.79 502.27 + 281.05 4419+27.52 3871068
12 Gohyeonseong Bay 0.78 +0.55 036+0.68 3564227 501.94 + 349.80 269.65 + 150.99 4474232
13 Haengam Bay 213+1.87 003 +0.06 1.82+3.06 386.52+ 145.86 4226 £50.39 31241135
14 East part of Geojedo 049+0.31 060+1.14 0.16+022 705.68 £ 263.78 1207 +12.28 2.20+032
15 Masan Bay 0.81+3.43 034+0.54 1.21+1.83 41375124746 9464+ 13410 12.22+3.86
16 Gwangyang Bay 1.13+1.79 0324051 029+ 041 29929 +301.61 10.70+12.74 1.74+1.91
17 Gamak Bay 056+ 037 044+ 0.76 358+ 558 490.20 + 449.65 7489+7131 1.30+0.73
18 Mokpo coast 0.14+0.16 047+0.385 0331057 100.43 + 88.46 87311159 066+0.26
19 Gochang coast 005+033 031+0.58 0.13+0.13 68.12+33.43 447+9.13 094+0.73
20 Jeonjupo coast 0.01+0.26 035+ 0.65 0.13+0.14 62.90 + 35.01 147+4.13 1.51+1.67
21 Gunsan coast 0.19+0.29 047+0.83 0.72+0.80 117.49 +84.77 389+7.35 1.25+0.58
22 Cheonsu Bay 020+036 034+0.62 026+ 037 150.29+ 8048 144+2.77 1274085
23 Garorym Bay 020+040 038+0.70 0.04+0.09 48.36+79.06 73711648 0.09+0.10
24 Asan Bay 0.43+0.82 0.64+1.20 0.15+0.20 107.05+52.21 15.75+2555 275+2.00
25 Incheon coast 1.05+0.72 056+1.03 039+ 040 22285412444 72041022 0.78+022
Min ND + 0.94 ND + 0.00 0.02+003 15.58+17.93 144+2.77 0.06 +0.07
Max 1503+8.72 3.76+0.67 4.03+5.60 1082.26+1211.56 81724 +1573.61 1222 +3.86
Mean 226+2.01 048+0.78 106+ 046 302.95+97.31 69.03+61.58 2431053
Detection frequency(%) 73 25 54 100 58 97
85th percentile 329 0.49 1.32 44492 5452 3.76

o

-9

Sum of concentrations of 23 congeners.

Sum of concentrations of a-HCH, b-HCH and g-HCH.
© Sum of concentrations of ortho and para forms of parent and metabolites.

Sum of concentrations of 16 compounds.

Sum of concentrations of 7 PCDDs and 10 PCDFs congeners.
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Table 3-28 shows the meari\BD) concentrations, detectidrequencies and the
85" percentile concentrationBOPs and related compounds in bivalves (mussels or
oysters),to evaluate the spatial distribution among sit€sese results were from
nationwide monitoring program performed in the NFRDHe results foOCPs are only
presented for HCHs and DDTSs, because detectable concentratid@Bopheptachlor,
heptachlor epoxide, aldrin, endrin, and dieldrin were not found in all samples analyzed.
The mean detectable frequencies of four organic contaminants inditaite&CBs,
PAHs, BTs, and PCDD/Fs were ubiquitous contaminants along the Korean coast.
Among those chemicals, in particular, PAHs and PCDD/Fs should be considered as
major environmental problems due to the presence of two contaminant sources up to
now. PAHs can originate from a variety of anthropogenic sources that include thermal
combustion processes, vehicular emissions, and biomass burning (Oros and Ross 2005).
A waste incinerator is known to be one of the main sources of PCDD/Fs. In Korea, 32
municipal solid waste incinerators and about 1,000 various incinerators (sn0D
kg/h and medium scabte 200 kg/h) in service until now (Park et al. 2009). PCBs and
BTs, however, were already regulated in 1979 and 2003, respectively. The low
detection frequenes of HCHs might be due to differences in the physicochemical and
biochemical properties (Simonich and Hites 1995). HCHs have higher biodegradability
and lower lipophilicity compared to the other contaminants.

The concentrations of PCBs, HCHs, DDP#Hs,BTs, and PCDD/Fs in mussels
were in the range of 0.85 to 24.6 ng/g drgigit, nd to 3.01 ng/g dry ®ight, 0.55 to
16.3 ng/g dry wight, 83.08 to 38 ng/g dry weigh, 49.6 to 1,36 ng Sn/g dry wigh,
and 0.0 to 0.48 pg TEQ/g wet Right, respectively. Tase results can be compared
with previous studies (Kim et al. 2002; Ramu et al. 2007).

Concentrations of PCBs, HCHs, and DDTs fodrmm nationwide monitoring
programwere similar to the stuelsby Kim et al. (2002) and Ramu et al. (2007). Ranges
reportedfor shellfish in the literature are usually broad because of differences in the
data calculation methods, sampling periods, and influence of shellfish sexual maturity.
The levels of PCBs, HCHs, and DDTs determined were apparently lower than those
from theeast coast of China (Fung et al. 2004) and surprisingly low in comparison with
data from Hong Kong mariculture zones (So et al. 2005). The levels of PCBs, DDTSs,
and PAHSs in our study were within the broad range reported in the US mussel watch
pr ogr amnoladdl@uwenstein 2006). In the ABiacific mussel watch program,
Korean mussels revealed moderate or low levels of OCPs and PCBs compared with
levels for 12 countries (Monirith et al. 2003). TBT levels were higher than that in the
US mussel watch progm. PCDD/Fs levels were comparable with that in mussels from
the German market (Karl et al. 2002). Filfeeding organisms may constitute a
problem for human health by their capacity to bioconcentrate compounds from the
water column. For the same contaanits, different standards have been adopted by
different countries and organizations. The US Food and Drug Administ(at®RrDA)
and Canadian Food Inspection Agency established action levels g/fj2vet weight
for PCBs and Bg/g wet weight for DDTs inedible seafood (Wu et al. 2008).

From mussel watch program, the mean detectable frequencies of PAHs and
PCDD/Fs in mussels and oysters were similar to those in sedi@lenitet al., 2011a)
However, the mean detectable frequencies of PCBs, HCHs, DDT8Bndhowed
higher in sediments than in mussels. These results are likely to ascribe to the difference
of characteristics between sediments and mussels on accumulation rate and degradation
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rate. Contaminated sediments may constitute a particular threlaéritic organisms

and even for fish through the marine food web. The easiest way to assess potential risks
to aquatic life from the sediment is simply to compare the concentrations of chemicals
with applicable sediment quality guidelines (SQGSs) for tlatgation of aquatic life as

a screening tool. The assessment was done using the -effiegés low (ERL) and
effectsrange median (ERM) of the National Oceanic and Atmospheric Administration
(NOAA) for PCBs, DDTs and PAHs (Long et al., 1995), and the totdséffect level

(TEL) and the probable effect level (PEL) of the Canadian Sediment Quality Guidelines
(CCME, 2002) for PCDD/Fs. The ERM and PEL represent the concentrations above
which adverse effects are expected to occur frequently, and the ERL aneéfrEsent

the concentration below which adverse biological effects are expected to occur rarely.
The concentrations of POPs were below the ERM and PEL at all sites during the seven
years, even though the concentrations of DDTs and PCDD/Fs exceeded th¢ ZRL

sites (8 24%) and the TEL ati48 sites (2672%) during the seven years from 2001 to
2007, respectively. From these results, ecologitsds from sediments in Korean
coastal waters are estimated to be at safe levels. On the othetHeamdissel vatch
program also revealed that concentration of organic substances in mussels and oysters
were below the action or maximum levels for humans established by tiORSNd

EU (Choi et al., 2016). However, the excess of the TEL for PCDD/Fs at a few sites
could be posed potentials risk in benthic organism of Korean coast due to the presence
of ongoing sources. Therefore, continuous monitoring is requiregatch overall
contamination statuand to assess ecological risks by the exposure to POPs and related
compoundsn the marine environmewof Korea
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Table3-28. Concentrations of POPs and related compounds in bivalves (mussels or oysters) from Korean coastal waters during 2001

2007 (Choi et al., 2010a)

Site code Sampling site PCBs" HCHs"” DDTs* PAHsY BTs® PCDD/Fs
(ng/gdry wt) (ng Sn/gdry wt) (pg-TEQVg wet wt)
1 Sokcho coast 223+133 033+0.75 1.28 + 1.47 11965 £ 55.14 182.01 + 16589 0078 + 0085
2 Jumunjin coast 1.14+ 095 022+ 039 .06+ 1.29 133.16 £ 11458 312,47 + 70087 0065 + 0021
3 Jukbyeon coast 209+ 1381 136+£2.35 286 +4.46 8308 +45.39 143.68 + 159.11 0083 £ 0071
4 Hupo coast 188+ 2,18 073+ 1.20 201 £2.19 90.88 + 5632 6722+ 5160 0112 £ 0120
5 Guryongpo coast 276+ 243 027+ 042 1.61 £ 2.23 85.22 + 47.17 63.264+ 4046 0.077 4 0.058
6 Ulsan coast 24.59 £ 1547 074+127 853 +11.79 23983 + 12440 1,36082 +674.58 0222 £ 0077
7 Onsan coast 23.13 £ 1477 050+ 065 438 + 2.63 261.01 + 17291 80712 £ 1,137 0208 + 0165
¥ Busan North Harbor 24.62 £ 1429 036+ 0.96 837+ 1176 28658 + 15114 855.05 £+ 420.54 0305 £0.155
9 Busan South Harbor 2415+ 2482 0.16+ 040 1634 £ 1657 16129 + 77.18 65089 + K28 0138 £ 0073
10 Jindang Bay 298+220 055+ 1.03 0.55 + 0.89 101 46 + 4539 91.54 + 63.54 0168 + 0193
11 Wonmun Bay 451 +329 Nd+0 1.23 £ 1.57 23544 20987 176.15 £ 139.19 0111 +£0025
12 Gohyeonseong Bay 462£195 032+ 0.59 6.59 &+ 4.46 162.69 £ 86.25 S06.17 & 343.42 0ATE £ 0593
13 Haengam Bay 658+ 55 088 +225 5.4 + 539 38693 £ 56395 21725 + 118.00 0114 £ 0032
14 Eastern part of Geojedo 1140+ 671 018+ 025 181 £+ 1.85 379.79 + 42821 972.81 + 785.53 009 + 0058
15 Masan Bay 2243 £ 1810 078+ 1.18 4.99 + 5.63 18242 £ 276,69 126.64 + 66,27 0227 £ 0121
16 Gwangyang Bay 263+19 018+021 1.05 £ 1.18 .68 + 5724 9PO8+ 6201 0104 £+ 0093
17 Gamak Bay 335+£3.09 043+ 077 217 + 3.36 11272 £ 47.90 149.36 + 77.94 0,095 + 0.080
1% Mokpo coast 344 £426 040+ 0.65 324 £1.03 12954 + 11368 29947 £262.23 0066 + 0045
19 Gochang coast 0.85+ 058 1.17+ 1.53 217+ 1.14 157.06 £ 928 2. 71+ 7050 0145 £ 0068
20 Jeonjupo coast 0994+ 075 301+ 500 6.88 + 8.72 158.82 + 19241 4962+ 2561 0.138 + 0,098
21 Gunsan coast 138+ 1.13 063+ 072 537+ 458 121.68 + 15524 85.26+ 75.04 0180 + 0143
22 Cheonsu Bay 159+128 137+£1.90 1.61 £+ 1.63 121 82 + 62.67 104,28 + 87.71 0.1 82 + 0,090
23 Garorym Bay 340+£290 106+ 1.12 S22 224 16381 + 13338 9IS +63.17 023 +£0.157
24 Asan Bay 542+ 413 126+ 1.37 458 + 648 14708 + 73.58 149530 + 264 0275+ 0188
25 Incheon coast 423+ 342 0524 0.66 573+ 4.9 188.52 £ 11534 108.85 + 50,20 0218 0111
Min 085+ 058 Nd+ 0 055 + 089 83,08 + 45.39 49.62 + 2561 0066 + (045
Max 24.62 £ 14.29 3.01+5.00 16.34 + 16,57 386.93 + 56395 1,36082 4 674,58 0478 £+ 0593
Mean TA46 £ 557 070+ 1.10 422 £438 17696 + 14021 309.35 £ 266.63 0165 £0.117
Detection frequency (%) 96 46 78 100 97 9w
85th percentile 12.13 139 7.01 26035 42947 0261

*Sumof concentrations of 23 conge ners

PSum of concentrations of ortho and para forms of parent and metabolites
“Sum of concentrations of «-HCH, 3-HCH, and v-HC(H

4Sum of conce ntratiors of 16 compounds
“Sum of concentrations of parent compounds and metabolites

fSum of concentrations of seven PCDDs and ten PCDFs congeners
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Figure 330. Example of monitoring results (spaltdistribution) for POPs and related
contaminants in marine sediment and bivalves (mussels or oysters) from Koasétal
waters. The present contamination status was the results performed in 2007 from the
National Fisheries Research and Developmenitinst(NFRDI), Korea.

Marine mammals have a high trophic level in the marine -fwel. Because
marine mammals possess relatively low metabolic activities, they accumulate high
levels of POPs. In Korea, traditionally, cetaceans were hunted by fisheronen f
substancéefore the ban on commercial whaling was imposed by the Moratorium of the
International Whaling Commission (IWC) in 1986 (Moon et al., 2010a, b, c; Park et al.,
2010). However, many cetaceans arechyght in fishing nets and/or stranded. The
major species are minke whales, common dolphins and finless porpoises, which
accounted for 85% of the total number of individuals in Kofide National Fisheries
Research and Development Institute (NFRDI) with the aid of Cetacean Research
Institute (CRI) started the POP monitoring in Korean cetaceans, to investigate the
current status and ecotoxicological concerns associated with &@Bswulation The
concentrations of POPs in three kinds of cetaceans collected from Korean coastal waters
are presented iRigure 5. Among the POPs in Korean cetaceans, DDTs and PCBs had
the highest levels. Although the production of DDTs and PCBs were already banned in
1980s in Korea, these contaminants had the higher residue levels in Kogesal
waters. This results amue to both chemical groups haB®magnificationeffect in
marine foodweb. Interestingly, PBDEs haglatively higher levels compared to other
POPs chemical groups, although PBDEs have dbort history contamination in
Korean environment. Thisesultindicates that PBDEs can lsencernsof emerging
contaminants ifKorean coastal waters.
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Figure 3-31. Concentrations of POPs in cetaceans from Korean coastal waters. Date
were cited from Moon et al. (2010a, b, c, d) and Park et al. (2010).

For minke whats, common dolphins and finlepsrpoisesthe residue levels
blubberwere in the order of morortho PCBs > norortho PCBs > PCDFs > PCDDs,
similar to those observed in cetaceans and pinnipeds from other countries (Kajiwara et
al., 2008; Yang et al.@®8; Imaeda et al., 2009)he concentrations of PCDDs, PCDFs,
nonortho PCBs and monaortho PCBs ranged from <0i2.5 pg/g, 10177 pg/g, 0.4
2.7 ng/g and 24352 ng/g in minke whales and <D1& pg/g, 471405 pg/g, 0.68.8
ng/g and 541192 ng/g in commondlphins, respectivelyFor finlessporpoises the
concentrations (on a lipid weight basis) of PCDDs, PCDFsonttmo PCBs and mono
ortho PCBs in the blubber of finless porpoises were in the rangesi&bph/g, 1454
pa/g, 0.43.6 ng/g and 27519 ng/grespectively.

Studies on PCDD/Fs arfdL-PCBshave been performed mainly with seals, and
data on levels of dioxilike contaminants in cetaceans are scarce. The total TEQ
concentrationdn the blubber offinless porpoises6(5 to 31 pg/g lipid wigh) and
minke whales 8.2 106 pg/g lipidweigh) from Korean coastal waters are similar to
those reported forGanges River dolphins from India {220 pg/g lipid wt;
Senthil kumar et al ., 2001) , killer whales
No x| 2009), and finJess porpoise from Chind Z38 pg/g lipid wt; Yang et al.,
2008). The total TEQ concentrations in the blubber of common dolphlind@3 pg/g
lipid wt) from Korea were similar to thoseported for Caspian seals (B30 pg/qg lipid
wt; Kajiwar a et al ., 2008) and harbor seal s fr
Addison et al., 2005), but lower than those reported for Baikal seals from Rugsia (82
950 pg/g lipid wt; Imaeda et al., 2009).

The concentration ranges for PCBs, DDTs, CHLs, HCHs, H@8 PBDEs in

minke whale blubber samples were B8200 ng/g, 27011000 ng/g, 30800 ng/g, 4D
2100 ng/g, 30480 ng/g and 3330 ng/g, respectively, and in common dolphins were
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1100 27000 ng/g, 7323000 ng/g, 601900 ng/g, 100600 ng/g, 20230 ng/g and

140'3100 ng/g, respectivelyTh e concentrations of DDTs (69
weight) and PCBs1(l00N 8@/ lipid weight)were the highest in finless porpoise

tissues The concentrations of HCHs (650 5nig/g lipid weight), CHLs (2200 2 1 0

ng/g lipid weight) and HCB (120N  Hidg lipid weight) were one or two orders of

magnitude lower than those of DDTs and PCBs. The concentrations of PBDEN (800

310ng/g lipid weight) in finless porpoises were higher than those of HCHs, CHLs and

HCB.

The overall OCcontamination status in cetaceaminke whales, common
dolphins and finless porpoisefpm Korea was lower than that reported elsewhere
(Figure 9, and this pattern is consistent with the contamination status of fish and
shellfish from around the Koreamast In particular, the concentrations of PCB3Q0
N1800 ng/g lipidwt) DDTs 900lng/@lpid W) CHL s 180 Bglydipidiit)
HCHs @®my/glpidwy and H ng(g 1iptdonj illminke whales from
north Atlantic Ocean are sitar to the concentrations iKorean cetaceanseasured in
our study. The overall PBDE levels in the blubbers of minke whatesmon dolphins
and finless porpoiseBom Korean coastal waters are similar to the ranges found in
cetaceans from several couafti The PBDE contamination status of Racific

humpback dol phins (1900 N 2000 ng/g lipid \
(1540 N 960 ng/g lipid wt) from the North
dolphins from Korean coastal waters. Bottlemosd ol phins (7700 N 5300
and killer whales (6300 N 9900 ng/g |ipid
(5500 N 4100 ng/g lipid wt) from Canada sh
found in this study. Spinner dolphins (11 ng/adigvt) from India and Spinner dolphins

(6.8 ng/g |ipid wt) and Frasero6s dol phins

contained the lowest levels of PBDES, probably because of the relatively small use of
PBDEs in these countries.
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Data were obtained from Karlson et al., 2000; Minh etal., 2000; Andersen etal., 2001; Borrel et al., 2001,
Hobbs et al., 2003; Metcalfe et al., 2004; Struntz et al., 2004; Law et al., 2005; Ramu et al., 2005; Kajiwara
etal., 2006a, 2006b; Krahn et al., 2007;; Isobe et al., 2009; Weijs et al., 2009.

Figure3-32. Globalcomparison of POPs in cetaceans from Korean coastal waters compared with those reported for other countries

(Moon et al., 2010a, b, c; Park et al., 2010).
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PFOS and PFUNDA were detected in all the liver samples rinotke whales and
common dolphingrom Korean coastal waters. The concentrations of PFOS in the livers
of minke whales and common dolphins ranged from 2.8 to 162 ng/g wet wt and from 18
to 152 ng/g wet wt, respectively. The concentrations of PFUnDA ranged from 2.6 to 129
ng/g wet wt in minke wHas and 17 to 193 ng/g wet wt in common dolphins. The
overall concentration of PFOS and PFUnDA wais2@ times higher than the
concentrations of other PFCs measured in liver samples.

The concentrations of PFOS measured in the livers of minke whalé<62.8
ng/g wet wt) and common dolphins {1%2 ng/g wet wt) from Korean coastal waters
were compared with values reported for cetaceans from other locations worldwide
(Figure 333). PFOS has been found in all cetaceans, including those from the Arctic
Ocean (bmy et al., 2004). Most studies have shown higher levels of PFOS in cetaceans
than those found in the cetaceans from Korea. The highest concentration of PFOS was

found in bottlenose dol phins from South Ca
Houde eth . , 2006) . Har bor porpoises from the B
de Vijver et al ., 2004) and the UK (524 N

higher concentrations of PFOS compared with cetaceans from other locations. The
concentration oPFOS in melofheaded whales from Japan (Hart et al., 2008a), harbor
porpoises from Iceland (Van de Vijver et al., 2004), and sperm whales from the North
Sea (Kannan et al., 2002a) showed similar values to those measured in this study. Some
cetaceans coltged from India (Yeung et al., 2009a), Brazil (Leonel et al., 2008), and
the Canadian Arctic (Tomy et al., 2004) showed lower PFOS levels than those found in
our study.

USA A F——- F Bottlenose dolphin®
Baltic Sea A — F Harbor porpoise®
UK A B— F Harbor porpoise®
Atalantic Ocean A I Bottlenose dolphin®
USA -+ + Bottlenose dolphin®
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Mediterranean Sea - I Harbor porpoise®
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Brazil F Marine tucuxi dolphin®
China A I Indo-Pacific humpack dolphin”
Norway - + Harbor porpoise®
China A I Finless porpoise”
Adriatic Sea F Bottlenose dolphin'
North Sea - F White-beaked dolphin’
Mediterranean Sea - ] + Striped dolphin’
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Japan A | I Melon-headed whale®

Korea
Iceland
North Sea
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+ Ganges River dolphin™
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a: Houde et al., 2006; b: Van de Vijver et al., 2004; c: Law et al., 2008; d: Kannan et al., 2001a; e: Nakata et al., 2006;
f: Giesy and Kannan, 2001; g: Dorneles et al., 2008; h: Yeung et al., 2009a; i: Kannan et al., 2002b; j: Van de Vijver et al., 2003;
k: Hart et al., 2008; I: Present study; m: Yeung et al., 2009b; n: Leonel et al., 2008; o: Tomy et al., 2004

Figure 333. Global comparison of hepatic PFOS in cetaceans collected from Korean
coastal waters (Moon et al., 2010d).
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Based on the nationwide monitoring results, the temporal trends of PCDD/Fs and

PAHs were inestigated. As shown in Figures33 and 3-35, PCDD/Fs and PAHs did

not show any temporal trends between 2001 and 2007. Althbegbonhcentrations of
PCDD/Fs in atmosphere gradually decreased due to strong regulation on emission
source of PCDD/Fs, sediments and bivalves did not show decreasing trends in Korean
coastal waters. In principal, ocean has dilution effects for all thenisrgantaminants,

and sediment and bivalves have longer -he#fs of PCDD/Fs compared with
atmosphere. However, the decreasing trends of PCDD/Fs in sediments and bivalves
would be expected after 2010. In the case of PAHSs, they have both contamination
soukes such asombustiorand oil contamination.
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Figure 334. Temporal trends of PCDD/F concentrations (pg TEQ/g dry or wet weight)
in marine sediment and bivalves (mussels or oysters) from Kooemtalaters.
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Figure 335. Temporal trends of PAH coantrations (n/g dry weight) in marine
sediment and bivalves (mussels or oysters) from Kareastalwaters.
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Based on the nationwide monitoring survey during 200027, the BT
concentrations varied from <2.0 to 67 ng Sn/L in seawater, from <3.0 torgP$8/g
dry weight in sediment and from <3.0 to 2576 ng Sn/g drgight in bivalves,
respectivelyln seawater samples, annual mean concentrations of TBT were from <2.0
to 11 ng Sn/L, showing that they were around 10 ng Sn/L from 2001 to 2003, and
around bhe detection limit in 2004 Higure 336). TBT concentration in seawater
decreased dramatically and the seawater samples did not contain TBT sincén2005.
sediment samples, annual mean concentrations ranged from 28 to 226 ng Sn/g dry
weight. Unlike seawatesamples, sediment did not show any temporal trends of TBT.
This obscure temporal variation of TBT levels in sediment may be attributed to TBT
properties in matrices such as Hales of TBT and reflection of contamination in
matricesIn bivalve samplesannual mean concentrations of TBT ranged from 38 to 455
ng Sn/g dry wtSimilar to seawater sampl€EBT levels in bivalves decreased annually
becausenussels and oysters are fifleeding species living in wateolumn.Therefore,
bio-monitoring suchas the mussel watch program is useful in assessing the national
status and trend of TBT contamination in the marine environraamtsequently, these
results indicate the importance of multimedia monitoring and legislative action on toxic
organic contaminds in marine environment.

101



40
Seawater

30 A

20 1

10 4

Concentration (ng/L)

T ND ND ND

2001 2002 2003 2004 2005 2006 2007
Sampling year

1200
T Sediment

900

600 +

300 H

Concentration (ng/g dry weight)

2001 2002 2003 2004 2005 2006 2007
Sampling year

1200

Bivalves

900 -

600 -

300 A

Concentration (ng/g dry weight)

2001 2002 2003 2004 2005 2006 2007
Sampling year

Figure 336. Temporal trends of TBT in seawater, sediment and bivalves (mussels or
oysters) collected from Korean coastal waters (Choi et al., 2010; 2011).

To investigate current status and temporal trends of BTs innenamammals,
finless porpoises were collected from Korean coastal waters between 2003 and 2010.
The concentrations of MBT, DBT, TBT, and total BTs in finless porpoises were
significantly different (p < 0.001) between the two sampling years of 2003 and 2010
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(Figure 3-37). The total concentrations of BTs in finless porpoises collected from the

South Sea (S03; 682 N 291 ng/g wet weight)

weight) in 2003 were significantly higher than those measured in the Yellow Sea (Y10;
155 N 58.4 ng/g wet weight) in 2010, i
mammals associated with TBT regulation in Korea. Earlier studies confirmed a clear
decreasing trend in the concentrations of TBT in seawater and bivalves from Korean
coastalwaters (Choi et al., 2009a; 2010a). Therefore, TBT regulation has been effective
at decreasing TBT concentrations in marine mammals as well as-tlopbiclevel
species such as mussels and oysters in the coastal environment of TKise@sult
emphasies the importance of legislative action against chemical contamination in
coastal environment.

10000
BTS

ﬂ ﬂ o)

10

Concentration (ng/g wet weight)

S03Y03Y10 S03Y03Y10 S03Y03Y10 S03Y03Y10
Figure3-37. Comparison of concentrations of butyltin compounds in finless porpoises

collected from the South Sea (S03) and Yellow Sea (Y03) in 2003, aiveltbes Sea
in 2010 (Y10). * indicates significant differencegpat 0.05(Choi et al., 2013b).

<Japan>

In Japan, continuous environmental monitoring has been conducted for more than
three decades by the government. Ministry of the Environment has badocting
several envbnmental montring programmes, including long terenvironmental
monitoring under fiChemicals in the Environment programme, and marine
environmentmonitoring fChemicals in the Environmanprogramme is composed of
three major actities, i.e., primaryenvironmental survey of chemicals, detailed
environmental survery of chemicals, and long term enviroteh@monitoring of POPs
and other selectd@BTs. Basic design of the long term monitoring is to reveaiporal
trends ofPOPs leels in major environmental media in Japan, i.e., air (37), water (48
rivers, lakes and coastal environmensediments (64 rivers, lakes and coastal
environment and biota (28; fishe$19), bivalves (6), birds (2) and bird eggq1))
(numbers in parenthes show sampling locations in each media as of FY2018
sampling sites are located on laad coastal regignair samplingis conducted about a
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few tensto a hundredkm interval, and water and sediment sampling is conducted
mainly near river mouth regn together with several coastal regions nearby densely
populated areas, such as Tokyo Bay and Osaka Bayine environmental monitoring,

on theotherhand,has been monitoring some of POPs, organotins and redements
levels along sevetransects fromcoastal environmento offshore areasn order to
conserve economic zones in Jaganprotect the areas from maripellution, with
particular emphasis on lasithsed marine pollution armbllution by ocean dumping.
Other governmental activities includEeanpollution survey implemented by Japan
Coast Guard. The results of tbse activities will be summarized in the following
sections. Major focus will be puton theinformation d recentspatial distribution of

PTS although information on their tempbiaends, if available, will be summarized,
too.

A. Dioxins

According toLaw Concerning Special Measures against Dioxins, environmental
monitoring and human biomonitoring of dioxins have been conducted every year.
Currently the most recent data on dioxinsnitoring in the environment is in 2011.
Air sampling was conducted at 756 sampling locations by either 1,6@@mpling for
7 days or three times 1,000’ samplingfor 24 hrs. Among them, the sampling was
conducted twice in summer and winter at 68&atmns,including general environment
(522 locations), nearby emission sources (142 locarions) and roadsides (25 locations),
and theaveragedioxins leve$ in theselocatiors were calculatedand reported in the
following tables and figuresWater samplig in public water bodies were conducted at
1,574 locations, including rivers (1,229 locations), ponds or lakes (79 locations ) and
coastal areas (286 locations). Sediment samples were collected at 1,320 locations in
public water bodies, including river§, 009 locations), ponds or lakes (68 locations) and
coastal areas(243 locations). Ground water was sampled at 538 locations and soill
samples were collected 869 locations, including general environment survey (674
locations) and survey around emissi@urges (295 locations). The overdhta ae
summarized in Tabl 329, while the temporal trend of the average air dioxin levels
among the continuous sampling sites (not all sites but those continuously sampled
during 19971 2011) is shown in Figure-38. As shown in Table 1, all the air sampling
data in Japan in FY2011 were below environmental criteria (0.6°pg/ffhe situation
was clearly shown in the histograms of air sampling data in Figuhéo®e thatall the
TEQ datain any environmental mediaere reported based odifferent TEF valuses
according to thelevelopment of toxicological researchies;, TEQ wasbased on-TEF
(1996) during 1997~2007, and WHIEF (2006) after 2008 until present.
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Table3-29.

Dioxin levels in Japanese environmanfFY2011(Dioxins control office

(2013))
. . |Total . Environ. Locatlo_n s
Media Category Locationg Max Min Average |~ .. . exceeding
Samples Criteria o
criteria
Air Total 689 2,236 0.45 0.005] 0.029 0
(pg-TEQ/m?) (756) (2,337 (0.45) (0.0051] (0.028
General 522 1,684 0.19 0.0051 0.028 0
(559) (1,740 (0.19) (0.0051] (0.027 06
Nearby 142 461 0.45 0.005] 0.032 - 0
sources (172 (507 (0.45) (0.0052| (0.031
Roadsides 25 90 0.074 0.009¢ 0.025 0
(25) (90) (0.072] (0.0096| (0.025
Water Total 1,594 2,123 3.4 0.014 0.19 28
(pg-TEQ/L) |Rivers 1,229 1,722 3.4 0.012 0.22 1 27
Ponds/Lakes 79 89 1.1 0.022 0.18 1
Coastal areas 286 312 0.57 0.016 0.065 0
Sediments Total 1,32(¢ 1,374 640 0.0 7 3
(pg-TEQ/g) |Rivers 1,009 1,061 640 0.05 6.3 15 3
Ponds/Lakes 68 68 34 0.28 9 0
Coastal areas 243 245 97 0.077 9.5 0
Ground water i
(pg-TEQ/L) 538 539 0.62 0.0084 0.04 1 0
Soils Total 969 969 140 0 3.4 0
(po-TEQ/g) |General 674 674 96 0 2 0
Nearby 1,004
295 295 140 0 6.7 0
sources

* TEQ calculated based on WHO-TEF (2006)
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Figure 338. Temporal trend of the average of Air Dioxins levels in continuous
sampling sites during FY19972011. TEQ calculation based oii EF
(1998) (19972007) or WHGTEF (2006) (2008~{|Dioxins contol office
(2013))
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Figure 344 Histograms of ground water dioxins levels in FY2011 in continuous
sampling sites during 19972011 (Dioxins control office (2013))

Contrary to the the rapid decrease of air average concentrations, only moderate
decreasing trends are observed in the water and the sediment averages as shown in
Figures 340 and 3-41, respectively. These tendencies amasonablyexplained as
representing the differences in environmental behaviors of dioxinglifferent
environmental medijai.e., air dioxin levels are primarily reflecting their current
emission levels from major sourcesile those in sediments are mainly reflecting
integrated load of past dioxins. Water levels are the sum of new emission from primary
sources and emissions from secondary sources, including soils and sediments, and thus
may not decrease so rapidly duednd lasting secondary emission loadslistograms
of water and sediments as well as ground water at@ashown in Figures-82, 343
and 344, respectively. There still remain several sites in rivers where dioxins levels
exceed environmental criteria.

In addition to chlorinated dioxins, furans andR{Bs, both emissions and
environmental levels of brominated dioxins and furans have been analyzed and reported
by the Ministry of the Environment, Japaithis survey has been conducted based on
fiLaw Corcerning Special Measures against Diogjrteo, and major brominated flame
retardants, i.e., polybromdiphenyl ethers (PBDES), tetrabrothisphenol A (TBBPA),
tribromo-phenols (TrBPhs), and hexabromocyclododecanes (HBCDs), together with
brominated dioxinsvere analyzed.In the latest report on the monitoring FY2012,
emissions in air and water frof different sources, including two municipal waste
incinerators and four industrial waste incineraterere analyzed together with air and
public water envbnmental levels nearby thiacilities. Emission levels of PBDDs and
PBDFs in the flue gawas reported to be 0.028 ng/if©.0009i 0.13) with estimated
TEQ values of 0.0004 RGEQ/nT in average (based on TEF of corresponding
chlorinated isomers of PCDDgf: PBDD/Fs in effluent water was reported to be 20
pg/L with estimated TEQ =0.067 pgTEQ/L. TeBDDs, TeBDFs and PeBDFs
compositions wereelatively higher in flue gas while TeBDDs, TeBDFs, HxBDFs and
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OBDF compositions were higher in effluent water saaspPBDD/Fs levels in ambient
air nearby the facilities was reported to be 2.6 pd88i 12)with TEQ = 0.0096 pg
TEQ/nT in average. PBDD/Fs levels jrublic waterbodieswere24 (up stream) and 37
(down stream) pg/L of a facility along a river, allP (nearby) and 0.05 (distant) pg/L
of a facility along coastline. Among isomers, 1,2,3,4,5HpBDF was highest in flue
gas while the isomer and OBDF were dominant in effluent water. The two isomers
were also dominant in ambient air and water arounel facilities. PBDD/Fs were
analyzed in general environmental samples during -P8@® undefiChemicals in the
environmend monitoring program, but were ndetected in almost all samplegcept
for a fewsamples with trace levels of TeBDfsote: heptaand octasomers were not
analyzed in those environmental data)

In FY 2011 survey, emissions of brominated dioxins and furans froraci@ling
facilities on home applieance, such as TV, refligeratorcaiditionerand washing
machine, were analyzed?BDD/Fs levels ireffluent air through dust filters from TV
decomposition fatities were reported to be 1.2 ng/niND - 7.7) (TV crushing
machine), 0.023 ng/in (TV manual decomposition place), 0.0045 nY/fTV
decomposition facility) or 0.083 ngffoverall facility), respectively PBDD/Fs levels
in waste water were reported to be 33,000 and 30,000 pg/L for TV decomposition
process and overall facility, respectivelyAlthough the levels in waste water are much
higher than those from incinerators, tdlaw of water is 1 to 4 orders of magnitude
lower than other facilities. PBDD/Fs levels in ambient air nearby the facilities were
reported to be 20 pgflvin average, which is higher than those around incinerators,
while those in public water bodies wee20 pg/L (up stream) or 57 pg/L (down stream),
respectively.

Chlorinated dioxins levelalong seven transects from coastal area to offshore
region have been monitored in Marine Environment Monitoring Survdyecadal
changes between 1998007 along the transects were compiled and reported by the
ministry of the Environment. Figure 8 shows geographical distribution of dioxins levels
in surface sedimentsDuring ten years, sampling and analysis in each location was
conducted twice or three times. érbfore duplicate or triplicate data for each sampling
sites are shown in the figure Samling method changed from box coref@multiple
corder from 2003 in orderto get surface sediment with ledssturbance and this
change mighaffect the datdo some extent Higherlevels of dioxins (more than 10
pg/g dry) were detected in coastal areas of Tokyo (transect B) and Osaka (transect C)
bays. In both transects, dioxins levshow general declining trefm accor@nce with
the distance from the coasxcept forC-5 where unknown PCB sourseem to be
present (report on 2003 Levels of chemicals in sediments depend on not only
chemical levels in water but also other factors, such as sedimentation rates and types of
sediments. Biomonitoring is an @lhative way to know the levels of chemicals in
water. Dioxins levels in several organisms commonly present in marine environment
have beeranalyzed and reported. Figured@ shows dioxins levels in squidvérs in
offshore regions. Squids accumulateghbbpid soluble organic chemicals and heavy
metals in their livers. Theilongevity is usually one year. nEironmental monitoring
by using squid liversparticularly those in the family Ommastrephiaégch are widely
distributing in the world ocean, wgproposedas a suitable biomonitoring method to
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monitor yearly changes in open ocean environnféamada et al., 1997; Hashimoto et

al, 1999) As shown in Figure -36, dioxins levels in squid livers collected in Kuroshio
and Oyashio current areas in toRacific ocean show declining trends in the last 10
years. On the other hand, their levels in squid livers collected in central and western
NOWPAP areas generally show higher levels than those in Pacific ocean with no clear
decreasing trends. In facgtios of dioxins levels in squid livers between NOWPAP
and north Pacific had been around 2in 1998, but becam&round 10 in 2007.
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Figure 345 Geographical distribution of dioxins in surface sediments along seven
transectg1998i 2007)(Global Enwronmental Issues Division (2009)
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Figure 347. Dioxins levels (pg/g wet) in squid livers collected in was places along
circunmpolar front in nortHPacific and central NOWPAP area (Hashimoto 1999)

Hashimoto et al reported PCDD/Fs levels in squid livers in wide areas of north
Pacific ircluding NOWPAP region (Figure-87). The sampling period was in late
19903. The levels of PCDD/Fs in figure 10 weteownas concentrations rather than
TEQ and also dl PCB were not analyzed; therefore, the data are not comparable with
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Figure 9. ltis shown in the Figure 10, however, thiare were clear declining trenél o
PCDD/Fs levelsrom west, the central NOWPAP area, to #ast, central north Pacific
ocean, in late 1999, suggesting the occurrence of ldraked marine pollution by
dioxins.

B. PCBs, HCBand organochlorinpesticides

Intentionally produced legackOPs, including PCB, HCB and organochlorine
pesticides, have been monitored extensively for kemgn in AiChemicals in the
environmend program. The longterm monitoring part of the program was- re
organized in FY2002 to utilize highly sensitive and mea&nalytical methodapillary
GC-high resolution mass spectrometry, for the analysis of all legacy POPs in order to
reveal present®Ps levels in the environmenthich will serve as baselines for future
effectiveness evaluation procedumneArticle 16 of the Stockholm Conventionln this
program, air (35 sitessampling twice a year (late summer and early winter) in each
location), water (49sites),sediments (64ites) and biological samples (fish: 16 sites,
bivalves: 4 sites, birds: 1 site) (data iy 2011) were sampled in fixed losigrm
sampling sites in Japan, and legacy POPs in the samples were analyzed and reported.
As many of the legacy POPs had banttealr production, import and uskecades of
ago in Japan their decreasing trends in recegrgars have been slowing down and
becomes nearlflat. Also some of the legacy POPs were found tagéeerallyvery
low andfrequentlynon-detectable even by the newesgalytical technique. Therefore
some POPs are analyzed not every year but once iontwoee years. The following
data are compilation of the results in recent few ye&ach table shows compound
name, environmental media, sampled year, median and geometrical means, ranges,
detection frequenciegnd method quantificatioand detectiorlimits (MQL (MDL)).

Tr (trace) means theompoundwas detected (above MDL) but less than quantification
limits (MQL), and the number in parenthesis is a reference value (quantified but not
reliable enough)(following data from Environmental Health and f&g Division
(2013))

B-1. PCB (FY2011)

PCB was designated as Class 1 Specified Chemical Substance under Chemical
Substances Contrl Law in 1974. PCB is a major POPsgpanJand has been
monitored every year. PCB is detected in every environmsataple. Air levels of
PCB show clear seasonal variation, possibly refledmyperaturedependence of its
air-other media (water, soils etc. as a major secondary PCB emission source) partition.
By the statistical analysis of a decadal dsgtween FY202-2011, PCB levels in water,
both in total and in ach category (rivemcluding river mouth regioncoastal water),
werefoundto decreasen astatistically significahmanner
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Table 330. PCB in air (pg/m)

No. Sites Geo.Meang Median | Max Min MQL Detedion
(MDL) frequency

35(Summer) 150 160 660 32 18 (5.9) | 35/35

36(Winter) | 76 66 320 Tr(17) 37/37

Table 331. PCB in water (pg/L)

No. Sites Geo.Meang Median | Max Min MQL Detedion
(MDL) frequency

49 150 130 2,100 16 4.5 (1.7) | 49/49

Table 332. PCB in sediments (pg/g dry)

No. Sites Geo.Meang Median | Max Min MQL Detedion
(MDL) frequency

64 6,300 7,400 950,000 | 24 12 (4.5) | 64/64

Table 333. PCB in biological samples (pg/g wet)

No. Sites Geo.Meang Median | Max Min MQL Detedion
(MDL) frequency

4 (bivalves) | 8,900 17,000 65,000 | 820 220 (74) | 414

18 (fishes) | 14,000 12,000 | 250,000 | 900 220 (74) | 18/18

1 (bird) - 5,400 - - 220 (74) | 1/1

B-2. HCB (FY2011)

HCB was designated as Class 1 Specified Chemical Substance under Chemical
Substances Control ain 1979. Atmospheric levels of HCB do not show large
variations both in season and locatidhis among the most potent POPs chemicals to
be transported for longange in global scale, and their levelsair may reflect not only
local or regional sawes but also global emission statBy the statistical analysis of
decadal data (FY2002011), statistically significant decréag trend was found in
water environment as a total, as well as river category including river mouth region.

Table 334. HCB in air (pg/m)

No. Sites Geo.Meang Median | Max Min MQL Detedion
(MDL) frequency

35(Summer) 120 110 180 87 2.3 (0.75 | 35/35

36(Winter) | 96 96 160 75 - 37137
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Table 335. HCB in water (pg/L)

No. Sites Geo.Meang Median | Max Min MQL Detedion
(MDL) frequency

49 13 12 140 Tr(3) 52 49/49

Table 336. HCB in sediments (pg/g dry)

No. Sites Geo.Meang Median | Max Min MQL Detedion
(MDL) frequency

64 150 110 35,000 |11 7 (3 64/64

Table 337. HCB in biological samples (pg/g wet)

No. Sites Geo.Meas | Median | Max Min MQL Detedion
(MDL) frequency

4 (bivalves) | 45 34 920 4 4 (1) 414

18 (fishes) | 260 320 1,500 34 4(1) 18/18

1 (bird) - 460 - 4 (1 1/1

B-3. Drins (aldrin, dieldrin, endrin)

The three pesticides with common hexachlorocylcopemgbistructure, i.e,
aldrin, dieldrin and endrin(so-called fidrinsd), were removed from the registered
chemicals list under Agricultural Chemicals Regulation Law in 1975, and designated as
Class 1 Specified Chemical Substance under Chemical Substances Cantn 1981.

All of the drins have been monitored continuously until 2009, and then dieldrin and
endrin was monitored in 2011Among the data, statistically significant declining trend
was observed in endrin levels in ponds/lakes and coastal watgrg ddecadal
monitoring between 2002 and 2011.

Table 338. Drins in air (pg/m) (S; summer, W: winter)
(Aldrin: FY2009, Dieldrin & Endrin; FY2011)

Compounds Geo.Means | Median | Max | Min | MQL Detedion
No. Sites (MDL) frequency
25 (Aldrin;S) 0.07 nd 10 Nd |0.04(0.02 |10/%5

24 (Aldrin; W) Tr (0.03) nd 1.8 Nd |- 8/24

25 (Dieldrin;S) | 12 15 230 0.8 ]0.42(0.134 | 35/35

24 (Dieldrin; W) | 4.3 4.9 96 0.52 | - 37137

25 (Endrin;S) 0.46 0.62 5.1 Nd |0.09(0.03 |34/35

24 (Endrin; W) | 0.16 0.16 1.8 Nd |- 3337
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Table 339. Drins in water (pg/L)
(Aldrin: FY2009, Dieldrin & Endrin; FY2011)

Compounds | Geo.Means | Median | Max Min MQL Detedion
No. Sites (MDL) frequency
49 (Aldrin) 0.7 0.9 22 Nd 0.7 (0.3) | 32/49

49 (Dieldrin) | 33 38 300 2.1 1.6(0.6) | 49/49

49 (Endrin) 3.8 4.6 71 Nd 1.6 (0.9 |47/49
Table 340. Drins in sediments (pg/g dry)

(Aldrin: FY2009, Dieldrin & Endrin; FY2011)

Compounds | Geo.Means| Median | Max Min MQL Detedion
No. Sites (MDL) frequency
64 (Aldrin) 8.9 7.8 540 Nd 0.5 (0.2) | (180/192)*
64 (Dieldrin) | 47 44 2,200 | Tr(2) |5(2 64/64

64 (Endrin) | 8.8 14 1,100 | Nd 1.1 (0.9 | 5964

*. Three samples collected in each site were analyzed separately until 2009.

:I'able 341. Drins in biological samples (pg/g wet)

Compounds| Geo.Meang Median | Max Min MQL Detedion
No. Sites (MDL) frequency
Aldrin FY2009

7 (bivalves) | Tr (1.6) Tr (0.8) |89 Nd 2.1 (0.8) | 6/7

18 (fishes) | Nd nd 3.1 Nd 2.1(0.8) | 7/18

2 (bird) Nd nd nd Nd 2.1(0.8) | 0/2
Dieldrin FY2011

4 (bivalves) | 390 690 3,800 16 3(1) 4/4

18 (fishes) | 270 340 1,100 17 3(1) 18/18

1 (bird) - 770 - - 4 (1) 1/1
Endrin FY2011

4 (bivalves) | 33 62 110 Tr (3) 4 (2) 4/4

18 (fishes) | 18 19 160 Nd 4(2) 16/18

1 (bird) - Tr (3) - - 4(2) 1/1

B-4. DDTs (FY2010)

DDT,chlordaes and HCHs are among the most heawged organochlorine
DDT wasceused to control liceand other pest control, too.
DDT was removed from the list of agricultural chemicals in 1971, and designated as
Class 1 Chemical Substance in 1981. DDT monitoring has beenusuhdivery year

until 2010. Due to lack of monitoring data in FY 2011, the statistical analysis has not

pesticides in Japan.

been conducted on DDT monitoring data yet.




Table 342. DDT in air (pg/ni) (FY2010)

Isomers Geo.Meang Median | Max Min MQL Detedion
No. Sites (MDL) frequency
p,pdDDT
37(Summer)| 3.5 3.1 56 0.28 0.1(0.03 | 37/37
37(Winter) | 1.3 0.89 16 0.30 - 37137
p,pd DDE
37(Summer)| 4.9 4.1 200 Tr (0.41) | 0.62 (0.2} | 37/37
37(Winter) | 2.2 1.8 28 Tr (0.47) | - 37137
p,pdDDD
37(Summer)| 0.20 0.17 1.7 0.04 0.02 (0.0} | 37/37
37(Winter) | 0.10 0.09 0.41 0.02 - 37137
0,p6DDT
37(Summer)| 2.2 1.9 26 0.19 0.14 (0.®) | 37/37
37(Winter) | 0.81 0.69 5.5 0.22 - 37137
0,p3DDE
37(Summer)| 0.49 0.41 9.0 0.09 0.04 (0.0} | 37/37
37(Winter) | 0.27 0.23 2.3 0.08 - 37137
0,p3DDD
37(Summer)| 0.21 0.19 1.8 0.04 0.03 (0.0} | 37/37
37(Winter) | 0.10 0.09 0.48 | Tr(0.02) |- 37137
Table 343. DDT in water (pg/L) (FY2010)
Isomers Geo.Meang Median | Max Min MQL Detedion
(MDL) frequency
p,pdDDT 8.5 7.6 7,500 Tr(1) 2.4 (0.9 49/49
p,pd DDE 14 12 1,600 2.4 2.3 (0.9 49/49
p,pdDDD 12 10 970 1.6 0.2 (0.08 | 49/49
0,p3DDT 1.5 Tr (1.2) | 700 Nd 1.5(0.9 43/49
0,p6DDE 0.97 0.65 180 Tr(0.13) | 0.24 (0.09 | 49/49
0,p3DDD 4.6 3.8 170 Tr(0.5 |0.6(0.2) 49/49
Table3-44. DDT in sediments (pg/g dry) (FY2010)
Isomers Geo.Meang Median | Max Min MQL Detedion
(MDL) frequency
p,pdDDT 230 200 22,000 |9.3 2.8 (0.9) 64/64
p,pdDDE 680 790 40,000 |11 5(2) 64/64
p,pdDDD 510 510 78,000 |4.4 1.4 (0.5) 64/64
0,p3DDT 40 33 13,000 1.4 1.1 (0.9 64/64
0,p6DDE 37 32 25,00 Tr(0.7) | 1.2 (0.5 64/64
0,p3DDD 130 130 6,900 Tr(0.8) | 0.9 (0.9 64/64
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Table 345. DDT in biological samples (pg/g wet) (FY2010)

Organisms | Geo.Meang Median | Max Min MQL Detedion
No. Sites (MDL) frequercy
Bivalves

p,pdDDT 180 280 470 43 3(1) 6/6
p,pdDDE 1,100 1,300 6,300 230 3(1) 6/6
p,pdDDD 180 330 960 11 1.3(0.5) 6/6
0,p6DDT |51 67 160 15 3(1) 6/6
0,p6DDE 46 58 160 7.8 1.5(0.9 6/6
0,p6DDD 57 50 400 5.8 0.6(0.2) 6/6
Fishes \

p,pdDDT 240 280 2,100 7 3(1) 18/18
p,pdDDE 2,300 2,100 13,000 | 260 3(1) 18/18
p,pdDDD 560 610 2,900 57 1.3(0.5) 18/18
0,p6DDT 58 71 550 5 3D 18/18
0,p6DDE 47 37 2,800 Tr(1.2) | 1.5 (0.6 18/18
0,p6DDD 75 99 700 2.6 0.6 (0.2) 18/18
Birds

p,pdDDT 3 - 15 Nd 3(1) 1/2
p,pdDDE 32,000 - 160,000 | 6,300 3 (1) 2/2
p,pdDDD 440 - 1,600 120 1.3(0.5) | 2/2
0,p6DDT nd nd nd Nd 3D 0/2
0,p6DDE Tr (1.1) - 3.7 Nd 1.5(0.6) | 1/2
0,p6DDD 6.3 - 11 3.6 0.6 (0.2) | 2/2

B-5. Chlordaneand heptahlor

In addition tothe use as pesticides, chlordane basn used extensively for
termite control in wood materials and hous€&hlordane wasemoved from the list of
agricultural chemicals in 1968ut wascontinuously used faiermite controluntil 1986
when itwas designated as Class 1 Sjped Chemical Substancelechnical tlordane
is a mixture of various isomers, including major isomers of heptachlor. Heptachlor
itself was also used as agrochemical in Japan, particularly in northern paringclud
Hokkaida Heptachlor was removed from the list of agricultural chemicals in 1975, and
was designated as Class 1 Specified Chemical Substance in 198&l. h@ptachlor
(sum of heptachlor, ciBeptachlor epoxide, trafgeptachlor epoxide) vs. total
chlordane (sum of tramshlordane, cishlordane, transonachlor, cismonachlor and
oxichlordane) ratio irenvironmentasamples has been shown to be a good indicator of
the past usage of heptachlor as agrochemi@bth of them have been monitored
continuausly, and the data in FY2011 are summarized below. Based on the statistical
analysis of the data, statistically significant declining trendslaogvnin cis-chlordane
levels in water (total as well as river and coastal marine environnseciiments (tai
as well as river mouth, ponds/lakes, awéstalarea) and air (summer season), trans
chlordane in sediments (total and marine area) and air (summer seasanjacbklor
in sediments (coastal) and air (summer), tiamsachlor in water (river), sedimis



(total as well as river mouth and coastal area) and air (summer), oxychlordane in air
(summer), and cibeptachlor epoxide in sediments (river mouth)

Table 346. Chlordane and heptachlor in air (pdfm

Isomers Geo. Median | Max Min MQL Detedion
Seasons Means (MDL) frequency
Cis-chlordne

Summer 66 95 700 1.5 1.3(0.42 | 3535
Winter 20 31 240 Tr (0.88) | - 37/37
Transchlordane

Summer 76 110 810 Tr(1.4 |1.6(0.53 |3535
Winter 24 37 290 Tr (07) |- 37/37
Cis-nonachlor

Summer 7.4 8.8 89 0.24 0.15(0.05) | 3535
Winter 1.9 29 28 nd - 36/37
Transnonachlor

Summer 53 72 550 1.2 1.1 (0.3) | 3535
Winter 16 24 210 Tr (0.7) |- 37/37
Oxychlordane

Summer 1.5 1.5 5.2 0.28 0.07 (0.03 | 35/35
Winter 061 057 2.6 021 - 37/37
Heptachlor

Summer 16 25 110 0.73 0.3 (0.099) | 3535
Winter 6.1 10 56 Tr (0.13 | - 37/37
Cis-hept. epoxide

Summer 2.0 2.3 6.0 0.29 0.04(0.01) | 3535
Winter 0.10 0.09 0.48 Tr (0.02) | - 37/37
Transhept. epoxide

Summer nd nd 0.13 nd 0.13 (0.09 | 5/35
Winter nd nd Nd nd - 0/37

Table 347. Chlordane and heptachlorwater (pg/L)

Isomers Geo. Median | Max Min MQL Detedion
Means (MDL) frequency

Cis-chlordne 20 16 500 3.8 1.4 (06) | 49/49
Transchlordane 16 13 470 3.2 1.0(04) |49/49
Cis-nonachlor 5.0 4.3 130 0.8 0.6 (0.9 |49/49
Transnonachlor 15 12 480 2.6 1.3(0.5) |4949
Oxychlordane 1.9 1.8 34 nd 1.3(05) |44/49
Heptachlor nd nd 22 nd 1.3(05) | 6/49
Cis-hept. epoxide | 5.8 5.8 160 0.7 0.7(0.3) |49/49
Transhept. epoxide nd nd 2.8 nd 0.8(0.3) |3/49
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Table 348. Chlordane and heptachliorsediments (pg/g dry)

Isomers Geo. Median | Max Min MQL Detedion
Means (MDL) frequency
Cis-chlordne 70 58 4,500 | 1.7 1.1 (0.4) | 64/64
Transchlordane 73 64 4,300 |3.2 1.3 (0.5) | 49/49
Cis-nonachlor 41 38 2,900 |nd 1.1 (0.4) | 63/64
Transnonachlor 68 52 4,500 |1.7 0.8 (0.3) | 64/64
Oxychlordane Tr (1.6) | Tr (1.2) | 83 nd 2.2 (0.9) | 36/64
Heptachlor Tr(1.3)| Tr(1.2) |48 nd 1.8(0.7) | 40/64
Cis-hept. epoxide | 2.8 2.5 160 nd 06(0.2) |63/64
Transhept.epoxide| nd nd 24 nd 2.3(09) |2/64
Table 349. Chlordane and heptachliorbiologcal samples (pg/g wet)
Organisms Geo. Median | Max Min MQL Detedion
Isomers Means (MDL) frequency
Bivalves
Cis-chlordne 790 880 3,400 | 160 3(1) 4/4
Transchlordane 490 470 2,900 | 150 4(1) 4/4
Cis-nonachlor 250 280 1,300 |77 18(0.7) |4/4
Transnonachlor 640 680 3,000 | 200 3(1) 4/4
Oxychlordane 68 100 260 8 3(1) 4/4
Heptachlor 4 4 51 nd 3 3/4
Cis-hept. epoxide | 55 110 320 3.9 20(0.9 |4/4
Transhept. epxide | nd nd Tr(6) |nd 7(3) 14
Fishes
Cis-chlordne 580 660 3,800 |79 3() 18/18
Transchlordane 180 240 1,300 |20 4(1) 18/18
Cis-nonachlor 440 450 2,900 |45 18(0.7) |1818
Transnonachlor 1,100 | 1,000 5,000 | 190 3(1) 18/18
Oxychlordane 140 130 2,300 |33 3(1) 18/18
Heptachlor Tr(1) |Tr(1) 7 nd 3(1) 13/18
Cis-hept. epoxide | 50 62 540 3.2 2.0(0.8) |18/18
Transhept. epoxide nd nd Nd nd 7(3) 0/18
Birds
Cis-chlordne 6 3(1) 11
Transchlordane 5 4(1) 1/1
Cis-nonachlor 76 18(0.7) |11
Transnonachlor 400 3 1/1
Oxychlordane 590 3(1) 1/1
Heptachlor - nd - - 3(1) 0/1
Cis-hept. epoxide 410 2008 |11
Transhept. epoxide nd 7(3) 0/1
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B-6. Mirex andToxaphendFY2009)

Toxaphene and mirex are both orgehlorine pesticides, but are never registered
in Japan as agrochemicals. They are designated as Class 1 Specified Chemical
Substance in 2002. Their environmental monitoring started in FY2002 and continued

until FY2009 when their monitorinfyequencywas reducegli.e, mirex will be analyzed
every two years while toxapheoace in 6 yearsinterval of effectiveness evaluatipn

due to their lower levels as well as lower frequencies of detection in Japanese

environment. There may be some purpasieimporting small amount ofmirex toJapan
other than agrochemical®r a low level ofmirex was detected in sediments of several
ports and river mouths near densely populated areas. Toxaipherganismson the
other hand, showed a unigdsstributionprofile; i.e., the levels of toxaphene expressed
in lipid-basein a pelagic fish, Pacific saurgaught in north Pacifisvere similarto the

levels in sea bass collected in Tokyo balhis suggests th#bcal, land-based marine
pollution of toxaphene arounthpa is negligiblecompared with globagbollution levels

of the chemical

The following data was obtained in FY 2011 for mirex and FY2009 for toxaphene.

Table 350. Mirex and toxaphenia air (pg/n?)

Chemicaldsomers| Geo. Median | Max Min MQL Detedion

Seasons Means (MDL) frequency

Mirex

Summer 66 95 700 1.5 1.3 (0.42) | 35/35

Winter 20 31 240 Tr (0.88) | - 37137

Toxaphene

* Parlar26

Summer Tr (0.18) | Tr (0.19) | 0.26 Tr (0.11) | 0.23(0.09) | 37/37

Winter Tr (0.12) | Tr (0.13) | 0.27 nd - 3337

* Parlar50

Summer nd nd Tr (0.1) | nd 03(0.1) 11/37

Winter nd nd Tr (0.1) | nd - 1/37

* Parlar62

Summer nd nd Nd nd 1.6 (0.6) 0/37

Winter nd nd Nd nd - 0/37

Table 351. Mirex and toxapheni@ water (pg/L)

Isomers Geo. Median | Max Min MQL Detedion
Means (MDL) frequency

Mirex nd nd 0.8 nd 0.5(0.2) | 3/49

Toxaphene

* Parlar26 nd nd Nd nd 5(2) 0/49

* parlar-50 nd nd Nd nd 73 0/49

* Parlar62 nd nd Nd nd 40(20) 0/49
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Table 352. Mirex and toxapheni@ sediments (pg/g #y

Isomers Geo. Median | Max Min MQL Detedion
Means (MDL) frequency
Mirex 1.2 0.9 1,90 |nd 0.9(04) |42/64
Toxaphene
* Parlar26 nd nd Nd nd 10(4) 0/64
* parlar50 nd nd Nd nd 12(5) 0/64
* Parlar62 nd nd Nd nd 80(30) 0/64
Table 353. Mirex and toxaphenia biological samples (pg/g wet)
Organisms Geo. Median | Max Min MQL Detedion
Isomers Means (MDL) frequency
Bivalves
Mirex 10 7.1 44 5.2 19(08) |4/4
Toxaphene
Parlar26 9 9 23 nd 7 (3) (27/31)
parlar50 9 9 31 nd 8 (3) (27/31)*
Parlar62 nd nd Nd nd 70(20) (0/31)*
Fishes
Mirex 12 15 41 Tr(1.3) |1.9(08) |1818
Toxaphene
Parlar26 25 20 690 nd 7(3) (82/90)*
parlar50 30 23 910 nd 8 (3) (85/90)*
Parlar62 Tr(20) | nd 660 nd 70(20) (24/90)*
Birds™
Mirex 58 19(08) |11
Toxaphene
Parlar26 26 200 500 nd 7 (3) (6/10)*
parlar50 29 250 620 nd 8 (3) (5/10)*
Parlar62 Tr (40) | 80 210 nd 70 (20) (5/10)*

* Biological samples in each site were separated into five groups arydeahal
separately until FY 2009 to know variations as well as averaged concentrations.
** Bird speciesincludeda terrestrial bird (gray stirling) and a marine one (biailed
gull) in FY2009 while terrestrial one only in FY2011.

B-7. PCB levels in mrine environment

PCB monitoring in water, sediments and several marine organisms have bee

conducted under Marine Environmental MonitoriBgrvey. Geographical distribution
of PCB in surface sedimentsshownin Figure 348. PCB in sediments showhigher

concentration in inner bays / coastal areas with a metropolitan area located in the
background, and lower concentrations in offshore areas, indicating that loadings from
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terrestrial origins are apt to accumulate in coastal ar&agointed out irthe previous
dioxins monitoring data, a strong PCB source rich with30D, possibly PCB used for
stabilizer of fluorescent lamp, papssndense heating medium or rublicant, seems to
be present nearby the site5C
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Figure 348 Geographical distributn of PCB in surface sediments along the transects
(Global Environmental Issues Division (2009))

Chronological changes of PCBs in livers of benthic sharks in several bays or inner

seas areshownin Figure 349. No statistically significant downward trérhas been
observed in the PCB levels in marine organisms (P>0.05).
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(Global Environmental Issues Division (2009))

12¢



- &
{
W
B {}/ Mg
Toyama Wan / Y | Sendai Wan
£ /5@, /
Wakasa Wan -
L

. Tokyo Wan
A FEE

;M?"“”H} Ise Wan

7

Uy
¢ TO

. FO* o

10 g

Suruga Wan

e

g%g 2

J";
- 4 "ko

"R

.
BO

¢ Kagoshima Wan

&1

FEFKIE « KIRE - SEFNE - BHKE - Sl
Kii Suido-Osaka Wan-Seto Naikai-Bungo Suido-Hibiki Nada

35"

30"

Figure 351 Sampling locations of lérinePollution Surveys by Japan Coast Guard

(2013)

12¢



— - — : — - — -
MiHE (B il &7 B B ATV
Uchiura Wan(Funka Wan) Sendai Wan Tokyo Wan Suruga Wan
- s ; S Py pa
PN e S e N
y \\y\ | Rl Q\‘” 0033 H ( ooy |
/ \ P @J";‘ J?% ,s‘p\ P .{
, S RN B 2 |
o L e e o )
[ 0.0022 R /> = g 0.13 [,
| . S - 0.0025 ° o i ¢
\_ 0.0013 7 0.0037 S i
B 0.0023 nnm" ™ A
- _/ *0.0013 N0.0023° {k‘\ l 5 {
T : - 5 bl +7 4H
N ¢ (" 0038 S
N . & -
L \ 0.0004 Ilg_t)zt) /
- — 1 : 1 I j’? 1’\ a A
| e [=emm 1w _— % R
Ise Wan Kagoshima Wan Toyama Wan o Wakasa Wan
s e } - 9
B 5 1 n 0014 P s
Z b —~ -
7 %00008 4 / s
N §f ~ <\, g / RO /
d0.014 ) ”4‘/ ] " /. - o
/ 014 i T 0.0025° 1 LA §
f WS 1 $
L, Y | 4 ]
Y PO N \ N j‘ﬂﬂﬂ?ﬁ' \
| : N e = N N
% e { 0. “”4“. ] ™ QAE ;
TN 00023 ——" N { } B K/-’“ s ]
- - | < 0
L b N o ] o ATpS
e 00005 N { < / Sk {qm@fﬁﬁ
! {_/\\(’ r
wﬁf g = \) i
‘59“\154%\ / *"“’/ d
Lot L ! | ! y e Z

2 ki - xm@ HF i - &&m% e
Kii Suido-Osaka Wan-Seto Naikai- Bunm Suido-Hibiki Nada

N ,- /

=

o
““"""\-\ ~ ot

/ 40,0093
S \(z-r’ u\f < &’;} , b00087
» r}" G QP i) . 5
R i J 0.0050
§ » j N“ﬁp o ”H» 00023
)
g 3%2; \ ] _;?Z *0. tm’*w
| 0015 Hed T, ) . ;f’ o 0.0039° £ .
000060011 4 J\Muﬁ eV jf’fj A A L
= S .
\_ {,"f\ R / A7 [).E)l)]lkt?
P
. Ve
T 3 S -
) e/
of '[) 0003 “%z ﬁy"' N/ C
I ~ 5 N
i L. N
Ky o8 " /;r *0.0004 fj
| H 010 2 fi ~ |
N 0.05 & w4 i{ !J
23 *0.0016
0.00 )
/‘ 1 l‘)\tfl 1 {\ L i

Figure 352 PCB levels in surface sedimenf3apan Coast Guard (2013))

Hydrographic and oceanographic department of Japan Coast Guard has been
conducting marine environmentaonitoringfrom 1982 In addiion to oils and heaw
metals (Cd, Hg, Cu, Zn, Cr, Pb), PCB concentrations in sediments were monitored and

reported every year.
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Figure 353 Temporal trends of PCB levels in the past three decades as revealed by the
Marine Pollution Surveys (Shimizt al., 2008)

Sampling locations and PCB levels in sedimentshosvnin Figures 351 and 3
52, respectively. In this program, PCB has been analyzed by a traditiorBICBC
method, a different method from that currently used by the Ministry of thedfmrent.
As shown in Figure -52, clear decreasing trends of PCB levels are found along many
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transects from coastal to offshore direction. Higher PCB levels were detected in Suruga
Bay, where severe marine pollution by effluents and sludges from papeompanies

had occurred in 1968 - early 7@s. In aldition to the data in Figure-32, sediment

PCB levels are also analyzed in three locations along Sea of Okhotsk.

A trend analysis of theesults ofMarine Pollution Survey$or three decadesas
reported by Shimizu et al (2008Figure 353). Athough considerdé variations ee
observed general declining tresdseem to be present in several locations, particularly
those located nearby densely populated areas, such as Tokyo Bay and Osaka Bay
(AWaro in Figure 353 meansfiBayo in English). The authors reported statistically
significant increasing trend of PCB at3Hocation (most distant location frometizoast
in Suruga Bay (Figure-382)), and suggested possible spread of PCB from hotsots near
coastline to moreffshorelocation

C. Newly added POPs and othef'Ss, including fluorosurfactasmybrominated flame
retardant@nd organotins

Environmental monitoring of newly added POPs to the Convention, a-e.,
HCH(hexachlorocyclohexane}HCH, gHCH, PeCBz (pentachlorobenzene), tetra
/pentaBDEs (brominated diphenyl ethers), hékaptaBDEs, hexabromobiphenyl
(HxBB), chlordecone, PFOS, endsulfan and HBCD (hexabromocyclododecane), were
started under the loAgrm environmental monitoring iNAChemicds in the
Environmend program (Environmental Health and Safety Division (2013)).

HCHs were produced and used in large amount in Japan for agrochemical and
other purposes. They were removed from the list of registered agrochemicals in 1971,
but continuaisly used for wood protection and termite control for yearkey were
registered as Class 1 Specified Chemical Substance in 2@ifing the decade
between 2002 and 2014;HCH levels in ponds/lakes water ag¢HCH levels in water
(total, rivers, rivermouths and coastal areas) showed statistically significant decreasing
trend. Similarlya-HCH andg-HCH in fishes showed statistically significant decreasing
trendsin thesame period.



Table 354. HCHs in air (pg/r)

Chemicals/lsomerg Geo. Median | Max Min MQL (MDL) | Detedion
Seasons Means frequency
a-HCH
Summer 43 44 410 9.5 2.5(0.83) 35/35
Winter 18 15 680 6.5 - 37137
b-HCH
Summer 5.0 5.2 49 0.84 0.39 (0.13) | 35/35
Winter 1.7 1.7 91 Tr (0.31) | - 37/37
gHCH
Summer 14 17 98 2.7 1.6 (0.52) 35/35
Winter 5.1 4.8 67 Ttr (1.1) | - 37/37
d-HCH
Summer 1.1 1.1 33 0.11 0.063 (0.021)| 3535
Winter 0.35 0.34 26 Tr (0.05) | - 37/37
Table 355. HCHSs in water (pg/L)
Isomers Geo. Median | Max Min MQL Detedion
Means (MDL) frequency
a-HCH 67 60 1,000 |11 73 4949
b-HCH 130 120 840 28 2.0(0.8 | 4949
gHCH 23 20 170 3 3(2) 4949
d-HCH 8.6 8.9 300 0.7 0.4(0.2 |4949
Table 356. HCHs in sediments (pg/g dry)
Isomers Geo. Median | Max Min MQL Detedion
Means (MDL) frequency
a-HCH 120 140 5100 |[1.6 1.5(0.6) |64/64
b-HCH 180 210 14,000 | 3 3(2) 64/64
gHCH 35 42 3,500 |nd 3(2) 62/64
d-HCH 37 47 5,000 |nd 1.4 (0.5) |63/64
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Table 357. HCHs in biological samples (pg/g wet)

Organisms Geo. Median | Max Min MQL Detedion
Isomers Means (MDL) frequency
Bivalves

a-HCH 64 33 1,200 |13 31 4/4
b-HCH 130 68 2,000 |39 31 4/4
gHCH 26 17 320 5 3(2) 4/4
d-HCH 9 Tr (2) 1,400 |Tr (1) 31 4/4
Fishes

a-HCH 37 54 690 Tr (2) 31 18/18
b-HCH 100 140 710 4 3D 18/18
¢HCH 12 15 160 Tr1) [3(@) 18/18
d-HCH 3 4 19 nd 3 14/18
Birds

a-HCH 48 3 11
b-HCH 4,500 3(2) 1/1
gHCH 26 3(2) 11
d-HCH 5 3 11

Chlordecone was never registered as agrochemicals in Japan. Environmental
monitoring of chlordecone started in FY 2008 (except air), and continued in FY 2010
and 2011 including air samples. It wdetectedn only small numberof thesamples in
low levels.

Table 358. Chlordecone in air (pgﬁh

Season | Geo.Meang Median | Max Min MQL (MDL) | Detedion
frequency

Summer | nd nd nd nd 0.04(0.02 0/35

Winter | nd nd nd nd 0/37

Table 359. Chlordecone in water (pg/L)

No. Sites Geo.Meang Median | Max Min MQL (MDL) | Detedion
frequency
49 nd nd 0.7 nd 0.20(0.05 1549
Table 360. Chlordecone isediments (pg/g dry)
No. Sites Geo.Meang Median | Max Min MQL Detedion
(MDL) frequency
64 nd nd 1.5 nd 0.4(0.2) | 9/64
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Table 361. Chlordecone in biological samples (pg/g wet)

No. Sites Geo.Meang Median | Max Min MQL Detedion
(MDL) frequency

4 (bivalves) | nd nd nd nd 0.5(0.9 |04

18 (fishes) | nd nd nd nd 0.5(0.9 |0/18

1 (bird) - nd - - 0.5(0.2 |01

Hexabromobiphenyl (HxBB) was designated in Class 1 Specified Chemical
Substance in 2010. It is seldome detected in the Japanese environmental samples

Table 362. HxBB in air (pg/n)

Season | Geo.Meang Median | Max Min MQL (MDL) | Detedion
frequency
Summer | nd nd nd nd 0.3(0.1) 0/35
Winter | nd nd nd nd 0/37
Table 363. HxBB in water (pg/L)
No. Sites Geo.Meang Median | Max Min MQL (MDL) | Detedion
frequency
nd nd nd nd 2.2 (09) 0/49
Table 364. HxBB in sediments (pg/g dry)
No. Sites Geo.Meang Median | Max Min MQL Detedion
(MDL) frequency
64 nd nd 6.3 nd 3.6(1.4) |8/64
Table 365. HxBB in biological samples (pg/g wet)
No. Sites Geo.Meang Median | Max Min MQL Detedion
(MDL) frequency
4 (bivalves) | nd nd nd nd 3(1) 0/4
18 (fishes) | Nd nd 3 nd 3(1) 5/18
1 (bird) - 3 - - 3 (1) 11

Threedifferent commerciabroductsof polybromobiphenyls (PBDEs)have been
usedin Japan i.e., tetra or pentaBDEs (until 1990) octaBDEs (until 1999) and
decaBDE(until present) In Japan, PBDE congeners with 4 to 10 bromine atoms have
been monitored simultaneously and reported.
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Table 366. PBDEs in air (pg/f)

Season | Geo.Meang Median | Max Min MQL (MDL) | Detedion
frequency
Summer
Tetra | 0.80 0.72 9.3 Tr (0.11) | 0.18 (0.07) | 35/35
Penta | 0.19 0.17 8.8 nd 0.16 (0.06) | 31/35
Hexa | Tr (0.11) | Tr(0.10) | 1.2 nd 0.14 (0.05) | 28/35
Hepta | Tr (0.1) Tr(0.1) |1.1 nd 0.3 (0.1) 20/35
Octa |0.24 0.31 1.9 nd 0.2 (0.08) 27/35
Nona | Tr (0.8) 0.9 3.9 nd 0.9 (0.4) 29/35
Deca | Tr (8.2) Tr (9.0) |30 nd 12 (4) 31/35
Winter
Tetra | 0.36 0.34 7.0 nd 0.18 (0.07) | 35/37
Penta | 0.16 Tr (0.14) | 2.6 nd 0.16 (0.06) | 31/37
Hexa | 0.16 0.18 1.7 nd 0.14 (0.05) | 30/37
Hepta | Tr (0.2) Tr (0.2) |2.3 nd 0.3(0.1) 25/37
Octa | 0.35 0.44 7.0 nd 0.2 (0.08) 30/37
Nona | 1.1 1.1 14 nd 0.9 (0.4) 30/37
Deca | Tr (8.4) Tr (9.0) |44 nd 12 (4) 29/37
Table 367. PBDEs in water (pg/L
Congeners | Geo. Median | Max Min MQL (MDL) | Detedion
Means frequency
Tetra 11 10 180 nd 4 (2) 48/49
Penta 5 4 180 nd 3(1) 48/49
Hexa Tr (1) nd 39 nd 3 (1) 21/49
Hepta nd nd 14 nd 6 (2) 14/49
Octa 4 3 98 nd 2 (1) 44/49
Nona 33 24 920 nd 10 (4) 47149
Deca 200 140 58,000 | nd 60 (20) 45/49
Table 368. PBDEs in sediments (pg/g dry)
Congeners | Geo. Median | Max Min MQL (MDL) | Detedion
Means frequency
Tetra 30 30 2,600 nd 9 (4) 55/64
Penta 26 19 4,700 nd 6 (4) 55/64
Hexa 31 42 2,000 nd 9(3) 52/64
Hepta 29 32 2,400 nd 7 (3) 55/64
Octa 57 4 36,000 |nd 10 (4) 55/64
Nona 710 630 70,000 | nd 23 (9) 62/64
Deca 4,200 4,700 700,000 | nd 40 (20) 62/64

13¢




Table 369. PBDEs in biological samples (pg/g wet)

No. Sites | Geo.Means| Median Max Min MQL Detedion
(MDL) frequency
4 (bivalves)
Tetra 96 120 490 26 16 (6) 4/4
Penta 51 60 160 Tr (12) | 15 (6) 4/4
Hexa 38 41 81 20 10 (4) | 4/4
Hepta 14 26 44 nd 11 (4) 4/4
Octa 7 9 29 nd 7 (3) 3/4
Nona Tr (12) Tr (11) 40 nd 22 (9) 3/4
Deca nd nd 240 nd 230 (80) | 1/4
18 (fishes)
Tetra 110 110 860 Tr (9) 16 (6) 18/18
Penta 39 39 300 nd 15 (6) 17/18
Hexa 53 50 430 nd 10 (4) 17/18
Hepta 13 21 130 nd 11 (4) 13/18
Octa Tr (6) Tr (7) 150 Nd 7 (3) 10/18
Nona nd nd Tr (15) | Nd 22 (9) 5/18
Deca nd nd Tr (90) | Nd 230 (80) | 2/18
1 (bird)
Tetra 67 16 (6) 1/1
Penta 110 15 (6) 1/1
Hexa 96 10 (4) 1/1
Hepta 44 11 (4) 1/1
Octa 66 7 (3) 1/1
Nona 62 22 (9) 1/1
Deca Tr (170) 230 (80) | 1/1

Among the congeners, deBDE was dominant in air, water and sedimsannples
while its proportion was rather small in organisms, possibly reflecting itsr lowa-
concentration factors.

PFOS and PFOA are among the most popular perfluorosurfactahtese
chemicals have been used for nearly half a cerfturyariety ofpurpose. PFOS was
designated as Class 1 Specified Chemical Substance in 2010. PFOA wag|iEypé
2 Monitored Chemical Substance. After amendment of Chemical Substance Control
Law in April 2013, perfluoroalkyl carboxylates with carbon chain lemgdth2 to 16 are
now listed in Monitored Chemical Substance.
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Table 370. PFOS and PFOA in air (pgfin

Chenicals Geo. Median | Max Min MQL Detedion
Season Means (MDL) frequency
PFOS
Summer 4.4 4.2 10 0.9 05(0.2) 3535
Winter 3.7 3.8 9.5 1.3 - 37/37
PFOA
Summer 20 18 240 Tr(3.5) |5.4(1.8) |3535
Winter 12 11 97 nd - 36/37

Table 371 PFOS and PFOA in water (pg/L)

Chemicals | Geo.Meang Median | Max Min MQL Detedion
(MDL) frequency

PFOS 480 360 10,000 Tr (20) | 50 (20) 49/49

PFOA 2,000 1,700 50,000 380 50 (20) 4949

Table 372. PFOS and PFOA in sediments (pg/g dry)

Chemicals | Geo.Meang Median | Max Min MQL Detedion
(MDL) frequency

PFOS 92 110 1,100 nd 5(2) 63/64

PFOA 100 93 1,100 22 5(2) 64/64

Table 373 PFOS and PFOA in biolacal samples (pg/g wet)

No. Sites Geo.Meang Median | Max Min MQL Detedion
(MDL) frequency
Bivalves
PFOS 38 44 100 16 10 (4) 4/4
PFOA Tr (19) Tr(22) | Tr(40) |nd 41 (14) | 3/4
Fishes
PFOS 82 95 3,200 nd 10 (4) 16/18
PFOA nd nd 51 nd 41 (14) | 7/18
Bird
PFOS 110 10 (4) 1/1
PFOA nd 41 (14) |on

Monitoring of pentachlorobenzene started in 2007. It was continuously monitored
in 2010 and 2011. Like HCB, LRTP of PeCB is quite large. The air levels of PeCB are
rather similar each berirrespectiveof the sampling location and sampling season.
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Table 374. PeCB in air (pg/f)

Season | Geo.Meang Median | Max Min MQL (MDL) | Detedion
frequency
Summer | 61 60 140 30 2.1 (0.7) 35/35
Winter | 59 57 180 26 2.1 (0.7) 37/37
Table 375. PeCBin water (pg/L)
No. Sites Geo.Meang Median | Max Min MQL (MDL) | Detedion
frequency
11 11 170 2.6 2.4 (0.9) 49/49
Table 376. PeCB in sediments (pg/g dry)
No. Sites Geo.Meang Median | Max Min MQL Detedion
(MDL) frequency
95 76 4,500 3 5(2) 64/64
Table 377. PeCB in biological samples (pg/g wet)
No. Sites Geo.Meang Median | Max Min MQL Detedion
(MDL) frequency
Bivalves 28 16 260 10 4 (1) 4/4
Fishes 36 37 220 5 4 (1) 18/18
Bird 52 4 (1) 1/1

Two isomers oendosulfan,a-endosulfan andb-endosilfan, were analyzed in
various environmental media in FY 2011.

Table 378. Endosulfan in air (pg/fh

Season Geo. Median | Max Min MQL Detedion
Means (MDL) frequency
a-endosulfan
Summer 26 24 190 Tr (7.8) | 12 (4) 35/35
Winter Tr (9.6) Tr (9.8) | 45 nd 12 (4) 35/37
b-endosulfan
Summer 2.1 1.8 11 nd 1.2 (0.39) | 34/35
Winter Tr (0.8) Tr (0.8) | 8.3 nd 1.2 (0.39) | 31/37
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Table 379. Endosulfan in water (pg/L)

No. Sites Geo. Median | Max Min MQL Detedion
Means (MDL) frequency

a-endosulfan | Nd nd 180 nd 120 (50) | 2/49

b-endosulfan | Nd nd 270 nd 22 (9) 8/49

Table 380. Endosulfan in sediments (pg/g dry)

No. Sites Geo. Median | Max Min MQL Detedion
Means (MDL) frequency

a-endosulfan | Tr (13) Tr (11) | 480 nd 30 (10) 35/64

b-endosulfan | Tr (5) Tr (4) 240 nd 9 (4) 38/64

Table3-81. Endosulfan in biological samples (pg/g wet)

No. Sites Geo.Meand Median | Max Min MQL Detedion
(MDL) frequency
Bivalves
a-endosulfan | 62 120 330 nd 50 (20) 3/4
b-endosulfan | 16 26 52 Tr(4) |11 (4) 4/4
Fishes
a-endosulfan | Tr (20) Tr (20) | 140 nd 50 (20) 10/18
b-endosulfan | Nd nd 37 nd 11 (4) 9/18
Bird
a-endosulfan nd 50 (20) 0/1
b-endosulfan nd 11 (4) 0/1

Five isomers of HBCD, i.eg-HBCD, b-HBCD, gHBCD, d-HBCD ande-HBCD,
were analyzeth water, sediments and bidiar the first time in FY 2011.

Table 382. HBCD in water (pg/L)

No. Sites Geo. Median | Max Min MQL Detedion
Means (MDL) frequency
a-HBCD nd nd 6,300 | nd 1,500 (600) | 4/47
b-HBCD nd nd 1,300 | nd 1,300 (500) | 4/47
gHBCD nd nd 65,000 | nd 1,200 (500) | 5/47
d-HBCD nd nd nd nd 790 (300) 0/47
e-HBCD nd nd nd nd 740 (300) 0/47




Table 383. HBCD in sediments (pg/g dry)

No. Sites Geo. Median | Max Min MQL Detedion
Means (MDL) frequency
a-HBCD 430 nd 24,000 | nd 420 (280) 35/62
b-HBCD nd nd 14,000 | nd 250 (170) 21/62
gHBCD 670 nd 570,000 | nd 400 (260) 36/62
d-HBCD nd nd 800 nd 350 (250) 6/62
e-HBCD nd nd Tr (260) | nd 280 (210) 1/62
Table3-84. HBCD in biological samples (pg/g wet)
No. Sites Geo.Mean| Median | Max Min MQL (MDL) | Detection
S frequency
Bivalves
a-HBCD 1,100 1,200 | 13,000 | Tr (86) | 170 (70) 4/4
b-HBCD Tr (70) Tr (85) | 240 nd 98 (40) 3/4
gHBCD 440 470 3,300 |nd 210 (80) 4/4
d-HBCD nd nd nd nd 140 (60) 0/4
e-HBCD nd nd nd nd 140 (60) 0/4
Fishes
a-HBCD 770 850 69,000 | nd 170 (70) 16/17
b-HBCD nd nd 760 nd 98 (40) 5/17
gHBCD 210 Tr (90) | 50,000 | nd 210 (80) 10/17
d-HBCD nd nd nd nd 140 (60) 0/17
e-HBCD nd nd nd nd 140 (60) 0/17
Bird
a-HBCD 200 nd 530 nd 170 (70) 1/1
b-HBCD nd nd nd nd 98 (40) 0/1
gHBCD Tr(180) |nd 460 nd 210 (80) 1/1
d-HBCD nd nd nd nd 140 (60) 0/1
e-HBCD nd nd nd nd 140 (60) 0/1

Organotins were monitored in the letgym monitoring program in FY 2010.
The data are summarized in the following tabl€3ompared with the previsudata

obtained in Fy2002, 2003 and 2005, both TBTs and TPTs in fishes showed dramatical

decrease during the period.
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Table 385. Organotins in water (pg/L)

No. Sites Geo. Median | Max Min MQL Detedion
Means (MDL) frequency
TBTs nd nd 1,600 |nd 200 (100) | 12/49
TPTs nd nd 250 nd 120 (50) | 4/49
Table 386. Organotins in sediments (pg/g dry)
No. Sites Geo. Median | Max Min MQL Detedion
Means (MDL) frequency
TBTs 2,500 3,400 | 1,300,000 nd 160 (80) | 53/64
TPTs 290 190 210,000 | nd 70 (30) 42164
Table3-87. Organotins in biological samples (pg/g wet)
No. Sites Geo. Median | Max Min MQL Detedion
Means (MDL) frequency
Bivalves
TBTs 6,400 6,000 | 30,000 | 1,600 420 (160) | 6/6
TPTs 1,700 1,500 | 6,500 490 270 (110) | 6/6
Fishes
TBTs 1,100 760 23,000 |nd 420 (160) |17/18
TPTs 2,300 3,100 |14,000 | Tr(140) |270(110) |18/18
Bird
TBTs nd nd nd nd 420 (160) | 0/2
TPTs nd nd Tr (120) | nd 270 (110) |1/2

Organdins have been monitored in surface sediment samples from coastal to
offshore regions in Marine rivironmental Pollution Surveys. Butyltin compounds in
sediments show higher concentrations in inner bays/coastal areas located in
metropolitan areas, and lower concentrations in offshore areas as shown in the Figure.
Interestingly a higher levels of bitips were observed in distant places from coastline
along the transect F {# ~ F6) in FY2004 survey A similar phenomenon was
observed in the case of dioxins and PCB}(F 7 in both cases) The spesifipattern
in dioxins and PCB had been observedhe past monitoring surveys, too, awdre
attributed to highesedimentation ragein the ara due to characteristic depth profile of
the segFigure ) On the other hand, specific pattern of butyltins had not been observed
before. It was reported dh phenyltins did not show such a distinct pattern in 2004
survey. A characteristic monobutyltinch pattern was commonly observed v~
7 in FY2004 monitoring data, suggesting old or weathered nature of the sources.

Butyltin compounds within nréne organismsshowed a statistically significant
downward trendP<0.05) in some sea areas and some mariganisms (mussel (soft



parts) in Sendai Bay anfbyama Bay, and in benthic sharks (liver) in Tokyo Bay
the Sea of Ariake) but not in a geneaiadd definitemanner (Figure).

Organotins in marine sediments were also monitored in Marine Pollution Surveys
conducted by Japan Coast Guard. The data obtained in FY2011 Survey is shown in
Figure.
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Figure 354 Geographical distribution of BTs in dace sediments (Global
Environmental Issues Division (2009))
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Flgure3-56 Chronologlcal changem‘ BTs |nI|vers of benthlc sharks (Global
Environmental Issues Division (29))
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Figure3-57 TBT levels in sediments in Marine Pollution Surveys conducted in
FY2011(Japan ©@ast Guard 2013)

D. Polycyclicaromatichydrocarbons (PAHSs)

Yang et al (2007) conducted PAHs monitoring in #imosphereat a remote
station in Noto peninda, Japan, and found elevated levels of PAHs patrticularly in
winter season when coal combustion for heating was extensive in East Asian countries.
They concluded that PAHs came from North Eastern part of China based on back
trajectoryanalysis and principaomponent analysis of the composition of PAHs et
al (2012), on the other hand, developed a highly sensitivBn@nconcentration
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