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7.2

Pollution status of persistent organic pollutants

SuMMary
Persistent organic pollutants (POPs) are man-made chemicals used in industrial and agricultural applications; they
are widely distributed throughout marine ecosystems. They accumulate in living tissues, become more concentrated
through the food chain, and are toxic. POPs pose a health risk to marine biota at higher trophic levels and to
human consumers of some sea foods, and have been regulated through the Stockholm Convention on Persistent
Organic Pollutants since 2004. Understanding the status, trends, and distribution of POPs in LMEs, and identifying
pollutant sources, are important for assessing and maintaining marine ecosystem health, as well as for evaluating
the effectiveness of regulation.

© Brad Smith/flickr

This assessment used plastic resin pellets as passive samplers of POPs in LMEs. The pellets, which are used in
the manufacturing of plastic products, are found washed up on beaches all over the world. The pellets sorb and
concentrate POPs from the surrounding seawater. Pellets from 193 locations in 37 LMEs were collected by volunteers
through the International Pellet Watch (IPW) programme between 2005 and 2014 and sent to laboratories to be
analysed for three classes of POPs: PCBs (polychlorinated biphenyls), DDTs (dichlorodiphenyltrichloroethane and
related chemicals), and HCHs (hexachlorocyclohexane isomers). LMEs were placed into five risk categories, based on
the average levels of these three classes of POPs in each LME. The evaluation of risk for individual LMEs is assessed
as having medium certainty.
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POPs were detected in all the samples, including those from remote islands. Within each LME, POPs levels are
highly variable, sometimes by several orders of magnitude. Several LMEs (South Brazil Shelf, California Current,
Mediterranean, and Kuroshio Current) have relatively high average levels of more than one class of POPs, and a
number of hotspots were identified from sample locations within LMEs.

Key Messages
1.

2.

3.

Several POPs hotspots were identified, indicating a need for follow-up action. For example, remedial
action such as dredging and/or capping of bottom sediment should be considered where hotspots of
PCBs and DDTs have been identified and attributed to contamination of the water column through
release of POPs from contaminated bottom sediments.
• PCB hotspots: in five LMEs of Western Europe, in two LMEs along US coasts, and in one LME
along the coast of Japan. While these may be legacies of past PCB use, increasing levels were also
observed in LMEs along the coasts of more recently industrialized countries, including Brazil, Chile,
and South Africa.
• DDT hotspots: in the California Current LME, Durres (Albania) in the Mediterranean LME, and Ghana
in the Guinea Current LME. Moderate to high levels of DDTs are found in 20 widely distributed
LMEs, probably due to widespread application of DDT before it was banned in the 1980s.
Results from some LMEs indicate current or recent use or release of banned POPs. This is indicated by
levels of:
• PCBs in some developing countries (Ghana in the Guinea Current LME and the Philippines in the
Sulu-Celebes Sea LME). These findings point to a need for better source control, such as improved
management and regulation of electronic waste.
• DDTs in the South China Sea, Brazil, Ghana, Athens and Sydney. DDT use in malaria control may
account for the elevated levels in some tropical and subtropical regions, whereas illegal application
of DDT pesticides and antifouling agents may be the cause in other regions.
• HCHs, with further analyses of the isomers present indicating that illegal use of lindane, a pesticide
that is banned for agricultural use, may be responsible for elevated HCHs in pellets from some
Southern Hemisphere sample sites, including in Mozambique and South Africa (Agulhas Current LME)
and in the New Zealand Shelf LME, as well as along the French coast in the Celtic-Biscay Shelf LME.
The International Pellet Watch programme serves as a sentinel to assess the status of POPs in coastal
waters and identify pollution hotspots – but other POPs monitoring is also needed. The IPW data set
would be improved by additional spatial coverage, as data are sparse for some LMEs and missing for
others. Time-series sampling of POPs in LMEs is needed to detect trends, evaluate the effectiveness
of regulation, and identify emerging pollution sources. Conventional monitoring of POPs in sediments,
water, and biota should be conducted in hotspots to confirm the pollution levels and identify the types
and sources of pollution so that mitigation actions can be undertaken.

7.2.1 Introduction
Pollution status was assessed for three typical classes of POPs:
1. PCBs, used for a variety of industrial applications from the 1950s to the early 1970s;
2. DDT and its metabolites (degradation products), DDD and DDE; DDT was used as an insecticide to increase
agricultural production, mainly from the 1950s to the early 1970s. Although its application in agriculture
is prohibited, use of DDT to combat malaria-carrying mosquitoes is still recommended by the World
Health Organization, and DDT is in use for this purpose in some tropical countries;
3. HCHs, organochlorine insecticides used from the 1950s to the 1970s in many countries and as late as the
2000s in some countries.
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All these compounds are toxic, accumulate in marine biota, and are magnified through the food web, posing a variety
of threats to animals at higher trophic levels (including carcinogenicity, mutagenicity, and endocrine disruption).
Increasing concern and understanding of the adverse properties of these compounds resulted in the Stockholm
Convention on Persistent Organic Pollutants, which entered into force in 2004 and contains provisions for eliminating
or regulating production of POPs and for managing POPs wastes. Understanding the pollution status and the temporal
and spatial distribution of POPs, and identifying their potential sources, are important, including for evaluating the
effectiveness of the Stockholm Convention and detecting emerging pollutants (Ryan et al. 2012).
Samples of POPs were obtained from polyethylene resin pellets (2 to 4 mm diameter) that are used in the production
of plastic products. Some pellets are unintentionally released into the environment during handling and transport
and are carried by surface run-off, streams, and rivers to the ocean. As a result of the increasing global production of
plastics and their environmental persistence, plastic pellets are distributed widely in the ocean and are washing up
on beaches all over the world. The pellets sorb and concentrate hydrophobic organic contaminants, including POPs,
from surrounding seawater (Rochman et al. 2013; Mato et al. 2001). The concentration factor of PCBs, for example,
is more than 1 million. Because they accumulate POPs from the surrounding water so readily, plastic resin pellets are
a useful passive sampler for monitoring POPs in coastal waters.
Beached plastic resin pellets from 193 locations in 37 LMEs were collected between 2005 and 2014 and analysed for
PCBs, DDT and its metabolites, and HCHs, according to the protocol described below. Pellets were collected through
the International Pellet Watch programme, which was established in 2005 (Takada 2006). In IPW, volunteers around
the world collect plastic resin pellets on beaches and mail them to the Laboratory of Organic Geochemistry of the
Tokyo University of Agriculture and Technology, Japan. The advantage of IPW is the extremely low cost of sampling
and shipping compared to conventional monitoring. Further, as sampling does not require any special instruments or
technical training, it can be undertaken by members of the public and can cover wide areas of coastal zones.

7.2.2 Findings, discussion, and conclusions
To confirm the reliability of IPW as a POPs monitoring tool, comparison with Mussel Watch was conducted.
Mussel Watch, a programme that uses a traditional monitoring protocol to track contaminant levels in bivalves,
was established in the 1970s and has been used for local and international monitoring of POPs over four decades
(Farrington et al. 1983; Goldberg, 1975). Data from Mussel Watch were available for some of the locations where
pellets were collected. Concentrations of PCBs in pellets showed good correlation with those in mussels collected
from the same locations (Figure 7.7), indicating that pellets collected by IPW can be used to sample POPs.
LMEs were placed into five risk categories based on the mean level of POPs in each LME. Concentrations of POPs in
pellet samples from all locations are mapped in Figure 7.8, Figure 7.9, and Figure 7.10. These show that POPs are
widespread. The target POPs were detected in all samples, including pellets from remote islands. The dispersion of
POPs to remote areas is thought to be mainly through atmospheric transport.
POPs in pellets from remote islands are at trace levels, several orders of magnitude lower than the concentrations
found in urban coastal zones. Background levels of POPs were established on the basis of analysis of plastic resin
pellets collected from remote islands: Canary Islands, Saint Helena, Cocos Islands, Island of Hawaii, Island of Oahu,
and Barbados (Heskett et al. 2012). Concentrations of POPs in the pellets from these remote islands are 0.1 to 9.9
nanograms per gram for PCBs, 0.8 to 4.1 nanograms per gram for DDTs, and 0.6 to 1.7 nanograms per gram for HCHs
(with the exception of St. Helena, where the HCH concentration was measured at 19.3 nanograms per gram). The
background levels of PCBs, DDTs, and HCHs were set at 10, 4, and 2 nanograms per gram, respectively. Concentrations
of POPs higher than the background levels suggest local or regional inputs. These background levels are set as cut-off
concentrations for the lowest risk category.
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Figure 7.7 Correlation between median PCB concentrations in plastic resin pellets and in mussels. 3ODVWLF UHVLQ SHOOHWV DUH
XQLQWHQWLRQDOO\ LQWURGXFHG WR PDULQH HQYLURQPHQWV DQG GLVWULEXWHG JOREDOO\ 'XH WR WKH K\GURSKRELF QDWXUH RI WKH SODVWLFV
SHOOHWVFDQEHXWLOL]HGDVSDVVLYHVDPSOHUVRI323VLQFRDVWDOZDWHUV7KHFRUUHODWLRQVKRZQLQWKLVȨJXUHGHPRQVWUDWHVWKDW323V
LQSODVWLFUHVLQSHOOHWVUHȩHFW323FRQWDPLQDWLRQOHYHOVLQFRDVWDOZDWHUV

Total PCBs in mussel
(nanograms per gram lipid)

10 000

1 000

100

10

1

10

100

1 000

13 PCBs in plastic resin pellet
(nanograms per gram pellet)
s sum of concentrations of congeners listed in the text
total
s sum of concentrations of individually resolved pea s of
congeners on chromatograms r2 .77 n 25 p .
2.

7.2.2.1 PCBs
PCB hotspots (‘high’ and ‘highest’ risk categories) were identified in a number of LMEs where PCBs were used for
a variety of industrial applications during a period of rapid economic growth from the 1950s to the early 1970s
(including the North Sea, Baltic Sea, Celtic-Biscay Shelf, Iberian Coastal, California Current, Northeast U.S. Continental
Shelf, and Kuroshio Current LMEs). These hotspots are shown as orange and red dots in Figure 7.8. A considerable
portion of the PCBs introduced to coastal zones during that period remains accumulated in bottom sediments, which
act as secondary sources of PCBs to the water column. PCBs can be released through desorption (the reverse of
adsorption) and/or resuspension of the sediments (Farrington and Takada 2014). Release of contaminants from
sediments is a major source of PCBs in seawater and biota in developed countries (Mizukawa et al. 2013; Ogata
et al. 2009). Other PCB hotspots identified are Melbourne (Southeast Australian Shelf LME), Sydney (East Central
Australian Shelf LME), Hong Kong (South China Sea LME), and Sao Paulo (South Brazil Shelf LME).
Further studies that combined pellet sampling with analysis of sediment and air samples confirm that bottom
sediments act as a major source of PCBs to the coastal waters in Tokyo Bay (Kuroshio Current LME) and Athens
(Mediterranean LME). Pellet samples were collected in hotspots at the same sites at five or ten year intervals.
The results suggest a decreasing trend in PCB levels on the California coast (California Current LME) from 2006 to
2010 (40 to 80 per cent reduction), whereas no decrease was observed in Tokyo Bay from 2002 to 2012. A possible

168

POLLUTION AND ECOSYSTEM HEALTH

Figure 7.8 Concentrations of PCBs in beached plastic pellets within LMEs. /HJDF\ SROOXWLRQ ZKHUH ERWWRP VHGLPHQWV DFW DV
VHFRQGDU\VRXUFHVRIFRQWDPLQDWLRQLVREVHUYHGLQXUEDQFRDVWDOZDWHUVLQ:HVWHUQ(XURSHWKH86HDVWDQGZHVWFRDVWVDQG
-DSDQ5HVXOWVVXJJHVWFXUUHQWRUUHFHQWLQSXWVRI3&%VIRUVRPHGHYHORSLQJFRXQWULHVVXFKDV*KDQDDQGWKH3KLOLSSLQHV

explanation for this difference is geographical setting. The California coast faces the open ocean and is exposed to
offshore transport. Dispersion of contaminated sediments could be active enough to reduce PCB pollution levels.
Tokyo Bay, by contrast, is semi-enclosed, and contaminants tend to stay longer in the bottom sediments. Differences
in regulatory and remedial actions (such as dredging) may also contribute to this difference in trends. Decreasing
trends in PCB levels were also observed in the Netherlands (North Sea LME), while locations in the Greek Saronic Gulf
in the Mediterranean Sea LME show no such trend, which may be related to the LME’s semi-enclosed configuration
which allows contaminated sediments to be retained. Continued monitoring is important for understanding the rate
of decrease of legacy pollutants and the controlling factors.
In addition to the hotspots in industrially developed countries, increasing levels of PCBs were observed in
recently developing countries such as Brazil (Sao Paulo, in the South Brazil Shelf LME), South Africa (Durban and
Yzerfontein, in the Agulhas Current LME), and Chile (Conception, in the Humboldt Current LME). Current releases
of PCBs to terrestrial environments, and subsequent run-off to the coastal zones, could be contributing to the high
concentrations. Current sources include leakages or spills of PCBs from old electronic instruments. Pollution levels
of PCBs along the Sao Paulo coast increased rapidly from around 300 nanograms per gram in 2010 to up to 4 000
nanograms per gram in pellets collected in 2012, which is the highest concentration of all locations sampled. This
suggests that the South Brazil Shelf LME could be the most heavily impacted by PCBs. In South Africa and Chile, PCB
concentrations are not as high (up to 150 nanograms per gram) as in Sao Paulo, but time-series samples at these
locations show increasing trends in PCB levels from 2007/2008 to 2014. Continued monitoring and identification of
the sources of PCBs are necessary in these rapidly developing countries.
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Among the hotspots, Tokyo Bay (Kuroshio Current LME), Hong Kong (South China Sea LME), and Le Havre (CelticBiscay Shelf LME), as well as Sao Paulo (South Brazil Shelf LME) and Jakarta Bay (Indonesian Sea LME), have the
highest levels of PCBs (over 500 nanograms per gram, which places them in the ‘highest’ risk category). No regulatory
guidelines for PCB concentrations in pellets have been established. Instead, PCB concentrations in pellets can be
related to PCB concentrations in lipid (fat) in mussels by using the following equation, which is derived from the
correlation between PCB concentrations in mussels and in pellets, as shown in Figure 7.7:
log (PCBs in mussel lipid [nanograms per gram]) = 0.87 x log (PCBs in pellets [nanograms per gram]) + 1.26
Using this equation, 500 nanograms of PCBs per gram of pellets corresponds to 4 000 nanograms of PCBs per gram
of lipid in mussels. By using commonly-observed lipid content (100 milligrams of lipid per gram of dry tissue) and
moisture content (80 per cent) of the mussel tissue, 4 000 nanograms per gram PCBs in mussel lipid is converted
to 400 nanograms per gram PCBs in dry tissue, or 80 nanograms per gram in wet tissue. This latter value is similar
to the European Union (EU) limit established for PCBs in muscle meat of fish and fishery products (75 nanograms
per gram in tissue; Commission Regulation (EU) No., 1259/2011). The above calculation also indicates that 500
nanograms of PCBs per gram of pellets correspond to 400 nanograms per gram of PCBs in dry mussel tissue. This
is similar to the cut-off concentration of PCBs for the ‘high’ risk category (479 nanograms per gram in dry tissue)
when PCB concentrations in mussel obtained from the US Mussel Watch programme are ranked (Farrington and
Takada 2014). Thus, using greater than 500 nanograms per gram as the cut-off for the ‘highest’ risk category in this
assessment is considered reasonable. Due to biomagnification, fishery products have higher concentrations of PCBs
than mussels, although toxicity is also affected by PCB congeners being metabolized at different rates. The risk based
on PCBs in mussel tissue may be a conservative estimate. Locations with PCB concentration in pellets higher than 500
nanograms per gram can be considered as areas where fishery products may exceed the European Union limit and
where regulation and remedial actions should be considered.
Levels of PCBs significantly higher than global background levels were observed in some developing countries,
including Ghana and Equatorial Guinea (Guinea Current LME) and the Philippines (Sulu-Celebes Sea). Current releases
of PCBs are likely to be occurring in these areas. Further investigation in Ghana, using pellet analysis combined with
riverine sediment surveys, pinpointed electronic waste (e-waste) scrap yards as a plausible source of PCBs to the
coastal environment through river run-off (Hosoda et al. 2014). Current emission of PCBs from the western African
region was demonstrated through analysis of air samples (Gioia et al. 2011). In Manila Bay, Philippines (Sulu-Celebes
Sea LME) the concentration of PCBs in pellets (140 nanograms per gram) is higher than in surrounding countries. PCB
concentrations in the air in Manila are also higher than in other Asian countries (Kwan et al. 2014) and higher than in
other locations in the world (Pozo et al. 2006). Current emission of PCBs is suspected (Kwan et al. 2014).

7.2.2.2 DDTs
Hotspots of DDTs (Figure 7.9) were observed on the California coast (California Current LME) Morro de Sao Paulo,
Brazil (East Brazil Shelf LME); Durres, Albania, and Athens, Greece (Mediterranean LME); Northern Vietnam and
Southern China, including Hong Kong (South China Sea LME); Ghana (Guinea Current LME); and Sydney, Australia
(East-Central Australian Shelf LME). The highest concentration of DDTs (1 061 nanograms per gram) was found in
samples from Durres, Albania.
Moderate levels of DDTs are widely distributed in 20 of the 37 LMEs examined. High concentrations at some of the
hotspots, as well as diffuse pollution, are probably from legacy pollution – left over from the widespread and intensive
application of DDT pesticides in catchment areas, mainly in the 1950s to the early 1970s to increase agricultural
production. DDT was banned in the 1980s in many countries. As with PCBs, secondary pollution sources of DDTs
could be among the major contributors.
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Figure 7.9 Concentrations of DDTs in beached plastic pellets within LMEs. /HJDF\ SROOXWLRQ LV REVHUYHG LQ DUHDV ZKHUH ''7
SHVWLFLGHZDVXVHGIRUDJULFXOWXUDOSURGXFWLRQ)RUVRPHWURSLFDOFRXQWULHVWKHUHLVHYLGHQFHRIFXUUHQWDQGRUUHFHQWLQSXWVRI
''7XVHGIRUPDODULDFRQWURO

In addition to legacy DDT pollution, current inputs of DDTs are suggested by the results at some hotspots, such as
in Northern Vietnam, Southern China, Sydney Harbour, Athens, and Ghana. Some of these high concentrations,
especially in tropical and subtropical regions such as Ghana, may be attributed to its continuing use for malaria
control. Illegal application of DDT insecticides is another possibility. Application of antifouling agents containing DDT
might be the cause of current pollution in some sites close to harbours, such as Sydney and Athens. Addressing
pollution in these locations requires identification of specific DDT sources.
Monitoring in 2014 showed decreasing trends in DDTs at several locations where high concentrations were observed
in the period 2005 to 2010, indicating improvement in DDT pollution status. These locations include northern Vietnam,
Hong Kong, South Africa (Durban), Mozambique, and Ghana. This improvement is probably due to a cessation of DDT
application and rapid dispersion by oceanographic conditions. A decreasing trend in DDT pollution was also observed
in the California Current LME.

7.2.2.3 HCHs
HCHs are insecticides that were used from the 1950s to the1970s in many countries and remained in use up to the
2000s in some. Their regulation through the Stockholm Convention started in 2008. Concentration ranges of HCHs
(up to 40 nanograms per gram) are one order of magnitude lower than those of PCBs and DDTs. This is probably
because HCHs are less hydrophobic than DDTs and PCBs, which causes less partitioning of HCHs from seawater to
plastics. In addition, HCHs are more volatile and tend to be partitioned in the atmosphere. Lower production of HCHs
may also contribute to the lower concentrations of HCHs in pellets.
At most of the sample locations, HCH concentrations in pellets are relatively low (Figure 7.10). However, some
hotspots were observed in the Southern Hemisphere, including Mozambique and South Africa (Agulhas Current
LME) and New Zealand (New Zealand Shelf LME). In addition, hotspots were identified on the French coast in the
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Figure 7.10 Concentrations of HCHs in beached plastic pellets within LMEs. 2QO\ WUDFH OHYHOV RI +&+V DUH REVHUYHG LQ PRVW
ORFDWLRQVLQWKH1RUWKHUQ+HPLVSKHUHSUREDEO\GXHWRWKLVFRPSRXQGǧVPRUHYRODWLOHDQGZDWHUVROXEOHQDWXUH+LJKHUOHYHOVRI
+&+VDUHREVHUYHGLQVRPHORFDWLRQVLQWKH6RXWKHUQ+HPLVSKHUHVXFKDV6RXWK$IULFD0R]DPELTXHDQG1HZ=HDODQG7KLVLV
SUREDEO\GXHWRFXUUHQWRUUHFHQWXVDJHRI+&+DVDSHVWLFLGH

Celtic-Biscay Shelf LME. Gamma-HCH, a major component of the pesticide lindane, which has been banned globally
for agricultural use, is predominant in the HCHs detected at these hotspots, suggesting that illegal use of lindane
could be occurring. At locations in Mozambique, South Africa (Durban), and Ghana, significant decreases in HCH
concentrations (from around 30 to less than 3 nanograms per gram) were observed in the samples collected in
2013 or 2014, compared to 2007 to 2011 samples. This suggests that the Stockholm Convention, which started to
regulate HCHs in 2008, has been effective. However, continued monitoring is necessary, especially in the Southern
Hemisphere, where higher levels of HCHs were observed in 2011. The specific sources of HCHs should be identified
in order to regulate them.
HCH concentration at Macquarie Island, in the sub-Antarctic zone, is 7.7 nanograms per gram, which is higher than
the global background level. This is a desert island in a region with a cold climate and where use of HCH insecticide is
unlikely. The higher concentration of HCHs may be the result of global distillation of HCHs – the HCHs used in lower
latitudes evaporate and are atmospherically transported to higher latitudes, where more HCHs are partitioned into
seawater because of lower temperatures. In areas where concentrations of POPs higher than the global background
level were observed at high latitudes, the potential contribution of global distillation should be considered, as well as
the potential for inputs from local sources. Collection and analyses of pellets from remote islands at higher latitudes
are necessary to establish more comprehensive background levels of POPs.

7.2.2.4 Multiple indicators
Several LMEs have relatively high contamination levels (in the ‘high’ or ‘highest’ risk categories) for multiple indicators
of POPs. The South Brazil Shelf LME has recorded the world’s highest concentrations of PCBs and high levels of DDTs.
Source identification and necessary regulation and remediation should be implemented, although both contaminants
are likely to be from current inputs.
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The California Current, Mediterranean, and Kuroshio Current LMEs are the second highest in levels of contamination
by PCBs and DDTs. In these locations, the contaminants are derived from secondary sources. Continued monitoring
over time should be conducted to determine temporal trends, and some remedial actions such as dredging and
capping may be necessary.
In the Southern Hemisphere, the Southeast Australian Shelf LME and Benguela Current LME are polluted by multiple
compounds. High levels of HCHs were observed in both LMEs, pointing to the importance of monitoring for HCHs
in the Southern Hemisphere. Although high levels of PCBs and DDTs were detected in the East Brazil Shelf LME, this
observation is based on a single sample at one location. More locations should be monitored to properly evaluate
the Southern Hemisphere LMEs.

7.2.2.5 Confidence levels
One concern is that pellets may not reflect local pollution because they drift. However, most pellets are retained in
the coastal zone by near-shore trapping (Isobe et al. 2014) and reflect local pollution of these zones. Pellets reflect
water pollution, rather than air pollution, as demonstrated by Mato et al. (2001), although pellets are exposed to the
air during stranding on sandy beaches.
Taking the median concentration among five pooled samples of pellets with a specified range of yellowing (a marker
of the age of the pellet, as explained in the methodology section below) allows accurate evaluation of the status of
POPs contamination for each location, despite the mobile nature of pellets. However, within each LME, POPs levels
are highly variable. They can range over as many as five risk categories in one LME as a result of variation in the
magnitude of anthropogenic activities, distances from the sources, and physical characteristics of coastal waters,
which determine dispersion and dilution.
Because of this variability and the limited numbers of locations for which samples are available, assessments for LMEs with
few samples are not conclusive. There are several LMEs with higher accuracy due to larger numbers of sampling locations,
such as the California Current, Insular Pacific-Hawaiian, North Sea, Celtic-Biscay Shelf, Iberian Coastal, Mediterranean,
Guinea Current, Agulhas Current, and East-Central Australian Shelf. In general, both spatial pattern (relative evaluation
among LMEs) and absolute evaluation of risk for individual LMEs have medium certainty. An increase in the number of
samples and sampling locations would be needed to increase the level of confidence for future assessments.

7.2.3 Methodology and analysis
This assessment used 193 samples from 37 LMEs. Of these, 190 were analysed by the Laboratory of Organic
Geochemistry of Tokyo University of Agriculture and Technology, Japan. This describes the methodology and analytical
procedures used by LOG. Analyses were supported financially by the Mitsui Foundation for Environmental Studies
(71-05, R11-G4-1053). The data were obtained from the IPW website (http://www.pelletwatch.org/). Data on Korean
pellets (three samples) were taken from Sang et al. (2012). The similarity of their methodology to that of the Laboratory
of Organic Geochemistry was confirmed at a workshop held in May 2014, and results can be plotted on the same maps.
Despite the advantages of using plastic pellets, their mobile nature may limit their utility as a passive sampler. Some
plastics can travel hundreds of kilometres or more. However, most of the polyethylene pellets with sizes of 2 to 4 mm
(the target pellet size range for IPW) are retained for a long time within about 5 km from the coast because of nearshore trapping, as demonstrated by Isobe et al. (2014). Therefore, the majority of the pellets reflect local pollution of the
coastal zone, although pellets are also found on remote beaches. In addition, sorption of pollutants to the plastic pellets
is a bidirectional reaction and moves toward equilibrium. This means that even pellets that arrive from other areas can
reflect local pollution, as long as they remain in the given location for a long time. Some pellets, however, may have short
residence times along the coast and may reflect pollution in other areas, which may interfere with the interpretation of
monitoring results. To exclude such outliers (pellets having higher or lower POPs concentrations that reflect pollution
status elsewhere), five samples were always analysed for each location and the median value was used.
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In order to select and analyse pellets with a consistent range of residence times in the coastal waters, pellets with
a specified degree of yellowing were used for the analysis. Yellowing occurs with exposure to the environment and
can be used as a practical index of residence time in the sea (Endo et al. 2005). Analysis of different colour classes of
pellets collected at the same time from Tokyo Bay showed that median concentrations of PCBs in the pellets were:
71 nanograms per gram for white pellets (range of 26 to 172 nanograms per gram), 376 nanograms per gram for
yellowing pellets (range of 301 to 2 921 nanograms per gram), and 2 052 nanograms per gram for brown pellets
(range of 1 239 to 53 350). Pellets with a yellowness index from 30 to 50 were used for the IPW analysis. This
comparison of PCBs in pellets by colour indicates that the yellowing pellets that were used for monitoring were not
at equilibrium and were still in the linear uptake phase. This is consistent with the slow sorption/desorption process
and long time to reach equilibrium (one year or more) described by Endo et al. (2013).
The analytical methodology used by the Laboratory of Organic Geochemistry is outlined below; details are available
in Ogata et al. (2009). Pellets were instrumentally sorted, and yellowing polyethylene pellets were extracted with
hexane by soaking. To minimize piece-to-piece variation in POPs concentrations in pellets, five pools (sub-sets of
pellets, with each pool consisting of two to ten – normally five – pellets) were analysed for each location, and the
median value was used as the representative pollution status at the site.
PCBs (tetra- to nona-CB congeners) and DDE were quantified using an ion-trap mass spectrometer fitted with a gas
chromatograph (GC-MS). The sum of the quantified CB congeners (CB# 66, 101, 110, 149, 118, 105, 153, 138, 128,
187, 180, 170, and 206) is expressed as Σ13 PCBs. DDT and DDD, and the four HCH isomers (α, β, γ, and δ) were
determined by an electron capture detector fitted with a gas chromatograph (GC-ECD).
The reproducibility of analyses was confirmed by replicate analyses of aliquots of pellet extracts. The relative
standard deviations of the concentrations of the target compounds were 1 to 15 per cent. The recoveries of the target
compounds were more than 80 per cent. Thus, no recovery correction was made for any of the target compounds.
The efficiency of the extraction was confirmed by re-extraction of extracted pellets. A procedural blank was run
in each set analysed (five pools). Analytical values less than three times the corresponding blank are expressed as
‘below the limit of quantification (LOQ)’. LOQ for Σ13 PCBs, DDT, DDE, DDD and HCHs was normally 0.3, 0.4, 0.1, 0.2,
and 0.9 nanograms per gram, respectively. To get representative analytical values for individual locations, median
concentrations were taken among the five pools analysed. Repeated analysis of five pools of pellets taken from the
same beach at the same time showed that variations in PCB, DDT, and HCH concentrations were less than 20 per
cent.
The concentrations of individual POPs were grouped into five risk categories based on the cut-off points listed in Table
7.3. Categorization was based on the statistical distributions of the analytical values (the concentrations of individual
POPs). The upper limit for ‘lowest’ risk was set as the global background level for each of PCBs, DDTs, and HCHs.
These levels were determined by measuring POPs in pellets from seven remote islands around the world (Heskett et
al. 2012). The relationship between the lower cut-off level for the ‘highest’ risk for PCBs and the regulatory basis for
seafood consumption is discussed above. Pollution status (by category) of LMEs for PCBs, DDTs, and HCHs is shown
in Figure 7.8, Figure 7.9, and Figure 7.10, using the colour codes from Table 7.3.
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Table 7.3 Risk categories for concentrations of (a) PCBs, (b) DDTs, and (c) HCHs in plastic pellets in LMEs. Levels
of POPs were averaged for all sample locations within each LME. POPs levels for each sample location are shown by risk
category in Figure 7.8, Figure 7.9, and Figure 7.10.
INDICATOR: PCBs in pellets
Risk category

Range of values
(nanograms per gram)

Number of
LMEs

LMEs in each category

Lowest

Below 10

10

Insular Pacific-Hawaiian; Pacific Central-American; Caribbean Sea;
Canary Current; Gulf of Thailand; Northeast Australian Shelf; Southwest
Australian Shelf; West-Central Australian Shelf; Yellow Sea; Black Sea

Low

10–50

10

Gulf of Alaska; Gulf of Mexico; Humboldt Current; Patagonian Shelf;
Guinea Current; Agulhas Current; Somali Coastal Current; Bay of
Bengal; New Zealand Shelf; East China Sea

Medium

50–200

11

California Current; East Brazil Shelf; North Sea; Iberian Coastal;
Mediterranean; Benguela Current; Arabian Sea; South China Sea; SuluCelebes Sea; East-Central Australian Shelf; Southeast Australian Shelf

High

200–500

5

Northeast US Continental Shelf; Baltic Sea; Celtic-Biscay Shelf;
Indonesian Sea; Kuroshio Current

Highest

Over 500

1

South Brazil Shelf

INDICATOR: DDTs in plastic pellets
Number of
LMEs

LMEs in each category

Below 4

7

Insular Pacific-Hawaiian; Caribbean Sea; Canary Current; Northeast
Australian Shelf; Southwest Australian Shelf; West-Central Australian Shelf;
Yellow Sea

Low

4–20

14

Gulf of Alaska; Gulf of Mexico; Pacific Central-American; Humboldt
Current; Patagonian Shelf; North Sea; Baltic Sea; Celtic-Biscay Shelf; Iberian
Coastal; Somali Coastal Current; Arabian Sea; Bay of Bengal; Sulu-Celebes
Sea; Black Sea

Medium

20–100

11

California Current; Northeast US Continental Shelf; South Brazil Shelf; Guinea
Current; Benguela Current; Agulhas Current; Gulf of Thailand; Southeast
Australian Shelf; New Zealand Shelf; East China Sea; Kuroshio Current

High

100–200

3

Mediterranean; South China Sea; East-Central Australian Shelf

Highest

Over 200

2

East Brazil Shelf; Indonesian Sea

Risk category

Range of values
(nanograms per gram)

Lowest

INDICATOR: HCHs in plastic pellets
Risk category

Range of values
(nanograms per gram)

Number of
LMEs

LMEs in each category

Lowest

Below 2

24

Gulf of Alaska; California Current; Gulf of Mexico; Northeast US
Continental Shelf; Insular Pacific-Hawaiian; Pacific Central-American;
Caribbean Sea; Humboldt Current; Patagonian Shelf; Baltic Sea;
Mediterranean; Canary Current; Somali Coastal Current; Arabian Sea; Gulf
of Thailand; South China Sea; Sulu-Celebes Sea; Indonesian Sea; Northeast
Australian Shelf; East-Central Australian Shelf; Southwest Australian Shelf;
West-Central Australian Shelf; East China Sea; Kuroshio Current

Low

2–5

8

South Brazil Shelf; East Brazil Shelf; North Sea; Celtic-Biscay Shelf;
Iberian Coastal; Guinea Current; Benguela Current; Bay of Bengal

Medium

5–10

1

Black Sea

High

10–20

3

Agulhas Current; Southeast Australian Shelf; New Zealand Shelf

Highest

Over 20

–

–

Even after application of careful analytical protocols and consideration, as described in this section, a degree of
uncertainty (or variability) associated with the use of pellets as a monitoring medium remains, due mainly to the
heterogeneity of pellets in terms of routes and time from the source to the sink. Thus, IPW should be regarded as
a sentinel or screening tool to monitor POPs in coastal waters. When hotspots of POPs are discovered, monitoring
using traditional media such as water, sediment, and biota should be conducted before taking regulatory and/or
remedial action. However, plastic pellets are already distributed to beaches of almost all coastal countries. This
passive sampler has already been installed globally without funding, and should be used as much as possible.
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