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ABSTRACT

The distribution and concentrations of polychlorinated biphenyls (PCBs) were
determined in surface sediments and fish collected from freshwater fishponds in
six major aquaculture areas of the Pearl River Delta. The concentrations of total
PCBs ranged from 7.32 to 36.2 ng/g (dry weight) in sediments and 5.15 to 226
ng/g (lipid weight) in five species of fish, with higher concentrations in fishponds
from two industrialized areas. Feeding habits of fishes played a significant role on
the accumulation of PCBs and their homologue patterns in fish tissues, with higher
concentrations in muscle and viscera of mandarin fish (Siniperca kneri), and tilapia
(Tilapia mossambica) and lower in grass carp (Ctenopharyngodon idellus). In muscle,
IUPAC No. 118, 138, 81/87, 153, 180, 52, 49, 99, and 44 congeners were the most
dominant out of the 36 congeners measured in the present study. The contents of
PCBs in fish cultivated in the Pearl River Delta were rather low when compared
with the maximum concentration of total PCBs of 2.0 ug/g (wet weight), imposed
by the U.S. Food and Drug Administration edible seafood. However, due to the
bioaccumulation and biomagnification nature of PCBs through the food chain,
continuous monitoring of PCBs as well as other Persistent Organic Pollutants in this
rapidly developed region is encouraged.

Key Words:  polychlorinated biphenyls, freshwater fishponds, pond sediment, fish
muscle, fish viscera.
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INTRODUCTION

Environmental impacts caused by trace organic pollutants such as polychlori-
nated biphenyls (PCBs), polycyclic aromatic hydrocarbons (PAHs), polychlorinated
dibenzo-p-dioxins (PCDDs), polychlorinated and dibenzofurans (PCDFs) have re-
ceived increasing attention due to their persistency and tendency to bioaccumulate
through the food chains (Lee et al. 2001). Once released into the aquatic envi-
ronment, they can be easily adsorbed onto suspended particles or taken up and
concentrated by aquatic organisms, and could even be biomagnified along the food
chain, and pose potential hazards to other living organisms, including human be-
ings (Ashley et al. 2000; Fontenot et al. 2000; Pruell et al. 2000; Kassa and Bisesi
2001).

PCBs have been used in the past decades as anti-conductivity lubricating oil and
an additive in the plastic and painting industries due to their special physicochemical
properties such as low reactivity, high dielectric constant, and degradability through-
out the world. As a consequence, PCBs have been dispersed on a global scale, even
found in pristine places such as the Arctic and Antarctic (Bard 1999). In China,
about 9 x 10° kg of PCBs were used as insulators in electrical transformers and lu-
bricating oils since the 1960s. Although banned in the 1980s, some old transformers
and capacitors containing large amounts of PCBs have not been disposed of prop-
erly and some of them are still in use (Hong et al. 1997). Used electrical equipment
and the leakage from broken transformers continue to be a major anthropogenic
source for PCBs transferred to the environment (Fu et al. 2003). In most regions,
particularly those areas far away from industrial activities, PCBs levels remain con-
stant or even increase as a consequence of environmental redistribution (Borrell
et al. 2001).

Being a fluvial deltaic plain with an area of 10,000 km?, the Pearl River Delta has
been known as the “homeland for rice and fish” due to its fertile soil and abundant
water resources. The dike-pond systems for integrated agriculture and aquaculture
are centuries-old traditions for maximizing energy sources, with the mulberry-dike-
fish-system a well-known representative. Leaves of the mulberry trees that grow on
dikes of the fishponds are fed to silkworms and the cocoons after extraction of silk
are used as fish food. The pond mud is excavated and used as fertilizer for growing
the mulberry trees. In addition, digested pig manure is discharged into fishponds
and serves as pond fertilizer for enriching the pond water, where several fish species
are cultivated in the same pond. All the resources are therefore utilized efficiently
under polyculture of fish having different feeding modes, with animal manure as a
major nutrient source (Wong et al. 2004). However, the rapid industrialization and
urbanization in the region during the past two decades have drastically changed the
local environment, in particular the dike-pond systems. The traditional fishpond
culture models (such as mulberry-dike-fishponds) have given way to monoculture of
fish, usually under high density, in which a large amount of forage and high protein
feed pellets are used. However, the pond mud is no longer used as fertilizer for crops
growing on the dikes. A large amount of chemical pollutant from the discharge of
industrial and urban effluent has caused the deterioration of water quality. The pond
mud may therefore act as a sink for various chemical compounds, and the fish will
become more susceptible to various diseases.
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The presence of persistent organic pollutants such as hexachlorocyclohexanes
(HCHs), polycyclic aromatic hydrocarbons (PAHs), dichlorodiphenyltri chloro-
ethanes (DDTs), and PCBs in water and sediments from the Pearl River Delta have
been reported recently (Liang et al. 1999; Kang et al. 2000; Mai et al. 2002), but there
is alack of information on PCBs in fish cultivated in freshwater fishponds (Zhou and
Wong 2000; Zhou et al. 1999). Furthermore, most of the investigations on PCBs are
limited to total PCBs instead of congeners (Zhou et al. 1999; Kang et al. 2000; Fu et al.
2003). In view of the this background, the objectives of the present study were to: (1)
investigate the concentrations and conger patterns of PCBs in sediments and fish
from fishponds of major aquaculture sites around the Pearl River Delta; (2) com-
pare the levels of PCBs contamination in fish collected from these fishponds; and (3)
assess the uptake of PCBs by different fish species that have different feeding habits.

MATERIALS AND METHODS

The sampling sites were located at six different regions representing the ma-
jor aquaculture areas in the Pearl River Delta (Figure 1) (Fangcun Country of
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°

Figure 1. Locations of fishponds of six major aquaculture areas within the Pearl
River Delta (refer to Table 1 for site details).
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Guangzhou City [GZ], Xingtan Town [XT] of Shunde City, Shipai Town [SP] of
Dongguan City, Changan Town [CA] of Shengzhen City, Tanzhou Town [TZ] of
Zhubhali City, Sanjiao Town [S]] of Zhongshan City). The fishponds represented two
types of aquaculture models: (1) the high-density monoculture model in which high-
quality fish such as mandarin fish (Siniperca kneri) are fed with smaller live fish such
as cuvier fish (Cirrhina molitorella), tilapia ( Oreochromis mossambicus) is also cultivated
under high density and sometime serves as feed for mandarin fish; and (2) the
polyculture model in which different fish species including bighead (Aristichthys no-
bilis), grass carp (Ctenopharyngodon idella), and crucian carp (Carassius auratus) are
raised simultaneously. CA and GZ are the two sites with rapid industrialization and
urbanization (Table 1).

Sample collection was conducted during May—June 2000. Fish samples were col-
lected manually using nets from 2—4 fishponds at each site (refer to Table 1 for the
number, length, and weight of five different species collected from six study sites).
Sediments were collected using a grab sampler (Ekman-Brige), with six samples col-
lected from each pond, and each sample consisted of 3-5 sub-samples, which were
mixed thoroughly on site. All samples were transported at a temperature under 4°C
to the laboratory at the Croucher Institute of Environmental Sciences within the
same day. All the fish were divided into muscle and viscera, before they were homog-
enized and freeze-dried. The sediment samples were also freeze-dried. All fish and
sediment samples were stored in desiccators (at about 20°C) until analysis.

The extraction of PCBs was conducted according to the method described in
AOAC (1990). Freeze-dried fish samples (10 g) were extracted by 80 mL n-hexane
in a water bath for 8 h using a soxhlet apparatus. Lipid content was measured by
evaporating the solvent until a constant weight was obtained. Twenty mL of n-hexane
was added to dissolve the lipid and transferred into the separatory funnel. They were
then washed by concentrated sulfuric acid and passed through a microflorisil column
to remove most of the lipid and interference compounds.

Freeze-dried sediment samples were passed through a 1 mm mesh sieve to separate
the stones, leaves, and dead invertebrates before grinding into powder using a mortar
and a pestle. About 10-15 g sediment was transferred into a soxhlet apparatus and
extracted by 80 ml acetone: n-hexane (1:1, v/v) in a water bath for 12 h. Before
extraction, sediment was soaked with about 10 mL water for 30 min. The sediment
extracts were then cleaned by concentrated sulfuric acid, copper powder, and a
microflorisil column (Erickson 1997).

The determination of PCBs (Method 8082, USEPA 1996) for fish and sediment
samples was conducted using a Hewlett-Packard 6890 GC-ECD equipped with a **Ni
electron-capture detector and an automatic sampler. The capillary column was a 30
m DB-1 (100% dimethysiloxane) (CJ & W Scientific, USA) with an internal diameter
of 0.25 mm and a stationary phase thickness of 0.25 um. The oven temperature was
programmed from the initial temperature of 80°C (holding for 1 min), then to 180°C
(holding for 5 min) at the rate of 20°C/min; and to 280°C at the rate of 5°C/min.
The injection was operated in splitless mode at 250°C and detector temperature was
maintained at 300°C. Nitrogen gas was used as carrier gas and make-up gas.

A mixture of 36 PCB congeners in isooctane (Accustandard, USA) was used as
the PCB standard. These 36 congeners are considered environmentally threaten-
ing due to their frequency of occurrence in environmental samples, abundance in
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Aroclors, and their potential toxicity (McFarland and Clarke 1989). They included
Group A: three congeners are the most toxic and characterized as pure 3-Methyl
cholanthrene-type (3-MC) inducer, and six congeners are mixed-type inducers and
are very abundant in Aroclors as well as in the environment (IUPAC No: 77, 126, 169,
105,118,128, 138, 156, 170); Group B: seven congeners are Phenobarbital-type (PB)
inducers for Mixed-Function Oxidase enzymes and are less toxic but most abundant
in the environment (87, 99, 101, 153, 180, 183, 194); and Group C: ten congeners
are weak or not inducers but more common in animal tissues (18, 44, 49, 52, 70,
74,151,177, 201); Group D: ten congeners have potential toxicity, but with very low
presence in animal tissues (37, 81, 114, 119, 123, 157, 158, 167, 168, 189).

Octachloronaphthalene (OCN) was used as an internal standard. Standard ref-
erence materials (SRM) 2977 for mussel tissue (organic contaminants and trace
elements) and 1939a for river sediments (PCBs congeners) were obtained from the
U.S. Department of Commerce, National Institute of Standards and Technology Cer-
tificate of Analysis for QA/QC purpose. A one-way ANOVA test, followed by the least
significant difference test (LSD) in the statistical software program SPSS were used
to evaluate any significant differences (at p < .05) in terms of PCB concentrations
among fish and sediment samples.

RESULTS AND DISCUSSION

Sediment Samples

For most of the persistent organic pollutions (POPs), including PCBs in the
aquatic environment, sediments serve as the final sinks due to their hydrophobic
and persistent nature (Menone et al. 2001). Therefore, the study of PCB concentra-
tions in sediments could reflect not only the present but also the past environmental
status of PCBs.

The patterns of PCB congers and total PCB concentrations in the sediments
collected from the six study sites are shown in Figure 2. The total concentrations of
PCBs in sediments ranged from 7.32 to 36.2 ng/g (dry weight), with an average of
14.5ng/g. The highest value (36.2 ng/g) was obtained at the CA site, followed by the
GZ, SP, XT, §J, and TZ sites. There were significant differences between CA and the
other five sites (p < .01), and also between GZ and four othersites (p < .01), whereas
no significant differences were observed among the SP, XT, §J, and TZ sites. This
was probably due to the fact that the aquaculture and agriculture activities of both
CA and GZ sites had been diminished and the sites had been gradually transformed
to industrial zones during the past 20 years. The total area of the CA fishpond is
now only measured at 0.35 ha. The site is surrounded by an electrical power plant, a
transformer station, and a leather shoe making factory, all about 50 m distant. The
water of the fishponds is rather stagnant, which has further aggravated the situation,
as it only relies on rainfall for replenishing the pond water. This resulted in the
YPCBs being 2.5-5-fold higher than other sites. GZ is situated next to a factory
producing fish feeds, whereas other sites are located at more remote areas.

In general, the representative congeners were IUPAC No. 87/81, 153, 118, 138,
52,170, 49, 70, 101, and 119 among all the sites. The homologue patterns of PCB
congeners of CA were characterized by: 118 > 87/81 > 138 > 153 > 52 > 70 > 49 >
180 > 170 > 101 > 18, especially the lower chlorine substituted congeners including
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Figure 2. The patterns of PCBs congeners and total concentrations of PCBs in
the pond sediments from six major aquaculture areas in the Pearl River
Delta (refer to Table 1 for site details). Error bars indicate standard devi-
ations. For total PCBs, same letters on top of bars indicate no significant
difference at (p < .05).

18 and 70, which were either absent or existed at very lower concentrations at other
sites. This further confirmed that point source contamination was evident at the CA
site, because less chlorinated PCB congeners are more prone to be decomposed
(Miao et al. 2000). On the contrary, the §J site is a rural area where traditional
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agriculture and aquaculture have been maintained, which accounted for the lowest
concentration of PCBs in the sediments (average value 7.32 ng/g, dw), with the
ranking of congeners: 138 > 153 > 81/87 > 170 > 118 > 52 > 49.

In general, the present study indicated that the total PCBs of pond sediments
(7.32-36.2 ng/g, dw) are higher than the pond sediments (0.646-9.95 ng/g, dw)
located within Mai Po Marshes (Hong Kong), a remote nature reserve (Liang et al.
1999). It has been observed that river sediments of the West River (a tributary of the
Pearl River) were 11.1-14.9 ng/g, dw (Mai et al. 2002), and the more polluted river
sediments of the Shing Mun River (an industrially polluted stream, with a variety of
factories such as plasticizers, electricity, and painting, situated in the New Territories
of Hong Kong) were 43.0-461 ng/g, dw (Zhou et al. 1999).

Fish Samples

The average concentrations of total PCBs in muscle of the 5 fish species in de-
scending order (ng/g, lipid weight) were: 166 for tilapia, 156 for mandarin fish, 131
for bighead, 97.4 for crucian, and 91.6 for grass carp. The average concentrations of
total PCBs in viscera were slightly different, with mandarin fish having the highest
concentration of 195, followed by tilapia 190, bighead 179, crucian 148, and grass
carp 112. The analysis of homologue patterns of different PCB congeners showed
that IUPAC No. 118, 153, 81/87, 138, 170, 119, 114, 180, 101, 99, 52, 49, 74, and
70 were commonly detected in most of the fish samples (as well as the sediment
samples); 126, 128, 157, 167, 168, 169, and 37 were not detected (Figure 3).

The concentration and distribution of PCBs in fish are controlled by many factors
including the species, the lipid content in body, age, size, gender, growth rate, and
food choice (Bremle an Larsson 1998; Ashley et al. 2000). In general, the position
in the food chain or feeding habits of the organism play an important role in the
accumulation of the POPs, with species situated at higher trophic levels tending to
accumulate the most POPs, including PCBs (Johnson et al. 1996; Zhou et al. 1999;
Gunnarsson and Skold 1999). Mandarin fish is a carnivorous species, whereas tilapia
is an omnivorous species, which accounted for their higher uptake of PCBs in both
muscle and viscera. Bighead is a zooplanktivorous species that filters zooplankton,
which may concentrate pollutants from water due to its great body surface (Wang et
al. 1998). Significant correlation coefficients were observed between total PCBs in
sediments with fish muscle (r= .92, with p < .01) and viscera (r= .88, p < .01). The
positive correlation of PCBs between the sediments and biota samples often occurs
in environments near contaminated sites (Bazzanti 1997). This explained why fish
collected from the CA site had the higher total PCBs in both muscle and viscera.

The representative congeners in all fish samples, in descending order were: 153 >
138 > 118 > 87/81 > 180 > 52 > 170. This may indicate that the highly chlori-
nated congeners (138, 153, and 180) had perhaps greater resistance to metabolism
and elimination than the lower congeners and so more prone to accumulate in
fish, which occupied the higher trophic position (Jacob and Boer 1994). However,
highly chlorinated congeners such as 194, 201, and 189 generally possessed lower
bioavailablity due to their large molecular structure (Bremle et al. 1995).

It was also observed that fish viscera usually contained higher chlorinated con-
geners of PCBs such as hexa- and penta-chlorobiphenyl when compared with muscle,
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Figure 3. Percentages of different chlorine substituted congeners in muscle and
viscera of fish collected from different fish species. Error bars indicate
standard deviations.

indicating the lipophilic compounds like PCBs are prone to accumulate in lipids,
especially for the moderately chlorinated PCB congeners.

The biological activity of individual PCBs is a function of extent and pattern of
chlorine substitution (Storelli and Marcotrigiano 2003). “Congener-specific” PCB
analysis of biotic tissues has gained increasing importance in assessing possible links
between PCB exposure and toxic effects. In the present study, 36 congeners from
di- to octa-chlorobiphenyls were analyzed in all fish samples. Results showed that
the flesh-eater species (such as mandarin fish, and to a certain extent tilapia and
bighead) had higher concentrations of higher chlorinated PCB congeners than
other fish species such as grass carp. For example, penta-, hexa-, hepata-, and octa-
chlorobiphenyls accounted for up to 70-80% in muscle of mandarin fish, 50-60%
for tilapia and only 40-45% for grass carp (Figure 3). Our early investigation study-
ing PCB congeners in muscle of tilapia collected from streams in Hong Kong also
indicated that these congeners accounted for almost 60% of the total PCBs (Zhou
et al. 1999).

Based on the present results, the concentrations of PCBs in fish cultivated in
fishponds within the Pearl River Delta were low, when compared with the maximum
concentration of total PCBs of 2.0 ug/g (wet weight) in seafood imposed by the U.S.
Food and Drug Administration (FDA 2001).

On the other hand, when based on the classification of McFarland and Clarke
(1989), PCBs Group B (81/87,99, 101, 153, 180, 183, 194) accounted for the highest
proportion of 32—47% of total PCBs in the muscle of different species (except grass
carp, in which PCBs congeners were dominated by Group C), followed by Group
C (18, 44, 49, 52, 70, 74, 151, 177, 187, 201) of 20-24%, Group A (105, 118, 126,
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128, 138, 156, 169, 170) of 19-34%, whereas Group D (37, 114, 119, 123, 157, 158,
167, 168, 189) accounted for the lowest proportion of 7-17%. The potential health
effects of PCB Group A should not be overlooked as they are the most toxic and

characterized as pure 3-Methyl cholanthrene-type (3-MC) inducers and mixed-type
inducers (McFarland and Clarke 1989).

CONCLUSION

The rapid socioeconomic development in the Pearl River Delta has imposed
adverse environmental effects. Based on the present results on the concentrations
of PCBs in sediments and fish collected from six major aquaculture sites in the area,
there are potential point sources of PCB contamination. The feeding habit or the
trophic level of fish species in the food chain plays a major role in the abundance and
relative ratio of the homologue patterns of PCBs in fish. The fact that carnivorous and
omnivorous fish usually have higher concentrations of PCBs and a higher proportion
of highly chlorinated congeners in their body seemed to provide an obvious evidence
of biomagnification. There is an urgent need to monitor PCBs as well as other
persistent organic pollutants in our rapidly changing environment.

ACKNOWLEDGMENTS

The authors thank Mr. K. W. Chan and Mr. B. N. T. Boon for their technical
assistance. Financial support from the Research Grants Council of University Grants
committee (HKBU-2/00C), Hong Kong, and NSFC Grant (2003C34510; 40471118)
is gratefully acknowledged.

REFERENCES

AOAC (Association of Official Analytical Chemists). 1990. Official Methods of Analysis, 15th
ed. Washington, DC, USA

Ashley JT, Secor DH, Zlokovitz E, et al. 2000. Linking habitat use of Hudson River striped
bass to the accumulation of Polychlorinated Biphenyls congener. Environ Sci Technol
34:1023-9

Bard SM. 1999. Global transport of anthropogenic contaminants and the consequences for
the Arctic marine ecosystems. Marine Pollut Bull 38:356-79

Bazzanti M. 1997. Distribution of PCB congeners in aquatic ecosystems: a case study. Environ
Int 23:799-813

Borrell A, Cantos G, Pastor T, et al. 2001. Organochlorine compounds in common dolphins
(Delphinus delphis) from the Atlantic and Mediterranean waters of Spain. Environ Pollut
114:265-74

Bremle G and Larsson P. 1998. PCBs in Eman river ecosystem. Ambio 27:384-92

Bremle G, Okla L, Larsson P. 1995. Uptake of PCBs in fish in a contaminated river system:
bioconcentration factors measured in the fields. Environ Sci Technol 29:2010-5

Erickson MT. 1997. Analytical Chemistry of PCBs, 2nd ed. CRC Press, Boca Raton, FL, USA

FDA (Food and Drug Administration). 2001. Code of Federal Regulations 2:213-5

Fontenot LW, Noblet GP, Akins JM, et al. 2000. Bioaccumulation of polychlorinated biphenyls
in ranid frogs and northern water snakes from a hazardous waste site and a contaminated
watershed. Chemosphere 40:803-09

Fu JM, Mai BX, Sheng GY, et al. 2003. Persistent organic pollutants in environment of the
Pearl River Delta, China: an overview. Chemosphere 52:1411-22

372 Hum. Ecol. Risk Assess. Vol. 12, No. 2, 2006



Downloaded By: [Yale University Sterling Memorial Library] At: 03:15 16 August 2007

Distributions and Congener Patterns of PCBs in Fish

Gunnarsson |S and Skold M. 1999. Accumulation of polychlorinated biphenyls by the infaunal
brittle stars Amphiura filiformis and Amphiura chiajei: effects of eutrophication and selective
feeding. Marine Ecol Pro Ser 17:173-85

Hong H, Xu L, Zhang L, et al. 1997. Environment fate and chemistry of organic pollutants in
the sediment of Xiamen and Victoria Harbor. Marine Pollut Bull 31:229-36

Jacob D and Boer EH. 1994. 8-year study on the elimination of PCBs and other organochlorine
compound from eel under nature conditions. Environ Sci Technol 28:2242-8

Johnson MS, Leah RT, Connor L, et al. 1996. Polychlorinated biphenyls in small mammals
from contaminated landfill sites. Environ Pollut 92:185-91

Kang YH, Sheng GY, Fu JM, et al. 2000. Polychlorinated Biphenyls in surface sediments from
the pearls river delta and Macau. Marine Pollut Bull 40:794-7

Kassa H and Bisesi MS. 2001. Levels of polychlorinated Biphenyls in fish: the influence on
local decision making about fish consumption. | Environ Health 63:29-34

Lee KT, Tanabe S, and Koh CH. 2001. Distributions of organochlorine pesticides in sediments
from Kyeonggi Bay and nearby areas, Korea. Environ Pollut 114:207-13

Liang Y, Wong MH, Shutes RBE, et al. 1999. Ecological risk assessments of polychlorinated
biphenyl contaminations in the Mai Po marshes nature reserve, Hong Kong. Water Res
33:1337-46

Mai BX, Fu JM, Sheng GY, et al. 2002. Chlorinated and Polycyclic aromatic hydrocarbons in
river and estuarine sediments from Pearl River Delta, China. Environ Pollut 117:457-74

McFarland VA and Clarke JU. 1989. Environmental occurrence abundance and potential toxi-
city of polychlorinated biphenyl congeners: considerations for a congener-specific analysis.
Environ Health Perspect 81:225-39

Menone ML, Aizpun de moreno JE, Moreno V], et al. 2001. Organochlorine pesticides and
PCBs in a southern Atlantic coastal lagoon watershed Argentina. Arch Environ Contam
Toxicol 40:355-62

Miao XS, Swenson C, Yanagihara K, et al. 2000. Polychlorinated biphenyls and metals in marine
species from French Frigate Shoals, North Pacific Ocean. Arch Environ Contam Toxicol
8:464-71

Pruell R], Taplin BK, Mcgovern DG, et al. 2000. Organic contaminant distributions in sed-
iments, Polychaetes (Nereis virens) and American lobster (Homarus amaricanus) from a
laboratory food chain experiment. Marine Environ Res 49:19-36

Storelli MM and Marcotrigiano GO. 2003. Levels and congener pattern of Polychlorinated
biphenyls in the blubber of the Mediterranean bottlenose dolphins Tursiops truncates. En-
viron Int 28:559-565

USEPA (US Environmental Protection Agency). 1996. Method 8082: PCBs by Gas Chromatog-
raphy. Washington, DC, USA

Wang JS, Chou HN, Fan J], et al. 1998. Uptake and transfer of high PCB concentrations from
phytoplankton to aquatic biota. Chemosphere 47:1201-10

Wong MH, Cheung KC, Yediler A, et al. 2004. The dike-pond systems in South China: past,
present and future. In: Wong MH (ed), Wetlands Ecosystems in Asia: Function and Man-
agement, pp 47-68. Elsevier, Amsterdam, The Netherlands

Zhou HY, Cheung RYH, and Wong MH. 1999. The residues of organochlorines in sediments
and tilapia collected from island water systems of Hong Kong. Arch Environ Contam
Toxicol 36:424-31

Zhou HY and Wong MH. 2000. Accumulation of sediment-adsorbed PCBs in tilapia. Water
Res 34:2905-14

Hum. Ecol. Risk Assess. Vol. 12, No. 2, 2006 373





