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HIGHLIGHTS

» PCBs in food fish from nine coastal cities of East China were studied.

» Risks to human associated with exposure to dI-PCBs in fish may be of concern.

» No significant difference in total PCB levels among the cities was observed.

» PCA indicated that PCB pollution came from similar sources in the sampling areas.
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Muscle tissues of large yellow croakers (Pseudosciaena crocea) and sliver pomfret (Pampus argenteus) from
nine coastal cities of East China including Dalian, Tianjin, Qingdao, Shanghai, Zhoushan, Wenzhou, Fuz-
hou, Quanzhou and Xiamen were analyzed for polychlorinated biphenyl (PCB) concentrations. Thirty-
six PCB congeners were quantified in the fishes, of which 11 congeners were dioxin-like PCBs. The total
PCB concentrations of the present study were at the low end of the global range, which may be related to
the smaller usage and shorter consumption history of PCBs in China. PCBs 18, 29, 52, 66, 101, 104, 138,

{’(Z)lmé(;lqgi;nated biphenyls (PCBs) 153, 180 and 194 were the major constituents found in the fish samples. Regression analysis showed a
Fisl}ll pheny strong positive correlation (R? = 0.800; p < 0.001) between total dioxin-like PCBs and total PCB concentra-

China tions, and that total PCB concentrations explain 80% of the variability in total dioxin-like PCB concentra-
tions. Among the species investigated, significantly higher concentrations of total PCBs were found in
croakers than in pomfrets, which may be attributed to their different feeding and living habits. No signif-
icant difference in total PCB concentrations among the cities was observed; principal component analysis
(PCA) of PCB profiles indicated that PCB pollution came from similar sources in the sampling areas and
that there may be other PCB sources in Dalian and Wenzhou. The calculated carcinogenic risks (CRs) from
the two species based on a low consumption group and high consumption group were all greater than
1075, suggesting that daily exposure to dioxin-like PCBs via fish consumption results in a lifetime cancer
risk of greater than one in one million. In contrast, the hazard quotients (HQs) of noncancer risks were all
less than unity.

Coastal
Human health risk assessment
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1. Introduction et al., 1996; Diamond et al., 2010). The total amount of PCBs man-

ufactured worldwide was estimated to be 1.5 million metric tons

Polychlorinated biphenyls (PCBs) are a class of organic com-
pounds with 1-10 chlorine atoms attached to a biphenyl molecule.
They were commercially produced as complex mixtures since
1929, and have been widely used as dielectric fluids in transform-
ers, capacitors, coolants and for other applications based on their
chemical stability and physical properties (Safe, 1994; Frame
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(t) (Ivanov and Sandell, 1992). In China, approximately 10,000 t
of PCBs were produced in the decade from 1965 to 1975, and were
known as PCB3 and PCB5 (Fu et al., 2003). PCB3 and PCB5 were re-
ported to be similar to Aroclor 1242 and Aroclor 1254, respectively
(Jiang et al., 1997).

The toxicity of the individual PCB congeners depends on the
chlorine substitution pattern. Coplanar PCBs, especially the non-
(PCB 77, 81, 126 and 169) and mono-ortho PCBs (PCB 105, 114,
118, 123, 156, 157, 167 and 189) are the most toxic congeners.
These non- and mono-ortho PCBs share a structural similarity
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and common toxic mechanism with the most toxic dioxin com-
pound (i.e., 2,3,7,8-tetrachlorodibenzo-p-dioxin; 2,3,7,8-TCDD)
(Giesy and Kannan, 1998; Van den Berg et al., 1998). The World
Health Organization (WHO) toxic equivalency factor (TEF) scheme
includes 12 of the 209 PCB congeners that have the propensity to
disrupt the endocrine system, cause neurobehavioral deficits and
possibly cause cancer (Van den Berg et al., 1998, 2006). One noto-
rious poisoning event occurred in Japan in 1968, in which PCB-
contaminated rice bran oil was used as chicken feed, resulting in
a mass poisoning known as Yusho disease in over 15,000 people
(Umeda, 1972). From then on, PCBs attracted considerable atten-
tion from the scientific community because of their toxicity, resis-
tance to degradation, potential for long-range transport and their
tendency to bioaccumulate through food chains (Harrad et al,,
1994; Olsson et al., 1994). The production and/or usage of PCBs
have been banned or restricted since the early 1970s, and under
the 2001 Stockholm Convention, PCBs are classified as persistent
organic pollutants (POPs), and are subject to international restric-
tions on their production and use (UNEP, 2001; Mai et al., 2005).
Although the concentrations of PCBs in various environmental
matrices have decreased dramatically since peaking in the 1970s
(Jones et al., 1992; Mason, 1998; Schneider et al., 2001; Schuster
et al., 2010), they continue to bioaccumulate in organisms and be
categorized as major global contaminants. Jonsson et al. (2003)
estimated that human exposure to PCBs is expected to continue
for decades and perhaps centuries because of the very long global
environmental mean residence times of these pollutants.

The coastal regions of eastern China are characterized by inten-
sive urban development and industrial activities. It was estimated
that the PCB usage in the eastern part of China contributed 45% of
the total amount used in the country (Zhang et al., 2010). Leaks and
spills of PCBs, illegal disposal of PCB-containing products, munici-
pal solid waste incineration, and historical contamination of bot-
tom sediments could be potential PCB emission sources (Zhang
et al., 2007; Lakshmanan et al., 2010). Coastal environments serve
as a sink for PCBs and thus may be greatly affected by PCBs (Jons-
son et al., 2003). Fishes are good bioindicators to elucidate the con-
tamination status and distribution of POPs (Ueno et al., 2003).
Furthermore, the consumption of fishes and fish products is a ma-
jor route of human exposure to POPs, and may pose a risk to the
Chinese population. In order to assess the extent and patterns of
PCBs contamination in the coastal environment in China, this study
investigated the presence and concentrations of PCBs in muscle tis-
sues of two species of marine fishes collected from nine coastal
cities.

2. Materials and methods
2.1. Collection of samples

The marine fish samples were randomly collected and pur-
chased from fishing boats and local fish markets in nine coastal cit-
ies of East China including Dalian, Tianjin, Qingdao, Shanghai,
Zhoushan, Wenzhou, Fuzhou, Quanzhou, and Xiamen in 2008
(Fig. 1). Two species of fishes, large yellow croaker (Pseudosciaena
crocea) and sliver pomfret (Pampus argenteus), were caught in local
waters as confirmed by local fishermen. Procedures for sample
preparation have been described previously (Xia et al., 2011).

2.2. Chemicals

Standards used in this study were purchased from Wellington
Laboratories (Guelph, Ontario, Canada). All solvents used through-
out the study were of HPLC- and pesticide-grade.

Fig. 1. Map showing sampling locations and mean XPCB concentrations in marine
fishes analyzed in this study (LYC-large yellow croaker; SP-silver pomfret).

2.3. Sample treatment and chemical analysis

Analysis of PCBs was accomplished by use of previously estab-
lished methods with modifications (Lam et al., 2008). Briefly,
freeze-dried muscles were ground into fine powder, homogenized
with anhydrous sodium sulfate, and placed in pre-cleaned extrac-
tion cells and extracted by accelerated solvent extraction (ASE 200,
DIONEX Inc.) using a mixture of dichloromethane (DCM) and hex-
ane (4:1 v/v,40 mL) at 1500 psi and 110 °C for 6 min for two cycles.
Before extraction, PCB 30 was added as an internal surrogate stan-
dard. All extracts were concentrated to 5 mL with a rotary evapo-
rator. An aliquot of 0.5mL was wused for gravimetric
determination of lipid content. Lipids were removed from extracts
using a gel permeation chromatography column (GPC; 25 mm
(i.d.) x 500 mm (L); Bio-Beads S-X3, Bio-Rad Laboratories, Hercu-
les, CA) by elution with an equivalent mixture of DCM in hexane
(1:1 v/v) at a flow rate of 5mL min~'. The concentrated extract
was then transferred and further purified by elution with 90 mL
of hexane and 110 mL of DCM and hexane mixture (1:1 v/v)
through activated silica gel (60 A average pore size) and deacti-
vated alumina. 2,4,5,6-Tetrachloro-m-xylene (TCMX) was spiked
into the concentrated fraction and the volume was further reduced
to 0.1 mL prior to GC/MS analysis.

Quantification of PCBs was performed using a GC (Agilent
7890A) equipped with a mass-selective detector (Agilent 5975c)
in the negative chemical ionization (NCI) mode with methane used
as the reactant gas. The GC column used for quantification was a
DB-XLB fused silica capillary column (J&W Scientific Inc., Folsom,
CA) with 0.25mm id.x 60m x 0.25 pum film. PCB standards
were measured and the samples were analyzed separately in
selective ion monitoring (SIM) mode. The most abundant ions were
selected for quantification and two reference ions were used for
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confirmation of each analyte in SIM mode. In the present study, 36
PCB congeners were monitored (Table S1).

2.4. Quality control

Procedural blanks were analyzed simultaneously with every
batch of five samples to check for cross-contamination. PCB con-
centrations in the procedural blanks were <0.01 ng g, indicating
no significant interferences or contamination from the processing
of samples. The limit of quantification (LOQ), defined as three
times the procedural blank was 0.01 ngg~! of lipid for each PCB
congener. Congener concentrations below LOQ were treated as half
of the LOQ for statistical analyses. Surrogate recovery (n=53,
including 44 fish samples and nine laboratory blanks) was
92 + 11% for PCB 30. The recovery rates of analytes ranged between
70% and 120% (n = 3).

2.5. Statistical analysis

All statistical tests were performed with SPSS software (SPSS
17.0 for Windows, SPSS Inc.). Nonparametric Kruskal-Wallis tests
were used to analyze overall differences among the cities in lipid
content and X3¢PCB concentrations. Nonparametric Mann-
Whitney tests were used to compare interspecies differences for
the lipid proportion and the PCB concentrations. Statistical signifi-
cance was accepted at p < 0.05.

3. Results and discussion
3.1. PCB concentrations and global comparison

PCBs were detected in all the fish samples collected from coast-
al waters in China. Due to the lipophilic nature of PCBs, they are
generally well correlated to the lipid content in biota samples
(Svendsen et al., 2007; Walters et al., 2008). In this study, X35PCBs
(wet weight) were significantly positively correlated with lipids
(Fig. S1, R? =0.786, p < 0.001). Considering that the lipid contents
of fish samples were significantly different across the species
(p <0.01) and the coastal cities (p < 0.05), PCB concentrations were
normalized to lipid weight (Table S1). £35PCB concentrations in all
fish samples varied between 13.3 and 78.3 ng g ! lipid weight (1w),
with an average (+SD) concentration of 35 + 15 ng g~ lw. The wet
weight basis results are shown in Table S2.

PCBs are important global pollutants that have been measured
at high concentrations in marine fishes worldwide. In order to
facilitate comparisons (Table S2), only data from the muscle tissues
of fishes sampled after the year of 2000 were used in consideration
of the temporal trend of PCB concentrations. Comparable results
from other studies were reported in coastal regions such as Shang-
hai (Nakata et al., 2002) and the Pearl River Estuary (Nie et al.,
2005), China. Overall, the concentrations of PCBs in fishes were
at the low end of the global range. Lower residues of PCBs were
also reported in coastal sediments, surface water and bivalves from
China (Zhou et al., 2000; Mai et al., 2005; Jin et al., 2007). These
lower concentrations may be related to the limited usage and
shorter consumption history of PCBs in China—the total amount
of technical PCBs produced from 1965 to 1975 in China
(10,000t) accounted for 0.6% of the total global production.
Although a number of PCB-containing transformers and capacitors
were imported from industrialized countries, the quantities of
PCBs in this equipment amount to only approximately 10,000 t
(Zhang et al., 2010). Notably, PCB in fishes from the Arctic (i.e. Alas-
ka) were present at extremely high concentrations, supporting the
role of long-range atmospheric transport of PCBs as an important
component of their environmental fate and also indicating that

the Arctic acts as a sink for PCBs as suggested by other studies
(i.e. MacDonald et al. (2000)).

3.2. Congeneric composition of PCBs

Concentrations of individual PCB congeners ranged from <0.01
to 23ngg'lw in yellow croakers, and from <0.01 to
10.7 ng g~! Iw in pomfrets (Table S1). The occurrence frequencies
for PCB 1, PCB 8 and PCB 50 in pomfrets were the lowest—26%,
52% and 30%, respectively—while these congeners were detected
in all of the croakers. The rates of detection for PCB 81 in both spe-
cies were relatively lower: 38% in yellow croakers and 65% in
pomfrets. The concentration patterns of individual PCB congeners
were similar between the two species, although the concentrations
were higher in croakers than in pomfrets (Fig. 2). The contributions
of individual PCB congeners to X3sPCBs were also investigated
(Fig. S2). The tri-, tetra-, penta- and hexa-CBs contributed relatively
higher proportions than the other congeners, accounting for 80% of
>36PCBs. Concentrations of PCBs 18, 29, 52, 66, 101, 104, 138, 153,
180 and 194 were greatest in both species (Fig. 2).

Similar PCB congener patterns to those analyzed in fishes in the
present study have been reported elsewhere: in a study investigat-
ing fishes from the Pearl River Estuary region, penta- and hexa-CBs
were the most abundant (Nie et al., 2005); and a study of shellfish
from the coastal areas of Xiamen Island and Minjiang Estuary in
China reported that PCBs 101, 138, 149, 153, 180 contributed con-
siderably to ~PCB concentrations (Chen et al., 2002). This pattern
could have arisen from historic use and subsequent environmental
release of domestically-produced commercial PCB mixtures (i.e.
usage of tri-formulations such as PCB3 and penta-formulations
such as PCB5), in which tri- to penta-chlorinated congeners were
the important constituents. Previous studies on PCB contamination
in sediments from the Haihe Estuary and the Pearl River Estuary in
China found that lower chlorinated homologues, tri- to penta-CBs,
predominated (Mai et al., 2005; Zhao et al., 2010), a pattern which
is consistent with the commercial PCB formulations. However,
hexa-CBs accounted for a relatively higher proportion of X35PCBs
in fishes in the present study. It is possible that higher-chlorinated
congeners have lower chemical degradation rates than those with
lower chlorination and thus are retained to a greater degree in
aquatic systems, where they may bioaccumulate in fishes. For
example, the global environmental mean residence times of PCB
153 and PCB 180 were estimated to be in the order of 110 and
70 years (Jonsson et al., 2003).

The proportions of total dioxinlike PCBs (XdI-PCBs hereafter,
include non-ortho PCB 81, 126, 169, and mono-ortho PCB 105,
114, 118, 123, 156, 167, and 189) to X3¢PCBs varied slightly
among individual fish of both species, and their average values
were similar (Fig. S2). Bhavsar et al. (2007) found that the dI-
PCB composition in fishes was relatively constant (mean: 8.5%;
interquartile range: 5.2-10.6%) regardless of the fish species and
YPCB level using the largest known dI-PCB fish dataset, and also
that the abundance of dI-PCBs was generally in the order of PCB
118>105>156 > 167 >123>157~114>189>77>126>81 ~
169. In this study, we measured the concentrations of 11 dI-PCB
congeners in fishes, omitting PCB 77, which contributed only
0.018-0.093% to XPCBs as reported previously (Bhavsar et al.,
2007). The mean relative abundance of ~dI-PCBs to XPCBs in this
study was 9.9% (interquartile range: 8.7-11.3%), which was a little
higher than the value reported in the literature. In addition, the dl-
PCB congener profile in fishes in the present study was somewhat
different from that described previously, i.e., PCB 118 > 123 > 156
>105> 167 >157>189 > 114> 81 ~ 126 ~ 169 (Fig. S3). In agree-
ment with the findings of Bhavsar et al. (2007), all non-ortho cong-
eners including PCB 81, 126, and 169 accounted for the lowest
proportion of XPCBs in fishes. The linear relationship between
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Fig. 2. Concentrations and mean values (ng g~ lipid weight) of PCB congeners determined in marine fish samples from the coast of East China (LYC-large yellow croaker; SP-

silver pomfret).

dl-PCBs and XPCBs was also investigated to determine whether
the dI-PCB congeneric composition was constant in these two fish
species from coastal China (Fig. S4). The regression analysis
showed a strong positive correlation (R?=0.800; p<0.001,
n=44) between concentrations of XdI-PCBs and XPCBs. PCBs
118, 123, 156, 105, 167, 157 and PCB 114 also showed strong lin-
ear relationships with XPCBs (R? > 0.5, Fig. S4), while other cong-
eners (i.e. PCB 81, 126, 169, 189) showed weaker correlations
(R? < 0.5, results not shown). A weaker correlation was found for
lower levels of dI-PCBs, which was probably due to higher analyt-
ical errors for the lower dI-PCB concentrations. These results were
consistent with an earlier study indicating that the contributions
of dI-PCBs to XPCBs were constant in fishes (Bhavsar et al., 2007).

3.3. Interspecies differences and geographical distribution

Significant interspecies differences were found with regard to
>PCB concentrations in the nine coastal cities (p < 0.01), and high-
er concentrations of XPCBs were found in croakers. However, in
Shanghai, relatively higher PCB concentrations were found in
pomfrets than croakers (Fig. 1), probably because the lipid content
was greatest in croakers and lowest in pomfrets from Shanghai
compared to other cities. In general, croakers contained higher
concentrations of XPCBs than pomfrets, which may be attributed
to their different feeding and living habits, as many studies have
provided evidence of the biomagnification of PCBs along marine
food webs (Fisk et al., 2001; Hop et al.,, 2002; Hoekstra et al.,
2003; Ramu et al., 2006). Pomfrets are omnivorous species, mainly
feeding on ctenophores, medusae and other plankton groups
(Abdurahiman et al., 2006), whereas yellow croakers are carnivo-
rous fish (Ai et al., 2006) that occupy a higher trophic level than
pomfrets, which is a likely reason for the higher concentrations
of XPCBs present. Furthermore, croakers, which are bottom-feed-
ing species, are likely to have a much higher level of exposure to
PCBs in the bottom sediment than pomfrets which are character-
ized by a more pelagic diet; benthic fishes have been found to
show higher concentrations of PCBs in a study in the US (Morgan
and Lohmann, 2010).

Principal component analysis (PCA) was performed to provide
additional information about interspecies differences based on
the bioaccumulation properties of individual PCB congeners. PCA
analyses were carried out for each species separately using concen-
trations of seven indicator PCBs, PCBs 28, 52, 101, 118, 138, 153
and PCB 180, and lipid content as eight variables in the correlation
matrix. A component matrix was obtained after varimax rotation
(Table S3). The first two principal components (PCs) of PCA to-
gether explained 79.7% and 85.9% of the total variance in croakers

and pomfrets, respectively. In both species, the medium- and high-
er-chlorinated PCBs (i.e. PCB 101, 118, 138, 153, 180) were related
to PC1, indicating that they are characterized by similar accumula-
tion features in the two species. The lower-chlorinated congener
PCB 28 was related to PC1 in croakers and to PC2 in pomfrets,
reflecting that PCB 28 accumulated in the two species via different
mechanisms. PCB 52 in both species was related to PC2, indicating
different accumulation behavior compared to higher-chlorinated
congeners. The concentrations of penta-CBs to hepta-CBs were
negatively correlated to lipid content in pomfrets, but not in
croakers.

Geographically, no significant differences in XPCB concentra-
tions among the cities were observed (p > 0.05). The highest con-
centration of XPCBs in croakers was found in Dalian and Xiamen,
while the highest PCB concentration in pomfrets occurred in
Shanghai. The different distribution pattern in the two species
may be caused by the age of the fishes, lipid content, as well as
other physiological differences among the fish species. PCA was ap-
plied to identify differences and similarities in PCB profiles among
the nine cities using concentrations of mono- to deca-chlorinated
PCB congeners as the variables. The first three PCs accounted for
74.5% of the variance in XPCB concentrations (Fig. S5). Fishes from
different sampling sites grouped together, except for a few samples
(Fig. S6a) and most samples from Dalian and Wenzhou (Fig. S6b),
indicating that PCB pollution originated from similar sources in
most of the sampled areas but that there may be other PCB sources
in Dalian and Wenzhou.

3.4. Toxic equivalents (TEQs) and estimated human intake of dioxin-
like PCBs and non dioxin-like PCBs

Toxic equivalency factors (TEFs) were developed to assess and
compare the toxic potencies of polychlorinated dibenzo-p-dioxins
(PCDDs), polychlorinated dibenzofurans (PCDFs) and PCBs, by
which the toxicity of an individual compound is compared to that
of 2,3,7,8-TCDD. TEFs for dioxin-like compounds, including some
PCBs, were reevaluated at a WHO International Programme on
Chemical Safety expert meeting held in Geneva in June 2005. The
total toxic equivalent (TEQ) is defined by the sum of the products
of the concentration of each compound multiplied by its TEF value
and is given by the following equation (Van den Berg et al., 2006):

TEQs = %(C; x TEF))

In this study, TEQs is the total toxic equivalent of dI-PCBs (pg
TEQg 'ww); G is the concentration of dI-PCB congener i
(pg g ' ww); TEF; is the toxic equivalent factor value of congener i.

Estimated daily intakes (EDIs) were calculated by multiplying
per capita fish consumption values with the PCB residue levels
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measured in the present study assuming a typical body weight of
60 kg. The equation is as follows:

EDI = C x FCR/BW

in which, EDI is the estimated daily intake; C is the concentration of
chemical contaminant; BW is the consumer body weight (60 kg);
FCR is the per capita fish consumption (g d~'). In the present study,
an absorption fraction of one was applied to both dI- and non-
dI-PCBs.

The rates of the consumption of fishes for the Chinese popula-
tion were estimated to be 11 g d~! per capita for the low fish con-
sumption group and 119 g d~! per capita for the high consumption
group in order to deduce the lower and higher exposure concentra-
tions of PCBs, respectively (Fung et al., 2004). In order to be able to
estimate the contribution of each dI-PCB to TEQs, their concentra-
tions were reported on a wet weight basis (Table S4). The PCB
concentrations were much less than the maximum concentration
(2000 ng g~! ww) of ZPCBs in edible seafood allowed by the US
Food and Drug Administration (FDA). The intakes of dI-PCBs from
croakers and pomfrets ranged between 0.09 and 0.93 pg
TEQkg 'bwd !, and 0.07 and 0.76 pg TEQkg ' bwd !, respec-
tively. Intake values of non-dl-PCBs were between 1.14 and
12.32ng kg~ ! bwd~! via consumption of croakers, and 0.34 and
3.67ngkg 'bwd ' via consumption of pomfrets. TEQ exposure
from both species was comparable though slightly greater from
croakers, whereas intake of non-dI-PCBs was significantly higher
from croakers than pomfrets. A tolerable daily intake (TDI) of 1-
4 pg TEQkg~! bw was established by WHO in 1998, a tolerable
weekly intake of 14 pg TEQ kg™ ! bw (corresponding to a TDI of
2 pg TEQ kg~! bw) was proposed by the European Commission in
2001, and a tolerable monthly intake of 70 pg TEQ kg™ ' bw was
proposed by the Joint FAO/WHO Expert Committee on Food Addi-
tives in 2001 (Baeyens et al., 2007). Estimated daily intakes of dlI-
PCBs in this study were all lower than these levels, indicating that
dietary consumption of these fishes does not represent a percepti-
ble human health risk.

3.5. Evaluation of human health risks

In order to screen for the potential public health significance of
the estimated exposure levels, risk due to both carcinogenic and
noncarcinogenic effects was assessed.

For carcinogens, risks are estimated as the incremental proba-
bility of an individual developing cancer over a lifetime as a result
of exposure to the potential carcinogen. The carcinogenic risk
equation is described as follows (USEPA, 1989):

CR = EDI x CSF

where CR is the carcinogenic risk, a unitless probability of an indi-
vidual developing cancer; EDI is the estimated daily intake (pg
TEQ kg~ d); and CSF is the cancer slope factor (pg kg~ d)~".

A CSF of 1.56 x 107 (pgkg ' d)~' (USEPA, 2000) was used in
this study.

The cancer risk set to one in one million due to lifetime expo-
sure was used as the generally acceptable risk level. The principle
is that if CR values obtained from the low fish consumption group
were greater than 1075, some appropriate control or management
strategies will need to be taken, while if CRs obtained from the
high consumption group were lower than 10, dI-PCBs are unli-
kely to cause adverse health effects to human consumers, and thus
should be accorded a lower priority.

The potential risks of noncarcinogenic effects are evaluated by
comparing an exposure level over a specified time period (e.g., life-
time) with a reference dose derived for a similar exposure period
(USEPA, 1989). This ratio of exposure to toxicity is a hazard quo-
tient (HQ) and is described as follows:

HQ = EDI/RfD

where HQ is hazard quotient; EDI is the estimated daily intake
(ng kg~!d); and RfD is the reference dose (ng kg~! d).The RfD ap-
plied in this study was 20 ng kg~! d (USEPA, 2000).

A HQ greater than unity indicates that the exposure level ex-
ceeds the effects threshold, and therefore there may be concern
for potential noncancer effects. Generally, greater HQ values indi-
cate greater levels of concern.

The cancer risk from two species based on low consumption
group and high consumption group were all greater than 107, sug-
gesting that daily exposure to dioxin-like PCBs via fish consump-
tion would result in a lifetime cancer risk of greater than one in
one million (Table S5). These results imply that lifetime cancer risk
is a possibility for coastal residents who are likely to consume
more seafood than those living inland. DI-PCBs may be of particu-
lar concern. In contrast, the noncancer risks associated with fish
consumption of PCBs for both the low and high consumption
groups were all less than unity. A similar result was found in a pre-
vious study undertaken in Zhoushan, which reported that the HQs
of noncancer risk based on 50th and 95th percentile concentrations
were also less than unity (Jiang et al., 2005). However, the HQs ob-
tained from consumption of croakers were relatively higher than
those of pomfrets, especially for the high consumption groups. This
suggests that pomfrets were safer for consumption than croakers
based on their contributions to the EDI of PCBs.

4. Conclusion

Risk estimation indicated that PCBs may pose a health risk to
heavy fish consumers. However, there were a number of sources
of uncertainty introduced in the risk assessment, such as the rela-
tively small number of fish species analyzed and the sample sizes
used for chemical analysis, as well as potential variation in actual
risk among human consumers in different age groups and due to
differences in fish consumption rates. Nevertheless, this prelimin-
ary health risk assessment of PCBs to human consumers due to fish
consumption in coastal cities of China indicates that dI-PCBs may
be of concern.
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