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a b s t r a c t

A total of 602 seafood samples, including fish, shrimps, crabs and molluscs, were analyzed for a suite of

persistent halogenated compounds. The residual levels of DDTs (sum of o,p0- and p,p0-DDT, DDD, and

DDE) and polybrominated diphenyl ethers (PBDEs) varied significantly among different species, and

ranged from non-detectable (nd) to 699 ng/g and nd to 5.93 ng/g, respectively. Comparison of the levels

of DDTs and PBDEs in mussel samples worldwide suggested that South China is probably one of the

most DDT-polluted areas, but is moderate at most in terms of PBDE contamination. Combined with a

recent dietary survey at the same sampling locations, dietary intakes of DDTs and PBDEs by local

residents via seafood consumption for all age groups were estimated to be 147–564 and 4.7–18.5 ng/day,

or 8.5�12.9 and 0.27�0.46 ng/kg bw/day, respectively. Among the different seafood types, fish

contributed the largest portion of the dietary intakes of DDTs (57%), followed by molluscs (38%).

Similarly, the dietary intakes of PBDEs were also dominated by fish (45%) and molluscs (45%).

Assessment based on several available guidelines suggested that though no significant human health risk

associated with the dietary intake of PBDEs, a lifetime cancer risk from dietary exposure to DDTs remains

a probability. Because dietary intake of DDTs was dominated by fish and molluscs, added concern should

be paid to fish and molluscs.

& 2010 Elsevier Inc. All rights reserved.
1. Introduction

The notorious persistent halogenated compounds (PHCs), such
as organochlorine pesticides (OCPs), polychlorinated biphenyls
(PCBs) and polybrominated diphenyl ethers (PBDEs), are widely
distributed in various environmental compartments. The lipophi-
lic and persistent properties are probably the main causes for
these compounds to be bioaccumulated through the food chain,
and the toxicity of PCBs and OCPs has been documented (Smith
and Gangolli, 2002). Although no toxic effects of PBDEs to humans
have been convincingly confirmed, particularly at the levels often
found in the environment, certain low-brominated congeners at
high levels are likely to induce toxicity, including endocrine
disruption (Hallgren and Darnerud, 2002) and neurological
deficiency (Branchi et al., 2003).

Generally, PHCs are transferred to humans mainly via inhala-
tion, dermal absorption, and food consumption (Bayarri et al.,
2001; Sjodin et al., 2003). In most cases, dietary intake is the main
route of PHCs. For example, more than 90% of the average human
intake of dioxins and PCBs originates from foods, especially those
ll rights reserved.
of animal origin (Liem et al., 2000). In the case of PBDEs, however,
inhalation may be another important route for human exposure in
addition to dietary intake, especially for occupational exposure
(Sjödin et al., 2001; Harrad et al., 2004; Meng et al., 2007b).

The Pearl River Delta (PRD), located in a subtropical zone of
South China, is one of the economically most prosperous regions
in China. Because of the mild climatic conditions all year around
and rich aquatic resources, aquaculture has become an increas-
ingly popular economic activity in the PRD. On the other hand,
dichlorodiphenyltrichloroethane (DDT) has been extensively used
in the past (Guo et al., 2009), and PBDEs, as an extensive used
brominated flame retardants, have become ubiquitous environ-
mental contaminants due to intensifying manufacturing and
e-waste recycling activities in the PRD (Guan et al., 2007; Ni
and Zeng, 2009). As a result, seafood produced in this region has
possibly been subject to heavy PHCs contamination, and con-
sumption of these products could be an important route for
human exposure to PHCs. Because a large quantity of seafood
products are produced in and exported from the PRD region,
dietary intake of PHCs via seafood consumption should be a
concern not only in South China, but also throughout the globe.

The objectives of the present study were to examine the
dietary intake of DDTs (sum of o,p0- and p,p0-DDT, DDD, and DDE)
and PBDEs and to assess health risk related to these PHCs via
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seafood consumption, which could provide critical information
for the local governments to establish seafood consumption
guidelines.
2. Materials and methods

2.1. Sample collection

Seafood samples were collected based on a market basket-based survey.

A total of 602 samples, representing thirteen species of fish, six species of shrimps,

two species of crabs, and fourteen species of molluscs that are commonly

consumed by local residents, were randomly collected from local fishery markets

in 11 coastal cities of Guangdong Province, South China, between November 2004

and October 2005 (Fig. 1). Upon collection, samples were stored in polyethylene

bags, kept in ice, and brought back to the laboratory immediately. They were

stored at –20 1C until analyzed. Because all seafood samples were purchased dead,

no ethical issues were involved in the present study.

2.2. Analytical methods and instrumentation

The methodological details, including extraction, cleanup, fractionation, and

the instrumental analysis have been described in our previous publications (Guo

et al., 2007a, 2007b; Meng et al., 2007a). Briefly, approximately 20 g (wet weight)

of muscle or soft tissue were taken, homogenized, freeze-dried, and ground into

fine powders. After spiked with the surrogate standards of 2,4,5,6-tetrachloro-m-

xylene (TMX), PCB 67, PCB 191, PCB 209 and 13C-PCB 141, each sample was

Soxhlet extracted with an acetone and hexane mixture (1:1 in volume) for 48 h.

The extract was first subject to a gel permeation chromatograph for lipid removal,

then subject to silica/alumina columns for purification. For DDTs, an aliquot (2 mL)

of the extract was purified on a silica/alumina column packed, from the bottom to

top, with neutral alumina (6 cm, 3% deactivated) and neutral silica gel (12 cm, 3%

deactivated). The first fraction was eluted with 5 mL of hexane and discarded. The

second fraction was eluted with 70 mL of dichloromethane and hexane mixture

(3:7 in volume) and collected. For PBDEs, the remaining 2 mL of the extract was

cleaned on a silica/alumina column packed, from bottom to top, with neutral

alumina (6 cm, 3% deactivated), neutral silica gel (2 cm, 3% deactivated), 25%

sodium hydroxide silica (5 cm), neutral silica gel (2 cm, 3% deactivated) and 50%

sulfuric acid silica (6 cm). The PBDE fraction was eluted with 70 mL of

dichloromethane and hexane mixture (1:1 in volume). Both extracts were further

concentrated to 100 mL under a gentle stream of N2. Finally, the internal standards

(PCB 82 for DDTs and 13C-PCB 208 for PBDEs) were added before instrumental

analysis.

Analyses of DDTs were carried out on a Hewlett-Packard 5890 gas

chromatograph (GC)/5972 mass spectrometer (MS) in the selective ion monitoring

(SIM) mode. A fused-silica capillary column (DB-5, 30 m�0.25 mm�0.25 mm)

was used for separation. High-purity helium was used as carrier gas at a constant
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pressure of 10.0 psi. Samples (1.0 mL each) were injected in the splitless injection

mode. The temperatures of the injector and ion source were 280 and 250 1C,

respectively. The oven temperature was programmed from 80 1C (held for

1.0 min), raised to 200 1C at 12 1C/min, increased to 220 1C at 1 1C/min, and finally

ramped to 290 1C at 15 1C/min (held at 290 1C for 5 min).

For PBDEs, analyses were performed with a Shimadzu Model 2010 GC coupled

with a Model QP 2010 MS (Shimadzu, Japan) using the negative chemical

ionization and the selective ion monitoring mode. GC columns used for separation

were a DB-XLB (30 m�0.25 mm�0.25 mm) capillary column for low-brominated

congeners (BDE 28 to BDE 183) and a CP-Sil 13 CB (12.5 m�0.25 mm�0.2 mm)

capillary column for BDE 209. Manual injection was conducted in the splitless

mode with a split time of 1.0 min. The temperatures of the ion source and interface

were 200 and 280 1C, respectively. Ion fragments used for monitoring were m/z 79

and 81 ([Br]�) for tri- to hepta-BDEs, m/z 79, 81, 486.7, and 488.7 for the highly

brominated BDE, m/z 372, 374, and 376 for 13C-PCB 141, m/z 496, 498, and 500 for

PCB 209, and m/z 474, 476, and 478 for the internal standard (13C-PCB 208).
2.3. Dietary survey

A questionnaire-based dietary survey was conducted in the same area from

where seafood samples were collected. Dietary data were collected through face-

to-face interviews with 1626 local residents, and 12 food categories (fish, shrimp,

crab, molluscs, meat, egg, vegetable, bean, milk, fruit, rice, and wheat products)

were included. In addition, information on the age and gender of each interviewee

was also collected. Statistical analyses were conducted using Sybase SQL Server 1.0

(Dublin, CA, USA). In the present study, only the food groups of fish, shrimps, crabs,

and molluscs were used for further discussions (Table 1). The selection of these

food groups was based on previous studies demonstrating that the major

proportion of total dietary intake of PHCs was originated from consumption of

fish (Kiviranta et al., 2004; Darnerud et al., 2006).
2.4. Dietary exposure assessment

Dietary exposure was estimated based on the results from our dietary survey

conducted in April 2006 and the data analyses from the present study. All

concentrations were not surrogate recovery corrected and normalized to wet

sample weights except where specified. The reporting limits (RLs) (defined as the

lowest concentrations of the calibration curves divided by the actual sample

weights) were 0.02–0.10 ng/g for DDTs, 0.002–0.005 ng/g for all tri- to hepta-BDEs,

and 0.1 ng/g for BDE 209. For samples with an analyte concentration below the RL,

half of the RL value was used for the estimation. The estimated daily intake (EDI)

was calculated as: EDI (ng/g bw/day)¼seafood consumption (g/kg bw/day)� con-

taminant concentration (ng/g). In the present study, the average body weights of

different age groups were derived from recent surveys (Yang et al., 2005; Zhang

et al., 2008).
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Table 1
Dietary survey in coastal cities of Guangdong Province, Southern China (g/day)a.

Age

2�5 6�18 418

Gender Male Female Male Female Male Female

Fish 16.0 15.3 37.9 36.3 63.6 55.0
Shrimps 3.1 1.9 10.0 6.2 6.2 5.9
Crabs 1.3 0.8 4.1 2.5 2.5 2.3
Molluscs 12.3 7.4 39.6 24.5 24.5 23.2
Meat 50.4 81.7 135 94.1 145 117

Egg 37.5 62.8 58.2 50.5 38.0 37.8

Vegetable 163 110 132 176 235 239

Beans 91.9 60.7 63.7 56.0 53.2 52.3

Milk 119 150 128 102 70.6 84.9

Fruit 93.8 75.7 127 109 94.4 116

Rice 87.5 110 242 194 256 198

Wheat products 2.63 39.4 87.6 61.4 69.9 47.1

a Only food groups in bold letters were used in the present study.

Table 2
Concentrations (ng/g) of DDTs and PBDEs in seafood products from South China.

DDTsa PBDEsb

Range Average Median Range Average Median

Fishc nd–699 32.2 5.99 nd–5.93 0.24 0.15

Shrimpsd nd–52.2 5.77 0.91 nd–1.11 0.24 0.11

Crabse nd–56.3 12.8 5.51 nd–1.55 0.44 0.32

Molluscsf nd–619.7 42.3 6.66 nd–2.20 0.41 0.26

a Sum of BDE 28, 47, 66, 99, 100, 138, 153, 154, 183, and 209.
b Sum of o,p0- and p,p0-DDT, DDD, and DDE.
c Including Tilapia, Ctenopharyngodon idellus, Aristichthys nobilis, Megalobrama

amblycephala, Micropterus salmoides, Siniperca chuatsi, Ophicephalus argus,

Trichiurus lepturu, Nemipterus virgatus, Mugil cephalus, Sciaenops ocellatus, Trachi-

notus blochii, and Lutjanus erythopterus.
d Including Penaeus monodon, P. japonicus, Metapenaeus ensis, Macrobrachium

rosenbergii, Proambarus clarkia, and Squilla oraloria.
e Including Scylla serrata and Ovalipes punctatus.
f Including Tegillarca granosa, Scapharca subcrenata, Argopectens irradias,

Patinopecten yessoensis, Haliotis diversicolor, Terebra maculate, Meretrix meretrix,

Cyclina sinensis, Venerupis variegate, Sinonovacula constricta, Solen grandis, Perna

uiridis, and Crassostrea gigas.

Table 3
Comparison of DDT concentrations (ng/g) in mussels obtained from the present

study with those reported from different countries and regions.

Location Date Concentration Reference

Japan 1994 3.5 (0.80–12)a Monirith et al. (2003)

Greenland 1994–1995 0.39 a Cleemann et al. (2000)

Thailand 1994–1995 1.2–38 a Tanabe et al. (2000)

Demark – 2.4–67 a Granby and Spliid (1995)

Brazil 1996 1.1–10 a de Brito and Bruning (2002)

Vietnam 1997 40 (2.4–310) a Monirith et al. (2003)

Italy 1997 14–64 b Binelli et al. (2001)

England 1998 0.20–17 a Connor et al. (2001)

India 1998 4.2 (0.6–15) a Monirith et al. (2003)

Indonesia 1998 1.0 (0.10–3.1) a Monirith et al. (2003)

Hong Kong 1998–1999 120 (7.0–1000) a Monirith et al. (2003)

Egypt 2000 125–772 a Khaled et al. (2004)

Bohai Sea 2002 4.46–129 c Yang et al. (2004)

South China 2005 65.7 (3.95–507) b Present study

a Including p,p0-DDT, DDE and DDD.
b Including o,p0- and p,p0-DDT, DDE, DDD.
c Including p,p0-DDT, DDE, DDD and o,p0-DDT.
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3. Results and discussion

3.1. Selection of target analytes

Persistent halogenated compounds include a suite of com-
pounds such as OCPs, PCBs, and PBDEs, as well as more toxic
compounds dioxins, etc. In the present study, edible parts of the
602 seafood samples were analyzed for OCPs, PCBs, and PBDEs,
but not for dioxins. The results indicated that PHCs in seafood
products from South China were dominated by DDTs (sum of o,p0-
and p,p0-DDT, DDD and DDE) and to a less extent by PBDEs (sum
of BDE 28, 47, 66, 99, 100, 138, 153, 154, 183, and 209). The
concentrations of hexachlorocyclohexanes (HCHs) were far below
those of DDTs. The results were in accordance with the well-
documented findings that the residual levels of HCHs in foodstuff
in China declined remarkably from 1978 to 2001 (Nakata et al.,
2002) and that low concentrations of HCHs were found in aquatic
samples from the coastal region of North and East China (Jiang
et al., 2005; Yang et al., 2006). Other OCP compounds, such as
heptachlor, heptachlor epoxide, aldrin, dieldrin, endosulfan (I and
II), endosulfan sulfate, endrin, endrin aldehyde, endrin ketone,
and methoxychlor, were rarely detected and/or their concentra-
tions were rather low when detectable. Historically, the produc-
tion and usage of PCBs were relatively insignificant in China
compared to those of DDTs and HCHs (Mai et al., 2005), which is
well reflected in the previous studies conducted in the coastal
region of North and East China (Jiang et al., 2005; Yang et al.,
2006). With all these considerations, only the DDT and PBDE data
are further utilized in the remainder of the paper.

3.2. DDTs and PBDEs in seafood from South China

Levels of DDTs and PBDEs in seafood from South China are
summarized in Table 2. The residual levels of DDTs were highly
variable among different species, and ranged from non-detectable
(nd) to 699, nd to 52.5, nd to 56.3, and nd to 620 ng/g in fish,
shrimps, crabs, and molluscs, respectively, suggesting that
bioaccumulation of DDTs in seafood products was highly
species-specific, probably due to their different ecological char-
acteristics such as feeding habits and habitats. Like DDTs, PBDEs
in seafood also varied in abundance with different species
(Table 2), with concentration ranges of nd–5.93, nd–1.11, nd–1.55,
and nd–2.20 ng/g in fish, shrimps, crabs, and molluscs, respectively.
It has been a challenge to conduct a comparison of contamination
levels among different countries because bioaccumulation in
different organisms may vary significantly. The inclusion of mussel,
which is an excellent bioindicator of trace toxic contaminants, in
the present study allowed us to compare the results from the
present study to those from other investigations around the world.
The residual levels of DDTs in mussel from South China (3.95–
507 ng/g with a mean of 65.7 ng/g) were higher than those from
most other locations worldwide (Table 3), except for Egypt where
DDT has still been used in agriculture and vector control (Khaled et
al., 2004), indicating that South China is probably one of the most
DDT-polluted areas in the world.

It should be noted that comparison of PBDE levels in mussel is
somewhat compromised, because the number of BDE congeners
varied greatly among different studies, probably reflective of the
variability in local PBDE sources. Therefore, only BDE 47 and
BDE 99, the most frequently analyzed congeners, were used for
comparison (Table 4). Contrary to those of DDTs, the levels of BDE
47 and BDE 99 in mussel from the present study were lower than
those obtained by most previous studies. Some published data
were normalized to dry or lipid sample weight. If converted
into wet sample weight assuming a moisture content of 80% and
lipid content of 2%, these concentrations were also much higher



Table 4
Comparison of PBDE concentrations (ng/g) in mussels obtained from the present study with those reported from different countries and regions.

Location Sampling time BDE 47 BDE 99 Reference

U.K. a 1996 3.5 3.9 Allchin et al. (1999)

Denmark a 2000 0.05–0.49 0.02–0.25 Christensen and Platz (2001)

France a 2001–2002 0.11–1.49 0.02–0.62 Johansson et al. (2006)

U.S.A. a 2002 nd–3.7 nd–2.0 Oros et al. (2005)

Norway a 2003 0.03–1.2 0.01–0.07 Bethune et al. (2004)

Korea a 2005 0.02–3.3 0.01–4.4 Ramu et al. (2007)

Netherlands b 1999 0.9–4.3 0.3–1.6 de Boer et al. (2003)

Singapore b 2002 0.72–11 0.62–18 Bayen et al. (2003)

Hong Kong b 2004 0.62–9.12 1.34–25.9 Liu et al. (2005)

Italy c 2005 23.1–309.5 5.0–69.5 Binelli et al. (2008)

South China a 2005 nd–0.063 nd–0.059 Present study

a On a wet weight basis.
b On a dry weight basis.
c On a lipid weight basis.

Table 5
Estimated daily intake (ng/day) and body weight normalized estimated daily intake (in parentheses, ng/kg bw/day) of PBDEs and DDTs via seafood consumption.

Age

2–5 6–18 418

Gender Male Female Male Female Male Female

PBDEsa

Fishb 2.5 (0.14) 2.4 (0.15) 5.8 (0.14) 5.6 (0.14) 9.8 (0.15) 8.5 (0.15)

Shrimpsc 0.3 (0.02) 0.2 (0.01) 1.1 (0.03) 0.7 (0.02) 0.7 (0.01) 0.6 (0.01)

Crabsd 0.4 (0.02) 0.3 (0.02) 1.3 (0.03) 0.8 (0.02) 0.8 (0.01) 0.7 (0.01)

Molluscse 3.2 (0.18) 1.9 (0.12) 10.3 (0.25) 6.4 (0.16) 6.4 (0.10) 6.0 (0.11)

Total 6.4 (0.36) 4.7 (0.30) 18.5 (0.46) 13.4 (0.33) 17.6 (0.27) 15.9 (0.28)

DDTsf

Fishb 95.8 (5.38) 91.6 (5.73) 227 (5.61) 217 (5.37) 381 (5.74) 330 (5.84)

Shrimpsc 2.8 (0.16) 1.7 (0.11) 9.1 (0.22) 5.6 (0.14) 5.6 (0.08) 5.4 (0.10)

Crabsd 7.2 (0.40) 4.4 (0.28) 22.6 (0.56) 13.8 (0.34) 13.8 (0.21) 12.7 (0.22)

Molluscse 81.9 (4.60) 49.3 (3.08) 264 (6.51) 163 (4.03) 163 (2.46) 155 (2.74)

Total 188 (10.5) 147 (9.2) 522 (12.9) 400 (9.9) 564 (8.5) 502 (8.9)

a Sum of BDE 28, 47, 66, 99, 100, 138, 153, 154, 183 and 209.
b Including Tilapia, C. idellus, A. nobilis, M. amblycephala, M. salmoides, S. chuatsi, O. argus, T. lepturu, N. virgatus, M. cephalus, S. ocellatus, T. blochii, and L. erythopterus.
c Including P. monodon, P. japonicus, M. ensis, M. rosenbergii, P. clarkia, and S. oraloria.
d Including S. serrata and O. punctatus.
e Including T. granosa, S. subcrenata, A. irradias, P. yessoensis, H. diversicolor, T. maculate, M. meretrix, C. sinensis, V. variegate, S. constricta, S. grandis, P. uiridis,

and C. gigas.
f Sum of o,p0- and p,p0-DDT, DDD, and DDE.
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than those from the present study. This indicates that the
magnitude of PBDE contamination in South China is moderate
globally.
3.3. Estimated daily intake

Because the residual levels of DDTs and PBDEs were highly
variable among individual samples, the median concentrations
instead of mean concentrations in each seafood group (i.e. fish,
shrimps, crabs, and molluscs) were chosen for assessment. The
EDIs of DDTs and PBDEs (both non-body and body weight
normalized) via seafood consumption for different age groups were
147�564 and 4.7�18.5 ng/day, or 8.5�12.9 and 0.27�0.46 ng/
kg bw/day, respectively (Table 5). Because seafood products
accounted for less than 10% of total food consumption from our
dietary survey (Table 1), higher dietary intake of DDTs or PBDEs
can be expected via all food sources. In addition, for both DDTs
and PBDEs, the EDIs of male were slightly higher than those of
female independent of different age groups, while the EDIs of the
2–5 age group were much less than those of the 6–18 and 418
age groups, probably due to the different seafood consumptions
for different age groups. If they are normalized to the body
weight, the dietary intakes of both PBDEs and DDTs decreased in
the order of youth (6–18)4children (2–5)4adults (418).

With respect to DDTs, the EDIs (5.74�5.84 ng/kg bw/day) via
fish consumption for adults in South China were not only higher
than those (3.62–5.80 ng/kg bw/day) in Beijing, North China (Li
et al., 2008), but also higher than that (4.73 ng/kg bw/day)
calculated from a previous study conducted in Zhoushan, East
China (Jiang et al., 2005). Besides, the total EDIs (502–564 ng/day)
of DDTs for adults residing in South China were comparable to the
dietary intake (523 ng/day) from a market basket survey in
Sweden (Darnerud et al., 2006).

Dietary intake of PBDEs via consumption of various food types
has been examined worldwide. Based on market surveys, the
dietary intakes of PBDEs via fish consumption were 23 ng/day in
Finland (Kiviranta et al., 2004) and 23.1 ng/day in Sweden
(Darnerud et al., 2006), respectively. For most food items of
animal origin, the total dietary intake of PBDEs was estimated to
be 44 ng/day in Canada (Ryan and Patry, 2001) and 40.8 ng/day
in Sweden (Lind et al., 2002). Recently, dietary intake of PBDEs
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was estimated at 20.8 ng/day for 14 edible marine species (fish
and molluscs) in Catalonia of Spain (Domingo et al., 2006), and the
median PBDE intake was 14 ng/day via seafood consumption in
Belgium (Voorspoels et al., 2007). The dietary intake of PBDEs for
adult (15.9–17.6 ng/day) obtained from the present study was
comparable to or less than all the previously obtained results.

A summary of the dietary intake values of PBDEs (mostly via
fish consumption) obtained by different studies is presented in
Table 6. It should be noted that such comparison, as well as the
comparison of the concentration data earlier, is qualitative at best,
because sampling strategy (e.g., the type of foodstuff included),
available data format (mean, median, or upper or lower bound
values), the number of BDE congeners analyzed and sampling time
were quite variable among the different studies. As an example to
illustrate the consequence, a recent survey conducted in Hong
Kong (Cheung et al., 2008) included 22 BDE congeners and
Table 6
Estimated dietary intake of PBDEs (ng/day) in different countries.

Country Sample Sampling EDI BDE

Finland Fish 1997-1999 23 47, 9

Sweden Fish 1999 23.1(ND¼1/2 LOD) 47, 9

Canada Food of animal origin 1998 44 47, 9

Sweden Food of animal origin 1999 40.8 (ND¼0) 47, 9

Spain Marine species 2005 20.8 47, 9

Belgium Seafood 2005 14 (median bound) 47, 9

Hong Kong Fish 2004 311–1677 22 BD

USA Fish – 8.94–15.7 Thirt

Dutch Fish and molluscs – 8.3 (median bound) 28, 4

South China Seafood 2005 15.9–17.6 28, 4

Fish
Shrimps
Crabs
Mollusks

Fig. 2. Relative contribution of each sample group to the total dietary intake. Th
obtained EDIs of PBDEs at 331–1677 ng/day, much higher than
those from other previous studies employing fewer BDE congeners.

The relative contribution of each seafood group to the total
EDIs of DDTs and PBDEs is displayed in Fig. 2. Fish contributed the
most to the EDI of DDTs (an average of 57%), followed by molluscs
(an average of 38%). The significantly higher contribution from
fish is mainly resulted from its relatively high consumption rate
compared to other seafood groups and the opposite is true for
shrimps and crabs. Overall, the patterns of relative contributions
from the seafood types to the total EDIs of PBDEs were similar to
those of DDTs (Fig. 2), i.e., the contributions were dominated by
fish (an average of 45%) and molluscs (an average of 45%). As a
consequence of the high levels of PBDEs and DDTs in fish and
molluscs, the EDIs of DDTs and PBDEs via consumption of fish and
molluscs accounted for a major portion of the total dietary intake
for all seafood species under investigation.
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3.4. Risk assessment

Several guidelines established by different international
organizations can be used for assessment of health risk of PHCs
to humans. These guidelines include the acceptable daily intake
(ADI) recommended by the World Health Organization (WHO)
(Food and Agriculture Organization/World Health Organization,
2001), the minimal risk level (MRL) formulated by the Agency for
Toxic Substances and Disease Registry (ATSDR) (Schafer and
Kegley, 2002), and the potential risk assessment method based on
the benchmark concentration (Jiang et al., 2005). The EDI of DDTs
for adults (8.5–8.9 ng/kg bw/day) via seafood consumption from
the present study is far below the ADI (20 mg/kg bw/day)
proposed by the WHO (Food and Agriculture Organization/World
Health Organization, 2001) and the MRL (500 ng/kg day for p,p0-
DDT) recommended by ATSDR (Schafer and Kegley, 2002). This,
however, does not necessarily suggest no potential health risk
associated with seafood consumption in South China. The present
results indicate that DDTs were detected in all the seafood
samples and the levels of DDTs in nearly one-third of the samples
(31%) were higher than the maximum admissible concentrations
suggested by the USEPA (14.4 ng/g wet wt) (EPA, 2000).

To screen the potential health significance of the estimated
dietary exposure to DDTs, a method based on the benchmark
concentration was also used for assessment. The detailed method
has been described elsewhere (Jiang et al., 2005). Briefly, two
hazard ratios (HRs), i.e., from the 50th and the 95th percentile
measured concentrations (50th and 95th MEC), were used for
assessing the potential health risk to humans, as calculated by

Hazard ratio ðHRÞ ¼
Estimated daily intake

Benchmark concentration
ð1Þ

Benchmark concentration¼
Risk� body weight

Fish consumption� Slope factor
ð2Þ

where the benchmark concentration for carcinogenic effect was
derived from the USEPA cancer slope factor (obtained from the
USEPA’s Integrated Risk Information System (http://www.epa.
gov/iris/)) by setting cancer risk to one in one million due to
lifetime exposure. The benchmark concentration for non-cancer
carcinogenic effect was the USEPA reference dose. Because the
dietary intake of DDTs was mainly originated from fish consump-
tion, human health risk associated with fish consumption could
well represent that with seafood consumption.

For different age groups, the 50th MEC in fish was used for
evaluating the non-cancer and cancer risks. The non-cancer HRs for
different age groups are all substantially lower than one (Fig. 3). This
is well in accordance with the results from a similar risk evaluation
conducted in Zhoushan, East China (Jiang et al., 2005). On the other
hand, the 50th percentile cancer HRs for all age groups are
considerably higher than one, and there was no significant
difference among the 50th percentile cancer HRs of different age
groups. This suggests that dietary intake of DDTs via fish consump-
tion may be of serious concern and a lifetime cancer risk remains a
possibility. As for different seafood groups, two cancer HRs, i.e. the
50th and 95th MEC HRs, in different seafood groups were used for
assessment, and the results (for adults only) are presented in Fig. 4.
Both 50th MEC and 95th MEC HRs of shrimps and crabs are less than
one, indicating the health risk related to consumption of shrimps
and crabs is neglected. On the contrary, both HRs of fish and the
95th MEC HR of molluscs are higher than one. This suggests that
fish and molluscs may be of human health concern. A refined risk
assessment should be considered to further ascertain the real risk
via molluscs consumption, and an initiation of appropriate manage-
ment strategies is deemed urgent for fish.
It is worthwhile to note that shrimps are extensively farmed in
South China to meet the growing domestic and international
demand. In 2005, the amount of shrimps exported from China
accounted for 15% of the global need (http://www.99sj.com.cn/

http://www.epa.gov/iris/
http://www.epa.gov/iris/
http://www.99sj.com.cn/News/62711.htm
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News/62711.htm), 60% of which came from Zhanjiang District,
one of the sampling locations in the present study. The
assessment above suggests that the health risk related to
consumption of shrimps is minimal, while added concern should
be paid to fish and molluscs. In conclusion, a lifetime cancer risk
from dietary intake of DDTs has remained a possibility in South
China, especially for coastal residents who tend to consume more
fish and molluscs than inland residents. Possible health risk
caused by DDTs via seafood consumption should not be neglected.

It is still a challenge to assess the potential health risk of
PBDEs, because toxicological and epidemiological data associated
with PBDEs are extremely limited. Currently, only a lowest
observed adverse effect of level (LOAEL) of 1 mg/kg/day, on the
basis of the most sensitive endpoints of toxic effects of PBDEs
(Darnerud et al., 2001; Bocio et al., 2003), and MRLs, which are
0.007 and 10 mg kg/day for lower brominated congeners and
Deca-BDE, respectively, derived by the ATSDR (http://www.atsdr.
cdc.gov/mrls.html), have been suggested. The total dietary intake
of PBDEs for adults (0.27–0.46 ng/kg bw/day) from the present
study is several orders of magnitude lower than the suggested
LOAEL and the oral MRLs. Therefore, potential health risk of PBDEs
via seafood consumption in South China is deemed minimal based
on the current toxicological knowledge.

In the present work, the estimation of EDIs and the related
health risk assessment were based on the residual levels of PHCs
in seafood samples and the consumption data of different food
items. Both of them could introduce considerable amounts of
uncertainty. For example, the number of children (2–5 years old)
interviewed in our dietary survey was only 9, likely to result in a
heavy bias for the estimated food consumption. If these and other
potential types of uncertainty (including those with the occur-
rence of PHCs in seafood samples and sample representation) are
taken into account, the results of EDIs and health risk assessments
are obviously qualitative only and should be used with caution. A
more refined assessment of the dietary intakes and subsequently
the potential health risk assessment are deemed necessary in the
future when more information becomes available.
4. Conclusion

A total of 602 seafood samples from South China were analyzed
for DDTs and PBDEs. The results indicated that levels of DDTs and
PBDEs varied significantly among different species and ranged from
nd to 699 and nd to 5.93 ng/g, respectively. Comparison of the levels
of DDTs and PBDEs in mussel worldwide suggested that South China
is probably one of the most DDT-polluted areas, but the magnitude of
PBDE contamination in South China is moderate globally. Combined
with a recent dietary survey conducted at the same sampling
locations, dietary intakes of DDTs and PBDEs by local residents
via seafood consumption for different age groups were estimated at
147–564 and 4.7–18.5 ng/day or 8.5–12.9 and 0.27–0.46 ng/kg bw/
day, respectively. On average, fish contributed the largest proportion
of the dietary intake of DDTs (57%), followed by molluscs (38%).
Similarly, the dietary intakes of PBDEs were also predominated by fish
(45%) and molluscs (45%). Assessments based on several available
guidelines suggested insignificant human health risk for dietary
intake of PBDEs associated with consumption of the seafood under
investigation. However, lifetime cancer risk from dietary exposure to
DDTs has remained a possibility, especially for coastal residents who
tend to consume more fish and molluscs than inland residents.
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