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Abstract—Seafood consumption is an important route of human exposure to organic contaminants. Residual levels of organochlorine
pesticides (OCPs), including DDTs, hexachlorocyclohexanes (HCHs), heptachlor, aldrin, �-endosulfan, �-endosulfan, dieldrin,
endrin, endrin aldehyde, endrin ketone, methoxychlor, endosulfan sulfate, and heptachlor epoxide, were determined in a wide variety
of seafood products collected from 11 coastal cities in southern China in June and October 2005. The results indicated that OCPs
were predominated by DDTs and HCHs. The concentrations of other OCP components generally were low and were detectable in
a small number of seafood samples only, probably reflective of the generally low levels of these OCPs in the study region and low
bioaccumulation potentials in the species under investigation. Risk assessment against various standards clearly showed that seafood
products were highly contaminated by DDTs and may pose health threat to local residents and the consumers all over the world.
Furthermore, other OCP components, such as dieldrin and heptachlor, also impose lifetime cancer risk, especially to residents of
coastal regions who often consume more seafood than those living inland. Therefore, continual monitoring of OCPs in various
environment compartments, including biota and abiota, urgently is needed to mitigate effectively the impact of OCPs, particularly
DDTs, on human health and the ecological environment.
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INTRODUCTION

Organochlorine pesticides (OCPs), such as DDT and their
metabolites, dichlorodiphenyldichloroethane (DDD) and di-
chlorodiphenyldichloroethylene (DDE) (sum of o,p�- and p,p�-
DDT, DDD, and DDE is designated as DDTs), and hexachlo-
rocyclohexanes ([HCHs]; including �-HCH, the major con-
stituent [60%] of the technical mixture; �-HCH, with the high-
est toxicity and accumulation potential for mammals; and
�-HCH, the only insecticidal isomer; sum of them represents
more than 85% of the technical mixture), are ubiquitous in the
environment and may continue to pose health threat to both
wildlife and human beings, due to their persistency, bioac-
cumulative ability, and potential toxicity. In China, OCPs
widely had been used in agriculture and sanitation for several
decades until the official ban on their usage in 1983. The
amounts of HCHs and DDTs produced in China were estimated
at 4.9 and 0.4 million metric tons, accounting for 33 and 20%,
respectively, of the total global production [1]. In the Pearl
River Delta of southern China, the amount of OCPs used was
approximately 76,000 to 100,000 tons annually from 1972 to
1982, with an application rate of 1.8 to 2.7 kg per metric acre
in the agricultural zones [2]. More recent data showed that the
average annual application of OCPs reached 37.2 kg per hect-
are from 1980 to 1995, four times higher than the country’s
average [3].

The last two decades have witnessed an explosive economic
growth in Guangdong Province, a coastal region of southern
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China (Fig. 1). Rapid industrialization, urbanization, and con-
version of massive agricultural lands to commercial use have
accelerated environmental deterioration, especially in the Pearl
River Delta and the adjacent coastal region. Although pro-
duction and usage of DDTs and HCHs officially have been
banned in China since 1983, considerably high levels of both
DDTs and HCHs recently have been detected in water, sedi-
ment, and biota [4–6]. Furthermore, new sources of DDT may
be present in this area [7,8].

China has been the world’s largest producer and exporter
of fishery products since 2002. The main trade partners include
Japan, Korea, Canada, the United States, and the European
Union. In 2005, the exporting quantity of fishery products
reached 3.153 million metric tons, accounting for 10% of the
total global exporting volume (http://fishery.aweb.com.cn/
news/2006/4/13/10241115.shtml). Seafood products, such as
shrimps, crabs, and shellfish, are farmed extensively in the
coastal region of southern China, which has become an im-
portant production zone to support exporting activities. For
example, 15% of the global exporting volume for shrimps is
provided by China, among which 60% is from Zhanjiang (Fig.
1) of southern China (http://www.china-fisheries.com/
market/display.asp?id�4710). In general, fish and seafood ac-
count for only a small portion of human diet, but it represents
a major route of human exposure to organic contaminants
[9,10]. Given the importance of China’s seafood products to
the human health globally, information regarding the state of
OCP contamination in seafood products urgently is needed to
gauge the impact of OCPs on consumers all over the world.

Large-scale farming and increasing market demand of sea-
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Fig. 1. Map of the sampling site in the coastal region of southern China.

food products should spur more attention to the health con-
sequences via seafood consumption, because historical dis-
charge and possible new sources of OCPs are likely to impact
adversely the quality of seafood products. The present study
aimed to survey extensively a large number of seafood prod-
ucts from the coastal region of southern China (Fig. 1) for
OCP contamination. The data acquired enabled us to perform
risk assessments related to consumption of the target seafood
products and to identify potential health risk. Furthermore, the
data also should be helpful for environmental management
authorities to balance the utilization of natural marine resourc-
es, protection of the eco-environment, and production of sea-
food products.

MATERIALS AND METHODS

Materials

Pesticide mixture standards (Supelco, Bellefonte, PA,
USA), polychlorinated biphenyls (PCBs) standards (Accu-
standards, New Haven, CT, USA), and o,p�-DDE, o,p�-DDD,
and o,p�-DDT (Accustandards) were used for identification and
quantification. Surrogate standards of 2,4,5,6-tetrachloro-m-
xylene were obtained from Ultra Scientific (North Kingstown,
RI, USA). SX-3 Bio-Beads used in gel permeation chromato-
graph were purchased from Bio-Rad Laboratories (Hercules,
CA, USA). All organic solvents were redistilled in a glass
system before use. Silica (80–100 mesh) and alumina (100–
200 mesh) were extracted with methanol:dichloride methane
(1:1) for 72 h before use. Sodium sulfate was baked at 450�C
and stored in sealed containers. Purified water was prepared
with a redistilling apparatus (SZ-II, Shanghai, China).

Sample collection

A wide variety of seafood products, including six species
of shrimps, two species of crabs, and fourteen species of shell-
fish, were collected from local fishery product markets in 11
coastal cities of southern China, namely, Dongguan, Foshan,
Guangzhou, Jiangmen, Maoming, Shantou, Shanwei,

Yangjiang, Zhuhai, Zhanjiang, and Zhongshan (Fig. 1), in June
and October 2005. Sample types were selected based on the
geographical distribution, commercial availability, and poten-
tials to accumulate a wide range of pollutants. Upon collection,
samples were stored in polyethylene bags, kept in ice, and
brought back to the laboratory immediately. They were stored
at 	20�C until analyzed.

Sample preparation

Frozen samples were thawed and rinsed individually with
purified water to remove possible impurities. Subsequently,
the edible parts from approximately 20 to 30 specimens of the
same species collected from each location were pooled and
homogenized. Samples were freeze-dried with a freeze dryer
(ALPHA1–4, Martin Christ, Osterode, Germany) for 48 h, and
then were ground into powders and stored at 	20�C for chem-
ical analysis.

An aliquot (
5 g dry wt) of each sample was spiked with
surrogate standards 2,4,5,6-tetrachloro-m-xylene (TMX), PCB
67, and PCB 191, and was Soxhlet extracted for 48 h with
200 ml of acetone:n-hexane (1:1, v:v). The extract was con-
centrated to approximately 5 ml with a Zymark Turbo Vap II
(Hopkinton, MA, USA) at 30�C. A portion (10%) of the extract
was taken out for gravimetrical determination of lipid content,
and the rest was subject to a gel permeation chromatograph,
a glass column packed with 40 g of SX-3 Bio-Beads (Bio-
Rad). The column, loaded with an extract, was eluted with
50% dichloromethane in n-hexane for lipid removal. The frac-
tion from 110 to 280 ml containing OCPs was collected and
concentrated. The subsequent cleanup and fractionation was
performed with a multilayer alumina/silica column packed,
from the bottom to top, with neutral alumina (6 cm, 3% de-
activated), neutral silica gel (12 cm, 3% deactivated), and an-
hydrous sodium sulfate (1 cm). The column was prewashed
with 5 ml of n-hexane, and, as the solvent reached the top
layer, the defatted sample was added and eluted slowly with
70 ml of n-hexane:dichloromethane (7:3, v:v). The effluent
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Table 1. Concentrations of DDTs and hexachlorocyclohexanes ([HCHs], ng/g wet wt) in seafood products

Species

HCHs

Range AVEa Median

DDTs

Range AVE Median

Crabs
Scylla serratab 0.18–6.82 1.54 0.60 0.52–44.9 14.3 7.79
S. serratac 0.04–2.33 0.60 0.17 0.83–19.4 7.38 5.51
Ovalipes punctatusb 0.26–0.61 0.42 0.42 6.27–56.3 35.6 49.3
O. punctatusc 0.12–0.97 0.38 0.29 1.71–36.1 15.1 9.99

Shrimps
Metapenaeus ensis 0.09–0.40 0.20 0.18 0.10–1.28 0.37 0.20
Proambarus clarkii 0.08–0.19 0.11 0.09 0.34–1.73 0.91 0.78
Macrobrachium rosenbergi 0.03–0.43 0.22 0.20 0.13–5.12 1.42 0.75
Penaeus japonicus 0.11–0.42 0.28 0.30 0.20–14.4 6.67 5.35
Penaeus monodon 0.09–0.53 0.34 0.15 0.30–5.71 1.60 1.20
Squilla oraloria 0.14–0.39 0.28 0.19 2.40–52.3 20.3 16.9

Shellfish
Haliotis diversicolor 0.17–0.96 0.40 0.33 0.05–43.8 7.77 0.31
Solen grandis 0.14–0.49 0.25 0.23 0.08–12.5 4.54 3.53
Scapharca subcrenata 0.09–1.07 0.30 0.23 1.32–50.0 8.81 3.41
Tegillarca granosa 0.21–0.78 0.39 0.35 1.63–83.5 14.0 4.93
Argopectens irradias 0.08–0.50 0.29 0.27 0.11–3.43 1.68 1.34
Patinopecten yessoensis 0.07–0.54 0.27 0.27 0.08–22.8 8.62 8.20
Pinna pectinata Linnaeus 0.13–0.31 0.19 0.16 1.32–90.4 15.2 5.30
Meretrix meretrix 0.05–7.00 1.07 0.36 0.95–39.9 12.2 9.01
Cyclina sinensis 0.22–2.22 0.67 0.36 1.45–45.2 10.7 5.20
Venerupis variegata 0.14–0.99 0.45 0.44 2.27–121.8 34.1 29.2
Perna uiridis 0.11–1.17 0.51 0.46 3.95–506.8 70.9 23.6
Sinonovacula constricta 0.03–1.57 0.52 0.38 11.7–315.0 116.2 65.7
Crassostrea gigas 0.31–3.68 1.13 0.72 65.7–619.7 210.3 179.7

a AVE � Arithmetic mean values.
b Male.
c Female.

was concentrated, quantitatively transferred into a 2-ml vial,
and further concentrated to the final volume of 100 �l under
a gentle nitrogen stream. An internal standard, PCB 82, was
added to the extract prior to instrumental analysis.

Instrumental analysis

Instrumental analysis was carried out with a Hewlett-Pack-
ard ([HP], Avondale, PA, USA) 5890 gas chromatograph and
a 5973 mass spectrometer operating in the selective ion mon-
itoring mode. A 30 m � 0.25 mm (i.d.) � 0.25 �M (film
thickness) DB–5 fused silica capillary column was used for
chromatographic separation. The column temperature was pro-
grammed from 80�C (held for 1 min) to 200�C at a rate of
12�C/min, followed by an increase at a rate of 1�C/min to
220�C, and the temperature was further ramped at a rate of
15�C/min to 290�C (held for 10 min). Ultrahigh purity helium
(99.999%) was employed as carrier gas at a constant pressure
of 10 psi. Splitless injection of 1-�l sample was performed
with a 10-min solvent delay time. Injector and detector tem-
peratures were set at 280�C and 300�C, respectively. Mass
spectra were acquired in the electron impact mode with an
impact voltage of 70 eV. Data acquisition and processing were
performed with a DOS-based HP ChemStation system.

Quality assurance/quality control

The residues of OCPs in the samples were identified on the
basis of retention time and ion fragment profiles compared
against authentic standards, whereas quantitation was con-
ducted using a multipoint internal calibration method. The
correlation coefficients (r) for all calibration curves were great-
er than 0.996. The limits of detection of 21 OCP components

were defined as signal-to-noise ratio 
 3, ranging from 0.01
to 0.05 ng/g wet weight. For each batch of 12 field samples,
a procedural blank, a spiked blank, a pair of spiked matrix
sample/duplicate, and a sample replicate were processed. The
recoveries of the surrogate standards added to all samples were
59.8 � 12.5% for TMX, 85.4 � 15.4% for PCB 67, and 91.3
� 17.3% for PCB 191. Recoveries of 21 OCP components in
six spiked blank ranged from 68.2 � 17.2% for aldrin to 102.7
� 17.4% for methoxychlor. No target compounds were found
in procedural blanks, and the final concentrations were not
corrected with surrogate recoveries.

RESULTS AND DISCUSSION

Concentrations of DDTs and HCHs

A total of 212 seafood products collected from 11 coastal
cities of south China in 2005 were analyzed for 21 OCPs
residues, including DDT and its metabolites (including o,p�-
and p,p�-DDT, DDD, and DDE), HCH isomers (including
�-, �-, �-, and �-HCHs), heptachlor, aldrin, �-endosulfan, �-
endosulfan, dieldrin, endrin, endrin aldehyde, endrin ketone,
methoxychlor, endosulfan sulfate, and heptachlor epoxide. The
analytical results indicate that OCPs were predominated by
DDTs and HCHs. Both groups of compounds were detected
in all the samples. Concentration data of DDTs and HCHs in
seafood products, including concentration range, average, and
median values, are presented in Table 1.

Among the different species, the highest residual levels of
DDTs were found in Crassostrea gigas (median concentration:
179.7 ng/g wet wt), Sinonovacula constricta (median con-
centration: 65.7 ng/g wet wt), Venerupis variegata (median
concentration: 29.2 ng/g wet wt), and Perna uiridis (median










