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Abstract

Various shellfish collected from different locations along the Qiantang River in 2006 were analyzed for the levels of 13 organochlorine pesticides
(OCPs) in order to elucidate the status of OCPs pollution in shellfish for human consumption. Total concentrations of OCPs in shellfish ranged from
16.9 to 78.6 ng/g wet weight (ww), with HCHs (a-, B-, v-, 8-HCH), DDTs (p,p’-DDD, p,p'-DDE, p,p’-DDT, 0,p’-DDD) and other OCPs (aldrin,
diedrin, endrin, heptachlor and heptachlor epoxide) in the range of 3.33-13.2, 8.38-40.1 and 2.32-14.3 ng/g ww, respectively. The dominant OCPs
in shellfish were p,p’-DDE among DDTs, 3-HCH among HCHs and heptachlor epoxide among other OCPs. It is noticeable that higher OCPs
biota-sediment accumulation factor (BSAF) occurred at site with high concentration of OCPs in sediments. The field bioconcentration factor (BCF)
increased exponentially with the increase of K,,, (octanol-water partition coefficients) of the OCPs. Concentrations of DDTs and HCHs in shellfish
from Qiantang River kept at middle level compared with those from marine environment. The concentrations of DDTs in more than 50% of edible

shellfish in this study were higher than the limit of 14.4 ng/g ww for human consumption recommended by US EPA (2000).
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1. Introduction

In the previous decades, organochlorine pesticides (OCPs)
were produced and used widely in the world. Due to their per-
sistence, bioaccumulation, and adverse effect on wild-life and
human, production and application of these chemicals were
banned in the early 1970s in developed countries but some devel-
oping countries are still using these compounds because of their
low cost and versatility in industry, agriculture and public health
[1,2]. China, a developing country, is one of the largest producer
and consumer of pesticides in the world. Large amounts of OCPs
were used to obtain high yield to sustain the overpopulation in
past decades in China. Even after the ban of technical HCH and
DDT in 1983, 3200t of lindane (99% y-HCH) was used from
1991 to 2000 [3-5].

OCPs can enter the aquatic environments and can be trans-
ferred into food chains and accumulated in aquatic organism.
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Eventually, OCPs might reach human beings through consump-
tion of aquatic product, drinking water and agriculture food
[6-8].

Organisms that live in aquatic environments are suitable rep-
resentative for assessing pollution. Shellfish were suggested
to use in many pollution monitoring and assessment studies
because they have world-wide geographical distribution, rel-
atively stationary to reflect contamination better than mobile
species, sediment-dwelling, and pronounced ability to concen-
trate persistent organic substance (POPs) from sediment/water
[9]. Shellfish are also preferred food for many people [10].
Therefore, data on distribution of OCPs in shellfish is impor-
tant not only for ecological aspects, but also for human health
perspectives.

Qiantang River is a typical river in China flowing through
agricultural areas and important source for drinking water and
edible aquatic products in Yangtze River Delta, where OCPs
were used heavily in the past years. There exists a pesticides
factory ever producing OCPs near Lanxi upstream of the river.

OCPs contamination in shellfish has been reported for coastal
areas and estuarine environment [11-17,9] as well as lake
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[18,19]. However, most studies on OCPs levels in shellfish
are from marine environment, and little information is avail-
able for OCPs contamination in shellfish from river. Though the
consumption of shellfish in the world is mainly from sea, shell-
fish from river are very accessible in China and are exported
to foreign countries. Therefore it is essential to examine the
concentrations of OCPs in river shellfish.

In this study, the levels of OCPs in four shellfish from
Qiantang River were investigated and compared with those
observed in coast and estuary environment. Furthermore, the
distribution of OCPs in shellfish was related with that in
water and sediment using bioconcentration factor (BCF) and
biota-sediment accumulation factors (BSAF), respectively. In
addition, the estimated daily intake (EDI) through shellfish
species was estimated. As far as the authors know, this is the
first study on concentration of OCPs in various shellfish from
Qiantang River. The study also provided basic data for health
risk assessment of shellfish consumption.

2. Materials and methods
2.1. Sample collection

Shellfish were taken by grab sampler from riparian areas
along Qiantang River in 21-24 April 2006, including Jin-
hua (JH), Lanxi (LX), Meicheng (MC), Fuchunjiang (FC),
Fuyang (FY), Wenyan (WY), Hangzhou (HZ) sites. The sam-
pling sites are shown in Fig. 1. The selected shellfish were
common mussels in studied river including Corbicula fluminea
(A), Bellamya purificata (B), Cipangopaludina cathayensis (C)
and Anodonta arcaeformis (D). Each animal contained at least
100 individuals. Associated sediments (0—5 cm) and water were
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Fig. 1. Map of Qiantang River and sampling sites.

Table 1
Selected characteristics of shellfish in this study (n=100)
Date Sites  Species  Length (cm)  Weight (g) Lipid (%)
21 April 2006 JH A 2.1+02 436 £1.15 3.1
B 25+£02 532+£122 32
22 April 2006 LX A 25 +0.1 451 +£1.15 3.1
B 27+03 571 £ 154 32
22 April 2006 MC A 2.6 £0.1 486+ 1.15 3.1
B 27+03 585+ 137 32
C 51+£04 154 £322 3.0
23 April 2006 FC A 25 +0.1 445+ 125 3.1
B 27+03 532+122 32
C 52+£04 164 £4.18 3.0
24 April 2006 FY A 25+0.1 436 £ 1.15 3.1
B 27+£03 532+£122 32
C 53+04 172 £5.10 3.0
D 43 +04 15.6 £3.18 29
24 April 2006 WY A 25+0.1 436 +£1.15 3.1
B 27+£03 532+122 32
24 April 2006 HZ A 28 £03 436 £ 1.15 3.0
B 3.0+03 632+ 122 29

A: Corbicula fluminea; B: Bellamya purificata; C: Cipangopaludina cathayen-
sis; D: Anodonta arcaeformis flavotincta. Jinhua (JH), Lanxi (LX), Meicheng
(MC), Fuchunjiang (FC), Fuyang (FY), Wenyan (WY) and Hangzhou (HZ).

sampled simultaneously. Water was taken using clean glass bar-
rel. In the laboratory, all biota samples were placed overnight
in filtered freshwater without sediment to empty gut, without
eliminating hydrophobic contaminants. The following morn-
ing, all animals were blotted dry and stored at —20 °C before
further processing [20,21]. Information on shellfish length,
weight and lipid content is given in Table 1. All the equip-
ments used for sample collection, transportation, and preparation
were free from organochlorine contamination. Suppliers of
the analytical reagents (such as hexane, dichloromethane, etc.)
for organic trace analysis are from Hangzhou refinery in
China.

2.2. Extraction and clean-up procedure

Shellfish samples were shucked and the soft tissues were
homogenized in a blender. Ten grams of homogenized tis-
sues were grinded with 30 g of anhydrous sodium sulphate and
extracted with 200 ml of hexane:acetone (3:1, v:v) mixture in a
Soxhlet apparatus for 8 h. The extracts were concentrated with a
rotary evaporator at 40 °C. After concentrating the extracted sol-
vents, lipid content (in Table 1) was determined gravimetrically
from an aliquot of the extract. For the clean up, the residue was
dissolved in 1.5 ml hexane modified by Manirakiza’s method
[22].

For acid-stable pesticides, a 25 ml empty cartridge was filled
with 3 g of ashed, activated and H, SO, impregnated silica (45%,
w/w) and washed with 6 ml hexane. The fat residue was loaded
onto the cartridge and the elution was done with 2x 5 ml hex-
ane:dichloromethane (3:1, v/v) in a 25 ml conical flask. The
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eluates were finally reduced to 200 wl with nitrogen for GC
analysis.

For non-acid-stable analytes, such as diedrin and endrin, a
25 ml empty cartridges was filled successively with 2 g alu-
mina, 2 g silica gel and 2 g Florisil (60—100 mesh, Wenzhou
Chemical Reagent Factory, China), impregnated with an 15%
KOH methanolic solution (50%, v/w). Before the extract was
loaded, 1g of NaSO4 was added at the top and the car-
tridge washed with 6 ml hexane. The elution was done with
2x S5ml fraction of hexane—dichloromethane (3:1) in a 25 ml
conical flask. The eluates were concentrated to 200 pl for GC
injection.

Sediment samples were extracted by ultrasonication. Water
sample were extracted by solid phase extraction (SPE). The
extracts of OCPs from sediments and water were described
elsewhere [23].

2.3. Sample analysis

The OCPs residues were analyzed by a GC (Shimadzu
GC-14B, Japan) with 3Ni ECD and a DB-5 fused silica cap-
illary (30m length x 0.32mm i.d. x 0.25 um film thickness,
J&W Scientific Co., Folsom, CA, USA). The column temper-
ature, increased from 100 to 190°C at a rate of 20 °C/min,
held for 1 min, and then programmed to 235°C at 4 °C/min,
held for 7min. The temperature of injector and detector was
220 and 300 °C, respectively. High pure nitrogen was used for
both carrier gas and make-up gas at a flow rate of 2.25 and
35.5 ml/min, respectively. Samples (1 1) were injected under
splitless injection mode. The correlation coefficients of OCPs
calibration curves were all greater than 0.998. Peak identification
was conducted by the accurate retention time of each standard
(National Research Center for Certified Reference Materials of
China) and further confirmed by an Aligent 6§890N GC-MS
system.

2.4. Quality control and quality assurance

The limits of detection (LOD) of OCPs were defined as
three times of the signal-to-noise ratio (S/N). For every set
of 10 samples, a procedure blank and a spiked sample con-
sisting of all chemicals were run to check for interference
and cross contamination. Ten grams of quartz sands were ana-
lyzed as blanks by the same procedure as for the samples
and did not reveal any contamination. OCPs recovery studies
were undertaken to demonstrate the efficiency of the method.
The recoveries of 13 OCPs in spiked shellfish using 100 ng
of composite standard varied from 78% to 89% and the rela-
tive standard derivation (R.S.D.) was in the range of 5-10%.
LOD of the procedure were 0.1-0.6 ng/g ww. The recoveries
of OCPs in spiked sediments using 100 ng of composite stan-
dard were in the range of 82—-106%. The LOD and R.S.D. for
sediments were 0.10-0.46ng/g dw and 5-10%, respectively.
The spiked recoveries of OCPs in 11 water using 100ng of
composite standard were in the range of 82-106%. The LODs
for water were 0.10-0.15ng/l and R.S.D. was in the range of
5-10%.
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Fig. 2. Concentrations of OCPs in shellfish from Qiantang River (A: Cor-
bicula fluminea; B: Bellamya purificata; C: Cipangopaludina cathayensis; D:
Anodonta arcaeformis flavotincta).
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3. Results and discussion
3.1. Levels and profiles of OCPs in shellfish

Most OCPs investigated were observed in shellfish from
Qiantang River. The residual levels of OCPs in shellfishes on
wet weight basis (Fig. 2 and Table 2) were dominated by DDTs,
followed by HCHs and other OCPs. The mean composition of
HCHs, DDTs, and other OCPs in shellfish were <32%, <50%
and <25%, respectively (Fig. 3(1)). Concentrations of OCPs
were in the range of 16.9-78.6 ng/g ww. The maximum level
of OCPs was observed in C. fluminea collected from FY. The
highest concentration of OCPs in shellfishes from FY site could
attribute to surrounding agricultural fields and high influx of
runoff as well as industrial effluents into the river through many
tributary rivers.

3.1.1. HCHs

Total HCHs in shellfish were in the range of 3.33-13.2ng/g,
with a mean value of 4.5 ng/g (Table 2). Isomers of a-, B-, y-
and 3-HCH were observed to contribute about <10%, <55%,
<35% and <20%, respectively (Fig. 3(2)). The highest con-
centration for total HCHs was observed in C. fluminea at FY,
followed by LX, JH and MC. The 3-HCH (the most toxicologi-
cal active HCH isomer) was the predominant isomer in HCHs for
all shellfishes. The most striking difference of the composition
in the investigated organisms compared to the technical mix-
tures (approximately 55-80% o-HCH, 5-14% (3-HCH, 12-14%
v-HCH and 2-10% 8-HCH) [24] is the considerably lower frac-
tions of the a-HCH in the shellfish, which is later explained by its
lower persistence. 3-HCH can exist in the environment several
years or longer because they are stable and resistant to micro-
bial degradation and long half-life with low solubility and vapor
pressure [25,26]. The B-HCH isomer was dominant of HCHs
in all shellfishes, followed by y-HCHs and 8-HCH. The high
ratio of y-HCH to HCHs (29%) was also found in sediment.



Table 2

Concentration of OCPs in shellfish from Qiantang River (ng/g ww)

Sites Shellfish «-HCH B-HCH +y-HCH 8-HCH Heptachlor Aldrin Heptachlor p,p/-DDE Diedrin  Endrin p,p/-DDD 0,p/-DDT p,p/-DDT YHCHs® SDDTs® Xother XOCPs?
epoxide OCPs*
JH A 0.40 8.34 2.69 1.82 4.83 0.52 4.40 8.99 0.27 0.68 2.18 1.45 7.75 13.23 20.4 10.7 443
B 0.48 442 2.61 1.78 1.56 0.45 2.17 7.55 0.78 5.71 2.45 1.60 3.38 9.30 15.0 10.7 34.9
LX A 1.23 6.98 5.07 2.36 5.96 0.84 6.63 12.2 0.30 0.59 1.66 1.62 5.45 15.64 20.9 14.3 50.9
B 0.81 5.05 4.45 5.61 4.00 0.54 5.52 11.9 0.37 1.69 1.49 1.27 7.16 1591 21.8 12.1 49.9
MC A 0.41 4.83 1.65 2.66 1.27 0.39 2.44 10.5 1.95 5.58 1.34 0.91 1.36 9.56 142 11.7 35.4
B 1.15 522 343 1.80 2.68 0.76 3.83 8.09 0.19 0.68 1.65 0.63 291 11.6 13.3 8.13  33.0
C 0.57 278 2.73 1.42 2.07 0.51 7.17 7.65 0.40 0.54 1.37 0.42 491 7.50 14.3 10.7 325
FC A 0.48 3.50 2.67 0.64 2.54 0.47 4.65 5.93 0.92 1.04 2.32 0.45 1.02 6.65 9.72 9.62  26.0
B 0.20 331 3.84 1.49 1.50 0.24 1.90 4.22 0.19 0.86 1.84 0.60 291 8.85 9.58 469 231
C 0.48 1.14 1.06 0.65 1.20 0.43 2.37 2.05 0.96 1.62 1.25 0.60 2.65 3.33 6.56 6.58 165
FY A 1.82 12.38 7.81 3.76 4.35 0.38 5.49 20.5 0.27 2.23 5.60 2.20 11.8 25.8 40.1 12.7 78.6
B 0.88 11.35 6.73 1.27 3.72 0.33 1.72 15.3 1.05 0.68 2.60 1.60 791 20.2 274 749 552
C 0.85 10.35 5.45 1.92 0.97 0.71 4.15 18.4 0.73 2.03 6.75 0.67 3.82 18.58 29.6 8.58  56.8
D 1.76 6.35 4.13 3.61 3.93 0.72 3.19 145 0.22 1.82 3.78 1.20 6.82 12.2 26.3 9.88 484
WY A 0.24 2.46 2.43 0.42 1.07 1.96 1.76 2.52 0.33 0.73 2.30 1.11 2.45 5.13 8.38 5.85 19.4
B 0.51 3.97 2.05 1.59 3.96 0.19 2.82 6.86 1.24 1.52 3.25 0.60 1.82 8.12 12.5 973 304
HZ A 1.09 1.83 0.47 0.59 0.70 0.47 0.29 5.67 0.25 0.59 2.65 0.84 1.43 3.98 10.6 232 169
B 0.81 5.61 4.45 3.05 4.00 0.54 1.52 6.92 0.37 1.69 1.49 1.86 7.16 10.9 17.4 8.11 364

A: C. fluminea; B: B. purificata; C: C. cathayensis; D: A. arcaeformis flavotincta. Jinhua (JH), Lanxi (LX), Meicheng (MC), Fuchunjiang (FC), Fuyang (FY), Wenyan (WY) and Hangzhou (HZ).

a6 o

YHCHs = a-HCH + 3-HCH + y-HCH + 3-HCH.
DDTs=p,p'-DDE + p,p’-DDD + 0,p’-DDT + p,p’-DDT.
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Fig. 3. Percentages of OCPs (1), HCHs (2) and DDTs (3) in shellfish from
Qiantang River (A: C. fluminea; B: B. purificata; C: C. cathayensis; D: A.
arcaeformis flavotincta).

The observed results in sediments were agreement with those
observed from Qiantang River in 2005 [23]. Considering the
persistence order of HCH isomers (3 >v>a) [27], a relatively
recent use of lindane (y-HCH >99%) on Qiantang rivershores
farms could be suggested as a possible source.

3.1.2. DDTs

Total DDTs concentrations in shellfish ranged from 8.38 to
40.1 ng/g ww, with a mean value of 17.7ng/g ww (Fig. 2 and
Table 2). The mean compositions of p,p’-DDT, o,p’-DDT, p,p’-
DDE, p,p/-DDD in this study were <30%, <10%, <55% and
<20%, respectively (Fig. 3(3)). The highest concentration for
total DDTs was also found in C. fluminea at FY. The levels of
p.p’-DDE levels were higher than that of p,p’-DDD suggested
that DDTs endured the aerobic transform in organisms. Relative
to HCHs, shellfish soft tissues show high levels of DDTs at all
sampling sites. Similarly to total HCHs, shellfish at FY site had

the highest level of total DDTs while the lowest level at FC
site (near which is Fuchunjiang reservoir). This fact indicated
that HCHs and DDTs levels in shellfish not only depend on
geographical position but also on shellfish species. C. fluminea
is bivalve widely distributed in river environment.

3.1.3. Other OCPs

With regard to the residues levels of other OCPs (aldrin,
diedrin, endrin, heptachlor and heptachlor expoide) in shellfish,
total other OCPs concentrations ranged from 2.32 to 14.3 ng/g
ww and lowered than that of HCHs. Heptachlor epoxide was
dominant among other OCPs with the range of 0.29-7.17 ng/g
ww. Other OCPs had never been used in large amounts in Zhe-
jiang province, but was detected in most of water and sediment
samples from Qiantang River [23]. The results showed that
these compounds probably originated from other regional atmo-
spheric flow transport into Qiantang River. Other OCPs such as
heptachlor are still used in some developing countries around
the tropical belt and may potentially move into other relatively
colder regions [28].

3.2. Levels and profiles of OCPs in sediments and water

The levels of OCPs in sediments were in the range of
11.0-46.4 ng/g dry weight (dw) (Table 3). HCHs isomers in sed-
iments have a high contribution of 3-HCH (29-40%), followed
by y-HCH and a-HCH. DDT was found at higher concentration
than HCHs. The parent compound, p,p’-DDT, could be detected
only in low concentrations (up to 1.3 ng/g dw) and contributed
less than 18% to the sum of DDTs. The principal contributors
to XDDTs in sediments were p,p’-DDE (range 26-54%) and
p,p’-DDD (28-53%). The o,p’-DDT and p,p'-DDT were minor
contributors to XDDTs (0-17%). Significant concentration of
p.p’-DDE in sediments may be attributed to the presence of var-
ious species of riparian benthic organisms which can accelerate
the biodegradation process [29]. The concentrations of other
OCPs in sediments ranged between 2.60 and 15.89ng/g dw,
lower than that of DDTs on average.

The levels of OCPs in surface water were in the range of
44.1-265 ng/1 (Table 4). Concentrations of HCHs and DDTs
ranged from 6.3 to 81.4ng/l and 5.3 to 24.4 ng/l, respectively.
The highest OCP concentration was found in FY both in water
and sediment.

3.3. Biota-sediment accumulation factor (BSAF) and
bioconcentration factor (BCF)

3.3.1. BSAF

BSAF is a valuable parameter for predicting bioaccumula-
tion of lipophilic compounds, which is primarily associated with
tissue lipid and sediment organic carbon [30,31]. In the study,
BSAF was taken as a measure of the biotic fate of OCPs and
defined as the following equation [32]:

Co/fi
Cs/ foc

BSAF =

ey
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Table 3
BSAF and sediment characteristics of XHCHs, XDDTs and Xother OCPs in shellfish from seven sites
Sites Species BSAF Sediment (ng/g dw)
THCHs? =DDTs" Tother OCPs* OCPs¢ THCHs =DDTs Tother OCPs TOCPs foc (%)
JH A 0.33 0.51 0.23 0.35 14.0 13.75 15.9 43.65 1.07
B 0.22 0.36 0.22 0.27 14.0 13.75 15.9 43.65 1.07
LX A 0.68 0.46 0.58 0.54 10.1 19.9 10.8 40.8 1.35
B 0.66 0.46 0.47 0.51 10.1 19.9 10.8 40.8 1.35
MC A 0.53 0.48 0.50 0.50 5.18 8.52 6.73 20.4 0.89
B 0.62 0.43 0.33 0.45 5.18 8.52 6.73 20.4 0.89
C 0.42 0.48 0.46 0.46 5.18 8.52 6.73 20.4 0.89
FC A 0.33 0.35 0.65 0.41 3.52 493 2.60 11.0 0.57
B 0.46 0.36 0.33 0.38 3.52 4.93 2.60 11.0 0.57
C 0.17 0.23 0.45 0.26 3.52 493 2.60 11.0 0.57
FY A 1.50 1.52 0.62 1.23 12.5 19.1 14.8 46.4 2.25
B 1.13 1.00 0.35 0.83 12.5 19.1 14.8 46.4 2.25
C 1.08 1.13 0.42 0.89 12.5 19.1 14.8 46.4 2.25
D 0.68 0.96 0.47 0.73 12.5 19.1 14.8 46.4 2.25
wY A 0.19 1.00 0.73 0.93 4.70 6.83 2.96 14.5 0.53
B 0.28 0.30 0.54 0.34 4.70 6.83 2.96 14.5 0.53
HZ A 0.23 0.20 0.10 0.18 5.86 17.9 7.56 31.3 1.05
B 0.60 0.32 0.35 0.38 5.86 17.9 7.56 31.3 1.05

A: C. fluminea; B: B. purificata; C: C. cathayensis; D: A. arcaeformis flavotincta. Jinhua (JH), Lanxi (LX), Meicheng (MC), Fuchunjiang (FC), Fuyang (FY), Wenyan

(WY) and Hangzhou (HZ).
4 YHCHs = o-HCH + 3-HCH + y-HCH + 3-HCH.
Y ¥DDTs =p,p’-DDE + p,p’-DDD +0,p’-DDT + p,p'-DDT.
¢ Sother OCPs = heptachlor + aldrin + heptachlor epoxide + diedrin + endrin.
4 $OCPs=XHCHs + £DDTs + Zother OCPs.

where Cy, is the biota contaminant concentration (ng/g wet
weight), fi the biota lipid concentration (fraction by weight),
Cs the sediment contaminant concentration (ng/g dry weight),
and f, is the organic carbon fraction of the sediment (fraction
by weight).

BSAF of XHCHs in shellfish ranged from 0.17 to 1.50
(Table 3), with the highest BSAF of ¥HCHs and concentra-
tion of XHCHs in sediments from FY. In contrast, there was the

lower BSAF of 0.17 for XHCHs in samples from WY, with the
lowest HCHs concentration in its associated sediment. BSAF of
YDDTs were in the range of 0.20-1.52. Similarly to ¥HCHs,
there were the highest BSAF in shellfish from FY, in which the
concentration of XDDTs were the highest, whereas at HZ site
there was the lowest BSAF although £DDTs level was lower.
It is noticeable that higher BSAF occurred at more severely
polluted site with higher sediment organic carbon content (f.),

Table 4

Residues of HCHs and DDTs in shellfish in references and this study

Study area Water Species YHCHs? (ng/g) SDDTs’ (ng/g) References
Bohai, China Marine 20 <0.08-5.92 ww <0.12-151 ww [16]
Coastal water of China Marine 2 0.73-0.96 ww 0.72-36.88 ww [17]
Coastal water of South Korea Marine 5 Nd-34.56 dw 1.67-102.76 dw [11]
Black sea, Turkey Marine 1 <0.022-4.5 ww <0.15-4.14 ww [14]

Red sea, Egypt Marine 1 16.2-183.4 ww 125-772 ww [15]
Coastal water of India Marine 1 N/A 0.9-40 [36]
Coastal water of Philippines Marine 1 N/A 0.19-9.5 [36]
Coastal water of Thailand Marine 1 N/A 1.3-38 [36]
Xiamen, China Marine 1 N/A <0.5-220 ww [13]
Coastal area of Xiamen, China Marine 5 0.18-345 dw 75.2-2143 dw [12]

Ming River, China Estuary 3 Nd-5.07 dw 21.5-2396 dw [12]
Yangtze River, China Estuary 2 1.2-5.5 ww 25.6-68.8 ww [9]

Lake Faro, Italy Lake 1 N/A 7.00-15.37 ww [19]

Lake Maggiore, Italy Lake 1 N/A 7.76-34.76 ww [18]
Qiantang River, China River 4 4.0-25.8 ww 6.6-40.1 ww This study

N/A: No data is obtained.
2 ¥HCHs=«a-HCH + 3-HCH + y-HCH + 8-HCH.
> SDDTs = p,p/-DDE + p,p/-DDD + 0,p'-DDT + p,p/-DDT.
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while lower BSAF found at lower contaminated site with lower
foc. This result is different from that in Yangtze Estuary [9],
which probably was due to specific estuarine hydrodynamics. It
means that where there was a higher BSAF, there probably was a
higher value of contaminant concentration (XHCHs or XDDTs)
and a higher f,.; where there was a lower BSAF, there probably
was a lower value of contaminant concentration and a lower foc.
This effect was due to HCHs and DDTs having greater affinity
for organism lipid; therefore, the hydrophobic organic contam-
inants (HOCs) would be more accumulative in organisms. As
sensitive sentinel organisms, shellfish are useful in the surveil-
lance of OCPs contamination in riverine ecosystems. The field
correlation between log Ko and log BSAF was calculated in all
shellfish at seven sampling sites but correlation coefficient was
very low (R<0.2).

3.3.2. BCF

Bioaccumulation of compounds in shellfishes is also the pro-
cess by which chemicals are enriched in the organism relative to
the water in which they reside. It is well accepted for shellfishes
and many other mussels that hydrophobic compounds prefer-
ential accumulate in lipids relative to other compartments [33].
The bioconcentration of hydrophobic compounds in shellfishes
has been modeled as a simple partition process between water
and lipids, which can be predicted by Koy [34].

Bioconcentration factor (BCF), defined as the ratio of the
OCPs concentration in shellfish soft tissue (ng/g lipid) and water
(ng/L), were calculated. It also describes the equilibrium reached
between uptake and depuration of a contaminant by shellfishes
and is the ratio of the respective rate constants for those pro-
cesses.

The field correlation between log Koy, and log BCF was cal-
culated in all shellfish at seven sampling sites. Higher correlation
coefficients was observed between the log BCF and log Koy, in
shellfish A (C. fluminea, R=0.76, Fig. 4A) and shellfish B (B.
purificata, R=0.80, Fig. 4B) at HZ. The BCFs reported here
agreed with literature [34] and have small discrepancies with
predictions on the basis of the log K,y,. The best fit of the line is

log BCF = 0.29 log Ko + 3.44
R = 0.80 (for Bellamya purificata in HZ) 2

DDE showed an extremely high BCF. This is probably due
to its high lipid affinity. Differences in shellfish physiology
and in the compounds utilized for the calculation could con-
tribute to this divergence. The field BCF data are expectedly
more complicated because the contaminant concentration may
vary significantly with time and with location. There would be
large uncertainties concerning the achievement of equilibrium of
contaminants between biota and water in natural systems [35].

3.4. Compared with other surveys in shellfish from various
water environment

When compared with other surveys in shellfish from vari-
ous world locations, concentrations of total HCHs and DDTSs in
shellfish were listed in Table 4. XHCHs concentrations for shell-
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Fig.4. Correlations between octanol-water partition coefficients (Koy, ) and BCF
for OCPs (BCF normalized by lipid content).

fish in Qiantang River kept in middle level compared with those
in marine and estuary environment such as Red Sea in Egypt and
coast of Korea. While ¥DDTs for shellfish in Qiantang River
also kept in middle level compared with those in marine and
estuary environment such as Red Sea in Egypt and Mingjiang
Estuary in China.

3.5. Estimated daily intake (EDI) of OCPs

The residual levels presented on wet weight basis were com-
pared with the edible hygienic criteria (2000 and 1000 ng/g wet
weight for HCHs and DDTs, respectively) in China [12]. All
the residual levels of DDTs and HCHs were far below the cri-
teria. In China, with improvement of human life, consumption
of fish and shellfish increased from 27.5 g/person day in 1989 to
30.5 g/person day in 1997 [17]. In the present study, the figure
in 1997 was used to evaluate daily intake of OCPs by human
in China through shellfish consumption. As shown in Table 5,
the EDI of DDTs and y-HCH by the people were far below the
acceptable daily intake (ADI) recommended by the Food and
Agriculture Organization of the United Nations/World Health
Organization (FAO/WHO) indicating this intake would not pose
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Table 5

Estimated daily intake (EDI) of OCPs through shellfish by human (average body wt. 60 kg) in China

Compounds Average concentration (ng/g ww) EDI (ng/kg body wt./day) ADI (FAO/WHO) (ng/kg body wt./day)
SHCHs? 11.47 5.83 8,000 ((y-HCH)
DDTsP 17.67 8.98 20,000 (DDT)

EDI = average concentration (ng/g) x consumption (30.5 g/day)/body weight (60 kg). ADI: acceptable daily intake.

2 YHCHs=«a-HCH + 3-HCH + y-HCH + 8-HCH.
b $DDTs = p,p'-DDE +p,p’-DDD + 0,p'-DDT + p,p’-DDT.

ahealth risk in China at present. But the concentrations of DDTs
in more than 50% of edible shellfish were higher than the limit
of 14.4ng/g ww for human consumption recommended by US
Environmental Protection Agency (EPA) (2000).

4. Conclusions

This work provided the first data on contamination status
of OCPs in various shellfish of Qiantang River, East China.
The results indicated that there still existed a variety of OCPs
in shellfish. Among OCPs determined in the shellfish in the
present study, residual levels of DDTs were predominant, fol-
lowed by HCHs and other OCPs. The highest levels of 3-HCH
and p,p’-DDE in shellfish was due to their resistance to micro-
bial degradation and thereby long half life. The higher level of
v-HCH in shellfish may be due to the fact that a large of lindane
was produced in the immediate previous decades and the usage
still continues in east China. Higher BSAF occurred at higher
polluted site with higher f,., while lower BSAF found at lower
contaminated site with lower fo.. log BCF showed a positive cor-
relation with log Koy, in shellfishes. Shellfish are useful in the
surveillance of OCPs contamination in riverine ecosystems.

When compared with other surveys in various shellfish
species from marine and estuary environment, Concentration
of HCHs and DDTs in shellfish from Qiantang River kept in
middle level.

The estimated daily intake of DDTs and y-HCH by the people
were far below the ADI recommended by FAO/WHO, sug-
gesting no relevant health risk by consuming shellfish. But the
concentrations of DDTs in more than 50% of edible shellfish
were higher than the limit of 14.4 ng/g ww for human consump-
tion recommended by US EPA (2000).
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