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Abstract Residual levels, distribution and possible
sources of organochlorine pesticides (OCPs) in nine water
column and suspended particulate matter (SPM) samples
collected from Xiangshan Bay, East China Sea were
investigated. Total OCPs concentrations in water column
and SPM ranges from 2.88 to 34.72 ng/L and 2.47 to
29.94 ng/L, respectively, which exceed the US Environ-
mental Protection Agency regulatory limits. Moreover, low
ratio of a-HCH/y-HCH and high ratios - and y-HCH
suggested the cocktail input pattern of fresh and weathered
HCHs. Meanwhile, low ratio of (DDE + DDD)/DDT and
high ratios p,p’- and o,p’-DDT reflected a “dicofol type
DDT pollution” pattern.

Keywords Organochlorine pesticides - Xiangshan Bay -
Water - Suspended particulate matter

Organochlorine pesticides (OCPs), such as hexachlorocy-
clohexanes (HCHs), and dichlorodiphenyltrichloroethanes
(DDTs) are typical persistent organic pollutants, which
have been of increasing concerns across the world due to
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their salient feature of environmental persistence (Zhang
et al. 2007), trend in bioaccumulation (Woodwell et al.
1971), and adverse effects on humans and other animals
(Willett et al. 1998). These pesticides are considered to act
as endocrine-disrupting chemicals, which pose great threats
to the health of ecosystem. Being one of the countries with
the largest agricultural production, China has been a large
producer and consumer of OCPs in the world. The pro-
duction of HCHs and DDTs in China were 4.9 million tons
and 0.4 million tons, accounting for 33 % and 20 % of the
total world production, respectively (Zhang et al. 2002).
Even after the ban of technical HCH and DDT in 1983,
lindane (contains above 99 % y-HCH) and dicofol (con-
tains about 15 % DDTs) can still be produced and adopted
for malaria control and domestic use (Qiu et al. 2005).

Xiangshan Bay, the long and narrow bay located in the
east coast of Zhejiang province, is an important aquafarm
and sea-route. Historically, Zhejiang province is one of the
areas where pesticides were heavily used, it has been
estimated that the total consumption in Zhejiang province
was more than 300,000 tonnes from 1952 to 1984 which
accounted for about one tenth of China’s total OCPs
application. These contaminants may enter the Xiangshan
Bay through surface runoff, creating long-term adverse
effects on coastal resources. However, no data is available
on the levels of such compounds in water and (suspended
particulate matter) SPM of Xiangshan Bay, yet such
information is essential for assessing the environmental
quality of the Bay, for minimizing any adverse effects to
the aquatic organisms and for preventing human risk from
the consumption of seafood. Therefore, the objective of
this study are (1) to provide a complete mapping of OCPs
distributions in water and SPM of the Xiangshan Bay;
(2) to elucidate contamination profiles and potential input
sources of OCPs.
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Materials and Methods

A total of 27 water samples were collected in individual
4.5 L pre-cleaned glass bottles at three different depths,
i.e., surface (0.5 m), middle and bottom (0.5 m from the
bed). The locations of these sampling sites in the selected
area are shown in Fig. 1. After returning to the laboratory,
the SPM were collected by filtering water sample through
the glass microfiber filters (Whatman GF/F, 0.47 um
effective pore sizes). Then the GF/F filters were wrapped
with aluminum foil, stored at —20°C until analysis. The
filtered water was then passed through a mixture resin
(XAD-2 and XAD-4 1:1 mixtures) glass column to retain
the dissolved organics.

The procedures for eluting dissolved organics from
XAD resins and for processing glass fiber filters have been
described elsewhere (Luo et al. 2004). Briefly, each XAD
resin column was spiked with surrogate standards (PCB209
and TCmX), and extracted with methylene chloride and
methanol in an ultrasonic bath three times. Anhydrous
Na,SO,4 were used to remove any residual water. Particle-
loaded filters were weighed after being frozen-dried and
were spiked with surrogate standards and extracted in a
Soxhlet apparatus with methylene chloride for 24 h. Acti-
vated copper was also added for desulfurization. The
extract was concentrated and further solvent-exchanged to
hexane. Concentrated extracts were cleaned up using a 1:2
alumina:silica gel glass column. The column was eluted
with 70 mL of methylene chloride/hexane (30:70) and then
concentrated up to 0.5 mL for GC injection.

Organochlorine pesticides were quantitatively analyzed
using a HP-6890 gas chromatograph equipped with a *Ni
electron capture detector, and an HP-5 capillary column.
The column temperature was initial set at 60°C, increased at
10°C min~! to 220°C, and further ramped to 280°C at
5°C min~" to hold 20 min; injector and detector tempera-
ture were set at 250 and 300°C, respectively. The levels of
OCPs were quantitatively determined by the internal stan-
dard methods using peak area of composite standards. For

Fig. 1 Map of the sampling
stations in Jiaojiang Estuary
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every set of fifteen samples, a procedural blank and a spiked
blank were used to check interferences and circumvent
cross-contaminations. No significant peaks overlapping
those of OCP standards appeared in the chromatograms of
the procedural blanks. The method detection limits (MDL)
of OCPs was defined as the concentration of standard that
could produce a chromatographic peak with signal/noise
ratio of 3, and the MDL values were from 0.011 to
0.236 ng g~ for target compounds. The spiked recoveries
of OCPs were in the range of 76.7 %-94.8 % and 80.3 %—
95.1 % in the water and SPM, respectively. The recoveries
for TCmX and PCB 209 were in a range of 77.3 %-95.8 %,
77.6 %—93.7 % and 83.2 %-105.1 %, 80.0 %-96.7 % in
the water and SPM, respectively. All samples were
extracted and analyzed in triplicate.

Results and Discussion

Concentrations of 9 OCPs were detected in the water of the
Xiangshan Bay, East China Sea (Table 1). Horizontal
distributions of OCPs in water of Xiangshan Bay varied
widely for different sampling locations. The highest OCPs
concentration was detected at the site X2, followed by sites
of X3, X4 and X1. The reason may be (1): all the sites were
located in the inside of the Xiangshan Bay where the dis-
charge pollutants are hard to be transported to the open sea;
(2): the sites near the traditional agricultural regions where
OCPs have been used extensively. In contrast, the water
flow and current velocity may play an important role of the
OCPs contamination in the region, the OCPs levels were
sharply decreased through sites X7, X8 and X9, which
located in the outer part of the Xiangshan Bay. More
interesting results were found that concentrations in surface
and bottom water were higher than middle water of both
HCHs and DDTs. Two reasons might explain the phe-
nomena. Firstly, atmosphere deposition can increase the
concentration of OCPs in the surface water; secondly, the
sediments can be resuspended by large-scale atmospheric
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Table 1 Concentrations of organochlorine pesticides in water column and SPM from Xiangshan Bay (ng L™")

o-HCH p-HCH y-HCH 0-HCH o,p-DDT p,p'-DDT o,p'-DDD p.,p'-DDD p.p'-DDE
X1 Surface 4.93 3.66 6.78 1.22 1.54 2.52 0.56 0.61 0.86
Middle 2.94 4.32 3.26 0.84 1.29 1.96 0.62 0.46 0.95
Bottom 3.25 6.44 4.12 2.38 0.98 3.68 0.49 0.84 1.25
SPM 1.32 2.51 1.04 0.54 5.16 6.98 1.29 2.67 2.96
X2 Surface 6.46 4.58 9.85 2.92 2.61 3.16 1.29 1.61 2.24
Middle 3.16 6.65 421 1.90 2.12 2.69 2.01 1.19 1.06
Bottom 5.32 0.43 7.94 3.85 2.56 4.51 291 0.68 2.61
SPM 1.26 2.84 1.36 0.62 6.18 9.17 2.61 1.29 4.61
X3 Surface 8.42 391 7.35 1.72 1.78 2.43 0.76 0.92 0.72
Middle 3.73 5.96 3.92 2.24 1.11 2.16 0.79 0.68 0.89
Bottom 5.86 7.48 5.35 2.62 1.27 2.68 0.72 0.95 1.38
SPM 2.62 3.61 1.94 1.06 5.16 5.29 2.21 2.05 3.21
X4 Surface 6.71 4.32 7.12 2.31 1.22 1.14 0.24 0.15 0.78
Middle 4.24 6.55 6.36 2.66 0.91 1.52 0.16 0.17 0.36
Bottom 5.77 6.26 6.01 2.13 1.83 1.64 0.23 0.23 0.57
SPM 0.95 1.64 0.74 0.52 245 3.78 1.47 1.26 1.98
X5 Surface 3.24 5.14 8.72 0.92 0.98 1.26 0.48 0.21 0.71
Middle 4.17 4.87 4.49 1.39 1.02 1.18 0.54 0.62 0.51
Bottom 4.48 7.23 5.77 1.46 1.26 1.54 0.26 0.39 0.91
SPM 2.47 3.29 1.56 0.79 1.95 4.12 0.59 1.24 2.51
X6 Surface 3.39 297 4.89 0.47 0.17 0.21 0.08 0.42 0.23
Middle 2.97 4.39 3.12 0.68 0.11 0.24 0.13 0.32 0.13
Bottom 2.73 6.21 3.47 0.72 0.19 0.69 0.12 0.19 0.15
SPM 0.84 1.97 2.23 0.64 2.32 2.12 0.71 0.95 1.69
X7 Surface 0.86 1.28 1.7 0.67 0.05 0.08 0.04 0.07 0.04
Middle 1.17 1.47 1.19 0.53 0.05 0.11 0.02 0.06 0.08
Bottom 1.35 293 1.15 0.77 0.08 0.14 0.06 0.13 0.11
SPM 0.91 0.81 1.08 0.54 0.48 0.74 0.31 0.17 0.26
X8 Surface 0.67 0.87 0.84 0.38 0.04 0.06 ND ND 0.02
Middle 0.72 1.12 0.68 0.49 0.04 0.05 ND ND 0.04
Bottom 0.47 1.37 0.94 0.69 0.05 0.08 ND ND 0.04
SPM 0.43 0.67 0.51 0.09 0.26 0.36 ND ND 0.15
X9 Surface 2.45 1.98 1.75 0.84 0.09 1.01 ND 0.25 0.14
Middle 1.24 2.39 0.95 0.78 0.21 0.17 ND 0.13 0.11
Bottom 0.98 3.79 1.37 1.24 0.11 0.12 0.11 ND 0.10
SPM 0.29 1.21 0.64 0.14 0.59 1.05 0.24 ND 0.61

and oceanic movements, resulting in the contamination to
the bottom water.

Average concentrations of total HCHs and total DDTs in
water were 13.05 and 3.56 ng L™", respectively. According
to Chinese official guideline (GH 3838 2002), in grades 1
water that is considered to pose no hazard to the aquatic and
human health, the concentration of HCHs should be less
than 1,000 ng L', and DDTs less than 50 ng L™'. The
present observation showed both DDTs and HCHs were
lower than the guideline values. However, according to
Environmental Protection Agency (EPA) quality guideline
(EPA 822-7-99-001 1999), the concentrations of the

pesticides including «-HCH, p,p’-DDT, p,p’-DDE and
p,p'-DDD exceed the EPA guideline values (<3.9 ng L'
for o-HCH, less than 0.59 ng L™' for p,p/-DDT and
p.p'-DDE, and less than 0.83 ng L™' for p,p/-DDD).
Therefore, the potential health risks may exist to eco-sys-
tems and organism in Xiangshan Bay.

Composition variations of HCH isomers or DDT cong-
eners in the environment can provide useful information on
the pollution sources (Doong et al. 2002). Generally,
technical-grade HCH consists principally of four isomers,
o-HCH (55 %-80 %), f-HCH (5§ %-14 %), y-HCH (8 %—
15 %), 6-HCH (2 %-16 %), while y-HCH is above 99 %
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in lindane (Lee et al. 2001). The ratio of «-HCH/y-HCH is
4.64-5.83 for industrial HCH, and O for lindane respec-
tively. Lower a-HCH/y-HCH ratio implied the presence of
a possible sporadic emission source of lindane nearby these
areas. As a result, the corresponding values of «-HCH/
y-HCH can be used to monitor whether the source is from
the technical HCH or lindane. On the other hand, pre-
dominance of f-HCH could be used to explore sources
from historical usage or fresh input (Law et al. 2001).
That’s because -HCH is most stable and relatively resis-
tant to microbial degradation among the HCH isomers
(Walker et al. 1999) and the isomers of «-HCH and y-HCH
can be transformed into f-HCH in the environment (Willett
et al. 1998). In the paper, the low ratio of «-HCH/y-HCH in
the sampling sites suggested that the input of HCH is a
mixture of HCH and lindane. Although the use of techni-
cal-HCH was banned in China since 1983, y-HCH probably
came from lindane, which still been produced and used for
malaria and grasshopper control in eastern China. In
addition, the average compositions of HCH isomers mea-
sured in the samples are: y»-HCH (39 %) > o-HCH (29 %)
> -HCH (23 %) > 6-HCH (9 %) in surface water,
p-HCH (37 %) > y-HCH (28 %) > o-HCH (24 %) >
0-HCH (11 %) and B-HCH (34 %) > y-HCH (29 %) >
o-HCH (24 %) > 6-HCH (13 %) in middle and bottom
water, respectively. The predominant of y-HCH in surface
water reflects the recent use of lindane. And high per-
centage of f-HCH and y-HCH in middle and bottom water
implied that HCH residues derived mainly from the mix-
ture of historical usage of technical HCH and recently
usage of lindane. Comparing to the nerghbouring region,
similar composition of HCH isomers in water sample were
also found in Qiantang River (Zhou et al. 2008) and North
South China Sea (Zhang et al. 2007).

The average composition of DDT isomers measured in
the water samples were: p,p’-DDT (36 %), o,p'-DDT
(23 %), p,p’-DDD (11 %), o,p’-DDD (13 %), p,p’-DDE
(17 %), with the dominance of p,p’-DDT. Whereas, tech-
nical DDT contains 75 % p,p’-DDT, 15 % o,p’-DDT, 5 %
p,p'-DDE, and <5 % others. The relative concentration of
the parent DDT compound and its biological metabolites,
DDD and DDE, can be used as indicative indices for
assessing the possible pollution sources. Since DDT can be
biodegraded under aerobic condition to DDE and under
anaerobic condition to DDD in the environment (Bopp
et al. 1982), the ratio of (DDE + DDD)/DDT can be used
to evaluate if the DDT emission occurred recently or in the
past. A ratios <0.5 indicate direct input of DDT and a ratios
>0.5 reflect past usage (Doong et al. 2002). As shown in
Table 1, ratios of (DDE + DDD)/DDT were in the range
of 0.17-0.66 with 87 % of the values being <0.5 implying

@ Springer

a recent input of DDT in Xiangshan Bay. Such high DDT
fractions are indicators of recent input. Furthermore, higher
o,p'-DDT and p,p’-DDT concentration in water samples in
Xiangshan Bay showed the contribution of typical dicofol
type DDT pollution. Since dicofol is still used for pro-
tecting fruit tree and cotton in some scattered sites along
the river bank according to a recent investigation, DDT
pollution in the water samples in Xiangshan Bay may come
from mixture of dry/wet deposition, agricultural soil, and
runoff from the land.

Detection rates of residues of HCHs and DDTs in SPM
of Xiangshan Bay were up to 100 % (Table 1), indicating
wide occurrence of these compounds in SPM from
Xiangshan Bay. Peak value for the concentrations of OCPs
was found at sample location X2, where a lower water
depth may lead to more intensive sediment re-suspension
process. Moreover, most of the sites (site X1, X2, X3, X4,
X5 and X6) were located in the inner part of the bay and
showed much higher levels than the sites (site X7, X8, and
X9) located in the outer part. The concentration gradients
indicated that the sources of the OCPs may have been from
localised urban pollutant discharge and were not easily
transported to the open sea.

Similar to the compositions of OCPs in water, HCHs
and DDTs compositions in SPM were also measured. For
the HCHs, Ratios of a-HCH/y-HCH varied from 0.38 to
1.58, with an average of 0.99. These relatively lower ratios
indicated that there could be a possible usage of lindane. In
addition, f-HCH levels ranged from 0.67 to 3.61 ng L'
and accounted for 24 %-53 % of total HCHs. Predomi-
nance of f-HCH in all SPM samples could be used to
explore sources from historical usage. However, y-HCH
was found in many samples at high levels, additionally
suggesting a new input recent. For the DDTs, the con-
centrations of DDT isomers and metabolites measured in
the SPM samples in Xiangshan Bay decreased in the
order of pp/-DDT (mean 3.33 ng L™') > 0,p/-DDT
(mean 2.42 ng L") > p,p/-DDE (mean 1.88 ng L") > o,
p'-DDD (mean 1.02 ng L") > p,p/-DDD (mean 0.87 ng
L™") (Table 1), the dominance of p,p’-DDT and o,p’-DDT
suggests that fresh input of environment DDT compounds
in SPM in the study areas. Further assessment can be made
by the ratio of (DDE + DDD)/DDT. It’s clear that the ratio
of (DDE + DDD)/DDT were in the range of 0.19-0.59,
which demonstrates that most of the DDTs in this locality
have been introduced relatively recently, and hence have
not yet degraded significantly.
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