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The levels of dichloro diphenyl trichloroethanes (DDTs) and hexachlorocyolohexanes (HCHs) in water from
Lake Chaohu were measured. The residues, possible sources and potential ecological and health risks of these
compounds were analyzed. The results show that the contents of total DDTs and HCHs in the water varied
from 1.52 to 21.79 and from 1.58 to 31.66 ng L−1, respectively, which were higher than those in other Chinese
lakes. The main sources of HCHs and DDTs were lindane and technical DDT, respectively. The o,p′-DDT/p,
p′-DDT ratios indicated the new illegal inputs of DDT in all studied inflow rivers and some lake areas. The
MOS10 (margin of safety) values suggested that the Lake was facing a potential ecological risks from p,p′-DDT,
whereas the risk of γ-HCHwas small. Both carcinogenic and noncarcinogenic risks of DDTs and HCHs associated
with the water use were very low.

© 2012 Elsevier B.V. All rights reserved.
1. Introduction

Organochlorine pesticides (OCPs) have been detected in vegetables
(Tao et al., 2005), animal muscle tissue (Blanes et al., 2009), human
breast milk (Furst et al., 1994) and environmental media (Gewurtz et
al., 2007; Li et al., 2007; Tao et al., 2005, 2008) due to their wide usage
in the past, very slow degradation in the environment or in organisms
and bioaccumulation (Zhang et al., 2005). The persistence and semi-
volatility of these substances also result in their long distance transpor-
tation (Geisz et al., 2008). Dichloro diphenyl trichloroethanes (DDTs,
including o, p′-DDT, p, p′-DDT, o, p′-DDD, p, p′-DDD, o, p′-DDE and p,
p′-DDE) have been proven to be potential endocrine disruptive
chemicals (EDCs) and highly carcinogenic xenobiotic substances that in-
crease the risk of human liver, pancreatic and breast cancers (Snedeker,
2001; Turusov et al., 2002). Among four isomers of hexachlorocyclo-
hexanes (HCHs, including α-HCH, β-HCH, γ-HCH and δ-HCH), α-HCH
has been found to cause human neurological disorders, gastrointestinal
discomfort and liver and kidney damage; β-HCH is the most persistent
isomer in the natural environment, and thebioaccumulation and chronic
toxicity of this substance have been demonstrated to have serious con-
sequences (SCPOPs, 2009a). Despite its easy degradation, slow-acting
toxicity effects and low carcinogenic risk, lindane (γ-HCH) is associated
with some degree of neurotoxicity and is still widely used in some coun-
tries. Therefore, α-HCH, β-HCH and lindane (γ-HCH) were included in
rights reserved.
the Nine New Controlled POPs List during the Stockholm Convention on
Persistent Organic Pollutants (SCPOPs, 2009b).

The use of OCPs has been banned since 1983 in China, but their
production and use prior to this for more than 30 years has caused
14million hectares of arable land to become polluted (Feng et al.,
2003). Additionally, OCP residues in the soil have been transported
into water or groundwater by surface runoff, underground runoff, infil-
tration, eluviation and desorption, resulting inwater pollution, drinking
water safety problems and ecological risks to the aquatic environment
(Cao et al., 2004). It has been found that DDT and HCH pesticide resi-
dues are widely distributed in freshwater bodies such as ponds, rivers,
lakes, reservoirs and estuaries (Dua et al., 1996; Janiot et al., 1994;
Maskaoui et al., 2005; Tao et al., 2007; Yamashita et al., 2000; Zhou et
al., 2008).

Lake Chaohu, a shallow freshwater lake, located in southeastern
China, is one of the five largest freshwater lakes in China. It was
well-known for its scenic beauty and richness in aquatic biodiversity
before the 1950s. However, the lake and some of its inflowing rivers
have be suffering from serious eutrophication and heavy metal pollu-
tion in the last several decades, which are caused by population growth,
economic development and the lack of pollution monitoring and risk
management (Li et al., 2010; Xu et al., 1999, 2001; Zhang et al., 2007).
Phthalate esters (PAEs) and polycyclic aromatic hydrocarbons (PAHs)
have been detected in Lake Chaohu, and it has been found that the
northwest part of the lake has been heavily polluted by domestic and
industrial wastewater (Yang et al., 2009). Xu et al. (2001) suggested
that pesticide contamination was also one of the most important chemi-
cal stresses to the health of ecosystem in Lake Chaohu. The objectives of
the present study were: (1) to investigate the residual levels of DDT
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and HCH pesticides in surfacewaters from Lake Chaohu during the high
water period; (2) to identify the potential sources of DDTs and HCHs in
the surface water; (3) to evaluate the ecological and health risks of
DDTs and HCHs in the surface water; (4) to provide scientific
supporting information for control of the lake POPs pollution.

2. Methods

2.1. Measurement of DDTs and HCHs Contents in Water

2.1.1. Reagent and materials
Analytical grade n-hexane and dichloromethane (DCM) (Beijing

Reagent Company, Beijing, China) were purified by distillation. An
organochlorine pesticide stock standardmixture was prepared by di-
luting a commercial mixed standard (Accustandard Inc., New Haven,
Connecticut, USA) with n-hexane, and the working standard solution
was prepared by diluting the stock standard in n-hexane. We used
pentachloronitrobenzene (PCNB) (Accustandard Inc., New Haven,
Connecticut, USA) as an internal standard (IS), respectively. An SPE de-
vice and C18 SPE cartridges (ENVI-18, 6 mL, 500 mg) were purchased
from Supelco Co., Bellefonte, Pennsylvania, USA , and the methanol
(pesticide grade) used for activation of the SPE column was purchased
fromTedia Co. Inc., Fairfield, Ohio, USA. Granular anhydrous sodiumsul-
fate (Sinopharm Chemical Reagent Co., Ltd, Shanghai, China) was heat-
ed at 650 °C in a furnace for 6 hours and stored in a sealed desiccator
until used. All glassware was cleaned in an ultrasonic cleaner (KQ-
500B, Kunshan Ultrasonic Instrument, Kunshan, China) and was heated
at 400 °C for 6 h.

2.1.2. Sample collection and pretreatment
Fifteen surface water samples were collected from Lake Chaohu

from August 8th to 9th, 2009. The distributions of the sampling sites
are presented in Fig. 1. Sample sites A1, A2, A3 and A4 are located
in eastern Lake Chaohu (EL), excluding the drinking-water source
area (WS), whereas sites A6, B2, B3, B4, B5 and B7 are located in the
drinking-water source area. Samples B6, C1, C2 and C4 were collected
from three inflowing rivers (R), whereas D1 was collected from the
center of western Lake Chaohu (CW). Twenty liters of water were col-
lected from each sampling site. After shaking and mixing, an aliquot
of one liter of each collected water sample was filtered through a
0.45-μm glass fiber filter (burned at 450 °C for 4 h) using a filtration
Fig. 1. Location of Lake Chaohu
device consisting of a peristaltic pump (80EL005, Millipore Co.,
USA) and a filter plate with a diameter of 142 mm.

2.1.3. Sample extraction
The pretreated water samples were passed through octadecyl si-

lane (ODS) C18 filler in the SPE cartridge, with the filler first being
cleaned using 10 mL (5 times, 2 mL per time) of DCM, then activated
by 6 mL of methyl alcohol (3 times, 2 mL per time), and finally washed
using 10 mL of ultrapure water. During activation and ultrapure water
washing, the liquid level should be tangent to the filler to keep the
C18 wet. After enrichment of the target compound, 10 mL of DCM
(2 times, 3 mL per time, 1 time, 4 mL per time) was used to elute the
C18 SPE cartridge, which was jointed to an anhydrous sodium sulfate
(5 g) cartridge. The extracts were concentrated to approximately 1 mL
in an eggplant-shaped flask using a vacuum rotary evaporator (R-201,
Shanghai Shen Sheng Technology Co., Ltd., Shanghai, China) at a tem-
perature below 38 °C. PCNB was then added to the flask as an IS. The
samples were sealed in vials and stored at −20 °C before analysis.

2.1.4. Sample analysis and quality assurance
Samples were analyzed using an Agilent gas chromatograph 6890

equipped with a Nickel 63 electron capture detector (μECD) and an
HP-5 column (30 m×0.32 mm inside diameter, 0.25 μm film thick-
ness). The samples were injected by auto-sampling at 50 °C in splitless
mode, with a venting time of 0.75 min. The oven temperature was
programmed to first increase from 50 °C to 150 °C at 10 °C min−1 and
then to increase to 240 °C at 3 °C min−1, where the temperature was
maintained for 15 min. Nitrogen was used as both the carrier
(1 mLmin−1) andmakeup gas (60 mLmin−1). The injector and detec-
tor temperatures were 220 °C and 280 °C, respectively.

A mixed working standard with a concentration of 20 ng L−1 was
used for six repeats of calibration. The recoveries of o, p′-DDT, p, p′-
DDT, o, p′-DDD, p, p′-DDD, o, p′-DDE, p, p′-DDE, α-HCH, β-HCH,
γ-HCH and δ-HCH by this method were 47.3%, 82.4%, 89.7%, 89.3%,
50.8%, 74.0%, 107.3%, 107.0%, 92.7% and 94.2%, respectively. Although
the recoveries of o, p′-DDT and p, p′-DDE were not as good as other
chemicals, which was also proved by other study (Sibali et al., 2009),
it was a highly recommended method of accumulation and extract of
pollutants in the wild because of its portability, easy operation, and
more capacity of samples. The detection limits for the water samples
were 0.5 ng L−1 for p, p′-DDT and o, p′-DDE, 0.3 ng L−1 for p, p′-DDD,
and water sampling sites.
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0.1 ng L−1 for p, p′-DDE, 0.05 ng L−1 for α-HCH, γ-HCH, δ-HCH and o,
p′-DDD and 0.01 ng L−1 for β-HCH and o, p′-DDT. Two procedural
blank samples were run to check for contamination by solvents and
glassware. All samples were extracted and analyzed in duplicate.

2.2. Ecological Risk Assessment of DDTs and HCHs in Water

A species sensitivity distribution (SSD) was applied to evaluate the
ecological risks of p,p′-DDT and γ-HCH for different species. An SSD
can be used to describe the cumulative distribution of eco-toxicity
data and exposure data (Posthuma et al., 2002; Wang et al., 2009).
Toxicity data were collected from the EPA ECOTOX database (http://
cfpub.epa.gov/ecotox/), using search criteria including the type of
freshwater medium, endpoint of LC50, exposure duration ofb10 days
and test location of the laboratory. The species considered in the dis-
tribution consisted of algae, vertebrates and invertebrates. The verte-
brates included fish and amphibians, whereas the invertebrates were
comprised of shrimp, crabs and other small crustaceans. According to
the estimated trophic levels of fishes (data from FISHBASE, http://
www.fishbase.net/), fishes were divided into three types: fishes II,
fishes III and fishes IV. Fishes II, fishes III and fishes IV are composed
of fishes for which the trophic level values were 2.0-2.9, 3.0-3.9 and
4.0-4.9, respectively. The acute and chronic ratio (ACR) was employed
to convert date from acute data (LC50) to chronic data, and the ACR
recommended by United States Environment Protection Agency
(USEPA) was 10 (USEPA, 1991). The BurrliOZ tool designed by
Australia's Commonwealth Scientific and Industrial Research Organi-
zation (CSIRO) was employed to calculate relevant parameters of the
SSD (Table 1) (Kurt-Karakus et al., 2006). The potentially affected
fraction (PAF), which is a measure of the toxic risk probability of p,p′-
DDT and γ-HCH for species could be obtained using the BurrIII
(Eq. (1)), ReWeibull (Eq. (2)) and Repareto (Eq. (3)) equations, as fol-
lows:

PAF xð Þ ¼ 1= 1þ b=xc
� �� �k ð1Þ

PAF xð Þ ¼ exp −b=xc
� � ð2Þ

PAF xð Þ ¼ x=bð Þk ð3Þ

where x is contamination concentration (ng L−1), and b, c, k are three
parameters.
Table 1
Species sensitivity distribution parameters of species and study areas calculated by
BurrliOZ.

Species and areas p, p′-DDT γ-HCH

m b c k n b c K

All species 456 21.00 0.55 7.69 453 1.40×103 0.67 3.78
Algae 12 1.00×107 – 0.72 13 9.55×1015 3.06 –

Vertebrates 364 83.51 0.65 – 370 2.79×103 0.76 3.04
Invertebrates 107 0.60 0.48 18.97 70 94.14 0.57 –

Fishes 351 102.23 0.69 – 358 3.25×103 0.80 2.76
Fishes II 63 215.73 0.72 – 104 6.38×103 0.69 2.38
Fishes III 203 70.73 0.62 – 202 9.97×103 0.99 1.54
Fishes IV 85 285.90 1.28 2.65 52 2.71×108 2.41 –

Amphibians 13 2.19×105 1.32 0.63 12 6.78×105 4.44 0.45
Shrimps & crabs 81 7.10 0.56 6.67 48 630.63 0.86 –

Other crustaceans 26 25.44 0.46 – 22 1.47×104 0.50 1.90
WB 15 3.92 2.01 – 14 0.91 2.45 0.54
WL 11 3.58 19.47 0.11 10 0.68 – 1.63
EL 4 3.36 3.48 – 3 0.65 – 0.84
WS 6 3.69 23.93 0.15 6 0.39 7.97 9.85
R 4 10.19 – 1.03 4 2.14 2.32 -

Notes: m and n are number of toxicity and exposure data of p, p′-DDT and γ-HCH, re-
spectively. WB — all the water bodies including all the sampling sites, WL — the whole
lake including all the lake sampling sites, EL— the eastern lake including A1, A2, A3 and
A4, WS — the drinking water source area including A6, B2, B3, B4, B5 and B7, R — the
inflow rivers including B6, C1, C2 and C4.
2.3. Health risk assessment of DDTs and HCHs in water

The chemicals' carcinogenicity is the endpoint of health risk as-
sessment. According to various toxicity data, there are three main car-
cinogenic risk assessment methods: (1) unit risk calculation on basis
of epidemiological investigation data (Bertoldi et al., 2012); (2) carci-
nogenic risk assessment according to animal toxicity experiment data
(OECD, 1993); (3) carcinogenic risk assessment based on genotox-
icity testing (Mason et al., 1990). The human epidemiological investi-
gation data is the most effective toxicity data in the procedure of the
carcinogen risk assessment, but the acquisition of these data is often
very difficult. So the animal experimental data is the most direct
data in the human carcinogenic risk assessment. However, animal ex-
periments aremore expensive. Genotoxicitymethod is relatively simple,
rapid, efficient and economical method of evaluating mutagenicity of
chemicals, but it cannot detect all carcinogens. To our knowledge, carci-
nogenic effects include not only damage of DNA, but also other carcino-
genic mechanism. Therefore, the experimental data of animal toxicity is
still themain data source of the human health risk assessment. To obtain
human intake dose, animals' high doses should be extrapolated to low
dose, and their low doses should be extrapolated to the human dose.
The above methods can be used to illustrate the carcinogenic risk of
chemicals and their potential hazards to human being. However, these
methods are still based on chemicals' properties. To objectively reflect
the health risk of pollutants to the local population, we should consider
both toxicity data and exposure data. Chemicals' carcinogenic risk and
non-carcinogenic risk assessment methodology recommended by the
U.S. EPA is the one that combines toxicity data and exposure data.
According to different pathways (air, drinkingwater, skin, etc.), different
calculation methods are included to calculate the health risks of
chemicals within one year (USEPA, 1989a). The risk level is different in
different countries. U.S. EPA set 10−4 as the maximum acceptable
level of risk, and environmental protection departments in Sweden,
Netherlands and United Kingdom set 10−6 as their maximum accept-
able level of risk (Ni et al., 2010).

In this paper, a health risk assessment (HRA) model proposed by
the USEPA (1989a) was used to assess the risks of DDTs and HCHs
for human health (Hamidin et al., 2008). The carcinogenic and non-
carcinogenic risks of α-HCH, β-HCH, γ-HCH, total HCH, p, p′-DDT,
p, p′-DDE, p, p′-DDD and total DDT for human health were evaluated.

Noncarcinogenic risk (HI) equation is as follows:

HI ¼ E=RfD ð4Þ

and carcinogenic risk (R) is as follows:

R ¼ SF � E R < 0:01
R ¼ 1−exp −SF � EÞ R≥ 0:01ð ð5Þ

where RfD is the reference dose (mg kg−1 day−1); SF is the slope fac-
tor ([mg kg−1 day−1] −1); and E is the exposure level (or intake)
(mg kg−1 day−1),whichwas calculated using two exposure approaches
as follows:

E1 ¼ C � IRw � EF � EDÞ=BW=ATð ð6Þ

E2 ¼ 6τ � TE=πÞ0:5 � C � k � Asb � EF � FE � EDÞ=500=BW=AT=fð
�

ð7Þ

where E1 is exposure to water for drinking, and E2 is exposure to water
for bathing. C is the concentration of HCHs and DDTs in the water
(mg L−1); IRw is the water intake rate (a value of 2 L day−1

recommended by USEPA); EF is the exposure frequency (a value of
365 days year−1 was employed because of the daily need of drinking
water); ED is the exposure duration (a value of 30 years recommended
byUSEPA); BW is average of bodyweight (60 kg for Chinese people);AT
is average time (70 years×365 days year−1; the non-carcinogenic
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equation employs ED×365 days year−1); Asb is body surface area
(16,600 cm2); FE is bathing frequency (0.3 times day−1); TE is bathing
time (0.4 h); f is the intestinal absorption ratio (1); k is a skin perme-
ability parameter (0.001 cm h−1); and τ is lag time for each pollutant
in the body (assuming a value of 1 h) (Wan et al., 2009). The SF values
of α-HCH, β-HCH, γ-HCH, total HCH, p, p′-DDT, p, p′-DDE, p, p′-DDD
and total DDT were 6.3, 1.8, 1.3, 0.35, 0.34, 0.34, 0.24 and 0.35, respec-
tively. The RfD values of γ-HCH and total HCH, p, p′-DDT and total
DDT were 0.0004, 0.0004, 0.0005 and 0.0005, respectively (USEPA,
1989b, 2010).

3. Results and discussion

3.1. The concentrations of DDT and HCH in the water

On the basis of a Kolmogorov–Smirnov test (S–K test) of the
directly-measured and log-transformed data, a log-normal distribu-
tion pattern was identified for α-HCH, β-HCH and γ-HCH, whereas
a normal distribution pattern was found for DDTs and δ-HCH. Due
to these distribution patterns, the median and range were employed
to describe the statistical character of the residue levels. It was
reported that the residues of total DDT and total HCH in the surface
water from Lake Chaohu were 16.57 ng L−1 (1.93–53.46 ng L−1)
and 5.56 ng L−1 (1.19–64.01 ng L−1) in December, 2008 (Zhang et
al., 2010). Our measurements (Table 2) showed that the residues of
total DDT and total HCH were 9.31 ng L−1 (1.52–21.79 ng L−1) and
2.03 ng L−1 (1.58–31.66 ng L−1), respectively, and the concentra-
tions of total DDT and total HCH in summer, 2009 were half those
found in winter, 2008. Degradation of DDTs and HCHs by oxidation,
hydrolyzation, photolysis andmicroorganismsmight be the main rea-
son for this (Devipriya and Yesodharan, 2005; Motosugi and Soda,
1983). However, the water level might be another significant for
this finding, as the average monthly water levels in December, 2008
and August, 2009 were 8.96 m and 9.28 m, respectively. The rise of
thewater level resulted in a 2.26×108 m3 increase of lakewater storage,
which is 9.3% greater than the water storage in December, 2008. There
are some other reasons should not be neglected, for instance,
(1) when the climate condition or the physical and chemical conditions
of the lake mediums varies, the velocity of the sediment releasing the
DDT into water also changes. (2) Quantity of water inflowing into the
lake changes with seasons, which maybe lead to the different content.

The residues of p,p′-DDT and o,p′-DDT were 2.86 ng L−1 (1.11–
10.19 ng L−1) and 1.95 ng L−1 (not detected (ND)-4.13 ng L−1), re-
spectively (Table 2); the concentrations of p,p′-DDD and o,p′-DDD
were 1.40 ng L−1 (ND-2.99 ng L−1) and 2.35 ng L−1 (ND-3.45 ng L−1) ,
respectively; DDE was less than DDT and DDD; and the concentrations
of p,p′-DDE and o,p′-DDE were 0.61 ng L−1 (ND-1.62 ng L−1) and
Table 2
Residues of DDT with its metabolites and HCH isomers in Lake Chaohu and its inflow
rivers, ng L−1 (August, 2009).

WB EL WS R CW

Median Min Max Mean SD Mean SD Mean SD

p,p′-DDT 2.86 1.11 10.19 1.82 0.85 2.88 0.74 5.11 3.89 2.06
p,p′-DDE 0.61 ND 1.62 0.68 0.34 0.62 0.33 0.91 0.68 ND
p,p′-DDD 1.40 ND 2.99 1.26 0.66 1.65 0.61 1.67 1.25 1.62
o,p′-DDT 1.95 ND 4.13 2.12 1.21 2.16 0.76 2.70 1.77 1.29
o,p′-DDE 1.15 ND 3.58 2.12 0.83 1.61 1.17 0.80 0.49 1.06
o,p′-DDD 2.35 ND 3.45 1.52 0.78 3.06 1.62 2.62 1.40 1.57
DDTs 9.31 1.52 21.79 7.78 2.45 10.76 2.73 11.62 8.52 7.61
α-HCH 0.33 0.22 6.86 0.28 0.06 0.35 0.11 2.04 3.21 0.57
β-HCH 0.83 0.64 17.78 0.94 0.31 0.79 0.03 5.25 8.36 1.38
γ-HCH 0.60 ND 6.84 0.56 0.29 0.56 0.09 2.64 2.80 0.42
δ-HCH 0.28 0.13 0.34 0.28 0.02 0.26 0.07 0.21 0.09 0.19
HCHs 2.03 1.58 31.66 1.92 0.43 1.95 0.07 10.14 14.35 2.55

Notes: SD — standard deviation, ND — not detected. CW — the centre of the western
lake. The WB, EL, WS and R are the same with those in Table 1.
1.15 ng L−1 (ND-3.58 ng L−1), respectively. Among the four isomers
of HCHs (Table 2), the β-HCH concentration was the highest, with a
value of 0.83 ng L−1 (0.64–17.78 ng L−1), and the levels of α-HCH,
γ-HCH and δ-HCH were 0.33 ng L−1 (0.22–6.86 ng L−1), 0.60 ng L−1

(ND-6.84 ng L−1) and 0.28 ng L−1 (0.13–0.34 ng L−1), respectively.
The total DDT and total HCH in the different lake areas is shown in

Table 2. The average concentrations of total DDT and total HCH for the
inflowing rivers were 11.62±8.52 ng L−1 and 10.14±14.35 ng L−1,
respectively, whereas those for the lake area were 9.39±2.83 ng L−1

and 2.00±0.31 ng L−1. The concentrations of total DDT and total HCH
in the center of the western lake were 7.61 ng L−1 and 2.25 ng L−1, re-
spectively, whichwasmuch lower than the results reported by Zhang et
al. (2010). The average concentrations of total DDT and total HCH in the
eastern lakewere 7.78±2.45 ng L−1 and 1.92±0.43 ng L−1, respective-
ly, whereas those in the eastern water source were 10.75±2.74 ng L−1

and 1.95±0.07 ng L−1. The results showed a high-east and low-west
distribution pattern for total DDT and a high-west and low-east pattern
for total HCH.

The reasons might be that: (1) although agricultural use of DDT
has been forbidden since 1983, DDT in China is not completely
banned. DDT, as the auxiliary material of a marine anti-fouling paint
is still in use. 10000 tons of anti-fouling paints are used in fishing ves-
sels each year in China, and about 250 tons of DDT is used in anti-
fouling paints. From 1950s to 2005, approximately 1.1 million tons
of DDT was used to produce marine anti-fouling paints. In Lake
Chaohu, there are 3500 fishing vessels, 2500 of which anchor in the
eastern lakes, especially at Shuangqiaohe River, Zhegaohe River, and
Chaohu City Dock. DDT's distribution might result from ships' distri-
bution. (2) Farmland in Lake Chaohu Basin mainly distributes on the
shore of southwestern lake. Rivers, flowing through this area, carry
60% of total volume of water into the Lake Chaohu. More usage of
HCH in agriculture and more inflow of HCH to the lake might be the
main reason that the content of HCH in the western part of the lake
is higher than that in the eastern part of the lake.

3.2. The composition of DDT and HCH in the water

The composition of DDT, its metabolites and HCH isomers (Fig. 2)
determined in this study indicated that the fraction of p,p′-DDT and o,
p′-DDT in the lake area (40-44%) was lower than that in the inflowing
rivers (54%), whereas the fractions of DDT metabolites were higher
than in the inflowing rivers. The proportions of DDD and DDE in the
eastern water source area were both higher than in other areas.
β-HCH in the lake area was the predominant HCH isomer present,
exhibiting a proportion of 41–55% of the total HCH isomers present.
The proportion of γ-HCH in the lake area (16–29%) was lower than
in the inflowing rivers (37%), whereas the δ-HCH proportion in the
Fig. 2. Compositions of DDTwith its metabolites andHCH isomers in variouswater bodies
of Lake Chaohu. The meaning of EL, WS, R and CW are the same with those in Table 1.

image of Fig.�2


Table 3
Ratios used in source identification of DDT with its metabolites and HCH isomers in
Lake Chaohu and its inflow rivers.

o,p′/p,
p′-DDT

DDT/
(DDD+DDE)

DDD/DDE α/γ-HCH β/(α+γ)-HCH

A1 – 0.60 1.36 – 4.58
A2 0.87 1.29 1.69 0.52 1.34
A3 0.94 0.41 0.79 0.67 0.80
A4 2.18 0.99 0.38 0.39 0.92
A6 0.61 0.50 0.91 0.58 0.99
B2 1.15 1.21 12.64 0.41 0.87
B3 0.95 2.07 0.60 0.46 0.93
B4 0.42 0.83 2.86 1.11 0.82
B5 1.05 0.91 1.65 0.96 0.82
B6 – 2.80 0.00 1.00 1.30
B7 0.55 0.74 3.19 0.43 0.81
C1 0.40 1.04 1.91 0.31 0.57
C2 0.45 1.49 2.61 0.30 0.76
C4 0.41 1.92 3.61 0.45 0.57
CW 0.63 0.79 3.01 1.36 1.39
WB 0.63

(0.4–2.18)
0.99
(0.41–2.8)

1.39
(0–12.64)

0.49
(0.3–1.36)

0.87
(0.57–4.58)

EL 1.33±0.74 0.82±0.40 1.06±0.58 0.52±0.14 1.91±1.80
WS 0.79±0.30 1.04±0.55 3.64±4.53 0.66±0.30 0.87±0.07
R 0.42±0.03 1.81±0.75 2.03±1.52 0.52±0.33 0.80±0.34

Notes: CW is the same with that in Table 2. WB, EL, WS and R are the same with those
in Table 1. The value for WB is shown as median (minimum-maximum), and the value
for EL WS and R are shown as mean±standard deviation.

81W. He et al. / Ecological Informatics 12 (2012) 77–84
lake area (7–14%) was higher than in the inflowing rivers (4%). This
may suggest that γ-HCH in the lake area was derived from the
inflowing rivers.

The DDT and HCH residues in Chinese lakes are generally less than
in other developing countries, such as Lake Burullus (DDTs, 208.5±
159.7 ng L−1, HCHs, 467.0±277.8 ng L−1) in Egypt (Said et al., 2008),
Lake Paranoa (DDTs, 1–52 ng L−1) in Brazil (Caldas et al., 1999) and
Lake Hanoi (DDTs, 31.7±60.4 ng L−1, HCHs, 5.07±6.88 ng L−1) in
Vietnam (Hung and Thiemann, 2002). However, the concentrations of
DDTs and HCHs in Lake Chaohu were still higher than those of other
Chinese lakes, such as Lake Baiyangdian (DDTs, 2.1±0.8 ng L−1,
HCHs, 2.4±0.6 ng L−1) (Hu et al., 2010), Lake Taihu (DDTs, >
1.02 ng L−1, HCHs, >0.04 ng L−1) (Na et al., 2006), Lake Co Ngoin
(DDTs, 1.81 ng L−1, HCHs, 0.30 ng L−1) and Lake Yamzho Yumeo
(DDTs, 3.83 ng L−1, HCHs, 0.27 ng L−1) (Zhang et al., 2003).

3.3. Source identification of DDTs and HCHs in the water

DDT sources can be identified on the basis of the composition of
DDTs and their metabolic products. DDTs produced from technology-
manufacturing sources contain 15% o,p′-DDT and 85% p,p′-DDT, where-
as 1 kg dicofol contains approximately 114 grams of o,p-DDT and 17
grams of p,p′-DDT. Therefore, the o,p′-DDT/p,p′-DDT ratio for technical
DDT is approximately 0.2, and that for dicofol is approximately 7. Thus,
in the case of an o,p′-DDT/p,p′-DDT≥7, dicofol can be assumed to be
the main DDT source, whereas an o,p′-DDT/p,p′-DDT ratio of approxi-
mately 0.2 indicates a technical DDT source. The portion of DDT meta-
bolic products is indicative of new inputs or historical usage. DDT
(including o,p′-DDT and p,p′-DDT) can be degraded to DDD (o,p′-DDD
and p,p′-DDD) and DDE (o,p′-DDE and p,p′-DDE). If the DDT/(DDD+
DDE) ratio is greater than 1, it indicates that the DDT in a given sample
represents a new input, whereas if this ratio is not greater than 1, the
DDT is due to historical input. (Hitch and Day, 1992). A DDD/DDE >1
implies that DDD is the main metabolite present, which is indicative
of anaerobic metabolic conditions; whereas a DDD/DDEb1 indicates
that DDE is the main metabolite present, which is indicative of aerobic
metabolic conditions (Hitch and Day, 1992). In the present study, the
o,p′-DDT/p,p′-DDT ratio was found to range from 0.40 to 2.18
(Table 3), indicating that technical DDT was the main DDT source. The
DDT/(DDD+DDE) ratios for all river samples (B6, C1, C2 and C4), B2
and B3 in the eastern water source area, and A2 in eastern lake area
were greater than1, suggesting that therewas recent input of pesticides
containing DDT. The DDT/(DDD+DDE) ratios for other sites were less
than 1, implying historical inputs of DDT as the main DDT source. The
sites D1, in the center of thewestern lake area, A1 and B4, in the eastern
lake area and B5 and B7, in the eastern water source, area were under
anaerobic conditions, as indicated by their ratios of DDD/DDE >1. The
sites A3, in the eastern lake area, and A6, in the eastern water source
area, were under aerobic conditions, as indicated by their ratios of
DDD/DDE b1.

Technical HCH consists of 60–70% α-HCH, 5–12% β-HCH and 10–
15% γ-HCH, with a α-/γ-HCH ratio of approximately 4–7 and a β-/
(α+γ)-HCH ratio of approximately 0.06–0.17. For lindane, which in-
cludes γ-HCH as its major component, the α-/γ-HCH ratio is less than
0.1, and the β-/(α+γ)-HCH ratio is less than 0.06. Because of the
high vapor pressure, α-HCH and γ-HCH are the main isomers in the
gaseous phase and could be transported over long distances in air.
Therefore, the α-/γ-HCH ratio in the gaseous phase is greater than
that for industrial sources of HCH, i.e., α-/γ-HCH>7, which can be
used to identify the atmospheric source of HCHs (Iwata et al., 1993,
1995). Because it exhibits more stable chemical and physical proper-
ties than other HCH isomers, β-HCH is the dominant isomer in water
environments. Therefore, the β-/(α+γ)-HCH ratio can be used to
identify whether a water environment is polluted by historical inputs
of HCHs. When the β-/(α+γ)-HCH ratio is less than 0.06, it indicates
that new inputs of lindane or technical HCH, or dry-wet α-HCH
deposition exist. However, a higher β-/(α+γ)-HCH ratio indicates
that there has been a large amount of historical lindane or technical
HCH input (Willett et al., 1998). In present study, the α-/γ-HCH ratios
of all the of samples were less than 1.5, whereas the β-/(α+γ)-HCH
ratios of all samples were greater than 0.4, indicating historical usage
of lindane (Table 3).

In different sampling sites, there are several factors such as climate
condition, water depth, sediment resuspension, microorganism species
and activity and runoff from the rivers influencing the water mixing ef-
fect and pollutants' distribution. Although the parameters in different
sampling sites are different, we still can obtain statistic information of
pollutant source for a specific area if there are enough sampling sites.
3.4. Ecological risk of p, p′-DDT and γ-HCH in the Water

The potentially affected fractions (PAFs) of p,p′-DDT and γ-HCH
for species in different lake areas were calculated and are presented
in Table 4. The ecological risk of p,p′-DDT for invertebrates (e.g.,
shrimps & crabs, 0.07-0.52%) was much greater than for vertebrates
(e.g., fishes, 3.3×10−28~3.1×10−13%), but among all of the investigat-
ed vertebrates, the risk for amphibians (0.006–0.014%) was much
greater than that for other vertebrates. The ecological risk probability
of p,p′-DDT for all of the species in the distribution varied from
5.5×10−4% to 0.014%. The species sensitivity to p, p′-DDT was ranked
as: shrimps & crabs>amphibians>algae>other crustaceans>fishes
IV>fishes III>fishes II. We found that the risk of p,p′-DDT to fishes in-
creasedwith increasing trophic level. The risk of p,p′-DDT towater bod-
ies was ranked as: inflowing rivers (R)>drinking-water source area
(WS)>core of the western lake (CW)>eastern lake (EL). Contrary to
our findings for p,p′-DDT, the ecological risk of γ-HCH for invertebrates
(e.g., shrimps & crabs, 0.0–4.4×10−117%) was much smaller than that
for vertebrates (such as fish, 2.5×10−7–1.5×10−5%), whereas the
risk for other crustaceans (0.004–0.025%) was the highest among all
the investigated species. The species sensitivity to γ-HCH was ranked
as: other crustaceans>fishes III>fishes II>amphibians>shrimps &
crabs>fishes IV=algae. We also found that the risk of γ-HCH to fishes
at the third trophic level was greater than the second trophic level. The
ecological risk probability of γ-HCH for all the species varied from



Table 4
PAF and MOS10 of p,p′-DDT's and γ-HCH's in different areas of Lake Chaohu.

p, p′-DDT γ-HCH

WB WL EL WS R CW WB WL EL WS R CW

PAF (%)
All species 3.2×10−3 1.4×10−3 5.5×10−4 2.5×10−3 1.4×10−2 8.3×10−4 1.3×10−6 1.9×10−7 2.6×10−7 2.5×10−7 1.2×10−5 1.2×10−7

Algae 2.0×10−3 1.7×10−3 1.4×10−3 1.9×10−3 2.9×10−3 1.5×10−3 0.0 0.0 0.0 0.0 0.0 0.0
Vertebrates 5.1×10−16 3.6×10−19 2.3×10−23 5.6×10−17 2.5×10−11 2.0×10−21 1.4×10−6 2.3×10−7 3.1×10−7 3.0×10−7 1.1×10−5 1.6×10−7

Invertebrates 8.4×10−2 3.9×10−2 1.5×10−2 6.6×10−2 3.0×10−1 2.3×10−2 4.1×10−38 1.6×10−59 3.0×10−55 1.1×10−55 2.7×10−22 5.4×10−66

Fishes 5.4×10−19 6.2×10−23 3.3×10−28 3.4×10−20 3.1×10−13 9.1×10−26 2.0×10−6 3.8×10−7 5.0×10−7 4.8×10−7 1.5×10−5 2.5×10−7

Fishes II 8.9×10−40 3.2×10−48 1.3×10−59 2.4×10−42 1.3×10−27 2.5×10−54 6.0×10−5 1.7×10−5 2.1×10−5 2.0×10−5 2.6×10−5 1.3×10−5

Fishes III 9.0×10−14 2.1×10−16 6.9×10−20 1.4×10−14 7.9×10−10 2.7×10−18 9.4×10−5 2.9×10−5 3.6×10−5 3.5×10−5 3.7×10−4 2.2×10−5

Fishes IV 2.2×10−5 9.3×10−6 3.5×10−6 1.7×10−5 1.2×10−4 5.4×10−6 0.0 0.0 0.0 0.0 0.0 0.0
Amphibians 9.5×10−3 7.6×10−3 6.0×10−3 8.8×10−3 1.4×10−2 6.7×10−3 2.5×10−10 5.4×10−11 7.0×10−11 6.8×10−11 1.5×10−9 3.8×10−11

Shrimps and
crabs

1.8×10−1 1.0×10−1 4.9×10−2 1.5×10−1 5.2×10−1 6.8×10−2 2.1×10−257 0.0 0.0 0.0 4.4×10−117 0.0

Other
crustaceans

2.9×10−5 4.3×10−6 4.0×10−7 1.6×10−5 5.9×10−4 1.2×10−6 1.1×10−2 5.2×10−3 5.9×10−3 5.8×10−3 2.5×10−2 4.4×10−3

MOS10
All species 23.6 40.8 52.7 38.7 14.6 1.1×103 2.7×103 3.0×103 2.6×103 0.5×103

Algae 4.1×105 7.2×105 9.3×105 6.8×105 2.6×105 7.5×104 1.9×105 2.1×105 1.9×105 3.5×104

Vertebrates 42.1 73.0 94.3 69.3 26.1 1.4×103 3.6×103 3.9×103 3.4×103 0.6×103

Invertebrates 7.1 12.3 15.9 11.7 4.4 0.4×103 1.0×103 1.1×103 1.0×103 0.2×103

Fishes 41.6 72.1 93.1 68.4 25.8 1.4×103 3.5×103 3.8×103 3.4×103 0.6×103

Fishes II 89.1 154.2 199.2 146.4 55.3 1.9×103 4.8×103 5.2×103 4.6×103 0.9×103

Fishes III 39.9 69.1 89.2 65.5 24.7 1.7×103 4.3×103 4.6×103 4.1×103 0.8×103

Fishes IV 36.7 63.6 82.2 60.4 22.8 1.3×103 3.4×103 3.7×103 3.3×103 0.6×103

Amphibians 2.3×103 4.0×103 5.2×103 3.8×103 1.4×103 1.3×105 3.2×105 3.5×105 3.1×105 5.9×105

Shrimps and
crabs

5.8 10.0 12.9 9.5 3.6 0.4×103 1.0×103 1.0×103 1.0×103 0.2×103

Other
crustaceans

31.0 53.7 69.3 50.9 19.2 1.6×103 4.0×103 4.4×103 3.9×103 0.7×103

Notes: WB, WL, EL, WS and R are the same with those in Table 1, and CW is the same with that in Table 2.

Table 5
Human health risk of DDTs and HCHs pesticides in Lake Chaohu.
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1.2×10−7% to 1.2×10−5%. The risk of γ-HCH to the water bodies was
ranked as: R>EL>WS>CW.

Based on the SSD model, the margin of safety (MOS10) was used to
illustrate the risk of contaminants to aquatic organisms in Lake Chaohu
(Zolezzi et al., 2005). This was calculated by dividing the 10th percentile
for SSD of eco-toxicity data by the 90th percentile for the cumulative dis-
tribution of exposure data, When the study area included all of the in-
vestigated water bodies, the MOS10 of p,p′-DDT for shrimps and crabs
was below 1, indicating that p,p′-DDT posed a potential ecological risk
to these species (Table 4). The orders of magnitude of the MOS10 of
algae and amphibians were three and five. This suggested that the risk
to these groups could be neglected. The risk of p,p′-DDT for inverte-
brates (MOS10, 4.4–15.9) was higher than for vertebrates (MOS10,
26.1–94.3). We also found that fishes at higher trophic levels exhibited
a smaller MOS10. The MOS10 for species in rivers was lower than in
lakes, indicating that the aquatic species in rivers were in danger. The
MOS10 of γ-HCH for all of the species was much greater than 1 in the
various water bodies investigated, meaning that γ-HCH did not pose a
potential ecological risk for the species there. Thus, Lake Chaohu was
found to be facing a potential threat from p, p′-DDT, whereas γ-HCH
was not a potential pollutant in the Lake Chaohu ecosystem.
Substances Drinking Bathing

Carcinogenic risk (10−9)
p,p′-DDT 11.9 0.0518
p,p′-DDD 0.07 0.000305
p,p′-DDE 1.73 0.00753
DDTs 39.6 0.172
α-HCH 46.4 0.202
β-HCH 31.5 0.137
γ-HCH 14.7 0.0639
HCHs 14.5 0.0631

Non-carcinogenic risk(10−6)
p,p′-DDT 16.3 0.0711
DDTs 52.8 0.23
γ-HCH 8.78 0.0382
HCHs 32.2 0.14
3.5. Human health risk of p, p′-DDT and γ-HCH in the Water

As we all know, supplying clean drinking water is one of the most
important ecological service function in fresh water ecosystem. The
proposed method is widely used to assess the carcinogenic risk or
noncarcinogenic risk for human health when drinking or bathing
(Cothern et al., 1986; Ni et al., 2010; Zeng et al., 1998). The high
risk indicates that the water is being contaminated seriously and
the ecosystem is losing her ecological function. Eastern part of Lake
Chaohu is mainly used to supply to citizens in Chaohu City for drinking
and bathing. Therefore, it is necessary to evaluate whether this area is
suitable as drinking water source.
The results of our human health risk assessment using the USEPA
(1989a) method (Eqs. (4)–(7)) are shown in Table 5. The data in the
table illustrate the human health risk of DDTs and HCHs for the resi-
dents using water from the drinking water source in eastern Lake
Chaohu for drinking or bathing. According to the cancer statistics
and risk management and remediation goals, the acceptable carcino-
genic risk of chemical pollutants ranges from one per ten million
(10−7) to one per ten thousand (10−4), and the acceptable nonca-
rcinogenic hazard index is 1.0 (USEPA, 1989a). This indicates that
water can be safely used when carcinogenic risks are below 10−7

and noncarcinogenic hazard indices are less than 1.0. In the present
study, both the carcinogenic risks and noncarcinogenic hazard indices
of DDTs and HCHs were much lower than the threshold values, indi-
cating that the water from the drinking water source in Lake Chaohu
was very safe for drinking and bathing. The levels of DDT and its meta-
bolic products, as well as of the different isomers of HCHs detected in
samples from Lake Chaohu did not pose carcinogenic risks, and the
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risks of p,p′-DDT (1.19×10−8) and α-HCH (4.64×10−8) were much
greater than those of the other investigated substances.

4. Conclusion

The concentrations of DDTs and HCHs in Lake Chaohu were lower
than those in other developing countries, but higher than those in
other Chinese lakes. HCHs and DDTs in Lake Chaohu originated from
the historical usage of lindane and technical DDT, respectively. The
residue of p,p′-DDT in the lake water posed high potential ecological
risks and little human-health risks, while γ-HCH did little risks to
both the lake ecosystem and human health.

Acknowledgments

Funding for this study was provided by the National Foundation
for the Distinguished Young Scholars (40725004), Key Project of
National Science Foundation of China (NSFC) (41030529), and National
Project for Water Pollution Control (2008ZX07103-005-01), the Minis-
try of Environmental Protection (201009032) and the Ministry of Edu-
cation (20100001110035).

References

Bertoldi, M., Borgini, A., Tittarelli, A., Fattore, E., Cau, A., Fanelli, R., Crosignani, P., 2012.
Health effects for the population living near a cement plant: an epidemiological as-
sessment. Environment International 41, 1–7.

Blanes, M.A., Serrano, R., Lopez, F.J., 2009. Seasonal trends and tissue distribution of or-
ganochlorine pollutants in wild and farmed gilthead sea bream (Sparus aurata)
from the western mediterranean sea and their relationship with environmental
and biological factors. Archives of Environmental Contamination and Toxicology
57, 133–144.

Caldas, E.D., Coelho, R., Souza, L.C.K.R., Silva, S.C., 1999. Organochlorine pesticides in
water, sediment, and fish of Paranoa Lake of Brasilia, Brazil. Bulletin of Environ-
mental Contamination and Toxicology 62, 199–206.

Cao, H.Y., Tao, S., Xu, F.L., Coveney, R.M., Cao, J., Li, B.G., Liu, W.X., Wang, X.J., Hu, J.Y.,
Shen, W.R., Qin, B.P., Sun, R., 2004. Multimedia fate model for hexachlorocyclohexane
in Tianjin, China. Environmental Science & Technology 38, 2126–2132.

Cothern, C.R., Coniglio, W.A., Marcus, W.L., 1986. Estimating risk to human health. En-
vironmental Science & Technology 20, 111–116.

Devipriya, S., Yesodharan, S., 2005. Photocatalytic degradation of pesticide contami-
nants in water. Solar Energy Materials and Solar Cells 86, 309–348.

Dua, V.K., Kumari, R., Sharma, V.P., 1996. HCH and DDT contamination of rural ponds of
India. Bulletin of Environmental Contamination and Toxicology 57, 568–574.

Feng, K., Yu, B.Y., Ge, D.M., Wong, M.H., Wang, X.C., Cao, Z.H., 2003. Organo-chlorine
pesticide (DDT and HCH) residues in the Taihu Lake Region and its movement in
soil-water system I. Field survey of DDT and HCH residues in ecosystem of the re-
gion. Chemosphere 50, 683–687.

Furst, P., Furst, C., Wilmers, K., 1994. Human-milk as a bioindicator for body burden of
PCDDs, PCDFs, organochlorine pesticides, and PCBs. Environmental Health Per-
spectives 102, 187–193.

Geisz, H.N., Dickhut, R.M., Cochran, M.A., Fraser, W.R., Ducklow, H.W., 2008. Melting
glaciers: a probable source of DDT to the Antarctic marine ecosystem. Environmen-
tal Science & Technology 42, 3958–3962.

Gewurtz, S.B., Helm, P.A., Waltho, J., Stern, G.A., Reiner, E.J., Painter, S., Marvin, C.H.,
2007. Spatial distributions and temporal trends in sediment contamination in
lake St. Clair. Journal of Great Lakes Research 33, 668–685.

Hamidin, N., Yu, Q.J., Connell, D.W., 2008. Human health risk assessment of chlorinated
disinfection by-products in drinking water using a probabilistic approach. Water
Research 42, 3263–3274.

Hitch, R.K., Day, H.R., 1992. Unusual persistence of DDT in some western USA soils. Bul-
letin of Environmental Contamination and Toxicology 48, 259–264.

Hu, G.C., Dai, J.Y., Mai, B.X., Luo, X.J., Cao, H., Wang, J.S., Li, F.C., Xu, M.Q., 2010. Concen-
trations and accumulation features of organochlorine pesticides in the Baiyangdian
Lake freshwater food web of North China. Archives of Environmental Contamina-
tion and Toxicology 58, 700–710.

Hung, D.Q., Thiemann, W., 2002. Contamination by selected chlorinated pesticides in
surface waters in Hanoi, Vietnam. Chemosphere 47, 357–367.

Iwata, H., Tanabe, S., Tatsukawa, R., 1993. A new view on the divergence of HCH isomer
compositions in oceanic air. Marine Pollution Bulletin 26, 302–305.

Iwata, H., Tanabe, S., Ueda, K., Tatsukawa, R., 1995. Persistent organochlorine residues
in air, water, sediments, and soils from the Lake Baikal region, Russia. Environmen-
tal Science & Technology 29, 792–801.

Janiot, L.J., Sericano, J.L., Roses, O.E., 1994. Chlorinated pesticide occurrence in the Uruguay
River (Argentina-Uruguay). Water, Air, and Soil Pollution 76, 323–331.

Kurt-Karakus, P.B., Bidleman, T.F., Staebler, R., Jones, K.C., 2006. Measurement of DDT
fluxes from a historically treated agricultural soil in Canada. Environmental Science
& Technology 40, 4578–4585.
Li, J., Zhang, G., Guo, L.L., Xu,W.H., Li, X.D., Lee, C.S.L., Ding, A.J.,Wang, T., 2007. Organochlo-
rine pesticides in the atmosphere of Guangzhou and Hong Kong: Regional sources
and long-range atmospheric transport. Atmospheric Environment 41, 3889–3903.

Li, R.Z., Shu, K., Luo, Y.Y., Shi, Y., 2010. Assessment of heavy metal pollution in estuarine
surface sediments of Tangxi River in Chaohu Lake Basin. Chinese Geography in Science
20, 9–17.

Maskaoui, K., Zhou, J.L., Zheng, T.L., Hong, H., Yu, Z., 2005. Organochlorine micro-
pollutants in the Jiulong River Estuary and Western Xiamen Sea, China. Marine
Pollution Bulletin 51, 950–959.

Mason, J.M., Langenbach, R., Shelby, M.D., Zeiger, E., Tennant, R.W., 1990. Ability of
short term tests to predict carcinogenesis in rodents. Annual Review of Pharmacology
and Toxicology 30, 149–168.

Motosugi, K., Soda, K., 1983. Microbial-degradation of synthetic organochlorine com-
pounds. Experientia 39, 1214–1220.

Na, T., Fang, Z., Zhanqi, G., Ming, Z., Cheng, S., 2006. The status of pesticide residues in
the drinking water sources in Meiliangwan Bay, Taihu Lake of China. Environmen-
tal Monitoring and Assessment 123, 351–370.

Ni, B., Wang, H.B., Li, X.D., Liang, J., 2010. Water environmental health risk assessment
in lake sources of drinking water. Research of Environmenta l Sciences 23, 74–79.

Organization for Economic Co-operation and Development (OECD), 1993. Guidelines
for testing of chemicals. OECD, Paris, France. (www.oecd.org).

Posthuma, L., Traas, T.P., Suter, G.W., 2002. General introduction to species sensitivity
distributions. In: Posthuma, L., Traas, T.P., Suter, G.W. (Eds.), Species Sensitivity
Distributions in Ecotoxicology. Lewis, Boca Raton, FL, USA, pp. 3–9.

Said, T.O., El Moselhy, K.M., Rashad, A.A.M., Shreadah, M.A., 2008. Organochlorine con-
taminants in water, sediment and fish of Lake Burullus, Egyptian Mediterranean
Sea. Bulletin of Environmental Contamination and Toxicology 81, 136–146.

Sibali, L.L., Okonkwo, J.O., Zvinowanda, C., 2009. Determination of DDT and metabolites
in surface water and sediment using LLE, SPE, ACE and SE. Bulletin of Environmen-
tal Contamination and Toxicology 83, 885–891.

Snedeker, S.M., 2001. Pesticides and breast cancer risk: A review of DDT, DDE, and diel-
drin. Environmental Health Perspectives 109, 35–47.

Stockholm Convention on Persistent Organic Pollutants (SCPOPs), 2009a. Guidance
material on new POPs. (http://chm.pops.int/Programmes/NewPOPs/Publications/
tabid/695/ctl/Download/mid/2-784/language/en-US/Default.aspx?id=1).

Stockholm Convention on Persistent Organic Pollutants (SCPOPs), 2009b. The nine new
POPs——an introduction to the nine chemicals added to the Stockholm Convention by
the Conference of the Parties at its fourthmeeting (http://chm.pops.int/Programmes/
NewPOPs/Publications/tabid/695/ctl/Download/mid/2784/language/en-US/Default.
aspx?id=2).

Tao, S., Xu, F.L., Wang, X.J., Liu, W.X., Gong, Z.M., Fang, J.Y., Zhu, L.Z., Luo, Y.M., 2005. Or-
ganochlorine pesticides in agricultural soil and vegetables from Tianjin, China. En-
vironmental Science & Technology 39, 2494–2499.

Tao, S., Li, B.G., He, X.C., Liu, W.X., Shi, Z., 2007. Spatial and temporal variations and pos-
sible sources of dichlorodiphenyltrichloroethane (DDT) and its metabolites in rivers
in Tianjin, China. Chemosphere 68, 10–16.

Tao, S., Liu, W.X., Li, Y., Yang, Y., Zuo, Q., Li, B.G., Cao, J., 2008. Organochlorine pesticides
contaminated surface soil as reemission source in the Haihe Plain, China. Environ-
mental Science & Technology 42, 8395–8400.

Turusov, V., Rakitsky, V., Tomatis, L., 2002. Dichlorodiphenyltrichloroethane (DDT):
ubiquity, persistence, and risks. Environmental Health Perspectives 110, 125–128.

United States Environment Protection Agency (USEPA), 1989a. Risk assessment guidance
for Superfund, volume 1, Human health evaluation manual, part A. EPA/540/1-89/
002. Office of Emergency and Remedial Response, Washington, D.C. (http://www.
epa.gov/oswer/riskassessment/ragsa/index.htm).

United States Environment Protection Agency (USEPA), 1989b. Exposure factors hand-
book. EPA/600/8-89/043. Office of Emergency and Remedial Response, Washington,
D.C. (http://www.epa.gov/ncea/pdfs/efh/efh-complete.pdf).

United States Environment Protection Agency (USEPA), 2010. Integrated risk informa-
tion system (IRIS). (http://www.epa.gov/ncea/iris/index.html).

United States Environmental Protection Agency (USEPA), 1991. Technical support docu-
ment for water quality-based toxics control. EPA 505/2-90/001. Office of Water,
Washington, DC. (http://water.epa.gov/aboutow/waterscience/fac/det/upload/2002_
10_25_npdes_pubs_owm0264.pdf).

Wan, Y.W., Kang, T.F., Zhou, Z.L., Li, P.N., Zhang, Y., 2009. Health risk assessment of volatile
organic compounds in water of Beijing Guanting Reservoir. Research of Environmen-
tal Sciences 22, 150–154.

Wang, Y., Wang, J.J., Qin, N., Wu,W.J., Zhu, Y., Xu, F.L., 2009. Assessing ecological risks of
DDT and lindane to freshwater organisms by species sensitivity distributions. Acta
Scientia Circumpolar 29, 2407–2414.

Willett, K.L., Ulrich, E.M., Hites, R.A., 1998. Differential toxicity and environmental fates
of hexachlorocyclohexane isomers. Environmental Science & Technology 32,
2197–2207.

Xu, F.L., Jorgensen, S.E., Tao, S., Li, B.G., 1999. Modeling the effects of ecological engi-
neering on ecosystem health of a shallow eutrophic Chinese lake (Lake Chao). Eco-
logical Modelling 117, 239–260.

Xu, F.L., Tao, S., Dawson, R.W., Li, P.G., Cao, J., 2001. Lake ecosystem health assessment:
Indicators and methods. Water Research 35, 3157–3167.

Yamashita, N., Urushigawa, Y., Masunaga, S., Walash, M.I., Miyazaki, A., 2000. Organochlo-
rine pesticides in water, sediment and fish from the Nile River and Manzala Lake in
Egypt. International Journal of Environmental Analytical Chemistry 77, 289–303.

Yang, L.H., Cheng, S.P., Wu, Z.B., 2009. Anthropogenic organic contaminants in water
and surface sediments of large shallow eutrophic Chaohu Lake, China. Fresenius'
Environmental Bulletin 18, 2048–2054.

Zeng, G.M., Zhuo, L., Zhong, Z.L., Zhang, P.Y., 1998. Assessment models for water envi-
ronmental health risk analysis. Advance in Water Science 9, 212–217.

http://www.oecd.org
http://chm.pops.int/Programmes/NewPOPs/Publications/tabid/695/ctl/Download/mid/2-784/language/en-US/Default.aspx?id=1
http://chm.pops.int/Programmes/NewPOPs/Publications/tabid/695/ctl/Download/mid/2-784/language/en-US/Default.aspx?id=1
http://chm.pops.int/Programmes/NewPOPs/Publications/tabid/695/ctl/Download/mid/2784/language/en-US/Default.aspx?id=2
http://chm.pops.int/Programmes/NewPOPs/Publications/tabid/695/ctl/Download/mid/2784/language/en-US/Default.aspx?id=2
http://chm.pops.int/Programmes/NewPOPs/Publications/tabid/695/ctl/Download/mid/2784/language/en-US/Default.aspx?id=2
http://www.epa.gov/oswer/riskassessment/ragsa/index.htm
http://www.epa.gov/oswer/riskassessment/ragsa/index.htm
http://www.epa.gov/ncea/pdfs/efh/efh-complete.pdf
http://www.epa.gov/ncea/iris/index.html
http://water.epa.gov/aboutow/waterscience/fac/det/upload/2002_10_25_npdes_pubs_owm0264.pdf
http://water.epa.gov/aboutow/waterscience/fac/det/upload/2002_10_25_npdes_pubs_owm0264.pdf


84 W. He et al. / Ecological Informatics 12 (2012) 77–84
Zhang, W.L., Zhang, G., Qi, S.H., Peng, P.A., 2003. A preliminary study of organochlorine
pesticides in water and sediments from two Tibetan lakes. Geochimica 32,
363–367.

Zhang, H., Lu, Y.L., Dawson, R.W., Shi, Y.J., Wang, T.Y., 2005. Classification and ordina-
tion of DDT and HCH in soil samples from the Guanting Reservoir, China. Chemo-
sphere 60, 762–769.

Zhang, M., Xu, J., Xie, P., 2007. Metals in surface sediments of large shallow eutrophic
lake chaohu, china. Bulletin of Environmental Contamination and Toxicology 79,
242–245.
Zhang, M., Hua, R.M., Li, X.D., Zhou, T.T., Tang, F., Cao, H.Q., Wu, X.W., Tang, J., 2010. Dis-
tribution and composition of organochlorine pesticides in surface water body of
Chaohu Lake. Chinese Journal of Applied Ecology 21, 209–214.

Zhou, R.B., Zhu, L.Z., Chen, Y.Y., 2008. Levels and source of organochlorine pesticides in
surface waters of Qiantang River, China. Environmental Monitoring and Assess-
ment 136, 277–287.

Zolezzi, M., Cattaneo, C., Tarazona, J.V., 2005. Probabilistic ecological risk assessment of
1,2,4-trichlorobenzene at a former industrial contaminated site. Environmental
Science & Technology 39, 2920–2926.


	Characterization, ecological and health risks of DDTs and HCHs in water from a large shallow Chinese lake
	1. Introduction
	2. Methods
	2.1. Measurement of DDTs and HCHs Contents in Water
	2.1.1. Reagent and materials
	2.1.2. Sample collection and pretreatment
	2.1.3. Sample extraction
	2.1.4. Sample analysis and quality assurance

	2.2. Ecological Risk Assessment of DDTs and HCHs in Water
	2.3. Health risk assessment of DDTs and HCHs in water

	3. Results and discussion
	3.1. The concentrations of DDT and HCH in the water
	3.2. The composition of DDT and HCH in the water
	3.3. Source identification of DDTs and HCHs in the water
	3.4. Ecological risk of p, p′-DDT and γ-HCH in the Water
	3.5. Human health risk of p, p′-DDT and γ-HCH in the Water

	4. Conclusion
	Acknowledgments
	References




