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Characteristics and Potential Health Hazards of
Organochlorine Pesticides in Shallow Groundwater
of Two Cities in the Yangtze River Delta

A total of 52 shallow groundwater samples were collected from two cities, Shengzhou
and Shangyu, in the Yangtze River Delta, to characterize the residues of hexachloro-
cyclohexane (HCH) isomers and dichlorodiphenyltrichloroethane (DDT) isomers/
metabolites present and estimate health risk of drinking groundwater. HCH and
DDT residues occurred in the shallow groundwater of most of Shengzhou and partial
area of Shangyu. Concentrations of total HCH (SHCHs) and total DDT (SDDTs) in the
shallow groundwater ranged from below the detection limit (BDL) to 123.2 ng L�1 and
BDL to 321.4 ng L�1 for Shengzhou and BDL to 46.40 ng L�1and BDL to 77.92 ng L�1 for
Shangyu. The predominant HCH and DDT species in the shallow groundwater of
Shengzhou were d-HCH and o,p0-DDT, and the equivalent species in Shangyu were d-HCH
and p,p0-DDT. The low a-HCH/g-HCH ratio, low (dichlorodiphenylethylene (DDE)þ
dichlorodiphenyldichloroethane)/SDDTs ratio and o,p0-DDE being the dominant DDT
metabolite for the majority of samples collected from Shengzhou suggest that there are
fresh inputs of lindane and dicofol mixtures in majority area of Shengzhou. The high
ratios of p,p0-DDT/SDDTs in half of the groundwater samples collected from Shangyu
suggest that there are fresh inputs of DDT in partial area of Shangyu. a-HCH, b-HCH, and
g-HCH in the shallow groundwater in majority area of Shengzhou are posing serious
cancer risks to children (>10�6), and the three HCH isomers in the shallow groundwater
of Shengzhou should be controlled urgently and effectively.
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1 Introduction
Organochlorine pesticides (OCPs) have been widely used in pest and
disease control because of their low cost and broad spectrum toxicity
and are now of great concern worldwide owing to their chronic
toxicity, persistence and bioaccumulation. Previous studies showed
that exposure to OCPs can cause disruption of endocrine system [1–3],
and accumulation of OCPs has been related to increased risk of
various types of human cancer [4–6] and genotoxic effects [7, 8].
Hexachlorocyclohexane (HCH) and dichlorodiphenyltrichloroethane
(DDT) are two representative OCPs that have been used extensively in
China, mainly in agriculture [9]. China is a major agricultural
country and a large producer and user of OCPs. The cumulative
consumption of technical HCH and technical DDT in the mainland
had amounted to 4.46 [10] and 0.27million tons [11], respectively, on

the mainland before they have been banned for agricultural use in
the 1980s. Despite the ban on technical DDT and technical HCH in
1983, dicofol (highly contaminated with DDT compounds) and
lindane (almost pure g-HCH) have continued to be widely used in
agricultural practice in China in recent decades and have become
important sources of DDT and HCH pollution in China [12, 13].
Because of their environmental persistence and widespread use,

residues of HCH isomers and DDT isomers/metabolites have been
detected in almost all environmental compartments including

soils [14, 15], water bodies [16, 17] and the human food chain [18,
19]. Concentrations of DDT and HCH in the environment have
decreased in China by banning or restricting their use [20, 21];
however, relatively high residual levels of OCPs have recently been
detected in some parts of China [12, 22–24].
There is a substantial body of information about OCP residues in

Chinese surface waters and soils/sediments [12, 15, 25–27]. However,
there is little information on groundwater contamination, including
regions where shallow groundwater is an important source of
drinking water. The Yangtze River Delta is an important region for
food production with rapid intensification of agriculture where large
amounts of OCPs have been used historically to increase agricultural
production [11, 28]. It is also a region with water shortages and poor
surface water quality despite the use of shallow groundwater as an
important source of drinking water. The objectives of the present
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study were: (i) to determine the levels of HCH isomers and DDT
isomers/metabolites in the shallow groundwater of two cities with
rapid industrialization and intensification of agriculture; (ii) to
identify their possible sources based on the ratios of isomers/
metabolites, and (iii) to estimate humanhealth risk caused by the two
OCPs through consumption of the shallow groundwater.

2 Materials and methods

2.1 Description of study area

The study area covers two coterminous cities, Shengzhou and
Shangyu, located on the Ningshao Plain in the northeast of the
Yangtze River Delta, China. Both are known for their high inputs of
pesticides and chemical fertilizers. The area (29°37.50�30°35.20N,
120°19.70�120°59.60E) is about 3218km2 and is situated in the
northern subtropical monsoon climatic zone with a temperate and
humid climate throughout the year and four distinct seasons. The
average annual temperature is 16.4°C and the mean annual
precipitation is approximately 1400mm, with most precipitation
occurring from June through September.
The terrain of Shengzhou exhibits low elevation in the center

and high elevation in other areas, and the topography of Shangyu
comprises low elevation in the north and high elevation in the south
(Fig. 1). The study area covers two physiognomical types, plain and
hill. The shallow groundwater type of the plain in the study area is
loose rock pore water with corresponding loose rock pore water

aquifer. According to hydrogeological data, the thickness of the
porous unconfined aquifer is approximately 2–5m, and the static
water table of the shallow groundwater is approximately 0.5–1.5m
below the ground surface, being deeper in the middle of the study
area and shallower in the north and south of the study area [29]. The
water table fluctuates both with the seasons and years because it is
affected by climatic variation and precipitation with the extent of
fluctuation reaching 1m. Shallow groundwater is an important
source of drinking water in the study area because of the poor water
quality of the surface waters.

2.2 Groundwater sampling

A total of 52 shallow groundwater samples were collected from
monitoring wells and drinking wells from November to Decem-
ber 2010 with consideration of uniform distribution, potential
pollution sources and convenience of monitoring (the locations
are shown in Fig. 1). 30 of the 52 samples were collected
from Shengzhou and the remaining 22 from Shangyu. Most of
the wells had depths ranging from 3 to 5m and the remainder
ranged from 5 to 8m. The groundwater levels during sampling
were 0.5–1.2m below the ground surface. Groundwater samples
were collected following this sequence: (i) pump the tube-well for
several minutes; (ii) wash out a clean brown glass bottle with
the groundwater; (iii) collect groundwater from 5 cm below the
groundwater table using a polyvinyl chloride Baylor tube and filter
the water through a 0.45mm glass-fiber filter (Whatman, Clifton,
NJ, USA) to remove sand and debris during field sampling; (iv) fill
a 1 L brown glass bottle with filtered groundwater and acidify
with ultra-pure sulfuric acid to pH< 2 to inhibit biological activity;
(v) seal the bottle using a polytetrafluoroethylene membrane and
store the sample in the dark at temperature between 0 and 4°C
prior to extraction within two days. A filtered groundwater sample

was collected from each well, and a field duplicate sample was
collected for every 5–8 wells to estimate sampling and laboratory
analysis precision.

2.3 Sample extraction and OCP analysis

Two hundred fifty milliliters filtered groundwater of each
groundwater sample were used to sample extraction, and the
“dissolved OCPs” were obtained by liquid–liquid extraction using
25mL redistilled cyclohexane. The extract was continuously
purified with 3–5mL concentrated sulfuric acid until the layer of
sulfuric acid was colorless. The purified solutions were dried with a
rotary evaporator after the water was removed from the purified
solutions using anhydrous sodium sulfate and dissolved in 2mL
n-hexane.
All reagents used (n-hexane and cyclohexane) were high perfor-

mance LC grade purchased from Tedia, Fairfield, OH. The anhydrous
sodium sulfate (analytical grade, Shanghai Chemical Reagents) was
baked at 450°C for 4 h. A standard mixture of a-HCH, b-HCH, g-HCH,
d-HCH, o,p0 -DDT, p,p0-dichlorodiphenyldichloroethane (DDD), p,p0 -
dichlorodiphenylethylene (DDE), and p,p0 -DDT was purchased from
Dr. Ehrenstorfer (Augsburg, Germany). The purified extracts were
analyzed by GC (Varian 3800, Salt Lake City, UT) equipped with a 63Ni
electron capture detector (under splitless mode, using a DB-5MS
(Agilent) column 30m� 0.25mm id and 0.25mm film thickness.
Ultra-high purity N2 (>99.9999%) was used as the carrier gas. The
oven temperature program was as follows: injector and detectorFigure 1. The location of study area and distribution of sampling sites.
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temperatures were 240 and 280°C, respectively, initial run tempera-
ture was set at 80°C, ramped at 100°Cmin�1 to 240°C, then ramped
at 5°Cmin�1 to 270°C and held for 0.5min.

2.4 Analytical quality controls and quality
assurance

Quantification of the two OCPs groups was determined from the
external standard comparing peak area. The correlation coefficients
(r) of calibration curves of HCHs and DDTs were all >0.997. For every
set of ten samples, a procedural blank and spike sample consisting of
all reagents was run to check for interference and cross contamina-
tion. The method detection limits (MDL) for the two OCPs groups
were determined by 3:1 signal to noise value (S/N), and ranged from
0.24 to 3.04 ng L�1, respectively (Tab. 1). The groundwater was spiked
withmixed standards with 2mL of 2mg L�1dilutedmixed standard of
two OCPs groups before extraction for assessment of recovery rates
and seven replicates were measured for isomers/metabolites of each
OCP. The spiked recoveries of the two OCPs groups were in the range
of 90.0–114% and the relative standard deviations were in the range
of 0.1–4.8%.

2.5 Health risk assessment model

Health risk assessment is the process to estimate the nature and
probability of adverse health effects in humans who may be exposed
to chemicals in contaminated environmental media, now or in the
future. Individuals can be exposed to OCPs through several pathways,
but oral exposure route is considered to be the most important
one [30, 31]. In this study, a health risk assessment model derived
from US EPA (www.epa.gov/iris) [32] is applied to estimate the
carcinogenic and non-carcinogenic risks for adults and children
consuming the shallow groundwater as their drinking water source.
The chronic daily intake (CDI) is used to estimate human exposure to
contaminants [33], and is calculated using the following equation:

CDI ¼ C � IR � EF� ED
BW � AT

ð1Þ

where C¼ chemical concentration in water (mg L�1); IR¼water
ingestion rate (L day�1) (for children: IR¼ 1; for adults: IR¼ 2);
EF¼ the exposure frequency (350 days year�1); ED¼ exposure
duration (year) (for children: ED¼ 6; for adults: ED¼ 70); BW¼ body
weight (kg) (for children: BW¼ 14; for adults: BW¼ 60); AT¼ average
lifespan (days) (for children: AT¼ 2190; for adults: AT¼ 25 550).

From the US EPA exposure factors handbook [34], carcinogenic
risk (R) is calculated as follows:

R ¼ CDI� SF ð2Þ

where CDI is the chronic daily intake from the oral exposure route
(mgkg�1 per day), SF is the slope factor of the contaminant via oral

exposure route (mgkg�1 per day)�1.
To estimate non-carcinogenic risk, hazard quotient (HQ) is

calculated using the following equation:

HQ ¼ CDI
RfD

ð3Þ

where RfD (mgkg�1 per day) is the reference dose of the contaminant
via oral exposure route. The values of slope factor and reference dose
(Tab. 2) for OCPs are obtained from the US EPA Integrated Risk
Information System [35].

3 Results and discussion

3.1 Concentrations of HCHs and DDTs in the
shallow groundwater of two regions

A summary description of detection frequency (equivalent to the
ratio of the number of samples that the pollutant could be detected
to the number of analysis samples), range, mean and median
concentration for HCH and DDT in the two regions is presented
in Tab. 3. It was found that all four HCH isomers (a-HCH, b-HCH,
g-HCH, and d-HCH) in the shallow groundwater of Shengzhou had
a high detection frequency (70.0–90.0%) but d-HCH in the shallow
groundwater of Shangyu had a low detection frequency (9.09%) and
the concentrations of a-HCH, b-HCH, and g-HCH in all groundwater
samples collected from Shangyu were below their detection
limits. The concentrations of all four HCH isomers in the
shallow groundwater of Shengzhou had a wide range for a-HCH,
below detection limit (BDL): 18.48 ng L�1 with a mean of 7.67ng L�1;
b-HCH, BDL: 61.12 ng L�1 with a mean of 11.26 ng L�1; g-HCH,
BDL: 34.32ng L�1 with a mean of 12.98 ng L�1; and d-HCH, BDL:
79.12 ng L�1 with a mean of 26.25 ng L�1, respectively. d-HCH
dominated the HCH isomers in the shallow groundwater of
Shengzhou.

All four DDT isomers/metabolites (p,p0-DDD, p,p0 -DDE, o,p-DDT, and
p,p0 -DDT) in the shallow groundwater of Shengzhou also had a
high detection frequency (73.0–90.0%), whereas the two DDT isomers
(o,p-DDT and p,p0-DDT) in the shallow groundwater of Shangyu had

Table 1. Recovery and MDLs for the analysis of organocholorine
pesticides by GC equipped with a 63Ni electron capture detector

OCP
Correlation
coefficient (r)

Recovery
%

RSD
%

MDL
(ng L�1)

a-HCH 0.9997 90 2.7 0.24
b-HCH 0.9989 98 1.4 0.96
g-HCH 0.9998 98 3.2 0.32
d-HCH 0.9977 102 0.1 0.40
p,p0 -DDE 0.9998 102 3.6 1.12
p,p0 -DDD 0.9998 102 4.8 2.16
o,p0 -DDT 0.9992 114 0.9 2.48
p,p0 -DDT 0.9997 106 2.5 3.04

RSD, relative standard deviation; MDL, method detection limit.

Table 2. Toxicological parameters of OCPs

Parameter
SF

[(mgkg�1 per day)�1]
RfD

(mgkg�1 per day)

a-HCH 6.3 5.0E�4
b-HCH 1.8 2.0E�4
g-HCH 1.3 3.0E�4
d-HCH – –

p,p0 -DDE 0.34 –

p,p0 -DDD 0.24 2.0E�3
o,p0 -DDT – –

p,p0 -DDT 0.34 5.0E�4

–, no given parameter value; SF, slope factor.
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a moderate detection frequency (54.5–59.1%) and the concentrations
of the two DDT metabolites (p,p0-DDD and p,p0 -DDE) in the majority
of groundwater samples were below their detection limits. The
concentrations of all four DDT isomers/metabolites in the shallow
groundwater of Shengzhou had a wide range for p,p0-DDE, BDL:
40.32 ng L�1 with a mean of 17.52 ng L�1; p,p0-DDD, BDL: 38.08 ng L�1

with amean of 12.25 ng L�1; o,p-DDT, BDL: 240.6 ng L�1 with amean of
64.55 ng L�1; and p,p0-DDT, and BDL: 48.16 ng L�1 with a mean of
22.96 ng L�1, respectively. The concentrations of the two DDT isomers

in the shallow groundwater of Shangyu also had a wide range for
o,p-DDT, BDL: 39.36 ng L�1 with a mean of 5.68 ng L�1; and p,p0 -DDT,
BDL: 38.56 ng L�1 with a mean of 6.74ng L�1, respectively. o,p0-DDT
dominated the DDT isomers/metabolites in the shallow groundwater
of Shengzhou. However, p,p0 -DDT dominated the DDT isomers/
metabolites in the shallow groundwater of Shangyu.
Both mean and median concentrations and detection frequencies

of HCH and DDT isomers/metabolites in the shallow groundwater of
Shengzhou were higher than those of Shangyu (Tab. 3), indicating
that the shallow groundwater of Shengzhou was more polluted with
HCHs andDDTs than that of Shangyu. Differences in application rates
and environmental conditions between the two regions may explain
this finding. The SHCHs concentration (equivalent to the sum of
a-þb-þg-þ d-HCH) in the shallow groundwater had a wide range
at Shengzhou, BDL: 123.2 ng L�1 with a mean of 58.15ng L�1;
Shangyu, BDL: 46.40 ng L�1 with a mean of 2.92ng L�1, respectively;
and the SDDTs (equivalent to the sum of p,p0-DDDþ p,p0 -DDEþ
o,p0-DDTþ p,p0 -DDT) in the shallow groundwater also had a wide
range at Shengzhou, BDL: 321.4 with amean of 117.3ng L�1; Shangyu,
BDL: 77.92 ng L�1 with a mean of 16.80ng L�1, respectively. This
indicates that the ban or restriction in use has not completely
eliminated HCH and DDT residues from the shallow groundwater
of the study area.
The SHCHs and SDDTs concentrations in the shallow groundwater

of the study area had similar distribution trends with the high
concentrations in the southwest area (Shengzhou plain) and low
concentrations in the northern area (see Fig. 2), suggesting that HCHs

and DDTs had similar pollution source. The shallow groundwater
aquifer in Shengzhou is comprised of sandy loam or sandy soil, and
the shallow groundwater aquifer in Shangyu is comprised ofmedium
loam or heavy loam. So, the permeability of shallow groundwater
aquifer in Shengzhou was relatively higher than that in Shangyu,
and it may partly explain the distribution trends of HCHs and
DDTs in the shallow groundwater in the study area. According to the
static water table of 52 monitoring wells and drinking wells, the
hydraulic gradient in the study area was very small and the velocity

of horizontal flow was very low. The low velocity of horizontal
flow maybe could explain the phenomenon that HCHs and DDTs
concentrations in some wells had significant differences even they
are very close.

3.2 Composition and sources

Previous studies have shown that OCPs in current environmental
media are mixtures of historical residues and fresh inputs from
current illegal use and impurities in other pesticides [12, 36, 37]. To
eliminate the fresh inputs of OCPs, it is necessary to identify the
sources of OCPs in the environment. Differences in composition of
OCP isomers/metabolites in the environment can reveal different
pollution sources [38, 39] and various ratios have been used to
identify the sources of OCPs [40–43]. However, the OCPs in
groundwater are not derived from direct inputs and the ratios of
OCP isomers/metabolites will change during transport due to
differences in their physical and chemical properties. Some ratios
may be inadequate for the evaluation of old and new sources of
OCPs in groundwater despite their widespread use to identify old
and new OCP sources in other environment media such as soils,
sediments and surface waters.
Generally, technical HCH consists of 60–70% a-HCH, 5–12% b-HCH,

10–15% g-HCH, and 6–10% d-HCH, and the a-HCH/g-HCH ratio is in
the range of 4–7 [44–46]. In contrast, lindane consists almost entirely
of g-HCH. The average percentages of HCH isomers in the shallow
groundwater of Shengzhou were a-HCH: 13.2%, b-HCH: 19.4%, g-HCH:

Table 3. Summary statistics for the concentrations of HCH isomers and DDT isomers/metabolites (ng L�1) in the shallow groundwater of the two
regions

City Isomer/metabolite Range Mean Median DF (%)

Shengzhou (n¼ 30) a-HCH BDL-18.48 7.67 7.80 90.0
b-HCH BDL-61.12 11.26 6.44 70.0
g-HCH BDL-34.32 12.98 11.88 86.7
d-HCH BDL-79.12 26.25 24.08 86.7
SHCHs BDL-123.2 58.15 53.52 90.0
p,p0 -DDE BDL-40.32 17.52 20.36 86.7
p,p0-DDD BDL-38.08 12.25 8.32 73.3
o,p0-DDT BDL-240.6 64.55 55.12 83.3
p,p0-DDT BDL-48.16 22.96 23.24 90.0
SDDTs BDL-321.4 117.3 120.3 96.7

Shangyu (n¼ 22) a-HCH BDL – – 0
b-HCH BDL – – 0
g-HCH BDL – – 0
d-HCH BDL-46.40 2.92 – 9.09
SHCHs BDL-46.40 2.92 – 9.09
p,p0 -DDE BDL-12.96 1.32 – 9.09
p,p0-DDD BDL – – 0
o,p0-DDT BDL-39.36 5.97 2.92 59.1
p,p0-DDT BDL-38.56 9.51 6.78 54.5
SDDTs BDL-77.92 16.80 11.72 86.4

–, no data.
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22.3%, and d-HCH: 45.1%, and the a-HCH/g-HCH ratio was in the
range of 0.20–1.37 with a mean of 0.62 (Tab. 4).
The low a-HCH/g-HCH ratio in the shallow groundwater of

Shengzhou indicated that there may be some fresh input sources
of HCH in addition to the historical residues. The agricultural
application of lindane may have been one of the main fresh input
sources of HCH in the shallow groundwater of the Shengzhou. Since
earlier study has shown that the surface waters of Qiantang River,
the watershed of which covers Shengzhou and Shangyu, may have
new input of lindane and dicofol [47]. The concern of fresh input
sources of HCH in the shallow groundwater of Shengzhou should be
raised. Previous studies showed that the water solubilities of g-HCH
and d-HCH are higher than that of a-HCH and b-HCH, and g-HCH
is more volatile than d-HCH for g-HCH had a higher vapor pressure
than d-HCH [48]. It maybe could partly explain the predominance
of d-HCH among the HCH isomers in the shallow groundwater of
Shengzhou.
Technical DDT generally contains 80–85% p,p0 -DDT and 15–20%

o,p0 -DDT [49, 50]. In contrast, dicofol, a currentlywidely used pesticide
in China, contains on average 1.7% p,p0 -DDT and 11.4% o,p0 -DDT

that is indicative of DDTs as impurities in dicofol [51, 52]. If there
were no new technical DDT input, the compositional percentage
of p,p0-DDT would decrease and the metabolites DDEþDDD

would increase. The two DDT metabolites are more stable and
more persistent than DDT itself [53]. Therefore, the ratio of
(DDEþDDD)/SDDTs and p,p0 -DDT/SDDTs can be used as valid
indicators to identify a recent input of technical DDT [42, 43, 54].
The average percentage of DDT isomers/metabolites in the shallow
groundwater of Shengzhou were p,p0-DDE: 14.9%, p,p0 -DDD: 10.5%,
o,p0 -DDT: 55.0%, and p,p0 -DDT: 19.6%, and o,p0-DDT dominated the
DDT metabolites in the shallow groundwater of Shengzhou. This
indicates that there may be some fresh input sources of DDT in
addition to the historical residues, and agricultural application
of dicofol may have been one of main fresh input sources of DDT
in the shallow groundwater of Shengzhou. In the present study, the
ratio of (DDEþDDD)/SDDTs varied from 0.06 to 1.00 (mean 0.28)
in the shallow groundwater of Shengzhou and the ratios of
(DDEþDDD)/SDDTs for the majority of groundwater samples
collected from Shengzhou were <0.5, indicating that there was a
recent input of DDT in Shengzhou. The p,p0-DDT/SDDTs ratio was in

Figure 2. The concentration levels of HCHs and DDTs in shallow groundwater of study area.

Table 4. Statistics for the ratios of HCH and DDT isomers/metabolites in the shallow groundwater of the two regions

City Isomer/metabolite Min Mean Median Max

Shengzhou a-HCH/g-HCH (n¼ 26) 0.20 0.62 0.56 1.37
(DDDþDDE)/

P
DDTs (n¼ 26) 0.06 0.28 0.25 1.00

p,p0 -DDT/
P

DDTs (n¼ 27) 0.09 0.30 0.19 1.00
Shangyu p,p0 -DDT/

P
DDTs (n¼ 12) 0.49 0.81 0.86 1.00

n, pair of valid data;
P

DDTs, sum of p,p0-DDDþ p,p0 -DDEþ o,p0 -DDTþ p,p0-DDT; Min, minimum; Max, maximum.
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© 2013 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.clean-journal.com Clean – Soil, Air, Water 2014, 42 (7), 923–931



the range of 0.09–1.00 with a mean of 0.30, and the p,p0-DDT/SDDTs
ratio for the majority of groundwater samples collected from

Shengzhou was <0.5 (Fig. 3), indicating that historical residues
were also major sources of DDT in the shallow groundwater in
Shengzhou.
The average percentages of DDT isomers/metabolites in the shallow

groundwater of Shangyuwere p,p0-DDE: 7.86%, p,p0-DDD: 0%, o,p0-DDT:
35.5%, and p,p0-DDT: 56.6%, and p,p0 -DDT dominated the DDT
metabolites in the shallow groundwater of Shangyu. In the present
study, the ratio of p,p0 -DDT/SDDTs was in the range of 0.49–1.00
with a mean of 0.81, and the ratios of p,p0 -DDT/SDDTs for half
of the groundwater samples (n¼ 11) that were collected from
Shangyu exceeded 0.5 (Fig. 3), indicating fresh technical DDT

usage exist in partial area of Shangyu. A previous study also
indicated that fresh technical DDT usage existed in Pearl River Delta,
South China [55].

3.3 Health risk assessment of HCHs and DDTs in
shallow groundwater

Health risks from drinking local shallow groundwater for adults and
children were calculated according to the assessment model. Due to
the concentrations of HCH isomers and DDT isomers/metabolites in
the shallow groundwater of the two regions had a wide range, the
health risk levels caused by the two OCPs groups for adults and
children in the two regions through drinking local shallow
groundwater also had wide range. Summary statistics for the health
risks caused by the two OCPs groups for adults and children is
presented in Tab. 5. For adults, the average cancer risk from drinking
local shallow groundwater of Shengzhou was 1.54� 10�6 for a-HCH,
6.48� 10�7 for b-HCH, 5.39� 10�7 for g-HCH, 1.90� 10�7 for p,p0 -
DDE, 9.40� 10�8 for p,p0-DDD and 2.50� 10�7 for p,p0-DDT, and the
average cancer risk from drinking local shallow groundwater of
Shangyu was 1.43� 10�8 for p,p0 -DDE, and 1.03� 10�7 for p,p0 -DDT.
While for children, the average cancer risk from drinking local
shallow groundwater of Shengzhou was 3.31� 10�6 for a-HCH,
1.39� 10�6 for b-HCH, 1.16� 10�6 for g-HCH, 4.08� 10�7 for
p,p0-DDE, 2.01� 10�7 for p,p0-DDD and 5.35� 10�7 for p,p0 -DDT,
and the average cancer risk from drinking local shallow ground-
water of Shangyu was 3.07� 10�8 for p,p0 -DDE, and 2.21� 10�7 for
p,p0-DDT.
For the majority of the shallow groundwater samples of

Shengzhou, the cancer risk caused by a-HCH, b-HCH, g-HCH for
children and a-HCH for adults through drinking was greater than
the acceptable risk level (1� 10�6) recommended by US EPA for
carcinogens, respectively. It indicated that the current levels of
HCH isomer in the shallow groundwater in majority area of
Shengzhou posed serious cancer risk to the local population,
especially to children, and the shallow groundwater in majority
area of Shengzhou was not suitable for drinking water. Cancer risk
from each pollutant in the shallow groundwater of Shengzhou was
in the order of a-HCH>b-HCH>g-HCH> p,p0 -DDT> p,p0 -DDE> p,p0 -
DDD, the predominance of a-HCH suggested that the three HCH
isomers were the main cancer risk factor in the shallow groundwater
of Shengzhou. Although the average cancer risk caused by p,p0-DDT
for children through drinking local shallow groundwater of
Shengzhou was lower than the acceptable risk level, there were

Figure 3. The ratio of p,p0-DDT to DDTs in shallow groundwater of study
area.

Table 5. Summary statistics for the health risks caused by HCH isomers and DDT isomers/metabolites for adults and children (in parentheses) in
the two regions through drinking shallow groundwater

City Isomer/metabolite

Cancer risk (10�6) Hazard quotient (10�2)

Range Mean Range Mean

Shengzhou (n¼ 30) a-HCH 0–3.72 (0–7.97) 1.54 (3.31) 0–0.12 (0–0.25) 0.05 (0.11)
b-HCH 0–3.52 (0–7.54) 0.65 (1.39) 0–0.98 (0–2.09) 0.18 (0.39)
g-HCH 0–1.43 (0–3.06) 0.54 (1.16) 0–0.37 (0–0.78) 0.14 (0.30)
p,p0-DDE 0–0.44 (0–0.94) 0.19 (0.41) – –

p,p0 -DDD 0–0.29 (0–0.63) 0.09 (0.20) 0–0.06 (0–0.13) 0.02 (0.04)
p,p0 -DDT 0–0.52 (0–1.12) 0.25 (0.54) 0–0.31 (0–0.66) 0.15 (0.31)

Shangyu (n¼ 22) p,p0-DDE 0–0.14 (0–0.30) 0.01 (0.03) – –

p,p0 -DDT 0–0.42 (0–0.90) 0.10 (0.22) 0–0.25 (0–0.53) 0.06 (0.13)

–, no given reference dose of the contaminant via oral exposure route parameter value.
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two groundwater samples that posed serious cancer risk (>1� 10�6)
to children. To all shallow groundwater samples of Shangyu, cancer
risk from each pollutant in the shallow groundwater was lower than
the acceptable risk level (1� 10�6) recommended by US EPA for
carcinogens, indicating the carcinogenic risk to human health from
drinking local groundwater was acceptable.
The HQs of HCH isomers and DDT isomers/metabolites through

drinking shallow groundwater for individuals was also calculated
according to the assessment model. According to the standards [35],
when the ratio exceeds 1, it means that it has an adverse human
health effect. In our work, non-carcinogenic risks from HCHs and
DDTs for adults and children were further <1, suggesting that HCHs
and DDTs in the shallow groundwater of the study area were
considered unlikely to pose any adverse health effects to individuals.
Due to lack of relevant parameters (slope factor and reference dose)
for d-HCH and o,p0-DDT, both cancer risks and HQs caused by them
were not calculated. However, d-HCH and o,p0-DDT in some shallow
groundwater samples had high concentration, and the heath risks
caused by them through drinking should not be neglected.
Research and study on OCPs pollution in water has been well

documented around the world. However, there have been few reports
on health risks caused by OCPs through drinking water, especially
drinking groundwater. Comparing with underground rivers in
Chongqing [31], surface water in Hanzhou [56], Jiulong River Estuary
in China [57], both the total carcinogenic risk of HCH isomers and the
total carcinogenic risk of DDT isomers/metabolites in Shengzhou
were obvious higher, while the total carcinogenic risk of DDT
isomers/metabolites in Shangyu was very close.

4 Concluding remarks
HCH and DDT residues are detected in the shallow groundwater of
most Shengzhou and parts of Shangyu area with large spatial

variation in the concentration. There are significant differences in
the composition of HCH isomers and DDT isomers/metabolites in
the shallow groundwater between the two regions. d-HCH was the
dominant HCH isomers in the shallow groundwater of Shengzhou,
and o,p0 -DDT and p,p0-DDT were the dominant DDT isomers/
metabolites in the shallow groundwater of Shengzhou and Shangyu,
respectively. The possible sources of HCHs and DDTs in the shallow
groundwater of Shengzhou and Shangyu were identified by their
composition of isomers/metabolites. The low a-HCH/g-HCH ratio,
low (DDEþDDD)/SDDTs ratio and o,p0-DDT being the dominant
DDT metabolite for the majority of groundwater samples
collected from Shengzhou indicated that there probably existed
fresh lindane and dicofol usage in majority area of Shengzhou. The
high ratios of p,p0 -DDT/SDDTs (>0.5) in half of the groundwater
samples of Shangyu indicated there probably existed fresh technical
DDT usage in parts of Shangyu.
The health risks from drinking local shallow groundwater for

adults and children were estimated. The results show the three HCH
isomers (a-HCH, b-HCH, and g-HCH) in the shallow groundwater in
majority area of Shengzhou pose a serious cancer risk to children,
and a-HCH is the priority pollutant for cancer risks. This suggests
that the three HCH isomers in the shallow groundwater of
Shengzhou should be controlled urgently and effectively. There
were two groundwater samples with high concentration of p,p0-DDT
posing serious cancer risk (>1� 10�6) to children, and the cancer
risk caused by p,p0-DDT in parts of Shengzhou should also
be controlled. Although the cancer risks caused by all the DDT

isomers/metabolites through drinking local shallow groundwater
in majority area of Shengzhou and whole Shangyu were lower than
the acceptable risk level, considerable attention should be paid to
the new input of DDTs.
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