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Abstract Organochlorine pesticides (OCPs) found in
rivers from the Sichuan Basin to Aba Prefecture profile
were analyzed to assess possible health risks to adults and
children who use the river as a source of drinking water.
OCP concentrations in surface water ranged between
22.29-274.28 ng-L™'. Compared with other published data
around the world, OCP levels in this study were moderate.
Among all OCPs, hexachlorobenzene (HCB) and hexa-
chlorocyclohexanes (HCHs) were the predominant com-
pounds. Higher concentrations of OCPs were attributed
close to the agricultural fields of the Sichuan Basin, current
OCPs inputs, and long-range atmospheric transport from
abroad. Various spatial patterns of OCPs in the profile
might be affected by the usage and physicochemical
properties of the pesticides, in addition to the adjacent
geographical environment. The health risk assessment
indicated that most OCPs had little impact on human
health according to the acceptable risk level for carcino-
gens (10°°) recommended by the US EPA. However,
carcinogenic effects caused by heptachlor, Aldrin, HCB,
and a-HCH might occur in drinking water. The risk of
negative impacts caused by OCPs is much higher for
children than for adults.
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1 Introduction

Organochlorine pesticides (OCPs), i.e., hexachlorocyclo-
hexanes (HCHs), dichlorodiphenyltrichloroethanes
(DDTs), drins (Aldrin, Dieldrin and Endrin), chlordane,
heptachlor (HEPT), hexachlorobenzene (HCB), endosul-
fan, mirex, and toxaphene pose significant threats to both
ecosystem and human health (Darko et al., 2008). In
China, Aldrin, Dieldrin, HEPT, DDTs, and toxaphene were
banned in 1983, while chlordane was banned in 1999
(Wong et al., 2005). Endosulfan is still on the list of
allowable insecticides on crops in China (Zhang et al.,
2012). Drins were never industrially produced or used as
agricultural pesticides in China (Lammel et al., 2007,
Zhang et al., 2012). However, recent studies have indicated
that dicofol (Qiu et al., 2005; Chen et al., 2008), lindane
(Xing et al., 2010; Cai et al., 2012) and chlordane (Li et al.,
2008; Zhang et al., 2012) are still used in China. On the
other hand, many contaminants came from historical OCP
residues (Xing et al., 2009; Wang et al., 2012; Yang et al.,
2013).

The Tibetan Plateau has triggered a strong interest
among the geoscience community due to its unique
geographical location, unique climatic environment, in
addition to relatively scarce industrial and agricultural
activities. Various environmental media have been inves-
tigated for OCPs in this region, such as soil (Zheng et al.,
2009; Tao et al., 2011; Wang et al., 2012), air (Gong et al.,
2010; Liu et al., 2010; Wang et al., 2010a; Xiao et al.,
2010), vegetation (Wang et al., 2007; Yang et al., 2008),
and ice core (Wang et al., 2008; Wang et al., 2010b). It is
hypothesized that cold-trapping effect for OCPs may be
profound in the Tibetan Plateau because of dramatic
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altitudinal gradients and its immediate vicinity to possible
source regions, such as India and China. Comparatively,
data is limited on OCPs found in water samples in the
Tibetan Plateau. Yang et al. (2007; 2010; 2013) investi-
gated fish samples taken from several rivers across the
plateau and found various OCPs, such as DDTs, HCHs and
HCB. Therefore, it is important to explore the occurrence
of OCPs in water in view of the significant role of rivers in
the Tibetan Plateau.

Studies on OCPs have been carried out from Sichuan
Basin to Wenchuan County (Liu et al., 2010), the
Balangshan region (Chen et al., 2008), and in the
Jiuzhaigou Natural Scenic Area (Xing et al., 2010), all of
which are high-altitude regions just east of the Tibetan
Plateau. The results confirmed that many contaminants
were attributed to the long-range atmospheric transport,
which was most likely from Sichuan Basin. Aba Tibetan
and Qiang Autonomous Prefecture (Aba Prefecture),
located northwest of Sichuan province, is an important
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intergrade between the Tibetan Plateau and Sichuan Basin.
Aba Prefecture is also the main route for monsoon winds to
the Tibetan Plateau. These traits make Aba Prefecture a
perfect place to gain a better understanding of OCP
transport processes from low-altitude regions to remote
high-altitude regions (Wania and Westgate, 2008; Xing et
al., 2010). Aba Prefecture is traversed by more than 530
rivers, including the Yellow River which flows through
126 kilometers. The main branches of the Minjiang River,
Jialing River, and Fujiang River in Sichuan province
originated from Aba Prefecture. Therefore, this study
chose the profile from Mianzhu City to Aba Prefecture (the
Aba profile) to determine OCPs in surface water. The goals
were to investigate the pollution characteristics of OCPs in
rivers along the Aba profile, and to assess resultant health
risks for individuals caused by the OCP contamination of
drinking water. A map of the sampling sites is shown in
Fig. 1, and statistics of each sampling site are presented in
Table 1.

101°0'0”E 101°30'0"E 102°0'0"E 102°30'0"E 103°0'0”"E 103°30'0"E 104°0'0"E 104°30'0"E
? L] ] ] L] ] 1 ) ?
=) =)
g S 1=
<+ >+
on o
Z Z
= =
ot 1 12
(== S
i f\? J/ M\r\’\//%ﬂ ’
AR ] - N z
> ¢ Aba f ) =
= R BOIT 010 / j =
& Hongyuan o
o B009- & = e
z . B008 -
3 N | B00S M 3
=3 (S ’ ° g J/ L 1=
% . G iilias } &
o | @ . . ) @
AN .B 7 Heishui o
& D B006 005 VR 5
= o ° =S
P %\? BDO4— P
o ° C o
& \»MQJ B003 \. &
on ¥ . \,\ o
—~—_ Maoxian )
:Z ® Sampling sites /' BOO! \ =Z
St >“~Miar11~211u 18
> i >
s L oBonl | | <
o [ ] 1)
~(
z ~ z
=1k 1o
=} =
= =
1 1 1 1 1 1 1
101°0'0”E 101°30'0”E 102°0'0”"E 102°30'0”"E 103°0’0”"E 103°30'0”"E 104°0'0”"E 104°30'0"E

Fig. 1 Sampling sites along the Aba profile, Sichuan Province, China.
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Table 1 Statistics of water sampling sites in the Aba profile, Sichuan Province, China

Site No. Area Altitude/m Geographic information Sampling site characteristics

B001 Mianzhu City of Sichuan Basin 588 N:31°18'31.6" E:104°13'25.4" A vegetable field to the west and a large
chemical plant to the south

B002 Maoxian of Aba Prefecture 1,410 N:31°32'12.6" E:103°40'59.8" Surrounded by mountains

B003 Maoxian of Aba Prefecture 1,710 N:31°49'47.3" E:103°39'53.9” Mountains to the south

B004 Heishui County of Aba Prefecture 1,840 N:31°56'39.9" E:103°25'02.9" Near the Heishui River

B005 Heishui County of Aba Prefecture 2,190 N:32°04'08.9" E:103°07'01.4" Surrounded by vegetable fields

B006 Heishui County of Aba Prefecture 2,690 N:32°06'05.6" E:102°48'39.3" Mountains to the south

B007 Hongyuan County of Aba Prefecture 3,620 N:32°12'37.8" E:102°29'45.1" Surrounded by mountains

B008 Hongyuan County of Aba Prefecture 3,578 N:32°26'45.2" E:102°21'57.5" Surrounded by breeding farms

B009 Aba County of Aba Prefecture 3,320 N:32°4426.1" E:102°03'09.4" Valley

BO10 Aba County of Aba Prefecture 3,490 N:32°51'42.3" E:101°59"24.2" Hilly land

BO11 Aba County of Aba Prefecture 3,320 N:32°54'07.9" E:101°43'01.1" Hilly land

2 Methods was transferred into a separate funnel. Certain amounts of

2.1 Reagents

Dichloromethane (DCM) and n-hexane were purchased
from Tedia Co., USA. Anhydrous sodium sulfate was
obtained from Sinopharm Medicine Holding Co. Ltd.,
China. The standard samples were purchased from Ultra
Scientific, USA, including 2.,4,5,6-tetrachloro-m-xylene
(TCmX), decachlorobiphenyl (PCB-209), pentachloroni-
trobenzene (PCNB), HCHs (e-HCH, S-HCH, y-HCH, o-
HCH), DDTs (p,p-DDT, 0,p-DDT, p,p"-DDD, p,p’-DDE),
drins (Aldrin, Dieldrin and Endrin), HCB, HEPT, hepta-
chlor epoxide (HEPX), cis-chlordane (CC) and trans-
chlordane (TC), trans-nonachlor (TN) and cis-nonachlor
(CN), a-endosulfan (a-ES) and f-endosulfan (5-ES). Silica
gel (75-150 pm) was purchased from Qingdao Haiyang
Chemical Co., China.

2.2 Sampling, extraction and cleanup

Coupled air and soil samples had been collected at the
same sites to investigate residual levels, distribution
characteristics, and soil-air exchange of OCPs along the
profile (Liu et al., 2013a, b). In March 2011, surface water
samples were collected at the same sites where coupled air
and soil samples had been collected. Water samples were
collected along the riverside and duplicated at each
sampling site. The 1.5 L amber glass bottles were rinsed
twice with water, and carefully filled without air bubbles.
The samples were transferred to the laboratory and kept
frozen at —4°C until further analysis.

OCPs were analyzed by the method of USEPA 8080A.
Zhang et al. (2004) and Hu et al. (2011) gave detailed
descriptions about the procedures for the extraction and
fractionation of OCPs. Briefly, 500 mL of a water sample

TCmX and PCB-209 were added to each water sample and
then mixed with 25mL of DCM. The mixture was
centrifuged and the extract collected. This extraction
procedure was repeated three times. The extract was
concentrated by a rotary evaporator after addition of
anhydrous sodium sulfate, and then subjected to a 2:1 (v/v)
silica gel/alumina (both deactivated with 3% deionized
water) glass column for cleanup and fractionation. Before
using, neutral alumina, neutral silica gel, and anhydrous
sodium sulfate were Soxhlet-extracted for 48 hr with
DCM, and baked for 12 hr at 250°C, 180°C, and 450°C,
respectively. The column was eluted with 30 mL of DCM/
n-hexane (2/3, v/v) to obtain OCP fractions. The fractions
were concentrated to 0.2 mL under a gentle pure nitrogen
stream. PCNB was added as an internal standard prior to
analysis.

2.3 Instrumental analysis

A total of 20 OCPs, including HCHs (a-HCH, p-HCH, y-
HCH, 6-HCH), DDTs (p,p-DDT, o,p-DDT, p,p"-DDD,
p,p-DDE), drins, HCB, HEPT, HEPX, CC and TC, TN
and CN, o-ES and S-ES, were analyzed by an HP 6890 gas
chromatograph equipped with ®Ni electron capture
detector (GC-ECD). The capillary column used for the
analysis was an HP-5 (30m lengthx0.32 mm inner
diameterx0.25 um film thickness). Nitrogen was used as
carrier gas at 2.5 mL/min under the constant flow mode.
Injector and detector temperatures were maintained at
290°C and 300°C, respectively. The oven temperature
program was as follows: the temperature started at 100°C,
held for 1 min, and then increased at 4°C/min to 200°C, at
2°C/min to 230°C, and lastly, at 8°C/min to 280°C, with a
final holding time of 15 min. A 2 uL sample was injected
into the GC-ECD for analysis.
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2.4 Quality control and quality assurance (QC/QA)

For each sample, procedural blanks, sample duplicates
were run to check for interference and cross-contamina-
tion. No OCPs were detected in blank samples. Mean value
was used as the representative for each target compound.
The surrogates were added to each sample to monitor
procedural performance and matrix effects. The concentra-
tions of OCPs with retention times lower than PCNB were
corrected by the recoveries of TCmX, and those with
retention times higher than PCNB were corrected by the
recoveries of PCB-209. The mean recoveries were
88+10% and 76+9% for TCmX and PCB-209, respec-
tively. The correlation coefficients for the calibration
curves of OCPs were all greater than 0.99. The method
detection limits of most OCPs were 0.01-0.10 ng-L™".

2.5 Health risk assessment model

A health risk assessment model derived from USEPA
(IRIS, 2005) was applied to estimate the carcinogenic and
non-carcinogenic risks for individuals through drinking
water. Carcinogenic risk (R) is calculated as follows:

C x IR X EF X ED

DI =
¢ BW x AT ’

(M

R = CDI x SF, @)

where CDI= chronic daily intake (mg-kg™-day™), C=
chemical concentration in water (mg-L™), IR=water
ingestion rate (1 day™") (for children: IR =1.0, for adults:
IR =2.0), EF = exposure frequency (365 days-year '), ED
= exposure duration (year) (for children: ED = 6, for adults:
ED=170), BW=Dbody weight (kg) (for children: BW =14,
for adults: BW=60), AT=average lifespan (days) (for
children: AT=2190, for adults: AT=25550), SF=slope
factor (kg-day '-mg™").

To estimate non-carcinogenic risk, hazard quotient (HQ)

Table 2 Toxicological parameters of organochlorine pesticides
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was calculated using the following equation:
CDI
HQ=—— 3
0= 3)

where RfD (mg-kg'-day™') is the reference dose of the
contaminant via oral exposure route. The values of SF" and
RfD (Table 2) for OCPs are obtained from the USEPA
Integrated Risk Information System.

3 Results and discussion

3.1 Concentrations of OCPs

Table 3 illustrates the concentrations of OCPs in water
samples from the Aba profile. The residues of total OCPs
were in the range of 22.29-274.28 ng-L'. f-HCH, o,p"-
DDT, HEPX, CN, a-ES, and S-ES were not detected in all
samples. Mean concentrations (ng-L™") for HCB, HEPT,
HCHs, DDTs, drins, chlordane, and TN in water samples
were 49.48, 27.86, 26.08, 7.97, 7.59, 6.81, and 5.15,
respectively. Among all, OCPs, HCB, and HCHs were the
most abundant compounds.

To understand the levels of OCPs, concentrations of
contaminants in this study were compared with other
published data around the world (Table 4). The total HCHs
were slightly higher than those in Pearl River Delta (Guan
et al., 2009), Wuhan reach of the Yangtze River (Tang et
al., 2008), and Lake Chaohu (Liu et al., 2012) in China,
Atoya River in Nicaragua (Castilho et al., 2000), and Lake
Volvi in Greece (Fytianos et al., 2006), but were much
lower than those in Tonghui River in China (Zhang et al.,
2004), Selangor River in Malaysia (Leong et al., 2007),
Konya Closed Basin in Turkey (Aydin et al., 2013), Gomti
River in India (Malik et al., 2009), and River Chenab in
Pakistan (Eqani et al., 2012). The levels of DDTs at the
sampling sites were significantly lower, but a little higher
than those in the Pearl River Delta (Guan et al., 2009),

Parameters :S‘]F N R{? 4 Parameters iglF it R{ID 1
/(mg-kg "-day ) /(mg-kg -day ) /(mg-kg -day ) /(mg-kg -day )
a-HCH 6.3 8.0E-03 Aldrin 17 3.0E-05
S-HCH 1.8 - Dieldrin 16 5.0E-05
v-HCH 1.1 3.0E-04 Endrin - 3.0E-04
0-HCH - — TC 0.35 5.0E-04
p.p-DDT 0.34 5.0E-04 CcC 0.35 5.0E-04
p.p-DDD 0.24 - ™N - -
p.p-DDE 0.34 - CN - -
o,p"-DDT — — a-ES - 6.0E-03
HEPT 4.5 5.0E-04 S-ES - 6.0E-03
HEPX 9.1 1.3E-05 HCB 1.6 8.0E-04

Notes: The full names (abbreviations) of toxicological parameters are: slope factor (SF), reference dose (RfD); — means no given parameter value.
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Table 3 Organochlorine pesticides concentrations in water samples from the Aba profile

OCPs Concentration/(ng-L’l) Mean/(ng-L’l) N (detected)
o-HCH 2.79-23.58 9.89 /11
y-HCH N.D-32.22 10.37 10/11
0-HCH 13.71-2.76 5.82 11/11
HCHs 8.79-46.54 26.08 11/11
p.p-DDT N.D-28.39 5.55 6/11
p,p-DDD N.D-6.12 0.56 1/11
p.p-DDE N.D-4.27 1.86 10/11
DDTs N.D-38.66 7.97 10/11
Aldrin 1.63-29.00 6.71 11/11
Dieldrin N.D-0.66 0.06 1/11
Endrin N.D-5.38 0.82 2/11
Drins 1.63-29.66 7.59 11/11
HCB 1.88-175.60 49.48 11/11
HEPT N.D-169.84 27.86 7/11
TC N.D-31.14 3.88 7/11
cC N.D-18.46 2.93 8/11
Chlordane N.D—49.60 6.81 9/11
N N.D-22.69 5.15 10/11
OCPs 22.29-274.28 130.94 11/11

Notes: HCHs is the sum of a-HCH, y-HCH, and 6-HCH; DDTs is the sum of p,p-DDT, p,p"-DDD, and p,p'-DDE; chlordane is the sum of TC and CC; and OCPs is the
sum of HCHs, DDTs, drins, HCB, HEPT, chlordane, and TN. N.D means not detected.

Table 4 Organochlorine pesticide concentrations in surface water from different rivers around the world (ng-L’l)

Location HCB HEPT HCHs DDTs References
Pearl River Delta, China — - 0.50-14.80 1.08-19.60 Guan et al., 2009
Wauhan reach, Yangtze River - N.D-0.69 0.55-28.07 N.D-16.71 Tang et al., 2008
Tonghui River, China - N.D-957.80 70.12-992.60 18.79-663.30 Zhang et al., 2004
Lake Chaohu, China 0.06-0.35 N.D-1.09 0.55-6.92 N.D-7.03 Liu et al., 2012
Atoya River, Nicaragua - N.D-4.00 N.D-19.00 N.D-73.20 Castilho et al., 2000
Selangor River, Malaysia — 132.10-346.10 16.90-90.30 29.30-147.00 Leong et al., 2007
Konya Closed Basin, Turkey - N.D-5.00 15.00-65.00 N.D—47.00 Aydin et al., 2013
Lake Volvi, Greece 1.00-10.20 1.30-7.80 2.60-52.30 1.40-142.20 Fytianos et al., 2006
Gomti River, India N.D-38.36 N.D-29.64 1.63-368.70 N.D-74.95 Malik et al., 2009
River Chenab, Pakistan 0.43-85.00 1.50-140.00 6.70-330.00 0.63-580.00 Eqani et al., 2012
Rivers, the Aba profile 1.88-175.60 N.D-169.84 8.79-46.54 N.D-38.66 This study

Notes: — means no available data; N.D means not detected.

Wuhan reach of the Yangtze River (Tang et al., 2008), and
Lake Chaohu (Liu et al., 2012) in China. The concentra-
tions of HCB and HEPT were obviously higher than those
in other rivers, such as Lake Chaohu (Liu et al., 2012) in
China, Lake Volvi in Greece (Fytianos et al., 2006), Gomti
River in India (Malik et al., 2009), and River Chenab in
Pakistan (Eqani et al.,, 2012). As a whole, OCPs
concentrations in surface water from the Aba profile

were moderate in comparison with reported data from
other rivers around the world.

3.2 Potential sources of OCPs
In an aquatic system, HCB is more hydrophobic (logK =

5.47, Cincinelli et al., 2009) and persistent in sediment and
organisms (Malik et al., 2009; Yang et al., 2013). In this
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study, high levels of HCB in water samples indicated
recent input. As Mianzhu and Aba Prefecture have very
limited industries, HCB mostly came from incomplete
combustion (Li et al.,, 2008; Wang et al., 2010a) and
possible long-distance transport processes (Zhang et al.,
2009).

The most common HCHs were a-HCH, y-HCH, and ¢-
HCH (Table 3), while f-HCH was not detectable in all
samples due to its low water solubility and high fat
solubility (Lee et al., 2001; Feng et al., 2011). Ratios of a-
HCH to y-HCH in this study were N.D-9.34 (Fig.2(a)),
reflecting recent input of lindane in the Aba profile (Feng
et al., 2011; Eqani et al., 2012). Recent evidence had
shown that lindane was used for pest control in rural areas
of Sichuan Basin (Chen et al., 2008; Xing et al., 2009;
Xing et al., 2010). Meanwhile, HCHs in the Aba profile
may originate not only from direct discharges and surface
runoff from surrounding agricultural soils, but also from
the river bed sediment suspension (Eqani et al., 2012).

p,p-DDT was the dominating compound accounting for
70% of total DDTs, followed by p,p"-DDE (23%) and p,p"-
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DDD (7%) (Table 3). Ratios of (p,p-DDE + p,p-DDD)/
DDTs were lower than 1 in 64% of samples (Fig.2(b)),
indicating fresh DDT input in the Aba profile (Eqani et al.,
2012). o,p"-DDT was not detected in all samples revealing
that dicofol could not be the fresh source (Chowdhury et
al., 2013). The results in this study were different from the
conclusion, which indicated recent dicofol input in other
regions of Sichuan Basin (Chen et al., 2008; Xing et al.,
2009; Xing et al., 2010). The difference in DDT
concentrations between various regions may be affected
by environmental factors, usage of pesticides, and
physicochemical properties of the pesticides used
(Chowdhury et al., 2013).

As a mixture of 147 relevant compounds, the main
components of industrial chlordane are CC (11%), TC
(13%), HEPT (5%), and TN (5%) (Jiang et al., 2009;
Martinez et al., 2012). The ratio of industrial TC/CC is
1.56 (Bidleman et al., 2002) or 1.20 (Harner et al., 1999),
which is commonly used to show the source of chlordane.
The TC/CC ratios in this study were in the range of 0.78—
2.44 (Fig. 2(c)), indicating new sources of chlordane.
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Fig. 2 Compositions of organochlorine pesticides in water samples in the Aba profile.
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However, historical pollution was found in three sites
(B005, B006, and BO11) due to higher concentrations of
CC than of TC.

High concentrations of HEPT were detected in water
samples, while HEPX as a primary metabolite of HEPT
was not detected in the Aba profile (Table 3). High ratios of
HEPT/HEPX implied that there might be new input of this
pesticide (Jiang et al., 2009). The relationship between the
concentrations of chlordane and HEPT was significantly
high (R*=0.76, p < 0.001), indicating that the residues of
both contaminants in this study were mainly from the same
sources. In China, technical chlordane was still extensively
used against termites in buildings, with an estimated
amount of over 200 t-year™ in recent years (Xu et al.,
2004). Therefore, chlordane or HEPT may be widely used
in the Aba profile.

Aldrin is easily oxidized to Dieldrin which is more stable
and durable (Eqani et al., 2012; Aydin et al., 2013). In this
study, much higher concentrations of Aldrin were
observed, compared with Dieldrin (Fig. 2(d)). The fresh
input of Aldrin in the Aba profile supported the hypothesis
of persistent long-distance transport from neighboring
countries (Jiang et al., 2009; Zhang et al., 2012). The high
levels of these cyclodienes in the Aba profile reflected that
great attention should be paid to tracking and monitoring
the source of drins.

3.3 Spatial variation of OCPs

As shown in Fig. 3, OCP concentrations at sites B0O1,
B002, B003, B006, and B0O09 reached significantly high
levels. Site BOO1, bordering a vegetable base and a large
chemical plant, was highly polluted by HEPT, chlordane,
HCHs, and TN. Sites B002 and B003, located in Maoxian,
an area well known for its production of fruit and rare
medicinal herbs, were highly polluted by HCHs, DDTs,
and HCB. Surrounded by wood-making factories and
croplands in Shashiduo Town of Heishui County, site
B006 was seriously contaminated by HEPT, HCB, and
HCHs. Site BO09 was also mainly polluted by HEPT,
HCB, and HCHs.

Figure 3 clearly shows that concentrations of HEPT,
chlordane, TN, and DDT decreased with increasing
altitude. Concentrations of HCH in low-altitude areas
was slightly lower than that in high-altitude areas, which
may be attributed to their high volatility and long-distance
atmospheric transport (Yang et al., 2010; Eqani et al,,
2012). HCB showed higher concentrations at sites B002,
B003, and B009 with increasing altitude, suggesting that it
can transfer from warmer, low-altitude regions to then
accumulate in colder, high-altitude regions (Simonich and
Hites, 1995; Li and Macdonald, 2005; Zhong et al., 2012).
Drins also showed higher concentration in high-altitude
areas than in low-altitude areas. Thus, the spatial variation
of drins in this study can further certify persistent long-
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Fig. 3 Organochlorine pesticides in water samples along an
altitudinal gradient in the Aba profile.

distance transport from neighboring countries (Jiang et al.,
2009; Zhang et al., 2012).

OCPs can reach aquatic ecosystems by direct applica-
tion, spray drift, runoff from agricultural land, and
discharging of effluents from factories and sewage
(Guidotti et al., 2000; Turgut, 2003). OCPs in water can
act as a source to aquatic ecosystems through net
deposition or as a loss via volatilization (McConnell
et al., 1996; Wilkinson et al., 2005). Therefore, various
spatial patterns of OCPs in water from the Aba profile may
be affected by such factors as usage of pesticides,
surrounding geographical environment, and physicochem-
ical properties of the pesticides used.

3.4 Health risk assessment of OCPs

3.4.1 Carcinogenic risks
Possible health risks to adults and children caused by the
drinking water in the Aba profile were calculated by using
the assessment model (IRIS, 2005). The carcinogenic risks
of 11 target pollutants for individuals are summarized in
Fig. 4. For adults, average carcinogenic risk via oral route
ranged from 4.26x107° to 4.01x10°°. Average risk for
children ranged from 9.14x 107 and 8.59x107°. It was
notable that carcinogenic risks for children were twice as
high as those for adults. Evidence from other studies
(Moon et al., 2009; Phan et al., 2010) found that children
were more sensitive to the health risks from these
pollutants. A higher intake rate and a lower body weight
in children could result in a higher dose of hazardous
substances per unit of body mass (Mirsadeghi et al., 2011).
Carcinogenic risk from each pollutant in all water
samples was in the order of HEPT > Aldrin > HCB > a-
HCH > y-HCH > p,p"-DDT > TC > CC > Dieldrin > p,
p'-DDE > p,p"-DDD (Fig. 4). Risks of HEPT, Aldrin,
HCB, and a-HCH for individuals were higher than the
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Fig. 4 Health risk assessment of organochlorine pesticides for
individuals through drinking water in the Aba profile.

acceptable risk level (10°°) recommended by USEPA for
carcinogens, indicating potential carcinogenic risk to
human health from drinking water. These four target
pollutants were the main carcinogenic risk factors in the
study area. Alternatively, risks caused by y-HCH, p,p’-
DDT, TC, CC, Dieldrin, p,p-DDE, and p,p"-DDD for
adults and children were lower than 1076, suggesting they
did not pose any appreciable carcinogenic risk to human
health through drinking water in study region.

3.4.2 Non-carcinogenic risks

The HQs of 10 target pollutants through drinking water
ranged from 3.86x 107 to 7.14x 107 for adults, and from
8.27x107 to 1.53x 1072 for children, respectively (Fig. 4).
Among all OCPs, Aldrin had the highest HQ, followed by
HCB > HEPT > y-HCH > p,p-DDT > TC > CC > End-
rin > a-HCH > Dieldrin. The result suggested that Aldrin
was the highest priority pollutant, while Dieldrin was the
least significant. According to the standards, when the HQ
ratio exceeds 1, human health is adversely affected. In this
study, non-carcinogenic risks from OCPs for adults and
children were all less than 1, suggesting that these
contaminants were unlikely to pose any adverse effects
to an individuals’ health. Children were exposed to higher
risks for each pollutant compared to adults. Similar results
were reported by Shi et al. (2011) and Hu et al. (2011),
which further reflected that children were more vulnerable
to these pollutants than adults. Thus, more attention should
be paid to water intake for children.

Carcinogenic and non-carcinogenic risks of OCPs in
this study were compared with other rivers in the world
(Table 5). The carcinogenic risk of total HCHs was two or
three orders of magnitude higher than those in Hanzhou
(Sun et al., 2006), Jiulong River Estuary (Zhang et al.,
2002) and Lake Chaohu (He et al.,, 2012) in China,
whereas the carcinogenic risk of total DDTs was lower
than the results of these reaches. The non-carcinogenic
risks of total HCHs and DDTs were much lower than those
in Jiulong River Estuary (Zhang et al., 2002) in China and
rivers in northeastern Greece (Vryzas et al., 2009). The
results showed that the risks of OCPs in surface water from
the Aba profile were moderate, and were within the safety
ranges of the guideline.

4 Conclusions

OCPs in surface water from the Aba profile were
monitored and their spatial distribution and potential

Table 5 Risk distribution of organochlorine pesticides for individuals through drinking water in different areas

Carcinogenic risk

Non-carcinogenic risk

Locations References

HCHs DDTs HCHs DDTs
Huaihe River, China 1.10E-06 ¥ 2.17E-04 ® b —h Wang et al., 2009
Hanzhou, China 9.82E-10 © 4.24E-08 5.61E-06 © 8.81E-05 ® Sun et al., 2006
Jiulong River, China 7.4E-08 ¥ 6.2E-07 ¥ 0.010 ® 0.019 Zhang et al., 2002
Lake Chaohu, China 1.45E-08 ¥ 3.96E-08 3.22E-05 9 1.63E-05 © He et al., 2012
Rivers, Greece -m -b 129 974 Vryzas et al., 2009
Ebro River, Spain 1.3E-06 © 1.26E-07 ® 1.9E-05 © 5.9E-06 Ferré-Huguet et al., 2009
Rives the bt 3O oo emdP  Co0N i Ooonnor TS

Notes: a) Sum of a-HCH, -HCH and y-HCH; b) Sum of p,p"-DDE, p,p"-DDD and p,p-DDT; ¢) Sum of a-HCH, -HCH, y-HCH and J-HCH; d) y-HCH; e) p,p"-DDT; f)
Sum of 0,p-DDE and o,p-DDT; g) Sum of a-HCH and y-HCH; h) No available data.
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health risks were analyzed. HCB was presented at high
concentrations and was followed by HEPT, HCHs, DDTs,
and other OCPs. Compared with other bodies of water
throughout the world, the water in the study area was
moderately polluted by OCPs. The higher concentrations
of dominant OCPs were observed at sites B0O01, B002,
B003, B006, and B009, which are all close to industrial
and urban areas. The concentrations of HCH and HCB at
the low-altitudes were slightly lower than those at high-
altitudes, which may be attributed to high volatility and
long-distance atmospheric transport. The higher drins
concentration in the high-altitudes further certifies the
persistent long-distance transport from neighboring coun-
tries.

Carcinogenic risks for HEPT, Aldrin, HCB, and o-HCH
were greater than the acceptable risk level (10°°)
recommended by USEPA, suggesting potential carcino-
genic risk to human health through drinking water. Non-
carcinogenic risks for all studied OCPs were lower than 1,
indicating that these pollutants were unlikely to pose any
adverse effects to human health. However, the interactions
and combined effects among different OCPs were not
considered in this study (Qiao et al., 2010). Thus, it has
been shown that risks caused by OCPs should not be
overlooked. It is necessary in the future to validate these
results through in-depth assessments.
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