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Abstract Contaminant concentrations, sources, seasonal var-
iation, and eco-toxicological risk of organochlorine pesticides
(OCPs) and polychlorinated biphenyls (PCBs) in surface wa-
ter around Beijing from summer to winter in 2015 and 2016
were investigated. The concentrations of ∑OCPs and ∑PCBs
ranged from 9.81 to 32.1 ng L−1 (average 15.1 ± 7.78 ng L−1)
and from 7.41 to 54.5 ng L−1 (average 21.3 ± 1.87 ng L−1),
respectively. Hexachlorocyclohexane (HCHs) were the dom-
inated contamination both in aqueous and particulate phase.
For PCBs, lower chlorinated PCBs were the major contami-
nants. Compositions of HCHs, dichlorodiphenyltrichloroeth-
ane (DDTs), and PCBs indicated that the sources of OCPs and
PCBs in water were due to historical usage in the study areas.
For OCPs, there was an obvious variation among three sea-
sons, while insignificant change was shown for PCBs. Water
quality standards for China’s surface water were not exceeded
in this study. Concentrations at Miyun Reservoir, the primary
source of drinking water to Beijing, when compared to the
USEPA’s criterion for cancer risk was below the level of risk.
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Introduction

Organochlorine pesticides (OCPs) and polychlorinated biphe-
nyls (PCBs) are ubiquitous in environment due to their exten-
sive usage and POPs characteristics which pose great risk to
human (Zhang et al. 2013; Mrema et al. 2013) and the eco-
logical environment (Nozar et al. 2014). OCPs were widely
employed around the world in the late twentieth century and
were mainly applied to agriculture and disease controlling.
PCBs, with extremely stable physicochemical property and
excellent electric insulation and thermal stability, were mainly
applied to electronic productions. Due to their bioaccumula-
t ion, degradat ion resis tance and carcinogenesis ,
tetratogenesis, and mutagenesis to human, the chlorine
substituted pollutions gained great concerns all over the world
(Wang et al. 2016; Xu et al. 2015). Therefore, 15 OCPs, such
as hexachlorocyclohexane (HCHs), dichlorodiphenyltrichlo-
roethane (DDTs) and chlordane, as well as PCBs, were
banned with the issue of the Stockholm Convention in 2004
(Sharma et al. 2014).

In China, OCPs and PCBs were widely produced and used
in 1960s. For example, the total use of DDTs and HCHs dur-
ing 1950s to 1980s was 4.0 × 105 and 4.9 × 106 t, respectively
(Hua and Shan 1996), accounting for about 20 and 30% of the
world total use, respectively. According to previous investiga-
tions, the total use of industrial PCBs around the world was
1.0 × 106 t before 1980s, and 1.0 × 104 t was manufactured in
China (China SEPA 2003). Although the total use of OCPs
and PCBs was sharply decreased after the signing of the
Stockholm Convention, some OCPs were still in use, such
as DDT used as an intermediate in the production of dicofol.
Furthermore, due to the extensive usage, POPs characteristics,
and poor management, these substances entered into various
environmental compartments in China (Zhang et al. 2013). As
one important issue, OCPs and PCBs could be transferred and
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accumulated into the aquatic environment by many ways,
such as surface runoff, sewage discharge, atmospheric depo-
sition, etc. (Yang et al. 1997; Yang et al. 2015; Zhang et al.
2010). In the past, many studies had been performed to char-
acterize the contents of OCPs and PCBs in soil, atmosphere,
precipitation, and surface water in Beijing, China (Zhang et al.
2014a; Li et al. 2009; Yang et al. 2012a; Yang et al. 2012b;
Zhang et al. 2004). As one of the important environmental
media of OCPs and PCBs, water presented a decline temporal
contamination trend in Beijing. For example, the mean con-
centrations of ∑HCH, ∑DDT, and ∑PCBs in Tonghui River
in 2002 were 356.38, 91.81, and 105.5 ng L−1, respectively
(Zhang et al. 2004). However, in 2005, their concentrations
declined to 18.0, 6.22 and 20.8 ng L−1, respectively (Li et al.
2008). Furthermore, HCHs and DDTs were still the major
OCPs in the Chao River in 2011 with low concentrations of
1.57 and 2.19 ng L−1, respectively (Yu et al. 2014). After the
signing of the Stockholm Convention, OCPs and PCBs had
been extensively studied and their pollution had decreased to
extremely low with strict policy in China. However, studies of
OCPs and PCBs in surface water of Beijing were limited and
their latest contamination situations were not available.
Therefore, for the continuous implementation of the
Stockholm Convention, it is necessary to study the latest con-
centrations of OCPs and PCBs in surface water around
Beijing.

In the present study, three water systems in downtown and
one water system in suburbs of Beijing were studied.
Contamination levels of 17 OCPs and 84 PCBs in these sys-
tems were investigated during summer, autumn, and winter to
study their spatial distributions and temporal variations.
Finally, the recent sources of OCPs and PCBs were estimated,
and their eco-toxicological risks were also assessed.

Materials and methods

Materials and reagents

Seventeen OCPs, including α-HCH, β-HCH, γ-HCH, δ-
HCH, hexachlorobenzene, cis-chlordane, trans-chlordane,
mirex, α-endosulfan, β-endosulfan, endosulfansulfat, p,p′-
DDT, o,p′-DDT, p,p′-DDE, o,p′-DDE, p,p′-DDD, and o,p′-
DDD, were purchased from Dr. Ehrenstorfer GmbH
(Augsburg, Germany). Standard solution containing 84
PCBs and the internal standard solution (PCB 155 and
TCmX) was obtained from Accu Standard Inc. (New Haven,
CT, USA). All of the standard solutions were diluted by tolu-
ene into 10 mg L−1 respectively and stored at −18 °C prior to
analysis.

All solvents (acetone, hexane, toluene, and dichlorometh-
ane (DCM)) were in HPLC grade and purchased from Fisher
Scientific (Pittsburgh, PA, USA) or J. T Baker (Center Valley,

PA USA.). Amberlite XAD-2 resin was obtained from Sigma-
Aldrich (St. Louis, MO, USA). In addition, silica gel (100–
200 mesh) was purchased from Merck (Kenilworth, NJ,
USA). For silica gel treatment, it was activated at 300 °C for
10 h and then deactivated withMilli-Q water (3.5 % weight of
silica). Sodium sulfate was baked at 650 °C for 10 h to de-
compose organics. The water was prepared from a Milli-Q
system (18.2 MΩ cm−1, Billerica, MA, USA).

Sampling information

To understand the current concentration of OCPs and PCBs,
nine surface water sampling sites located at Miyun reservoir
(one site), Chaobai River (one site), Tonghui River (four
sites), and Yuyuan Lake (three sites) were selected. The details
of sampling sites were shown in Fig. 1. TheMiyun reservoir is
the biggest and the only drinking water source of Beijing
whose water source originates from Hebei Province. As the
most vital water resource, the quality ofMiyun reservoir water
is responsible to the health and the drinking water safety of 20
million citizens of Beijing. The downstream of Miyun reser-
voir is Chaobai River which is the biggest river of Beijing.
The river traverses the most agriculture region of east Beijing,
and it takes the responsibility of irrigation water function for
the nearby farmland. Therefore, because of the geographical
location and the agricultural function, the usage and the resid-
ual of pesticides are the main reason of the river’s pollution.
Tonghui River starts from east second ring road and extends
its way to the eastern suburb of Beijing, where the biggest
sewage plant and some chemical plants located. At the same
time, it is one of the landscape rivers in the downtown and the
receiver of processed waste water from the chemical plants
and the sewage plant. Therefore, its major pollution source
is the waste water. The Yuyuantan Lake, originating mainly
from Yongdinghe River and connecting the moat, is located in
the west third ring road of Beijing. The contamination source
came from the upstream, Yongdinghe River, which is severely
polluted. The OCPs and PCBs contamination levels in these
water systems can reflect their recent pollutions in downtown
and suburb surface waters of Beijing. A total of 25 surface
water samples were collected from July 2015 to January 2016.
For every sampling site, 20-L water was collected and trans-
ferred to the lab in five 4-L PE bottles. Then the dissolve phase
and particulate phase was separated via 0.45 μm GF/F fiber
(Jiudinggaoke, China). The dissolved phase was transferred to
brown glass container and kept in 4 °C, and the particulate
phase was kept in −20 °C prior to analysis respectively. All the
samples were extracted within 3 days.

Sample extraction and purification

For the dissolved phase, the target compounds were concen-
trated with a column which contained about 8.0 g XAD-2
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resin. The water in the XAD-2 resin was removed using an
oven setting at 60 °C. Before the extraction procedure, the
internal standards were spiked into all of samples. The
XAD-2 extraction was applied to accelerate solvent extraction
(ASE) according to established procedures elsewhere, with
little modification (Mokbel et al. 2016; Raeppel et al. 2014).
The detail parameters were as follows: the extraction solvent
was DCM, the extraction temperature was 100 °C, the static
time was 10 min, and the extraction cycle was 3. After the
extraction, DCM was concentrated and solvent-changed into
hexane solution. Subsequently, the solution was purified with
a silica gel solid phase extraction column (from top to bottom:
1 cm sodium sulfate, 8.0 g of 3.5 % deactivation silica gel,
1 cm sodium sulfate). After precondition with 20 mL hexane,
the column was eluted with 80 mL hexane followed by 80 mL
hexane and DCM (1:1, V/V) (Xu et al. 2005). After that, the
eluent was further concentrated with a rotary evaporation and
exchanged into toluene solution. Finally, the solution was
concentrated to 0.2 mL under a gentle nitrogen stream and
stored in −18 °C prior to GC-MS analysis.

The GF/F fiber contained particulate phase was triply ul-
trasonic extracted with 30 mL DCM for 30 min, and the ex-
traction solvent was treated the same as the dissolved phase.

Instrumental analysis

An Agilent 7890 GC system coupled to a 5975C inert XL
MSD with Triple-Axis Detector MS was employed for the
sample analysis. The GC system was equipped with a DB-
5MS (60 m × 0.25 mm i.d., 0.25 μm film thickness) capillary
column for analyte separation. One microliter of the final ex-
traction solution was injected in splitless model. The

temperature of injector was 290 °C. The oven temperature
program was as follows: from 90 °C (holding for 1 min) to
170 °C at 20 °C min−1, then to 280 °C (holding for 5 min) at
2 °C min−1. The temperatures of ion source and Quadrupole
are 230 and 150 °C, respectively.

Quality assurance and quality control

In order to validate the analytical method, 6 samples were
spiked with all of the selected congeners using the same ana-
lytical method. The recoveries of the target compounds in
dissolved phase and particulate phase were in the range of
67.7–123 and 42.3–131 %, respectively. For every batch of
nine samples, a procedural blank and a OCPs and PCBs
spiked sample were carried out and blank correction was per-
formed. The average recoveries of the internal standards were
in the range of 74–118 %. The correlation coefficients of
OCPs and PCBs for calibration curves were >0.995. The limit
of detection (LOD) is defined to a signal to noise of 3. The
method detection limits (MDLs) were characterized to be
0.10–0.38 ng L−1.

Results and discussion

OCPs in surface water in Beijing

The concentration range and average concentration of OCPs
in surface waters of Beijing are described in Table 1.
Seventeen OCPs were detected in 25 samples with different
levels, indicating that the contamination of OCPs in Beijing
was still very serious. The average concentrations of∑17OCPs

Fig. 1 Sampling locations of
surface water in Beijing. S
represents sample site
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(dissolved phase and particular phase) in summer, autumn,
and winte r were 20.0 ± 14.8 , 6 .15 ± 3.55, and
19.3 ± 12.5 ng L−1. Generally, HCHs (α- + β- + γ- + δ-
HCH) and DDTs were the dominated contaminants in 17
OCPs with high concentrations and high detection frequen-
cies. The concentration of ∑HCHs in summer, autumn, and
winter was in the range of 4.40–45.4 ng L−1 (average
15.3 ± 12.7 ng L−1), 1.21–13.4 ng L−1 (average
5.98 ± 3.49 ng L−1), and 9.19–45.3 ng L−1 (average
18.6 ± 12.2 ng L−1), respectively. At the same time, the aver-
age concentration of ∑DDTs in three seasons was
0.46 ± 0.73 ng L−1. High levels of HCH concentration were
also detected in precipitation (33.0 ng L−1) (Yang et al.
2012b), soil (1.31 ng g−1) (Yu et al. 2014), and surface water
(18.0 ng L−1) (Li et al. 2008) of Beijing, indicating the con-
tamination of HCHs was extensive. On the other hand, other
water sources in China, such as the Yangzi River, Honghu
Lake, and Taihu Lake (Tang et al. 2013; Yuan et al. 2013;
Wu et al. 2014), were also detected with high concentration
of HCHs. Besides, HCB was another OCP which was detect-
ed in all samples, with an average concentration of
0.28 ± 0.20 ng L−1 in summer, 0.08 ± 0.03 ng L−1 in autumn,
and 0.03 ± 0.03 ng L−1 in winter.

The average concentrations of OCPs in three seasons
(15.1 ± 7.78 ng L−1) were compared with recent studies
around Beijing district and other regions. There are few stud-
ies of OCPs in water around Beijing which mainly focusing
on Haihe River of Tianjin, Tonghui River, Yongding-
Guanting Reservoir districts, and rain water (Wang et al.
2007; Zhang et al. 2004; Li et al. 2008; Luo et al. 2009; Xue
and Xu 2006; Yang et al. 2012b). From Fig. 2, the concentra-
tions of OCPs around Beijing with different sampling period

have an obvious decreasing tendency, indicating the efficient
implement of Stockholm Convention in China. The concen-
trations of OCPs in Haihe River and Tonghui River during
2002 and 2003 were relatively higher with average of 709
and 529 ng L−1, respectively. In the meanwhile, higher con-
centration of OCPs in Guanting Reservoir during 2003 and
2004 was observed with an average of 202 ng L−1. However,
in recent studies, the concentration of OCPs in water around
Beijing was obviously decreased, such as Guanting Reservoir,
Gaibeidian, and rain waters and was similar to concentration in
the present study. When compared to other regions in China, the
concentrations of OCPs were similar to the low reaches of
Yangzi River, where the average concentration of ∑24OCPs
was 14.2 ± 7.07 ng L−1 (Tang et al. 2013) and higher than that
ofHonghuLake (themean concentration of∑HCH,∑DDTs and
∑chlordans was 4.06 ng L−1) (Yuan et al. 2013). Furthermore,
the contamination levels were relatively lower than that from
heavily polluted agricultural region of Poyang Lake, where con-
centration of ∑19OCPs in 40 water samples was in the range of
19.1–112 ng L−1 (Zhi et al. 2015). Additionally, comparing to
other countries, the contamination levels of OCPs in Beijing
were similar to the same ∑10OCPs of rural-urban river basin in
Tanzania during 2009 and 2011(7.05 ng L−1) (Hellar-Kihampa
et al. 2013) and higher than that the same ∑10OCPs in Sarno
River in southern Italy in 2008 (2.11 ng L−1) (Montuori et al.
2014), but lower than that of Owan river in Nigeria during 2012
and 2013 (1.26 μg L−1) (Ogbeide et al. 2015). Therefore, it can
be concluded that present OCPs concentration levels observed in
the surface water of Beijing were relatively low.

PCBs in surface water in Beijing

The concentration range and average concentration of PCBs
in surface waters of Beijing are also described in Table 1. The
wide range, high detection frequency, and high concentration
of PCBs in 25 samples indicated that the PCB contamination
in surface water was widely spread around Beijing. The total
concentration of∑84PCBs in water samples in summer was in
the range of 5.43–58.0 ng L−1 (dissolved phase + particulate
phase), with an average value of 23.4 ± 16.5 ng L−1. In autumn
and winter, the concentrations ranged from 7.48 to 51.1 ng L−1

(average 20.9 ± 16.9 ng L−1) and 3.35 to 68.2 ng L−1 (average
19.7 ± 23.3 ng L−1), respectively. The major components of
PCB compounds were CB-180 (1.79 ± 1.29 ng L−1), CB-153
(1.09 ± 0.44 ng L−1), and CB-31&28 (0.87 ± 0.69 ng L−1).
The sum of lower chlorine PCB homologues (Di-CBs, Tri-
CBs, Tetra-CBs, and Penta-CBs accounted for 62.3 %) was
the main PCBs contaminations in surface water of Beijing
which was similar to the PCBs products in China (China
SEPA 2003). In the meanwhile, higher chlorinated PCB ho-
mologues were abundant in particulate phase due to their low
hydrophilicity. For example, the sum of Hexa-CBs, Hepta-
CBs, and Octa-CBs and Nona-CBs in particulate phase of

Fig. 2 The average concentrations of OCPs compared with other studies
around Beijing. OCPs = HCHs + DDTs + HCB + endosulfans. The
sampling time for Haihe River, Tonghui River, Guanting Reservior-1,
Guanting Reservior-2, Gaobeidian, and rain water were 2004, 2002,
2003–2004, 2006, 2006 and 2009–2011, respectively
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three seasons accounted for 71.1, 54.9, and 35.8 %, respec-
tively, while in dissolved phase, the values were 24.8, 20.6,
and 8.14 %, respectively.

The average concentration of ∑84PCBs was compared
with other studies around Beijing and other districts in
China. Similar to the concentration of OCPs in water
around Beijing, the concentration of PCBs has an obvious
decrease tendency either. From Fig. 3, we can see that
∑6PCBs in Gaobeidian in 2006 was similar to the concen-
tration of ∑84PCBs in the same sampling site in the present
study (Li et al. 2008). In the meanwhile, the concentration
in Tonghui River in 2002 was 6.3 times higher than that of
in the present study (Zhang et al. 2003). On the other hand,
the concentration of PCBs in rain water of Beijing with an
average concentration of 40.5 ng L−1 was a little higher
than that in surface water (Yang et al. 2012a). When com-
pared to other districts in China, the concentration of PCBs
in Beijing was lower than that in Baiyangdian Lake
(45.35 ng L−1) (Dai et al. 2011), similar to that detected
in surface water of the Three Gorges Dam region
(17.5 ng L−1) (Ge et al. 2014b), but much higher than that
from the surface waters of the middle reaches of the Yangzi
River (6.1 pg L−1) (Zhang et al. 2014b) and the East Lake
(2.62 ± 1.91 ng L−1) (Ge et al. 2014a). When compared to
other countries, the PCB concentration in present study
was much higher than that in Sarno River in Southern
Italy in 2008 (12.1 ng L−1) (Montuori et al. 2014),
Chenab River in Pakistan in 2013 (5.72 ng L−1)
(Mahmood et al. 2014), and Great Lake in America in
2011 (2.0–55 pg L−1) (Khairy et al. 2015), but much lower
than Umgeni River in South Africa in 2013 (1089 ng L−1)
(Gakuba et al. 2015). Therefore, it can be concluded that
more efforts should be offered to further reduce present
PCBs pollution in the surface water of Beijing.

Potential sources of OCPs and PCBs in surface waters
of Beijing

HCH was the dominated contaminant in the present study.
Previous studies have showed that the composition of HCH
isomers can be used as the evidence of its sources. In China,
the technical HCHs and lindane were widely used before the
implementation of the ban. The composition of technical
HCHs is about 60–70 % α-HCH, 5–12 % β-HCH, 10–15 %
γ-HCH, and 6–10% δ-HCH, and the ratio ofα-HCH/γ-HCH
is about 4–7. Compared with technical HCHs, lindane con-
tains about 99 % γ-HCH (Willett et al. 1998). In the present
study, the ratio of α-HCH/γ-HCH was in the range of 0.61–
2.66, with an average 1.09 ± 0.65 which was much lower than
that of technical HCHs. The lower ratio indicated the recent
usage of lindane around Beijing district. The concentration of
∑DDTs ranged from 0.07 to 4.65 ng L−1 in summer, from
below detection (n.d.) to 0.25 ng L−1 in autumn, and from
0.01 to 0.07 ng L−1 in winter, with an average value of
0.36 ± 0.52 ng L−1. The highest level of ∑DDTs in summer
was observed in S1 with a concentration of 4.65 ng L−1,
followed by S9 (1.38 ng L−1) and S3 (0.50 ng L−1). In autumn,
the highest concentration was presented in S4 (0.25 ng L−1).
However, in winter, the concentration of ∑DDTs was de-
creased to extremely low with the highest concentration of
0.07 ng L−1 detected in S3. In general, the ∑DDTs in summer
was much higher than that in autumn and winter. DDE and
DDD were not used as the insecticides and mainly resulted
from the usage of technical DDT or the degradation of DDT.
Many studies mentioned that DDT can degrade to DDE and
DDD through biological effects (Yuan et al. 2013; Zhi et al.
2015; Hellar-Kihampa et al. 2013). Therefore, the ratio of
DDT/(DDE + DDD) could be applied to identify whether
there was a new DDT input or not (Xu et al. 2005). In the
present study, the ratio of DDT/(DDE + DDD) ranged from
0.15 to 1.79, and the highest ratio of DDT/(DDE + DDD) was
found in S6 and S9 (>1), indicating new discharge of DDTs to
the two sampling sites. For the other sampling sites, the result
indicated that DDTwas degraded to DDD or DDE by micro-
organism biodegradation. Moreover, the higher ratio of o,p′-
DDT/p,p′-DDT (0.27–103) in water samples indicated that the
potential sources of DDTs were the combination of historical
usage of technical DDT and dicofol in Beijing.

The difference of PCBs composition in nine sampling sites
to that of six technical Aroclor was shown in Fig. 4. The
dominated PCB homologues were Tetra-CB, Hexa-CB, and
Hepta-CB in all sampling sites except S5 (Penta-CB, Hexa-
CB, and Hepta-CB accounted for 66.7 %) and S8 (Tri-CB and
Tetra-CB accounted for 74.3 %). While in Aroclor 1262 and
Aroclor1260, the dominated PCB homologues were Hexa-CB
and Hepta-CB, and that of Aroclor1248 was Tetra-CB. The
results indicated the historical usage of Aroclor 1262,
Aroclor1260, and Aroclor1248 in Beijing. While the

Fig. 3 The average concentrations of PCBs compared with other studies
around Beijing. Gaobeidian-2 and Tonghui River-2 were from present
study. The sampling time for Haihe River, Tonghui River-1,
Gaobeidian-1, and rain water were 2004, 2002, 2006, and 2009–2011,
respectively
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composition in S5 (Tetra-CB, Penta-CB and Hexa-CB
accounted for 94.4 %) was similar to that of Aroclor 1254,
indicating numerous usage of Aroclor 1254 in this area. In the
meanwhile, the component of PCB component in S8 was
similar to Aroclor 1242 which meant that the historical usage
of Aroclor 1242. Similar historical usage of Aroclor mixtures
was also observed in East Lake (Ge et al. 2014a) and water
source in South China (Yang et al. 2015).

The distribution and seasonal variation of OCPs
and PCBs

Figure 5 shows the distribution variation of OCPs and
PCBs in different sampling sites. For OCPs, the highest
concentration was detected in S1, located far away from
the downtown of Beijing, where a large quantity of

OCPs was applied for agricultural usage. Another high
concentration was located at the entrance of Yuyuan
Lake with the concentration of 21.3 ng L−1 whose con-
tamination source was the seriously polluted Yongding
River. With the water flowing from S7 to S3, it turned
out that insignificant OCPs concentration fluctuation was
observed. Higher residual of PCBs was observed in S1
and S2. The Miyun Reservoir was built in 1960s. At the
same time, some old devices contained PCBs oil may
leak out into the environment. Therefore, the concentra-
tion of PCBs in S1 and S2 was higher than other sam-
pling sites. Additionally, similar to the distribution of
OCPs from S9 to S3, insignificant variation of PCBs
contaminations was observed. It should be noted that
the largest sewage treatment plant of Beijing and some
large chemical plants located near S5. The disposed in-
dustrial wastewater and sewage runoff were directly
discharged to Tonghui River. Therefore, higher level of
PCB in S3 to S5 was observed compared to urban sam-
pling sites.

Figure 6 shows the concentration range of OCPs and
PCBs in the three seasons. From Fig. 6a, the concentra-
tions of OCPs in summer and winter have a much wider
range than that in autumn. At the same time, the average
concentration in autumn is lower than that in summer and
winter. The most important input of OCPs in surface wa-
ter is surface runoff. At the same time, 80 % of the annual
precipitation of Beijing is in summer. Therefore, the high
volume precipitation and surface runoff in summer caused
the higher concentration of OCPs in surface water of
Beijing. However, the wet deposition, as well as surface
runoff, decreased a lot in autumn. Therefore, with the

Fig. 5 Distribution of OCPs and
PCBs in the surface water
samples in Beijing

Fig. 4 The comparison of PCBs composition in the surface water
samples in Beijing with that of six technical Aroclor
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water flowing, the concentration of OCPs contamination
decreased. The total suspended particulate (TSP) deposi-
tion which contained OCPs and the Bconcentration effect^
of dry season led to the phenomenon of higher concentra-
tion of OCPs in winter. The seasonal variability of PCBs
was shown in Fig. 6b. Different from OCPs in three sea-
sons, there were little variations of the average concentra-
tion of PCBs in Beijing district. The most important input
of PCBs in surface water is the TSP deposition, the sur-
face runoff, and air-water-sediment exchange (Duan et al.
2013). Therefore, the PCBs in soil were transferred to the
river water through the surface runoff which caused the
higher concentration of PCBs in summer. While in au-
tumn, though the surface runoff was decreased, the
water/sediment distribution and the Bconcentration effect^
became the main factors, which caused the insignificant
variations of PCBs contamination in autumn. In addition,
the TSP deposition combined with the concentration ef-
fect became the main factor in winter. Therefore, particu-
lates which adsorbed higher concentration of PCBs were
transferred to the Bconcentrated^ surface water causing
insignificant variations of PCBs in winter.

Potential eco-toxicological risks

In order to estimate the OCPs and PCBs contamination levels
and potential eco-toxicological risks in surface water of
Beijing, the environmental quality standards for surface water
of China (MEP P.R.C 2006) were compared to the present
study. The limits of HCHs, HCB, DDTs, and PCBs in China
were 5000, 1000, 1000, and 500 ng L−1, respectively.
According to the present study, the contamination levels of
HCHs, HCB, DDTs, and PCBs were all far less than the max-
imum level of the standard values of China. Therefore, the
OCP and PCB pollution in these sites was in the safe range,
though some residuals were still in water.

Furthermore, as the biggest drinking water source of
Beijing, the cancer risk caused by OCPs and PCBs in S1
was taken into account. According to EPA health risk assess-
ment model and combining the OCPs and PCBs concentration
in present study(Wu et al. 2014; Yang et al. 2015), the cancer
risks of PCBs,α-HCH,β-HCH, γ-HCH, HCB, p,p′-DDT, p,p
′-DDE, and p,p′-DDD for adults was 0.12 × 10−6, 0.96 × 10−6,
0.62 × 10−6, 0.13 × 10−6, 1.79 × 10−8, 0.98 × 10−9,
0.98 × 10−9, and 0.92 × 10−9, respectively. The acceptable
level of OCPs and PCBs recommended by EPA was
1.00 × 10−6. Therefore, the concentration of OCPs and
PCBs in water of S1 was in an acceptable level and posed
no cancer risk to the people of Beijing.

Conclusions

The contaminated levels, distribution, seasonal variation, and
potential eco-toxicological risk of ∑17OCPs and ∑84PCBs in
the surface water around Beijing were investigated in the pres-
ent study. Through this study, we can know the current con-
centration level of two important categories of POPs in aque-
ous environment around Beijing. At the same time, we can
also know the implementing efficiency of Stockholm
Convention in China. The results showed that HCHs were
the dominated contamination both in water phase (accounted
for 85.4 %) and particulate phase (accounted for 93.8 %).
Moreover, lower chlorinated PCB homologues, such as Tri-
CBs and Tetra-CBs, were the major contaminants in water
phase, whereas, in particulate phase, higher chlorinated PCB
were the dominated compounds. According to the composi-
tion of OCPs and PCBs, the main sources of OCPs and PCBs
in water were the historical usage. In the meanwhile, OCPs
exhibited obvious seasonal variation, whereas insignificant
variation was shown in PCBs. At the same time, none of the
17 OCPs and 84 PCBs was higher than the environmental
quality standards for surface water of China and no cancer
risk was posed to the public according to the criterion set by
the EPA.

Fig. 6 Concentration ranges of OCPs (a) and PCBs (b) during three
seasons
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