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Abstract 

Background:  Organochlorine pesticides (OCPs) are currently still threatening the ecological environment and peo-
ple’s health. However, studies that investigate OCP pollution levels in an urbanized river network of an entire city with 
a high density of rivers, such as Shanghai, have rarely been reported. In addition, due to the pressure of high popu-
lation densities, ecological risk and health hazard assessments of OCPs in river networks are a knowledge gap that 
needs to be urgently filled. Thus, in this study, the concentrations, distribution, and partitioning of OCPs are evaluated 
in an ecological and health risk assessment for the urbanized river network of Shanghai. The goal is to establish con-
nections among OCP residues and establish their impacts on ecological and human health.

Results:  The concentrations of 26 OCPs in the urbanized river network of Shanghai ranged from 43.90 to 342.74 ng/L, 
with a mean value of 181.34 ng/L. Some OCPs formed triangle-shaped areas with higher local ecological risks 
than other areas, and there were nine OCPs of high risk in some areas. The health risk assessment results showed 
that the ranking of the incremental lifetime cancer risk (ILCR) for dermal contact according to age and gender was 
adults > children > seniors > adolescents, and females > males, while the ranking of the ILCR caused by mistaken oral 
intake was adults > children > adolescents > seniors, and females > males. The non-carcinogenic risk hazard index (HI) 
values of both exposure routes were less than one.

Conclusion:  OCP concentrations in the northern and southern regions of Shanghai were significantly higher than 
in other regions, and the partition coefficient (Kp) values of the ∑26 OCPs were negatively correlated with the total 
suspended solids’ (TSS) contents (p < 0.01). The ecological risks were relatively higher in agricultural areas. The ILCR for 
dermal contact and mistaken oral intake were generally low, except for adults, whose ILCR caused by dermal contact 
were at moderate risk. In addition, OCPs in river waters did not pose significant non-carcinogenic health hazards for a 
majority of the people.
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Background
Since the 1940s, pesticides have been widely applied to 
protect agricultural crops, and the production and use of 
pesticides have been steadily increasing. China is one of 

the largest producers and users of pesticides in the world 
[1]. Prior to 1982, OCPs accounted for nearly 80% of Chi-
na’s pesticides [1]. Organochlorine pesticides (OCPs) are 
characterized as persistent in the environment and can 
bioaccumulate through the food chain. They can also be 
transported long distances like most organo-pesticides, 
as evidenced by the accumulation in arctic wildlife [2]. 
Due to their adverse environmental impacts, they have 
gradually been replaced by other types of pesticides, 
such as organophosphate insecticides, since the first 
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regulation of OCPs was promulgated in 1982 [3]. How-
ever, owing to the large amount of OCPs used for such a 
long time in the past, their residues in the environment 
are still hot spots of contamination. During the past two 
decades, high levels of OCPs in the water, sediments, and 
aquatic biota of many important rivers in China, such as 
the Shayin River [4], the Yellow River [5], and the Pearl 
River [6], could be still detected. South China (the Pearl 
River Delta) has been considered as one of the areas in 
China with high environmental concentrations of pesti-
cides [6]. Thus, OCPs are still threatening the ecological 
environment and people’s health today.

Micropollutants in water, such as OCPs, have become 
one of the most urgent environmental problems in 
China. Rivers are one of the most important sources of 
drinking water, and urbanized rivers are closely related 
to human life in all aspects in the south of China. Tra-
ditional environmental monitoring primarily focuses on 
organic matter [Biochemical Oxygen Demand (BOD), 
Chemical Oxygen Demand (COD)], nutrient loading 
(nitrogen, phosphorus), certain heavy metals, and other 
traditional pollutants in water, and little attention is paid 
to organic micropollutants, such as OCPs [1]. Therefore, 
the risks caused by these micropollutants to aquatic biota 
and human health are even more worrying. Up to now, 
some site-specific studies have given people knowledge 
of the OCP contamination status for a few hot spot areas 
[1, 7, 8], but most regions in China are still lacking in rel-
evant data. In addition, the levels of exposure doses and 
associated risks remain largely unknown. Hence, a long-
term monitoring program of river pollution by OCPs is 
extremely necessary.

Previous studies have established some ecological and 
health risk assessment criteria for OCPs in water, such 
as the Norwegian classification system [9], the National 
Recommended Water Quality Criteria of the United 
States Environmental Protection Agency [10], the Envi-
ronmental Quality Standards for Surface Water of China 
(GB 3838-2002) [11], and the standards recommended 
by the Joint FAO/WHO Meeting on Pesticide Residues 
[12]. However, there may be uncertainties using criteria 
from different parts of the world to measure local envi-
ronmental pollution. The sensitivity of species and popu-
lation to pesticides in China may be different from that 
in other countries on which the criteria are based. The 
suspended particulate matter and sediment properties 
may give rise to different partition patterns. Tempera-
ture, precipitation, and other factors may also differ sig-
nificantly, which can affect the degradation and diffusion 
of OCPs [1]. Moreover, the criteria set by each country 
are not necessarily complete. For example, China’s water 
quality assessment criteria pay too little attention to 
OCPs, which may overestimate the proportion of river 

waters deemed safe [13]. Many OCPs that are targeted 
by the Stockholm Convention are prone to cause cancer 
and teratismus hermpahroditicus or known to damage 
the nervous system and endanger the growth of normal 
infants and children [13, 14]. As a result, an objective and 
all-round assessment method is needed to evaluate the 
current state of OCP water pollution in China, and such 
an assessment can provide baseline information for fur-
ther regulatory efforts.

Shanghai is located on the Yangtze River Delta at 
the estuary of the Yangtze River. It is located in a typi-
cal region containing an urbanized river network with 
farmland areas (1820 km2), accounting for approximately 
28.71% of the total land (6340 km2) [15]. It is an impor-
tant coastal city in China with functions of agriculture, 
commerce, industry, residences, and others. Currently, 
studies that have investigated OCP pollution in water 
have typically focused on rivers, lakes, and reservoirs 
in a few hot-spot areas [13]. However, studies that have 
investigated OCP pollution levels in the urbanized river 
network of an entire city with high-density rivers, such as 
Shanghai, have rarely been reported. In addition, a large 
population of more than 24 million in Shanghai makes 
it an area with the added pressure of a high population 
density of 3823 individuals per km2 [15]. The ecological 
risk and health hazard assessment of OCPs in the river 
network is currently a knowledge gap that needs to be 
urgently filled. Therefore, the purposes of this study are 
to understand the composition characteristics of OCPs in 
Shanghai’s river waters and to analyze the spatial distri-
bution and partitioning of OCPs among different inten-
sive land-use types. The ultimate aim is to establish an 
appropriate method based on the characteristics of Chi-
nese populations and species to assess the ecological and 
health risks caused by OCPs in river waters. This study 
can provide a scientific basis for the evaluation and con-
trol of OCP pollution worldwide.

Materials and methods
Study area and sampling collection
Shanghai is one of the largest international metropolises 
in China and is a center of business, habitancy, farming, 
industry, and other activities. It covers an area of approx-
imately 6340.5 km2 and is situated on the alluvial plain of 
the Yangtze River Delta with an average altitude of 4 m 
above sea level [16]. There are approximately 33,127 riv-
ers and streams in Shanghai, with a total length and a 
total water surface area of approximately 24,915 km and 
642.7  km2, respectively [17]. These rivers are intercon-
nected, thus forming an urbanized river network. The 
implementation of the coastal development strategy in 
1984 has had brought serious influences on the quality 
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of the river network in Shanghai, and has even destroyed 
the original ecological balance [18].

River water samples from 53 sampling sites in the 
urbanized river network were collected from December 
2018 to February 2019. The sampling sites were distrib-
uted equably across the entire city of Shanghai, spanning 
from 30° 40′ N to 31° 53′ N and from 120° 52′ E to 122° 
12′ E, with 10 sites located in suburban towns, 6 sites in 
island areas, 11 sites in industrial areas, 15 sites in agri-
cultural areas, and 11 sites in the inner city (Fig. 1). Addi-
tional file 1: Table S1 describes the detailed information 
on the sampling sites of diverse intensive land-use types. 
At each site, triplicates of river water samples were col-
lected at depths of 5–15 cm from the middle of the river 
using a plexiglass sampler, stored in 1-L brown glass bot-
tles, and immediately transported to a laboratory at 4 °C 
with preservatives (0.10 g/L ascorbic acid, 0.35 g/L eth-
ylenediaminetetraacetic acid disodium salt, and 9.4  g/L 
potassium dihydrogen citrate). Then, the samples were 
analyzed within 24 h. In addition, the sampling sites were 
located using a global positioning system (GPS) device.

Analysis of OCPs and total suspended solids (TSS)
Pretreatment of surface water samples
A 1-L river water sample was directly filtered using 0.45-
μm glass microfiber filters (GFF, ANPEL, China) that 
were baked in a muffle furnace at 400 °C for 4 h. OCPs in 
filtrate were extracted using solid phase extraction (SPE, 

ANPEL CG1824, China) with 6-mL cartridges filled with 
500  mg C18 (ANPEL, China), and the SPE procedure 
was performed according to the method recommended 
by the United States Environmental Protection Agency 
(USEPA) [19]. First, the SPE column was activated into 
balance using 5  mL ethyl acetate, 10  mL methanol, and 
10  mL ultra-pure water successively. Then, the loading 
water velocity was controlled at 10 mL/min. In the next 
step, which aimed to target the OCPs, the sample was 
eluted with 5  mL methanol and 5  mL dichloromethane 
(DCM) after extraction. The OCP eluent was dried using 
anhydrous sodium sulfate, which was also calcined for 4 h 
at 400  °C and then transferred with DCM and reduced 
to ~ 0.7  mL using an antiseptic 24-bit nitrogen blower 
(ANPEL DC24-Rt, China). Finally, the concentrated sam-
ple was fixed to 1 mL after adding ~ 0.3 mL methanol.

Pretreatment of the suspended particulate matter (SPM)
The suspended particulate matter (SPM) separated 
using GFF was filtered from 1  L of river water sample 
and allowed to dry naturally. After drying, the total sus-
pended solid (TSS) content of the river water could be 
calculated according to the added weight of the GFF. The 
procedure for OCP extraction in the SPM was modified 
from the procedure used by Liu et al. In brief, the SPM 
in each sample was extracted using 10 mL methanol and 
10 mL DCM in turn for 48 h. After filtered with a nylon 
syringe filter (ANPEL, China), the extractions were then 

Fig. 1  Location of the sampling sites (SS) in the urbanized river network of Shanghai under different intensive land-use types: A1, suburban towns; 
A2, island areas; A3, industrial areas; A4, agricultural areas; A5, inner city



Page 4 of 14Chen et al. Environ Sci Eur           (2020) 32:42 

reduced to ~ 0.7 mL using the antiseptic 24-bit nitrogen 
blower (ANPEL DC24-Rt, China). The concentrated 
sample was then purified using a self-packet anhydrous 
sodium sulfate column (2  g, baked for 4  h at 400  °C, 
and washed using DCM and n-hexane of twofold col-
umn volumes). After that, the sample was fixed to 1 mL 
using ~ 0.3  mL methanol for the gas chromatography–
mass spectrophotometry (GC–MS) analysis.

OCP quantification and quality control
GC–MS (Thermo Fisher Trace DSQ II-MS, USA) in EI 
mode was used for the OCP quantification. The capillary 
column used was HP-5MS (30.0 m × 0.25 mm × 0.25 μm). 
The carrier gas was helium at a flow rate of 1.2  mL/
min under the constant flow mode. The injector was 
set at 275  °C. The oven temperature was programmed 
as follows: initially at 70  °C (equilibrium time 1.5  min), 
increased to 200 °C at the rate of 10 °C/min, continually 
increased before reaching at 320  °C at the rate of 7  °C/
min, and then held for 3 min.

The internal standard method recommended by the 
USEPA (2012) was adopted in this study to quantify 
the concentrations of OCPs. The internal standards are 
pure compounds that are isotopically labeled analogs of 
selected method analytes that are added to each sample 
prior to extraction in a known amount in order to meas-
ure the relative responses of the OCPs, and also deter-
mine the recoveries in the real samples [19]. Deuterated 
polycyclic aromatic hydrocarbons (PAHs) of 100  ng/μL 
(d10-acenaphthene, d10-phenanththrene, d12-chrysene) 
were used as the internal standard solution (Sigma, USA) 
in this study [19].

The linear correlation coefficients (R2) of the standard 
calibration curves for target OCPs ranged from 0.9906 
to 0.9993, with a relatively high repeatability. Proce-
dural blanks and field blanks were analyzed routinely to 
monitor the procedural performance and interference. 
One blank and one standard were conducted every ten 
samples. The limits of detection (LOD) of all the OCPs 
ranged between 0.24 and 1.83 ng/L with a signal-to-noise 
ratio (S/N) of three. In addition, the limits of quantifica-
tion (LOQ) ranged from 0.80 to 6.14 ng/L, with an S/N 
of 10. All the method analyses were under the LOD in 
the blank samples. The recoveries from this method 
were 62.5%–126.3% during the surface water phase and 
60.8%–114.8% during the SPM phase. Values for OCPs 
lower than the LOQ were reported as half of the LOQ, 
while values lower than the LOD were substituted with 
zero prior to the statistical analysis.

The standard OCPs included etridiazole, chloroneb, 
propachlor, α-HCH, β-HCH, γ-HCH, δ-HCH, HCB, 
chlorothalonil, heptachlor, aldrin, dacthal (DCPA), 
heptachlor epoxide, trans-chlordane, cis-chlordane, 

endosufan I, endosufan II, trans-nonachlor, 4,4′-DDE, 
4,4′-DDD, 4,4′-DDT, dieldrin, endrin, chlorobenzilate, 
endosufan sulfate, and methoxychlor, and the internal 
standards were purchased from Sigma. All of the solvents 
(e.g., ethyl acetate, methanol, and DCM) used for the 
sample processing and analysis were high-performance 
liquid chromatography (HPLC) grade and obtained from 
ANPEL.

Statistical analysis
The partition coefficient of the OCPs between the SPM 
and surface water (Kp, L/g) was calculated as follows [18]:

where Cp is the OCPs concentration in the SPM, ng/g; 
and Cd the OCPs concentration in the surface water, 
ng/L.

ArcGIS version 10.2 (ESRI, USA) was used for the 
spatial distribution analysis of the 26 OCP concentra-
tions and their ecological risks. The graphs were drawn 
using the interpolation method, and the inverse distance 
weight (IDW) method was adopted in the interpolation 
model.

Ecological risk assessment
The ecological risk of OCPs to aquatic organisms was 
assessed using the risk quotient (RQ) method, which was 
performed by the calculation of the RQ for the detected 
OCPs [20].

where RQ is the risk quotient; EEC the measured con-
centration of each OCP, mg/L; and PNEC the predicted 
no-effect concentration for a particular OCP, mg/L.

The PNEC was calculated as follows [20]:

where HC5 is the OCP concentration at which 5% of 
species are exposed to chronic hazards, mg/L; and AF 
an assessment factor, which considers the uncertainty 
between laboratory toxicology tests and the real environ-
ment. In this study, AF = 100 [4].

HC5 was calculated using species sensitivity distribu-
tion (SSD) method [21]. The acute toxicity data, such as 
the median lethal concentration (LC50) or median effec-
tive concentration (EC50) of fish (freshwater), daphnia 
(freshwater), green alga (freshwater), earthworm (fresh-
water), fish (seawater), and shrimp (seawater) for 26 
OCPs, were obtained from ECOSAR version 2.0 (USEPA, 
USA) as far as possible (Additional file 1: Table S2). Due 
to the scarcity of chronic toxicity data, no observed 
effect concentration (NOEC) or lowest observed effect 

(1)Kp = Cp/Cd

(2)RQ = EEC/PNEC

(3)PNEC = HC5/AF
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concentration (LOEC) of fish (freshwater), daphnia 
(freshwater), and green alga (freshwater) for 26 OCPs 
were obtained using ECOSAR version 2.0 (USEPA, USA) 
(Additional file  1: Table  S3). The acute toxicity data of 
each species for the same OCP monomer were arranged 
in order from small to large, and the corresponding 
cumulative probability (P) was calculated as follows:

where n is the ordinal number. The minimum ordinal 
number was set to 1, and the maximum ordinal number 
was set to N.

The logarithmic value of the OCP’s acute toxicity data 
for each species was used as the abscissa, and the cor-
responding cumulative probability was used as the ordi-
nate. Seven types of SSD curve models were selected in 
this study, namely the Boltzmann, Logistic, Gaussian, 
Lorentzian, Exponential, Logarithm, and Log-normal 
models. Origin version 8.0 (OriginLab, USA) was used 
for drawing and model fitting. The model suitable for 
deducing the OCP concentration at which 5% of species 
are exposed to acute hazards (AHC5) was determined 
according to goodness of fit, and the AHC5 values were 
obtained (Additional file 1: Table S4).

The ratios between the acute toxicity data (EC50 or 
LC50) and the chronic toxicity data (NOEC or LOEC) of 
fish (freshwater), daphnia (freshwater), and green alga 
(freshwater) were determined, and then the geometric 
average value (FACR​) of the three ratios was obtained. 
Therefore, the HC5 was eventually calculated as follows 
[21] (Additional file 1: Table S4):

According to different evaluation criteria and manage-
ment purposes, the classification of ecological risks was 
different [4, 6, 22, 23]. Overall, an RQ value greater than 
1 indicates that the concentrations of OCPs in the envi-
ronment are higher than the predicted no-effect concen-
trations. Subsequently, in the prior literature, ecological 
risks could be divided into five levels based on the RQ 
value: very low risk (RQ < 0.01), low risk (0.01 ≤ RQ < 0.1), 
moderate risk (0.1 ≤ RQ < 1), high risk (1 ≤ RQ < 10), and 
very high risk (RQ ≥ 10) [23].

Health risk assessment
The river network of Shanghai is primarily used for 
landscape water, and in this exposure scenario, the 
health risks of OCPs from respiratory intake are nearly 
negligible [4, 24]. Therefore, in this study, the carcino-
genic and non-carcinogenic risks of OCPs from der-
mal contact and mistaken oral intake were focused 
on [25]. The citizens of Shanghai were divided into 
eight population groups according to age and gender: 

(4)P = n/(N + 1)

(5)HC5 = AHC5/FACR.

children (4–10 years), adolescents (11–17 years), adults 
(18–60 years), and seniors (61–70 years) for both males 
and females [26]. The exposure dose for each popula-
tion group caused by dermal contact was calculated as 
follows [27]:

where EED is the estimated exposure dose per unit body 
weight per day of OCPs, mg/(kg·day); Cw the concentra-
tion of OCPs in river waters, mg/L; SA the skin contact 
area, cm2; PC the dermal permeation constant of each 
OCP, cm/h; ET the daily exposure time, h/day (Addi-
tional file 1: Table S5); EF the annual exposure frequency, 
d/a (Additional file 1: Table S5); CF the conversion factor, 
(0.001 L/cm3); ED the exposure duration, a (Additional 
file  1: Table  S6); BW the body weight, kg (Additional 
file  1: Table  S6); and AT the average contact time, days 
(Additional file 1: Table S5).

The skin contact area (SA) was calculated as follows 
[27]:

where H is the body height, cm (Additional file  1: 
Table  S6); and SER the skin exposure ratio (Additional 
file 1: Table S6).

The dermal permeation constant of each OCP (PC) 
was calculated as follows [28]:

where Kow is the octanol–water partition coefficient 
of each OCP (Additional file  1: Table  S7); and MW 
the molecular weight of each OCP (Additional file  1: 
Table S7).

The exposure dose for each population group through 
mistaken oral intake was calculated as follows [27]:

where IR is the oral intake rate, L/day (Additional file 1: 
Table S6).

The incremental lifetime cancer risk of population 
groups caused by a single OCP through a single expo-
sure pathway in the river waters of Shanghai was calcu-
lated based on Eq. 10 [27].

where ILCRi is the incremental lifetime cancer risk 
caused by the ith OCP; EEDi is the estimated exposure 
dose per unit body weight per day of the ith OCP, mg/
(kg·day); and SFi is the cancer slope factor for the specific 
exposure pathway of the ith OCP, kg·day/mg (Additional 
file 1: Table S7).

(6)
EED = Cw × SA× PC× ET× EF× CF× ED/(BW× AT)

(7)SA = 239×H0.417
× BW0.517

× SER

(8)PC = 10(−0.280+0.66logKow−0.0056MW)

(9)EED = Cw× IR× EF× ED/(BW× AT)

(10)ILCRi = EEDi × SFi
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The incremental lifetime cancer risk of population 
groups caused by 26 OCPs through dermal contact or 
mistaken oral intake from the river waters of Shanghai 
was calculated based on Eq. 11 [27].

where ILCR is the total incremental lifetime cancer risk 
caused by 26 OCPs.

The loss of life expectancy was calculated using Eq. 12 
[29].

where LLE is the total loss of life expectancy caused by 26 
OCPs, min.

The non-carcinogenic risk of population groups caused 
by a single OCP through a single exposure pathway from 
the river waters of Shanghai was calculated according to 
Eq. 13 [27].

where HIi is the non-carcinogenic risk hazard index 
caused by the ith OCP; and RfDi is the non-carcinogenic 
reference dose for the specific exposure pathway of the 
ith OCP, mg/(kg·day) (Additional file 1: Table S7).

The non-carcinogenic risk of population groups caused 
by 26 OCPs through dermal contact or mistaken oral 
intake from the river waters of Shanghai was calculated 
according to Eq. 14 [27].

where HI is the total non-carcinogenic risk hazard index 
caused by 26 OCPs.

Due to the possible uncertainties in the body weights 
and heights at different age stages and sexes and with 
different probabilities of OCP concentrations in river 
waters, the probabilistic evaluation of health risks was 
conducted using a Monte Carlo simulation with 5000 
runs [26]. Random body weights, body heights, and con-
centrations of OCPs were generated for each run based 
on the normal, normal, and lognormal distributions, 
respectively. The mean and standard deviation (SD) for 
generating the random body weights and heights that 
aligned the corresponding distribution for each age stage 
and each sex were obtained from the China Health Sta-
tistics Yearbook (Additional file 1: Table S6) [30]. In addi-
tion, the mean and SD for generating the random OCP 
concentrations for each intensive land-use type were 
calculated from the 53 sampling sites (Additional file  1: 
Table S8). The probabilistic estimation approximates the 

(11)ILCR =

n∑

i

ILCRi

(12)LLE = 62× ILCR/10−5

(13)HIi = EEDi/RfDi

(14)HI =

n∑

i

HIi

probabilistic health risks from OCPs in the river network 
of Shanghai [31].

Studies have shown that when the incremental life-
time cancer risk (ILCR) is higher than 1.0 × 10−6, the 
carcinogenic risk cannot be ignored, and an ILCR above 
1.0 × 10−5 indicates a “not negligible” risk [32]. The 
USEPA regards an ILCR in the range of 1.0 × 10−7 to 
1.0 × 10−4 as an acceptable carcinogenic risk value [33]. 
Some other studies have classified the ILCR into five lev-
els: values smaller than 1.0 × 10−6 indicate very low risk; 
values between 1.0 × 10−6 and 1.0 × 10−4 indicate low 
risk; values ranging from 1.0 × 10−4 to 1.0 × 10−3 indicate 
moderate risk; values between 1.0 × 10−3 and 1.0 × 10−1 
represent high risk; and values greater than 1.0 × 10−1 
represent very high risk [24]. In this study, a five-level 
evaluation method was adopted to evaluate the carci-
nogenic risk of OCPs in the river waters of Shanghai. In 
addition, if the hazard index (HI) is less than 1, the non-
carcinogenic risk could be considered negligible to local 
residents, which can be used as a criterion for a non-car-
cinogenic risk assessment [27].

Results and discussion
Spatial distribution and partitioning of OCPs
The concentrations of OCPs in the urbanized river net-
work of Shanghai ranged from 43.90 to 342.74 ng/L, with 
a mean value of 181.34 ng/L (Additional file 1: Table S8). 
The concentrations of OCPs ranged from 5.90  ng/L to 
158.16  ng/L, with an average value of 78.11  ng/L in the 
surface water, and from 38.00 to 191.29  ng/L, with an 
average value of 103.22  ng/L in the SPM (Additional 
file 1: Table S8). The results were similar with the concen-
trations of 11.4–368.7 ng/L reported for the Lake Volvi, 
Greece [34], and slightly higher than some other waters 
such as 22.29–274.28  ng/L in the surface water of Aba 
Prefecture in China [35], 2–245 ng/L in the River Brah-
maputra in India [36], and 52–285 ng/L in the Indus River 
of Pakistan [37] (Additional file 1: Table S9). What’s more, 
the river waters in Shanghai were seriously contaminated 
by OCPs compared with the drinking water sources in 
south China (12.9–43.0 ng/L) [38], the underground riv-
ers in Chongqing, China (0.76–77.67 ng/L) [39], and the 
Ebro River in Spain (0.05–77.6  ng/L) [40] (Additional 
file 1: Table S9). However, in the surface water of Konya 
Closed Basin of Turkey, Atoya River Basin of Nicaragua, 
and the Gomti River of India, the OCP levels were with 
higher concentrations of 190–647 ng/L, 50.0–464.6 ng/L, 
and 2.16–567.49  ng/L, respectively [41–43] (Additional 
file 1: Table S9). Furthermore, it was even more severely 
polluted by OCPs in the Selangor River of Malaysia and 
the Tonghui River of Beijing, China, whose concentra-
tions reached 2298.9  ng/L and 3788  ng/L, respectively 
[44, 45] (Additional file  1: Table  S9). In general, the 
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concentrations of OCPs in the urbanized river network 
of Shanghai were at a medium level compared with other 
areas in China and worldwide countries.

Residues of 26 OCP individuals were detected (Addi-
tional file  1: Table  S8). The average concentrations of 
chloroneb, chlorobenzilate, and chlorothalonil were 
22.71  ng/L, 15.92  ng/L, and 11.58  ng/L, respectively, 
which were the highest among the 26 OCPs (Additional 
file 1: Table S8). The average concentrations of the other 
23 OCPs were from 2.08  ng/L to 9.63  ng/L (Additional 
file 1: Table S8). Chloroneb, propachlor, heptachlor, and 
heptachlor epoxide were detected at all the sampling 
sites (Table  S8). Due to their high concentrations and 
high detection frequencies, these six OCPs in Shanghai’s 
urbanized river network require more attention. Accord-
ing to the Environmental Quality Standards for Surface 
Water of China (GB 3838-2002) [11] and the National 
Recommended Water Quality Criteria of the United 
States Environmental Protection Agency [10], the OCP 
residues in Shanghai’s river waters were far below the 
standard limits, indicating that in terms of OCPs, the 
river waters in Shanghai were relatively safe (Additional 
file 1: Table S8).

Figure 2 shows the spatial variations of the ∑26 OCPs 
in the surface water and in the SPM of Shanghai’s river 
waters. On the whole, the concentrations of OCPs in 

the northern and southern regions of Shanghai were 
significantly higher than that in other regions (Fig.  2), 
and OCP concentrations in the SPM were higher than 
that in the surface water, which were concentrated in 
75.00–150.00  ng/L in the SPM, and 25.00–100.00  ng/L 
in the surface water (Fig. 2). The highest levels of OCPs 
were found in south of Shanghai (S49, agricultural area), 
reaching 342.74  ng/L (158.16  ng/L in the surface water 
and 184.58  ng/L in the SPM). In addition, the northern 
locations of S10 (agricultural area) and S9 (inner city) also 
had high levels of OCPs, concentrations of which reached 
294.91  ng/L (143.81  ng/L in the surface water and 
151.10 ng/L in the SPM) and 342.28 ng/L (150.99 ng/L in 
the surface water and 191.29 ng/L in the SPM). The high-
concentration regions for OCPs were also the areas with 
high densities of agricultural cultivation. To ensure high 
crop yields, farmers always used high amounts of ferti-
lizers and pesticides, which led to high OCP residues in 
rivers via surface runoff [46]. In contrast, locations with 
low levels of OCPs consisted of the S2 and S27 sampling 
sites located in the inner city and S38 located in a subur-
ban town of western Shanghai. The concentrations were 
43.90 ng/L (5.89 ng/L in the surface water and 38.00 ng/L 
in the SPM), 63.47 ng/L (12.47 ng/L in the surface water 
and 51.00 ng/L in the SPM), and 73.16 ng/L (16.45 ng/L 
in the surface water and 57.17  ng/L in the SPM). There 

Fig. 2  Spatial distribution of the ∑26 organochlorine pesticides (OCPs) in the river waters of Shanghai
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was little agricultural cultivation in these areas, and they 
had good hydrodynamic conditions and fast flow rates, 
which are conducive to the diffusion and dilution of 
OCPs [47].

From Additional file 1: Figure S1, it can be seen that the 
fluctuation in the OCP concentrations among the diverse 
intensive land-use types was not significant (p > 0.05). 
On average, the OCP concentrations in the river waters 
of suburban towns, agricultural areas, and industrial 
areas were relatively high, while that in the inner city and 
island areas were relatively low (Additional file 1: Fig. S1). 
The characteristics of urbanized river networks make 
the waters interconnected, and to some extent weaken 
the discrepancy of OCP levels among different intensive 
land-use types. It is worthy to note that the OCP concen-
trations in the river waters of the inner city varied most 
significant, and the SD reached 83.28 ng/L (41.53 ng/L in 
the surface water and 42.74 ng/L in the SPM), which may 
be related to frequent human activities (Additional file 1: 
Fig. S1). Some rivers have taken protective measures, 
such as the establishment of artificial ecological floating 
islands, sediment dredging, and regular aeration, which 
are beneficial for the degradation of OCPs and improve-
ments in water quality [48–50]. However, there were also 
some other rivers where coastal agricultural cultivation 
was widespread, and the application of OCPs in the past 
would inevitably result in abnormally high residuals in 
the soils and sediments. These may be slowly released 
into rivers on a daily basis [51]. Therefore, it is necessary 
to strictly monitor urban rivers.

The Kp can be used to explain the difference in OCP 
concentrations between the surface water and the SPM in 
Shanghai’s river waters. The average Kp values of 26 OCP 
individuals ranged from 16.64 to 226.52 L/g, while the Kp 
values of the ∑26 OCPs ranged from 1.79 to 231.87 L/g, 
with an average value of 50.91 L/g (Additional file 1: Fig. 
S2). The OCPs with relatively high Kp values in Shanghai’s 
river waters were trans-nonachlor, dacthal, endosufan, 
DDTs, aldrin, and propachlor (Additional file 1: Fig. S2). 
These OCPs were more easily absorbed by the SPM com-
pared with the others. It is worth noting that the Kp val-
ues of different OCP individuals varied widely in the river 
waters with the SD ranging from 41.38 L/g to 257.94 L/g, 
and this is because under certain conditions, such as rain-
fall, ebb and flow, shipping and other events, the waters 
can be disturbed with different degrees (Additional file 1: 
Fig. S2). The OCPs adsorbed on particulate matter would 
migrate with the water flow, affecting their in  situ par-
tition, and thus increasing the partition differences in 
rivers [52]. The Kp values of the ∑26 OCPs between the 
surface water and the SPM were negatively correlated 
with the TSS contents (p < 0.01), which was consistent 
with the conclusion of Luo et  al. [53] (Additional file  1: 

Fig. S3). When a large amount of TSS are transferred into 
rivers through surface runoff, this would lead to the input 
of a large amount of DOC, which is a kind of adsorbate 
with strong adsorption capacity. This would result in the 
decomposition of particulate OCPs [17]. In addition, 
studies have shown that there was a negative correlation 
between clay contents and TSS [17]. When the TSS are 
low, fine soot-like particles can bind more OCPs, leading 
to high Kp values [53]. Due to the generally low levels of 
TSS in Shanghai’s rivers (< 100 mg/L) and the low solubil-
ity of OCPs in the water, the OCP concentrations in the 
SPM were higher than that in the surface water in most 
regions of Shanghai (Fig. 2).

Ecological risk assessment
The results of the predicted no-effect concentration 
(PNEC) values and the ecological risk assessment of 
OCPs in the river waters of Shanghai are shown in 
Additional file  1: Table  S10. The PNEC values of seven 
OCPs were the lowest, namely, HCB, heptachlor, aldrin, 
trans-chlordane, cis-chlordane, trans-nonachlor, and 
4,4′-DDE, ranging from 1.74 to 9.57  ng/L. This indi-
cated that they are the most toxic to aquatic organisms 
(Additional file 1: Table S10). The seven OCPs in Shang-
hai’s river waters were primarily concentrated in the 
moderate risk group (66.04%–84.91%), with the excep-
tion of aldrin, which was high risk (88.68%) (Additional 
file  1: Table  S10). Dieldrin, endrin, 4,4′-DDD, 4,4′-DDT, 
and methoxychlor were five OCPs with PNEC val-
ues ranging from 10.17 to 21.37  ng/L (Additional file  1: 
Table  S10). OCPs in this PNEC range are also prone to 
toxic effects on aquatic organisms. In Shanghai’s river 
waters, these five OCPs to aquatic organisms were pri-
marily of moderate risk (73.58%–84.91%) (Additional 
file 1: Table S10). The remaining 14 OCPs’ PNEC values, 
i.e., etridiazole, chloroneb, propachlor, α-HCH, β-HCH, 
γ-HCH (Lindane), δ-HCH, chlorothalonil, DCPA, hep-
tachlor epoxide, endofan I, chlorobenzilate, endosufan 
II, and endosufan sulfate, were concentrated in the range 
of 106.79–10,464.44  ng/L (Additional file  1: Table  S10). 
Their PNEC values were relatively high, and thus their 
impacts on aquatic organisms are relatively small. Etridi-
azole and heptachlor epoxide were primarily in the 
low-risk category, accounting for 88.68% and 73.58% of 
the river waters in Shanghai, respectively (Additional 
file 1: Table S10). The other 12 OCPs were very low risk 
(69.81%–100%) and would not cause toxicity to aquatic 
organisms under normal circumstances (Additional 
file 1: Table S10).

In terms of spatial distribution, the spatial variation 
of OCP individual ecological risk was not significant, 
which may be also related to the urbanized river net-
work of Shanghai (Fig. 3). In the southern and northern 
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parts of Shanghai, some OCPs, such as heptachlor, trans-
nonachlor, and 4,4′-DDE, formed triangle-shaped areas 
with higher local ecological risks, that were primarily 
concentrated in agricultural areas (Fig.  3). This result 
could possibly related to the continuous internal release 
from the sediment [6]. In contrast, there were signifi-
cant differences in the ecological risks caused by diverse 
OCPs (Fig.  3). Nine OCPs, namely, HCB, heptachlor, 
aldrin, trans-chlordane, cis-chlordane, trans-nonachlor, 
4,4′-DDE, 4,4′-DDT, and methoxychlor, were high risk 
to aquatic organisms in some areas (3.77%–88.68%) 
(Additional file  1: Table  S10). Among them, aldrin had 
the highest ecological risk and was also the only OCP 
that reached the very high risk category at 3.77% in the 
region (Additional file  1: Table  S10). This phenomenon 
was relevant to their high detected concentrations and 
high toxicity on aquatic organisms [4]. This means that 
their concentrations in some river waters had exceeded 
the predicted no-effect concentrations. Not only did 
this pose a threat to aquatic organisms, but also the con-
sumption of aquatic organisms entailed a potential threat 
to human health due to the bioaccumulation of OCPs [8].

Health risk assessment
Figure  4 shows the cumulative probability distribution 
for the ILCR and hazard index (HI) in diverse popu-
lation groups exposed to OCPs in the river waters of 
Shanghai. The median values of the ILCR for dermal 
contact were estimated to be between 7.564 × 10−5 and 
3.814 × 10−4, and the median values of the ILCR for mis-
taken oral intake were from 6.078 × 10−9 to 2.974 × 10−8 
(Fig.  4). From the median values, the ILCR for dermal 
contact in population groups was low risk (1.0 × 10−6–
1.0 × 10−4), except for male adults and female adults, 
whose ILCR were moderate risk (1.0 × 10−4–1.0 × 10−3) 
(Fig.  4) [24]. The losses of life expectancy caused by 
dermal contact in diverse population groups were from 
484.27 to 2440.41  min (Additional file  1: Fig. S4). The 
ILCR values caused by mistaken oral intake were very 
low risk (< 1.0 × 10−6) (Fig.  4), and the life-expectancy 
losses were between 0.04 and 0.19 min (Additional file 1: 
Fig. S4) [24]. The rankings of the ILCR for dermal con-
tact according to age and gender were adults > chil-
dren > seniors > adolescents, and females > males, while 
the rankings of ILCR caused by mistaken oral intake 

Fig. 3  The spatial distributions of 26 organochlorine pesticides’ ecological risk: (1) Etridiazole, (2) Chloroneb, (3) Propachlor, (4) α-HCH, (5) HCB, (6) 
β-HCH, (7) γ-HCH (Lindane), (8) δ-HCH, (9) Chlorothalonil, (10) Heptachlor, (11) Aldrin, (12) DCPA, (13) Heptachlor epoxide, (14) trans-chlordane, (15) 
Endosufan I, (16) cis-chlordane, (17) trans-nonachlor, (18) 4,4′-DDE, (19) Dieldrin, (20) Endrin, (21) Chlorobenzilate, (22) Endosufan II, (23) 4,4′-DDD, 
(24) Endosufan sulfate, (25) 4,4′-DDT, (26) Methoxychlor
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were adults > children > adolescents > seniors, and 
females > males (Fig.  4). Adults had the highest ILCR in 
both exposure routes (Fig.  4), despite their largest body 
weight (Additional file  1: Table  S6). It was because the 
exposure duration for adults would be much longer than 
that of the other three groups (Additional file 1: Table S6), 
which would make them have the highest exposure doses 
(Additional file 1: Fig. S4). The exposure duration of chil-
dren was the shortest, but their intake rate was the larg-
est. They also had the largest skin exposure ratio, and 
their low body weight accounted for their high expo-
sure doses under both exposure routes (Additional file 1: 
Table S6, Fig. S4). This resulted in their higher ILCR val-
ues than those for both adolescents and seniors (Fig. 4). 
Children are sensitive to health risks, and more attention 
should be placed on this. According to gender, females in 
all the age groups showed higher cancer risks than males 
because females have lower body weights and this leads 
to higher exposure doses and ILCR values (Fig. 4, Addi-
tional file 1: Table S6, Fig. S4).

The median values of HI for diverse population groups 
caused by dermal contact were estimated to be from 

1.649 × 10−1 to 8.294 × 10−1, and the median values of HI 
caused by mistaken oral intake ranged from 1.912 × 10−5 
to 9.289 × 10−5 (Fig.  4). From the median, the non-car-
cinogenic risks caused by dermal contact were much 
higher than that of mistaken oral intake, but the HI values 
of both exposure routes were smaller than 1. This indi-
cated that OCPs in the river waters of Shanghai did not 
cause significant non-carcinogenic health hazards (Fig. 4) 
[27]. The HI values of dermal contact at the 99.46th, 
99.84th, 65.08th, 99.74th, 99.30th, 99.88th, 62.40th, and 
99.68th percentiles for boys, male adolescents, male 
adults, male seniors, girls, female adolescents, female 
adults, and female seniors, respectively, were greater than 
1. This indicated that the OCPs in Shanghai’s river waters 
still caused a small number of people to be exposed to 
non-carcinogenic health hazards through dermal con-
tact (Fig. 4) [27]. The HI values caused by mistaken oral 
intake indicated that people would not significantly be 
affected by OCPs in this manner (Fig. 4) [27].

With respect to different intensive land-use types, 
the ranking of the ILCR caused by dermal contact in 
decreasing order was as follows: inner city > island 

Fig. 4  Cumulative probability distribution chart of health risks for different population groups exposed to organochlorine pesticides from the river 
waters of Shanghai
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areas > agricultural areas > suburban towns > industrial 
areas for all the population groups. For the HI values, 
the ranking was inner city > island areas > agricultural 
areas > industrial areas > suburban towns (Fig.  5). The 
ranking of the ILCR caused by mistaken oral intake 
in decreasing order was agricultural areas > industrial 
areas > suburban towns > industrial areas > inner city for 
all population groups. For HI values, the ranking was 
industrial areas > agricultural areas > inner city > subur-
ban towns > island areas (Fig. 5). The rankings were vari-
able between carcinogenic risk and non-carcinogenic 
risk or under diverse exposure routes, which was due to 
the diversified compositions of the OCPs in the rivers 
near different intensive land-use types. Each OCP has 
a unique Kow and molecular weight (Additional file  1: 
Table S7), which could lead to different dermal permea-
tion constants. This results in different exposure doses 
and health risk rankings under diverse exposure routes 
(Fig. 5). Furthermore, the specific cancer slope factor and 
non-carcinogenic reference dose of each OCP could also 
affect the ILCR and HI values (Additional file 1: Table S7), 

making their rankings discrepant even for the same expo-
sure route (Fig. 5). Therefore, to judge the health hazards 
of pollutants only using the concentrations of the com-
pounds could produce inaccurate results.

According to the literature, the carcinogenic risk 
value of OCPs in this study, which was approximately 
10−5–10−4, was similar with that of surface waters and 
underground waters in the Shaying River [4], in edible 
fish from the East Lake of Wuhan [54], and in the sur-
face waters of the Three Gorges Reservoir and the Huaihe 
River in China [7, 55] (Additional file  1: Table  S11). In 
this study, the OCPs in the river waters of the Shanghai 
river network had higher carcinogenic risks for humans 
than those in the drinking water sources of South China 
[38], the tap water of Jiangsu [56], and the drinking water 
of Aba Prefecture, Sichuan [35], whose carcinogenic risk 
values were between 10−10 and 10−6 (Additional file  1: 
Table S11). In the river waters of the Yeongsan and Seom-
jin River basins of Korea, there were higher carcinogenic 
risks of 10−5 and 10−2 associated with OCPs [57] (Addi-
tional file  1: Table  S11). As far as the non-carcinogenic 

Fig. 5  Health risks in population groups from different intensive land-use types exposed to organochlorine pesticides in the river waters of 
Shanghai
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risk, the current finding was also strengthened by previ-
ously published data from around the world (Additional 
file  1: Table  S11). The results found in this study were 
similar to that of edible fish from the East Lake of Wuhan, 
with estimated non-carcinogenic risk value of 10−1 [54], 
slightly higher than the underground rivers of Chongqing 
in China [39], the tap water from the Ebro River in Spain 
[40], and the surface waters of Lake Chaohu in China [58] 
and the River Ravi in Pakistan [59], with non-carcino-
genic risk values ranging from 10−5 to 10−2 (Additional 
file 1: Table S11). In general, the non-carcinogenic risks 
above were all within the negligible risk level.

Conclusions
The concentrations of 26 OCPs in the urbanized river 
network of Shanghai were determined. Six OCPs, namely, 
chloroneb, chlorobenzilate, chlorothalonil, propachlor, 
heptachlor, and heptachlor epoxide, require more atten-
tion due to their high concentrations and high detection 
frequencies. On the whole, the concentrations of OCPs in 
the northern and southern regions of Shanghai were sig-
nificantly higher than that in other regions, and the OCP 
concentrations in the SPM were higher than that in the 
surface water. The fluctuation of the OCP concentrations 
among diverse intensive land-use types was not signifi-
cant (p > 0.05), but the OCP concentrations in the river 
waters of the inner city varied most significant. The Kp 
values of the ∑26 OCPs were negatively correlated with 
the TSS contents (p < 0.01). Some OCPs formed triangle-
shaped areas with higher local ecological risks, which 
were concentrated in agricultural areas, and there were 
nine OCPs of high risk in some areas. The health risk 
assessment results showed the ILCR for dermal contact 
and mistaken oral intake were generally low, except for 
adults, whose ILCR caused by dermal contact were mod-
erate risk. The carcinogenic and non-carcinogenic risks 
caused by dermal contact were much higher than that of 
mistaken oral intake, but the HI values of both exposure 
routes were less than one, indicating that the OCPs in the 
river waters did not pose significant non-carcinogenic 
health hazards for most people.
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