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China is one of the largest producers and consumers of pesticides in the world today. Along with thewidespread
use of pesticides and industrialization, there is a growing concern for water quality. The present review aims to
provide an overview of studies on pesticides in aquatic environments in China. The levels in thewater, sediment
and biota were scored according to a detailed environmental classification system based on ecotoxicological ef-
fect, which is therefore a useful tool for assessing the risk these compounds pose to the aquatic ecosystem. Our
review reveals that themost studied areas in China are themost populated and themost developed economically
and that the most frequently studied pesticides are DDT and HCH. We show maps of where studies have been
conducted and show the ecotoxicological risk the pesticides pose in each of the matrices. Our review pinpoints
the need for biota samples to assess the risk. A large fraction of the results from the studies are given an environ-
mental classification of “very bad” based on levels in biota. In general, the risk is higher for DDT than HCH. A few
food web studies have also been conducted, and we encourage further study of this important information from
this region.
The review reveals that many of themost important agricultural provinces (e.g., Henan, Hubei and Hunan) with
the largest pesticide use have been the subject of few studies on the environmental levels of pesticides. We con-
sider this to be amajor knowledge gap for understanding the status of pesticide contamination and related risk in
China. Furthermore, there is also a lack of studies in remote Chinese environments, which is also an important
knowledge gap. The compounds analyzed and reported in the studies represent a serious bias because a great
deal of attention is given to DDT and HCH, whereas the organophosphate insecticides dominating current use
are less frequently investigated. For the future, we point to the need for an organized monitoring plan designed
according to the knowledge gaps in terms of geographical distribution, compounds included, and risks.

© 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Pesticides have beenwidely applied to protect agricultural crops since
the 1940s, and since then, their use has increased steadily. The
organochlorine pesticides (OCPs) became the dominant pesticides after
the Second World War. With the publishing of “Silent Spring” by Rachel
Carson in 1962 (Carson, 2002), a wider audiencewaswarned of the envi-
ronmental effects of thewidespreaduse of pesticides. As a result, DDTwas
banned for agricultural use ten years later in the US, and the regulation of
chemical pesticide usewas strengthened.Most organo-pesticides charac-
terized as persistent in the environment can bioaccumulate through the
food web and can be transported long distances (Sheng et al., 2013;
Shen et al., 2005), as evidenced by the accumulation in arctic wildlife
(Dietz et al., 2004).

China's environmental challenge associated with the use of pesti-
cides has attracted a great deal of attention from both the public and
the scientific community (Gao et al., 2008; Wang et al., 2005). As in
many other developing countries, the use of pesticides to increase agri-
cultural yields has been highly encouraged in China in the past. At the
same time, the high levels of pesticide residues are one of the most ur-
gent food safety concerns in China (Hamburger, 2002).

Water quality has become a great concern in China. It has been re-
ported that “only 58% of freshwater meets the quality criteria for safe
drinkingwater” (Bao et al., 2012). China's Nationalwater quality assess-
ment criteria aremostly related to traditional pollutants, such as organic
matter (BOD, COD), nutrient loading (N, P) and certain heavy metals.
Little emphasis has been given to organic micropollutants, such as
pesticides.

Pesticide production and usage in China has been increasing at a
rapid pace in the past 30 years (Fig. 1), China is one of the largest pro-
ducers and consumers of pesticides in the world today. High levels of
DDT in human breast milk were found in several large Chinese cities
(Wong et al., 2005). South China (Pearl River Delta) has been identified
as one of the areas in China that has high environmental concentration
of pesticides (Guo et al., 2009; Li et al., 2014b; Wang et al., 2005). Site-
specific studies measuring pesticide (mostly DDT and HCH) concentra-
tions in China have begun to emerge. To date, the existing large number
of site-specific studies has given people knowledge of pesticide contam-
ination status at a few hot spot areas, but large parts of China have still
not been assessed. The environmental exposure level and associated
risks remain largely unknown. It is therefore hard to gain any insights
into the occurrences and risks of pesticides in the Chinese environment
at the national level.

This study aims to review the overall occurrence of DDT and HCH in
the Chinese environment by screening the existing literature and ad-
dresses the blind spots of studies to date. As part of the efforts to reveal
what has been done andwhat remains an urgent need on pesticide pol-
lution problems in China, this paper focuses on these two pesticide
levels and the environmental risks in aquatic environments in China.
Fig. 1. a) Historical production, use, export and import amounts of all pesticides in China.
“Use” in the figure is compiled from the China Rural statistical Yearbook (NBSC (National
Bureau of Statistics of China), 2011), whereas the “calculated use” is calculated from the
production, export and import from the China Economic Yearbook (NBSC (National
Bureau of Statistics of China), 2012). b) Annual average pesticide use for the period
1991–2010 per province.
2. Pesticide production and use in China

The historical production and use of pesticides in China are shown in
Fig. 1. Because OCPs accounted for 80% of the total pesticides before
1982, the first regulation of OCPs in China in 1982 (Wang et al., 2005)
resulted in a sharp decrease in the production of total pesticides for
five years. After that, the production of total pesticides (mostly non-
OCPs) increased again (Fig. 1).
Interestingly, there are some conflicts in the data between produc-
tion and use as the amount of use is considerably different from the
amount of production when imports and exports are accounted for.
This gap may be related to the different statistical materials available
(e.g., production and import/export amounts were issued by the China
Economic Yearbook (NBSC (National Bureau of Statistics of China),
2012) and the amount used was issued by the China Rural Statistical
Yearbook (NBSC (National Bureau of Statistics of China), 2011)) and/
or different statistical standards (on the basis of the amount of the
pure and original pesticides or secondary processed products).
3. Methodology

3.1. Selection criteria

The present review aimed to provide an overview of studies on pes-
ticides in the Chinese environment. The literature cited in the present
study was extracted from the ISI Web of Knowledge citation index
and search service (www.isiknowledge.com) using the following

http://www.isiknowledge.com
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keywords: pesticide (OR pesticides) and China. In addition, cited refer-
ences within this first set of publications were also included. Thus, only
publications in English and in international peer reviewed journalswere
included in the present study. Publications in the last two decades, until
December 2013, were selected in the present study. Following the
criteria above,we reviewed a total of almost 500 publications. However,
the publications that are presented in this review are selected results
from this set.

3.2. Data treatment

The data presented in the present studywere converted to a uniform
format of units: water: ng L−1, sediment: ng g−1 (=μg kg−1) dry
weight, and biota: ng g−1 (=μg kg−1) wet weight. With the exception
of the units for water, these are the same units utilized in the environ-
mental quality standards (EQS) defined in Bakke et al. (2010) and
Molvær et al. (1997) for water and sediment and biota, respectively.
For ease of reading the tables,we have given all numbers two significant
digits because analytical variabilitymakes further precision superfluous.
We reviewed the pesticides' distribution and occurrence in various en-
vironmental components in China: water, sediment, biota and the food
web (Tables S1–S4). The values are colored in accordance with the EQS
risk categories (Bakke et al., 2010; Molvær et al., 1997). Three values for
each study location were summarized in the tables, including the max-
imum, mean and minimum values of the dataset wherever available.

3.3. Environmental risk assessment

Environmental classifications of the concentrations of pesticides
have been made for different environmental compartments. Different
classification systems for assessing the environmental risk exist, and a
more elaborate comparison of such systems is given in the supporting
material. The conclusion of this comparison was that the Norwegian
classification system (Bakke et al., 2010; Molvær et al., 1997) was the
most comprehensive regarding environmental quality standards. The
Norwegian system was therefore chosen for the risk assessment and
categorization of pesticides in aquatic environments in the present
study.

Both Norwegian guidelines divide different matrices into five pollu-
tion classes based on ecotoxicological effect. Within the classification
system, class I is considered to represent background conditions in pris-
tine areas (in Norway). The upper limits for classes II and III are based on
the predicted no effect concentrations (PNEC) for chronic and acute
exposures to that compound, respectively. The upper limit of class IV
is defined as concentrations between two and five times the PNEC
(depending on the compound), with class V representing concentra-
tions above this level.

Within the Norwegian classification system for DDT, the risk assess-
ment is for the DDTs (ΣDDT, the sum of DDT and the degradation prod-
ucts DDE and DDD). Our data are presented accordingly unless
otherwise stated. However, the risk categories for HCH are different de-
pending on the matrix. The risks in water and sediment are based on
concentrations of lindane (the γ-isomer of HCH), whereas the risk in
biota is based on the sum of all HCH isomers. Again, our data are pre-
sented accordingly, which means that for water and sediment, we
focus on the occurrence of lindane, and for biota, we focus on the sum
of all HCH isomers. However, in the supporting information on biota
(Table S3), the concentration of lindane is also presented whenever
available.

4. Pesticides in aquatic environment in China

4.1. Regional distribution of field studies and types of pesticides analyzed

Fig. 2a shows the locations of all of the studies that have been
reviewed in this article. Four areas clearly showupon themap as having
most of the studies: Beijing-Tianjin, Shanghai/Yangtze River Delta, Xia-
men/Fujian coast, and Guangzhou/Pearl River Delta. These areas are
among the most populated in China and the most developed economi-
cally. Most study sites are located in coastal areas and the deltas of the
major rivers.

The studies covered a wide range of samples, including water, sedi-
ment and various types of biological samples. Most of the studies fo-
cused on conventional OCPs, mainly DDT and HCHs. For example,
there were 44 papers reporting DDT and 42 papers reporting HCH in
sediments, whereas only 4 included chlordanes and 8 HCB (Fig. 2c).

Organophosphates, pyrethroid and carbamate are themost common
currently used pesticides in China. Although studies on the environ-
mental occurrence and ecotoxicological risk of these pesticides are
scarce in China (Li et al., 2013), studies have confirmed the occurrence
of these currently used pesticides in the water, sediment and air in
China (Gao et al., 2009; Li et al., 2014a; Wang et al., 2012). This has al-
ready drawn the attention of both academia and the public; poisoning
events associated with organophosphate insecticides and carbamates
are frequently reported (Li et al., 2014c). However, due to the large-
scale use in agriculture in the past and their persistence, DDT and HCH
have become ubiquitous in the environment. To do an extensive risk as-
sessment for the environment in China that can cover most of the terri-
tory of China, the risks from DDT and γ-HCH (lindane) were assessed
according to the EQS given by Bakke et al. (2010) and Molvær et al.
(1997).

In the following sections, we summarize data for the two groups of
OCPs included in the most studies, i.e., HCH and DDT. We search the
published studies for the different compartments/matrices (water, sed-
iment and biota) of aquatic environments. The results are separately
summarized as risk levels for each matrix (Figs. 3–5). The risk assess-
ments are based on the Norwegian guidelines for all the matrices be-
cause this guidance is the most comprehensive. The figures are based
on data presented in Tables 1–3 in the supplementary information.
Both the figures and the tables are colored according to the Norwegian
risk guidelines as described in Bakke et al. (2010) and Molvær et al.
(1997). This way of presenting data is more convenient than just
reporting levels of concentrations, because the assessment is effect
based. We tend to present all of the results in each study instead of an
average value.
4.2. Water

An overview of the risk levels of DDTs and lindane in surfacewater is
shown in Fig. 3a (DDTs) and Fig. 3b (lindane) based on more than 30
studies for each parameter. Detailed values and references are listed in
Table S1 in the supplementary material. The Norwegian classification
system (Bakke et al., 2010) contains no information about background
levels (class I) for DDTs and lindane in water. Hence, only four environ-
mental classes have been utilized for the water phase. In Table S1, stud-
ies of pore water are also shown, which, in general, show higher
concentrations in this environmental matrix. However, these studies
are not included in Fig. 3.

For DDT, most of the lakes and rivers that were investigated reached
class II or III (i.e., good, b1 ng L−1 or moderate, 1–25 ng L−1) with a
few sites (approximately 25%) in some areas displaying class IV
(e.g., 25–250 ng L−1). The highest elevated concentration levels exceed-
ing 250 ng L−1 (i.e., class V, very bad) were found in several areas locat-
ed in the Haihe River Basin, the Huaihe River Basin, the Taihu Basin, and
the Pearl River Basin (Fig. 3a). For lindane themajority of lakes and riv-
ers reached class II (Fig. 3b). Generally, the risk levels for lindane in
water were lower than for DDT. The highest concentrations of lindane
were also found in the Haihe River Basin and the Pearl River Basin
(Fig. 3b). There was also high risk identified in one study in Yunnan,
probably due to illegal usage or discharge, which has been a problem
in many areas in China (Yang et al., 2007).



Fig. 2. a) Geographic locations of studies in this review (upper). b) The number of publications by themost-publishing institutions (letter in brackets indicates it geographic location cor-
responding to Fig. 2a) (lower left). c) The number of publications for each type of pesticide for sediments and biota (lower right).
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TheHaihe River is the largest river in the Beijing-Tianjin area and the
economic center of northern China. It is considered the most polluted
river among the largest rivers in China (Wang et al., 2010). The river
converges near Tianjin, an important chemical industry city in China
that has produced large amounts of OCPs, such as DDT and lindane.

The Huaihe River Basinwas strongly pollutedwith pp-DDT. The high
frequency of detection of pp-DDTwas explained by the historical use of
DDT in agriculture, in addition to the widely used dicofol, which con-
tains up to 20% pp-DDT as an impurity, on cotton and fruit crops. The
Huaihe River, in addition to the Yellow River and the Yangtze River ba-
sins are important and large agricultural areas. However, due to the di-
lution by the generally high annual runoff from the Yellow River and
Yangtze River, the risks in these two large rivers are not as high as in
the Huaihe River.

The Pearl River Delta is one of the seriously contaminated areas in
China, especially for DDT in water (Fig. 3a). The delta is a heavily
industrialized area that mainly consists of three mega cities —

Hong Kong, Shenzhen and Guangzhou, as well as some smaller cities.
The delta area has many busy shipping routes and large ports. Many
of the ships use an antifouling paint containing DDT. Therefore, this
area suffers a great deal from DDT contamination from the shipping
industry. According to Guo et al. (2008), the amount of dicofol used
in China was almost 9000 tons between 1988 and 2002, and in
2003, an average of more than 14 tons of dicofol was applied in the
Pearl River Delta.

In general, water is not considered a good matrix for monitoring the
levels and risks of DDT and lindane, due to their strong lipophilic prop-
erties. The recommended matrices for assessment of DDT contamina-
tion according to the European Commission (European Commission,
2010) are sediment and biota. For lindane, water and sediment are op-
tional matrices, but biota is the preferred matrix (European Commis-
sion, 2010).



Fig. 3. a) Risk levels of water from DDTs (upper). b) Risk levels of water from lindane (lower). The fraction of the pie in each location indicates the percentage of samples in each risk cat-
egory. The size of the pie indicates the number of samples. A dotwith the risk corresponding to the average concentration is used at locationswhere the number of samples is not available.
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4.3. Sediment

An overview of the risk levels of DDTs and lindane in sediment is
shown in Fig. 4. Detailed values and references are listed in Table S2
in the supplementary material, comprising more than 50 investiga-
tions for each compound. The study sites for OCPs in sediments
cover a fewmore areas than for water and a slightly better geograph-
ical coverage. The levels of HCB (hexachloro benzene) have been
assessed for risk, and the levels of other OCPs and pesticides are
also given in Table S2.
Similar to OCPs in water, most of the lakes and rivers investigated
obtain class II (0.5–20 ng g−1 for DDTs and b1.1 ng g−1 for lindane).
The areas with the highest levels of DDTs differ from the areas with
the highest levels of lindane. High levels of DDTs in sediment were
found in the Huaihe River, the Pearl River Delta and Hainan, at classes
III–IV.

The Pearl River Delta is oneof the places that showed an explicit con-
trast between DDT and lindane contamination (Fig. 4a&b). The DDTs
used in antifouling paint by a large number of ships are themain source
of DDT input. This was also confirmed by another study in fishing



Fig. 4. a) Risk levels of sediment from DDTs (upper). b) Risk levels of sediment from lindane (lower).
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harbors in China (Lin et al., 2009), which indicated that DDT risk levels
had all reached class III–IV, whereas lindane risk levels were basically
maintained at class I. Both Macao and Hong Kong harbors exceeded
the level for “very bad” (4 900 ng g−1), where severe acute toxic effects
can be expected. The authors of this study ascribed the high levels to the
new local input of antifouling paint within the fishing harbors. More in-
vestigations like this one on coastal sediments are therefore warranted,
alongwith propermanagement. The lowest levels of DDT in the study of
Lin et al. (2009) (21–68 ng g−1) were observed in Guangzhou harbor,
which is located in the inner estuary. Even these levels are considered
moderately polluted (Bakke et al., 2010), which shows that DDT pollu-
tion in the region represents a serious environmental problem. The
levels were confirmed in another study (Mai et al., 2002), where the
levels in the Macao harbor were somewhat lower (1 629 ng g−1) and
the levels near Guangzhou were 91 ng g−1. In a third study of levels of
DDT near Guangzhou, the levels were reported to be between nd and
11.9 ng g−1 (Li et al., 2011b). In one study of fishpond sediments in
the Pearl River estuary (Li et al., 2011a), an environmental risk assess-
ment for DDT was performed, based on Long et al. (1995). Only 27% of
the investigated samples had DDT concentrations that could be charac-
terized as non-polluted, whereas 9% were medium polluted.

High levels of lindane were found in the Beijing-Tianjin area,
Qiantang River and central Yangtze River with classes III–IV and even
V. These samples were therefore very different from the water samples



Fig. 5. a) Risk levels of biota from DDTs (upper). b) Risk levels of biota from all HCH isomers (HCHs) (lower).
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where the risk level of lindane was generally lower than that of DDT.
The geographic distribution of risks of DDT and lindane in sediment
samples did not show a clear relationship. A site with a very high level
of DDT in the sediments was found near Tianjin and was also found to
have high levels of DDT and lindane in the water phase (Tao et al.,
2007). The input was described as recent and was ascribed to large
chemical companies and small-scale pesticide manufacturers. The
highest levels of lindane were reported in the Haihe River (L. Zhao
et al., 2010); in addition, in the estuary, some of the levels of lindane
were still above 10 ng g−1. The authors claimed that the Haihe River
Basin is one of the most POP-contaminated basins in China. The
production of lindane and HCH in the area was not stopped until 2000
and 2003, respectively.

The Qiantang River was one of the sites that showed a serious risk
level of lindane and amoderate risk level of DDT. The dominance of lin-
dane in most sediment samples reflected the recent use of lindane. The
high concentration of biological metabolites p,p′-DDD from the parent
DDTs indicated that DDT contamination was mainly from the aged
andweathered agricultural soils, which had been retained under anaer-
obic conditions in the sediment (Zhou et al., 2006).

Taihu Lake is also a site that has attracted investigations of pesticide
occurrence. A study by Z. Zhao et al. (2010) investigated the mutagenic
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potential of sediment extracts and revealed poor correlations between
the OCP content and the exception of endosulfans. The levels of DDT
varied from0.06–5.8 ng g−1 dw sediment. Thismeans that the pollution
of DDT in the sediment is not very severe and that no toxic effect follow-
ing chronic exposure is expected.

One study covered the Songhua River, which is the biggest river by
runoff volume in northeast China. HCH was the dominant pollutant,
and there was still fresh HCH input from agriculture at the time the
study was conducted (He et al., 2008).

The contrast of the occurrence of DDT and lindane in the environ-
ment shows a clear pattern of use of these two different types of OCPs.
HCH is preferred more in recent agricultural activities, and the DDT oc-
currence in these agricultural areas is usually from residues of previous
use. The use of DDT in the interior of the country has declined over time,
whereas HCH continues to have fresh input. The DDT risk levels in these
agricultural areas are therefore generally lower than lindane risk levels.
DDT in coastal areas shows the opposite story, where ships use large
amount of DDT containing antifouling paint. The risk levels of DDT in
these areas are therefore much higher than the lindane risk levels.

4.4. Aquatic biota

An overview of the risk levels of DDTs and HCHs in various types of
biota is shown in Fig. 5a (DDT) and Fig. 5b (HCH). Detailed values and
references are listed in Table S3 in the supplementary material, and ad-
ditional pesticides were also assessed for risk (HCB) and referenced
(other OCPs and pesticides). The study sites for OCPs in biota are gener-
ally scattered along the east coast of China,where aquatic biota are pres-
ent in large rivers, estuaries and the sea. There were very few studies
presenting data from inland waters and major rivers. Only one study
with three locations was conducted in Tibet, which was the only study
in the entire western part of the country.

The risk levels in Fig. 5 are based on the average concentrations of
OCPs in each type of biota. This is different from Figs. 3 & 4 which
showed the number of samples in each risk category. The HCH risk as-
sessment in biota is based on the total concentration of all HCH isomers
(Norwegian guidelines (Molvær et al., 1997)).

In general, the environmental risk of DDT ismuchhigher than that of
HCH in biota (Fig. 5) and most of the biota samples showed a risk level
of V for DDT. TheHCH in biota has only a fewplaceswith a risk level of V,
often corresponding to the sites identified for HCH (lindane) in sedi-
ment (Fig. 4b). The majority of high DDT levels were detected along
the Chinese coast, some at the outflow of major rivers. High levels
were detected in mussels, suggesting the present usage of DDTs and
HCH near coastal waters (Monirith et al., 2003). The majority of the
Chinese sites investigated were of industrial or agricultural origin. The
study revealed that the levels of DDT probably have ecotoxicological ef-
fects (risk level V according to Norwegian guidelines), but the levels of
HCH in the same locations showed lower effects (risk levels I and II).

High levels of DDT in fish were observed in consumer fish, both from
freshwater cultured fish and marine cultured fish, as well as in fish pur-
chased from markets. One of the most investigated sites was near the
Pearl River estuary, where several species have been investigated. Many
of the investigations showed that DDT is likely to have an ecotoxicological
effect in this area and that the risk of HCH is lower. Again, the investiga-
tions point to antifouling paints on boats as the source of the high DDT
levels in the area, especially because production takes place in this region.

One of the lakes that showed high levels of DDT in biota was Taihu.
The lake has had several investigations of biota, and the organisms in-
vestigated range from bivalves, shrimp and fish to bird eggs (eggs are
not included in the figure). In general, the highest levels were observed
in bird eggs (up to 5 800 ng g−1) (Dong et al., 2004) and birds (Nakata
et al., 2005). For the investigation of bird eggs, the significant differences
in levels between different species could be attributed to the variation in
prey and habitat. Both investigations studied fish and bivalves in the
same lake at the same time, both of which had lower levels of DDT.
This can possibly be ascribed to the fact that birds are often on top of
the food chain and their trophic level can often be as high as 4 in
China (Cui et al., 2011; Wan et al., 2008). We therefore encourage the
use of birds and bird eggs in studies of environmental risk. The same in-
vestigations also reported levels of HCH in the bird eggs; however, the
risk of this pesticide was lower but still in risk category V in one of the
studies (Nakata et al., 2005). Additionally, in bird eggs from Hong
Kong, elevated levels of DDT were detected (Connell et al., 2003).

Aquatic living organisms are suitable for assessing the environmen-
tal quality of their environment. Many older pesticides, as well as some
of the new pesticides, have a quite high log Kow and will therefore ac-
cumulate in biological tissue. Some of the aquatic organisms will also
constitute human food and thereby a potential impact on humanhealth.
For environmental monitoring purposes, the use of organisms high in
the food chain is essential. We therefore encourage future monitoring
campaigns to focus on analyses of biota for lipophilic compounds. It
would also be beneficial to include analyses of nitrogen (and carbon)
isotopes to facilitate themeasurement of the trophic level of the organ-
isms analyzed.

4.5. Food web studies

The major portion of the studies reported in the previous chapters
has focused on onematrix for the analysis of the level of pesticides. How-
ever, some investigations have chosen to study the foodweb, whichmay
include diverse matrices, such as water, plants, biota and sediment.
These studies are very useful because the environmental risk as well as
the risk for human health can then be assessed to a certain extent.
Whether pesticides accumulate in the local foodweb and towhat extent
is always of importance. A true study of bioaccumulation is always best
performed in the same study because different studies will invariably
have different timing, locations and analyses of the compounds. Food
web investigations are shown in Fig. 6 and in Table S4 in the supporting
material. One of the few places in China where the food web has been
studied is the Qiantang River, which flows through an agricultural area
(Zhou et al., 2008). Thirteen OCPs were determined in different biota
(crab, clam, shrimp and fish) as well as aquatic plants, water and sedi-
ments. The conclusion of the study was that almost half of the edible
aquatic animals had higher levels than those recommended for human
consumption by the US EPA. The log BCF (bio concentration factor)
was calculated in the different sampling sites and for all biota and ranged
from 2.9–6.3 for fish, 3.8–6.2 for shrimp and 3.1–5.4 for clams. The
highest BCF values were observed for p,p′-DDE. The analyzed pesticides
were distributed differently than the aquaticmatrices. The percentage of
∑DDTs (sumpesticides analyzed)was higher in the sediment andbiota
than in the water and plants, whereas the opposite was observed for the
∑OCPs, other than the DDTs andHCHs analyzed. This demonstrates the
importance of analyzing more than one matrix when performing envi-
ronmental risk assessments and choosing the best matrix for analyses
based on the inherent properties of the pesticide in question.

DDT and HCH in the food web of Baiyangdian Lake was studied by
Hu et al. (2010). A range of biota, including zooplankton, shrimp, crab,
snail, mussels, different fish, turtle and duck, were analyzed, as well as
water and sediment samples. Stable isotope analyses were performed
on the biological matrices, allowing the trophic level of the organisms
to be determined. The correlations between these analyses allowed for
the determination of the biomagnification in the food web, which
were determined to be 1.6 and 1.7 for α-HCH and p,p′-DDT, respective-
ly. The compositional profiles for DDT and HCH varied substantially
among different biota.

5. Discussion

The information reviewed and summarized here obviously does
not represent a statistically good sampling design with representa-
tive sampling. The geographic distribution of the studies is probably



Fig. 6. Pesticide bioaccumulation through the foodweb. A straight line in inside the box indicates themedian of the values,while a square indicates themean; the box indicates the 25% and
75% cut of the values; the whiskers indicates the maximum and minimum of the values.

95M. Grung et al. / Environment International 81 (2015) 87–97
not representative of the real occurrence of the problem. The studies
tend to be geographically concentrated around cities because they
are the base of a few institutes and universities with the competence
to analyze organic pollutants. Fig. 1b shows the eight institutes and
universities in China that have the most publications related to pes-
ticides in aquatic environments in China. All of the institutes are lo-
cated in the four areas where most studies are carried out, with
only one exception (China University of Geosciences in Wuhan).
This bias towards more studies in the most developed areas of
China may relate to

- the availability of funding (more funding available for environmen-
tal studies in the most developed areas);

- local environmental awareness (the general population as well as
policymakers in developed areasmay bemore concerned about en-
vironmental issues);

- the sampling of local “hot spots”where elevated concentrationsmay
be expected and the local pollution situation is of particular interest;

- the convenience of sampling (most of the studies have had scien-
tific goals other than to provide a geographic distribution of pes-
ticides in the environment, hence sampling close to “home” is
convenient).

Many of the most important agricultural provinces and the prov-
inceswith the largest pesticide use (Fig. 1b) have few studies. For exam-
ple, the central Chinese provinces of Henan, Hubei and Hunan are
important grain (wheat and rice) production areas with high pesticide
use, where very few studies of pesticides in the environment have
been published. We consider this lack of studies from the areas using
themost pesticides to be a major knowledge gap for the status of pesti-
cide contamination in China.

Additionally, there is a lack of studies in remote environments in
China; there were merely three studies on the Tibetan Plateau, two on
the Yunnan Plateau and none in the entire northwest and the upper
and middle Yellow River Basin. Given the importance of the occurrence
of pesticides in remote environments on a global scale, the lack of data
from remote regions in China is striking and another important knowl-
edge gap identified by this review.

Another uncertainty in our compiled dataset and risk maps is the
data quality. Because the collated data are from the international peer-
reviewed literature, a reasonable QA/QC scheme must be expected,
and hence, the analytical quality should be acceptable for the current
purpose. In addition, the standard OCPs should be relatively easy to an-
alyze. However, sampling procedures and sample representativeness
may be a weakness and may be difficult to assess.

Many of the reviewed publications have a limited scope in terms of
discussing the data in a wider context. Often the discussion is limited
to a comparison with reported concentrations from other studies and
other countries and to some extent, a comparison with EQS values. In
general, the data presented in different publications are used for risk as-
sessments to a limited extent.

The compounds selected for analysis in the different studies proba-
bly also represent a serious bias. Most studies focus on DDT and HCH.
Whether this is reasonable from the perspective of these two (groups
of) compounds being themost serious or whether they are selected be-
cause they are easy to analyze is not clear. China has banned the use of
these two insecticides since 1983, and organophosphate insecticides
have dominated China's insecticide market since then. Even so, fewer
studies have been conducted on the pesticides that are currently used
than on DDT and HCH (Li et al., 2014b).

We have chosen to assess the risk levels of DDTs and lindane (HCHs
in biota) according to the Norwegian classification system. There are, of
course, uncertainties related to the use of a risk classification system
from a different part of the world. The species from China may exhibit
a different sensitivity to the pesticides than the ones on which the clas-
sification system is based. Soil properties may give rise to different dis-
tribution patterns, and physical properties may differ significantly, such
as climate (temperature), which is an important factor for degradation.
However, because this is among the first attempts at assessing the over-
all risk of pesticides, we believe that the use of a coherent risk assess-
ment classification system is valuable.

Despite the uncertainties and challenges discussed above, it is clear
that the currently available (as peer-review published) information on
OCPs in aquatic environments in China gives an incomplete picture of
the contamination situation, both in terms of the spatial distribution
and the compounds of concern, and possibly also regarding general risk
levels.

6. Future perspectives

• There is a clear need for an organized monitoring plan, designed ac-
cording to knowledge gaps in terms of geographical distribution, com-
pounds included, as well as risks. This should target researchers as
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well as environmentalmanagement and help focus research and stra-
tegic environmental planning.

• Regarding DDT, the manufacturing process for dicofol and DDT con-
taining anti-fouling paint are the twomain uses of DDT until recently.
These uses have very recently been fully regulated and are therefore
in the process of being phased out. Hence, the only intentional use
of DDT in China should be against malaria in some limited regions.
Changes in terms of reduced DDT contamination in the environment
should be expected. Appropriate monitoring to follow and document
these changes should be established. DDT will be present in the envi-
ronment for decades after use is stopped and long termmonitoring is
important.

• Future studies should be designed to focus on the total environmental
pressure, not only single matrices, such as sediment or water.

• In the reviewed publications, there are already many studies at “hot-
spots” and contaminated sites. The focus on “hot-spots” should con-
tinue in parallel with general monitoring because they give relevant
examples of high use and/or high production and the related impacts.
Although such sitesmay have low significance area-wise, theymay be
important in terms of impacts.

• We therefore propose inventories of pesticide contamination in the
environment as a combination of a statistical sampling design to
capture the regional picture, combined with known hot spots.

• Little information exists about the environmental occurrence of new
pesticides; hence, the risk theymaypose to the environment is largely
unknown. More investigations are needed based on gridded invento-
ries as well as hot spot examples. In addition to the obvious issues re-
lated to the widespread use of pesticides, focus should also be on
contamination related to the production of these pesticides.

• Only a few food web studies were reported from China, and conse-
quently, there is a strong need for more investigations on this impor-
tant aspect.

7. Conclusions

For DDT and HCH, the most relevant matrix for environmental risk
assessment is biota. The concentrations in biota reveal that a large frac-
tion of the results from the studies are classified as “very bad” for DDT.
The risk in biota is much lower for HCH, for which the majority of the
levels in biota can be classified as class I or II (background or good).

Inmany cases, the reported concentrations show lower risks in water
and also, to some extent, sediment. Because biota is thematrix of concern,
this illustrates the need to focusmore on biota samples and less onwater
samples. More food web studies would be particularly useful.

Most studies are performed in the same few regions, and there are
large regions where pesticide use is high with very little information
on environmental levels and risks.

Reportswere heavily biased towardDDT andHCH.Hence, these pes-
ticides apparently pose the greatest risks. However, this may be biased
due to a lack of data for other pesticides.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.envint.2015.04.013.
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