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The current state of concentrations of perfluorooctane sulfonate (PFOS) and perfluorooctanoic acid (PFOA)
in China is presented. While products that are known to degrade to either PFOS or PFOA have been used
in China, concentrations in environmental media have been reported to be relatively low across China.
Greater concentrations of PFOS and PFOA were observed in southern and eastern China than in other
areas of China. Concentrations of PFOS and PFOA were relatively great in the Huangpu River, with
concentrations of 20.5 ng l−1 and 1590 ng l−1, respectively. Surface waters of Dongguan and Shanghai were
more contaminated by PFOS and PFOA than that of other cities. Dongguan was the only city in China
in which PFOS value in surface water exceeded the water quality criterion, while PFOA concentration
in Shanghai was 152 ng l−1. Similar to other contaminants, point-source pollution was also the common
pattern of PFOS and PFOA contamination. Concentrations of PFOS in human blood in China were relatively
greater in China than other countries, with drinking water contamination given as the most likely source.
Concentrations of PFOS in human blood have increased from the 1980s to the 2000s, while such a trend
was not observed for PFOA.

Keywords: persistent organic pollutants (POPs); perfluorinated organic pollutants (PFOS; PFOA); fresh
water systems; humans; organisms

1. Introduction

Perfluorooctane sulfonate (PFOS) and perfluorooctanoic acid (PFOA) are two of the more
prominent perfluorinated compounds (PFCs) widespread globally in many environmental media,
including remote regions far from sources, such as the Arctic and Antarctic [1–3]. Perfluorinated
acids, including PFOS and PFOA, are heat resistant and water and oil-repellent. Due to their
unique properties, they have been used since the 1970s as surfactants and surface protectors in
stain-resistant coatings for fabrics, carpet and leather, and in grease and oil-resistant coatings for
paper products and food containers, such as fast-food packaging [4–6].
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PFCs have been found in both freshwaters and oceans, in almost every wildlife species in
which they were measured, and in the blood serum of both occupationally and non-occupationally
exposed people across the world [7–14]. Meanwhile, PFCs have also been found in sewage, sludge,
guillemot eggs, and fresh and tap water [15–19].Among several PFCs, PFOS was the predominant
compound found in biota [20,21], while PFOA was predominant in environmental matrices [20].
Furthermore, they have been shown to elicit toxic effects in exposed laboratory animals [22,23].
PFOS and PFOA were resistant to biotransformation and were ubiquitously found in human blood
with half-lives of several years [24]. Following in utero exposure in rodents [25,26], PFOS and
PFOA can reduce viability and cause bodyweight deficits and other postnatal effects on rat pups.

PFCs in the environment originate from the production, use and disposal of products containing
PFCs [27]. The major sources of PFOS and PFOA in the environment seem to be their dissemi-
nation with wastewater and their release in traces from consumer products [24]. It has also been
reported that residential histories may be a determinant of concentrations of PFOS and PFOA in the
blood of people from Japan [28,29], USA [10] and China [30]. Here we provide a brief overview
of the research status concerning PFOS and PFOA in environmental media of China. This review
summarises the data on concentrations of PFOS and PFOA in multienvironmental media across
China, and discusses the information from both spatial and temporal perspectives. The concentra-
tions observed are also compared and contrasted with concentrations observed in other countries.
Data were obtained from peer-reviewed articles published before July 2008. The available data
consisted mainly of arithmetic or geometric mean and data ranges or medians. The midpoint was
used if only ranges were given. Due to a lack of information on the statistical distribution of the
data in most studies, the means for sample size or variance were not weighted. The information
is compiled in tables available in the Supporting Information (SI) section (online only).

2. Production and use of PFCs in China

Relatively large amounts of industrial chemicals are manufactured and used in China, especially
in the textile, leather and paper industries. The demand for PFCs in the country was met primarily
through importation, with less than 1% was produced by domestic suppliers. The major fluoropoly-
mer products of China include polytetrafluoroethylene (PTFE), fluorinated ethylene propylene
(FEP), polyvinylidene fluoride (PVDF) and polychlorotrifluoroethylene (PCTFE), among which
PTFE accounts for approximately 90%. Most of the manufacturers of fluoropolymers were located
in southern and eastern China, especially in Hubei, Zhejiang, Fujian, Guangdong and Jiangsu
provinces [31,32]. The spatial distribution of the manufacturing provinces and sampling sites is
shown in Figure 1.

In 2003, the seven major manufacturers of fluoropolymers in China were responsible for more
than 90% of domestic production. The PTFE production status in China is shown in Table 1 [33].
Approximately 149,800 tonnes of PTFE were produced in 2003, while the total production capac-
ity of all the manufacturers could achieve up to 240,000 tonnes yr−1. Approximately 90% of the
fluoropolymers used in China was PTFE.

3. PFOS and PFOA pollution in environmental media

Like other persistent organic pollutants (POPs), most of the research in environmental contam-
ination for PFOS and PFOA in China focused on the eastern and southern parts of the country
[34], especially on the estuaries of the Pearl River Delta and Yangtze River.
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Figure 1. Spatial distribution of the manufacturing provinces and sampling sites in China.

Table 1. Production of PTFE in 2003 in China (tonnes yr−1).

Manufacturer Production capacity Output/Tonnes Location/Province

Zhejiang Juhua Group Corporation 5000 3600 Zhejiang
Shanghai 3F Co., Ltd 4000 2900 Shanghai
Jiangsu Myland Group 3500 2800 Jiangsu
Darkin Fluorine Chemical (China) Co., Ltd 3000 – Jiangsu
Shandong Dongyue Polymer Material Co., Ltd 5000 3200 Shandong
Liaoning Fuxin Fluorin Chemical Co., Ltd. 1000 730 Liaoning
Second factory of Chenguang Research Institute of

Chemical Industry
1000 650 Sichuan

Jinan 3F Fluoro. Chemical Co., Ltd. 1500 1100 Shandong
Total 240000 149800

Note: Source: http://www.pka.com.cn/news/view.asp?id=3442.

3.1. PFOS and PFOA in surface water

3.1.1. PFOS and PFOA in rivers

In general, PFOS and PFOA were both detectable in all the main rivers in China. Concentrations
of PFOS and PFOA in river water in China collected from the literature are presented in Figure 2
(Supplementary Table S1 – online only) [35–40]. If different researchers investigated the same
area, means of the different results are given.

Among the 10 sites identified in Figure 2, concentrations of PFOS and PFOA were greater
in some areas, especially the Huangpu River. Concentrations of both PFOS and PFOA at that
location were the greatest values among all the sites, with concentrations greater than 20 ng l−1
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Figure 2. PFOS and PFOA concentrations in rivers in China (ng l−1). Yangtze River [36]; Yangtze River estuary [35];
Three Gorges Reservoir areas of the Yangtze River [37]; Pearl River Delta [36,38]; Songhua River [39]; Huangpu River
[35]; Hunhe River between Fushun and Shenyang City [40]; Yellow River in Jinan City [40]; Bohai Bay around Dalian
[40]; Tianchi [40].

and 1000 ng l−1 for PFOS and PFOA, respectively. These relatively great concentrations of PFOS
and PFOA in the Huangpu River suggested sources associated with the urban and industrial areas
in Shanghai, since the Huangpu River flows through Shanghai, and then empties into the East
China Sea. In fact, there were many PFC manufacturers in and around Shanghai [31]. Therefore,
one of the main reasons for the relatively great concentrations of PFOS and PFOA in the Huangpu
River was the discharge of contaminants and wastewater from PFC factories. In addition, the water
quality of the Huangpu River has been adversely affected by intense industrial and urban activities,
so the second possible source for PFOS and PFOA contamination in the river was the upstream
water pollution. Furthermore, the manufacturing industry cannot be neglected, and some research
showed that it was one of the possible sources of organo-fluorine compounds [41]. Manufacturing
in Shanghai is intensive, and the Huangpu River has been greatly influenced by the cities along
its course. Therefore, the manufacturing industry concentrated in Shanghai was the third possible
source of PFOS and PFOA contamination in the Huangpu River.

PFOS was detected in nine other sites, except the Yangtze River estuary, with concentrations
ranging from 0.41–20.5 ng l−1. Moreover, the mean concentration of PFOS was 0.41 ng l−1 in
Tianchi, which is in Jilin province and relatively remote from the likely sources. PFOA con-
centrations in these sites ranged from 0.32–1590 ng l−1. Like PFOS, the greatest concentration
was detected in the Huangpu River as well. The least concentration of PFOA of 0.32 ng l−1 was
observed in the Songhua River. Concentrations of PFOA were not determined for water of the
Hunhe River between Fushun and Shenyang City, the Yellow River in Jinan City, Bohai Bay
around Dalian, or Tianchi.

3.1.2. PFOS and PFOA in coastal waters

There is little information about PFOS and PFOA in the coastal waters of China, and most of the
information that is available is for southern China.

Compared with other Asian countries, concentrations of PFOS and PFOA along China’s coasts
were less than those in Korea and Japan. PFOS concentrations from all the sampling sites in China
ranged from 0.008 to 9.68 ng l−1 [38,42,43], while in Korea, they ranged from 0.039–730 ng l−1

[38,42], and in Japan from 12.7–25.4 ng l−1 [44]. Similarly, concentrations of PFOA from all the
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sampling sites in China ranged from 0.16–37.6 ng l−1 [38,42,43], compared to 0.239–317 ng l−1

in Korea [38,42], and 154–192 ng l−1 in Japan [44].

3.1.3. PFOS and PFOA in inland cities

Information on concentrations of PFOS and PFOA in surface water is available for eight cities in
China [36,37,40,45] (Figure 3; Supplementary Table S2 – online only). The greatest concentration
of PFOS was found in Dongguan City, Guangdong Province, which is in the southern part of
China. The city is famous for manufacturing and production of electronics, telecommunication
equipment and machinery, which accounts for the majority of local gross industrial output (GIO).
These industries have transformed the Dongguan area into a “world manufacturing base”. The
manufacturing processes involved in production of electronics, plastics and textiles were the most
likely sources of PFOS and PFOA in Dongguan.

Concentrations of PFOS in Shenyang, Wuhan and Shanghai were similar, with a mean of
5.00 ng l−1. Among all the cities studied, concentrations of PFOS in Beijing were moderate
(approximately 1.75 ng l−1), while those in Chongqing, Yichang and Nanjing were relatively less
(<1.00 ng l−1). The mean concentration of PFOS from these eight cities was 1.29 ng l−1, which
was less than those in Japan and New York City, where concentrations of PFOS were 6.88 ng l−1

and 87.3 ng l−1, respectively.
The greatest concentration of PFOA, which was approximately 152 ng l−1, occurred in Shang-

hai. The PFOA concentration in Chongqing was 21.4 ng l−1, the second greatest value among
the data, while PFOA concentrations in the six other cities were all below 10 ng l−1. Excluding
Shengyang, for which there was no data from the literature, the mean value of PFOA in the

Figure 3. Concentrations of PFOS and PFOA in surface water in China cities (ng l−1). Beijing [45]; Shenyang [40];
Dongguan [36]; Chongqing [36]; Yichang [36]; Nanjing [36]; Shanghai [36]; Wuhan [37].
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seven other cities was 29.2 ng l−1. This was half of the PFOA concentration reported for Japan
(58.6 ng l−1), but about 15-fold greater than New York City (1.98 ng l−1) [20,46].

3.1.4. PFOS and PFOA in tap water

Concentrations of PFOS and PFOA in tap water in China are summarised in Figure 4 (Supplemen-
tary Table S3 – online only) [39,40,47]. Among these 11 cities studied, the greatest concentration
of PFOS of 13.2 ng l−1 occurred in Kunming, followed by Shenzhen, with a concentration of
approximately 7.50 ng l−1. Concentrations of PFOS in tap water of other cities were less, with
concentrations ranging from 0.06–1.62 ng l−1. PFOA was analysed in tap water from only four
cities, and the greatest concentration of approximately 109 ng l−1 was observed in Hangzhou.
This concentration was more than 50-fold greater than those in Shenzhen, Kunming or Harbin. In
general, concentrations of PFOS in tap water were greater in southern than northern China. This
is most likely due to the fact that most of the PFC manufacturers that produced or used PFC are
situated in southern China.

Concentrations of PFOS and PFOA in tap water in China were comparable to those in Japan,
but much greater than those reported for Malaysia, Canada, Sweden, Thailand and Vietnam
(Table 2) [40,47,48].

3.1.5. Hazard assessment of PFOS exposure to aquatic species

Water-quality criteria for PFOS for the protection of aquatic animals have been represented as
the secondary maximum concentration (SMC) and secondary continuous concentration (SCC)

Figure 4. PFOS concentration in tap water in China (ng l−1). Shenyang [40]; Dalian [40]; Changchun [40]; Jinan [40];
Yinchuan [40]; Beijing [40]; Shanghai [40]; Harbin [39]; Shenzhen [47]; Kunming [47]; Hangzhou [47].
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Table 2. Concentrations of PFOS and PFOA in tap water throughout the world.

Location PFOS (ng L−1) PFOA Reference

China 0.56–13.2 1.10–109 [40,47]
Malaysia 0.00–0.10 0.00–0.10 [47]
Canada n.d.a 0.20 [47]
Japan 0.16–22.0 2.30–84.0 [48]
Sweden 0.30–0.80 0.00–1.30 [47]
Thailand 0.10–1.90 0.00–4.60 [47]
Vietnam n.d. n.d. [47]

Note: aNot detectable.

[49]; values for the SMC and SCC are 8.50 and 1.20 μg of PFOS l−1, respectively. A preliminary
estimate of risk was determined by comparing the concentrations of PFOS in surface water to the
SMC and SCC. None of the PFOS concentrations in China exceeded either SMC or SCC. In fact,
even the greatest measured concentration of PFOS (94.0 ng l−1) was approximately 13-fold less
than the SCC and 90-fold less than the SMC.

The bioaccumulation factor (BAF) of PFOS for fish has been estimated to vary between 6300
and 125,000 [50]. Based on these estimates of BAF, the potential for adverse effects of PFOS on
trophic level IV organisms was assessed by comparing measured concentration of PFOS with the
water quality criterion (WQC) that was calculated to be protective for avian wildlife. The WQC
for wildlife was estimated to be 43.0 ng of PFOS l−1 [51]. Only the concentration of PFOS in
surface water from Dongguan City exceeded the wildlife WQC and was approximately 2-fold
greater than the wildlife WQC. The PFOS concentration in the Huangpu River was approximately
half that of the wildlife WQC (43.0 ng l−1). However, concentrations at other sites were less than
the wildlife WQC. The conservative nature of the risk analysis was used to extrapolate from birds
to safe water concentrations [52]. Therefore, none of the concentrations of PFOS in surface water
of China were expected to cause adverse population-level effects, but necessary attention should
be paid to some locations.

3.2. PFOS and PFOA in organisms

Compared with other developed countries, the available surveys on concentrations of PFOS
and PFOA in organisms of China were very deficient. The limited data on PFOS and PFOA
concentrations in organisms are given in Table 3 [53–56].

PFOS concentrations in livers of skipjack tuna in the East China Sea (Taiwan) were approx-
imately half of the mean value found in skipjack tuna in Japan, but comparable to that found
in India [53]. Seven types of seafood collected from fish markets in Guangzhou and Zhoushan
were analysed by Gulkowska et al. (2006) [54], including fish, molluscs, crabs, shrimp, oysters,
mussels, and clams. Fluorochemicals were detectable in all the samples, and concentrations of
PFOS in seafood samples ranged from 0.30–13.9 ng g−1 ww. The greatest concentration of PFOS
was found in mantis shrimp, while the greatest concentration of PFOA was found in swimming
crab (1.67 ng g−1 wet weight). PFOS and PFOA were detected in mussels and oysters from coastal
waters of southern China [55]. Concentrations of PFOS and PFOA in blood serum of giant pan-
das and red pandas housed in zoos and animal parks from six provinces in China were reported
by Dai et al. (2006) [56]. The results showed that PFOS was the predominant PFC in pandas.
Concentrations of PFOS in serum of red pandas was comparable to those observed in polar bears
collected from Alaska [57], while concentrations of PFOS in serum of giant pandas was one third
of those observed in polar bear collected from Alaska [57].
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Table 3. Concentration of PFOS and PFOA in organisms in China (ng g−1 ww).

Location Species Tissue PFOS PFOA Reference

Southern China Mussel Soft tissue 0.113–0.352 <0.204–0.328 [55]
East China Sea (Taiwan) Fish Liver 5.10–7.10 n.d.a [53]
Zhoushan Fish Soft tissue 0.38–1.77 n.d. [54]
Zhoushan Mollusc Soft tissue 0.96–1.32 0.31–0.35 [54]
Zhoushan Crab Soft tissue 0.94–2.80 0.34–0.87 [54]
Zhoushan Shrimp Soft tissue 1.28–1.80 n.d. [54]
Zhoushan Shellfish Soft tissue 0.42–0.51 0.29–0.48 [54]
Guangzhou Fish Soft tissue 0.67–2.93 n.d. [54]
Guangzhou Mollusc Soft tissue 0.87–1.07 0.31–0.43 [54]
Guangzhou Crab Soft tissue 2.02–4.59 0.42–1.67 [54]
Guangzhou Shrimp Soft tissue 0.58–13.9 <0.25–0.45 [54]
Guangzhou Shellfish Soft tissue 0.33–0.54 <0.25–0.34 [54]
All of China Red panda Whole blood 0.80–73.8b 0.33–8.20b [56]
All of China Giant panda Whole blood 0.76–19.0b 0.32–1.56b [56]

Note: aNot detectable; bValues are μg l−1.

3.3. PFOS and PFOA in humans

3.3.1. PFOS and PFOA in human blood

The world’s first report of organic fluorinated compounds in human blood was published in the
1960s [58], more than 40 years earlier than the first report of the compounds being found in human
blood in China.A comparison of PFOS and PFOA in human blood serum among different countries
was summarised as box-plot charts for both PFOS and PFOA (Figure 5 and 6; Supplementary
Table S4 – online only) [59–69]. According to an experiential relationship suggested by Ehresman
et al. (2007) [70], the concentrations of PFOS and PFOA reported for wholeblood were converted
to blood serum values by multiplying by a factor of 2, and plasma values were converted to blood
serum values by multiplying by a factor of 1.

To date, most measurements of PFCs in human blood have been conducted in Europe, Asia,
North America and Australia, while there are no available reports on PFCs in human blood in
Africa. The greatest concentrations of PFOS in human blood were for China, and the greatest
concentrations of PFOA were for Korea [60]. The concentrations of PFOS reported in these
studies were likely overestimated due to calibration method used [71]. However, from a global
perspective, PFOS and PFOA concentrations were comparatively greater in Europe than those in
other areas. Just like most of the other countries, the PFOS concentration in human blood in China
was greater than the PFOA concentration. Research has shown that the main source of PFOS and
PFOA contamination in human blood originates from drinking water [72,73]. Therefore, the high
level of PFCs in the blood of the Chinese population reflected the possible higher level of PFCs
in the drinking water in China.

In order to compare concentrations of PFOS and PFOA in blood of men and women in the
countries studied, drop-line charts are given (Figure 7 and 8; Supplementary Table S4 – online
only). In most of these 16 countries for which data is available, the PFOS concentration in
human blood serum differs between males and females, with males generally having greater
concentrations. In addition, significant differences in concentrations of PFOS in blood serum were
observed between males and females from China, Canada and Korea. However, the distribution
of PFOS in males and females in Canada and Korea was different from that observed in China
and most of other countries, because concentrations of PFOS in females were greater than those
in males from these two countries. Concentrations of PFOA were relatively less in people from
China than other countries, and there was no obvious difference between males and females.
Like PFOS, the PFOA concentration in human serum differs according to sex in most of these
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Figure 5. Box-plot charts of PFOS in human serum in different countries. China [59]; Korea [60]; Japan [60,61,62];
India [60]; Malaysia [60]; Sri Lanka [63]; Sweden [69]; Germany [64]; Spain [65]; Poland [60]; Italy [60]; Belgium [60];
United Kingdom [66]; United States [67]; Canada [68]; Brazil [60]; Colombia [60]; Australia [69].

16 countries, again with greater concentrations observed in males. However, there was a relatively
great difference in concentrations in blood of males and females in Japan, Korea and Poland, as
opposed to China and other countries.

3.3.2. PFOS and PFOA in breast milk

Until now, there was only one research study on PFOS and PFOA in human breast milk in China.
So et al. (2006) assessed the health risks in infants associated with exposure to perfluorinated
compounds in human breast milk from Zhoushan, China. PFOS and PFOA were the two domi-
nant PFCs detected in all milk samples and ranged from 45–360 ng l−1 (median, 100 ng l−1) and
47–210 ng l−1(median, 110 ng l−1), respectively [74]. In addition, there was no statistically sig-
nificant correlation between concentrations of either PFOS or PFOA and maternal age, weight, or
infant weight. Furthermore, the results indicated that there may be a small potential risk of PFOS
for the infants in Zhoushan via the consumption of breast milk [74].

Concentrations of PFOS in human breast milk in China were comparable to those observed
in Germany (median, 118 ng l−1) [75], the USA (median, 106 ng l−1) [76], Malaysia (median,
111 ng l−1) [77] or the Philippines (median, 104 ng l−1) [77], but less than that observed in Japan
(median, 196 ng l−1) [77], Hungary (median, 330 ng l−1) [75], or Sweden (median, 166 ng l−1)
[78]. Concentrations of PFOA in human breast milk in China were greater than those observed
in the USA (median, 36.1 ng l−1) [76] and Japan (median, 67.3 ng l−1) [77].

3.4. Temporal trend of PFOS and PFOA pollution in China

The monitoring of PFCs in the environment is not adequate because of limited funding and little
policy support. In addition, most of the places were investigated only once. Limited data collected
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Figure 6. Box-plot charts of PFOA in human serum in different countries. China [59]; Korea [60]; Japan [60,61,62];
India [60]; Malaysia [60]; Sri Lanka [63]; Sweden [69]; Germany [64]; Spain [65]; Poland [60]; Italy [60]; Belgium [60];
United Kingdom [66]; United States [67]; Canada [68]; Brazil [60]; Colombia [60]; Australia [69].
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Figure 7. Drop-line charts of PFOS in human serum in different countries. China [59]; Korea [60]; Japan [60,61,62];
India [60]; Malaysia [60]; Sri Lanka [63]; Sweden [69]; Germany [64]; Spain [65]; Poland [60]; Italy [60]; Belgium [60];
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over time for some of the places are presented (Figure 9; Supplementary Table S5 – online only).
Between 2002 and 2004, there was a relatively great increase of the concentration of PFOS in blood
of people living in Shenyang. Concentrations of PFOS in blood serum in 2004 were approximately
400-fold greater than that those in blood serum collected in 1987. This suggests that people in
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Shenyang experienced a relatively high level of exposure to PFOS during these years, and that
residential histories may be a determinant for PFOS [30]. This was in contrast to observations
made in Japan and the USA [28,29,79]. PFOS concentrations in the USA were significantly greater
in human serum collected in 1989 compared to that collected in 1974. However, additional data
collected in 2001 did not suggest any increases in PFOS concentrations in blood plasma since
1989 [79].

Temporal trends in concentrations of PFOS and PFOA in water of the Pearl River Delta showed
that PFOS increased from 3.49–23.1 ng l−1 in one year, and increased about 6-fold from 2003 to
2004. The significant increase indicated that there was some source along the Pearl River Delta.
At the same time, PFOA did not show any increase there.
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Figure 9. Temporal trend of PFOS and PFOA levels in China. Human serum in Shenyang [30,59]; Pearl River Delta
[36,38].
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4. Conclusion

In general, concentrations of PFOS and PFOA in environmental media in China were relatively
less than those in other areas. This may be partly due to the fact that PFCs were not mass produced
in China. On a regional scale, concentrations of PFOS and PFOA were greater in southern and
eastern China, especially the Huangpu River,Yangtze River estuary and Pearl River Delta, than in
other areas. This indicates concentrations of PFOS and PFOA were closely related to the spatial
distribution of PFCs manufacturing provinces, and also indicates the strong influence of river
discharge on the magnitude and extent of PFCs contamination in southern and eastern China.
Waters in the Huangpu River, Dongguan and Shanghai were seriously polluted, and the greatest
PFOA concentration in tap water was found in Hangzhou City. All of these areas are in the
provinces which have PFCs manufacturers. Moreover, the PFOA level in Hangzhou was more
than 50-fold greater than other cities in China. Furthermore, concentrations of PFOS and PFOA
in China’s coastal waters were less than those in other Asian countries, such as Korea and Japan.
Also, up to this point, there have been no reports on PFCs in the soil and sediment. Furthermore,
concentrations of PFOS in human blood serum was greater in China compared to other countries,
which indicated that PFOS levels in drinking water in China are relatively greater than in other
countries. In addition, local geographic, economic and historical factors also had a marked effect
on the diffusion of PFOS and PFOA contamination.
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