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a b s t r a c t

With about 100 t/y of the production volume, perfluorootane sulfonates (PFOS) are mainly used for metal
plating, aqueous fire-fighting foams (AFFFs) and sulfluramidin China, and the use amount is about 30e40 t/y,
25e35 t/y and 4e8 t/y respectively. Based on the inventory of PFOS production and uses with geographic
distribution educed from statistics, environmental risk assessment of PFOS was taken by using EUSES model,
as well as its environmental releases were estimated both in local and regional levels in China. While the
environmental release from manufacture is significant in Central China region, metal plating was identified
as the major PFOS release source in regional level. The East China region shows the most strong emission
strength of PFOS. Though the predicted environmental concentrations (PECs) were not exceed current
relevant predicted no effect concentrations (PNECs) of the risk characterization for PFOS, higher PECs was
estimated around major PFOS release sources showing undesirable environmental risk at local level.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

With the unique properties of high surface activity, chemical
stability and acid resistance, perfluorooctane sulfonate (PFOS) and
related substances have been used in a wide range of products and
industrial processes, such as fire-fighting foams, carpets, leather/
apparel, textiles/upholstery, coatings and coating additives, indus-
trial and domestic/household cleaning products, pesticides and
insecticides, photolithography, semi-conductor, hydraulic fluids
and metal plating (UNEP, 2006). Due to the properties of persis-
tence, bioaccumulation and toxicity, Perfluorooctane sulfonate and
related compounds were listed into the Annex B by Stockholm
Convention on Persistent Organic Pollutants (POPs) in May 2009
(UNEP, 2009) to restrict or eliminate their production and uses.
Currently, because of lacking of cost-effective alternative technol-
ogies in certain applications, PFOS and related substances are still
manufactured and used in China. The production volume of PFOS is
about 100 tons per year, which is mainly used in metal plating as
chrome mist inhibitor, in fire-fighting foams as surfactant, in sul-
fluramid as a raw material and in other industries.

Recently a decade, PFOS and related substances have been
monitored inwater, sediment, soil mediums from some areas as the
upper reaches and delta of Yangtze River (Pan and You, 2010;
Yamashita et al., 2007), Pearl River Delta (Jin et al., 2010;
All rights reserved.
Yamashita et al., 2007), the Haihe River (Sun et al., 2011) and
coastal areas of Bohai Sea (Lu et al., 2011a) and so on. Simulta-
neously, concentrations of PFOS from general population in some
areas of China were about the same levels as that in America and
Japan (Li et al., 2009; Yamashita et al., 2008). The trend of health
risk assessment for PFOS is found gradually upward in China (Jiang
et al., 2006; Jin et al., 2004; Li et al., 2009). Nevertheless, separated
monitoring data of PFOS at scattered local areas could not reveal
a systematic environmental risk status of PFOS in large territory of
China due to lacking of detailed information on sources, releases
and associate risk assessment of PFOS.

In this paper, an inventory of the production and use of PFOS was
developed based on surveys. The distribution of PFOS sources and
environmental releases were estimated based on the inventory, rele-
vant statistics and specific natural and environmental management
situation of China, and an overall environmental risk assessment of
PFOS was taken by using state-modified EUSES model.

2. Production and uses of PFOS

2.1. Production of PFOS

Since 3M Company, the largest manufacturer of PFOS,
announced to phase out production of PFOS in 2000 (3M, 2000),
global production volume of PFOS had declined significantly
(Sweetman et al., 2009). However, the number of PFOS producers
increased from 2002 to 2006 in China (Huang et al., 2010), which
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Fig. 2. The distribution of PFOS use amounts used in metal plating, fire-fighting foams
and sulfluramid applications in 31 provinces of China.
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reached 13e15 at the peak. Also the trend of production volumes of
PFOS was an upward in China as the almost only production
country. In 2002, production volume of PFOS was about 30 t in
China, and then it increased to 246.88 t in 2006. Since then, under
the impact of the international policy to restrict or eliminate PFOS
production, production volume of PFOS was declined to about
100 t/y in 2008 (Huang et al., 2010). Fig. 1 shows that the trend for
production volumes of PFOS from 2002 to 2008 in China.

According to surveys for PFOS manufacture enterprises,
Yangtze River chemical plant first began to carry out research and
development for PFOS manufacture in late 1970s. Due to
increasing market demand of PFOS and related substances, the
PFOS production volume continued to expand in China. About 10
producers were located in Hubei Province, including the largest
company in China, whose annual output was about 60 t.
Production volume of PFOS in Hubei Province accounted for
80%e90% of that in China. The other 3 PFOS producers were
located in Fujian province, where occupied lower share of
production in China.
2.2. Uses of PFOS

PFOS and related substances had ever been extensively used
in textiles, carpets, leathers about five years ago, while now it is
not be used in these applications due to the international
restriction of such applications. The use amount of PFOS is very
limited in semi-conductors and aviation (Mei, 2008). Currently,
PFOS and related substances are mainly used in metal plating,
aqueous fire-fighting foams (AFFFs) synthesis and sulfluramid
formulation.
2.3. PFOS use in metal plating (chromium)

In metal plating process, PFOS are mainly used assurfactant/
wetting agent and mist suppressants in hard and decorative chro-
meplating, which can reduce the emission of chromium and
improve the work environment in this sector. The amount of PFOS
used in China was been estimated as 30e40 t/y from metal plating
industry survey in 2008. Such a using level maintained stable in the
last years. More than thousands of metal plating processing
enterprises are densely located in Jiangsu, Zhejiang, Shanghai,
Liaoning and Guangzhou Provinces where steel and mechanical
treatment industry are relatively developed in China. Based on the
statistics of production volumes of clad sheet in different provinces
of China (CISA, 2010), the distributions of the PFOS using amount in
metal plating across China are derived as Fig. 2, reflecting large
Fig. 1. Production volumes of PFOS from 2002 to 2008 in China.
using amount in metal plating are concentrated around coastal
areas of China.

2.4. PFOS use in fire-fighting foams

PFOS has been widely used to synthesize aqueous fire-fighting
foams (AFFFs) for its high efficiency, low-cost, easy-to-use (Moody
and Field, 2000). Fluorinated surfactants mainly contribute to the
performance of AFFFs to prevent re-ignition of fuel and oils. A survey
conducted by Fire Department of Ministry of Public Security of China
indicated that, 28% of fire-fighting foams producers were using PFOS
as a raw material to synthesize AFFFs. The percentage of AFFFs in all
types foams were keeping increasing from 24.8% to 32.4% (Yu et al.,
2010). Assuming that the percentage of PFOS among AFFFs product
is 0.5%e1.5% (Moody and Field, 2000), the use of PFOS in this appli-
cation was 25e35 t per year as fluorinated surfactants. AFFFs
containing PFOS are especially applied for fire protection in petro-
chemical, fire brigade and military facilities and similar areas. By
contrast, it is a minimal amount used in residential and commercial
buildings fire services. The use tonnage of AFFFs containing PFOS
accounted for 24.6 percent of production volumes per year, averaged
from 2001 to 2008 (Yu et al., 2010). In 2008, the amount of PFOS
released to environment was 6.15e8.61 t/y due to extensive use of
AFFFs in the course of fire. The remaining AFFFs usuallywere stored in
the fixed fire-extinguishing systems or mobile fire-fighting equip-
ment (fire foam engines) of different provinces in China. According to
the sizes of the projected provincial fire services equipment (FDMPS,
2009), a distribution of using amount of PFOS in fire-fighting foams,
including use for fire services and stock, is estimated as shown in
Fig. 2. It shows that higher use amounts of PFOS were in Guangdong,
Jiangsu, Heilongjiang Provinces for fire-fighting foams use and stock,
where having intensive petroleum and chemical industry.

2.5. PFOS use in sulfluramid

Sulfluramid, an important intermediate as fluorinated surfac-
tants to formulate organic fluorine pesticide, has been mainly used
to control termites and other crawling insects due to its insecticidal
effect in cities (Harrad and Goosey, 2011). It also becomes an
alternative for mirex which was prohibited by Stockholm
Convention as a POPs (Gao et al., 2001). Actually, sulfluramid is
a salt formulated using PFOS as raw materials. In China, there was
only one sulfluramid manufacturer, which is located in Jiangsu
Province. About 4e8 t/y of PFOS was used to formulate in



Table 2
Regional environmental releases of PFOS during production and uses in China.

Manufacture
(t/y)

Metal
plating

AFFFs
(t/y)

Sulfluramid
(t/y)

Emission
strengthg

2
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sulfluramid manufacture according to the survey in 2008. Accord-
ing to the statistic data of mirex use in termite control areas of
China, the distribution of the fraction of PFOS using volume in
sulfluramid use is derived as shown in Fig. 2. In Jiangxi and Guangxi
Provinces, the fractions of PFOS using amount in sulfluramid use
are higher than those in other provinces.

As shown in Fig. 2, using products and industrial processes of
PFOS, are mainly distributed in the South-East half part of China,
where just represents the dominant area of China with intensive
industrialization and advanced social-economic development.

3. Releases of PFOS to the environment

3.1. Releases of PFOS during manufacture, industrial use
and formulation in local scale

ECF (electro-chemical fluorination) process, developed by 3M
company and widely used by the global producers, is also applied
by PFOS manufacturers in China. PFOS emission scenario was no
significant difference between Chinese and oversea manufacturing
processes. Applying the emission factors of PFOS developed from
international PFOS producers (Sweetman et al., 2009), the esti-
mated environmental releases of PFOS from the China’s largest
PFOS manufacturer located in Hubei Province, were 315.6 kg/y and
525.0 kg/y to local air and water compartment, representing the
maximal releases during PFOS manufacture at local level.

In the process of metal plating, PFOS are used to lower the
surface tension ofmetal planting solutions to prevent the formation
of mists including potentially harmful components from the baths.
Generally, the concentration of chrome mist inhibitor containing
PFOS is about 20e40 mg/l in the treatment bath (Mei, 2008).
Applying the Emission Scenario Document on Metal Finishing
(OECD, 2004), for ametal plant of relative large-scale in Chinawhich
normally contains about 20 metal plating workshops, the release of
PFOS fromsuch a plant to localwater compartment is bout 2.88 kg/y
which was shown in Table 1. Because of the semi-volatile property
of PFOS, the release of PFOS to air is too low to be considered.

In the fire-fighting foams industry, taking account of the use
amount of PFOS in a AFFFs manufacturer about 1.80 t/y PFOS in
average,the releases of PFOS to local air and water compartment were
estimated to be 1.76 kg/y and 35.3 kg/y respectively (Table 1),by
applying emission factors of chemical used in synthesis from Tech-
nical Guidance Documents (TGD) (EC, 2003).

As for sulfluramid formulation, the releases of PFOS to local air,
water and soil compartmentwere estimated to be15.0 kg/y,120 kg/y
and 0.60 kg/y respectively by applying relevant emission factors on
pesticides in personal/domestic places from TGD (EC, 2003).

3.2. Releases of PFOS to the environment in regional scale

The processes of PFOS manufacture, industrial use in metal
plating, AFFFs synthesis and sulfluramid formulation as well as uses
Table 1
Releases of PFOS to environmental mediums during manufacture, industrial use and
formulation in a local scale.

Medium PFOS
manufacture

Industrial use and formulation of PFOS

Metal plating AFFFs Sulfluramid

Local scalea Air 315.6 kg/y e 1.76 kg/y 15.0 kg/y
Water 525.0 kg/y 2.88 kg/y 35.3 kg/y 120 kg/y
Soil e e e 0.60 kg/y

a A PFOS producer or a company for PFOS formulation and industrial use. i.e.:
a chromium metal plating plant, AFFFs synthesis company, sulfluramid formulation
company.
of AFFFs at a fire and sulfluramid for termites control, would release
a large amount of PFOS into environment. Lots of enterprises for
manufacturing and using PFOS are scattered in different provinces.
Besides, AFFFs and sulfluramid are dispersed used in different
regions. Considering the geographical distribution of the produc-
tion and use of PFOS, the South-East half part of China, as the
dominant PFOS production and use area, can be divided into six
regions, i.e., Northeast China, Central-north China, Central China,
Southwest China, East China and South China. Regional releases of
PFOS from manufacture and its uses in metal plating, fire-fighting
foams and sulfluramid application into water, sediment, soil are
estimated according to relevant emission scenarios, which are
shown in Table 2. Major manufacturers for PFOS are located in
Hubei Province in Central China region, which lead to release of
PFOS into this regional environment to be estimated between 0.715
and 2.177 t/y. Industrial use of PFOS as chrome mist inhibitor was
estimated as the largest source of PFOS pollution in almost each
region, with a maximum regional release at 15.69 t/y in East China.
Followed by the AFFFs industry, the main releases of PFOS is due to
AFFFs used in the fire-fighting scenes, causing regional pollution in
water and soil. As for sulfluramid, lower contribution is considered
to the regional releases. Among six regions, as the most intensive
industrial economy developed areas of China, East China showed
the highest regional emission strength of PFOS which was about
24.45 g/km2 y, and then followed by Central-north China, South
China, Central China, Northeast China and southwest China region.

3.3. PFOS environmental risk assessment

In order to take an overall environmental risk assessment of
PFOS in China based on the inventory of sources and releases for
PFOS above, EUSES (European Union System for the Evaluation of
Substances) model at its version of 2.1.1 (Vermeire et al., 2005) was
applied in this study. EUSES model was developed by European
Union as a simple, common risk assessment tool for chemicals
(EC, 2003; Vermeire et al., 1997), which can be modified through
parameters localization in different countries (Kawamoto and Park,
2006; MacLeod et al., 2001). For such an modeling application,
a series of environmental parameters of EUSES model were modi-
fied to adapt with relevant situations in China, mainly including the
rate of sewage treatment, frame parameters of sewage treatment
plants (STP), environmental media information and geographical
features in local scale and regional scale (NBS, 2009). Since the PFOS
production and use were dominantly distributed in the south-east
half part of China representing the core area of the country with
industrialization and social-economic development, the study just
(t/y) (g/km .y)

Northeast Chinaa e 4.077 1.141 0.021 6.616
Central-north Chinab e 7.503 1.207 0.002 15.04
Central Chinac 0.715e2.177 2.801 1.061 0.171 9.727
Southwest Chinad e 0.568 0.854 0.100 1.352
East Chinae 0.126e0.384 15.69 2.283 1.535 24.45
South Chinaf e 3.734 0.823 0.807 11.85

a Including Liaoning, Jilin, Heilongjiang Provinces.
b OrMiddle-northChina. includingBeijing, Tianjin,Hebei, Shanxi, Shaanxi Provinces.
c Including Henan, Hubei, Hunan Provinces.
d Including Chongqing, Sichuan, Guizhou, Yunnan Provinces.
e Including Shanghai, Jiangsu, Zhejiang, Anhui, Fujian, Jiangxi, Shandong

Provinces.
f Including Guangdong, Guangxi, Hainan Provinces.
g Release amount of PFOS in per km2 area per year.



Table 3
Predicted no effect concentrations (PNEC) and the predicted environmental concentrations (PECs) in local level for PFOS in water (ng/l), sediment (ng/g dry wt), soil (ng/g dry
wt); Risk characterization ratios (RCR¼ PEC/PNEC) of PFOS in local level.

PNEC PEClocal(RCR)

Manufacture Metal plating AFFFs Sulfluramid

Water 2.5� 104 7.82� 104(3.128) 4.88� 102(0.019) 5.31� 103(0.212) 1.79� 104(0.716)
Sediment 335 555(1.657) 3.45(0.010) 37.6(0.112) 127(0.379)
Soil 373 8.69� 104(232.9) 4.77� 102 (1.279) 5.84� 103(15.66) 1.99� 104(53.35)
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tailor the domain of Chinese territory and defines the South-East
half part of China with the six classified regions (just except Tibet,
Xinjiang, Qinghai, Gansu, Ningxia, Inner Mongolia Provinces) as the
continental background area for the environmental risk assessment
of PFOS, so as tomakemodel results more precise and practical. The
environmental risk assessment of PFOS was done both in the local
scale and regional scale according to different release scenarios of
PFOS pollution sources, in which the situation of PFOS source and
releases in China around 2008 was used as the baseline.
4. Result and discussion

Tables 3 and 4 showed that the predicted environmental
concentrations (PECs) calculated from EUSES model and risk
characterization ratios (RCRs) of PFOS inwater, sediment and soil in
local and regional scale, as well as predicted no effect concentra-
tions (PNEC) (Brooke et al., 2004; OECD, 2002). Available PFOS
environmental monitoring data in the six regions was also shown
in Table 4 for model results validation and comparison.

In local scale, PECs of PFOS in environment around a PFOS
producer, a metal plating plant, companies for AFFFs and sul-
fluramid were estimated as shown in Table 3. For PFOS manufac-
ture, PECs in water, sediment and soil of the environment around
the manufacturer all exceeded the relevant PNECs, showing
significant environmental risk of PFOS around its manufacture.
Meanwhile, PECs of PFOS in the soil around the metal plating
process and the manufacture of AFFFs and sulfluramid using PFOS,
were all higher than PNEC, reflecting there were risks in the soil
environment around such PFOS using point release sources,
However, PECs of PFOS in local water and sediment around the
Table 4
Predicted environmental concentrations (PECs) in water (ng/l), sediment (ng/g dry wt), so
environmental concentration (EC) from other monitoring data in China.

Regional scale Compartment This study Relevant re

PECregional (RCR) EC (monitor

Northeast China Water 17.1(6.84E�04) nde31.0
Sediment 0.315(9.43E�04) nde1.97
Soil 0.158(4.24E�04) nde0.702

Central-north-China Water 42.5(1.70E�03) nde72.5
Sediment 0.785(2.34E�03) nde7.32
Soil 0.245(6.57E�04) nde2.36

Central China Water 24.8(9.92E�04) <0.01e14.0
Sediment 0.460(1.37E�03) e

Soil 0.228(6.11E�04) e

Southwest China Water 4.98(1.99E�04) nde0.35
Sediment 0.09(2.73E�04) e

Soil 0.049(1.30E�04) e

East China Water 59.0(2.36E�03) 0.33e394
Sediment 1.09(3.27E�03) 0.06e8.78
Soil 0.451(1.21E�03) 8.58e10.4

South China Water 29.6(1.18E�03) 0.9e99
Sediment 0.55(1.64E�03) <0.12e3.10
Soil 0.285(7.64E�04) e
PFOS using release sources were lower than PNECs showing no
significant environmental risk there.

In regional scale, as shown in Table 4, the model estimated PECs
of PFOS in environmental compartments of each of six regions were
compatible with relevant PFOS environmental monitoring data
currently available in China generally. Central-north China and
Northeast China classified in this study are the major petroleum-
chemical and mechanical industry distributed region where
maintains large amount of metal plating processes and AFFFs usage
with PFOS as shown in Fig. 2. Central-north China ranks the second
PFOS emission strength among six regions as shown in Table 2. In
Central-north China region, the PECs of PFOS in water, sediment
and soil were estimated at 42.5 ng/l, 0.785 ng/g dwt and 0.245 ng/g
dwt respectively. In comparison with monitored concentration in
this region, the PEC of PFOS in water was higher than monitored
concentration in guanting reservoir, Haihe River in Tianjin Province
and Beijing (Lu et al., 2011b; Sun et al., 2011; Zhao et al., 2007), but
was basically consistent with the monitor data in Dagu Drainage
River (Sun et al., 2011). There was no significant difference between
the PEC andmonitored concentration of PFOS in sediment (Lu et al.,
2011a; Sun et al., 2011), while the PEC in soil was a little bit lower
than the monitored concentration obtained in Tianjin and north
Bohai Sea area (Lu et al., 2011a; Pan et al., 2011). In Northeast China
region, the PECs of PFOS inwater, sediment and soil were estimated
at 17.1 ng/l, 0.315 ng/g dwt and 0.158 ng/g dwt respectively. All of
them were lower than those in Central-north China. The PEC of
PFOS in water was a little bit higher than the monitored concen-
tration obtained in Liao River (Zhu et al., 2011) and Dalian coastal
water (Jin et al., 2008), but in line with anther monitoring
concentration obtained in Liaoning Province (Wang et al., 2011).
The PEC of PFOS in sediment was fairly compatible with the
il (ng/g dry wt) and risk characterization ratios (RCRs) of PFOS in regional scales and
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Fig. 3. The concentration distribution of PFOS in water, sediment and soil mediums in six evaluated regions in South-East half part of China. (Each area of blue represents the size of
each evaluated region, and darkness of the blue color reveals the PEC values in regional water environment. The yellow column indicates the PEC value of regional soil environment,
and the gray column for sediment.) (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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monitoring concentrations obtained in this region (Jin et al., 2009;
Zhu et al., 2011), while The PEC in soil was also in line with the
range of the monitored concentration from the only one case study
in this region (Lu et al., 2011a). In general, in such an area with
intensive petroleum-chemical and mechanical industry distributed
region and large amount of metal plating processes and AFFFs
usage with PFOS in Central-north and Northeast China, the model
predicted environmental concentrations of PFOS were consistent
with substantive environmental monitoring data of PFOS both in
the regions, which could reflect the real environmental risk status
of PFOS in this part of territory of China.

Central China and Southwest China regions are a bit less
developed region among the six regions, where there was not
enough environmental monitoring date of PFOS for making vali-
dation and comparison formodel results. The PECs of PFOS inwater,
sediment and soil were estimated at about 24.8 ng/l, 0.460 ng/g
dwt and 0.228 ng/g dwt respectively in Centre China region, and at
about 4.98 ng/l, 0.09 ng/g dwt and 0.049 ng/g dwt respectively in
Southwest China region. Higher PEC of PFOS in water was esti-
mated in Central China region, since the region served as the major
PFOS manufacture area of China though there were not so many
PFOS using sources like Central-north, South and East China
regions. PECs of PFOS in sediment and soil in these two regions
were the first reported PFOS pollution concentrations, since there
are no monitoring data of PFOS of that area so far.

South China is another important highly industrialized region of
China, ranking the third regional PFOS emission strength among six
regions as shown in Table 2. PECs of PFOS in water, sediment and
soil of this region were estimated at about 29.6 ng/l, 0.55 ng/g dwt
and 0.285 ng/g dwt respectively. While PEC of PFOS inwater was in
the range of the monitored concentrations available in the region,
PEC and the monitored concentration of PFOS was fairly closed to
each other (Lam et al., 2009; Yamashita et al., 2007). However, there
was no monitored concentration of PFOS in soil of South China.

East China is the most developed region of China with highest
intensive PFOS emission strength as shown in Table 2. The PECs of
PFOS in water, sediment and soil were estimated at about 59.0 ng/l,
1.09 ng/g dwt and 0.451 ng/g dwt respectively, and each of all was
higher than those in other regions. PEC of PFOS inwater was higher
than the monitored concentration from Yangtze River in the range
of Nanjing and Shanghai (Yamashita et al., 2007), but was
compatible with another monitored PFOS concentration in Taihu-
lake (Zhu et al., 2011). PEC of PFOS in sediment was fit well to the
monitored level of PFOS in this region (Jin et al., 2010; Zhang et al.,
2010; Zhu et al., 2011), while the PEC of PFOS in soil was lower than
a monitored concentration in Shanghai (Zhang et al., 2010).

In summary, the model predicted regional environmental PFOS
levels of the six regions of the south-east half part of China were
shown in Fig. 3, in which regional PFOS concentrations in water
were described in different darkness of blue color since water was
normally the most representative environmental medium for
environmental risk of PFOS. In the environment of this dominant
area of China with intensive industrialization and advance social-
economic development, the PFOS pollution levels were about
4.98e59.0 ng/l in water, 0.09e1.09 ng/g dwt in sediment and
0.049e0.451 ng/g dwt in soil compartment, which were compat-
ible with relevant monitoring concentrations currently available.
Regional environmental pollution levels mentioned abovewere not
exceed the relevant PNEC values currently defined, so that it was
difficult to conclude there was environmental risk of PFOS in
regional level of China. However, it could reflect an overall envi-
ronmental risk level of PFOS of China in risk assessment scenario of
such an internationally concerned perfluorochemicals.

5. Conclusion

China maintains a PFOS production level at about 100 t/y
currently. PFOS are mainly used for metal plating, aqueous fire-
fighting foams (AFFFs) and sulfluramid, with the use amount at
about 30e40 t/y, 25e35 t/y and 4e8 t/y respectively. Historical
intensive use of PFOS in textiles has already ceased due to the
international restriction of such applications. The Use amount of
PFOS is very limited in semi-conductors, aviation and other appli-
cation sectors. PFOS manufacture and its using products and
industrial processes are mainly distributed in the South-East half
part of China, where just represents the dominant area of China
with intensive industrialization and advanced social-economic
development.
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The Environmental releases of PFOS during manufacture were
quite intensive, causing significant risk of PFOS in all the environ-
mental compartments around its manufacture plant. Meanwhile,
the continuous releases from the processes of metal plating and the
manufacture of AFFFs and sulfluramid using PFOS also should not
be underestimated, which would cause significant risks in the soil
environment around places with those PFOS using processes.

Among the six classified regions in the South-East part of China,
East China showed the highest regional emission strength of PFOS,
which followed by Central-north China, South China, Central China,
Northeast China and southwest China region. The same distributing
pattern was reflected in the regional environmental concentration
level in the same areas predicted by using EUSES model. The model
predicted PFOS pollution level, and was at about 4.98e59.0 ng/l in
water, 0.09e1.09 ng/g dwt in sediment and 0.049e0.451 ng/g dwt
in soil compartment, which were fairly compatible with relevant
monitoring concentrations currently available, reflecting an overall
environmental risk level of PFOS of China in risk assessment
scenario of such an internationally concerned perfluorochemicals.
Acknowledgement

We thank Ministry of Environmental Protection of China for
providing us the opportunity and fund to conduct this study, and we
would like also to thank Chinese Organic Fluorin and Silicon Industry
Association and Beijing Metal Plating Association for their data
support. Special thanks should give Professor Kevin Jones and Dr. Li
Hong from Lancaster University for their valuable encouragement and
comments to us in writing and submission of this paper.
References

3M, 2000. Phase-out plan for PFOS-based products, US EPA Docket, AR 226-0588.
Brooke, D., Footitt, A., Nwaogu, T.A., 2004. In: Agency, E. (Ed.), Environmental Risk

Evaluation Report: Perflurooctane Sulphonate (PFOS). Building Research
Establishment Ltd & Risk and Policy Analysts Ltd.

CISA (China Iron & Steel Association), 2010. China Steel Yearbook, pp. 127e149.
EC, European Commission, 2003. Technical Guidance Document in support of

Commission Directive 93/67/EEC on Risk Assessment for New Notified
Substances, Commission Regulation (EC) No. 1488/94 on Risk Assessment for
Existing Substances and Directive 98/8/EC of the European Parliament and of
the Council Concerning the Placing of Biocidal Products on the19 Market. Joint
Research Centre, European Chemicals Bureau, Brussels, Belgium.

FDMPS, Fire Department of Ministry of Public Security of China, 2009. China Fire
Services, pp. 420e425.

Gao, D.R., Fu, B.F., Zhou, L.S., Zhou, Y., Li, G.L., Cao, X., 2001. New drug for urban pest
control-sulfluramid and sulfluramid preparation. Chinese Journal of Hygienic
Insecticides & Equipments 7, 56e58.

Harrad, S., Goosey, E., 2011. Perfluoroalkyl compounds in dust from Asian, Austra-
lian, European, and North American homes and UK cars, classrooms, and offices.
Environment International 37, 86e92.

Huang, C.H., Li, X.S., Jin, G.Q., 2010. Electro fluorination and its fine-fluorine
production branches. Chemical Production and Technology 17, 1e8.

Jiang, G.B., Yeung, L.W.Y., So, M.K., Taniyasu, S., Yamashita, N., Song, M.Y., Wu, Y.N.,
Li, J.G., Giesy, J.P., Guruge, K.S., Lam, P.K.S., 2006. Perfluorooctane sulfonate and
related fluorochemicals in human blood samples from China. Environmental
Science & Technology 40, 715e720.

Jin, Y.H., Bao, J., Liu, W., Liu, L., Ran, X.R., Zhang, Z.X., 2010. Perfluorinated
compounds in urban river sediments from Guangzhou and Shanghai of China.
Chemosphere 80, 123e130.

Jin, Y.H., Bao, J., Liu, W., Ran, X.R., Zhang, Z.X., 2009. Perfluorinated compounds in sedi-
ments from the Daliao River system of northeast China. Chemosphere 77, 652e657.

Jin, Y.H., Ding, M., Di, C., Wang, L., Dong, G.H., Shu, W.Q., Zhang, Y.H., 2006. Moni-
toring the status of PFOS and PFOA pollution in Sanxia reservoir area of the
Yangtze river and surface water of Wuhan. Ecology and the Environment 15,
486e489.

Jin, Y.H., Ju, X.D., Sasaki, K., Saito, N., 2008. Perfluorinated surfactants in surface,
subsurface water and microlayer from Dalian Coastal waters in China. Envi-
ronmental Science & Technology 42, 3538e3542.

Jin, Y.H., Liu, X., Li, T., Qin, H.M., Zhang, Y.H., 2004. Status of perfluorochemicals in
adult serum and umbilical blood in Shenyang. Journal of Hygiene Research 33.
Kawamoto, K., Park, K.A., 2006. Calculation of environmental concentration and
comparison of output for existing chemicals using regional multimedia
modeling. Chemosphere 63, 1154e1164.

Lam, P.K.S., Mak, Y.L., Taniyasu, S., Yeung, L.W.Y., Lu, G.H., Jin, L., Yang, Y.L., Kannan, K.,
Yamashita, N., 2009. Perfluorinated compounds in tap water from china and
several other countries. Environmental Science & Technology 43, 4824e4829.

Li, J.G., Liu, J.Y., Luan, Y., Zhao, Y.F., Wu, Y.N., 2009. Geographical distribution of
perfluorinated compounds in human blood from Liaoning Province, China.
Environmental Science & Technology 43, 4044e4048.

Lu, Y.L., Chen, C.L., Wang, T.Y., Khim, J.S., Luo, W., Jiao, W.T., Naile, J.E., Hu, W.Y.,
Park, J., Giesy, J.P., 2011a. Perfluorinated compounds in estuarine and coastal
areas of north Bohai Sea, China. Marine Pollution Bulletin 62, 1905e1914.

Lu, Y.L., Wang, T.Y., Chen, C.L., Naile, J.E., Khim, J.S., Giesy, J.P., 2011b. Perfluorinated
compounds in water, sediment and soil from Guanting Reservoir, China.
Bulletin of Environmental Contamination and Toxicology 87, 74e79.

MacLeod, M., Kawamoto, K., Mackay, D., 2001. Evaluation and comparison of
multimedia mass balance models of chemical fate: application of EUSES and
ChemCAN to 68 chemicals in Japan. Chemosphere 44, 599e612.

Mei, S.F., 2008. Production, uses and status of international and domestic standards
for PFOS/PFOA in China. Organo-Fluorine Industry 1, 21e25.

Moody, C.A., Field, J.A., 2000. Perfluorinated surfactants and the environmental
implications of their use in fire-fighting foams. Environmental Science &
Technology 34, 3864e3870.

NBS, National Bureau of Statistics of China, 2009. China Statistical Yearbook 2009.
Available from: http://www.stats.gov.cn/tjsj/ndsj/2009/indexch.htm.

OECD (Organisation for Economic Co-operation and Development), 2002. Hazard
Assessment of Perfluorooctane Sulfonate (PFOS) and its Salts ENV/JM/RD(2002)
2017/FINAL.

OECD (Organisation for Economic Co-operation and Development), 2004. Emission
Scenario Document on Metal Finishing ENV/JM/MONOp. 23.

Pan, G., You, C., 2010. Sedimentewater distribution of perfluorooctane sulfonate
(PFOS) in Yangtze River Estuary. Environmental Pollution 158, 1363e1367.

Pan, Y.Y., Shi, Y.L., Wang, J.M., Jin, X.L., Cai, Y.Q., 2011. Pilot investigation of per-
fluorinated compounds in river water, sediment, soil and fish in Tianjin,
China. Bulletin of Environmental Contamination and Toxicology 87, 152e157.

Sun, H.W., Li, F.S., Hao, Z.N., He, N., Zhao, L.J., Zhang, T., Sun, T.H., 2011. Per-
fluorinated compounds in Haihe River and Dagu Drainage Canal in Tianjin,
China. Chemosphere 84, 265e271.

Sweetman, A.J., Paul, A.G., Jones, K.C., 2009. A first global production, emission, and
environmental inventory for perfluorooctane sulfonate. Environmental Science
& Technology 43, 386e392.

UNEP, 2006. In: Draft Risk Profile: Perflorooctane Sulfonate (PFOS). Programme
U.N.E., Geneva.

UNEP, 2009. The conference of the parties 4 of the Stockholm Convention (COP-
4) in Geneva placed perfluorooctane sulfonate and perfluorooctane sulfonyl
fluoride (PFOS and PFOSF) in Annex B. Available from: http://chm.pops.int/
Convention/Pressrelease/COP4Geneva9May2009/tabid/542/language/en-US/
Default.aspx.

Vermeire, T., Rikken, M., Attias, L., Boccardi, P., Boeije, G., Brooke, D., de
Bruijn, J., Comber, M., Dolan, B., Fischer, S., Heinemeyer, G., Koch, V.,
Lijzen, J., Muller, B., Murray-Smith, R., Tadeo, J., 2005. European union
system for the evaluation of substances: the second version. Chemosphere
59, 473e485.

Vermeire, T.G., Jager, D.T., Bussian, B., Devillers, J., den Haan, K., Hansen, B.,
Lundberg, I., Niessen, H., Robertson, S., Tyle, H., vander Zandt, P.T.J., 1997.
European Union System for the Evaluation of Substances (EUSES). Principles
and structure. Chemosphere 34, 1823e1836.

Wang, T.Y., Khim, J.S., Chen, C.L., Naile, J.E., Lu, Y.L., Kannan, K., Park, J., Luo, W.,
Jiao, W.T., Hu, W.Y., Giesy, J.P., 2011. Perfluorinated compounds in surface waters
from Northern China: comparison to level of industrialization. Environment
International (available online 04.05.11).

Yamashita, N., So, M.K., Miyake, Y., Yeung, W.Y., Ho, Y.M., Taniyasu, S., Rostkowski, P.,
Zhou, B.S., Shi, X.J., Wang, J.X., Giesy, J.P., Yu, H., Lam, P.K.S., 2007. Perfluorinated
compounds in the Pearl River and Yangtze River of China. Chemosphere 68,
2085e2095.

Yamashita, N., Yeung, L.W.Y., Miyake, Y., Taniyasu, S., Wang, Y., Yu, H.X., So, M.K.,
Jiang, G.B., Wu, Y.N., Li, J.G., Giesy, J.P., Lam, P.K.S., 2008. Perfluorinated
compounds and total and extractable organic fluorine in human blood samples
from China. Environmental Science & Technology 42, 8140e8145.

Yu, W., Wang, P.X., Tian, L., Fu, X.C., Bao, Z.M., 2010. The latest information of the
Stockholm Convention and an introduction of the using of PFOS in China fire
industry. Fire Science and Technology 29, 513e515.

Zhang, C.J., Li, F., Qu, Y., Chen, J., Chen, L., Liu, Y., Zhou, Q., 2010. Quantitative
characterization of short- and long-chain perfluorinated acids in solid matrices
in Shanghai, China. Science of the Total Environment 408, 617e623.

Zhao, X.L., Li, J., Shi, L.Y., Cai, Y.Q., Jiang, G.B., Mou, S.F., 2007. Determination
of perfluorinated compounds in wastewater and river water samples
by mixed hemimicelle-based solid-phase extraction before liquid
chromatographyeelectrospray tandem mass spectrometry detection.
Journal of Chromatography A 1154, 52e59.

Zhu, L.Y., Yang, L.P., Liu, Z.T., 2011. Occurrence and partition of perfluorinated
compounds in water and sediment from Liao River and Taihu Lake, China.
Chemosphere 83, 806e814.

http://www.stats.gov.cn/tjsj/ndsj/2009/indexch.htm
http://chm.pops.int/Convention/Pressrelease/COP4Geneva9May2009/tabid/542/language/en-US/Default.aspx
http://chm.pops.int/Convention/Pressrelease/COP4Geneva9May2009/tabid/542/language/en-US/Default.aspx
http://chm.pops.int/Convention/Pressrelease/COP4Geneva9May2009/tabid/542/language/en-US/Default.aspx

	The inventory of sources, environmental releases and risk assessment for perfluorooctane sulfonate in China
	1. Introduction
	2. Production and uses of PFOS
	2.1. Production of PFOS
	2.2. Uses of PFOS
	2.3. PFOS use in metal plating (chromium)
	2.4. PFOS use in fire-fighting foams
	2.5. PFOS use in sulfluramid

	3. Releases of PFOS to the environment
	3.1. Releases of PFOS during manufacture, industrial use and formulation in local scale
	3.2. Releases of PFOS to the environment in regional scale
	3.3. PFOS environmental risk assessment

	4. Result and discussion
	5. Conclusion
	Acknowledgement
	References


