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ABSTRACT: The distribution in water and sediment, the sources/sinks and the risk of perfluorinated
compounds (PFCs) in Lake Taihu, China were investigated. The total PFCs concentration was 164 to
299 ng L-1 in water and 5.8 to 35 ng g-1 (dw) in sediment. The highest concentrations of perfluorooctane
sulfonate (PFOS) and perfluorooctanoate (PFOA) in water were 29.2 ng L-1 and 136 ng L-1. PFOS was
largely associated with sediment, whereas short chain PFCs predominated in water. The partition
coefficient (Kd) was positively correlated with the organic carbon fraction (ƒoc) for PFOS but not for the
other PFCs. The organic carbon normalized partition coefficient (Koc) increased by 0.51 log units for
each additional CF2 moiety from perfluoro-butanesulfonate (PFBS) to PFOS. For the same chain length
but different functional groups, the log Koc of PFOS was 1.35 units higher than PFOA. PFOS exhibited
the highest affinity for sediment through the partition mechanism, and ƒoc affected the sediment as a sink
of PFOS. Although there was no immediate health impact by the intake of the water alone, the
consumption of aquatic products may cause potential health risks for animals/humans on the time scale
of months to years. The relationship between the concentration, water-sediment distribution,
bioaccumulation and toxicity should be considered in determining the water standards of PFCs.

Keywords: Perfluorooctane sulfonate (PFOS); Perfluorinated compounds (PFCs); Health risks;
Buffering reservoir; Water standards
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1. Introduction
Perfluorooctane sulfonate (PFOS) and perfluorooctanoate (PFOA), as typical perfluorinated
compounds (PFCs), have attracted increased regulatory scrutiny because of their resistance to
degradation, tendency toward bioaccumulation, and growing evidence of toxicity in animal studies
(Newsted et al., 2005; Yamashita et al., 2005). The intake of drinking water is an important exposure
pathway of PFOS and PFOA for human beings (Mak et al., 2009). Provisional safe values in drinking
water of 7 μg L-1 for PFOA and 1 μg L-1 for PFOS were recommended in Minnesota in 2005 (3M, 2005).
Consequently, several states have moved forward to develop safe concentrations for PFOA and PFOS.
A value of 0.2 μg L-1 for PFOS and 0.4 μg L-1 for PFOA in drinking water was published by the
Environmental Protection Agency of USA. A drinking water instructional value of 0.04 μg L-1 for
PFOA was established in New Jersey (http://www.serdp-estcp.org/Funding-Opportunities/SERDPSolicitations/Core-SONs-FY14). These standards are very different, which will greatly affect the
development of the water/environmental industry and the efficiency in protecting the public health. In
fact, there are no drinking water standards for PFCs in most countries of the world, including China.
After PFOS was listed as a new member of the persistent organic pollutants (POPs) under the
Stockholm Convention in 2009, there was a strong and urgent need for strategic baseline studies that are
prerequisite for a science-based and cost-effective water standard.
Although many field studies focused on reporting the concentration levels of PFOS/PFOA, little
research has been performed on the long-term impact based on the survey studies. The “safe water” may
not actually be safe after a certain period of bioaccumulation, even if the water levels remain unchanged.
This effect may greatly vary depending on the toxicity and bioaccumulation factors of the different
PFCs, which is not well understood. Lake Taihu (2425 km2) is the third largest freshwater lake in China
and

has

a

very

broad

impact,

affecting

more

than

34

million

people

(http://baike.baidu.com/view/1596.htm). Most environmental studies on this lake have focused on the
harmful cyanobacterial blooms (Paerl and Huisman, 2008; Pan et al., 2006). Little attention has been
paid to PFOS and PFOA in this important freshwater system (Qiu et al., 2010; Yang et al., 2011).
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However, the issue of PFCs in Lake Taihu has attracted international attention (Davies, 2012). In
addition, some short chain substitutes of PFOS exhibit significant toxicity to certain species (Rosal et al.,
2010). Hence, the occurrence of short chain PFCs in fresh bodies must also be studied.
The level of PFCs and their exchange/distribution with the sediment pool in large drinking water
resources/lakes are of fundamental significance for establishing drinking water standards. As an
important component in natural waters, sediment serves as an important sink for hydrophobic organic
contaminants (Lebeuf and Nunes, 2005). However, being both hydrophobic and hydrophilic,
PFOS/PFOA behaves differently from typical hydrophobic chemicals in terms of the distribution in
water and sediment. Higgins and Luthy reported that the sorption of perfluoroalkyl sulfonic acids
(PFSAs) and perfluoroalkyl carboxylic acids (PFCAs) increased with the chain length (Higgins and
Luthy, 2006). Recently, Pan et al. found that high salinity and ionic strength enhanced the uptake of
PFOS on sediments, making estuaries an important sink for PFOS during its transport from land to the
ocean (Pan and You, 2010; You et al., 2010). Most studies on PFCs in sediments have been focused on
the oceans; little is known on their presence and distribution in large freshwater bodies (Ahrens et al.,
2010a; Ahrens et al., 2010b; Ahrens et al., 2010c). Until now, it has not been clear whether sediment
acts as an internal source reservoir or sink to PFCs and how the dynamics are altered, thereby affecting
PFCs in freshwater systems under various natural environmental conditions.
In this study, we surveyed the concentration levels in water and sediment on 7 types of PFCs at 16
stations throughout Lake Taihu. The influence of the chain length and the functional groups on the
partitioning of different PFCs on the sediment was studied. Partition coefficient Kd was used to interpret
the field survey observations. Using the current concentration levels, the potential health risks of
PFOA/PFOS were assessed. The study aimed to provide baseline data for developing drinking water
standards for PFCs in freshwater with special attention being paid to the buffering reservoir of the
sediment.

2. Experimental
2.1. Chemicals
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Perfluorooctane sulfonate (PFOS, potassium salt) and other PFCs were provided by Tokyo Kasei
Kogyo (Japan), and their properties are listed in Table S1 of the supporting information (SI). Sodium
perfluoro-[1,2,3,4]13C-octaneslufonate (MPFOS) (99%, 50 μg mL-1 solution in methanol) was purchased
from Wellington Laboratories Inc. (Canada). HPLC-grade methanol was purchased from Fisher
Chemical (USA). Milli-Q water was produced by Millipore (Boston, USA). Other chemicals were of
analytical reagent grade.
2.2. Water and Sediment Sampling
Samples of water and sediment were collected in May 2010 from Lake Taihu, China. The sampling
locations were distributed throughout the lake (Fig. 1). Water samples were collected using a
polypropylene (PP) bucket pre-cleaned with methanol and Milli-Q water at a depth of approximately 0.5
m below the surface of the water. To reach the target depth rapidly, a heavy stone was tied to the bottom
of the PP bucket. Parameters, including pH, temperature (T), dissolved oxygen (DO), conductivity and
salinity, were measured (Table S2 of the SI) in situ using a water quality survey instrument (556
Handheld Multiparameter, YSI, USA). Samples were stored in PP buckets at 4 ± 2 °C and brought to
the lab before extraction.
Sediment samples were collected with a column sediment sampler (Beeker) and were divided into
several sections according to the sampling depth at intervals of 5 cm (from sediment surface to deeplayer). They were kept in PP bags at 4 ± 2 °C before analysis. The sediment samples were freeze-dried
and passed through 80 mesh sieves before being used for the experiment.
2.3. Sample Treatment and Analysis
Water samples were pre-treated according to the previously reported method (Ahrens et al., 2010b).
Samples were filtered through 0.22 μm fiberglass filters (GF/F) to remove sediments and biota before
extraction. All samples were extracted by solid phase extraction (SPE) with Oasis WAX cartridges
(Waters, 6cc, 150 mg, 30 μm). The SPE cartridges were first preconditioned by passing 4 mL of
ammonium hydroxide in methanol, 4 mL of methanol, and then 4 mL of Milli-Q water. Before loading
onto the cartridge, the samples were spiked with 1 ng internal standard (IS) of PFOS. The cartridges
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were rinsed with 4 mL of 25 mM ammonium acetate buffer (pH 4) in Milli-Q water and dried by
centrifugation at 3000 rpm for 20 min. The elution was performed with 4 mL of methanol and 4 mL of
0.1% ammonium hydroxide, then reduced to 1 mL under a nitrogen stream, and analyzed using ultra
performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS).
Sediment samples were extracted using the previously reported method (Ahrens et al., 2009b;
Deng et al., 2011). Briefly, 2 g dried sediment was extracted by adding 2 mL of 200 mM NaOH and
stirring for 30 min at 150 rpm. A volume of 20 mL pure methanol and 20 μL IS of PFOS were added
into the mixture with stirring for 30 min at 150 rpm. A volume of 0.2 mL of 2 M HCl was added to the
extract, which was then centrifuged at 3000 rpm for 20 min. A volume of 50 μL acetic acid was added
to the supernatant and the mixture was shaken for 1 min and centrifuged at 10000 rpm for 20 min. The
final supernatant was collected for analysis by UPLC-MS/MS. All samples were analyzed in duplicate.
2.4. PFCs Determination and Quality Assurance
Ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS) was used to
determine the concentrations of PFCs. The UPLC system (Waters Corp., USA) was equipped with an
ACQUITY UPLC BEH C18 column (2.1 mm×50 mm, I.D., particle size 1.7 µm, Waters Corp., USA).
The MS system was a Quattro Premier XE tandem quadrupole mass spectrometer (Waters Corp., USA)
equipped with an electrospray ionization source. The analytical procedures were reported previously
(Ahrens et al., 2009b; Zhou et al., 2010; Zhou et al., 2013; Zhuo et al., 2011). The mobile phase
consisted of a binary mixture of solvent A (2 mmol L-1 ammonium acetate in 100% methanol) and B (2
mmol L-1 ammonium acetate in 5% methanol) at a flow rate of 0.3 mL min-1. The gradient, which is
listed in Table S3 of the SI started with 25% A and 75% B and linearly ramped to 85% A and 15% B in
5 min, then ramped to 25% A and 75% B in 2 min. The column was allowed to equilibrate for 3 min,
and the total running time was 10 min. The injection volume was 10 µL. The tandem MS analysis was
conducted using the multiple reactions monitoring (MRM) mode, and the cone voltage and collision
energy were 30 V and 11 V, respectively. The calibration conditions are specified in Table S4 of the SI.
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Spike and recovery experiments were performed to determine the precision and accuracy of the
extraction and the analytical procedure. The recovery of PFOS ranged from 80% to 112% for water
samples and from 74% to 102% for sediment samples. The instrument detection limit was 1 ng L-1.

3. Results and discussion
3.1. Occurrence of PFCs in Water
The concentrations of different forms of PFCs in water are presented in Table S5 of the SI, and the
PFCs distributions at various locations are shown in Fig. 2. Eleven target PFCs were studied, but only
seven PFCs, heptafluorobutyric acid (PFBA), undecafluorohexanoic acid (PFHxA), perfluoroheptanoic
acid (PFHeA), PFOA, perfluorononanoic acid (PFNA), potassium perfluorobutanesulfonate (PFBS) and
PFOS, were detectable in all water samples. The highest ∑PFCs concentration (299 ng L-1) was
observed in location 1 from Meiliang Bay, followed by location 2 from Gonghu Bay. PFCAs accounted
for approximately 85% of the ∑PFCs in water. PFOA was predominated among all target PFCAs
detected, with concentrations ranging from 49 ng L-1 (location 7) to 136 ng L-1 (location 2). PFBA
concentrations were the second highest, from 22 ng L-1 (location 5) to 129 ng L-1 at an estuary mouth
(location 15). The concentration of PFOS in the water samples ranged from 9 ng L-1 (location 7) to 29
ng L-1.
The ∑PFCs concentration (867 ng L-1) in a lake in Korea (Rostkowski et al., 2006) was much
higher than the result of this study. However, the ∑PFCs concentration (299 ng L-1) in Lake Taihu was
approximately 10 times higher than the levels in some European rivers such as River Elbe (26.4 ng L-1)
(Ahrens et al., 2009a). Yang et al. (Yang et al., 2011) reported that PFOS was the main component of
PFCs in water, with the highest level of 394 ng L-1 in Lake Taihu. In contrast to their result, our data
indicated that PFOA (136 ng L-1) predominated over PFOS (29.2 ng L-1) in the Lake Taihu water. The
difference may be due to the different sampling season (summer in 2010 vs. winter in 2009). Seasonal
change may be significant because the algal blooms in the summer in Lake Taihu can largely affect the
distribution of different forms of PFCs and PFOS and PFOA may be bio-sorbed to a different extent by
5

the algae cells during algal blooms. The algal bloom may play a unique role during the sedimentation of
PFOS. However, little is known on this issue, which will be an interesting topic for our future studies.
In contrast to the only available water standards in the USA, such as US EPA standards of 0.2 μg
L-1 for PFOS and 0.4 μg L-1 for PFOA in drinking water, Lake Taihu water is currently below the risk
level based on our data (PFOS < 0.029 μg L-1, PFOA < 0.136 μg L-1). However, according to the
previous report (0.394 μg L-1 for PFOS and 0.037 μg L-1 for PFOA) (Yang et al., 2011), Lake Taihu
already has double the critical risk point for PFOS. However, even if the current levels in water are
below the standards, the sediment reservoir may change these dynamics under different conditions (e.g.,
seasons). More importantly, bioaccumulation and non-degradability of PFOS/PFOA must be taken into
consideration for the health impact because “safe water” may be not safe after human consumption of
the aquatic products for a certain period of time.
3.2. Risk Assessment of PFOS and PFOA
Risk assessment to humans is essential for drinking water standards because drinking water is one
of the exposure pathways of PFCs for human beings. We estimated the potential health risk of PFOS
and PFOA by water intake for animals/humans through reference dose (RD) by evaluating the hazard
ratio (HR) (Gulkowska et al., 2006).
HR = ADC/RD

(1)

Where, ADC (μg kg-1 d-1) represents the estimated average daily consumptions.
When the intake of drinking water was considered alone,
HRwater = ADCwater/RDwater

ADCwater

C water  Vwater  10 3

W

(2)

Where Cwater (ng L-1) is the concentration of PFOS/PFOA in water. Vwater (L) is the drinking water
volume for an adult every day. W (kg) is the average weight of an adult. RDwater is 0.025 μg kg-1 d-1 for
PFOS and 0.333 μg kg-1 d-1 for PFOA based on rat chronic carcinogenicity (μg kg-1 d-1) (Gulkowska et
al., 2006).
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We assume the adult average weight to be 60 kg and that 2 L of water is consumed each day
(Gulkowska et al., 2006). Based on the current concentration levels of 8.9–29.2 ng L-1 for PFOS and
49.2–136 ng L-1 for PFOA in Lake Taihu, the HRwater ranged from 0.011 to 0.039 for PFOS and from
0.0049 to 0.014 for PFOA through the intake of drinking water only. When HRwater is less than one, the
level of PFCs would not result in emerging health effects to animals/humans (Loi et al., 2011). Our
result suggested that the current concentration levels of PFOS and PFOA in Lake Taihu should not
cause immediate health impact through the intake of the water alone (note that the lake water is treated
by water works before being supplied to the tap).
However, the scenario can be greatly altered when aquatic products consumption is taken into
consideration because some fish may have very high bioaccumulation factor (BAF). For the freshwater
fish in Lake Biwa, BAFfish ranged from 6615 – 46620 for PFOS and 184 for PFOA (Fujii et al., 2007).
Supposing that the fish species in Lake Taihu have similar BAFfish, based on the current Lake Taihu
water concentration Cwater (8.9 – 29.2 ng L-1 for PFOS and 49.2 – 136 ng L-1 for PFOA), the
concentrations of PFOS/PFOA in fish (Cfish, ng g-1) may range between 58.9 – 1361 ng g-1 for PFOS
and 9 – 25 ng g-1 for PFOA (Cfish = Cwater  BAFfish).
Supposing a mass of 182 ± 105 g of fish was taken for an adult each day (Gulkowska et al., 2006),
the concentration of PFOS/PFOA in the animal/human body (Cbody, mg kg-1) can be obtained from
equation (3).
C fish (mg kg 1 )  Mass (g  d -1 )  ET(years)  365  10 6
C body (mg kg ) 
W (kg)
1

(3)

Where Mass (g d-1) is the amount of fish eaten by an adult every day (77–287 g) (Gulkowska et al.,
2006). Emergent Time (ET, years) is the period when an emerging health impact in the animal/human
occurs after fish consumption.
The potential health risks emerge when Cbody is higher than the RDfish-consum. Here, the median
lethal dosage (LD50) of rats (250 mg kg-1 for PFOS and 500 mg kg-1 for PFOA (Hu and Zhong, 2006)),
liver toxicity in mice (100 mg kg-1 for PFOS/PFOA) and toxicity of embryonic development (10 mg kg7

1

for PFOS) were considered in the reference dosage (RDfish-consum) and were adopted as emerging

toxicity to animals/human.
Based on the above mentioned method, the Emergent Time (ET, years) was calculated and listed in
Table 1. The ET was 10.5 – 908 years for PFOS and 573 – 5903 years for PFOA when the LD50 of rats
was considered alone. The ET was 4.2 – 363 years for PFOS and 229 – 2361 years for PFOA when liver
toxicity in mice was considered alone. The ET was 0.42 – 36 years for PFOS when the toxicity of
embryonic development in mice was considered alone. The ET of PFOA was much longer than its
arithmetic mean half-lives in human serum (3.8 years (Olsen et al., 2007)), suggesting the safety of the
current PFOA concentration. However, the 4.2 years and 0.42 years of PFOS were less than its
arithmetic mean half-lives in human serum (5.4 years (Olsen et al., 2007)). A potential health impact for
humans could occur after half a year consumption of aquatic products with high bioaccumulation factors
of PFOS for animals or humans. The current PFOS concentrations may cause potential threats to human
beings when bioaccumulation is taken into consideration. Hence, the development of drinking water
standards for PFOS/PFOA should not only rely on their current concentration levels in water but also on
the bioaccumulation in aquatic products.
Table 1. Values of emergent times (ET).
Cwater (ng
L-1)

PFOA

Cfish (ng
g-1)

(Fujii et al.,
2007)

Species

PFOS

BAFfish

Mass (g d-1)
(Gulkowska et al.,
2006)

W (kg)
(Gulkowska et al.,
2006)

RDfish-consum
(mg kg-1)
(Hu
and
Zhong, 2006)

ET
(years)

8.9

6615

58.9

77

60

250

908

29.2

46620

1361

287

60

250

10.5

8.9

6615

58.9

77

60

100

363

29.2

46620

1361

287

60

100

4.2

8.9

6615

58.9

77

60

10

36

29.2

46620

1361

287

60

10

0.42

49.2

184

9

77

60

500

5903

136

184

25

287

60

500

573

8

49.2

184

9

77

60

100

2361

136

184

25

287

60

100

229

3.3. Sources of PFCs
Some researchers applied the ratio of PFCs to PFOA to identify the potential source of the PFCs
(Simcik and Dorweiler, 2005; Wang et al., 2012). The PFBA/PFOA ratios in this study were mostly less
than 1.0, but some samples were greater than 1.0, such as L1 (1.17) from Meiliang Bay, L10 (2.10), L13
(2.52) from Zhushan Bay and L15 (1.92) from the estuary of the lake (Table 2). The results exhibited
higher PFBA concentrations than PFOA, which is indicative of potential point sources of PFBA (Fig. 1).
Similarly, the ratio of PFHxA/PFOA from L8 was 1.11, which was higher than 1.0 and indicated the
potential point source of PFHxA. The above mentioned locations are close to industrial areas, especially
L1, which is close to manufacturers of paints and plastic anticorrosion products (Zhang et al., 2010).
Fluorinated chemicals are either the raw materials or the end products of these manufacturers. The
highest level of PFOA (136 ng L-1, Table S5 of SI) was found in the water around location 2 from
Gonghu Bay, where plants producing polytetrafluoroethylene were located. The contamination of PFCs
can be attributed to the direct input from industrial activities or indirect discharge of effluent from
municipal waste water treatment plants.
Table 2. Parameters for the sources of PFCs.
Water samples (ng L-1)

Source indicator
PFBA

PFHxA

Location

PFBA

PFHxA

PFOA

/PFOA

/PFOA

1

96.6

44.8

82.7

1.17

0.54

2

73.4

34.1

136.1

0.54

0.25

3

55.3

36.9

71.5

0.77

0.52

4

66.7

37.7

84.1

0.79

0.45

5

21.9

42.2

64.2

0.34

0.66

6

51.1

33.4

60.4

0.85

0.55

9

7

40.7

45.7

49.2

0.83

0.93

8

36.1

57.5

51.6

0.70

1.11

9

75.5

30.6

89.1

0.85

0.34

10

113.8

17.4

54.4

2.10

0.32

13

123.6

12.2

49.1

2.52

0.25

15

129.3

15.5

67.4

1.92

0.23

3.4. Buffering Reservoir of PFOS in the Sediment and partition of PFCs
The vertical profile of PFCs in the sediment from different sampling location is shown in Fig. 3,
and the concentration levels in the sediment samples (0–5 cm) are summarized in Table S6 of the SI.
The distribution of PFCs in the sediment showed a very different pattern from that in the water. The
short chain PFCAs, such as PFBA, PFHxA and PFHeA, were not detectable, and only three PFCs,
including PFBS, PFOS and PFOA, were detectable in all the sediments. The highest concentration of
∑PFCs was 35 ng g-1 (dw) in the surface sediment, which was about a tenth of that in water. PFOS
accounted for 55% – 96% of the ∑PFCs, ranging from 4.8 ng g-1 (dw) to 21.7 ng g-1 (dw). The highest
concentrations of PFOA and PFBS in the sediment were 11.4 ng g-1 dw (location 1) and 4.3 ng g-1 dw
(location 1), respectively. The highest concentrations were found at a depth of 5–10 cm in all sediments,
except for location 9 in the center of Lake Taihu. When the depth was deeper than 10 cm, the
concentrations of both the ∑PFCs and the individual PFCs decreased with the depth, suggesting a
sedimentation process.
The sedimented PFOS may serve as an internal reservoir that may later be released back to the
water column when conditions are changed, such as re-suspension of the sediment and diffusion as a
result of the dilution of water. Even if the industrial input of PFOS/PFOA is reduced, the water level of
PFOS may be buffered to some extent due to the internal loads in the sediment. Further studies are
needed to assess this effect.
The partition of PFOS, PFOA and PFBS between sediment and water was described with the
empirical partition coefficient (Kd), assuming equilibrium conditions at the time of the sampling. The Kd
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values ranged from 211 – 2090 L kg-1 for PFOS, 0 – 137 L kg-1 for PFOA and 92 – 478 L kg-1 for PFBS
(Fig. 4). This is comparable with our previous studies, where the Kd values were 200 – 4050 L kg-1 for
PFOS and 150 – 350 L kg-1 for PFOA, considering the differences in the concentration levels, water
quality and properties of the sediments (Zhou et al., 2010). The Kd values of PFOS were generally much
higher than PFOA and PFBS, suggesting that PFOS had the highest affinity for sediments, which agreed
with our sediment profile field survey (Fig. 3, PFOS was 4.8–21.7 ng g-1, PFOA was < 0.01–11.4 ng g-1,
PFBS was 0.7–4.3 ng g-1). The Kd values of PFOA were much lower than those of PFOS, which
explained why PFOA was favorable in the water and PFOS predominated in the sediments.
The relationship between Kd and the organic carbon fraction (ƒoc) was examined in Fig. 4. A
positive correlation between Kd and ƒoc was found for PFOS (R2 = 0.961), but not for PFOA and PFBS.
When the Kd and ƒoc of PFOS were put into the map of the lake (Fig. 1), an interesting pattern was
observed. The ƒoc of the west half of the lake was generally higher than the east half of the lake.
Accordingly, the Kd values showed the same pattern as that of the ƒoc (Fig. 1). The north-west of the
lake suffers the most from harmful algal bloom, especially during the summer, due to the accumulation
effect driven by the southeast wind. The correlation between Kd and ƒoc (Fig. 4) and the distribution map
of Kd and ƒoc in the lake (Fig. 1) suggested that the organic carbon content dominated the distribution of
PFOS in the sediment, which was consistent with earlier reported works where hydrophobic interactions
played a strong role in the adsorption of long chain PFCs in the sediments (Jeon et al., 2011; Pan et al.,
2009).
3.5. Relationship between the partition and molecular structure
Previous reports on PFCs focused on the composition and concentration levels (Qiu et al., 2010;
Yang et al., 2011), little was known about the relationship between the molecular structures of PFCs and
their partition behavior. Here, we analyzed how the functional groups and the chain lengths of different
PFCs affect the partitioning/sorption processes.
The level of PFCAs with the same functional groups but different chain lengths in water decreased
with increasing chain length, with the exception of PFOA (Fig. 2). This is likely due to the higher
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solubility of short chain PFCAs compared to the long chain counterparts, which are more hydrophobic
(Table S1 of the SI). The exception of PFOA might be due to its wider use compared to other PFCAs in
the industries in the sampling area. PFOS and PFOA have the same C-F chain length (C8) but different
functional groups, and the PFOS concentration in water is much lower than the PFOA concentration,
possibly due to the greater hydrophobic nature of the sulfonate group (Deng et al., 2011; Fujii et al.,
2007). A similar trend was observed between PFBS and PFBA (C4). Higher levels of PFBA than PFBS
were detected in the water, which is more hydrophobic and less soluble in water. The short chain
substances and compounds with carboxylic groups resulted in higher solubility and consequently higher
concentrations in the water bodies.
The organic carbon normalized partition coefficient (log Koc, Koc = Kd×100/ƒoc), which excludes the
influence of the organic carbon content on the different distribution patterns, was employed to qualify
the relationship between the partitioning and the molecular structure. The average log Koc of PFOS,
PFOA and PFBS were 4.58 ± 0.05, 3.23 ± 0.13 and 2.56 ± 0.31 L kg-1, respectively. Our log Koc values
were mostly in line with the previously reported data (Ahrens et al., 2010b; Ahrens et al., 2009b;
Higgins and Luthy, 2006; Yang et al., 2011). The variation may be partially related to the different
characteristics of the sediments/particles and the aquatic environment. It may also due to the fact Koc is
empirically defined, which does not account for the effects of pH, ionic strength and salinity. Some
authors showed an increasing sorption of PFCs with decreasing pH of approximately 0.37 log units per
pH unit (Higgins and Luthy, 2006). Pan et al. indicated that salinity had a strong influence on the log
Koc, with a contribution of 0.22 log units for log Koc per unit salinity (‰) (Pan and You, 2010). In this
study, the influence of salinity and pH on PFCs partitioning may be not significant because they were
similar in all sample locations (Table S2 of the SI).
The log Koc of PFOS was higher than PFBS and PFOA by 2.02 and 1.35 log units, respectively. For
the same functional groups but different chain lengths, Koc increased by 0.51 log units for each
additional CF2 moiety from PFBS to PFOS. The chain length and functional groups influenced Koc,
which determined their distribution behavior. However, the influence of the chain length and functional
12

groups on the logKoc varies. Higgins and Luthy (Higgins and Luthy, 2006) concluded that each CF2
moiety contributed 0.5-0.6 log units to the log Koc, and the sulfonate moiety contributed an additional
0.23 log units compared to carboxylate analogs. Ahrens et al. (Ahrens et al., 2010b) reported that the log
Koc increased by 0.52-0.75 log units for the PFCAs with each additional CF2 moiety, and log Koc for
PFSAs was 0.71-0.76 log units higher than the PFCAs with the same chain length. The results further
confirmed that PFOS had the highest affinity for the sediment, which may act as an internal buffering
reservoir of PFOS.

4. Conclusions
This paper reported the first systematic study of seven types of PFCs in one of the largest drinking
water sources in China. The total PFCs concentration was 164 to 299 ng L-1 in water and 5.8 to 35 ng g-1
(dw) in sediment. PFOS was largely associated with sediment, and sediment acted as an internal
buffering reservoir of PFOS. There is no immediate health impact from the intake of the water alone;
however, the consumption of fish may cause potential health influences for animals/humans on a time
scale of months to years. Although assessment of the health risks for animals/humans was based on the
hypothesis of fish assumption, the relationship between the concentration, water-sediment distribution,
bioaccumulation and toxicity provided important evidence for constructing water standards for PFCs.
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