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This study examined the environmental behaviour and fate of polyfluoroalkyl compounds (PFCs) found in
water, suspended particulate matter (SPM) and sediment. The sampling of the sediment was performed
at two stations from Tokyo Bay, Japan, in 2008. In addition, a depth profile of seawater was collected at
three water layers from both sampling stations. The Y"PFC concentrations ranged from 16.7 to 42.3 ng L
in the water column, from 6.4 to 15.1ngg! dry weight (dw) in the SPM fraction and from 0.29 to
0.36 dw in surface sediment. The distribution of PFCs was found to depend on their physicochemical

{f?é‘;vords" characteristics. While short-chain perfluoroalkyl carboxylic acids (PFCAs) (C<7) were exclusively
Polyfluoroalkyl compounds detected in the dissolved phase, longer-chain PFCAs (C > 7), perfluoroalkyl sulfonates (PFSAs), ethylper-
Water fluorooctane sulfonamidoacetic acid (EtFOSAA), and perfluorooctane sulfonamide (PFOSA) appeared to
Suspended particulate matter bind more strongly to particles. Results showed that the sorption of PFCs on SPM increases by 0.52-
Sediment 0.75 log units for each additional CF, moiety and that the sorption of PFSAs was 0.71-0.76 log units

Partitioning coefficients higher compared to the PFCA analogs. In addition, the sorption of PFCs was influenced by the organic car-

bon content. These data are essential for modelling the transport and environmental fate of PFCs.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Polyfluoroalkyl compounds (PFCs), such as perfluorooctane sul-
fonate (PFOS) and perfluorooctanoic acid (PFOA), are persistent
against the typical environmental degradation processes and have
been found around the globe in water, wildlife and human tissues
(Kannan et al., 2004; Yamashita et al., 2005; Houde et al., 2006).
The long-chain PFCs are known to be bioaccumulative (Martin
et al., 2003a,b) and to have toxic effects in wildlife and humans
(Lau et al., 2007; Joensen et al., 2009). Despite their detection in
sediment (Higgins and Luthy, 2006) and bodies of water, such as
rivers (McLachlan et al., 2007; Ahrens et al., 2009c) and oceans
(Yamashita et al., 2005; Yamashita et al., 2008; Ahrens et al.,
2009a), data on the concentration levels in suspended particulate
matter (SPM) and the partitioning of PFCs between sediment or
SPM and dissolved phase are scarce. These data are essential for
modelling the transport and environmental fate of PFCs.

In a recent laboratory study, Higgins and Luthy found that the
sorption of PFCs increases for each CF, moiety by 0.50-0.60 log
units of the measured partition coefficients (Higgins and Luthy,
2006). Furthermore, the partition coefficient of the perfluoroalkyl
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sulfonates (PFSAs) was found to be 0.23 log units higher in com-
parison to the perfluoroalkyl carboxylic acids (PFCAs) with the
same carbon chain length (Higgins and Luthy, 2006). Similarly, a
specific distribution of PFCs was observed in two sediment cores
from Tokyo Bay, Japan, where the PFSAs, ethylperfluorooctane sul-
fonamidoacetic acid (EtFOSAA) and perfluorooctane sulfonamide
(PFOSA), seemed to bind more strongly to sediment than PFCAs
and only short-chain PFCAs (<C;) were found exclusively in pore
water (Ahrens et al., 2009d). In addition, previous work on the par-
titioning behaviour of PFCs has also demonstrated that the sedi-
ment-water distribution depends on such solution parameters as
pH (Higgins and Luthy, 2006) and organic carbon fraction (foc)
(Liu and Lee, 2005; Ahrens et al., 2009d). However, no partition
coefficients exist for the partitioning between SPM and dissolved
phase based on natural samples.

This study investigated the partitioning behaviour of PFCs be-
tween the particles (sediment and SPM) and the dissolved phase
in two vertical profiles of seawater from Tokyo Bay, Japan. The data
on PFCs in sediment were taken from a previous study (Ahrens
et al., 2009d). We also examined the influence of physicochemical
parameters, such as organic carbon, on the sorption of PFCs onto
the SPM. Finally, we were able to calculate the particulate associ-
ated fraction (¢) in water and the partition coefficient (Kq) and or-
ganic carbon normalised partition coefficient (Koc) for the sorption
on sediment and SPM.
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2. Materials and methods
2.1. Sampling campaign

Two depth profiles of seawater from Tokyo Bay were collected
using a depth-integrating sampler with a 1L glass bottle and a
glass stopper in May 2008 (Fig. 1). The water samples were col-
lected in duplicate at three water layers (surface, middle and bot-
tom water column). At the same stations two sediment cores were
collected using an acrylic tube (120 cm long and 12 cm i.d.). These
cores were sliced in intervals using a clean stainless steel slicer and
then stored in polypropylene (PP) tubes. Only the inner part of the
sediment core was analysed for PFCs to avoid contaminations from
sampling. The data from the 0-3 cm intervals were used for this
study (for details see Ahrens et al., 2009d). The sampling condi-
tions, including temperature, salinity, pH values, conductivity,
SPM and organic carbon content in water and sediment were mea-
sured (Table 1). After collection, the water samples were trans-
ferred directly into polypropylene (PP) bottles and transported in
an ice-cooled box to the lab.

2.2. Filtration and extraction

The target analytes include the C4, Cg, Cg and Cyo PFSA and C4-
Ci2, Cia, Ci6 and C;g PFCA, 6:2 fluorotelomer sulfonate (6:2 FtS),
PFOSA, ethylperfluorooctane sulfonamide (EtFOSA) and EtFOSAA
(for details see Taniyasu et al., 2008; Ahrens et al., 2009d). Directly
after arrival in the lab, the water samples were filtered using a syr-
inge nylon membrane PP filter (25 mm, 0.45 pum, IWAKI). After
cleaning of the nylon membrane PP filter, using 2 x 5 mL methanol
and 2 x 5 mL Millipore water, 100 mL of the seawater sample was
pushed through the filter using a PP syringe. During this procedure
the dissolved phase was collected in a PP bottle. Thereafter, the fil-
ter was dried using ambient air and the PFCs on the SPM were
eluted with 3 x 5 mL methanol in a PP tube. Finally, the volume
was reduced to 0.5 mL under a nitrogen stream.

The filtered water samples (dissolved phase) were extracted by
solid phase extraction with Oasis WAX cartridges (Waters, 150 mg,
6 mL, 30 um) as described elsewhere (Taniyasu et al., 2008).
Briefly, after preconditioning with 4 mL of ammonium hydroxide
in methanol, 4 mL of methanol, and then 4 mL of Millipore water,
the cartridges were loaded with the samples at approximately
one drop per second. Before loading, the dissolved phase was
spiked with 1 ng absolute of an internal standard (IS) mix (i.e.,
['3C4]-PFBA, ['3C,4]-PFOA, ['3C5]-PENA, ['3C,]-PFDA, ['3C,]-PFUNDA,
['3C,]-PFDoA, ['3C4]-PFOS, and 100 uL of a 10 ng mL™" solution).
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The cartridges were then washed with 4 mL of 25 mM ammonium
acetate buffer (pH 4) in Millipore water and dried by centrifugation
at 3000 rpm for 2 min. The elution was then divided into two frac-
tions. The first fraction was carried out with 4 mL of methanol for
the neutral PFCs and the second with 4 mL of 0.1% ammonium
hydroxide in methanol for the ionic PFCs. Both fractions were re-
duced to 0.5 mL under a nitrogen stream and analysed separately.

2.3. Instrument analysis and quality assurance

The concentrations of PFCs in the extracts were determined
using high-performance liquid chromatography coupled with tan-
dem mass spectrometry (HPLC-MS/MS). An HP1100 HPLC-system
(Agilent Technologies, Palo Alto, CA) was equipped with a Betasil
Cyg column (2.1 mm i.d. x 50 mm in length, 5 um; Thermo Hyper-
sil-Keystone, Bellefonte, PA), a XDB-C8 (12.5 mm x 2.1 mm, 5 pm;
Agilent Technologies, Foster City, CA) as a guard column and a
RSpak JJ-50 2D column (2.0 mm i.d. x 150 mm in length, 5 pm;
Shodex, Showa Denko K.K., Kawasaki, Japan). A triple-quadrupole
mass spectrometer, supplied by Micromass (Quattro Ultima Pt,
Beverly, MA), used an electrospray ionization (ESI) interface in neg-
ative ionization mode. The flow rate was set to 300 pL min~' and
10 pL of the sample was injected. Details of the extraction, instru-
mental conditions and quantification for PFC analysis have been
described elsewhere (Taniyasu et al., 2008).

All fluorinated materials that could come into contact with the
sample during collection, sample preparation or instrumental anal-
ysis were removed to avoid contaminations (for details, see
(Yamashita et al., 2004). All procedural blanks, which were ex-
tracted in the same manner as the samples, using 100 mL of Milli-
pore water for filtration and extraction, were below the method
quantification limits (MQLs). The MQLs were determined at a sig-
nal-to-noise ratio (S/N) of 10 and ranged between 0.05 and
0.13ngL™! for the dissolved phase and between 0.13 and
0.33 ng g~ ' dry weight (dw) for the SPM fraction. The matrix spike
recoveries for all analytes ranged between 81% and 128% for dis-
solved phase, with a mean standard deviation (SD) of 3.4%
(n=3), and between 86% and 116% for the SPM fraction, with a
mean SD of 4.2% (n = 3). The duplicate samples were analysed sep-
arately, their relative standard deviations were less than 20%.

Statistical analyses was performed using SPSS for Windows
(version 16) and Microsoft Excel at a significance level of
o = 0.05. Pearson correlation analysis was used for the correlations
between concentrations of individual compounds and to assess
significant correlations between PFC concentrations in the SPM
fraction and the physicochemical parameters.
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Fig. 1. Map showing the sampling locations 1 (N35°34’'60"”/ E139°55'01") and 2 (N35°29'18”/ E139°54'24"") in Tokyo Bay, Japan.
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Table 1

Summary of water and sediment sampling information and chemical analyses.?

S"PFCs

foc (%)

DOC (mg L)

SPM (mg L)

Conductivity (mS cm™)

pH

Salinity (%o)

T (°C)

Depth (m)

Sample type

Sampling location

c¢

Cspm2
13.6

Cspm1®
1.60
0.93
0.58

G

38.7

103

1.8
1.7
1.5

35
3.2
3.8

39.9

8.3
8.3
8.2

30.1

0.5 17.7

Water A’

42.1

10.6

39.9

30.2

17.6

Water B8

34.5

7.9
1.7
8.8
6.4

6.7

40.2

31.0

11 16.9

Water C

Sediment!
Water A

74
8.2

12
0.5
10
20
21

14.9

1.19
1.21
1.33

423
2

1.9
1.6
1.2

4.3

39.7

41.1

304

17.2

8.6

5.0
3.6

8.0
8.0

7.1

32.8

15.6

Water B

16.7

414

333

153

Water C

1.5

Sediment

dissolved organic carbon in water; foc = fraction organic carbon.

2 SPM = suspended particulate matter; DOC

b Concentration in the dissolved phase (ng L™").
¢ Concentration in the SPM phase (ng L™').

4 Concentration in the SPM phase when normalised to content of SPM in unit of ng g~' dw.

¢ Concentration in surface sediment (ng g~! dw).

f The upper layer of the water column.
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& The middle layer of the water column.

" The bottom layer of the water column.

! Surface sediment (0-3 cm) (for details see Ahrens et al. (2009d)).

3. Results and discussion
3.1. PFC distribution in water, SPM and sediment

PFSA, PFOSA/EtFOSAA, and PFCA concentrations were observed
in the dissolved phase and SPM fraction at different water layers in
the two depth profiles (see Fig. 2). In the dissolved phase ~97% of
the > PFCs were distributed, while ~3% of the > PFCs were found
in the SPM fraction.

The PFCs quantified in the dissolved phase included Cg and Cg
PFSAs, PFOSA, EtFOSAA, C4-C;; PFCAs. PFOSA and EtFOSAA are po-
tential precursor compounds which can degrade to PFSAs (Tomy
et al.,, 2004; Xu et al., 2004). Perfluorobutanoic acid (PFBA) was
the predominated PFC with a contribution of 52 * 2%, followed
by PFOA (17 £ 2%) and perfluorononanoic acid (PFNA, ~11 £ 1%).
PFOS had a contribution of only 4 +0.2% with a concentration
range of 0.9-2.2 ng L~!, which is ~15 times lower than found in
water samples from Tokyo Bay collected in a previous study in
2002 (Taniyasu et al., 2003). The decreasing PFOS concentration
could be caused by the phase-out of perfluorooctyl sulfonyl fluo-
ride (POSF) by the 3 M Company (of which 4 plants were in Japan),
reduction of PFC emissions by optimisation of the production pro-
cess and/or production shift to shorter-chained PFCs (Paul et al.,
2009). The PFC concentrations found in this study were in the same
range as that in other coastal areas, such as the German Bight, the
Pearl River Delta (China), and the coastal areas of Hong Kong, Korea
and Dalian, China (So et al., 2004; Yamashita et al., 2005; Ju et al.,
2008; Ahrens et al., 2009b). However, there are few data available
about PFCs in coastal waters and most studies have concentrated
only on selected compounds like PFOS and PFOA.

In the SPM fraction Cg and Cg PFSAs, PFOSA and C;-C;; PFCAs
were detected, but, in contrast to the dissolved phase, EtFOSAA
or the short-chain PFCAs (C < 7) were not found. The >"PFC concen-
tration in the SPM fraction ranged between 6.4 ngg ' dw and
15.1 ng g~! dw. The predominant compounds were PFOS, which
had a contribution of 48 + 2%, followed by PFNA (25 +2%) and
PFOA (12 + 1%).

Ten PFCs (i.e., Cg, and Cg PFSAs, PFOSA, EtFOSAA, and Cg-C;, and
Cy4 PFCA) were detected in the surface sediment (0-3 cm) (Ahrens
et al., 2009d). Although perfluorodecane sulfonate (PFDS), EtFOSAA
and the Cg-C;, and Cy4 PFCAs were not detected on the SPM, a
greater sample amount (i.e., 5g) was used in the extraction of
the sediment, which results in lower detection limits. Similar to
the SPM fraction, the dominant compound in sediment was PFOS,
with a contribution of ~25%. The other major contributions were
EtFOSAA (~19%), followed by perfluorohexane sulfonate (PFHXS)
(~17%) and perfluoroundecanoic acid (PFUnDA) (~16%). On the
other hand, the concentration levels in the sediment were by a fac-
tor of 30-40 lower than for the SPM fraction. However, the samples
cannot be compared directly, as the surface sediment concentra-
tion represents a time period of 3 years (2006-2008) while the
SPM fraction was collected on one specific date. In addition, the
higher organic content (OC) in the SPM fraction could lead to high-
er PFC concentrations due to the bioaccumulation in plankton
(<0.45 pm) and adsorption to OC (Higgins and Luthy, 2006; Powley
et al., 2008; Ahrens et al., 2009d).

Overall, the distribution of individual PFCs in water, SPM and
sediment depends on their physicochemical characteristics. PFSAs,
EtFOSAA, and PFOSA seem to bind more strongly to particles than
PFCAs, whereas only short-chain PFCAs (C < 7) were found exclu-
sively in the dissolved phase. As a consequence, the short-chain
PFCs have a higher potential for aqueous long-range transport
and, as the long-chain PFCs, the PFSAs, EtFOSAA and PFOSA, are
distributed in the surface sediment, which could act as a sink for
PFCs.
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Fig. 2. Vertical profiles of individual PFCs in the dissolved phase and suspended particulate matter (SPM) fraction in ng/L from three water depth levels from Tokyo Bay, Japan.
In addition, the vertical profiles of the water temperature in °C (diamond) and salinity in %o (square) are shown.

3.2. Vertical profiles of PFCs in the water column

The vertical profiles of individual PFCs in the water column,
including the temperature and salinity are shown in Fig. 2. While
the surface water concentrations at both sampling locations were
similar, they had different vertical concentration profiles. At sam-
pling location 1, the Y PFC concentration was relatively constant
from the surface water (0.5 m depth) to the bottom water level
(11 m depth) in the dissolved phase (38.5+3.8ngL™", n=6) and
SPM fraction (14.2 +0.8 ng g ' dw, n=6). Conversely, the S_PFC
concentration at sampling location 2 decreased from top down in
the water column by a factor of ~2.5, from 423 nglL ' to
16.7ngL! in the dissolved phase and from 15.0ngg 'dw to
6.4ng g~! dw in the SPM fraction. This disparity can be explained
by the influence of seawater at sampling location 2. The water lay-
ers at sampling location 1 were well mixed, with a relative con-
stant water temperature (17.7-16.9 °C) and salinity (30.1-31.0%0)
profile, whereas at sampling location 2 from top down the water
temperature decreased (from 17.2 to 15.3 °C) and the salinity in-
creased (from 30.4%o to 33.3%o¢). These changes of the temperature
and salinity are forced by the inflow of ocean seawater (Fujiwara
and Yamada, 2002). Hence, the decreasing PFC concentration of
the middle and bottom water layers at sampling location 2 can
be explained by the inflow of lower contaminated seawater.

3.3. Correlation of PFCs in the SPM fraction with the physicochemical
parameters

The sorption of PFCs on particles depends on their physico-
chemical parameters (Higgins and Luthy, 2006). In previous labo-
ratory and field studies, organic carbon was identified as the

dominant parameter which influenced the sorption of PFCs on sed-
iment (Ahrens et al., 2009d; Higgins and Luthy, 2006). In this study,
a positive correlation was found between organic carbon and PFC
concentration in the SPM fraction (p <0.0001, see Fig. 3). This
showed that, similar to the sorption on sediment, the organic car-
bon had a significant influence on the sorption of PFCs onto SPM.
The influence of pH could not be investigated because of the sim-
ilar pH in all water samples (pH = 8.0-8.3). Other factors, which
were not investigated in this study, such as the concentrations of
calcium cations, may also influence the sorption capacity of SPM
for PFCs (Higgins and Luthy, 2006).

3.4. Partitioning coefficient of PFCs between SPM and dissolved phase

While the PFCs were dominantly distributed in the dissolved
phase, individual PFCs showed a different partitioning profile.
The particulate related fraction (¢) and partitioning coefficients
are shown in Table 2.

The particulate related PFC fraction (¢) represents the fraction
in the SPM in relation to the dissolved phase.

(pZCSp]\/I/CWX 100 (1)

where cspy is the adsorbed PFC on the SPM fraction and c,, is the
mass concentration of PFC in the dissolved phase. The highest par-
ticulate associated fraction (¢) was observed for PFUnDA with 62%,
while the fraction decreased exponentially with decreasing perfluo-
roalkyl chain length to 0.8% for perfluoroheptanoic acid (PFHpA)
(Table 2). The particulate associated fraction (¢) was also relatively
high for PFOS (~32%) and PFOSA (~21%).

The relationship for PFOS and > PFCA concentrations between
the SPM fraction and dissolved phase is shown in Fig. 4. A significant
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Fig. 3. Dependence of PFC concentrations in the suspended particulate matter
(SPM) fraction (cspyv) on fraction organic carbon (foc).

correlation was found for the PFOS and individual PFCA concentra-
tion in the SPM fraction and dissolved phase (p <0.001). But no
significant correlation was observed for PFHxS and PFOSA, while
the other PFCs were exclusively detected in the dissolved phase.
The interaction of this distribution of sorption and desorption can
be described by the partition coefficient (Ky) for individual PFCs
(Schwarzenbach et al., 2003).

Kd = CspM/CW (2)

The previous section shows that the sorption on SPM depends
primarily on the organic carbon fraction (foc). Hence the organic
carbon normalised partition coefficient (log Koc) provides a better
indication of the partitioning.

Koc = Kg x 100/foc 3)

The perfluoroalkyl chain length had a high influence on the

sorption of PFCs on SPM. The log Ko for the PFSAs increased from
3.7 cm? g~ ! for PFHxS to 4.8 cm® g~! for PFOS and for the PFCAs

Table 2
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from 2.9 cm? g~ ! for PFHpA to 5.1 cm? g~! for PFUNDA. Hence, with
each additional CF, moiety the log Koc increased by 0.52-0.75 log
units for the PFCAs. This was also observed in a previous study for
the sorption of PFCs on sediment (Higgins and Luthy, 2006). Fur-
thermore the functional group (i.e., sulfonate, sulfonamide, and
carboxylic acid) also had a crucial influence on the sorption on
SPM. The log Koc for PFSAs was 0.71-0.76 log units higher than
the PFCAs with the same carbon chain length, whereas the log
Koc of PFOSA (i.e., 4.5 cm® g~!) was 0.25 log units lower than for
PFOS but 0.51 log units higher than for PFNA. These results are in
agreement with a previous laboratory study of the sorption of PFCs
on sediment, where the partition coefficient of PFSAs was 0.23 log
units higher than for PFCAs (Higgins and Luthy, 2006). In general,
PFSAs, PFOSA and longer-chain PFCAs have a stronger potential
to interact with SPM, which could be lead to sedimentation and
accumulation in the sediment.

3.5. Partitioning coefficients of PFCs between sediment and dissolved
phase

The partitioning coefficients of PFCs between sediment and dis-
solved phase were calculated using the data on sediment from a
previous study (Ahrens et al., 2009d) and the concentration in
the dissolved phase from the overlaying water column (surface,
middle and bottom water) from the same sampling location. The
partition coefficient (K);) and organic carbon normalised partition
coefficient (log K,.) for the sorption to sediment was calculated,
as shown in the previous section, using the PFC concentration in
sediment (c;) instead of the cspy. The partitioning coefficients for
sediment (i.e., K}, and log K;) are shown in Table 2.

The sediment log Kg values for PFOS, PFOA, PFNA and perflu-
orodecanoic acid (PFDA) were more than 1 order of magnitude
lower than the SPM log Koc values, while the partition coefficients
for the other PFCs were similar. The differences in the partition
coefficients can be explained by the following factors. First, the
concentrations in the surface sediment and the SPM fraction repre-
sent two different time periods of contamination (see discussion
above). Furthermore, the structure of the particles from the sedi-
ment and SPM could be different which would influence the
adsorption capacity of the particles for PFCs. Finally, it is possible
that the concentrations measured in the SPM and the dissolved
phase were in disequilibrium due to the influx of fresh river water
which could increase the PFC concentration in the SPM fraction
and lead to a higher log Koc. Hence, the high surface runoff could
lead to higher log Koc values being reported during wet periods
than during the dry season (Maruya et al., 1996).

In a previous laboratory study, the log Koc values recorded for
the sorption on sediment were in the same range for PFOA, PFNA

Particulate associated fraction on the suspended particulate matter (SPM) (¢), partition coefficients between SPM and dissolved phase (log Kg), and sediment and overlaying
dissolved phase (log K}), and organic carbon normalised partition coefficient between SPM and dissolved phase (log Koc), and sediment and overlaying dissolved phase (log Kqc)

for individual PFCs (n = 6).%

SPM-derived

Sediment-derived

o (%) Log K4 (cm® g™ 1) Log Koc (cm® g=') Log K; (cm® g™ 1) Log Ko (cm® g™1)

PFHxS 42+25 26104 3.7+03 1.8+0.1 3.6+0.1
PFOS 32+£22 3.7+0.1 48+0.1 2.1+£0.1 3.8+0.1
PFOSA 2149 3.4+02 45+0.1 25+0.2 43+02
EtFOSAA n.a. n.a. n.a. 3.0£0.1 4.8+0.1
PFHpA 0.8 £0.01 1.9 £ 0.002 2.9+0.002 n.a. n.a.

PFOA 24+03 24+01 3.5+0.1 0.04 + 0.03 1.9+0.1
PFNA 7.5+0.8 29+0.1 4.0+0.1 0.6+0.1 24+0.1
PFDA 23+5.7 3.5+£02 46+0.1 1.8+0.1 3.6+0.1
PFUnDA 62+6.2 42+0.2 5.1+0.1 3.0£0.1 48+0.2

a

sediment; c,, = PFC concentration in the dissolved phase; foc = organic carbon fraction.

n.a. = not available; ¢ = cspm/cw X 100; K4 = Cspm/Cwi Koc = Ka x 100/foc; Ky = ¢slcws Koe = Ky x 100/foc; cspm = PFC concentration on SPM; ¢ = PFC concentration in
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Fig. 4. Relationships of PFOS and ) PFCA concentrations between suspended
particulate matter (SPM) fraction (cspyv) and dissolved phase (cy).

and PFDA, but were more than one log unit lower for PFOS and
PFUnDA. However, partitioning coefficients observed in the natural
environment cannot be compared directly with those predicted by
linear correlation relationships under laboratory conditions. Gen-
erally greater log Koc values have also been observed for estrogens
(Lei et al., 2009) and nonylphenol (Diiring et al., 2002). For exam-
ple, particulate structure, heterogeneity of the organic carbon, con-
centrations of sorbate, ratio between solid and liquid phase and the
presence of organisms were completely different to those in the
laboratory experiment.

The analysis of the distribution of PFCs in sediment and water
provides useful information into processes that control the trans-
port and fate of PFCs. The presence of long-chain PFCAs (C > 8),
PFSAs, PFOSA, and N-EtFOSAA in sediment suggests that they are
bioavailable to benthic organisms (Higgins et al., 2007) and could
adversely affect benthic organisms (Stevenson et al., 2006).

4. Conclusion

This paper presents the first comprehensive survey of four clas-
ses on PFC in water, SPM and sediments. It also provides important
data on their partitioning behaviour. The PFCs were mostly distrib-
uted in the dissolved phase (~97%), with only 3% on the SPM frac-
tion. Furthermore, while the compositions of PFCs on SPM and in
sediments were similar, the concentrations of PFCs on SPM were
by a factor of 30-40 higher than those in sediments. However,
the distribution of PFCs depends on their physicochemical
characteristics.

Short-chain PFCAs (C < 7) were exclusively detected in the dis-
solved phase, long-chain PFCAs (C;-Cq1), PFHXS, PFOS and PFOSA
were detected in the dissolved and in the SPM fraction and long-
chain PFCAs (C > 11) and PFDS were exclusively detected in sedi-
ment. This corresponds with the log Koc values for the PFCAs,
which increased by 0.52-0.75 log units with each additional CF,
moiety, and the log Koc values for the PFSAs, which were 0.71-
0.76 log units higher than the PFCAs with the same carbon chain
length. PFCs with a high partitioning coefficient could interact with
SPM at the particle/water interface leading to their removal from
the water column and accumulation in sediment. This behaviour
has an impact on their toxicity, bioavailability, and general fate
in the marine environment. However, particle/water interactions
are very complex and are largely controlled by the interaction with
the organic carbon. Overall, the partition coefficient values of PFCs
could help improve our understanding of the processes that con-
trol the behaviour and fate of PFCs in the marine environment.
However, further work on their physical state needs to be done un-
der field conditions.
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