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ABSTRACT

The sorption behaviour of three perfluoroalkyl dabhses (PFASs), namely perfluorooctane
sulfonic acid (PFOS), perfluorooctanoic acid (PFQek)d perfluorohexane sulfonic acid
(PFHxS), was determined on 28 tropical soils. Taalpsoils are often highly weathered,
richer in sesquioxides than temperate soils and coayain variable charge minerals. There
are little data on sorption of PFASs in tropicailssoThe highest K values were found for
PFOS with mean values ranging from 0 to 31.6 L/Kge Ky values for PFOA and PFHxS
ranged from O to 4.9 L/kg and from O to 5.6 L/kgspectively. While these values are in the
range of literature sorption data, the averagevKlues for PFOS and PFOA from the
literature were 3.7 times and 3.6 times highempeesvely, than those measured in this study.
Stepwise regression analysis did explain someef/éniance, but with different explanatory
variables for the different PFASs. The main sodgerties explaining sorption for PFOS and

PFOA were oxalate-extractable Al and pH, and foH®%& was pH.

Summary finding:

The main soil properties explaining sorption for%and PFOA to 28 tropical soils were

oxalate-extractable Al and pH, and for PFHxS was pH

Keywords: PFOS, PFOA, PFHXS, sorption, tropicalssaveathered soils
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1. I ntroduction

Per- and polyfluoroalkyl substances (PFASs) araique class of organic chemicals in
that they have both a hydrophilic anionic functiohaad and a hydrophobic carbon chain.
Consequently, these chemicals exhibit surfact&et-properties (Krafft and Riess. 2015).
These chemicals have been used widely in indusiey @ these properties. Industrial
applications include use as water repellents fonenous products such as paper and textiles,
and as lubricants, but these chemicals are mostoory known for their use in fire-fighting
foams (Krafft and Riess. 2015). While these chelsibave been produced and emitted into
the environment for over 50 years (Houde et all,12@oncern has only recently arisen due
to the long-term persistence in the environmentemqigal for bioaccumulation, carcinogenic
toxicity and impacts on ecological health has resulin these chemicals emerging as
contaminants of concern (Beach et al., 2006; Gaesl Kannan, 2001; Higgins et al., 2007;
Pan and You, 2010). These highly fluorinated dbals are extremely stable organic
compounds due to high electronegativity, low palability and high bond energies which is
discussed in greater details in the review by Dal.e2014.

The surfactant-like properties of PFASs would ssfjgbat these chemicals would
behave differently from traditional, non-ionisalaieganic pollutants (Villagrasa et al., 2006;
Ding and Peijnenburg, 2013). While strong relatiops have been found between sorption
data and OC content for non-ionisable organic patits only weak relationships between
sorption data for PFASs and single soil propettegeg. OC, pH, clay content or CEC) alone
were found in a recent review of internationalrbtere (Li et al., 2018). They found that both
organic and mineral phases in soil together withapl clay should be taken into account for
accurate prediction of sorption of PFASs in soitsl &ediments. Generally, the published
literature on PFAS sorption has considered predantip soils from temperate regions.

Tropical soils differ greatly from temperate soifs various aspects and this may affect



69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

sorption behaviour. The mineralogy of tropical sois dominated by kaolinite and
sesquioxides and as a result, tropical soils mag déferent charge characteristics than soils
from temperate regions. Highly weathered tropiaalssusually have a low CEC and are
dominated by variable charge oxide minerals (Uelsm@ Gillman, 1981). Common soll
oxides usually have an iso-electric point betweln7pand 9, so in the acid range (pH<6.5)
most soil oxides would be positively charged and/ b@ present in sufficient quantities to
give the soil an appreciable anion exchange capadtylor et al.,, 1993). These
characteristics may affect sorption behaviour oA8§& (Oliver et al., 2019). PFAS chemicals
are highly persistent and while certain countriagsenceased production of some of these
chemicals they still persist in the environment dandorder to manage and remediate
contaminated soils it is necessary to understaadatie and behaviour of these chemicals. To
our knowledge, this study is the first to consithex relationship between sorption of PFASs

and soil properties in tropical soils.

2. Materials and M ethods

21 Soils

The majority of soils in this study were collecttedm under banana plantations in
tropical Queensland. They were air-dried and slew2 mm. Selected physico-chemical
properties of the soils are given in Table 1. $b#@racterisation involved measurements of
total carbon, total organic carbon, pH, electricahductivity (EC), exchangeable cations,
cation exchange capacity (CEC), oxalate-extractaole and aluminium, and total metal
concentrations. Details of the methodology forstheoil measurements are given in the

Supporting Information.

2.2 Batch Sorption
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The OECD 106 standard protocol for the adsorpti@esorption of chemicals using a
batch equilibrium method (OECD/OCDE, 2000) was uded determining sorption
coefficients (K values). Sorption coefficients were determinadtfivee commonly detected
PFASs, namely perfluorooctane sulfonic acid (PF@®Jfluorooctanoic acid (PFOA) and
perfluorohexane sulfonic acid (PFHxS). Three regés of each soil (1.5 g) were shaken for
24 h with 7 mL of 0.5 mM Cagl[AnalaR®)(Higgins and Luthy, 2006) in a polypropylene
(PP) tube. The choice of container was based onnwastigations on their suitability for
PFAS experimentation (Lath et al., 2019). An alig{@®5 mL) of a spiking solution was then
added to give a final concentration of 5 pg/L of0%; PFOA and PFHxS in 7.5 mL. Each
treatment was replicated four times. The spike waseased to 10 pg/L in 7.5 mL in those
soils that showed high sorption. To minimise cosntveffects the methanol concentration
was <0.03%. After shaking for 24 h on an end-cy@t-shaker the samples were centrifuged
at 2012 g force for 20 min. A sample (125 pL) weleeh, added to a PP insert in an LC vial
and 125 pL of methanol (Optima® LC/MS grade, Fisbkeemicals) was added. The spiking
concentration was used in the determination oftgmrpand was measured by analysis of a
spiked sample with no soil. The sorption coeffitsefKy) values were calculated as a ratio of
equilibrium solid to solution phase concentratig@&ECD/OCDE, 2000). High performance
liquid chromatography coupled with tandem mass tspeetry (LC-MS/MS) was used for
analyses of PFOA, PFOS and PFHxS. Additional midion about the sorption protocol,
and details of the operating conditions for thelyses by LC-MS/MS and QA/QC are given

in Supporting Information.

2.3 Satigtical analysis

Statistical differences between log transformedraye sorption coefficients and
relationships between sorption data and soil pta@setboth simple and multiple regressions)
were determined using Excel. To determine which gaiperties were contributing to the

6
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sorption of PFOA, PFOS and PFHxS, stepwise forwemdtiple regression was then
performed on the average; Kalues and the soil properties for all 28 soilke TAkaike’s
information criterion (AIC) was used to determin@ieh predictors were included in each
model. Specifically, the ‘stepAlIC’ function from éhMASS” library in R (Venables and
Ripley, 2002) was used. To ensure the residual® wermally distributed a square root
transformation was performed on the sorptigivKlues. The Shapiro-Wilk test of normality

was applied to the residuals to verify the sucoéssjuare root transformation.

3. Results and discussion

3.1 K4 values

For all 28 soils the highestskalues were found for PFOS with averages (n=3jiren
from O to 31.6 L/kg. Generally, the sorption for® and PFHxS was much weaker angl K
values ranged from 0 to 4.9 L/kg and from O to Bl&g, respectively (Fig. 1; Supporting
Information, Table S1). The OECD protocol (OECD/CE;[2000) specifies a requirement
for >20% adsorption in the sorption test. Basedanaximum of 80% of the spiked amount
remaining in solution it was possible to calculateninimum reliable K value according to
this protocol and this is indicated by the soliddi line in Fig. 1. From Fig. 1 it can be seen
that sorption to these soils, particularly for PEHand PFOA, did not achieve this
requirement for nearly half of the soils. A revieivall published PFAS Kvalues in soils
and sediments found values ranged from 1.4 to &@8# for PFOS, from 0.12 to 1485 L/kg
for PFOA and from 0.37 to 976 L/kg for PFHxS (Liagt, 2018) (Fig. 2). However, when this
data collation was confined to only sorption valuksived from laboratory studies, for
comparison with data in this study, the range wdstd 224 L/kg for PFOS, 0.12 to 85 L/kg
for PFOA and 0.37 to 6.3 for PFHxS (Fig. 2). So hevalues obtained with these tropical

soils are in agreement with other studies shownagtgr sorption of PFOS compared with
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PFOA. However, the averagey Kalues from the literature were 3.7, 3.6 and inte$
greater for PFOS (n=79), PFOA (n=34) and PFHxS Q)=2espectively, than those

determined for the tropical soils in this study.

PFOS and PFOA both have an 8-carbon chain lengthditiar in the functional head
(Supporting Information, Table S2). Other studieavéh found stronger sorption of
perfluorinated sulfonates in comparison with pexfinated carboxylates with the same
perfluorocarbon chain length (Supporting Informagidable S2) to soils (Higgins and Luthy,
2006; Milinovic et al., 2015), clay particles (Jeetnal., 20011) and to mineral phases (Zhao
et al., 2014). Sorption of PFASSs to soils and medits would be expected to involve several
interactions due to the dual hydrophobic and hyhitmpproperties of these chemicals (Du et
al., 2014; Krafft and Riess, 2015). These intecadihave been outlined in detail by Sao et
al. (2011) and include the hydrophobic interacti@tween hydrophobic surface constituents
on soils and sediments and the perfluorocarbomgledectrostatic interaction between the
anionic functional head and positively chargedssiie the sorbent; and repulsion between
the adjacent PFAS molecules. Differences betweeptisn behaviour of perfluorinated
sulfonates compared with carboxylates with the seanbon chain length has been attributed
to the smaller carboxylic head in the PFOA molec¢hén that of the sulfonate head in PFOS.
The decreased size of the carboxylic functionagnm PFOA results in less hydrophobicity
of PFOA compared with PFOS. This is further denvasd by the water solubility for
PFOS which is considerably lower than that for PFH&&pporting Information, Table S2),
suggesting that hydrophobic interactions were irgmir for PFOS in these soils for
controlling sorption behaviour. By comparison, RSHand PFOS have the same sulfonate
functional head but PFHxXS has a shorter carbomdbagth (6 carbon) compared with PFOS
which decreases the hydrophobicity of the chenaoal consequently its sorption. However,

the sorption process for these chemicals doeseahtptsolely upon hydrophobic interactions
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and recent studies have highlighted the contrilbbutibelectrostatic interaction with soils(Du

et al., 2014, Li et al., 2018, Knight et al., 2019)
3.2 Relationship between K4 values and single soil properties

Generally, for non-polar organic chemicals sorpti@haviour has been explained
predominantly by the soil organic carbon contertie pKa values for these three PFASs
(Supporting Information, Table S2) indicate thatha pH values of these tropical soils (5.5
to 7.8) (Table 1), PFOS, PFOA and PFHxS would exssthegatively ionised compounds
(Krafft and Riess, 2011). Generally, temperatessodrry a net negative charge. Highly
weathered tropical soils usually are dominated doyable charge oxide minerals (Uehara and
Gillman, 1981). Solution pH and ionic strength cfect the dissociation of functional
groups on Al and Fe oxides which can change thiaceicharge on tropical soils containing
these sesquioxides, and these changes in surfaargechvould be expected to affect
electrostatic interaction with negatively ionisemipounds. Soils that contain appreciable
amounts of oxides can give the soil a significamb@a exchange capacity under acidic pH
conditions (Taylor et al., 1983; Qafoku et al., 2D0This would suggest that in addition to
partitioning into the carbon fraction of soils siop of PFASs would also involve
electrostatic interactions with charged surfaceshenorganic and mineral phases (Higgins
and Luthy, 2006, Du et al.,, 2014). It was hypotbedithat there may be a relationship
between the sorption values for these three PFAfSstlae oxide content of these soils.
Consequently, the role of a range of soil propertas single and then multiple combinations)
on sorption in these soils was assessed. Théeoreship between Kvalues (n=28) for PFOS
and oxalate-extractable Al was significant (P<0@5{. 3) albeit with a low Rvalue (0.155)
(Table 2) but the relationship was strongly infloed by one soil (soil 18, 4.8% OC) and
removal of this data point resulted in the relasiip becoming not significant. This
relationship between sorption values and oxalateaetable Al was not found for PFOA and

9
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PFHXS. The relationship between alues and soil pH was significant only for PFHxS
sorption values but again the Ralue was low (0.176) (Table 2; Fig. 4c). Theraevro
significant relationships betweeny Kalues for any of the three chemicals and anyrothe
single soil property (OC, clay, sand, EC, CEC, atexkxtractable Al, Mn or Fe, total Al, Mn
or Fe) (Supporting Information Figs. S1-S13). B¢rocorrelations between sorption of
PFASs and OC content of soils or sediments has feegid by others (Higgins and Luthy,
2006; You et al., 2010; Guelfo and Higgins, 2018hich may be expected due to the
interaction between the perfluorocarbon chain aydrdphobic constituents on the sorbent
surface. However, in this study no significanateinship was found between Kalues for

all three chemicals and OC. The OC content of this & this study ranged from 0.5 to 4.8
% while the %OC of the soils from the literatureidses used for the PFOS sorption
measurements (n=79) ranged from 0 to 16%. Even uletiterature sorption values were
restricted to sites with OC content <5%, to mateéh goils in this study, the average sorption
values from the literature were 3.1 and 1.8 timghdr for PFOS (n=76) and PFOA (n=31),
respectively, compared with those determined is ¢iudy. Further, the mediany Kalues of
the restricted literature dataset (OC<5%) wereaBd 2.3 times higher for PFOS and PFOA,
respectively, compared with thosg #alues determined for tropical soils in this studyo
differences in the OC content between soils in 8tisdy and those from the literature
collation do not explain the differences in therage sorption measurements. One difficulty
with comparing this dataset with literature datéhst many studies in the literature have not
reported pH. Of the 12 and 7 studies, respectiielyPFOS and PFOA sorption with OC

content <5%, only 4 recorded pH and the range wa$28.5 with a median of 7.3.

The relationship between sorption coefficients BABs and OC in the literature has
been variable. While some have found strong matiips (Higgins and Luthy, 2006; You et

10
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al., 2010; Guelfo and Higgins, 2013), others didl (#hrens et al., 2011; Li et al., 2018). In
some studies, removal of a single value resultethénrelationship becoming statistically
non-significant (Higgins and Luthy, 2006; Millinaviet al., 2015). Soil pH may be an

important factor affecting PFAs sorption and tilsigxamined further in the next section.

This suggests that the sorption of these PFAS atasinvolved more than one phase
within these soils and could not be explained by single soil property. Results of forward
stepwise regression of sorption coefficients anidl moperties are given in Table 3. For
sorption of PFOA and PFHxS, pH was a significainit mmperty explaining sorption and for
PFOS oxalate-extractable Al was the most signifiganoperty with the inclusion of pH
slightly improving the model. Generally, no adoittal information with regard the sorption
of the PFASSs to these soils could be determinethéyorward stepwise regression than was
found by the simple regression. Li et al. (20kDently considered sorption of PFASs to six
soils and the role of a range of soil propertidfey found the key soil properties affecting
sorption of PFASs were protein, iron oxides andarexchange capacity. They found the
contributions of OC, aluminium oxides and fulviddato sorption were analyte-dependent.
Common soil oxides usually have an iso-electrimpbietween pH 7 and 9, so in the acid
range (pH<6.5) most soil oxides would be positivitarged and may be present in sufficient
guantities to give the soil an appreciable aniocharge capacity (Taylor et al., 1993). The
surface of both Al and Fe oxides would be posijiveharged so their involvement in
sorption would be through electrostatic interact{@ao and Chorover, 2012). While the net
surface charge was not measured for all 28 sousdied the net surface charge was
determined for a subset (7) of these soils. Atnhtral pH of these seven soils the net
surface charge ranged from -3.2 cmol/kg for sdpB 7.23 and OC 0.6%) to -21.2 cmol/kg
for soil 4 (pH 7.65 and OC 1.8%) (Oliver et al.,120. The study on the subset of soils

showed that at the natural pH of these soils smmpivas insensitive to pH and generally
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sorption only increased when the pH was decrease8.6. However, in soils that had high
oxalate-extractable Al and/or Fe content sorptibRIBOS, PFOA and PFHxS was found to
increase linearly with decreasing pH (Oliver et a@D19). This would suggest that at the
natural pH of these tropical soils the variablergkaoxide minerals are not influencing the
sorption behaviour of these PFAS chemicals. Tkeg#e were collected predominantly from
banana plantations and it is possible that thetiaddiof phosphate fertiliser may have
increased the net negative charge on these sao#stodbinding of the phosphate anion to the
positively charged sites (Uehara and Gillman, 198bmpared to tropical soils not under
agriculture. In addition, the anionic functionalogp of PFASs could bond with surface

hydroxyl groups on the Al and Fe oxides (Gao andrGVer, 2012).
4. Conclusions

Sorption of PFOS and PFOA to these tropical soits wenerally weaker than is
reported in the literature for temperate soils. Bverage I values for PFOS and PFOA
from the literature were 3.7 times and 3.6 timeghér, respectively, compared with the
average values obtained in this study with 28 talsoils. Tropical soils are usually in areas
of high and intense rainfall and generally tendhi@mve good soil structure with high
permeability. So the combination of low sorptiordaigh permeability of these soils would
suggest that there is greater likelihood of leaglohPFASs from these soils. No single soil
property (e.g. OC, clay, pH etc.) could explain gwgption behaviour of PFOS, PFOA or
PFHXS to any great extent. Some of the variandbarsorption of PFOS was explained by
oxalate-extractable Al but the relationship wasrggty influenced by one soil (soil 18, 4.8%
OC) and removal of this data point resulted inrédationship becoming not significant. The
relationship between Kvalues and soil pH was significant only for PFHx@ption values
but the amount of variance explained was lo#<®176). Stepwise regression analysis did
explain some of the variance in sorption but witfedent explanatory variables for the three

12
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PFAS chemicals studied. The main soil propertigdaming sorption for PFOS and PFOA

was oxalate-extractable Al and pH, and for PFHXS pid.
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Table 1. Selected chemical properties of the soils used in sorption experiments. All soils were collected 10-25cm except Go and Ko (0-10cm).

Soil | Sail TC® oc® | Cect Clay | Silt Sand pH.© | pHca | EC Oxalate- Oxalate- Oxalate-
code | Order® <0.002 | 0.002- 0.05-2 (1:5)° extractable | extractable | extractable
mm 0.05mm | mm Al Fe Mn
% % cmol+/kg % % % dS/m mg/kg mg/kg mg/kg

1 Red 1.9 18 10.00 45 12 43 7.0 6.6 0.21 2580 4170 1360
Ferrosol

2 Red 2.1 2.1 9.54 41 23 36 7.1 6.6 0.14 3750 6060 1150
Ferrosol

3 Red 0.6 0.6 2.83 7 1 91 6.9 6.3 0.07 185 466 361
Kandosol

4 Red 18 18 27.69 52 21 27 7.9 7.3 0.37 2400 7870 977
Ferrosol

5 Red 15 15 7.18 48 13 40 6.9 6.3 0.13 2570 4120 955
Dermosol

6 Grey 09 0.9 3.64 30 22 48 5.7 51 0.10 929 2350 75
Dermosol

7 Redoxic | 0.9 0.9 5.83 22 11 66 7.0 6.4 0.08 2060 2260 110
Hydrosol/
Brown
Dermosol

8 Orthic 11 11 10.86 25 21 54 7.4 6.8 0.13 1850 4410 491
Tenosol

9 Redoxic | 1.6 1.6 15.69 24 16 60 7.6 7.1 0.21 1470 3370 1170
Hydrosol

10 Red 16 16 15.20 56 0 44 6.1 5.6 0.27 3730 8500 1560
Ferrosol

11 Yellow 17 1.7 7.61 44 23 34 6.2 54 0.06 2650 2720 125
Dermosol

12 Brown 13 13 12.72 28 19 54 7.2 6.7 0.13 2150 3450 787
Dermosol

13 Red 16 16 5.24 32 12 55 6.9 6.2 0.09 1630 2710 209




Kandosol

14 Red 1.2 1.2 17.75 56 7 36 7.8 7.0 0.23 1790 3220 1020
Ferrosol

15 Red 16 15 10.81 29 4 67 7.8 7.2 0.15 2080 2430 459
Ferrosol

16 Red 1.0 1.0 14.74 31 9 60 7.7 7.1 0.22 1610 1820 399
Kandosol

17 Redoxic 16 16 5.42 46 16 38 5.8 5.0 0.09 2370 3660 75
Hydrosol

18 - 4.8 4.8 17.30 13 24 49 5.9 5.0 0.06 19400 4320 135

19 Red 0.8 0.8 434 21 5 74 6.5 5.8 0.10 655 1580 405
Kandosol

20 1.0 1.0 16.30 58 15 21 5.3 55 0.07 2720 2910 912

21 Red 35 35 9.98 22 8 70 6.5 5.7 0.10 5720 2260 50
Kandosol

22 Grey 11 11 19.12 52 13 35 7.5 7.0 0.21 2460 3780 1340
Ferrosol

23 Red 13 13 7.10 24 16 60 7.2 6.5 0.09 1530 2030 595
Dermosol
/Red
Kandosol

24 Red 13 13 7.54 22 11 67 7.2 6.6 0.11 2070 1820 772
Kandosol

25 Brown 0.9 0.9 6.17 26 15 59 6.4 5.8 0.10 1680 2560 474
Dermosol

26 Brown 13 13 12.67 43 7 49 7.0 6.5 0.26 1420 3270 1020
Ferrosol

27 Red 2.0 2.0 6.82 47 29 24 5.6 5.0 0.12 4150 10400 1140
Ferrosol

28 Brown 1.8 1.8 20.41 52 6 42 7.4 6.9 0.29 1480 4200 578
Kandosol

2CSIRO (2018); °Total carbon; ¢ Organic carbon;
9 Electrical conductivity 1:5 water measurement;

Cation exchange capacity; °1:5 water measurement; "1:50.1M CaCl, measurement;




Table 2. Regression analysis of log transformedamessorption coefficient (n=3 for each
soil) and single soil parameters.

Soil n PFOS PFOA PFHx$
property

R Significance| R Significance| R Significance
ocC? 28 | 0.114 0.078 NS 0.015 0.538 NS 0.001 0.853 NS
pr 28 | 0.061 0.205 NS 0.099 0.104 NS 0.176 0.026 *
Clay 28 | 0.002 0.814 NS 0.005 0.722 NS 0.008 0.774 N5
(<2um) %
CEC 28 | 0.020 0.478 NS 0.009 0.641 NS 0.02 0.472 N5
Oxalate Af | 28 | 0.155 0.038 * 0.029 0.383 NS 0.00¢4 0.628 NS

0

) 5
Oxalate F& | 28 | 0.002 0.830 NS 0.000 0.927 NS 0.002 0.814 N5
Ox?Iate 28 | 0.020 0.473 NS 0.016 0.524 NS 0.036 0.333 NS
Mn

20C=organic carbon (%J,pH 1:5 water® CEC=cation exchange capacitynpl+/kg),
4 oxalate-extractable Af,oxalate-extractable Fegxalate-extractable Mn

NS — statistically non-significant (P> 0.05); * R&b



Table 3. Results from stepwise regression analysis of sorption coefficient and all soil properties based on average Ky values (n=3 for each soil).

PFOS PFOA PFHXS
Estimate | Upper Lower Pvalue | Estimate | Upper Lower 95% | P Estimate Upper Lower 95% | Pvalue
95% CI* | 95% ClI 95% CI Cl value 95% CI Cl
Intercept -2.87 -7.68 1.94 0.253 -2.71 -5.82 0.40 0.100 |-2.74 -5.30 -0.19 0.045
Oxaate Al° | 0.20 0.08 0.31 0.002 0.06 -0.01 0.13 0.126
pH 0.69 -0.01 1.39 0.065 0.53 0.08 0.99 0.029 | 054 0.16 0.92 0.010
Pvaluefor 0.005 0.053 0.010
equation
Adjusted R | 0.294 0.147 0.202
for equation

aCI = confidence interval; ° oxalate-extractable Al
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Fig. 1. Average (+ std dev) (n=3) Kq values (L/kg) for PFHxS, PFOA and PFOS for soils studied. The solid line indicates the minimum Kg
required to meet the OECD (2000) requirement that a minimum of 20% of the chemical be sorbed for an accurate determination of K4 value.
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Sorption behaviour of per- and polyfluoroalkyl substances (PFASS) in tropical soils.
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McLaughlin,® Rai S. Kookana,®®

HIGHLIGHTS

» Sorption values for PFOS, PFOA and PFHxS were determined for 28 tropical soils.

» PFOS sorption values were approximately 3.7 times lower than mean literature values
* PFOA sorption values were approximately 3.6 times lower than mean literature values
» Sorption of PFOA and PFOS was explained by pH and oxal ate-extractable Al.
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