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Abstract

The levels of five perfluoroalkylated (PFA) compounds, PFOS, PFOA, PFHxS, PFOSA and
PFNA were determined in whole blood and plasma from 47 males and 36 females
representing the Swedish population. The analytical method developed and used includes
solid-phase extraction and liquid chromatography electrospray masspectrometry. PFOS was
the PFA found at the highest concentration in whole blood (18.2 pg/ul) followed by PFOSA
(4.1 pg/ul), PFOA (2.7 pg/ul), PFHxS (2.3 pg/ul) and PFNA (0.3 pg/ul). Besides the five
compounds determined, we were able to detect PFHxA, PFDA, PFDS, PFUnDA, PFDoDA
and PFTDA in some of the samples/at low concentrations, the only compound included in this
study that we did not detect was PFBuS. This shows that the Swedish population are exposed
for a large number of PFAs. The concentrations of PFOS and PFOA correspond to those
found in USA. The correlation between PFOS and the other compounds was studied in order
to find out if there is a common source of exposure. Only a very week correlation between

PFOS and PFOA could be seen.



1. Introduction

Perfluoroalkylated (PFA) compounds possess unique properties like thermal, chemical and
biological stability due to a short C-F bound (1.38 A), the small size of fluorine and fluorines
electronegativity (1). Perfluoroalkylated acids are both hydrophobic and hydrophilic, which
are properties that make them frequently used for treatment of carpets, fabric, leather,
protection of paper and food packaging and also as performance chemical in plastic
production, firefighting foam, polish and cleaners and insecticide (2,3). Since the end of the
1990s perfluorooctanesulfonate (PFOS) has been reported in wildlife all around the world
togheter with perfluorooctanoic acid (PFOA) (4). PFOS is the PFA that has been reported
most frequently and in the <1-1656 pg/ul range in human blood from several countries
(5,6,7,8,9). Although the world’s largest manufacturer of PFOS, 3M, in year 2000 phased out
all production of perfluorooctanyl-like compounds (10), PFOS is expected to persist in biota
for a long time as it has been shown to bioaccumulate. PFOS main applications were as
surfactant and mist suppressant in industrial applications, emulsifier in floor polish, film
former in fire fighting foams and active ingredient in insecticides (17). PFOS is suspected to
be the stable degradation product from several other perfluorinated compounds, and it has
been shown that N-ethyl perfluorooctanesulfonamide (N-EtPFOSA) can be biotransformed to
PFOS via perfluorooctanesulfonamide (PFOSA) (11). It has also been suggested that N-
EtFOSE (2-N-ethylperfluorooctane sulfonamido ethyl alchol) used as paper- and packaging
protection and corresponding N-MeFOSE (used as surface treatment) can through oxidation
and metabolism form PFOSA and therefore also PFOS (12). PFOAs main application is as a
polymerisation aid in the manufacture of fluoropolymers and fluoroelastomers (18), of which
polytetrafluoroethylene (PTFE) is one of the largest products. PTFE is heavily used in both
industrial and household applications because of oil, stain and water rejection, non-sticking

properties and thermal resistance.



Potential toxicology effects on humans are not well understood. Listed in the OECD report on
PFOS and its salts (2) are effects like hepatoxicity, postnatal deaths and development effects

in animal studies. LDs( and LCs on rats are in the mg/kg or mg/I range.

Historically, the analysis of PFAs has been limited to mainly PFOS and PFOA but recently a
number of other, potentially bioaccumulating, perfluorinated acids were reported in wildlife
and in human blood (13,14). Since possible degradation pathways, distribution and exposure
routes for this group of compounds are poorly understood the information of exposure to a
larger number of PFAs is necessary. The exposure of these compounds to the Swedish
population had not been studied before this project was performed, except for 11 samples
from Swedish blood banks analysed by 3M Company in 1998 (7). Only PFOS was reported in

the 3M study.

The purpose of the performed project was to study the exposure of several perfluoroalkylated
compounds to the Swedish population for several reasons; 1) in order to compare the
exposure of PFOS and PFOA with other countries, 2) study the extent of other
perfluoroalkylated compounds in Swedish blood, 3) study the data for possible information
about exposure pattern. For this study, we developed a method for the analysis of 13
perfluoroalkylated compounds, with carbon chain length ranging from 4 to 13, in human
whole blood and plasma. The method includes solid-phase extraction (SPE) followed by high
performance liquid chromatography electrospray masspectrometry (LC-ES-MS). The
challenge in this work was the solid phase extraction of whole blood and analysis with single-
quadropol MS, which by our knowledge have not been performed in this research area until

now.



2. Experimental section

2.1 Perfluoroalkylated compounds

Of the 13 perfluoroalkylated compounds only 12 were studied because one was selected as
internal standard. Information of the compounds studied can be seen in Table 1. The complete
name and abbreviation of each compound is given in section 2.3.

2.2 Sample collection

Studied samples are control samples (sons and mothers) in a testicular cancer study (MPR
2336), drawn from the Swedish population registry (Stockholm, Sweden), and collected
during 1997-2000. The mothers were of age 46-75 and the sons of age 19-46. The sample
material consists of both whole blood and plasma samples, initially treated with Heparin, but
stored in glass containers without Heparin at -20°C.

2.3 Standards and reagents

Tetrabutylammoniumperfluorobutanesulfonate (PFBuS TBA-salt, > 98%)),
perfluorooctanesulfonic acid potassium salt (PFOS K-salt, > 98%), perfluorodecanoic acid
(PFDA, >97%), perfluorocaproic acid (PFHxA, > 97%) were purchased from Fluka.
Perfluoroheptanesulfonic acid (PFHpA, 99%), perfluoronanoic acid (PFNA, 97%),
perfluorooctanoic acid (PFOA, 96%), ammonium perfluoro-1-decansulfonate in
H,0O/butoxyethanol (PFDS NHjy-salt, 25w%), perfluoroundecanoic acid (PFUnDA, 95%),
perfluorododecanoic acid (PFDoDA, 95%), perfluorotetradecanoic acid (PFTDA, 97%) were
purchased from Aldrich. Perfluorooctanesulfonamide (PFOSA, 97%), 7H-
dodecafluoroheptanoic acid (THPFHpA, 98%) were purchased from ABCR. 1H,1H,2H,2H-
perfluorooctane sulfonate (THPFOS) and perfluorohexane sulfonic acid (PFHxS, 98%) were
purchased from Interchim Ammonium acetate (>99%, pa for HPLC) was purchased from
Fluka, formic acid (98-100%) from Scharlau and methanol (HPLC) was taken from Labscan.

The water used was laboratory produced ulta pure water.



Table 2. Recoveries of 12 PFA compounds determined by standard
addition to

whole blood and SPE-LC/MS analysis.

Recovery %

Recovery %

Recovery %

" 18pgul  5-13pgul 1027 pe/ul
PFBuS 3 2643 2742 27+1
PFHXA 3 98+24 90+7 92+1
PFHxS 3 11245 110+0.5 108+2
PFOA 3 79+5 97+2 96=+1
PFNA 3 81+10 84+4 90+4
PFOS 3 99+3 98+4 103+7
PFDA 3 75+1 807 85+2
PFDS 3 69+5 83+6 87+11
PFOSA 3 81+10 na na
PFUnDA 3 82+6 79+7 84+7
PFDoDA 3 64+14 na na
PFTDA 3 75124 nan na
na not analysed
Table 3. Detection limits (pg/ul) of 12 PFA
compounds
defined as signal to noise ratio 3.
Plasma Whole blood
PFBuS 2% 2%
PFHxA 0.3 0.3
PFHxS 0.1 0.1
PFOA 0.3 0.5
PFNA 0.1 0.1
PFOS 0.1 0.1
PFDA 0.3 0.1
PFDS 0.5 0.5
PFOSA 0.1 0.1
PFUnDA 0.1 0.1
PFDoDA 0.4 0.2
PFTDA 0.3 0.1

* Due to low recovery
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Concentrations (pg/pl) of 5 individual PFA compounds including sums of PECA', PFSA” and PFA’ in
ood and plasma collected in Sweden, 1997-2000.

Whole blood  1xS DA N VA OSA FCA' FSA? FA’
All, N=66

Range 28.4 -12.4 -37.0 1-1.9 }-22.9

Arithmetic mean 2 l 6 6
Median | !

Males, N=40

Range 28.4 -12.4 37.0 1-1.9 3-22.9

Arithmetic mean (! ) 0 3
Median 7 !

Females, N=26

Range 2.5 4.1 -32.8 1-1.0 }-9.5

Arithmetic mean 3 } 3 0
Median ) !

Plasma

All, N=17

Range 3.5 -8.4 1-90.

Arithmetic mean ‘! ) 8 3
Median )

Males, N=7

Range 3.5 -8.4 5-90.9 1-0.6 1-2.9

Arithmetic mean 5 3 6 8
Median )

Females, N=10

Range 2.9 7.4 1-54.7 1-1.4 .1-0.9
Arithmetic mean | } 1 0
Median 2 }

Sum of perfluorocarboxylic acids. > Sum of perfluorosulfonic acids incl. PFOSA. * Sum of ' and *.
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Figure 1. Population distribution of five perfluoroalkylated compounds in whole blood (n=66)

and plasma (n=17) from Sweden, 1997-2000.
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n PFOS and 4 PFA compounds in whole blood from Sweden.
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Appendix: Data table
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