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Abstract
Standard Reference Materials (SRMs) are homogeneous, well-characterized materials that are
used to validate measurements and improve the quality of analytical “ata. The National Institute
of Standards and Technology (NIST) has a wide range of SRMs tha 1ave mass fraction values
assigned for a number of legacy pollut ts. © ese SRMs can also serve as test materials for
method development, method validation, and measurement for mtaminants of emerging
concemn. Since inter-laboratory éomparison studies have shown cc siderable variability with
measurements of perfluoroalkyl acids (PFAAs), future analytical measurements will benefit from
the determination of consensus values of PFAAs in SRMs to provide a means to demonstrate
methods specific performance. To that end, NIST, in collaboration vith multiple groups, has
been easuring concentrations of PFAAs in a variety of SRMs. Here we report on levels of
PFAAs and perfluorooctane sulfonamide (PFOSA) determined in four biological SRMs: fish
tissue (SRM 1946 Lake Superior Fish Tissue, SRM 1947 Lake Mic¢ gan Fish Tissue), bovine
liver (SRM 1577¢), and mussel tissuc (SRM 2974a). We also report concentrations for three in-
house quality control materials: beluga whale liver, pygmy sperm whale liver, and white-sided
olpt  hiver. Measurements in SRMs show an array of PFAAs, wit perfluorooctane sulfonate
'FOS) being the most frequently detected. Reference and information values are reported for

PFAAs measured in these biological SRMs.

Keywords Perfluoroalkyl acids, Standard Reference Materials, Fish tissue, Bovine liver, Mussel

tissue, Intercomparison exercise
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Introduction

Perfluoroalkyl acids (PFAAs) comprise a group of fluorinated compounds considered to
be ubiquitous and persistent in the environment. Included in this class of compounds are
perfluoroalkyl sulfonates (PFSAs), the most recognized compound in this class being
perfluoroooctane sulfonate (PFOS), and perfluorocarboxylic acids (PFCAs). The release of
PFOS into the environment, from 1970 to 2002, was estimated at 96,000 t [1] and the total
emissions of PFCAs, from 1951 to 2004, was estimated to be between 3,200 and 7,300 t [2]. As
a result of their widespread applicability, PFAAs are found in a wide range of consumer and
industrial products, including textiles, varnishes, carpets, and fire-fighting foams [2].

Over the last decade, the occurrence of PFAAs has been documented in many
environmental matrices including fish, birds, and marine mammals [3-7] and reviews have
observed their prevalence in biota worldwide [8-10]. While most of the biomonitoring studies
have been performed by a handful of laboratories, these reviews bring into question the
comparability of the data among labs. Since 2005, interlaboratory comparison studies of PFAAs
have been conducted in environmental and human matrices [11-14]. Improvements in PFAA
measurements have been made, but van Leeuwen et al. [11] and Riddell et al. [15] emphasize
that for accurate and precise measurements of PFAAs, several analytical criteria still need to be
addressed. An important criterion emphasized in all the interlaboratory studies is the availability
and use of reference materials with known concentrations of analytes of interest, to help validate
laboratory results.

The National Institute of Standards and Technology (NIST) has provided natural matrix
Standard Reference Materials (SRMs) to validate measurements of organic and inorganic

compounds and to aid with analytical method development [16]. These SRMs include human
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serum, human plasma, human milk, fish tissue, mussel tissue, and bovine liver. During the past
years, NIST SRMs of human serum, human plasma, and human milk have been characterized for
PFAAs, resulting in the assignment of reference values of some PFAAs to their Certificates of
Analysis [14,17]. For the past few years, several biological SRMs, including SRM 1946 Lake
Superior Fish Tissue, SRM 1947 Lake Michigan Fish Tissue, SRM 1577c¢ Bovine Liver, and
SRM 2974a Organics in Freeze-Dried Mussel Tissue (Mytilus edulis), and three in-house quality
control materials, QC97LH02 Beluga Liver, QCO3LH3 Pygmy Sperm Whale Liver, and
QCO04LH4 White-Sided Dolphin Liver have been examined for PFAAs by NIST. In addition to
the NIST analysis, six outside laboratories submitted PFAA measurement data for some of these
SRMs. The aims of this study are to compare the measurements of PFAAs in biological SRMs
by all the laboratories and to add reference and information values of PFAAs to these existing
NIST SRMs. The values of PFAAs in these SRMs will support future PFAA measurements in
the analytical community. In the larger context, the overall intention of this study is to provide
data which are useful for improving the quality of PFAA measurements made by this research
community while also providing information that may help with the interpretation of previously

published results.

Material and methods

Sixteen PFAAs were examined in this study. These include perfluorobutanoic acid
(PFBA), perfluoropentanoic acid (PFPeA), perfluorohexanoic acid (PFHxA), perfluoroheptanoic
acid (PFHpA), perfluorooctanic acid (PFOA), perfluorononanoic  acid (PFNA),
perfluorodecanoic acid (PFDA), perfluoroundecanoic acid (PFUnA), perfluorododecanoic acid

(PFDoA), perfluorotridecanoic acid (PFTriA), perfluorotetradecanoic  acid (PFTA),
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perfluorobutane sulfonate (PFBS), perfluorohexane sulfonate (PFHxS), PFOS, perfluorodecane

sulfonate (PFDS) and perfluorooctane sulfonamide (PFOSA).

The SRMs were prepared by NIST using methods described in their respective
Certificates of Analysis and have previously been certified for concentrations of persistent

organic pollutants and metals (http://www.nist.gov/srm/). For this study, PFAAs were measured

in SRM 1946 Lake Superior Fish Tissue, SRM 1947 Lake Michigan Fish Tissue, SRM 1577c¢
Bovine Liver, SRM 2974a Organics in Freeze-Dried Mussel Tissue (Mytilus edulis), and three
in-house quality control materials, QC97LH02 Beluga Liver, QC03LH3 Pygmy Sperm Whale

Liver, and QCO4LH4 White-Sided Dolphin Liver.

Seven laboratories inciuding NIST, US Environmental Protection Agency (EPA), 3M,
Environment Canada, University of Toronto, Bundesamt fuer Seeschiffahrt und Hydrographie
(Federal Maritime and Hydrographic Agency of Germany), and Wageningen IMARES (Institute
for Marine Resources and Ecosystem Studies) participated by analyzing selected SRMs for the
PFAAs routinely measured in their laboratories. In all cases the laboratories used their existing
extraction and cleanup methods coupled with liquid chromatography tandem mass spectrometry

(LC-MS/MS) for the quantification of PFAAs. SRMs-were-analyzed for PEAAS at the NIST

Analytical Methods

Participating laboratories were asked to determine the concentrations of the PFAAs they
currently measure in their laboratory. They were asked to measure at least three replicates of the
SRMs using their current methods and own standards. A brief description of sample extraction,

cleanup, and instrumental technique was provided by the participating laboratories along with
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the results. In this study all laboratories measured PFAAs in the fish tissue SRMs (1946 and
1947). Three laboratories participated in the measurement of PFAAs in SRM 1577¢ and SRM
2974a. Two laboratories provided measurements of PFAAs in QC97LH02, QCO03LH3, and

QCO4LH4.

The extraction and cleanup methods used included alterations of established methods
(Figure 1). Extraction methods included an ion-pairing extraction method, acetonitrile
precipitation, and basic methanol (potassium hydroxide or sodium hydroxide) extraction. Some
participants choose no further cleanup after extraction; while other participants choose to use
different solid-phase extraction columns (i.e. Oasis WAX or Supelco ENVI-Carb) or the addition
of activated carbon to the extraction solution for the cleanup of their extracts. All laboratories
used the internal standard approach with selected mass-labeled internal standards, and LC-
MS/MS was used for quantification. The branched and linear isomers of PFOA, PFHxS, and
PFOS were integrated together and the concentrations of thesc compounds are reported as totals

of all isomers.

Previous studies of PFOS have reported matrix interferences in biological samples
[18,19,15]. When the endogenous compound taurodeoxycholic acid (TDCA) is not removed
during the extraction and cleanup process, it can coelute with PFOS, causing an over-reporting of
PFOS concentration in a sample. Besides coelution with PFOS, TDCA interferes with the
499—80 PFOS transition [19], resulting in some laboratories to avoid this transition altogether
and using the 499—99 transition exclusively. Included in Figure 1 are the PFOS transitions

monitored by each laboratory in this study.

Determining reference values
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The method that has previously been used for value assigning organic contaminants in
SRMs was used for value assigning PFAAs in these SRMs. This method combines the data from

at least two different analytical methods-, other producers of reference materials similar

approaches for value assignment. In the present study PFAA measurements were obtained using

combinations of the extraction methods by NIST with results from participant values of PFAAs
from the interlaboratory study. The PFOS results reported in this study were used to assign
reference values for SRMs 1946, 1947, and 1577¢. -The reference value is a weighted mean of
the results from the analytical methods [20]. -The expanded uncertainties about the mean were
calculated according to Rukhin [21] using a coverage féctor equal to 2 (approximately 95 %
confidence), calculated by combining a pooled within method variance with a between method
variance [22] following the ISO Guide [23,24]. The PFNA, PFDA, PFUnA, and PFTriA values

reported in this study were used to assign information values for SRMs 1946 and 1947.
Results and discussion

PFAAs were detected in all the SRMs and quality control materials studied, with each
laboratory’s results summarized in Tables 2-8. The total PFAA concentrations ranged over two
orders of magnitude depending on the matrix examined. In general there was good agreement
among the data from all the laboratories for measurements of PFOS in all the SRMs. Results for

the other analytes were less consistent, with relative standard deviations (RSDs) greater than 15

%.

The concentrations of PFAA measured in the fish tissue SRMs are similar to
concentrations measured in biological samples collected in the field. The PFOS levels measured

in SRMs 1946 and 1947 (Tables 2 and 3) are within the range of PFOS concentrations being
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measured in freshwater fish from around the globe [25-29]. SRMs 1946 and 1947 were prepared
from adult lake trout collected in 1997 from Lake Superior and Lake Michigan, respectively.
Furdui et al. [28] examined the spatial distribution of PFAAs in whole lake trout collected from
the Great Lakes in 2001. Similar to the measurements of PFAAs in SRMs 1946 and 1947, Furdui
ct al. [28] determined the concentration of PFOS to be higher in the trout collected from Lake
Michigan compared to the trout collected in Lake Superior. The PFAA concentrations
determined in the fish tissue SRMs showed similar patterns to one another, with the most
abundant PFAA consistently detected being PFOS, contributing between 49 % and 75 % of the
total PFAAs measured (Figure 2). The long-chained PFCAs with odd numbers of carbon were

detected at higher concentrations compared to even number, long-chained PFCAs.

SRMs 1577c and 2974a, although not matrices routinely measured for PFAAs, were also
examined (Tables 4 and 5). In these SRMs the only consistently quantifiable PFAA measured by
at least two laboratories was PFOS. Despite the differences in analytical methods, the reported
total PFOS concentrations in SRM 1577¢ were in relatively good agreement (RSD of the means

from cach laboratory were 185 %). Only two of the three laboratories were able to measure

PFOS above the reporting limit in SRM 2974a. These two laboratories showed a 40 % difference
between their measurements for SRM 2974a. While the analysis of PFOS in fish tissue produced
more consistent results in this study, the high percent difference in measurements of PFOS in the

mussel tissue highlights the fact that there are still concerns with measurement consistency in

certain matrices.

The three marine mammal liver quality control materials, QC97LH02, QC03LH3, and
QCO04LH4, were analyzed as part of the interlaboratory comparison exercise between NIST and

3M. The PFAA concentrations were much higher in these marine mammal livers compared to
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the other SRMs. PFOSA and PFOS showed the highest concentrations, making up greater than
70 % of the compounds measured in these samples. The most abundant compound detected in
the marine mammal livers QC97LH02, QC03LH3, and QC04LH4 was PFOSA, contributing
between 51 % and 63 % of the total PFAAs measured. This finding is consistent with other
studies reporting relatively high concentrations of PFOSA in some Arctic mammals [30-32].
Additionally, longer chain PFCAs were also detected in these materials and it should be noted
that PECAs with odd numbers of carbons, PFUnA and PFTriA, were detected at higher
concentrations compared to even numbered, long-chained PFCAs. The patterns of PEAAs in the
three quality control materials were fairly similar (Figure 3), despite the fact that these are three
different species and from different locations. Interestingly, these patterns are similar because
QC97LH2 was produced from beluga whale collected in 1996 from the Alaskan Arctic Ocean,
while QCO3LH3 was produced from pygmy sperm whales collected in 1994 from the
Southwestern Atlantic Ocecan and QC04LH4 was produced from white-sided dolphins collected

in 2004 from the Northwestern Atlantic Ocean.

Reference values, along with the expanded uncertainties, for PFOS measured in SRMs
1946, 1947, and 1577¢c can be found in Table 9. The reference values were calculated using the
results from this interlaboratory study. Information values are provided for PFAAs in which
values were reported by at least four laboratories (PFNA, PFDA, PFUnA, and PFTriA);
however, these values showed an RSD of more than 15 %. For comparison, the reference and
information values are found in the same range as concentrations of legacy pollutants

(polychlorinated biphenyls, polybrominated diphenyl ethers) previously measured in the SRMs.

Conclusions
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This study showed that participating laboratories were able to produce more consistent
data for PFOS in fish tissue reference materials compared with earlier interlaboratory studies.

However, with a rarely analyzed matrix_(as compared to fish tissues). as in this case mussel

tissue, there are still inconsistencies in the data. As a result of this interlaboratory exercise,
reference values for PFOS have been added to the Certificates of Analysis for SRMs 1946, 1947,
and 1577c. Information values for some PFCAs have also been added to the Certificate of
Analysis for SRMs 1946 and 1947. Additionally values were reported for three quality control
materials. These materials, representative of current day PFAA environmental concentrations,

provide much needed reference materials for environmental and biological studies.
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