
Chemical Nature of PFCs

Perfluorinated compounds (PFCs) are a group of
organofluorine compounds, aliphatic hydrocarbons, in
which all or almost all hydrogen atoms are replaced with
fluorine. They consist of a hydrophobic alkyl chain of vary-
ing length (typically C4 to C16), and a hydrophilic end
group, X. The hydrophobic part may be fully or partially
fluorinated. Their general structure is given in Fig. 1.

The hydrophilic end group, X, can be neutral, or posi-
tively or negatively charged. The resulting compounds are

non-ionic, cationic, or anionic surface active agents due to
their amphophilic character. PFCs are classified as a persis-
tent and biaccumulative substance [1]. Two dominant PFCs
in an environment and food chain are perfluorooctanesul-
fonate (PFOS, C8F17SO3̄ ) and perfluorooctanoic acid
(PFOA, C7F15COOH) [2]. They are metabolites of several
polyfluorinated precursor compounds that are produced and
used commercially. Their general structure is given in Fig.
2. Due to its amphiphilic nature they interfere with the func-
tion of the cell membrane, increasing its permeability for
non-selective ligands and certain hydrophobic ions [3].
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Abstract

Many studies have shown the adverse effects of perfluorinated compounds (PFCs) on living organisms.

PFCs include groups of perfluorinated sulfonic acids, perfluorinated carboxylic acids, fluorotelomer alcohols,

high-molecular weight fluoropolymers and low-molecular weight perfluoroalkanamides. These compounds

are chemically very stable and are highly resistant to biological degradation. Currently, humans are at

increased risk as PFCs are resistant to hydrolysis, photolysis, microbial degradation, or metabolism, and their

estimated elimination half-life is about 3.8 years. Therefore, the scale of the bioaccumulation of PFCs in

humans is not fully known. Our review provides basic information regarding the chemical nature of PFCs,

their production, and use, as well as the current European Union legislation. A special focus was put on the

sources of food contamination by PFCs, toxicological studies,  estimation of human exposure to PFCs, and

tolerable daily intake. At present, there is no  legislation for perfluorinated compounds in food of plant and

animal origin within the European Union.
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Production and Use of PFCs, and Current

European Union Legislation 

Since the 1950s, thousands of tons of perfluorinated
compounds have been manufactured annually, mainly as
surfactants and polymers, and have been used in a wide
variety of consumer and industrial products due to their
unique properties such as excellent thermal and chemical
stability, and repellence of both water and oil. Although
PFCs were noticed as potential pollutants, they did not
draw much attention until 2001, when perfluorooctanesul-
fonate (PFOS) and perfluorooctanoate (PFOA) were found
widespread in human blood and wildlife samples [4, 5].

The most-studied PFCs as xenobiotics and also as con-
taminants in the environment perfluorinated compounds
so far are perfluorinated carboxylic acids and perfluori-
nated: sulfonates, sulfonamides, and telomeric alcohols.
In 2000 the annual production of PFOS-related chemicals
in the US was estimated to be 3 million kg [6]. The major
producer of polyfluorinated sulfonamidoalcohols in the
US, 3M, announced a phasing-out of these products
beginning in 2001. Fluorotelomer alcohols (FTOHs) pro-
duced via the telomerization process are major raw mate-
rials used in various fluoropolymers and fluorosurfac-
tants. These compounds have been shown to degrade to
PFOA or other perfluorocarboxylates via atmospheric
oxidation reactions or microbial degradation processes [7,
8]. FTOHs are linear, long-chain, polyfluorinated alcohols
and are used as intermediates in the synthesis of inks,
paints and coatings, polymers, adhesives, waxes, polishes,
and caulks (www.dupont.com/zonyl/flash.htm). The global
production of PFCs was estimated to be 5-6.5 million
kg/year, of which 40% occurred in North America [9]. 

PFOS and PFOA have been used in numerous industri-
al and commercial applications – including packaging
material, cookware and textile treatments, production of
fluoropolimers, cosmetics, and in insecticide formulations
and firefighting foams – because of their unique properties

as synthetic organic chemicals consisting of a fully fluori-
nated carbon chain and a sulfonate group or carboxylic
group, respectively [10]. One of the main applications for
the perfluorochemicals in food contact materials is used as
starting substances to make polytetrafluoroethylene (PTFE)
for non-stick coatings on cookware. There is no evidence
for degradability of these compounds at the present time.
They decompose only at very high temperatures in special-
ly prepared furnaces. 

European Union (EU) Directive 2006/122/EC of the
European Parliament and of the Council of 12 December
2006 lays down restrictions on the marketing and use of
PFOS for new products in the non-food area which took
effect in 2008. This Directive also states that ongoing risk
assessment activities for PFOA shall be kept under review.
There is currently no legislation for perfluorinated organic
substances such as PFOS or PFOA in food or feed within
the EU. Their use in plastics and coatings for food contact
materials has been approved in The Netherlands and
Germany. The European Food Safety Authority (EFSA)
Scientific Panel on Food Additives, Flavourings,
Processing Aids, and Materials in Contact with Food (AFC)
issued an opinion on the safety of ammonium salt of PFOA
as a food contact material, but this has not so far led to reg-
ulatory measures. Perfluorinated compounds are chemical-
ly very stable and are highly resistant to biological degra-
dation. They are dangerous to humans due to their absorp-
tion from intestines and accumulation in the target organs,
mainly in liver. Currently, humans are at increased risk as
PFCs are resistant to hydrolysis, photolysis, microbial
degradation, or metabolism, and their estimated elimination
half-live is about 3.8 years. Therefore, the scale of the
bioaccumulation of PFCs in humans is not fully known.
Currently there is a proposal for hazard classification for
PFOS in the European Inventory of Existing Commercial
Chemical Substances (EINECS). The Conference of the
Parties of the Stocholm Convention on Persistent Organic
Pollutants (POPs), at its fourth meeting held in May 2009
listed nine additional chemicals as new POPs. PFOS and its
salts, as well as perfluorooctane sulfonyl fluoride, are
among these new POPs [11]. 

Sources of Food Contamination by PFCs

PFOS, PFOA, and perfluorocarboxylic acid (PFCA) are
stable degradation products and/or metabolites of neutral
PFCs, for example fluorotelomer alcohols (PFTOHs), per-
fluorinated sulfonamides (PFASAs), and perfluorinated
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Fig. 2. Chemical structure of perfluorooctanesulfonate (PFOS) and perfluorooctanoic acid (PFOA).

Fig. 1. General structure of perfluorinated alkylated substances.



sulfonamide ethanols (PFASEs). Due to their persistency,
these compounds are biomagnified in the food chain, lead-
ing to increased levels of PFCs in food of animal origin.
PFCs tend to accumulate in the food chain and were detect-
ed almost ubiquitously, e.g., in water, plants, different kinds
of foodstuffs, in animals such as fish, birds, in mammals, as
well as in human breast milk and blood in several parts of
the world [12]. Bioaccumulation in fish has been shown to
be the main source of PFCs in a diet [13]. Food preparation
is another source of contamination [14], but preliminary
data on the effect of domestic cookware on levels of PFCs
attributable to the preparation of food indicated no elevated
levels (although in a limited number of experiments) [15].
Greaseproof packaging for convenience foods and special
packaging may also introduce PFCs into food via migration
[14]. A paper desired for food packaging usually contains
coating/additives with PFOS and PFOA for oil and water
resistance [3]. 

Toxicological Studies of PFCs

The main feature of the “technological” PFCs is their
surface activity, and this unique ability to modify the sur-
face properties of other substances, including blood pro-
teins, which is being paid special attention by researchers.
At the cellular level, some PFCs can be responsible for the
following processes: changes in the transport pathway and
bioconversion (metabolism) of lipid substances, impairing
transport across cell membranes and slowing down this
process, damaging the peroxisome (spherical organelles
surrounded by a single membrane) leading to the collapse
of the lipid dissociation, induction of enzymes of the
cytochrome P450 family and disturbances of oxidation and
reduction reactions, or the operation of the oxidative phos-
phorylation mitochondrion [16-18]. 

Animal studies show that even very small doses of per-
fluorinated sulfonates (PFAS) may impair reproductive
function (even in further generations) and also adversely
affect fetal development, reducing the percentage of live
births and reducing the survival of the animals born [1].
There is also evidence on PFAS hepatotoxicity (liver dam-
age), and their interference with the functions of the thyroid
hormones and fatty acid metabolism. They may also inter-
fere with intercellular communication and neurohormonal
function [19, 20].

Two dominant PFCs in food and feed, namely PFOA
and PFOS, have been found in the serum, liver, and kidney,
but the scale of bioaccumulation depends on their content
in food and feed sources. Currently there is a lack of stud-
ies on the accumulation of these compounds in the colon, as
far as we are concerned. On the other hand, there are avail-
able reports that these compounds inhibit the secretion of
cytokines in immune cells, with different mechanisms of
action [21]. However, the number of works that investigate
the effect of these compounds on intestinal amount is rela-
tively scarce.

Of particular concern has been the developmental toxi-
city of PFOS and PFOA, which has been manifested in
rodent studies as high mortality of prenatally exposed new-

born rats and mice within 24 h after delivery. In a study by
Lau et al. [22], pregnant Sprague-Dawley rats and CD-1
mice were given 1-20 mg/kg PFOS/day from gestational
day (GD) 2 to GD 20 and GD 1 to GD 17, respectively. At
high doses (10 mg/kg/day) an increase was observed in the
prevalence of birth defects, such as cleft palate, anasarca,
ventricular septal defects, and enlargement of the right atri-
um. The neonates showed a reduction in both free and
bound serum thyroxine (T4) (all groups) and experienced a
delay in eye opening (2 mg/kg/day). Even more concerning
was the observation that 50% of the newborn rats and mice
died within 24 h when prenatally exposed to 3 and 10
mg/kg/day respectively A study by Luebker et al. [23]
showed that maternal exposure to 1.6 mg PFOS/kg/day
during pregnancy is a critical dose leading to approximate-
ly 50% mortality among prenatally exposed rat pups with-
in 4 days after delivery [22]. In animal experiments, steep
dose response curves were often observed with a narrow
dose range between no observed adverse effects and treat-
ment-related death. The nervous system appears to be one
of the most sensitive targets of environmental contami-
nants, which have been suspected as possible causative
agents for an increased prevalence of attention deficit
hyperactivity disorder (ADHD) and susceptibility of
dementia disorders, such as Parkinson’s disease [24, 25]. In
addition, it has been hypothesized that environmental cont-
aminants can affect cognitive functions such as learning
and behavior, and motor skills [26-28]. The levels in brain
are, in general, lower than in liver tissue and serum, indi-
cating that most PFCs have limited access to cross the
blood brain barrier (BBB). Several studies have, however,
shown that PFCs are accumulated in highest concentrations
in the liver, indicating a preferential accumulation in this
organ, which may be due to a high affinity to proteins [23].
Only one study has compared concentrations of PFCs
between the adult and juvenile brain showing a higher rel-
ative concentration of PFOS in brain of the rat fetuses com-
pared with the brains from the dams and juveniles with a
factor of approximately 10 [2].

Histopathological observation showed that relatively
serious damage occurred in the liver and lung, mainly includ-
ing hepatocytic hypertrophy and cytoplasmic vacuolation in
the livers and congestion and thickened epithelial walls in the
lungs. PFOA concentrations in main target organs were in the
following order: kidney>liver>lung>heart and whole
blood>testicle>spleen and brain, whereas the bioaccumula-
tion order for PFOS was liver>heart>kidney>whole
blood>lung>testicle, spleen, and brain. The liver, as the pre-
dominant accumulation tissue for PFOS, showed corre-
sponding histological changes. There is evidence that some
specific proteins in the liver can bind with PFOS, which
might contribute to the preferential accumulation of PFOS
therein [23]. Slotkin et al. [30] investigated developmental
effects of PFOSA (perfluorooctane sulfonamide), PFOS,
PFOA, and PFBS (perfluorobutanesulfonate) on PC12 cells
in vitro. They showed that particularly PFOSA, but also
PFOS, promoted differentiation of the PC12 cell into the
cholinergic phenotype at the expense of the dopaminergic
phenotype. At the highest concentration, the effect of
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PFOSA switched and promoted differentiation into the
dopaminergic phenotype. No mechanisms for the effects
were postulated, but it was suggested that the induction of
oxidative stress could be a factor. PFOSA induced lipid per-
oxidation and also was the most cytotoxic compound. The
findings that several PFCs may disturb the Ca2+-homeosta-
sis may implicate induction of oxidative stress due to acti-
vation of several signalling pathways such as protein kinase
C (PKC) [31], phospholipase 2 (PLA2) [32], nitric oxide
synthase (NOS) [33], and glutamate receptors [28]. Recent
reports have shown that at relatively high concentrations
(0.1-100 μg/mL of culture medium) both PFOA and PFOS
interfere with cytokine production by primary cultures of
human immune cells, as well as by a human monocytic
leukemia cell line [21]. For instance, both of these com-
pounds suppress LPS-induced TNF-alpha (tumor necrosis
factor) production by cultures of human peripheral blood
leukocyte and by the human promyelocytic THP-1 cell line,
but only the effect of PFOA is dependent on PPARa (per-
oxisome proliferator activated receptors alpha). In addition,
both PFOA and PFOS attenuate the phytohemagglutinin
(PHA)-induced release of IL-4 (interleukin 4) and IL-10
(interleukin 10) by T cells [21].

Pro-inflammatory effects of PFOS have been observed
in several tissues and organs. For example, administration
of PFOS to adult rats for 28 days resulted in focal hemor-
rhage, erythrocytic transudation, and focal hepatocytic
degeneration accompanied by inflammatory cellular infil-
tration in liver [34]. In addition, PFOS exposure resulted in
brain injury, including focal hyperplasia of cerebral glio-
cytes, dilatation, and congestion in inferior caval veins of
cerebral arachnoid matter accompanied by slight focal
hemorrhage, broadened gap around veins and neurocytes,
and focal demyelination of nerve fibers [34]. Short-term
exposure of PFOS with higher concentrations in mice
increased the expression of inflammatory factors in peri-
toneal macrophages, such as TNF-alpha and IL-6
(Interleukin 6) [35]. In addition, PFOS exposure enhanced
the inflammatory responses of macrophages to
lipopolysaccharide and altered the immunological function
[35].

Subchronic PFOS exposure for adult male C57BL/6
mice elevated the expression of pro-inflammatory
cytokines TNF-alpha, IL-1beta, IL-6, in spleen [34].
Therefore, it is speculated that proinflammatory effects
contributed to the developmental neurotoxicological
process. PFOS could be absorbed into the human body gas-
trointestinally, or through the respiratory tract or wounded
skin [36]. It can be transported into fetus and infants via
maternal placenta and lactation, and can penetrate the blood
brain barrier into the brain and produce a neurotoxic effect
[36, 37]. It was shown that PFOS administration could
cause long-term accumulation of PFOS in the brain and
prenatal PFOS administration caused more accumulation in
pup brains than dam brains [2]. It has been reported that the
immune system is a sensitive target of PFC toxicity sup-
pressing immunity in mice, resulting in a significant
increase in emacitation and mortality in response to influen-
za A virus [38].

Estimation of Human Exposure to PFCs 

and Tolerable Daily Intake

There are a number of pathways by which PFC conta-
mination of humans can take place, including diet, food
contact materials, non-food personal items, and indoor and
outdoor air (Fig. 3) [39]. There is, however, a general con-
sensus that dietary uptake represents the largest contribu-
tion. Humans can be exposed to PFCs through the con-
sumption of contaminated foodstuffs and/or drinking water,
as a result of their migration from food packaging, as well
as through the lungs and skin of the products that surround
us every day. They are well absorbed from the intestines
and accumulated primarily in the liver [40]. The presence of
strong C-F bonds makes them chemically stable and resis-
tant to hydrolysis, photolysis, microbial degradation, or
metabolism [3]. The greatest portion of the chronic expo-
sure to these compounds have been suggested to be the
result from the intake of contaminated foods, including
drinking water [1]. There are no systematic investigations
of the occurrence of PFCs in European food available that
could form a basis for a comprehensive dietary exposure

Fig. 3. Sources of PFC emission, environmental contamination, and risk of human exposure. 
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assessment. Due to the lack of data, it has not been possible
to perform an assessment of the relative contribution from
different foodstuffs to human exposure to PFOS and
PFOA. Based on the limited information available, fish and
fishery products seem to be one important source of human
exposure to these compounds. Non-food sources of PFOS
were estimated to contribute in the order of 2% or less of
average dietary exposure. Drinking water appears to con-
tribute less than 0.5%. For PFOA at these estimated intakes,
non-food sources could contribute up to 50% of average
dietary exposure, whereas drinking water would contribute
less than 16%. It has been identified in non-stick coatings
and in food contact material such as microwave popcorn
bags, but no substantial transfer to food has been demon-
strated. PFOS and PFOA are readily absorbed after oral
exposure. Biotransformation does not seem to play a rele-
vant role for its elimination. Half-lives in rats, Cynomolgus
monkeys and humans are in the region of >0 days, 200
days, and 5.4 years, respectively, for PFOS. Estimated
elimination half-lives are <24 h in female rats, 9 days in
male rats, and 21 and 30 days for male and female
Cynomolgus monkeys, respectively, and about 3.8 years in
humans for PFOA [41]. PFOS and PFOA can cross the
blood brain barrier. It can also cross the placenta and thus
be transferred to the fetus. PFOS can also be transferred to
the offspring via lactation, although the levels recorded in
milk are lower than those in the maternal plasma. The
PFOS and PFOA blood and tissue levels measured in
humans do not necessarily reflect exposure to them from
food and non-food sources as there is a number of poten-
tially important precursors that could be transformed into
these compounds in the body [41]. 

The mean PFOA concentration in the blood for the
European population is within the region of 4 to 20 μg/L;
their mean PFOS serum concentration is within the range of
4 μg/L (Italy) and 55 μg/L (Poland) [41]. PFOS is the quan-
titatively dominant component of PFCs in all of the blood
samples measured worldwide. In general, Olsen et al. [36]
determined the PFOS concentrations in serum to be 6.1 to
58.3 μg/L and in human liver 4.5-57 μg/kg (n=31).
Kärrman et al. [42] examined 473 blood/serum/plasma
samples from people of various countries. Of the four PFCs
measured (PFOS, PFHxS, PFOA, PFOSA), PFOS was
quantitatively the dominant component in blood. The high-
est PFOS concentrations were detected in samples from the
USA and Poland (> 30 μg/L). These evidences clearly indi-
cate the higher risk to PFC exposure of Polish populations
through the world.

So far as pointing out the available scientific literature,
only perfluorooctanesulfonate (PFOS) and perfluorooc-
tanoic acid (PFOA) were the subject of a scientific opinion
issued by an expert panel EU Commissioner for contami-
nation in the food chain [41]. The review mentioned above
touches the review of experimental data concerning the
presence of these compounds in food and the environment,
the results of toxicological studies involving animals and
the presence of biological effects in the body for the first
time. The result of the expertise was the first preliminary
estimation of size of the EU population exposure to these

compounds and an indication of acceptable daily intake
(PFOS TDI=150 ng/kg bw/day and PFOA TDI=1.5 μg/kg
bw/day). The conclusions from studies on animals (mice,
rats, and monkeys) and varied PFOS and PFOA adminis-
tration into the body (orally, in capsules, by injection, and
by the consumption of feed), based on the estimated dose of
these compounds (at which there were no adverse changes
in the body of experimental animals, or NOAEL-no-
observed-adverse-effect-level) were the basis for the TDI
indication. The lowest NOAEL for PFOS identified, 0.03
mg/kg b.w. per day, originates from a subchronic study with
Cynomolgus monkeys showing changes in lipids and thy-
roid hormones at the next higher dose of 0.15 mg/kg b.w.
per day. The Scientific Panel on Contaminants in the Food
Chain (CONTAM) considered these biochemical changes
observed at this dose level to be treatment-related and
therefore concluded that 0.03 mg/kg b.w. per day should be
used as the NOAEL in the assessment. The lowest NOAEL
for PFOA identified was 0.06 mg/kg per day in a sub-
chronic study in male rats. At the next higher dose (0.64
mg/kg b.w.), hepatocellular hypertrophy and increased liver
weight was seen. It should be noted that the kinetic proper-
ties of PFOA in rats as well as humans are not well under-
stood. The striking difference between male and female
rats, as given by the much shorter half-lives for females,
indicates that studies on female rats on reproduction and
offspring development should be interpreted with care [41].
Showing the lowest level was to identify those compounds,
which have observed any changes in their body (LOAEL-
lowest-observed-adverse-effect-level) was an another
important parameter resulting from experimental studies on
animals, depending on the method and time of exposure to
PFOS and PFOA, the type of animal and their sex, and half-
life in the body [43].

Methods of PFC Determination

Because of the emerging relevance of PFCs in food
safety there is a extreme need for their determination. The
major problems encountered in analysis of PFCs are conta-
mination of blanks and samples during the analytical
process [44], because of contact with laboratory material
containing fluoropolymers, losses associated with adsorp-
tion of PFCs on sample containers (for example glass or
polymeric container surfaces), and possible losses because
of biodegradation and biotransformation. 

For extraction of complex matrices, for example food,
procedures based on ion-pair extraction have been widely
used, although sometimes these suffer from matrix effects.
Tetra-n-butylammonium hydrogen sulfate solution and
sodium carbonate buffer at pH 10 is used as the ion-pairing
agent and methyl tert-butyl ether (MTBE) as the extractant
[45, 46]. Liquid-solid extraction (LSE) also has been
applied, and target compounds are extracted by soaking the
sample in methanol and shaking [15]. After clean-up with
active carbon the extract is ready for analysis. This
approach does not suffer from matrix effects, and recover-
ies are usually high, ranging from 80 to 110%. Several stud-
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ies have been performed using KOH digestion followed by
solid-phase extraction (SPE) [47, 48] or filtration followed
by SPE. Because of the different polarities of PFCs, differ-
ent SPE cartridges have been evaluated. The widely used
Oasis WAX cartridges yield good recoveries for short-chain
(C4-C6) PFCs whereas less polar phases (C18 and Oasis
HLB) may be used for longer chain PFCs. When an ion-
pairing agent that reduces the polarity of the ion-pair com-
plex is used, a non-polar solvent (e.g. MTBE) may be used.
Non-ionic PFCs may be extracted from the matrix by non-
polar media (C18 SPE or hexane), although moderately
polar media (Oasis HLB and Oasis WAX, hexane-acetone
mixtures or acetonitrile) also have been used. 

Nowadays, QuEChERS (quick, easy, cheap, effective,
rugged, and safe) methodology is a frequent, attractive
option for sample preparation in food analysis. The
QuEChERS method is particularly popular for the determi-
nation of polar, middle polar, and nonpolar pesticide
residues in food matrices [49, 50], although this methodol-
ogy is also being used for the analysis of other families of
compounds [51-53]. It was originally developed by
Anastassiades et al. [54] for determination of a wide range
of pesticide residues in fruits and vegetables and then mod-
ified by Lehotay et al. for analysis of fatty matrices [55, 56].

The analytical chemistry of PFAS and related com-
pounds has recently been reviewed by de Voogt and Sáez
[57]. Analytical methods for the determination of organic
fluorine were initially based on converting organic fluorine
to soluble fluoride [58]. Gas chromatography (GC) can be
used for the direct determination of the neutral, volatile per-
and poly-fluorinated alkylated substances, including sever-
al precursors of PFOS and PFOA, e.g., the sulfonamides,
fluorotelomer alcohols [59], and olefins. These compounds
have high vapour pressures (typically up to several hun-
dreds of Pa). The perfluorinated alkanoic acids cannot be
determined directly and need to be derivatised in order to be
amenable to GC analysis [60]. Derivatization reaction
yields can be non-reproducible, but PFOS has a very low
vapour pressure and its derivatives are unstable [61]. Liquid
chromatography (LC) has been used with several conven-
tional detectors for the separation of PFAS. These include
conductimetric [62] and fluorescence detection (LC-FLU).
The latter can only be employed after derivatisation (e.g.
with 3-bromoacetyl-7-methoxycoumarin) because of the
general absence of fluorophores in PFAS. The development
of LC – electrospray ionisation (ESI) mass spectrometry
(MS), and LC tandem MS has enabled substantial improve-
ments of the analytical chemistry of the PFAS. LC-MS and
in particular LC-MS/MS can be considered the current
standard for analysis of anionic perfluorinated surfactants.
LC with single quadrupole MS, though a sensitive tech-
nique, requires more thorough clean up of the sample in
order to remove interferences, because of its inherent lower
selectivity. The majority of reports in the literature
employed LC-ESIMS/MS as the analytical method.
Currently quadrupole-time-of-flight (Q-TOF) MS analyz-
ers have a lower sensitivity than triple quadrupole MS/MS
systems, but seem to be suitable instruments for the identi-
fication of perflurinated acrylated substances (PFAS) in the

environment [63]. Berger et al. [64] compared three differ-
ent mass spectrometric techniques coupled to LC with ion
trap MS, triple quadrupole MS, and high resolution TOF.
For all instruments ESI was the best suited interface for
analysis of PFAS. Ion trap MS was best suited for qualita-
tive purposes and identification of branched isomers. Triple
quadrupole MS-MS appeared to be the method of choice
for quantitative analysis of telomer alcohols, having a limit
of detection (LOD) in the low picogram range, and with
typical detection limits for other PFAS of 10 to 100 pg.
TOF-MS appeared to be the optimum quantitative method
for PFAS, combining high selectivity with high sensitivity
(2 to 10 pg).

LC-MS-MS using a triple-quadrupole mass spectrome-
ter (QqQ) operating in multiple reaction monitoring
(MRM) mode is one of the most widely applied techniques,
and one of the most suitable for quantification of PFCs.
Nowadays, ion trap (IT) and time of flight (TOF) detectors
are also used for trace quantification of PFCs. Because
PFCs contain carboxyl, sulfonic, hydroxyl, or sulfonamide
groups, which have acidic properties and can therefore dis-
sociate, electrospray ionization in the negative mode
(ESI(−)) is best suited to analysis of PFCs in food and feed
samples [65].

Conclusions

Perfluorinated compounds (PFCs) are synthetic xenobi-
otics. Among them, perfluorooctanesulfonate (PFOS) and
perfluorooctanoic acid (PFOA) are two highly persistent
members of the group of perfluorinated alkylated sub-
stances (PFAS). Nowadays many PFOS and PFOA-related
compounds are commercially produced and used in a vast
number of applications in relatively large amounts. These
compounds are today widely distributed in the environment
and PFOS are generally the dominating member of the
PFAS family. They are able to bio-accumulate and slowly
eliminate from an organism. The critical effects of PFOS
and PFOA are effects on the liver including hypertrophy,
changes in enzyme activities, and increases in absolute or
relative liver weight, but developmental effects also have
been observed in experimental animals. 

Currently there are no regulations defining the permis-
sible content of perfluorinated compounds for food, water,
and solid matter suspended in the air in the EU, despite the
fact that their presence has been confirmed in the blood
plasma of EU inhabitants as well as working people at
increased exposure risk. There is scarce information on
human exposure to PFOS and PFOA as well as the number
of potentially important precursors that could be trans-
formed into these compounds in the body. Therefore, the
occurrence in food and feed and the rate of transformation
in the body needs to be assesed as urgently as possible as
health effects of perfluorinated compounds (PFCs) in
humans still remain controversial [21]. It seems to be that
the risk for human arising from PFC exposure will be of
increasing concern due to the estimated elimination half-
lives of PFOS and PFOA (about 3.8 years in humans).
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Finally, further data on PFAS levels in food and in humans
would be desirable, particularly with respect to monitoring
trends in exposure. 
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