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General Information

Key Points
Fire
e In the event of a fire involving PFOS or PFOA, use fine water spray and liquid tight kit
with breathing apparatus

Health
e Toxic by ingestion
o Repeated exposure by ingestion can cause stomach upset, liver toxicity and effects
on thyroid hormones
e Skin or eye contact can cause irritation
e Prolonged exposure may cause cancer

Environment
e Dangerous for the environment
¢ Inform Environment Agency of substantial incident
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PFOS and PFOA — GENERAL INFORMATION

Background

Perfluorooctane sulfonate (PFOS) and
perfluorooctanoic acid (PFOA) are
members of a chemical group known as
perfluorinated chemicals (PFCs).

PFOS has been used in various industries
including the  semiconductor and
photographic industries, in some fire
fighting foams and in hydraulic fluids used
in the aviation industry.

PFOS has also been widely used in the
past as a protective coating for materials
such as carpets, textiles and leather. It
was also used in various household and
industrial cleaning products.

PFOA is mainly used in the production of
fluoropolymers used in electronics, textiles
and non-stick cookware.

PCFs are extremely heat stable and are
resistant to breakdown in the environment.
PFOS and PFOA may be released into the
environment as a result of their production
and use.

Due to several reports on PFOS and the
potential risks to the environment and
human health, 3M the main global
manufacturer has phased out the
production of PFOS, PFOS related
substances and PFOA. In the EU,
manufacture and essentially all uses of

PFOS are now prohibited under a
Directive (2006/122/EC) that came into
force in June 2008. PFOA is still
manufactured, the main producer being
DuPont.

The general public is only exposed to
trace levels of PFOS or PFOA as
contaminants in food and water. Exposure
to higher levels PFOA may occur in the
workplace where they are produced or
used.

Data on the toxicity of PFOS or PFOA in
humans are sparse. Studies with animals
fed PFOS or PFOA for a long period
showed effects on the stomach, liver and
thyroid hormones. Animal studies also
indicate that both compounds may cause
cancer at relatively high levels. However,
the concentrations that people would be
exposed to in the environment are not
thought to pose any cancer risk.

Neither PFOS nor PFOA are thought to be
mutagenic and will not cause adverse
effects on the unborn child at the levels
that are not dangerous to the mother.
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PFOS and PFOA — GENERAL INFORMATION

Frequently Asked Questions

What are PFOS and PFOA

Perfluorooctane sulfonate (PFOS) and perfluorooctanoic acid (PFOA) are members of a
group of chemicals known as perfluorinated chemicals (PFCs). Both PFOS and PFOA are
very persistent in the environment. PFOS was widely used in the past in products to provide
protective coatings to materials such as textiles and leather. It was also used in some fire
fighting foams. However, most production of PFOS ceased in 2002. Manufacture and
essentially all uses are now prohibited in the EU.

PFOA is still manufactured and is used to produce other chemicals such as fluoropolymers,
which are used in electronics and non-stick cookware.

How do PFOS and PFOA get into the environment?

PFOA, and in the past PFOS may be released into the environment following their
production or use or when products containing PFOS are used by industry or by consumers.
PFOA and PFOS may also enter the environment from landfill sites where products and
materials that contain these chemicals are sent for disposal.

How will | be exposed to PFOS or PFOA?

The general public may be exposed to trace amounts of PFOS or PFOA by drinking
contaminated water or by eating contaminated food. Individuals who work in industries that
use PFOA or use products that contain PFOA may be exposed to higher levels than the
general public.

If there is PFOS or PFOA in the environment will | have any adverse health effects?
The presence of PFOS or PFOA in the environment does not always lead to exposure.
Clearly, in order for it to cause any adverse health effects you must come into contact with it.
You may be exposed by eating or drinking the substance or by skin contact. Following
exposure to any chemical, the adverse health effects you may encounter depend on several
factors, including the amount to which you are exposed (dose), the way you are exposed,
the duration of exposure, the form of the chemical and if you were exposed to any other
chemicals.

Data from studies in animals suggest that repeated exposure of sufficient amounts may lead
to gastrointestinal irritation, liver toxicity and effects on thyroid hormone levels.

Can PFOS or PFOA cause cancer?

No conclusions can be drawn from the limited data available in humans, but studies in
animals suggest that both PFOS and PFOA may be carcinogenic following prolonged
exposure to relatively high levels. Exposure to levels likely in the environment is not believed
to present any risk of cancer.

Do PFOS or PFOA affect children or damage the unborn child?
The evidence from reproductive toxicity studies in animals suggests that PFOS and PFOA
will not have any adverse effects on the unborn child.

What should I do if | am exposed to PFOS or PFOA?

It is very unlikely that the general population will be exposed to a level of PFOS or PFOA
high enough to cause adverse health effects.

This document has been created by the PHE Centre for Radiation, Chemical and Environmental
Hazards. The information contained in this document is correct at the time of its publication.
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Incident management
Key Points
Fire

¢ Inthe event of a fire involving PFOS or PFOA, use fine water spray and liquid tight kit
with breathing apparatus

Health
¢ Inhalation may cause irritation to respiratory tract, headache, dizziness, weakness or
nausea
e Ingestion may cause irritation to the gastrointestinal tract
o Dermal and ocular exposure can cause irritation

Environment
¢ Avoid release into the environment
¢ Inform Environment Agency of substantial incidents
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PFOS and PFOA — INCIDENT MANAGEMENT

Hazard Identification

Standard (UK) Dangerous Goods Emergency Action Codes

PFOS

UN

EAC

APP
Data not available

Class
Hazards Sub
risks

HIN

PFOA

UN

EAC

APP
Data not available

Class
Hazards Sub
risks

HIN

UN — United Nations number; EAC — Emergency Action Code; APP — Additional Personal
Protection; HIN - Hazard Identification Number
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PFOS and PFOA — INCIDENT MANAGEMENT

Chemical Hazard Information and Packaging for Supply Classification®

PFOS
Carc. Cat 3 | Category 3 carcinogen
Repr. Cat 2 | Category 2 reproductive toxin
Classification T Toxic

Xn Harmful
N Dangerous for the environment
R61 May cause harm to the unborn child

R20/22 Harmful by inhalation and if swallowed

R40 Limited evidence of a carcinogenic effect

Nl plirescs Toxic: danger of serious damage to health by prolonged

R48/25 .
exposure if swallowed

R64 May cause harm to breastfed babies

Toxic to aquatic organisms, may cause long-term adverse

R51/53 effects in the aquatic environment
S53 Avoid exposure - obtain special instructions before use
s45 In case of accident or if you feel unwell, seek medical advice
Safety phrases immediately (show the label where possible).
s61 Avoid release to the environment. Refer to special

instructions/Safety data sheets

% Annex VI to Regulation (EC) No 1272/2008 on Classification, Labelling and Packaging of
Substances and Mixtures- Table 3.2.
http://esis.jrc.ec.europa.eu/index.php?PGM=cla (accessed 02/2013)
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PFOA
Classification

Risk phrases Data not available

Safety phrases
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PFOS and PFOA — INCIDENT MANAGEMENT

Globally*ljarmonised System of Classification and Labelling of Chemicals
(GHS) @

PFOS

Carc. 2 Carcinogen, category 2

Repr. 1B Toxic to reproduction, category 1B

Specific target organ systemic toxicity

STOTRE 1 ,
following repeated exposure, category 1
Hazard Class
and Category
Acute Tox. 4 ﬁcute toxicity (inhalation, oral), category
Lact. Effects on or via lactation
Aquatic Chronic hazard to the aquatic

Chronic 2 | environment, category 2

& COO®

Hazard H351 Suspected of causing cancer

% Annex VI to Regulation (EC) No 1272/2008 on Classification, Labelling and Packaging of
Substances and Mixtures- Table 3.1.
http://esis.jrc.ec.europa.eu/index.php?PGM=cla (accessed 02/2013)
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Statement

H360D May damage the unborn child
H372 Causes damage to organs through prolonged or repeated
exposure
H332 Harmful if inhaled
H302 Harmful if swallowed
H362 May cause harm to breast-fed children
H411 Toxic to aquatic life with long lasting effects
Signal Words | DANGER
PFOA

Hazard Class
and Category

Hazard
Statement

Signal Words

Data not available

* Implemented in the EU on 20 January 2009
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PFOS and PFOA — INCIDENT MANAGEMENT

Physicochemical Properties

PFOS
CAS number 1763-23-1
Molecular weight 500.13
Empirical formula Cs-F17-03-S

Perfluorooctane sulfonic acid, Perfluorooctylsulfonic acid, 1-

Common synonyms . ;
y y Octanesulfonic acid

State at room temperature | White powder

Volatility 3.31x 10" Pa
Specific gravity Data not available
Flammability Data not available
Lower explosive limit Data not available
Upper explosive limit Data not available
Water solubility Approx 550 mg L™ at 24 - 25°C
Reactivity Data not available
Reaction or degradation When heated to decomposition emits toxic vapours of sulphur
products oxides, hydrogen fluoride and carbon oxides.
Odour Data not available
0]

Ho._ // F £ F F F

Structure P~CE 3 ) F
// F F F F
0] F F F F

Table references @b)

4 OECD: Hazard assessment of perfluorooctane sulfonate (PFOS) and its salts, 2002.
® Hazardous Substance Data Bank (HSBD). Entry for Perfluorooctane sulfonic, 2011. (accessed
02/2013).
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PFOS and PFOA — INCIDENT MANAGEMENT

PFOS potassium salt

CAS number 2795-39-3
Molecular weight 538
Empirical formula Cg-H-F17-05-S

Common synonyms

Data not available

State at room temperature

White powder

Volatility

3.31x10* Pa

Specific gravity

0.6

Flammability

Data not available

Lower explosive limit

Data not available

Upper explosive limit

Data not available

Water solubility

519 mg/L at 20°C; 680 mg/L at 24-25 °C

Reactivity

Data not available

Reaction or degradation
products

Data not available

Odour Data not available
K’ &
o/ F F F F
~
Structure S_F 3 F F F
// F F F F
O F F F F

Table references @

% Environment Agency: Environmental risk evaluation report: perfluorooctanesulphonate (PFOS),

2004.
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PFOS and PFOA — INCIDENT MANAGEMENT

PFOA
CAS number 335-67-1
Molecular weight 414.07
Empirical formula CgHF 150,

Common synonyms

Pentadecafluorooctanoic acid; Perfluoroheptanecarboxylic acid

State at room temperature

White powder/waxy white solid

Volatility

10 mmHg at 25 °C

Specific gravity

1.79gcm?

Flammability

Non-flammable

Lower explosive limit

Data not available

Upper explosive limit

Data not available

Water solubility

34gLt

Reactivity

Reacts with bases, oxidants and reducing agents

Reaction or degradation
products

Produces toxic gases including carbon oxides and hydrogen
fluoride when heated to decomposition. Attacks many metals
forming flammable/explosive gas (hydrogen).

Odour

Pungent odour

Structure

FFEFEF O
F

FFFFF FF F

OH

Table references®?®

®European Food Safety Authority. Perfluorooctane sulfonate (PFOS), perfluorooctanoic acid (PFOA)
and their salts. The EFSA Journal (2008) 653, 1-131.

® International Programme on Chemical Safety (IPCS): Perfluorooctanoic acid. International Chemical
Safety Card: 1613. 2005, WHO: Geneva

¢ Hazardous Substance Data Bank (HSBD). Entry for Perfluorooctanoic acid, 2011. (accessed

02/2013).
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PFOS and PFOA — INCIDENT MANAGEMENT

Threshold Toxicity Values

EXPOSURE VIA INGESTION

ppm

mg m™

SIGNS AND SYMPTOMS

Data not available
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PFOS and PFOA — INCIDENT MANAGEMENT

Published Emergency Response Guidelines

Emergency Response Planning Guideline (ERPG) Values

Listed value Calculated g/alue
(Ppm) (mg m™)
ERPG-1*
ERPG-2** Data not available
ERPG-3***

* Maximum airborne concentration below which it is believed that nearly all individuals could be
exposed for up to 1 hr without experiencing other than mild transient adverse health effects or
perceiving a clearly defined, objectionable odour.

** Maximum airborne concentration below which it is believed that nearly all individuals could be
exposed for up to 1 hr without experiencing or developing irreversible or other serious health effects
or symptoms which could impair an individual's ability to take protective action.

*** Maximum airborne concentration below which it is believed that nearly all individuals could be
exposed for up to 1 hr without experiencing or developing life-threatening health effects.

Acute Exposure Guideline Levels (AEGLS)

Interim values

ppm
10min | 30min | 60min | 4hr [ 8hr
AEGL-1"
AEGL-2" Data not available
AEGL-3""

" The level of the chemical in air at or above which the general population could experience notable

discomfort.
™ The level of the chemical in air at or above which there may be irreversible or other serious long-

lasting effects or impaired ability to escape.
™ The level of the chemical in air at or above which the general population could experience life-

threatening health effects or death.
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PFOS and PFOA — INCIDENT MANAGEMENT

Exposure Standards, Guidelines or Regulations

Occupational Standards

WEL

LTEL(8 hour reference period): No guideline value
specified

STEL(15 min reference period): No guideline value
specified

Public Health Guidelines

DRINKING
WATER QUALITY GUIDELINE®

PFOS: 0.3 ug L™
PFOA: 10 pug L™

AIR QUALITY GUIDELINE

Data not available

SOIL GUIDELINE VALUES AND
HEALTH CRITERIA VALUES

Data not available

WEL — Workplace exposure limit; LTEL - Long-term exposure limit; STEL — Short-term

exposure limit

*
Maximum acceptable concentration in drinking water

% The Health Protection Agency, 2007. Maximum acceptable concentrations of perfluorooctane
sulfonate (PFOS) and perfluorooctanoic acid (PFOA) in drinking water.
http://www.hpa.org.uk/webc/HPAwebFile/HPAweb_C/1194947397222
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PFOS and PFOA — INCIDENT MANAGEMENT

Health Effects

Major Route of Exposure

e Inhalation, ingestion, ocular and dermal exposure

Immediate Signs or Symptoms of Acute Exposure®

PFOS and PFOA

¢ Inhalation may cause irritation to the respiratory tract. In severe cases irritation may
progress to acute lung injury, which may be delayed in onset for up to 24 — 72 hours.
Headache, dizziness, weakness or hausea may also occur.
Ingestion may cause irritation or burns of the oesophagus or gastrointestinal tract.

o Dermal exposure may result in irritation to the skin.
Ocular exposure may cause irritation to the eyes.

% Hazardous Substances Data Bank HSDB: Perfluorooctane sulfonic acid, 2011 (accessed 02/2013).
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PFOS and PFOA — INCIDENT MANAGEMENT

Decontamination and First Aid

Important Notes

¢ Ambulance staff, paramedics and emergency department staff treating chemically-
contaminated casualties should be equipped with Department of Health approved,
gas-tight (Respirex) decontamination suits based on EN466:1995, EN12941:1998
and prEN943-1:2001, where appropriate.

o Decontamination should be performed using local protocols in designated areas such
as a decontamination cubicle with adequate ventilation.

Dermal Exposure®

e Remove patient from exposure.

¢ Any particulate matter adherent to skin should be removed and the patient washed
with soap and water under low pressure for at least 10-15 minutes.

e Pay particular attention to mucous membranes, moist areas such as skin folds,
fingernails and ears.

e Other measures as indicated by the patient's clinical condition

Ocular Exposure®

¢ Remove patient from exposure.

o Remove contact lenses if necessary and immediately irrigate the affected eye
thoroughly with water or 0.9% saline for at least 10-15 minutes.

e Patients with corneal damage or those whose symptoms do not resolve rapidly
should be referred for urgent ophthalmological assessment.

Inhalation

e Remove patient from exposure.

e Ensure a clear airway and adequate ventilation.

¢ Give oxygen to symptomatic patients.

o Apply other supportive measures as indicated by the patient’s clinical condition.
Ingestion

e Give oxygen to symptomatic patients.
¢ Apply other supportive measures as indicated by the patient’s clinical condition.

This document from the PHE Centre for Radiation, Chemical and Environmental Hazards reflects
understanding and evaluation of the current scientific evidence as presented and referenced in this
document.

TOXBASE - http://www.toxbase.org (accessed 02/2013)
4 TOXBASE: Skin decontamination — irritants, 2012.
® TOXBASE: Eye irritants, 2002.
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Toxicological Overview

Key Points
Kinetics and metabolism

o PFOS and PFOA are readily absorbed following ingestion
e Following absorption PFOS and PFOA are mainly distributed to the serum and liver
e Both are only very slowly eliminated from the body in humans

Health effects of acute exposure

o There are insufficient data available on acute toxicity in humans to draw conclusions
e Dermal or ocular exposure to PFOS or PFOA may cause irritation
Animal studies suggest both PFOS and PFOA are moderately toxic following
ingestion, causing effects on the liver and gastrointestinal tract

Health effects of chronic exposure

o Toxic effects following repeated oral exposure includes effects on the liver,
gastrointestinal and thyroid hormone effects

¢ Hepatotoxicity is the main effect reported in animals exposed to PFOS or PFOA via
ingestion

e A small number of occupational studies have reported an association between
exposure to PFOS or PFOA and several forms of cancer.

¢ Animals studies suggest that both PFOS and PFOA may be carcinogenic at relatively
high dose levels
Animal studies indicate no marked effects on reproductive function nor development
at levels below those producing maternal toxicity

Prepared by the Toxicology Department
CRCE, PHE

2009

Version 1




PFOS and PFOS — TOXICOLOGICAL OVERVIEW

Toxicological Overview

Summary of Health Effects

Perfluorooctane sulfonate (PFOS) and perfluorooctanoic acid (PFOA) are members of a
group of chemicals known as perfluorinated chemicals (PFCs). They are essentially non-
volatile and exposure is most likely via the oral route in contaminated food or water.

PFOS and PFOA are well absorbed orally and are very slowly eliminated from the body in
humans with a half life of approximately nine and four years, respectively.

There are no data to assess the acute toxicity following high exposure in humans. Animal
data suggest that they have moderate acute oral toxicity with effects on the gastrointestinal
tract and liver. Animal data suggest that they are mild skin and eye irritants.

A range of toxic effects has been seen in animals following chronic exposure including
effects on the liver, gastrointestinal tract and thyroid hormone levels.

Neither PFOS or PFOA have any mutagenic properties. They have both been shown to
induce tumours in studies in animals at relatively high doses. A threshold can be assumed
for the carcinogenic effects.

There are no data available on the reproductive and developmental effects of PFOS or
PFOA in humans. Developmental effects have been reported in the offspring of animals
exposed to PFOS or PFOA. These effects were often observed at doses that caused
maternal toxicity.

Toxicological Overview: Page 2 of 12



PFOS and PFOS — TOXICOLOGICAL OVERVIEW

Kinetics and Metabolism

PFOS and PFOA are readily absorbed by the gastrointestinal tract following oral exposure.
They are distributed predominantly in the serum and liver. Neither PFOS or PFOA are
metabolised to any significant extent and PFOS is slowly excreted predominantly in urine
and to a lesser extent, faeces [1-3], whereas the elimination of PFOA is sex related in the
rat, with females more rapidly eliminating PFOA in the urine than males, largely due to active
renal excretion. However, in humans renal clearance of PFOA is almost negligible in both
sexes [1-6].

The estimated half-lives for PFOS and PFOA in humans are 8.7 and 3.8-4.4 years,
respectively [1, 2, 4, 5].

In animals both PFOS and PFOA can readily cross the placenta, although in humans they
may not cross into fetal circulation completely [5]. Traces of PFOS and PFOA have been
detected in human milk [7].

Sources and Route of Human Exposure

The main routes of exposure to PFOS and PFOA are via inhalation of contaminated air or by
ingestion of contaminated water or food. Both compounds are essentially non-volatile and
the general public would not be expected to be exposed via inhalation [6].

PFOA and PFOS may be released into the environment during their production [8]. Other
potential sources of emissions of PFOS to the environment include releases into the
atmosphere following certain domestic or commercial uses of PFOS or PFOS containing
products, leachates from landfills and run-off from various applications [8]. The degradation
of other fluorocarbon compounds can also lead to the release of PFOS or PFOA into the
environment [8, 9]. However, the major global producer ceased production in 2002 due to
concerns about persistence in the environment. Furthermore, essentially all uses were
banned in the EU in June 2008 under Directive 2006/122/EC in relation to restrictions on the
on the marketing and use of PFOS.

PFC’s are extremely heat, chemically and biologically stable and hence are persistent in the
environment. The recent fire at the Buncefield oil depot has increased concerns over the
potential for PFOS to enter drinking water supplies as a result of environmental discharges
from fire-fighting activities [10]. However, data from the Drinking Water Inspectorate (DWI)
has not indicated the presence of levels in drinking water that would give rise to any health
concern.

There have been several reports of PFOS and PFOA being identified in fish and in other
foods. Therefore, The Food Standards Agency (FSA) analysed food group samples from the
2004 Total Diet Study (TDS) for a range of fluorinated chemicals. The study models the
typical UK diet. PFOS was detected at a concentration above the limit of detection in
potatoes, canned vegetables, eggs and sugars and preserves food groups. PFOA was only
detected in the potato group. The estimated high level adult intakes of PFOS and PFOA
from the whole diet in 2004 were 0.03-0.2 pg/kg bw/day and 0.003-0.1 pg/kg bw/day,
respectively [7]. The Committee on Toxicity of Chemicals in Food, Consumer Products and
the Environment (COT) concluded that the estimated intake for PFOA was not of concern
regarding human health [4]. However, it was noted that some individuals may exceed the
PFOS recommended TDI of 0.3 pg/kg bw/day. The COT concluded that there were
considerable uncertainties in the dietary intake estimates, and therefore the potential
exceedances do not indicate immediate toxic concern [5] .
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PFOS and PFOS — TOXICOLOGICAL OVERVIEW

PFOS concentrations measured in the particulate phase of air in an urban area in the UK are
extremely low, being in the range of 0.0009-0.051 ng/m?, in 2005 [11].

Individuals who work in industries that produce or use PFOS or PFOA may be exposed to
higher levels compared with the general population. PFOS has been measured in human
blood samples taken from manufacturing workers (0.80 - 1.32 ppm) and in trace amounts in
the general population (35-53 ppb) [1].
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PFOS and PFOS — TOXICOLOGICAL OVERVIEW

Health Effects of Acute / Single Exposure

Human Data
Inhalation

PFOS and PFOA
There are no data on acute toxicity of PFOS or PFOA following inhalation in humans.

Ingestion

PFOS and PFOA
There are no data on acute toxicity of PFOS or PFOA following ingestion in humans.

Dermal / ocular exposure

PFOS and PFOA
There are no data on acute toxicity of PFOS or PFOA following dermal or ocular exposure in
humans.

Animal and In-Vitro Data

Inhalation

PFOS

Rats were exposed to high concentrations of PFOS dust in air (1.9-46 mg/L) for 1 hour and
showed signs of emaciation, nasal discharge, stained urogenital region, breathing
disturbances and general poor condition. Decreased body weight, discoloration of the lung,
liver and small intestine were also noted. The LDso for PFOS was 5.2 mg/L [1, 3].

PFOA
There are no data available on the health effects of acute inhalation exposure to PFOA in
animals.

Ingestion

PFOS

PFOS has shown moderate acute toxicity by the oral route. The oral LDs, in rats is 230 and
270 mg/kg bw (range 160-340 and 200-370 mg/kg bw) for males and females, respectively.
Signs of toxicity included hypoactivity, stained urogenital region, decreased limb tone and
ataxia, stomach distension and lung congestion [3, 5].

PFOA

Several acute oral studies in animals indicate that PFOA is moderately toxic [4]. The oral
LD50 in rats ranged between 430-680 mg/kg bw. Higher doses of PFOA (concentration not
given) have been reported to cause enlarged livers, gastrointestinal irritation and weight loss
in rats [3]. The guinea pig appears more sensitive with an acute LDsy of approximately 200
mg/kg bw [3, 4].
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PFOS and PFOS — TOXICOLOGICAL OVERVIEW

Dermal / ocular exposure

PFOS

In animal studies PFOS has been shown to be mildly irritating to the eyes and non-irritating
to the skin of rabbits, administered 0.5 g and 0.1g PFOS for skin and eye irritation,
respectively [1, 3].

PFOA
PFOA caused mild skin irritation in rabbits. Rats were less sensitive than rabbits [11].
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PFOS and PFOS — TOXICOLOGICAL OVERVIEW

Health Effects of Chronic / Repeated Exposure
Human Data
Inhalation

PFOS

There are limited epidemiological data on PFCs. Initial analysis showed no consistent
correlation between exposure to PFOS and haematological or clinical chemistry parameters.
After adjusting for confounding factors PFOS was significantly correlated with thyroid
hormone (T3) and cholesterol concentrations, although it was stated that there were several
limitations to these studies [1, 3].

Ingestion

PFOS and PFOA
There are currently no data available on the health effects of chronic ingestion of PFOS or
PFOA in humans.

Genotoxicity

PFOS and PFOA
There are currently no data available on the genotoxicity of PFOS or PFOA in humans.

Carcinogenicity

PFOS

One study reported an association of PFOS exposure and the incidence of bladder cancer
and an increased risk of neoplasm of the male reproductive and gastrointestinal tract.
However these workers were potentially exposed to benzidine, a known bladder carcinogen.
Using an ‘episode of care’ analysis (a series of health care services provided throughout a
disease), those that had been in long-term employment and were considered highly exposed
according to their job, had an increased risk of cancer of the gastrointestinal, biliary and
reproductive tract compared to unexposed controls [1, 3]. The COC considered that it was
not possible to draw any definite conclusions from these data.

PFOA

Two occupational studies carried out on workers at a 3M plant showed an elevated
standardised mortality rate for prostate cancer, whereas only one of the studies reported
increased pancreatic and large intestinal cancers, although the increases noted were small.
A smaller study also reported a significant increase of bladder and kidney cancer [3]. The
COC considered that none of the effects repeated were significant for risk assessment.

Reproductive and developmental toxicity

PFOS and PFOA
There are no data to assess the reproductive toxicity of PFOS or PFOA in humans.
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PFOS and PFOS — TOXICOLOGICAL OVERVIEW

Animal and In-Vitro Data

Inhalation

PFOS and PFOA
There are currently no data available on the health effects of chronic inhalation of PFOS or
PFOA in animals.

Ingestion

PFOS
Several studies have been carried out in which hepatotoxicity was reported following dietary
administration of PFOS to rats or monkeys.

In a 90-day study, rats were administered 0, 2, 6, 18, 60 or 200 mg/kg bw/day PFOS in the
diet. At the two lowest doses, an increased relative and absolute liver weight was reported
whereas the highest three doses caused mortality [1, 5]. Similarly, a study in which rats were
exposed to up to 1.4 mg/kg bw/day for 14 weeks in the diet also reported an increase in
relative and absolute liver weight at the top dose, although in a parallel study where rats
were exposed to up to 1.6 mg/kg bw/day for 4 weeks only relative liver weight was
significantly affected [1, 3, 5]. Re-analysis by COT derived a BMDL, of 0.2 mg/kg bw/day for
increased relative liver weight, the most sensitive end-point in this study.

Rats given PFOS (3 mg/kg bw/day ) by gavage for 28 days showed an increased relative
liver and kidney weight and a reduced body weight [3].

In a 90-day study, rhesus monkeys were given 0, 0.5, 1.5 or 4.5 mg/kg bw/day by gavage.
The highest dose caused mortality in all animals, due to gastrointestinal toxicity. The other
two groups also showed signs of gastrointestinal effects but they were less severe. In
another study Cynomolgus monkeys were given capsulated PFOS (0.03, 0.15 or 0.75 mg/kg
bw/day ) by gavage for 26 weeks. Two animals given the highest dose died probably due to
pulmonary inflammation and necrosis or hyperkalaemia. The remaining animals in this group
all had significantly increased relative liver weights, and females also had increased absolute
liver weights. Other adverse liver effects were also noted such as centrilobular vacuolisation
and hypertrophy [1, 3]. A number of clinical chemistry effects were noted in the treated group
including reduced total cholesterol and effects on thyroid hormones, the latter being the most
sensitive effect (decreased serum T3 levels). The NOAEL was considered to be 0.03 mg/kg
bw/day.

PFOA

Mice given PFOA (up to 200 mg/kg bw/day) for 28 days showed signs of muscular weakness
and roughened fur. Absolute and relative liver weights were increased in all groups in both
males and females except the lowest group (2 mg/kg bw/day) in which only females were
affected. Treatment related liver toxicity was also observed. Rats given up to 30000 ppm
PFOA for 28 days (equivalent doses not given) or up to 1000 ppm for 90 days (64 mg/kg
bw/day in males and 76 mg/kg bw/day females) again had an increased liver weight and liver
toxicity with hepatocellular necrosis at 1.7 mg/kg bw and above in the males. The NOAEL
was estimated to be 0.56 mg/kg bw/day in males and 22 mg/kg bw/day in females [3, 4].

In a 90 day study in rhesus monkeys, PFOA (0-100 mg/kg bw/day) was given by gavage. All
monkeys in the highest dose group died, showing signs of anorexia, swollen face and eyes,
reduced body weight, prostration and trembling. Animals given the lower doses had
gastrointestinal irritation [3, 4].
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Two studies have been carried out in cynomolgus monkeys. The first reported no clinical
signs of toxicity or changes in body weight after administration of 20 mg/kg bw/dayvia oral
capsule for 4 weeks. In the second study 30 mg/kg bw/day was given by capsule for 26
weeks. This resulted in reported weight loss, reduced food consumption, increased liver
weight and liver toxicity [3, 4].

Genotoxicity

PFOS

The Committee on Mutagenicity of Chemicals in Food, Consumer Products and the
Environment (COM) considered the mutagenicity of PFOS and concluded that it had no
apparent structural alerts for mutagenicity and that animal studies showed that it was not
metabolised [5]. Negative results were obtained in the Ames test, the reverse mutation
assay and the in vitro chromosomal aberration assay using human whole blood
lymphocytes. The in vitro UDS assay in rat liver hepatocytes and the mouse bone-marrow
micronucleus test were also negative [1, 5]. Overall, the COM considered PFOS as not
mutagenic [3, 5].

PFOA

The COM considered the mutagenicity of PFOA and concluded that it had no apparent
structural alerts for mutagenicity and that animal studies showed that it was not metabolised
[4]. PFOA, with and without metabolic activation, was negative in the reverse mutation
assay, the mouse bone marrow micronuclei assay and did not induce mutations in the HPRT
gene. Overall the COM considered that PFOA was not mutagenic [3, 4].

Carcinogenicity

PFOS

PFOS has been found to induce tumours of the liver, thyroid and mammary gland in rats
given approximately 2 mg/kg bw/day the diet for 104 weeks. The COC concluded that there
was equivocal evidence for carcinogenicity (limited to hepatocellular adenoma) of PFOS in
animal studies. When considering the COM opinion and the carcinogenicity data it was
agreed that it induced carcinogenicity via a non-genotoxic mechanism [3, 5].

PFOA

PFOA has been shown to induce Leydig cell adenomas, pancreatic acinar cell adenomas
and hepatocellular adenomas in chronic studies in the rat. The COC considered that the
Mode of Action (MOA) for the induction of the Leydig cell tumours (activation of aromatase
and subsequent increase in serum oestradiol levels) was unlikely to occur in humans.
However, it was not possible to propose a MOA for the liver and pancreatic tumours.
Therefore the significance of these for humans could not be discounted. For risk assessment
purposes it would be acceptable to adopt a threshold approach.

Reproductive and developmental toxicity

PFOS

Several studies have been carried out in which rats were given up to 10 mg/kg bw/day PFOS
by gavage during various stages of gestation. Maternal toxicity was reported at this dose
level based on a reduction in body weight and food consumption, hunched position, alopecia
and rough coat. Adverse developmental effects were observed including a reduction in
implantation sites, loss of viable fetuses as well as an increased incidence of cleft palate and
cardiac abnormalities [6, 14]. The NOAEL for not maternal toxicity and effects on
development was 1 mg/kg bw/day.
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Maternal and developmental studies were also carried out in mice and reported a decreased
maternal weight gain after administration of 20 mg/kg bw/day, although the number of
implantations or live fetuses was unaffected. Birth defects noted were similar to those
reported in the rat, namely cleft palate and cardiac abnormalities. These were primarily seen
at the top dose (20 mg/kg bw/day) which was also associated with maternal toxicity. In a
similar study in which mice were administered the same dose, neonates from the top dose
(20 mg/kg bw/day) became pale and inactive and moribund soon after birth [6, 14]. Some
effects on viability were seen at 10 mg/kg bw/day and above.

PFOS (2.5 mg/kg bw/day) given to rabbits during gestation caused a decrease in fetal body
weight and fetal malformations, whereas maternal toxicity was reported at 1 mg/kg bw/day
[6, 14].

A two generation reproductive study was carried out in rats given up to 3.2 mg/kg bw/day for
six weeks prior to and during mating and throughout gestation, parturition and lactation.
Overall there were no signs of toxicity, mortality or adverse effects on mating in the FO
generation males or females. At the highest doses (1.6 and 3.2 mg/kg bw/day) viability of the
pups was reduced and reversible delays in physical development were observed [6, 14].

PFOA

In a two-generation study in rats administered up to 30 mg/kg bw/day by gavage, no effects
on reproductive endpoints including mating and fertility were seen. The F1 and F2
generation pups had a decreased body weight at the top dose, although only F1 pups had a
reduced viability [6, 15].

In a developmental toxicity study, administration of PFOA (up to 150 mg/kg bw/day) to rats
by gavage during gestation reduced maternal body weight but did not affect the reproductive
tract of the dams. No developmental toxicity was seen at any dose level [6, 15]. In a
developmental toxicity study in rabbits given PFOS by gavage during gestation, a reduction
in body weight gain was seen only at the top dose of 50 mg/kg bw/day. The only adverse
effects seen on development was a dose related increase in skeletal cariations (extra ribs)
which was statistically significant only at the top dose of 50 mg/kg bw/day [6].

In a developmental gavage study in mice administered from 1-40 mg/kg bw/day maternal
liver weight at term was significantly increased at all dose levels. There were significant
increases in the incidence of full litter resorptions and neonatal mortality at 5 mg/kg bw/day
and above. No significant increase in malformations was seen at any dose level. The
NOAEL for developmental effects was 1 mg/kg bw/day [4].
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