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THE ECETOC SCHEME FOR THE JOINT ASSESSMENT OF
COMMODITY CHEMICALS

This report has been produced as part of the ECETOC programme for preparing critical reviews of

the toxicology and ecotoxicology of selected existing industrial chemicals.

In the programme, commodity chemicals, that is those produced in large tonnage by several
companies and having widespread and multiple uses, are jointly reviewed by experts from a number
of companies with knowledge of the chemical. It should be noted that in a JACC review only the
chemical itself is considered; products in which it appears as an impurity are not normally taken into

account,

ECETOC is not alone in producing such reviews. There are a number of organisations that have
produced and are continuing to write reviews with the aim of ensuring that toxicological knowledge
and other information are evaluated. Thus a Producer, Government Official or Consumer can be
informed on the up-to-date position with regard to safety, information and standards. Within
ECETOC we do not aim to duplicate the activities of others. When it is considered that a review is
needed every effort is made to discover whether an adequate review exists already; if this is the
case the review is checked, its conclusions summarised and the literature published subsequent to
the review assessed. To assist ourselves and others working in this field we publish annually a
summary of international activities incorporating work planned, in hand, or completed on the review
of safety data for commodity chemicals. Interested readers should refer to our Technical Report

No. 30 entitled "existing Chemicals: Literature Reviews and Evaluations".

This document presents a critical assessment of the toxicology and ecotoxicology of
Tetrafluoroethane (HFC 134a; CAS No. 811-97-2).
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SECTION 1. SUMMARY AND CONCLUSIONS

Tetrafluoroethane is a non-flammable, colourless gas with a faint ethereal odour. It is being
developed as a substitute for fully halogenated chlorofluorocabons and for partially halogenated
hydrochlorofluorocarbons. Its main current applications are in refrigeration and air conditioning

{(domestic, automotive and industrial), in which it is used either alone or as a component of blends.

Tetrafluoroethane, when released to the environment, partitions almost exclusively into the
atmosphere. Degradation of tetrafluoroethane will occur mainly in the troposphere by reaction with
hydroxy! radicals leading to trifluoroacetic acid, formic acid, hydrofluoric acid and carbon dioxide as
ultimate degradation products. The overall atmospheric lifetime is 14 years. Tetrafluoroethane has
a Global Warming Potential (GWP) of 0.3 relative to a reference value of 1.0 for

trichlorofluoromethane (CFC-11).

Acute toxicity to aquatic organisms is very low. Although no significant biodegradation has been
observed, the high volatility and low bioaccumulation potency makes any impact of tetrafluoroethane

on the aquatic environment highly unlikely.

Tetrafluoroethane is rapidly absorbed and equilibrated in tissues after inhalation and is eliminated
from the blood in expired air with a half life of a few minutes. Metabolism to trifluoroacetic acid

occurs only in minor amounts.

Tetrafluoroethane has an extremely low order of acute toxicity. Concentrations over 2,975,000
mg/m® (700,000 ppm) in the inhaled air are required to produce lethal effects. The symptoms of
acute intoxication are characterised by central nervous effects due to narcotic properties seen only

at extremely high exposure concentrations.

When tetrafluoroethane is in contact with cutaneous or ocular mucosal membranes it causes slight

irritation possibly due to the test procedures. It is not a skin sensitiser.

Tetrafluoroethane can induce cardiac sensitisation in dogs at 340,000 mg/m® (80,000 ppm) and

higher after an exogenous epinephrine challenge.

Tetrafluoroethane showed no adverse effects on fertility in a limited study in mice. It was not
teratogenic in rats and rabbits. Only non-specific effects on foetal maturation in the form of delayed

foetal ossification in the rat were observed at 212,500 mg/m® (50,000 ppm) and above.
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Tetrafluoroethane was not genotoxic in vitro or in vivo as shown in a large variety of studies

including all important end points.

The chronic toxicity of tetrafluoroethane was studied in rats with durations between 2-52 wk at
inhalation exposure levels up to 212,500 mg/m® (50,000 ppm). No toxicologically significant effects

were seen in these studies.

Two carcinogenicity studies were conducted. In a limited study in rats with daily oral administration
of 300 mg/kg body weight tetrafluoroethane in corn oil over a period of 1 year, and a 16 month

post-treatment observation phase, no tumorigenic effect was seen.

In a two year inhalation study with exposures up to 212,500 mg/m® (50,000 ppm), tetrafluoroethane
did not produce neoplastic changes in female rats. In male rats at 212,500 mg/m’ (50,000 ppm) a
slight increase in the incidence of testicular Leydig cell hyperplasia and benign Leydig cell
adenomas was observed. As tetrafluoroethane is not genotoxic these changes are considered to

be non-genoctoxic and are not of significance for human hazard at low exposure levels.

There are no reported effects of tetrafluoroethane in man.

An occupational exposure limit (8 h average) of 1,000 ppm (4,250 mg/m® is recommended by
AlHA,
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SECTION 2. IDENTITY, PHYSICAL AND CHEMICAL
PROPERTIES, ANALYTICAL METHODS

2.1 IDENTITY
Chemical Structure: Il-l II:
H—?—?—F
F F
Chemical formula: C.,H,F,
Common name: asymmetric tetrafluoroethane
IUPAC name: 1,1,1,2-tetrafluoroethane

Common synonyms: Fluorocarbon 134a, HFA-134a, HCFC 134a

CAS Registry Number; 811-97-2

EINECS: 212-377-0

Conversion factors: 1 ppm = 4.25 mg/m?

1 mg/m® = 0.24 ppm (20 °C)

2.2 PHYSICAL AND CHEMICAL PROPERTIES

Tetrafluoroethane is a non-flammable colourless gas with a faint ethereal odour. Some physical

and chemical data are given in Table 1.

2.3 ANALYTICAL METHODS

A method for tetrafluoroethane analysis is described by Hext (1989) and is based on gas

chromatography with flame ionisation detection.
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Table 1 Physical and chemical properties of tetrafluoroethane. (Based on Klea 134a;
Product Information. ICI Chemicals and Polymers ICI (1993)).

Molecular weight: 102.2
Physical form: Gas
Boiling point (°C) at 1013 hPa: -26
Melting point (C°) -108
Liquid density at 25 °C, g/ml: 1.207
Vapour density (air=1): 3.52
Vapour pressure at 20 °C: 5.7 bar
Solubility in water at 25 °C, 1 bar (g/l): 1.0

Flammability: Non flammable
Log P,,: 1.06
Log K.: 1.5 (estimated)

Henry's law constant at 25 °C, g/l.bar:

1.0
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SECTION 3. PRODUCTION AND USE

There are many potential processes for the manufacture of tetrafluoroethane (see, for example,
Webb and Winfield, 1992). From the published literature, the main commercial processes proposed

are:

o hydrofluorination of trichloroethylene, via 1-chloro-1,1,1-trifluoroethane (HCFC-133a);

m isomerisation/hydrofluorination of 1,1,2-trichloro-1,2,2-trifluoroethane (CFC-113) to 1,1-
dichloro-1,2,2,2-tetrafluoroethane (CFC-114a), followed by hydrodechlorination of the
latter;

= hydrofluorination of tetrachloroethylene to 1-chloro-1,2,2,2-tetrafluoroethane (HCFC-

124) and subsequent hydrodechlorination to tetrafiuoroethane.

The nameplate capacity of existing and announced plants amounts to 175 kt/y (Roberts, 1993).
The future world-wide demand for tetrafluoroethane has been estimated by McCulloch (1993) to be
around 150 kt/y in 1995 and 300 kt/y in 2020.

Tetrafluoroethane is being developed as a substitute for fully halogenated chlorofluorocarbons and
for partially halogenated hydrochlorofluorocarbons. Its main current applications are in refrigeration
and air conditioning (domestic, automotive and industrial), in which it is used either alone or as a
component of blends. Other applications still under development are as blowing agent for

polyurethane foams and as propellant for medical aerosols ("metered-dose inhalers").
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SECTION 4. ENVIRONMENTAL TRANSPORT, DISTRIBUTION
AND TRANSFORMATION

The environmental fate and impact of tetrafluoroethane have recently been reviewed by Franklin
(1993).

4.1 SOURCES

There is no known natural source of tetrafluoroethane.

McCulloch (1993) has estimated that the global man-made emissions of tetrafluoroethane will be

around 100-150 kt/y in the first two decades of the next century.

4.2 ENVIRONMENTAL DISTRIBUTION

On the basis of its physical properties tetrafluoroethane may be expected, when released to the

environment, to partition almost exclusively into the atmosphere as:

] it is a gas at room temperature and atmospheric pressure, with a normal boiling point

of -26 °C and a vapour pressure at 20 °C of 5.7 bar;

L] its Henry’s Law constant for dissolution in water is only about 1.0 g/l.bar at 25 °C. For
atmospheric concentrations of 100-200 pptv', i.e. the levels predicted by McCulloch
(1993) for the year 2020, the equilibrium concentration in cloud and surface waters

would thus be less than 0.2 pptw?.

Any tetrafluoroethane which might be present in aqueous waste streams discharged directly into
rivers or lakes would be expected, by analogy with similar compounds, to have a haif-life with

respect to volatilisation of days or a few weeks at the very most.

pptv = parts per trillion (volume)

pptw = parts per trillion (weight)
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Moreover, any tetrafluoroethane present in surface or ground waters would have little tendency to

partition onto biota or soil as:

= log P, is 1.06, indicating the absence of any significant potential for passive
bioaccumulation (PAFT, 1990);

m from various correlations, log K,, may be estimated to be approximately 1.5, which
indicates that tetrafluoroethane has only a moderate sorption affinity to soil from

aqueous media and would therefore be expected to be mobile in soil.

The atmospheric lifetime being much longer than either the intrahemispheric or interhemispheric
mixing times, it results that tetrafluoroethane will become more or less uniformly distributed in the

atmosphere on a global scale (Franklin 1993).

4.3 ATMOSPHERIC LIFETIME'

The atmospheric degradation of tetrafluoroethane will occur mainly in the troposphere, being
initiated by attack by naturally occurring hydroxyl radicals. The overall lifetime is estimated to be
14 years (IPCC, 1994).

4.4 OZONE DEPLETING POTENTIAL

Since tetrafluoroethane contains neither chlorine nor bromine, it has generally been assumed that it
has no effect on stratospheric ozone (WMO, 1989; WMO, 1991). The possibility of ozone depletion
by CF,O, radicals (x = 1 or 2}, arising from the atmospheric degradation of tetrafluoroethane and
other compounds, has been the subject of much recent debate. Evidence is now available to show
that any contribution of CF,O, to ozone depletion is insignificant (Ko et al, 1994; Ravishankara et al,
1994).

45 GLOBAL WARMING POTENTIAL

Global Warming Potentials (GWPs) express the radiative forcing (increase in earthward infra-red
radiation flux) due to emission of a unit mass of a given compound, divided by the radiative forcing

due to emission of the same mass of a reference compound.

Life time is the time necessary for 63% degradation; it is equal to "half life" divided by Ln2 (= 0.69).
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Based on the lifetimes quoted above, the Global Warming Potential (GWP) of tetrafluoroethane is
0.3 (AER, 1992) relative to a reference value of 1.0 for CFC-11. Relative to CFC-12, for which

tetrafluoroethane is the main substitute, the GWP is 0.1.

GWPs may also be expressed relative to CO, as the reference substance, and assessed over a
finite integration time horizon (ITH). For HFC-134a the corresponding GWP values are 3,100, 1,300
and 420 (relative to reference values of 1.0 for CO, taken at each ITH), for ITHs of 20, 100 and
500 years respectively (IPCC, 1994),

When the concentration of tetrafluoroethane in the atmosphere reaches 100 pptv (i.e. probably in
the second decade of the next century) the contribution of this compound to radiative forcing will be
only about 1 % of the total radiative forcing due to all anthropogenic pollutants added to the
atmosphere from now until then, and still present at that time (or about 0.3 % of the forcing due to

all pollutants ever emitted and still present) (Franklin, 1993).

46 TROPOSPHERIC OZONE FORMATION

As discussed in WMO (1989), tetrafluoroethane is too unreactive in the atmosphere to make any
significant contribution to local urban tropospheric ozone formation, and the related "photochemical

smog", near the emission sources.

4.7 DEGRADATION MECHANISM AND PRODUCTS

The atmospheric degradation mechanism for tetrafluoroethane has recently been reviewed in detail
by Franklin (1993). Support for the basic reaction scheme proposed in WMO (1989) has been
provided by laboratory studies (see, for example : WMO, 1991; Edney and Driscoll, 1992; Tuazon
and Atkinson, 1993; STEP/AFEAS, 1993). Breakdown of tetrafluoroethane in the troposphere will
be initiated by the OH radical and will proceed via various intermediates to give the CF,CHFO
radical, which can either react with oxygen to form trifluoroacetyl fluoride (CF,COF) or undergo
carbon-carbon cleavage to give formyl fluoride (HCOF) and the CF, radical. The latter will
ultimately be converted to carbony! fluoride (COF,) and HF. Atmospheric modelling studies predict
that, as an average over the whole troposphere, about 40 % of tetrafluoroethane will be converted
to CF,COF and 60 % to HCOF + COF, + HF.

The degradation mechanism is represented in Figure 1.
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Figure 1  Tropospheric Degradation Mechanism for HFC-134a
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Although peroxynitrates (CF,CHFO,NO,, CF,O,NO,), hydroperoxides (CF,CHFO,H, CF,0,H) and
trifluoromethanol (CF,OH) may be formed during the degradation, they are not thought to play a
significant role in the atmospheric chemistry of tetrafluoroethane, probably being rather short-lived

intermediates.

The principal fate of the acid fluorides (CF,COF, HCOF and COF,) will be uptake by cloud water
(with an estimated lifetime of a few days to a few months), followed by hydrolysis to trifluoroacetic
acid (TFA) formic acid, CO, and HF. Dry deposition of the acid fluorides to ocean or land surfaces
may occur to a limited extent; it will in any case be followed by hydrolysis (AFEAS, 1992;
STEP/AFEAS, 1993).

4.8 CONTRIBUTION OF DEGRADATION PRODUCTS TO ENVIRONMENTAL
FLUORIDE AND TO THE ACIDITY OF RAINWATER

Assuming: a) an atmospheric release (and degradation) rate of 100 kt tetrafluoroethane/y (equal to
the expected releases in the early part of the next century), b) 40 % conversion of tetrafluoroethane
to TFA and HF, 60 % conversion to HCOOH, CO, and 4HF, and c) uniform scavenging of the acids
thus produced into the global average rainfall of 5 x 10" kt/y, the calculated resulting levels of

fluoride and acidity are low compared with those arising from existing sources:

= F* production would be 50 kt/y, i.e. very small compared with the estimated atmospheric
fluoride flux of 1,000-8,000 kty (WMO, 1989);

m the contribution of tetrafluoroethane to the fluoride concentration in rainwater would be
0.1 ppbw. This should be compared with typical fluoride concentrations in
"background" rainwater of around 10 ppbw', i.e. 100 times greater, and with levels of
about 1 ppmw? used for the fluoridation of drinking water, i.e. 10,000 times greater
(WMO, 1989);

= the trifluoroacetic, formic and hydrofluoric acids formed from tetrafluoroethane and
scavenged in rainwater would represent an acidity of close to 3 x 10° mol H'ly, i.e.

3,000 times less than the acidity arising from natural and anthropogenic emissions of

ppbw = parts per billion (weight)

ppmw = parts per million (weight)
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80, and NO, (UKRGAR, 1990). Thus the contribution of tetrafluoroethane to acid rain
would be negligible.

4.9 CONTRIBUTION OF TETRAFLUOROETHANE TO ENVIRONMENTAL
TRIFLUOROACETATE (TFA)

No natural sources of trifluoroacetate are known. Making the same assumptions as in Section 4.8
for the emission and degradation rates of tetrafluoroethane, its conversion to TFA and the

incorporation of the latter into rainwater, one can calculate that:

L the amount of TFA formed would be 45 kt/y;

L the global average concentration of TFA in precipitation would be about 0.1 ppbw;

L if all the TFA accumulated in the upper mixed layer of the oceans, there would be a
resulting seawater TFA concentration increase of about 1.5 pptw per 100 kt tetrafluoro-

ethane degraded.

The physico-chemical properties of TFA indicate that it will partition into the aqueous compartments
of the environment, where it will be completely ionised, showing no appreciable tendency to adsorb
onto soils or to accumulate passively in biota. Possible chemical or microbial sinks for TFA in the
environment were discussed by Franklin (1993). Very recent information indicates that TFA under
anoxic sediment conditions can be degraded to trifluoromethane, inorganic fluoride, methane and
CO, (Visscher et al, 1994)

4.10 BIODEGRADATION

In the closed bottle assay with activated sludge the percentage of transformation of

tetrafluoroethane after 28 days was only 2 - 3 % (Tobeta, 1989).

Under laboratory conditions, aerobic degradation by the methanotropic bacterium Methylosinus

trichosporium OB3b was also unsuccessful (DeFlaun et al, 1992).
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SECTION 5. ENVIRONMENTAL LEVELS AND HUMAN
EXPOSURE

The production of tetrafluoroethane is so recent, and the amounts emitted still so small, that no
observations of this compound in the background atmosphere or other environmental compartments

have yet been reported in the literature.
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SECTION 6. EFFECTS ON ORGANISMS IN THE
ENVIRONMENT

Environmental testing of tetrafluoroethane has only been carried out on aquatic organisms. As
tetrafluoroethane is a gas special procedures were employed to obtain solutions of the test
substance and to prevent losses occurring during the test. All exposure concentrations were

analytically verified.

6.1 BACTERIA

The 6-h EC10 for growth inhibition for bacterium Pseudomonas putida was > 730 mg/l (Coleman
and Thompson, 1990).

6.2 INVERTEBRATE AQUATIC SPECIES

With the freshwater crustacean Daphnia magna, the 48-hour EC50 under static conditions was 980
mg/l (Stewart and Thompson 1990).

6.3 FISH

The 96 h LC,, of tetrafluoroethane for rainbow trout (Salmo gairdner) was 450 mg/l under semi-
static conditions. No mortality was observed below 300 mg/l, whilst no symptoms of toxicity were

evidenced at 87 mg/l (Thompson, 1990).

From these experiments it can be concluded that tetrafluoroethane has a very low acute toxicity to

aquatic organisms.

The low octanol/water partition coefficient (log P,, <3; see Table 1) makes bioaccumulation of

tetrafluoroethane unlikely.
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SECTION 7. ABSORPTION, DISTRIBUTION, METABOLISM
AND ELIMINATION

Male and female Wistar rats were exposed once to atmospheres containing 42,500 mg/m®
(10,000 ppm) '“C-labelled tetrafluoroethane for a period of 1 hour. On cessation of exposure the
animals were removed from the inhalation chambers and housed individually in glass metabolism
cages. Urine and faeces were collected as well as expired organic material. Total radioactivity in
expired air, urine and faeces amounted to approximately 1 % of the inhaled dose' in both male and
female rats. Of this 1 %, two thirds were exhaled within one hour after cessation of exposure as
unchanged tetrafluoroethane. The remaining radioactivity was excreted as carbon dioxide in
exhaled air and in urine as trifluoroacetic acid (TFA) and in faeces as unidentified metabolites. The
bulk was excreted in the first 24 hours after exposure. Carbon dioxide was the major metabolite
accounting for 0.22 % of the dose for male and 0.27 % for female rats. Urinary excretion
accounted for 0.09 % of the dose in both sexes and faecal excretion being 0.04 %. In urine only
one metabolite could be detected by F-19 NMR and this was identified as TFA. Total metabolism
measured as the sum of radioactivities in urine, faeces and as carbon dioxide was 0.34 % and 0.40
% of the inhaled dose in males and females respectively. Analyses of a range of tissues at the end
of the study showed a relatively uniform distribution of radioactivity,. There was no evidence for

specific accumulation in any organ or tissue, including fat (Ellis, 1993).

Other studies on the metabolism of tetrafluoroethane in isolated rat hepatocytes demonstrate also
that the molecule undergoes limited metabolism as measured by the release of inorganic fluoride.
Tetrafluoroethane defluorination is proportional to the head space concentration. With a 50 %
tetrafluoroethane concentration in the head space, fluoride release amounted to 12 mmol fluor/mg
protein in 2 hours. The microsomal metabolism was inhibited by carbon monoxide, was decreased
in the presence of low oxygen concentration, and was increased in the presence of hepatic
microsomes isolated from Arochlor-treated rats. These results indicate that tetrafluoroethane
undergoes a cytochrome P-450-catalysed defluorination reaction (Reidy et al, 1990). Olson et al
(1990) conclude that the Cytochrome P-450-dependent oxidation of tetrafluoroethane is catalysed
primarily by P-450IIE1. In vitro oxidative defluorination was demonstrated in rat, rabbit and human
liver microsomes resulting in inorganic fluoride and TFA. Specific activity of cytochrome P-450I1E1

in man is similar to animals.

Inhaled dose defined as : equivalent to the amount of fluorcarbon available for absorption in the respiratory tract over
the exposure period of one hour.
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Harris et al (1992) found no evidence of trifluoroacetylated proteins in rats exposed to 42,500 mg/m®
(10,000 ppm) tetrafluoroethane for 6 hours, indicating that metabolism does not involve a

trifluoroacetyl halide.

Ellis et al (1993) have determined the elimination of volatile organic material following exposure to

tetrafluoroethane by inhalation in the rat with a half life of approximately 20 minutes.
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SECTION 8. EFFECTS ON EXPERIMENTAL ANIMALS AND IN
VITRO TEST SYSTEMS

8.1 SINGLE EXPOSURE

Tetrafluoroethane is of low acute toxicity by the inhalation route. In the rat a 15 min LC,, 3,400,000
mg/m® (> 800,000 ppm), a 4 hour LC,, 2,125,000 mg/m*® (> 500,000 ppm) are reported (Collins,
1984). An approximate 4 hour lethal concentration of 2,409,750 mg/m® (567,000 ppm) is reported
in the rat (Kennedy, 1979a).

During the exposure the rats showed incoordination, pumping respiration, unresponsiveness,
cyanosis, convulsion and death. The surviving rats regained their coordination within 5 minutes

after exposure and appeared normal.

Tetrafluoroethane was not lethal to dogs exposed during 3 to 5 h to 2,975,000 and 3,400,000
mg/m® (700,000 and 800,000 ppm) (Shulman and Sadove, 1967). Rats exposed to 871,250 mg/m®
(205,000 ppm) were lethargic and showed an increased respiratory rate. No effect was observed at
344,250 mg/m® (81,000 ppm) (Kennedy, 1979a). A 10 min-EC,, for anaesthetic effects measured
by the loss of the righting reflex was 1,190,000 mg/m® (280,000 ppm) in the rat (Collins, 1984) and
1,147,500 mg/m® (270,000 ppm) in the mouse (Shulman and Sadove, 1967).

Deep narcosis in dogs, cats and monkeys was induced after 2,125,000 mg/m® (500,000 ppm) within
1 minute and the recovery period from narcosis lasted approximately 2 minutes (Shulman and
Sadove, 1967).

8.2 REPEATED EXPOSURES

Groups of 10 male rats were exposed to 0 or 425,000 mg/m® (0 or 100,000 ppm) tetrafluoroethane
(6 h/d), 5 d/wk, in a 14 day period. At the end of the 10th exposure period 5 treated and 5 control
rats were randomly selected and sacrificed for pathological evaluation. The remaining 5 rats per
group were held for a 14 day recovery period. During the exposure the animals showed an
increased respiratory rate. No treatment related abnormalities were observed with respect to body
weight gain, haematology or blood chemistry. Analysis of the urine samples collected after the 9th
exposure resulted in a significant increase in fluoride excretion in the treated rats suggesting

tetrafluoroethane metabolism. Organ weights of treated and control rats exhibited no significant
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differences and no compound-related pathological changes were observed in any of the test rats
(Kennedy, 1979b).

In a subacute inhalation study, groups of 16 male and 16 female rats were exposed to 0, 4,250,
42,500 or 212,000 mg/m® (0, 1,000, 10,000 or 50,000 ppm) tetrafluoroethane for 6 h/d for 20 days
in a 28 day period; evidence that the gas was absorbed into the blood during exposure was
obtained. No treatment-related abnormalities were observed with respect to body weight, clinical
signs, food intake and food utilisation, haematology, blood chemistry, urine composition and
ophthalmoscopy. Changes in liver, kidney and gonad weights were noted. These changes were
confined to male rats at 50,000 ppm except for an increase in liver weight which was also seen at
10,000 ppm. There were no pathological changes in these tissues and the liver and kidney weight
increases are considered to be due to a physiological adaptation to treatment and not considered to
constitute toxic responses to treatment. The reduced testicular weights are interpreted in the same
manner and are in the absence of morphological changes not of toxicological significance. A slight
focal interstitial pneumonia was the only pathological change noted in males exposed at
50,000 ppm which was possibly related to treatment (Riley et al, 1979). These effects have not

been seen in subsequent studies.

Groups of 20 male and 20 female SD rats were exposed to concentrations of 0, 8,500, 42,500 or
212,000 mg/m® (0, 2,000, 10,000 or 50,000 ppm) tetrafluoroethane (6 h/d, 5 d/wk) for 13 weeks.
Ten males and 10 females from each group were killed in week 14 following their last exposure,
and the remaining animals were killed in week 18 following a 4 week recovery phase. Small
differences in body weight gain and food consumption were noted between treated and control
animals but these are considered to be due to minor environmental differences in the holding
chambers. There were no significant differences on blood or urine clinical chemistry parameters,
haematology parameters, ophthalmoscopy or organ weights and no treatment related macroscapic

or microscopic pathology findings (Hext, 1989).

A combined chronic toxicity/carcinogenicity study in rats with exposure levels with vapours of
tetrafluoroethane ranging from 10,625, 42,500 and 212,500 mg/m® (2,500, 10,000 and 50,000 ppm)

was conducted. A description of the study and detailed results are given in Section 8.8.
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8.3 SKIN AND EYE IRRITATION, SENSITISATION

8.3.1 Skin irritation

Liquefied tetrafluoroethane (0.5 ml per application site) was applied on to a square of 8 layers thick
gauze pads. The gauze pads were placed on scarified and intact skin areas of rabbits, covered
with an occlusive polypropylene film and fixed with an adhesive tape. Slight irritation to intact skin

possibly due to local freezing appeared after 24 hours of contact (Mercier, 1990a).

8.3.2 Eye irritation

Administration of tetrafluoroethane as a gas (either a 5-seconds or 15-seconds spray from a
distance of 10 cm) to the eyes of rabbits resulted in only very slight irritation (Mercier, 1990b). This

effect is possibly a consequence of the test procedure.

8.3.3 Skin sensitisation

Guinea pigs received one single intradermal injection of Freund’s complete adjuvant followed by 7
consecutive (occlusive) epicutaneous administrations of liquefied tetrafluoroethane. After a period
of 12 days without treatment the challenge administration was performed by occlusive epicutaneous
treatment with liquefied tetrafluoroethane. The test compound did not produce evidence of skin

sensitisation (Mercier, 1990c).

8.4 SPECIAL STUDIES CARDIOVASCULAR AND RESPIRATORY FUNCTIONS

Early studies on the toxicity of certain hydrocarbons, especially anaesthetics, showed, that they
could render the mammalian heart abnormally reactive or sensitive to adrenaline (epinephrine)
resulting in cardiac arrhythmias. Tetrafluoroethane has also been screened for this effect. Male
Beagle dogs were exposed to nominal tetrafluoroethane concentrations of 212,000, 318,750 and
425,000 mg/m® (50,000 ppm, 75,000 ppm and 100,000 ppm) and given a bolus injection of 8 pg/kg
epinephrine. Two of 10 dogs exposed to 75,000 ppm and 2 of 4 dogs exposed to 100,000 ppm
exhibited a marked response (multiple ventricular beats). One dog exposed to 100,000 ppm
developed ventricular fibrillation and cardiac arrest. None of the 10 dogs exposed to 50,000 ppm

tetrafluoroethane exhibited a cardiac sensitisation response (Mullin, 1979).

In another study in Beagle dogs the cardiac sensitisation potential of tetrafluoroethane was
evaluated at concentrations of 170,000, 340,000, 680,000 and 1,456,000 mg/m® (40,000 ppm,
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80,000 ppm, 160,000 ppm and 320,000 ppm) until equilibrium concentrations in the blood were
established (approximately after 5 min of exposure). The dogs were then given an intravenous
injection of epinephrine (8 pg/kg) and monitored for cardiac arrhythmias. Three of 10 dogs
developed cardiac arrhythmias after a concentration of 80,000 ppm, 4 out of 10 dogs after
160,000 ppm and 3 out of 4 dogs after an exposure concentration of 320,000 ppm. Concentrations
of 40,000 ppm tetrafluoroethane were tolerated without any signs for cardiac arrhythmias. The
reference compound in this study, CFC-12 (dichlorodi-fluoroethane), showed a comparable cardiac

sensitisation potential (Hardy et al, 1991).

8.5 REPRODUCTIVE EFFECTS, EMBRYOTOXICITY AND TERATOLOGY

8.5.1 Fertility

Male CD-1 mice were exposed 6 h/d for 5 days to levels of tetrafluoroethane up to 212,000 mg/m®
(50,000 ppm) and mated with unexposed female mice. No effects on fertility were observed, as

shown by investigating the parameters for reproductive performance (Hodge et al, 1979).

8.5.2 Embryotoxicity and teratology

Tetrafluoroethane was tested at 0, 4,250, 42,500 or 212,000 mg/m® (0, 1,000, 10,000 and
50,000 ppm). Groups of 29 or 30 pregnant Alpk/APfSD, Wistar derived rats were exposed 6 h/d to
tetrafluoroethane from day 6 to 15 of pregnancy. The exposure to tetrafluoroethane produced
abnormal clinical signs in animals but did not affect the maternal body weights. Mean foetal
weights were slightly but significantly lower in the 50,000 ppm group. Embryonic and foetal survival
were unaffected by the treatment. There was no evidence for teratogenicity but skeletal ossification
was slightly retarded in the top dose group (50,000 ppm). It is therefore concluded that
tetrafluoroethane is neither teratogenic nor embryotoxic at levels up to and including 50,000 ppm,

but at this highest level tetrafluoroethane may be slightly foetotoxic (Hodge et al, 1980).

In another study using similar exposure conditions to the above, groups of 7 pregnant Sprague
Dawley rats were tested at concentrations of 0, 127,500, 425,000 or 1,275,000 mg/m® (0, 30,000,
100,000 or 300,000 ppm}) tetrafluoroethane. No teratogenic effects were observed although some
maternal growth and foetal development retardation in the form of delayed ossification occurred.
The minimum maternal effect dose was demonstrated to be 100,000 ppm, and the minimum

embryo foetal effect dose was demonstrated to be 300,000 ppm (Lu, 1981).
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Groups of 28 female New Zealand White rabbits were exposed by inhalation to target atmospheric
concentrations of 0, 10,650, 42,500 and 170,000 mg/m® (0, 2,500, 10,000 and 40,000 ppm)
tetrafluoroethane for 6 h/d from days 7 to 19 of gestation. Exposure levels of 40,000 and
10,000 ppm tetrafluoroethane were associated with slight maternal toxicity manifest as reduced
body weight gain and food consumption. There was no evidence for maternal toxicity at the
exposure level of 2,500 ppm. There was no evidence of embryotoxicity or foetotoxicity at any dose
levels (Collins et al, 1994).

8.6 GENOTOXICITY
The data from in vitro and in vivo studies are summarised in Table 2.
Gene mutation in Bacteria and yeast

Tetrafluoroethane has been tested for bacterial mutagenesis in four separate Ames assays in
different Salmonella strains TA 1535, TA 1537, TA 1538, TA98 and TA 100 and Escherichia coli
WP 2 UVrA. In all cases tetrafluoroethane was shown to be non-mutagenic both in absence or
presence of induced rat liver enzymes (S-9) (Brusick 1976; Longstaff et al, 1984; Callander and
Priestley 1990; Araki, 1991).

Tetrafluoroethane was not mutagenic to Saccharomyces cerevisiae strain D 4 either in the presence

or absence of an activating liver enzyme system (Brusick, 1976).

Chromosome aberrations in cultured mammalian cells

An in vitro cytogenetic assay was conducted in human lymphocytes with maximum exposure
concentrations of 3,187,500 mg/m® (750,000 ppm). No statistically or biologically significant
increases in chromosomal aberration frequencies were seen in any of the dose levels tested, either

in the presence or absence of S-9 mix (Mackay, 1990).

Chinese hamster lung cells (CHL) were exposed to concentrations between 1,700,000 mg/m®
(400,000 ppm = 40% in air) and 100% tetrafluoroethane vapour to investigate clastogenic effects.
No induction of chromosomal aberrations was observed either with or without metabolic activation
(Asakura, 1991).
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Table 2 The Genetic Toxicology of Tetrafluoroethane in vitro
Assay Strain Test conditions Result Reference
Salmonella TA1535, TA1537, Plate suspension; +/- $9. Negative Brusick, 1976
typhimurium TA1538, TA9S, Test conc. : 100%
TA100 Expos. up to 1 h (suspension) or
24 h (plate); incub. 48 h
Salmonella TA1535, TA1538, Plate; +/- S9 Negative Longstaff et al,
typhimurium TA98, TA100 Test conc. up to 50% 1984
expos.fincub. 72 h
Salmonella TA1535, TA1537, Plate; +/- S9 Negative Callander and
typhimurium TA1538, TA98, Test conc. up to 100% Priestley, 1990
TA100 expos.fincub 24 and 48 h
Salmonella TA1535, TA1537, Plate; +/- S9 Negative Araki, 1991
typhimurium TA98, TA100 Test conc. up to 60%
expos./incub. 24 and 48 h
Escherichia coli WP2 UV rA Plate; +/-S9 Negative Araki, 1991
Test conc. up to 60%
expos.fincub. 24 and 48 h
Saccharomyces D4 Plate and supspension;, +/-S9 Negative Brusick, 1976
cerevisiae Test conc. up to 1 h (suspension)
or 24 h (plate); incub. 48 h
Chromosome Human Lymhocytes 2 donors; +/- S9 Negative Mackay, 1990
aberrations Test conc. up to 100%
Expos. 3 h; Incub. :72 and 96 h
Chromosome Chinese Hamster +/- 89 Negative Asakura, 1991
aberration Lung Cells (CHL) Test conc. up to 100%
Expos. 6 h (+S9) or 24 and 48 h
(-S9); incub. 24 and 48 h
Micronucleus Mouse; NMRI Inhalation 6 h Negative Miller and
Polychromatic Test conc. 0, 50,000, 150,000 and Hofmann, 1989
erythrocytes 500,000 ppm; 5 m + 5 f/group
Dominant lethal Mouse CD1 Inhalation (males): 6 h x5 d; 15 m | Negative Hodge et al, 1979
+ 30-40 f/group
Test conce.: 0,1,000, 10,000 and
50,000 ppm
Chromosome Rat; Alpk/AP{SD Inhalation: 6 h x 5 d; 8 m/group Negative Anderson and
aberration (Wistar-derived) Test conc.: 0,1,000, 10,000 and Richardson, 1979
50,000 ppm
Unscheduled DNA | Rat; Alpk/APfSD Inhalation: 6 h;4-5 m/group Negative Trueman, 1990
Synthesis (Wistar-derived) Test conc.: 0,10,000, 50,000 and
Hepatocytes 100,000 ppm

Chromosomal mutation in vivo

In an in vivo micronucleus assay NMRI mice were exposed for 6 hours to concentrations of O,
212,500, 675,000 or 2,125,000 mg/m*® (0, 50,000, 150,000 or 500,000 ppm). The incidence of

micronucleated polychromatic erythrocytes in the bone marrow of the animals did not differ
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statistically significant from the air controls. The ratio of polychromatic/normochromatic cells

remained unaffected by the treatment with tetrafluoroethane (Maller and Hofmann, 1989).

In a dominant lethal assay 15 male CD1 mice per group were exposed to 0, 4,250, 42,500 or
212,000 mg/m® (0, 1,000, 10,000 or 50,000 ppm) tetrafluoroethane for 6 h/d for 5 consecutive days.
After the last exposure each male was housed with 2 virgin females for 4 consecutive nights.
Further matings with new females were done at weekly intervals for a total of 8 times. The study
indicated that tetrafluoroethane did not affect the fertility or cause mutagenic effects (Hodge et al,
1979).

Tetrafluoroethane has also been tested in a cytogenetic study in groups of 8 male Alpk/AP{SD
Wistar derived rats in vivo. The test material was administered by inhalation at concentrations of 0,
4,250, 42,500 or 212,000 mg/m® (0, 1,000, 10,000 and 50,000 ppm) for 6 hours either as a single
exposure or on 5 consecutive days. After exposure animals were killed and slides of bone marrow
prepared and examined for chromosomal abnormalities. There were no statistically significant
differences between tetrafluoroethane treated groups and the negative control group when total
chromosomal aberrations were considered. When abnormalities other than chromosomal gaps
were examined, a statistically significant increase was found in the group treated with 50,000 ppm
for a single exposure only. This increase in the mean value was attributable to 1 animal and the
result was not considered as an event of biological significance. The authors concluded that
tetrafluoroethane did not induce chromosomal aberrations in the bone marrow cells of rats
(Anderson and Richardson, 1979).

Unscheduled DNA Synthesis: Primary rat hepatocytes

Tetrafluoroethane was tested for the ability to induce Unscheduled DNA Synthesis (UDS) in an in
vivo assay in rat hepatocytes. Male Alpk/APfSD Wistar derived rats were exposed for 6 hours to
tetrafluoroethane concentrations of 0, 42,500, 212,000 and 425,000 mg/m® (0, 10,000, 50,000 and
100,000 ppm). There was no increase in DNA repair activity (Trueman, 1990).

Cell transformation in vitro
Tetrafluoroethane was also tested for its cell transforming capacity using the Styles cell

transformation assay. In this assay, which makes use of a cell line derived from baby hamster

kidney fibroblasts, tetrafluoroethane was shown to be negative (Longstaff et al, 1984).
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In summary, tetrafluoroethane is not mutagenic and does not induce primary DNA damage or cell

transformation.

8.7 CARCINOGENICITY

Groups of 36 male and 36 female Alpk/APfSD Wistar derived rats received 300 mg/kgbw
tetrafluoroethane in corn oil by gavage 5 d /wk for 52 weeks and were then maintained for life. Two
similar sized control groups were dosed with corn oil only and one control group received no
treatment. The study was terminated after 125 weeks. Tetrafluoroethane did not increase the
incidence of tumours in any of the organs from the treated group when compared with the control

groups (Longstaff et al, 1984).

A combined chronic toxicity/carcinogenicity study was conducted by whole body inhalation
exposures in groups of 85 male and 85 female Alpk/APfSD Wistar derived rats to target
concentrations of 0, 10,625, 42,500 or 212,000 mg/m3 (0, 2 500, 10,000 or 50,000 ppm
tetrafluoroethane for 6 h/d, 5 d/wk. Ten rats of each sex from each group were designated for
interim kill after 52 weeks and the remainder continuing to terminal kill after 104 weeks. The top
dose was chosen as the limit dose (5% in air). All groups had a similar survival rate. The
differences in body weight and food consumption noted reflected only biological variation and were
not compound related. There was no evidence of toxicity effects at any exposure level in the
clinical chemistry and haematology parameters investigated. Small increases in urinary fluoride
levels were seen on occasion in groups exposed to 10,000 and 50,000 ppm, but were considered
to be of no biological significance. The only treatment related effect of toxicological significance
was confined to the testes of male rats exposed to 50,000 ppm. There was a statistically significant
increase in the weight of the testes of controls and there was an increased incidence of Leydig cell
hyperplasia and benign Leydig cell tumours (see Table 3). The no-effect level was considered to

be 10,000 ppm tetrafluoroethane (Hext and Parr-Dobrzanski, 1993).

Discussion

The benign tumours of the testicular interstitial cells (Leydig cell adenoma) are common in the
ageing rat. The spontaneous incidence of this tumour type is variable from one strain to another,
ranging from a few percent in Sprague Dawley rats up to 100% in some Wistar derived and in
Fisher 344 rats (Bar, 1992). These tumours do not usually progress to malignancy in the rat (e.g.
no malignant Leydig cells tumours found in several thousands of control Fisher rats) (Boorman et al,
1990, lawata et al, 1991). Benign Leydig cell tumours appear late in life and are not life-threatening

to rats. They are associated with the senescence process. Leydig cells secrete sex hormones
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Table 3 Effect of HFC 134a on the pathology of the rat testis

Exposure concentration (ppm)*
Numbers of animals with® (n = 85) 0 2,500 10,000 50,000
Leydig cell hyperplasia 27 25° 31 40
Leydig cell adenoma 9 7° 12 23**

Exposures were for 6 h/d, 5 d/wk for up to 104 weeks

Data includes all animals from interim, intercurrent and terminal killings
Data from 79 animals

Significantly different from control values p < 0,01 (Fisher's exact test)

jtoow

(e.g. testosterone, dihydroandosterone, oestradiol). The high incidence of hyperplasia and tumours
of these testicular cells in old rats is thought to be related to senile endocrine disturbance (Mostofi
and Price, 1973).

Various conditions have been shown to increase Leydig cell hyperplasia or tumour incidence in the
rat including senility per se, and oestrogenic treatments (Mostofi and Bresler, 1976). In addition, an
increased incidence of Leydig cell tumours has been described with a large number of substances
covering a wide variety of chemical structures e.g. isradipine (Roberts et al, 1989), mesulargine
(Prentice ef al, 1992), cimetidine (Leslie et al, 1992), hydralazine, carbamazepine (Giriffith, 1988)

and even such a common dietary component as lactose (Bar, 1992).

Tetrafluoroethane (as well as the substances mentioned above), does not demonstrate mutagenic
activity (see Section 8.6). This leads to the conclusion that the increased incidence of Leydig cell
tumours observed in the long-term rat study with tetrafluoroethane is attributable to a non-genotoxic
mechanism. Non-genotoxic mechanisms have been frequently associated with hormonal
imbalances, especially in imbalance of sex hormones (Neuman, 1991). At present, a detailed

understanding of the non-genotoxic mechanism has not been established for tetrafluoroethane.

Findings of the 2-year inhalation study with tetrafluoroethane indicate that Leydig cell hyperplasia
and tumours occurred late in life and were not associated with increased mortality. Thus, the basic
characteristics of the spontaneous appearance of this type of neoplasm in the rat were not changed
by tetrafluoroethane, suggesting that the chemical simply tends to exaggerate the hormonal

disturbances linked with senility.

Moreover, in contrast to the rat, the Leydig cell tumour occurrence in man is extremely low,

representing less than 3% of all testicular neoplasms (Mostofi and Price, 1973). The rarity of
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Leydig cell tumours in human beings as compared to the high spontaneous incidence in the rat

make the relevance of the rat findings to man highly questionable.

Consequently the increased frequency of the benign Leydig cell tumours observed in rats exposed
to tetrafluoroethane at the high concentration of 212,500 mg/m® (50,000 ppm) is considered not to

indicate a tumourigenic risk to man.

8.8 OTHER INFORMATION

The working group is aware of an additional toxicology programme for the pharmaceutical

application of tetrafluoroethane. The results of this programme were not available to the working

group.
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SECTION 9. EFFECTS ON MAN

No adverse health effects from exposure to tetrafluoroethane have been reported.

The American Industrial Hygiene Association's Workplace Environmental Exposure Level (WEEL)
Commitee assigned tetrafluoroethane an occupational exposure limit (8-hour time weighted
average) of 1,000 ppm (4,250 mg/m® (AIHA, 1991).



1,1,1,2-Tetrafluoroethane

27

BIBLIOGRAPHY

AFEAS, 1992. Proceedings of the AFEAS Workshop:
Atmospheric Wet and Dry Deposition of Carbonyl and
Haloacetyl Halides. Brussels, 22 September 1992

AIHA 1991. Workplace Environmental Exposure Level
Guide. 1,1,1,2-Tetrafluoroethane.  American Industrial
Hygiene Association, Akron, OH 44320, USA.

Anderson D and Richardson CR, 1979. Arcton 134a: A
cytogenetic Study in the Rat. CTL Study No.: SR0002. ICI,
CTL.

Araki A, 1991. Report on Reverse Mutation Assay in
Bacteria on Tertafluoroethane. Japan Bioassay Laboratory,
Study Nos. 5292 & 5312. Japan Industrial Safety and
Health Association.

Asakura M, 1991. Report on a chromosomal Aberration
Test of 1,1,1,2-Tetrafluoroethane in cultured mammalian
Cells. Japan Bioassay Laboratory, Report No. 5879, Japan
Industrial Safety and Health Association.

Bar A, 1892. Significance of Leydig cell neoplasia in rats
fed lactitol and lactose. J. Am. Coll. Toxicol. 11, 189-207.

Boorman GA, Chapin RE and Mitsumori K, 1990. Testis
and Epididymis. Pathology of the Fischer Rats 24, 405-
418,

Brusick DJ, 1976. Mutagenicity Data of Genetron 134a.
Final Report, LBl Project No. 2683 (unpublished data)
Litton Bionetics.

Callander RD and Priestley KP, 1990. HFC 134a. An
Evaluation using the Salmonella Mutagenicity Assay, CTL
Report No. CTL/P/2422 (unpublished data). ICI, CTL.

Collins MA, 1984, HFC 134a: Acute foxicity in rats to
tetrafluotoethane. Unpublished data from ICI, CTL.

Collins MA, Rusch GM, Sato F, Hext PM and Millischer
JR, 1994. Toxicity studies of 1,1,1,2-Tetrafluoroethane, a
hydrofluorocarbon alternative to chlorofluorocarbons. Fund.
Appl. Toxicol. in press.

Coleman CA and Thompson RS, 1990. HFC 134a.
Determination of the acute toxicity to Pseudomonas
putida, ICl, unpublished report No BL3980/B. ICl, CTL.

De Flaun MF, Ensley BD and Steffan RJ, 1992. Biological
oxidation of hydrochlorofluorocarbons (HCFC's) by a
methanotrophic bacterium. Bio/Technology 10(12), 1576-
1578.

Ellis MK, Gowans LA, Green T and Tanner RJN, 1993,
Metabolic fate and disposition of 1,1,1,2-tetrafluoroethane
(HCFC134a) in the rat following a single exposure by
inhalation. Xenobiotica 93, 719-729.

Edney EO and Driscoll DJ, 1992. Chlorine Initiated
Photooxidation Studies of Hydrochlorofluorocarbons
(HCFCs) and Hydrofluorocarbons (HFCs): Results for
HCFC-22 (CHCIF,); HFC-41(CH,F); HCFC-124
(CCIFHCF,,. HFC-125 (CF,CHF,); HFC-134a (CF,CH,F);
HCFC-142b (CCIF,CH,); and HFC-152a (CHF,CH,). Int.
J. Chem. Kinet. 24, 1067-1081.

Franklin J, 1993. The Atmospheric Degradation and
Impact of 1,1,1,2-Tetrafluoroethane (Hydrofluorocarbon
134a). Chemosphere 27(8), 1565-1601.

Griffith RW, 1988. Carcinogenic Potential of Marketed
Drugs. J. Clin. Res & Drug Develop, 2, 141-144

Hardy CJ, Sharman IJ and Clark GC, 1991. Assessment
of Cardiac Sensitisation in Dogs. Comparison of HFA 134a
and A12. CTL Report No.: CTL/C/2521. ICI, CTL.

Harris JW, Jones JP, Martin JW, LaRosa AC, Olson MJ,
Pohl LR and Anders MW, 1992, Pentahaloethane-Based
chlorofluorocarbon substitutes and Halothane: correlation
of in vivo hepatic protein trifluoroacetylation and urinary
trifluoroacetic acid excretion with calculated enthalpies of
activation. Chem. Res. Toxicol. 5, 720-725.

Hext PM, 1989. "90 day Inhalation Toxicity Study in the
Rat". Report No. CTL/P/2466. ICI, CTL.

Hext PM and Parr-Dobrzanski RJ, 1993. HFC 134a: 2
Year Inhalation Toxicity Study in the Rat. Report No.
CTL/P/3841. Zeneca, CTL, .

Hodge MCE, Anderson D, Bennett IP and Weight TM,
1979. Arcton 134a: Dominant Lethal Study in the mouse.
ICl, CTL.

Hodge MCE, Kilmartin M, Riley RA, Weight TM and
Wilson J, 1980. Arcton 134a: Teratogenicity Study in the
Rat. ICI, CTL.

IPCC, 1994. Intergovernmental Panel on Climate Change.
Radiative Forcing of Climate Change. The 1994 Report of
the Scientific Assessment Group. Summary for Policy
Makers. p28

lawata H, Hirouchi Y, Koike Y, Yamakawa S, Kobayashi
K, Yamamoto T, Kobayashi K, Inoue H and Enomoto M,
1991.  Historical control data in non-neoplastic and
neoplastic lesions in F344/DuCrj rats. J. Toxicol. 4, 1-24,

Kennedy GL, 1979a. Acute Inhalation Toxicity Study of
Tetrafluoroethane (FC 134a). Haskell Laboratory, Report
No 422-79, Du Pont de Nemours and Company, Newark
DE 19711, USA.

Kennedy GL, 1979b. Subacute Inhalation Toxicity of
Tetrafluoroethane (FC 134a). Haskell Laboratory, Report
No. 228-79. E.l. Du Pont de Nemours and Company,
Newark, DE 19711, USA.



28 ECETOC Joint Assessment of Commodity Chemicals No. 31

Ko MKW, Sze ND, Rodriguez JM, Weisenstein DK, Heisey
CW, Wayne RP, Biggs P, Canosa-Mas CE, Sidebottom
HW and Treacy J, 1994. CF, Chemistry: Potential
Implications for Stratospheric Ozone. Geophys. Res. Leit.
21(2), 101-104.

Leslie GB, Noakes DN, Poliitt FD, Roe FJC and Walker
TF, 1981. A two year toxicity study with cimetidene in the
rat: assessment for chronic toxicity and carcinogenicity.
Toxicol. Appl. Pharmacol, 61, 119-137.

Longstaff E, Robinson M, Bradbrook C, Styles JA and
Purchase IFH, 1984. Genotoxicity and Carcinogenicity of
Fluorocarbons: Assessment by short-term in vitro Tests
and chronic Exposure in Rats. Toxicol. Appl. Pharmacol.
72, 15-31.

Lu, M, 1981, 1,1,1,2-Tetrafluoroethane (FC-134a):
Embryo-Foetal Toxicity and Teratogenicity Study by
Inhalation in the Rat. Haskell Laboratory (unpublished
data). E.l. Du Pont de Nemours and Company, Newark,
DE 19711, USA.

Mackay, JM, 1990. HFC 134a: An Evaluation in the in vitro
cytogenetic Assay in Human Lymphocytes. CTL Report
No CTL/P/2977. ICI, CTL.

Mostofi FK and Bresler VM, 1976. Tumours in the testes.
IARC Sci. Publ. 23, 325-350,

Mostofi FK and Price EB, 1973. Tumours of the testis,
Leydig cell tumor in: Tumours of the male genital system.
Armed Forces Institute of Pathology (AFIP) Fascicle 8,
reprint 1987, 86-99.

McCulloch A, 1993. Bundestag, Verantwortung fir die
Zukunft - Wege zum nachhaltigen Umgang mit Stoff- und
Materialstromen. Zwischenbericht der Enquete-
Kommission "Schutz des Menschen und der Umwelt;
Bewertungskriterien und Perspektiven flr
umweltvertragliche Stoffkreislaufe in der
Industriegesellschaft" des 12. Deutschen Bundestages.
Economica Verlag.

Mercier O, 1989. HFA -134a: Test to determine the Index
of primary cutaneous lIrritation in the Rabbit. Report No.
911422, Hazleton, France.

Mercier O, 1990. HFA - 134a: Test to evaluate the ocular
Irritation in the Rabbit. Report No. 912349. Hazleton,
France,

Mercier O, 1990. HFA - 134a: Test top evaluate the
sensitising Potential by topical applications in the Guinea
Pig. The epicutaneous Maximisation Test. Report No.
001380. Hazleton, France.

Mullin LS, 1979, FC 134a: Cardiac sensitisation. Haskell
Laboratory, report No 42-79. E.I. Du Pont de Nemours
and Company, Newark, DE 19711, USA.

Mdller W and Hofmann T, 1989. CFC 134a: Micronucleus
Test in male and female NMRI Mice after Inhalation.
Pharma Research Toxicology and Pathology, Study No.
88.1244. Hoechst AG, Germany.

Neumann F, 1991, Early indicators for carcinogenesis in
sex-hormone sensitive organs. Mutat. Res. 248, 341-356.

Olson, MJ, Johnson JT, Kim SG, Novak RF and Reidy
CA, 1990. Oxidation of 1,1,1,2-Tetrafluoroethane (R-134a)
in Rat Liver Microsomes is catalysed primarily by
Cytochrome P450llEl. General Motors Research
Laboratories, USA.

PAFT, 1990. Measurement of the 1-octanocl/water partition
coefficient of 1,1,1,2-tetrafluoroethane. Kurume Research
Laboratories Report No 80222. Programme for alternative
fluorocarbon toxicology testing. Toxicology Forum, PAFT |
and Il (1989) Toulouse,France.

Prentice DE, Siegel RA, Donatsch F, Qureshi S and Ettlin
RA, 1892. Mesulergine induced Leydig cell tumours, a
syndrome involving the pituitary-testicular axis of the rat.
Arch. Toxicol. Suppl.15.

Ravishankara AR, Turnipseed AA, Jensen NR, Barone S,
Mills M, Howard CJ and Solomon S, 1994, Do
Hydrofluorocarbons Deplete Stratospheric Ozone?
Science 263, 71-75.

Reidy CA, Johnson JT and Olson MJ, 1990. Metabolism in
vitro of fluorocarbon R-134a. Toxicologist 10(1), Abstract
1295, 324.

Riley RA, Bennett IP, Chart IS, Gore CW, Robinson M and
Weight TM, 1979. Arcton 134a: Sub-acute Toxicity to the
Rat by Inhalation. ICI, CTL.

Roberts AS, Nett TM, Hartman HA, Adams TE and Stoll
RE, 1989. SDZ 2006110 Induces Leydig Cell Tumors by
Increasing Gonadropins in Rats. J. Am. College of
Toxicol. 8,3, 487-505,

Roberts G, 1993. Carving up the HFC Market. European
Chemical News Process Review, October 1993, 13-16.

Shulman M and Sadove MS, 1967. 1,1,1,2-
Tetrafiuoroethane: An Inhalation Anaesthetic Agent of
intermediate Potency. Anesth. Analg. Current Researches
46(5), 629-633.

STEP/AFEAS, 1993, Proceedings of the STEP-
HALOCSIDE/AFEAS Workshop Kinetics and Mechanisms
for the Reactions of Halogenated Organic Compounds in
the Troposphere. Dublin, 23-25 March 1993.

Stewart KM and Thompson RS, 1990. HFC 134a:
Determination of the acute toxicity to Daphnia magna. ICI
unpublished report BL3908/B. ICI, CTL.

Thompson RS, 1990. HFC 134a: Determination of the
acute toxicity to rainbow trout (Salmo gairdneri). ICI report
No BL4035/B). ICI, CTL.

Tobeta V, 1989. Test of biodegradability of HFC 134a by
microorganisms. Report No 11598, Kurume Research
Laboratories. Fukuoka, Japan.

Trueman RW, 1990. Fluorocarbon 134a: Assessment for
the Induction of unscheduled DNA synthesis in Rat
Hepatocytes in vivo. CTL Study No. SR0337. ICI, CTL.



1,1,1,2-Tetrafluoroethane

29

Tuazon EC and Atkinson R, 1993. Tropospheric
Degradation Products of CH,FCF, (HFC-134a). J. Atmos.
Chem. 16(4), 301-312.

UKRGAR, 1990. Acid Deposition in the United Kingdom
1986-1988. Third Report of the United Kingdom Review
Group on Acid Rain, September 1990.

Visscher PT, Culbertson CW and Oremland RS, 1994.
Degradation of trifluoroacetate in oxic and anoxic
sediments: rapid bacterial mineralization of an atmospheric
hydrofluorocarbon product. Nature, accepted for
publication.

Webb C and Winfield J, 1992, New Routes to Alternative
Halocarbons. Chemistry in Britain, November 1992, 996-
997 and 1002.

WMO, 1989. World Meteorological Association. Global
Ozone Research and Monitoring Project, Report No. 20.
Scientific Assessment of Stratospheric Ozone: 1989.
Volume Il, Appendix: AFEAS Report.

WMO, 1991. World Meteorological Association. Global
Ozone Research and Monitoring Project, Report No. 25.
Scientific Assessment of Ozone Depletion: 1991.



30 ECETOC Joint Assessment of Commodity Chemicals No. 31

MEMBERS OF THE TASK FORCE

D. Mayer HOECHST
D - Frankfurt am Main

M. Collins ICl CHEMICALS AND POLYMERS
GB - Cheshire

C. De Rooij SOLVAY
B - Brussels

J. Franklin SOLVAY
B - Brussels

S. Magda SOLVAY PHARMA DEUTSCHLAND
D - Hannover

G. Malinverno AUSIMONT/MONTECATINI GROUP
| - Milan

R.J. Millischer ELF ATOCHEM
F - Paris

G.M. Rusch ALLIED SIGNAL Inc.

USA - Morristown, NJ

H.J. Trochimowicz E.l. DU PONT DE NEMOURS
USA - Newark, DE

W. Haebler ECETOC
B - Brussels



1,1,1,2-Tetrafluoroethane

31

MEMBERS OF THE SCIENTIFIC COMMITTEE

(Peer Review Committee)

W. F. TORDOIR (Chairman), Head, Occupational
Health and Toxicology Division

H. VERSCHUUREN (Vice-Chairman), Head,
Toxicology Department

0. C. BOCKMAN, Scientific Advisor

N. G. CARMICHAEL, Toxicology Director Worldwide
H. DE HENAU, European Technical Centre,
Professional and Regulatory Services

A. DE MORSIER, Head, Ecotoxicology

P. A. GILBERT, Head, Environmental Division

I. J. GRAHAM-BRYCE, Head, Environmental Affairs
B. HILDEBRAND, Director, Experimental Toxicology
J. R. JACKSON, Director, Medicine and Health
Science

K. KOUNSTLER, Head, Biological Research

H. LAGAST, Chief Medical Officer

E. LOSER, Head, Institute of Industrial Toxicology

R. MILLISCHER', Chief Toxicologist

I. F .H. PURCHASE!', Director, Central Toxicology
Laboratory

' Stewards responsible for primary peer review

SHELL
NL - Den Haag

DOW EUROPE
CH - Horgen

NORSK HYDRO
N - Porsgrunn

RHONE-POULENC
F - Lyon

PROCTER AND GAMBLE

B - Brussels

CIBA-GEIGY
CH - Basel

UNILEVER
GB - Port Sunlight

SHELL
NL - Den Haag

BASF AG
D - Ludwigshafen

MONSANTO EUROPE
B - Brussels

HENKEL
D - Disseldorf

SOLVAY
B - Brussels

BAYER
D - Wuppertal

ELF ATOCHEM
F - Paris

ZENECA
GB - Macclesfield



LIST OF ECETOC PUBLICATIONS (continued inside back cover)

MONOGRAPHS

No. Title

No. 1 Good Laboratory Practice. Oct 79

No. 2 Contribution to Strategy for Identification and Control of Occupational Carcinogens. Sep 80

No. 2 Definition of a Mutagen, for 6th Amendment. Sep 80

No. 3 Risk Assessment of Occupational Chemical Carcinogens. Jan 82

No. 4 Hepatocarcinogenesis in Laboratory Rodents : Relevance for Man. Oct 82

No. 5 identification and Assessment of the Effects of Chemicals on Reproduction and Development (Reproductive Toxicology). Dec 83
No. 6 Acute Toxicity Tests, LDg,(LCqo) Determinations and Alternatives. May 85

No. 7 Recommendations for the Harmonisation of International Guidelines for Toxicity Studies. Dec 85

No. 8 Structure-Activity Relationships in Toxicology and Ecotoxicology: An Assessment. Feb 86

No. 9 Assessment of Mutagenicity of Industrial and Plant Protection Chemicals. Jun 87

No. 10 Identification of Immunotoxic Effects of Chemicals and Assessment of their Relevance to Man. Aug 87
No. 11 Eye lrritation Testing. Jun 88

No. 12 Alternative Approaches for the Assessment of Reproductive Toxicity (with emphasis on embryotoxicityeratogenicity). Nov 89
No. 13 DNA and Protein Adducts: Evaluation of their Use in exposure Monitoring and Risk Assessment. Oct 89
No. 14 Skin Sensitisation Testing. Mar 80

No. 15 Skin Irritation. Jul 90

No. 16 Mutation Research, Special Issue: Early Indicators of Non-Genotoxic Carcinogenesis. Jun 91

No. 17 Hepatic Peroxisome Proliferation. May 92

No. 18 Evaluation of the Neurotoxic Potential of Chemicals. Sep 82

No. 19 Respiratory Allergy. Aug 93

No. 20 Percutaneous Absorption. Aug 93

No. 21 Immunotoxicity: Hazard Identification and Risk Characterisation. Sep 94

No. 22 Evaluation of Chemicals for Oculotoxicity. Nov 94

JACC REPORTS

No.

No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
Ne.
No.
No.

X~ O OND =

W WMNDMNDNMN NN NDNM & —& - o ot & & & 2 = D
L5 OO VNOAEAON 200D ADTRON = O

Title

Joint Assessment of Commodity Chemicals, Melamine. Feb 83

Joint Assessment of Commodity Chemicals, 1,4-Dioxane. Feb 83

Joint Assessment of Commodity Chemicals, Methyl Ethyl Ketone. Feb 83

Joint Assessment of Commodity Chemicals, Methylene Chloride. Jan 84

Joint Assessment of Commodity Chemicals, Vinylidene Chloride. Aug 85

Joint Assessment of Commodity Chemicals, Xylenes. Jun 86

Joint Assessment of Commodity Chemicals, Ethylbenzene. Aug 86

Joint Assessment of Commadity Chemicals, Methyl Isobutyl Ketone. May 87

Joint Assessment of Commodity Chemicals, Chlorodifluoromethane. Oct 89

Joint Assessment of Commodity Chemicals, Isophorone. Sep 89

Joint Assessment of Commodity Chemicals, (HFA-132b) 1,2-Dichloro-1,1-Difluoroethane. May 90
Joint Assessment of Commodity Chemicals, (HFA-124) 1-Chloro-1,2,2,2-Tetrafiuoroethane. May 90
Joint Assessment of Commodity Chemicals, (HFA-123) 1,1-Dichloro-2,2,2-Trifluoroethane. May 90
Joint Assessment of Commodity Chemicals, (HFA-133a) 1-Chloro-2,2,2-Trifluoromethane. Aug 90
Joint Assessment of Commodity Chemicals, (HFA-141B) 1-Fluoro 1,1-Dichloroethane. Aug 80

Joint Assessment of Commodity Chemicals, (HCFC-21) Dichlorofluoromethane. Aug 80

Joint Assessment of Commodity Chemicals, (HFA-142b) 1-Chlore-1,1,Difluoroethane. Feb 91

Joint Assessment of Commodity Chemicals, Vinylacetate. Feb 91

Joint Assessment of Commodity Chemicals, Dicyclopentadiene. Jul 91

Joint Assessment of Commodity Chemicals, Tris-/Bis-Mano-(2-ethylhexyl)phosphate, May 92

Joint Assessment of Commodity Chemicals, Tris-(2-butoxyethyl)-phosphate. Mar 92

Joint Assessment of Commodity Chemicals, Hydrogen Peroxide. Jan 93

Joint Assessment of Commodity Chemicals, Polycarboxylate Polymers as Used in Detergents. Nov 93
Joint Assessment of Commodity Chemicals, (HFC-125) Pentaflucroethane. May 94

Joint Assessment of Commodity Chemicals, (HCFC-124) 1-Chloro-1,2,2,2-Tetrafluoroethane. Jul 94
Joirt Assessment of Commodity Chemicals, Linear Polydimethylsiloxanes (viscosity 10-100,000 centisokes). Sep 94
Joint Assessment of Commodity Chemicals, n-Butyl Acrylate. CAS No. 141-32-2. Aug 94

Joint Assessment of Commodity Chemicals, Ethyl Acrylate. CAS No. 140-88-5. Sep 94

Joint Assessment of Commodity Chemicals, 1,1-Dichloro-1-Fluoroethane (HCFC-141b) CAS No 1717-00-6. Feb 95
Joint Assessment of Commodity Chemicals, Methyl Methacrylate. CAS No. 80-62-6. In Press

Joint Assessment of Commodity Chemicals, 1,1,1,2-Tetrafluoroethane (HFC-134a) CAS No. 811-97-2. Feb 85



TECHNICAL REPORTS

No. Title

No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.

No.
No.
No.
No.
No.

No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.

O ~NO O AW =

DD MNDMDMNDNMNDMNDND = = L (D
O DN DO AW =200 ®®~NOOOosEWN—2O

30(5)
31
32
33
34

35
36
37
38
39

41

ELREERER

49
50
51
52
53
54
556
56
57
58
59
60
61
62

Assessment of Data on the Effects of Formaldehyde on Humans. May 81

The Mutagenic and Carcinogenic Potential of Formaldehyde. May 81

Assessment of Test Methods for Photodegradation of Chemicals in the Environment. Aug 81

The Toxicology of Ethylene Glycol Monoalkyl Ethers and its Relevance to Man. Jul 82

Toxicity of Ethylene Oxide and its Relevance to Man. Sep 82

Formaldehyde Toxicology: an Up-Dating of the ECETOC Technical reports 1 and 2. Sep 82

Experimental Assessment of the Phototransformation of Chemicals in the Atmosphere. Sep 82

Biodegradation Testing: An Assessment of the Present Status. Nov 83

Assessment of Reverse-Phase Chromatographic Methods for Determining Partition Coefficierts. Dec 83

Considerations Regarding the Extrapolation of Biological Data in Deriving Occupational Exposure Limits. Feb 84

Ethylene Oxide Toxicology and its Relevance to Man : An Up-Dating of ECETOC Technical Report no.5. Mar 84

The Phototransformation of Chemicals in Water : Results of a Ring-Test. Jun 84

The EEC 6th Amendment : A Guide to Risk Evaluation for Effects on the Environment. Mar 84

The EEC 6th Amendment : A Guide to Risk Evaluation for Effects on Human Health. Mar 94

The Use of Physical-Chemical Properties in the 6th Amendment and their Required Precision, Accuracy and Limiting Values. Jun 84
A review of Recent Literature on the Toxicology of Benzene. Dec 84

The Toxicology of Glycol Ethers and its Relevance to Man : An Up-Dating of ECETOC Technical Report no.4. Apr 85
Harmonisation of Ready Biodegradability Tests. Apr 85

An Assessment of Occurrence and Effects of Dialkyl-o-Phthalates in the Environment. May 85

Biodegradation Tests for Poorly-Soluble Compounds. Feb 86

Guide to the Classification of Carcinogens, Mutagens and Teratogens Under the 6th Amendment. Feb 86

Classification of Dangerous Substances and Pesticides in the EEC Directives. A Proposed Revision of Criteria for Inhalational Toxicity. 87
Evaluation of the Toxicity of Substances to be Assessed for Biodegradability. Nov 86

The EEC 6th Amendment : Prolonged Fish Toxicity Tests. Oct 86

Evaluation of Fish Tainting. Jan 87

The Assessment of Carcinogenic Hazard for Human Beings Exposed to Methylene Chloride. Jan 87

Nitrate and Drinking Water. Jan 88

Evaluation of Anaerobic Biodegradation. Jun 88

Concentrations of Industrial Organic Chemicals Measured in the Environment: The Influence of Physico- Chemical Properties, Tonnage and Use Pattern.
Jun 88

Existing Chemicals : Literature Reviews and Evaluations. 94

The Mutagenicity and Carcinogenicity of Vinyl Chloride : A Historical Review and Assessment. Jul 88

Methylene Chloride (Dichloromethane) : Human Risk Assessment Using Experimental Animal Data. May 88

Nickel and Nickel Compounds : Review of Toxicology and Epidemiology with Special Refererice to Carcinogenesis. Feb 89
Methylene Chloride (Dichloromethane) : An Overview of Experimental Work Investigating Species, Differences in Carcinogenicity and their Relevance to Man.
Mar 88

Fate, Behaviour and Toxicity of Organic Chemicals Assaciated with Sediments. Jan 90

Biomonitoring of Industrial Effluents. Apr 90

Tetrachloroethylene : Assessment of Human Carcinogenic Hazard, May 90

A Guide to the Classification of Preparations Containing Carcinogens, Mutagens and Teratogens. Jul 90

Hazard Assessment of Floating Chemicals After an Accidental Spill at Sea. Jul 90

Hazard Assessment of Chemical Contaminents in Soil. Aug S0

Human Exposure to N-Nitrosmaines, Their Effects and a Risk Assessment for n-Nitrosodiethanolamine in Personal Care Products. Aug 90
Critical Evaluation of Methods for the Determination of N-Nitrosamines in Personal Care and Household Products. Feb 91
Emergency Exposure Indices for Industrial Chemicals. Mar 91

Biodegradation Kinetics, Sep 91

Nickel, Cobalt and Chromium in Consumer Products: Allergic Contact Dermatitis. Mar 92

EC 7th Amendment: Role of Mammalian Toxicokinetic and Metabolic Studies in the Toxicological Assessment of Industrial Chemicals. May 92
EC 7th Amendment: 'Toxic to Reproduction' - Guidance on Classification, Aug 92

Eye Irritation: Reference Chemicals Data Bank. Aug 92

Exposure of Man to Dioxins: A Perspective on Industrial Waste Incineration. Sep 92

Estimating the Environmental Concentrations of Chemicals Using Fate and Exposure Models. Nov 92

Environmental Hazard Assessment of Substances. Jan 93

Styrene Toxicology Investigations on the Potential for Carcinogenicity. Nov 92

DHTDMAC: Aquatic and Terrestrial Hazard Assessment. CAS No. 61789-80-8. Feb 93

Assessment of the Biodegradation of Chemicals in the Marine Environment. Aug 93

Pulmonary Toxicity of Polyalkylene Glycols. (in preparation)

Aguatic Toxicity Data Evaluation. Dec 93

Polypropylene Production and Colorectal Cancer. Feb 94

Assessment of Non-Occupational Exposure to Chemicals. May 94

Testing For Worker Protection. May 94

Trichloroethylene: Assessment of Human Carcinogenic Hazard. May 94

Environmental Exposure Assessment. Sep 94

Ammonia Emissions to Air in Western Europe. Jul 94



Responsible Editor: D. A. Stringer, ECETOC
Av. E. Van Nieuwenhuyse, 4 (Bte 6)

B - 1160 Brussels, Belgium

D-1995-3001-118



