VINYL FLUORIDE

This substance was considered by a previous Wor&raup in February 1995
(IARC, 1995). Since that time, new data have becex@lable, and these have been
incorporated into the monograph and taken intoideretion in the present evaluation.

1. Exposure Data

1.1 Chemical and physical data

1.1.1 Nomenclature

From IARC (1995) and IPCS-CEC (1997)

Chem. Abstr. Serv. Reg. N65-02-5

Chem. Abstr. Namé&luoroethene

IUPAC Systematic NamEluoroethylene

Synonymsl-Fluoroethene; 1-fluoroethylene; monofluoroethenonofluoroethylene
RTECS No.YZ7351000

UN TDG No. 1860 (stabilized)

EINECS Na.200-832-6

1.1.2 Structural and molecular formulae and relative molecular mass

H H
\ /
C=C
/ \
H F
C2H3F Relative molecular mass: 46.04

1.1.3 Chemical and physical properties of the pure substance

From IARC (1995), IPCS-CEC (1997), Ebnesajjad (2004d Lide (2005), unless
otherwise specified
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Description Compressed liquefied gas with characteristic gdmay travel
along the ground; distant ignition possible

Boiling-point —72.2°C

Melting-point —160.5°C

Spectroscopy datdnfrared (prism [30864]; grating [48458P]) and andl15]
spectral data have been reported.

Solubility: Slightly soluble in water (15.4 g/L at 6.9 MPa)

Vapour pressure370 psi [2.553 MPa] at 2C

Relative vapour density (air =:1).6

Reactivity Reacts with alkali and alkaline earth metals, giened aluminium,
zinc and beryllium.

Density:0.636 at 22C

Stability in water: The HYDROWIN Program (v1.67) cannot estimate a
hydrolysis rate constant for this chemical strugtuolatilization is a major fate
process for vinyl fluoride in water; volatilizatidralf-lives of 2 and 23.5 h have
been estimated for a model river (1 m deep) andbdehpond (2 m deep),
respectively (Lymaiet al, 1990).

Octanol/water partition coefficienog Ry, 1.19 (Meylan & Howard, 1995)
Flash-point: Flammable gas

Auto-ignition temperature&85°C

Explosive limits (vol. %) in ai2.6-21.7

Chemical dangerThe substance may polymerize freely; it deconpase
heating to produce hydrogen fluoride.

Conversion factormg/nT = 1.88x ppnt

Technical products and impurities

Vinyl fluoride is available commercially at a pyribf 99.9%; 0.1%d-limonene (see
IARC, 1993) is added as a stabilizer (IARC, 1995).

1.15

Analysis

Vinyl fluoride has been determined in workplace aollected in poly(tetra-
fluoroethylene) bags and analysed by gas chronaibgr(Oser, 1980). Non-specific
methods that involve fluorescence spectrophotonaetdychemiluminescence have been
reported (Quickertt al, 1975; Suttoret al, 1979).

! Calculated from: mg/fr= (relative molecular mass/24.46ppm, assuming normal temperature (25
°C) and pressure (101.3 kPa)
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1.2 Production and use

1.2.1 Production

Vinyl fluoride was first prepared by the reactidni¢l-difluoro-2-bromoethane with
zinc. Most approaches to vinyl fluoride synthesisehemployed reactions of acetylene
with hydrogen fluoride either directly or utilizincatalysts. Other routes have involved
ethylene and hydrogen fluoride, pyrolysis of 1 fludroethane and fluorochloroethanes,
reaction of 1,1-difluoroethane with acetylene aaldfen exchange of vinyl chloride with
hydrogen fluoride (Siegmuret al, 1988; Ebnesajjad, 2001).

Use of vinyl fluoride in the Member States of thar@pean Union in 1991 was
estimated to be about 3600 tonnes (Environmentaintals Data and Information
Network, 1993). In 1994, vinyl fluoride was produced bg campany each in Japan and
the USA (Chemical Information Services, 1994). Aainproduction in the USA was
above one million pounds [454 000 kg] in 1990 apdraximately 3.3 millions pounds
[1.5 million kg] in 2001 (National Toxicology Pragm, 2005).

1.2.2 Use

Since the 1960s, vinyl fluoride has mainly beerdugethe production of polyvinyl
fluoride (PVF) and other fluoropolymers. PVF homiypters and copolymers have
excellent resistance to degradation by sunlightngbal attack, water absorption and
solvents, and have a high solar energy transmitteatte. These properties have resulted
in the utilization of PVF film and coating in outdoor and iodfunctional and decorative
applications. These films have found use where thetataility, outdoor durability, stain
resistance, adherence and release propertiesjanede(Ebnesajjad, 2001).

PVF is converted to a thin film by plasticized mektrusion and is sold under the
trade marks Tedlar PVF fiim and Dalvor. The growmmgrket for solar panels has
increased the demand for photovoltaic materiall agcTedlar and has forced the manu-
facturer to boost its production of vinyl fluori@upont, 2007).

1.3 Occurrence

1.3.1 Natural occurrence

Vinyl fluoride is not known to occur as a naturedgiuct.

1.3.2 Occupational exposure

No estimates of the number of workers exposednyl fluoride are available.

The concentration of vinyl fluoride in air was detined at a manufacturing and at a
polymerization plant in the USA. The concentrationseight samples taken at the
manufacturing plant were generally <2 ppm [3.76/mig but a level of 21 ppm
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[39.5 mg/mi] was reported in one personal sample. The coratimts in seven personal
samples taken in the polymerization plant weredpa [1.88—7.52 mg/fhand those in
four general area samples were 1-5 ppm [1.88-9@in@ser, 1980).

1.3.3  Environmental exposure

No data were available to the Working Group on remvnental exposure to vinyl
fluoride.

1.4 Regulations and guidelines

Table 1 presents the few guidelines that are dkailor the workplace in various
countries, regions or organizations.

Table 1. Guidelines for levels of vinyl fluoride in the workpace

Country/region or TWA (ppm) STEL (ppm) Carcinogenicity Notes
Organizations
Canada

Alberta 1

Ontario 1
Ireland 1
Japan-JSOH 2A
New Zealand A2
USA

NIOSH REL 1 5 (ceiling)

ACGIH TLV 1 A2

From ACGIH' Worldwide (2005)

2A/A2, suspected human carcinogen; ACGIH, AmeriCanference of Governmental Industrial
Hygienists; JSOH, Japanese Society of Occupatidealth; NIOSH, National Institute of
Occupational Safety and Health; REL, recommend@dsxre limit; STEL, short-term exposure
limit; TLV, threshold limit value; TWA, time-weigled average

2. Studies of Cancer in Humans

No data were available to the Working Group.
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3. Studies of Cancer in ExperimentaAnimals

3.1 Inhalation exposure

3.1.1 Mouse

Groups of 80 or 81 male and 80 or 81 female Crl:CD-1(ICR)B#®,rapproximately
47 days of age, were exposed by inhalation to 0238 or 2500 ppm [0, 47, 470 or
4700 mg/m vinyl fluoride (purity > 99.94%) for 6 h per dan 5 days per week for up
to 18 months. Animals in the 250- and 2500-ppm groups wied Wihen survival of the
groups reached approximately 25% (after 375 and d#B@ for high-dose males and
females and 412 and 459 days for mid-dose male$eamales, respectively). Surviving
control and low-dose mice of each sex were killetha scheduled termination of the
study at 18 months. The survival rates for the control@ametlbse groups were 58% and
22%, respectively, for both sexes. All organs afitcd and high-dose animals were
examined microscopically; only nose, lungs, livikidneys, gross lesions and target
organs of animals in all other groups underwentasimopic evaluation. The mice were
evaluated after necropsy at intervals of 0-6 ark8 fonths. Statistical analyses of the
overall tumour incidence were not conducted becadfighe varying durations of ex-
posure to vinyl fluoride. An early, significant iiease in the incidence of lung tumours
(bronchioalveolar adenomas) was observed in maléisei 250- and 2500-ppm groups
and in females in the 2500-ppm group that were kits®l monthsp(< 0.05). The overall
incidence of primary lung tumours (alveolar-brootdni adenomas and adeno-
carcinomas) in males was 11/81 controls, 45/80 apd% 52/80 at 250 ppm and 56/81 at
2500 ppm and that in females was 9/81 (controfg®®at 25 ppm, 47/80 at 250 ppm and
53/81 at 2500 ppm. Hepatic angiosarcomas occurreld8il control, 16/80 low-dose,
42/80 mid-dose and 42/81 high-dose males and ih &@&trol, 13/81 low-dose, 25/80
mid-dose and 32/81 high-dose females. Mammary gifmhocarcinomas were seen
only in female mice that were necropsied betweand 18 months of observation and
occurred in 0/62 controls and 22/60, 20/65 and4l@@imals exposed to 25, 250 and
250 ppm, respectively. Two fibroadenomas and onamay adenoma also occurred in
the high-dose group. The incidence of Harderiandyledenomas was increased in both
sexes of exposed animals that survived beyond @hsioihe incidence in males was
3/66 controls and 13/68, 12/66 and 31/62 mice egbde 25, 250 and 2500 ppm,
respectively; in females, the incidence was 1/G#trots and 7/61, 6/66 and 12/66 mice
exposed to increasing concentrations of vinyl fluoridspeetively. No carcinomas of the
Harderian gland were seen. The overall (aggregat&ence of tumours in the lungs,
liver (haemangiosarcomas and hepatocellular turjodesderian gland and mammary
gland is summarized in Table 2. Although the inc@eof hepatocellular adenomas was
not dose-dependent, the decreased tumour laterergased multiplicity and associated
increase in putatively preneoplastic basophili¢ fied to the conclusion that the tumours
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observed in males in the 25 ppm-treated group vedsiged to exposure to vinyl fluoride
(Bogdanffyet al, 1995).

Table 2. Incidence of primary tumours of the liver,lung, mammary gland and
Harderian gland in mice exposed to vinyl fluoride ly inhalation for up to 18 months

Tumour type Tumour-bearing mice/no. examined

Concentration (ppm) [mg/th

0 25 [47] 250[470] 2500 [4700]
Males
Liver
Haemangiosarcoma 1/81 16/80 42/80 42/81
Hepatocellular adenoma 7/81 15/80 5/80 3/81
Hepatocellular carcinoma 2/81 2/80 1/80 0/81
Lung
Primary lung tumour 11/81 45/80 52/80 56/81
Bronchioalveolar adenoma 11/81 45/80 52/80 56/81
Bronchioalveolar adenocarcinoma 1/81 1/80 4/80 4/81
Harderian gland adenoma 3/81 13/80 12/80 31/81
Females
Liver
Haemangiosarcoma 0/81 13/80 25/80 32/81
Hepatocellular adenoma 0/81 0/81 1/80 0/81
Lung
Primary lung tumour 9/81 24/80 47/80 53/81
Bronchioalveolar adenoma 9/81 24/80 47/80 53/81
Bronchioalveolar adenocarcinoma 0/81 1/80 1/80 3/81
Mammary gland
Adenocarcinoma 0/81 22/81 20/80 19/81
Harderian gland adenoma 1/81 7/81 6/80 12/81

From Bogdanffyet al (1995)

3.1.2 Rat

Groups of 95 male and 95 female Sprague-DawleyGDFBR) rats, approximately
40 days of age, were exposed by inhalation to 0238 or 2500 ppm [0, 47, 470 or
4700 mg/m vinyl fluoride (purity > 99.94%) for 6 h per dan 5 days per week for up
to 2 years. Ten rats per group were killed on tests 275 and 276 for interim
examination. Because of high mortality, rats in268- and 2500-ppm groups were killed
when the percentage of surviving animals in eaclugmreached approximately 25%
(657 days and 586 days for all surviving animalsha 250-and 2500-ppm groups,
respectively). All surviving control and low-dosairaals were killed at the scheduled
termination of the study (2 years). The survivéésdor control and low-dose groups at
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the end of the study were 25% and 20% (males) &bt @nd 15% (females), respec-
tively. The rats were evaluated after necropsyntgrvals of 0—-12, 13-18 and 19-24
months. Statistical analyses of the overall tuniocidence were not conducted because
of the varying durations of exposure to vinyl fliae: An early appearance of liver and
Zymbal gland tumours was observed at the 12-mordluation. Exposure of the rats to
vinyl fluoride for up to 2 years caused an incréaghbe incidence of haemangiosarcomas
of the liver and Zymbal gland carcinomas in maled females and hepatocellular
adenomas and carcinomas in females. The overall incidehgmaurs in rats exposed to
vinyl fluoride for up to 2 years is summarized iable 3 (Bogdanffet al, 1995).

Table 3. Incidence of primary tumours of the liver and Zymtal gland in rats
exposed to vinyl fluoride by inhalation for up to 2 years

Tumour type Tumour-bearing rats/no. examined

Concentration (ppm) [mg/th

0 25 [47] 250[470] 2500 [4700]
Males
Liver
Haemangiosarcoma 0/80 5/80 30/80 20/80
Hepatocellular adenoma 1/80 4/80 4/80 4/80
Hepatocellular carcinoma 4/80 6/80 6/80 3/80
Zymbal gland
Carcinoma, sebaceous/squamous-cell 0/80 2/80 3/80 11/80
Females
Liver
Haemangiosarcoma 0/80 8/80 19/80 15/80
Hepatocellular adenoma 0/80 4/80 9/80 5/80
Hepatocellular carcinoma 0/80 0/80 0/80 3/80
Zymbal gland
Carcinoma, sebaceous/squamous-cell 0/80 0/80 1/80 12/80

From Bogdanffyet al (1995)

4. Mechanistic and Other Relevant Data

4.1 Absorption, distribution, metabolism and excretion
41.1 Humans

No data were available to the Working Group.
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4.1.2 Experimental systems

The limited available data on the absorption, ithistion, metabolism and excretion
of vinyl fluoride in experimental systems have beeviewed previously (IARC, 1995).
The following section summarizes the salient femtaf the studies reviewed at that time,
as well as significant new information on the meliain and pharmacokinetics of vinyl
fluoride in experimental animals.

Vinyl fluoride is readily absorbed after inhalati@ilser & Bolt, 1979, 1981). The
very low solubility of vinyl fluoride in tissues dnblood suggests that it rapidly
equilibrates within the body during inhalation espies. The low blood:air and tissue:air
partition coefficients (0.54—1.82 in rats) indicatdow volume of distribution for vinyl
fluoride. Moreover, a fat:blood partition coeffinteof 2.4 for this chemical indicates that
it is unlikely to be stored to a significant extémtthe adipose tissues (Cantoreggi &
Keller, 1997).

The metabolic pathways of vinyl fluoride are thoutghbe similar to those of vinyl
chloride and vinyl bromide (National Toxicology Prag, 1999). The initial oxidation of
vinyl fluoride results in the formation of fluordstiene oxide and is probably mediated
by cytochrome P450 (CYP) 2E1, as indicated by thibiition of the metabolism of vinyl
fluoride by 4-methylpyrazole (Cantoreggi & Kelldr997). Vinyl fluoride, similarly to
vinyl chloride, is shown to mediate in-vitro nicotinamalienine dinucleotide phosphate-
dependent inactivation of CYP (Ortiz de Montellatal, 1982).

In-vitro studies with human liver microsomes indézhthat the apparent affinity for
the metabolism of vinyl fluoride (Michaelis-Menteanstant, 0.5 uM) and the maximum
velocity (0.57-3.3 nmol/h/mg protein) were in tlaane range as those found in rodents
(Cantoreggi & Keller 1997). However, considerabigeiindividual variation in maxi-
mum velocity (sixfold) was observed in 10 humangiasi(Cantoreggi & Keller,1997).

The saturation of vinyl fluoride metabolism occatsabout 75 ppm [143 mgffrin
rats (Filser & Bolt, 1979). Both in-vitro and inva metabolism studies indicated that the
rate of metabolism of vinyl fluoride is about thitiees greater in mice than in rats (3.5
versus 1.1 nmol/h/mg protein) (Cantoreggi & KellE®97). Pharmacokinetic data also
indicate that the rate of biotransformation of viflybride in rats is about one-fifth that of
vinyl chloride (Filser & Bolt, 1979). Administratioof vinyl fluoride to rats results in
increased exhalation of acetone, which implies rdnbition of Krebs cycle by the
fluoroacetate that results from vinyl fluoride nimiism (Filseret al, 1982).

Fluoride appears to be a metabolite of vinyl fldersince it is found in the urine of
rats 6 days after exposure. The concentrationsi@fide in the urine of rats were found
to be increased 45 and 90 days after exposurehiajaiion to 200 or 2000 ppm [382 or
3820 mg/m vinyl fluoride for 6 h per day on 5 days per wdek about 90 days. A
plateau was observed at about 2000 ppm [3820 thgihich suggests saturation of
vinyl fluoride metabolism (Bogdanffgt al, 1990). When rats and mice were exposed to
0, 25, 250 or 2500 ppm [0, 47, 470 or 4700 n‘?};/v'myl fluoride for 18 months, a
plateau of urinary excretion of fluoride was seern 260 ppm (Bogdanffet al, 1995).
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4.2 Genetic and related effects

4.2.1 Humans

No data were available to the Working Group.

4.2.1 Experimental systems

(@ DNA adducts

Vinyl fluoride metabolites form covalent DNA addsicthat are similar to those
formed by metabolites of vinyl chloride. These um® N7-(2-oxoethyl)guanine
(7-OEG), N? 3-ethenoguanine\{,3€G), 1N ®-ethenoadenine andNB/-ethenocytosine.
Target cell populations for angiosarcomas in vifiyoride-exposed rats are non-
parenchymal cells, which contain mol¢,3€G than hepatocytes and have lower
expression of the associated DNA-repair enzyWamethylpurine—DNA glycosylase
(Swenberget al, 1999; Holtet al, 2000). Other vinyl fluoride-induced DNA adducts
were not measured in these animals.

During a 2-year study, rats and mice were exposed bievilody inhalation to 0, 25,
250 or 2500 ppm [0, 47, 470 or 4700 mg/miny! fluoride for 6 h per day on 5 days per
week. Tissues were collected after 12 months ftectien of 7-OEG andG adducts in
liver DNA. Similarly to vinyl chloride, a supraliae response was observed §& as
well as 7-OEG due to saturation of metabolic atibwa The number of 7-OEG adducts
in preweanling rats was two to three times gretitan that in adults. Exposure for
12 months to 25 ppm vinyl fluoride caused a 2.8-fivicrease ireG in mice and a
3.5-fold increase in rats compared with controlsnice, a linear relationship between the
incidence of angiosarcomas and the numbet@fadducts was observed, while rats
showed a sublinear relationship between 250 an@ ppth due to an increase in cell
proliferation. Hepatocytes and non-parenchymalscedre isolated: non-parenchymal
cells contain little or no CYP2E1; however, aftavdeks of exposure, non-parenchymal
cells contained 1.2 + 0.9 pmel/umol guanine while hepatocytes contained 0.4 pmol
€G/umol guanine which was due to a lower expressionNahethylpurine—DNA
glycosylase (a DNA-repair enzyme) in non-parenchytelis (Swenbergt al, 1999).

(b) Mutations and other related effects

Vinyl fluoride is mutagenic irSalmonella typhimuriupChinese hamster ovary cells
and Drosophila melanogastesind induces micronucleus formation in the boneromar
cells of female micén vivo (IARC, 1995).

Ten rat and 10 mouse liver angiosarcomas from 4ap study of Bogdanffgt al
(1995) were analysed for the presence of point tou&in Kitas exon 1 and Haas
exon 2 by polymerase chain reaction, single-st@dformational polymorphism and
sequencing. No specific hot-spot mutation coulddemtified, although some samples
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displayed a shifted band of low intensity in thegi-strand conformational poly-
morphism analysis (Boivin-Angegt al, 2000).

4.3 Mechanisms of carcinogenesis

The metabolism of vinyl fluoride is thought to bmigar to that of vinyl chloride and
vinyl bromide, and occurs at similar rates in huprabhand mouse livers (Cantoreggi &
Keller, 1997). Vinyl fluoride is probably activateég CYP2EL1 to 2-fluoroethylene oxide,
which rearranges to 2-fluoroacetadehyde (ldbdl, 2000). Exposure of mice and rats to
vinyl fluoride results in the formation ®*3-€G, one of the promutagenic adducts that
may be implicated in the mutagenicity and carcinagigy of vinyl chloride.

5. Summary of Data Reported

5.1 Exposure data

Vinyl fluoride is a flammable gas that is produced in a lidhitamber of countries. It
is used predominantly for the production of polyVifiuoride and other fluoride poly-
mers. The use of vinyl fluoride is increasing. Wawekmay be exposed during the manu-
facture of vinyl fluoride monomer and during protiloe of the polymers.

5.2 Cancer in humans

No data were available to the Working Group.

5.3 Cancer in experimental animals

Vinyl fluoride was tested by inhalation in one stunl rats and one study in mice. It
increased the incidence of haemangiosarcomas  d@tes of mice and rats. Vinyl
fluoride also increased the incidence of tumoursheflung and Harderian gland ade-
nomas in male and female mice and mammary glandurgin female mice, and that of
Zymbal gland carcinomas in male and female ratsdritepatocellular neoplasms in
female rats.

54 Mechanistic and other relevant data

Vinyl fluoride is readily absorbed after inhalatiothe metabolic pathways of vinyl
fluoride are thought to be similar to those of Viciyloride and vinyl bromide. The initial
oxidation results in formation of fluoroethyleneidi; a reaction that is probably medi-
ated by cytochrome P450 2E1. In-vitro studies midichat the rate of vinyl fluoride
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metabolism in human liver microsomes is comparalitie that in rodent cells. Pharma-
cokinetic data indicate that the metabolism of Miuoride is saturated at about 75 ppm
(1140 mg/m) in rats.

Fluoroethylene oxide and fluoroacetaldehyde arealadites of vinyl fluoride that
can form DNA adducts that are similar to those fmirby metabolites of vinyl chloride.
These includéN7-(2-oxoethyl)guanosine and the cyclic adductsrettieoxyguanosine,
ethenodeoxyadenosine and ethenodeoxycytidine, whah cause miscoding by
modifying base-pairing sitesN7-(2-Oxoethyl)guanosine and ethenodeoxyguanosine
adducts were found in the liver of rats and mice after f.gfeaxposure to vinyl fluoride.

In addition, a correlation between the amount ef@thenodeoxyguanosine adducts and
the incidence of vinyl fluoride-induced angiosareamwas observed in both species.

Vinyl fluoride was shown to be mutagenic in baetefChinese hamster ovary cells
andDrosophila

6. Evaluation and Rationale

6.1 Carcinogenicity in humans

There ignadequate evidende humans for the carcinogenicity of vinyl fluceid

6.2 Carcinogenicity in experimental animals

There issufficient evidencén experimental animals for the carcinogenicityvofyl
fluoride.

6.3 Overall evaluation

Vinyl fluoride is probably carcinogenic to humans (Group 2A).

6.4 Rationale

In making the overall evaluation, the Working Graapk into consideration the fact
that all available studies showed a consistenttglieh response between vinyl fluoride
and vinyl chloride. In addition, both vinyl chloadand vinyl fluoride are activated via a
cytochrome P450 2E1-dependent pathway to theiegponding epoxides. For both vinyl
chloride and vinyl fluoride, the covalent bindin§ these compounds to DNA vyields
promutagenic etheno adducts. The weight of positivdence for both compounds was
also noted among the studies for genotoxicityoalgh the number and variety of tests
for vinyl fluoride were fewer. For practical purgss vinyl fluoride should be considered
to act similarly to the human carcinogen, vinylociue.
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