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INEOS Fluor Limited 
PO Box 13, The Heath 
Runcorn, Cheshire 
WA7 4QF 
United Kingdom 

www.ineosfluor.com 
Office of Premarket ApprovaI @FS-200) 
Center for Food Safety and Applied Nutrition 
Food and Drug Administration 
200 c St sw 
Washington, DC 20204 

Our Ref. Direct Line Ext Date 
fgcr48al . 01928 515081 508 1 23 August 2001 

Dear SirIMadam 

Subject:  Notice of GRAS exemption for 1,1,1,2-tetrafluoroethane (HFC-134a) 
I -e. Pursuant to the proposed rule outline at 62 Fed. Reg. 18939 (April 17, 1997) INEOS Fluor Ltd. 

hereby submits notification that the use of 1,1,1,2-tetrafluoroethane (HFC-134a) as an extraction 
solvent in the production of food flavors and flavorings is exempt from the premarket approval 
requirements of the Federal Food, Drug and Cosmetic Act because the notifier has determined that 
such  use is generally recognized as safe (GRAS). 

To facilitate your review, this notification is submitted in triplicate in the format suggested under 
proposed 21 C.F.R. 3 170.36(c), see 62 Fed. Reg. at 18961. Also enclosed is an electronic copy 
(Microsoft Word 97) of the GRAS Exemption Claim (GRAS Exemption Claim for HFC-134a.doc) 
and Additional Information (GRAS Additional Information for HFC-134a.doc) documents. 

Sincerely 

Dr Gareth C Robinson 
Specialty Products Regulatory Manager 
INEOS Fluor Ltd. 

D 
OFFICE OF 

PREMARKET APPROVAL 

http://www.ineosfluor.com




GRAS EXEMPTION CLAIM 

INEOS Fluor  Ltd.  hereby  claim  that  the  use of 1,1,1,2-tetrafluoroethane (HFC-134a)  as  an 
extraction  solvent in  the  production of flavors  and  flavorings for foods  is  exempt  from  the 
premarket  approval  requirements of the  Federal  Food,  Drug  and  Cosmetic  Act  because we 
have  determined  that  such  use of HFC-134a is generally  recognized  as  safe  (GRAS). 

(1) Name and  address of the notifier: 

Gareth  C  Robinson, D. Phil, 
Speciality  Products  Regulatory  Manager 
INEOS Fluor Ltd. 
Runcorn  Technical  Centre 
P.O. Box  13 
The Heath,  Runcorn 
Cheshire WA7 4QF 
United  Kingdom 

01 1-44-1928-518-022 
01  1-44-1928-580-541 

(2) Common or usual name of the  substance  that is the  subject of the GRAS exemption 
claim: 

1 , 1,1,2-Tetrafluoroethane, HFC-  134a 

(3) Applicable  conditions of use of the notified  substance: 

(a) Foods  in which the  substance is to be used: 

Food  flavors  and  flavorings. 

(b) Levels of use  in  such foods: 

Maximum  specification  residue  in  the  food  flavor  extract  is  1000  ppm. 

(c) Purposes for which  the  substance is used: 

Extraction  solvent  for  food  flavors  and  flavorings. 

(d) Description of the  population  expected to consume the  substance: 

Members of the  population  who  consume  foods  containing  flavors  or  flavorings. 
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(4) Basis  for  the GRAS determination 

The basis of the  GRAS determination is scientific procedures. 

(5) Review  and  Copying  Statement 

The data and information that are the basis for INEOS Fluor Ltd.'s GRAS detemination are 
available for the Food and Drug  Administration's  (FDA's)  review and copying at  reasonable 
times at the offices of the notifier, or will be sent to FDA upon request. 

Dr Gareth C Robinson 

r l  
" 

Please address correspondence to: 

Diane B McColl 
Hyman Phelps and McNamara, P.C. 
700 Thirteenth Street, N.W. 
Suite 1200 
Washington, D.C. 20005 

Telephone: 202 737 4291 

23rd August 2001 
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(1) Identity Of  The Notified Substance 

(a) Chemical Name 
1, 1,1,2-tetrafluoroethane (HFC- 134a) 

(b) Chemical Abstracts Service (CAS) Registry Number 
8 1 1-97-2 

(c) Empirical Formula 
C2F4H2 

(d) Structural Formula 

F H  

(e) Method of Manufacture 
=-= -~ 

Industrial grade, or  crude 1, 1,1,2-tetrafluoroethane (HFC- 134a) is produced by the 
reaction of trichloroethylene with hydrogen fluoride in the presence of chromium-based 
catalysts. The manufacturing process is a gas phase reaction with 2-chloro- 1 , 1 , 1 - 
trifluoroethane  as an intermediate and hydrogen chloride as  the major by-product. In the 
production of HFC- 134a for use as a flavor extraction solvent, crude l , l ,  1,2- 
tetrafluoroethane,  which  must comply with  the appropriate specification, is fed into a 
two-stage process  where it undergoes fbrther purification in discrete batches. The 
composition of  the batch is confirmed by analysis and if satisfactory, the batch is 
transferred to storage tanks. 

(9 Characteristic Properties 

At room temperature and pressure, HFC-134a is a colorless gas with a faint ethereal odor. 

(g) Any Content of Potential Human Toxicants 

None. 
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” n (h) Specifications for Food-Grade Material 

There  are  no  intermediates in the process for  the manufacture of HFC- 134a intended for 
use as  an  extraction  solvent in the production of flavors and flavorings. The specification 
for HFC-134a contains tests for appearance, identity by gas chromatography  (GC) and 
infrared spectroscopy (IR), water content, acidity, high boiling matter, non-condensable 
gases, content of organic impurities, and purity. Product specifications  are  presented in 
Appendix A. This range of tests is the  same as those applied to HFC-  134a used in 
medical applications and is similarly considered to ensure satisfactory quality of the 
material for use  as an extraction solvent in the production of flavors and flavorings. The 
specification for HFC- 134a includes a test for impurities by GC. The named compounds 
in the specification are considered to be potential impurities in the synthesis of HFC- 
134a. Limits  are  set for these impurities which are routinely, or potentially found in the 
output from  the manufacture of HFC- 134a. Hydrogen chloride, hydrogen fluoride and 
water are potential impurities which may be observed in HFC-134a. The content of 
hydrogen chloride and hydrogen fluoride is controlled by a limit of not more than 0.1 
ppm applied to acidity. The limit of  not more than 10 ppm w/w for  water content has 
been set based on  experience with the manufacture and handling  of production scale 
batches of HFC- 134a. 

+ p - %  
(2) Information On Any Self-Limiting Levels Of Use 

None. 

(3) Detailed Summary Of  The Basis For The Notifier’s Determination That A 
Particular Use Of  The Notified Substance is Exempt From The  Premarket 
Approval Requirements Of The Federal Food, Drug, And Cosmetic Act 
Because Such Use Is G U S  

Based on a critical review and evaluation of the scientific evidence, including u, a 
comprehensive  package of publicly available scientific information and data compiled 
from literature and other published sources  (including  comprehensive  reviews  of  the 
safety of HFC- 134a), as well as unpublished corroborating data provided by  Ineos  Fluor, 
Ltd., and additional data and information concerning the method of manufacture, the 
chemical and physical properties of the product, the product specifications and  analytical 
data, and the  conditions of intended use in production of food flavors and flavorings, 
independent experts qualified by scientific training and national and international 
experience  concluded that Ineos Fluor Ltd.’s HFC- 134a, meeting  appropriate food grade 
specifications and manufactured in accordance with current good manufacturing 
practices, is “generally recognized as safe” (“GRAS”) based on  scientific  procedures. A 
summary of the  basis for the experts’ determination of GRAS status is provided in the 

”? 
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enclosed “Qualified Experts’ Consensus Statement” prepared by Ian  C.  Munro,  Ph.D., 
” 
” FRCPath and Joseph F. Borzelleca, Ph.D. 

The  Scientific  Committee  on Food (SCF) of the European Commission accepted  the 
suitability of HFC-134a for use as  a solvent for flavor extraction on December 14, 1995 
(SCF,  1997).  The  Solvents  Directive (88/344/EEC) was subsequently amended by the 
European  Parliament and by the Council (97/60/EC). Additionally, in the United States, 
European Union, Canada,  Japan and other developed countries, HFC-134a is accepted for 
use in pharmaceutical applications, as  a propellant in metered dose inhalers (MDI) (U.S. 
FDA, 1998). 

(4) Probable Consumption of the Substance 

HFC-134a is intended to be used as an extraction solvent for  the  production of a variety 
of flavors used in foods. Flavor extracts  are prepared from plant materials  which  are 
continually washed with liquid HFC-l34a, under pressure at ambient  temperature,  for  a 
length of  time  suitable for extracting  the particular flavor or fragrance. The extract- 
containing solution is isolated and the HFC-134a solvent is evaporated,  condensed  and 
recycled for subsequent use, by compression and condensation. The initial flavor extract 
can  contain residual HFC-134a at levels of a few thousand ppm  (w/w).  A  residual  HFC- 
134a concentration  of 1,000 ppm  (w/w)  has been established as a  specification limit in 

specification limits by fbrther evaporation of the extract. 
=“ the resultant flavor extracts. Residual HFC- 134a levels can be reduced to within 

Under the assumption that foods contain 0.1 to 1 .O% flavor (FEMA,  personal 
communication)  and the adult daily diet is 3,000 g (U.S. FDA, 1999), the  consumption of 
flavors are in the range of 3-30 g per day. Assuming all flavors consumed are resultant 
from extraction  with HFC-134a and all contain the maximum specification  residue  of 
1,000 ppm, the daily intake of HFC- 134a is estimated to be 3-30  mg/person/day.  Using 
an adult reference weight of 60 kg, the body weight dose of HFC- 134a is estimated to be 
0.05-0.5 mg/kg body weight/day. Based on these assumptions, this intake  estimate is not 
only conservative, but likely overestimates exposure, since  not all flavors used in foods 
will contain residual HFC- 134a, 1,000 ppm represents the maximum residual HFC- 134a, 
and not all diets will include foods containing HFC-134a extracted flavors. 

For comparison, metered dose inhalers (MDIs)  deliver 75 mg HFC- 134a per inhalation 
dose  (Ventresca,  1995; Alexander et al., 1997). On a body weight basis  using  a 60  kg 
adult as reference, this is equivalent to 1.25 mg HFC-  134a/kg  body  weighthnhalation. 
Similarly, Harrison et al. (1996) used a 63 p1 inhaler valve  volume  and  described  the 
availability of 25 pl valves. Assuming  an HFC-134a liquid density of 1.207 g/ml,  the 
dose of HFC- 134a delivered per inhalation is approximately 76 or 30 mg with each of 
these  valve  volumes.  On  a body weight basis using  a  60  kg adult as  reference, this is 

~. ~~ equivalent to 1.25 or 0.5 mg  HFC-l34a/kg body weight/inhalation. It  is not atypical for 
~~ 
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individuals  using metered dose inhalers to require multiple inhalations  per day, hence 

approved for such  use and exposures  are considered safe.  Thus,  assuming MDI users to 
represent the population of greatest exposure to  HFC-l34a, the  consumption  of  the 
highest residual concentration of HFC- 134a in food, over a daily 24 hour period, would 
represent only 40% of the  acute exposure of a single 75 mg inhalation from an MDI 
device. 

-?- increasing  their  daily  dose of HFC- 134a (Ventresca, 1995). HFC-  134a has been 

(5) Basis For Concluding, In Light Of The Data And Information 
Described Above, That There Is Consensus Among Experts Qualified By  Scientific 
Training And Experience To Evaluate The Safety Of Substances Added To Food 
That There Is Reasonable Certainty That The Substance Is Not Harmful Under  The 
Intended Conditions Of Use 

See  the enclosed “Qualified Experts’ Consensus Statement: The Generally Recognized as 
Safe  (GRAS)  Status  of HFC-134a” by Ian  C. Munro, Ph.D.,  FRCPath and Joseph  F. 
Borzelleca, Ph.D. 



Additional  Information 
Page 5 

References 

Alexander,  D. J. 1995. Safety of propellants. J Aerosol Med 8(Suppl 1): S29-534. 

Alexander, D. J., Libretto, S. E., Adams, M. J., Hughes, E.  W.  and Bannerman, M. 1996. 
HFA-  134a  (1, 1, 1,2-tetrafluoroethane):  effects of inhalation exposure  upon 
reproductive performance, development and maturation of rats. Human Exp 
Toxicol 15: 508-5 17. 

Alexander, D. J., Mather,  A. and Dines G. D. 1997. A snout-only inhalation exposure 
system for use in rabbit teratology studies. Inhalation Toxicol9: 477-490. 

Anderson, D.  and Richardson, C. R. 1979. Arcton 134a:  A  cytogenetic  study in the rat. 
Report No. CTL/P/444, Imperial Chemical Industries Limited,  Central  Toxicology 
Laboratory. 

Ayres, J. G., Frost, C. D.,  Holmes,  W. F., Williams, D. R.  R. and Ward, S. M. 1998. 
Postmarketing  surveillance study of  a non-chlorofluorocarbon inhaler  according to 
the  safety  assessment of marketed medicines guidelines. BMJ 3 17: 926-930. 

Bar,  A. 1992. Significance of Leydig cell neoplasia in rats fed lactitol or  lactose. J Am 
Coll Toxicol 11: 189-207. 

Bleeker, E. R., Klinger, N. M., Ekholm, B. P., and Tinkelman, D. G. 1995. Twelve 
week  efficacy and safety comparison of salbutamol formulated with HFA- 134a 
and standard CFC propellant systems. Am J  Respir Crit Care  Med 15 1 : A58. 

Brusick, D. J. 1976. Mutagenicity data  of Genetron 134a. Final Report, LBI Project No. 
2683 (unpublished data) Litton Bionetics, as cited by SCF (1997). 

Callander, R.  D. and Priestley, K. P. 1990. HFC 134a - An evaluation using  the 
SulmovlelEa mutagenicity assay.  Report No. CTL/P/2422, IC1 Central  Toxicology 
Laboratory. 

Clegg, E. D., Cook, J. C., Chapin, R. E., Foster, P. M. D. and Daston, G. P. 1997. 
Leydig cell hyperplasia and adenoma formation: mechanisms and relevance to 
humans. Reprod Toxicol 1  1 : 107- 12 1. 

Collins, M. A., Rusch, G.  M., Sato, F., Hext, P. and Millischer, R-J. 1995. l , l ,  1,2- 
Tetrafluoroethane: Repeat exposure inhalation toxicity in the rat, developmental 

- n *  toxicity in the rabbit, and genotoxicity in vitro and in vivo. Fund  Appl  Toxicol 
~~ ~~ 
~~ 25:  27 1-280. 



Additional Information 
Page 5 

~n References (including those cited in Qualified Experts' Consensus Statement) 

Alexander, D. J.  1995. Safety of propellants. J Aerosol Med 8(Suppl 1): S29-S34. 

Alexander, D. J., Libretto, S. E., Adams, M. J., Hughes, E. W. and Bannerman, M. 1996. 
HFA- 134a (1, 1, 1, 2-tetrafluoroethane): effects of inhalation exposure upon 
reproductive performance, development and maturation of rats. Human Exp 
Toxicol  15: 508-5 17. 

Alexander,  D.  J., Mather, A. and Dines G. D. 1997. A  snout-only inhalation exposure 
system for use in rabbit teratology studies. Inhalation Toxicol 9:  477-490. 

Anderson, D. and Richardson, C. R. 1979. Arcton 134a: A cytogenetic study in the  rat. 
Report No. CTL/P/444, Imperial Chemical Industries Limited, Central  Toxicology 
Laboratory. 

Ayres, J. G., Frost, C. D., Holmes, W. F., Williams, D. R.  R. and Ward, S. M. 1998. 
Postmarketing surveillance study of a non-chlorofluorocarbon inhaler  according to 
the  safety  assessment of marketed medicines guidelines. BMJ  3 17: 926-930. 

Bar, A. 1992.  Significance  of  Leydig cell neoplasia in rats fed lactitol or lactose. J Am 
~~ Coll Toxicol  1  1 : 189-207. 

Bleeker, E. R., Klinger, N. M.,  Ekholm,  B. P., and Tinkelman, D. G. 1995.  Twelve 
week efficacy and safety comparison of salbutamol formulated with  HFA-  134a 
and  standard CFC propellant systems. Am  J Respir Crit  Care Med 15 1 : A58. 

Brusick, D. J. 1976. Mutagenicity data of Genetron 134a. Final Report,  LBI  Project No. 
2683 (unpublished data) Litton Bionetics, as cited by SCF (1 997). 

Callander, R. D.  and Priestley, K. P. 1990. HFC 134a - An evaluation  using  the 
Salmonella mutagenicity assay.  Report No. CTL/P/2422, IC1 Central Toxicology 
Laboratory. 

Clegg,  E. D., Cook, J. C., Chapin, R. E., Foster, P. M.  D. and Daston, G. P.  1997. 
Leydig cell hyperplasia and adenoma formation: mechanisms and relevance to 
humans. Reprod Toxicol 1  1 : 107- 12 1. 

Collins, M. A., Rusch, G.  M., Sato, F., Hext, P. and Millischer, R-J. 1995. 1,1,1,2- 
Tetrafluoroethane: Repeat exposure inhalation toxicity in the rat, developmental 

- 7  -" toxicity in the rabbit, and genotoxicity in vitro and in vivo. Fund Appl Toxicol 
~~ ~~ " 25: 271-280. 



Additional Information 
Page 6 

Donnell, D., Harrison, L. I., Ward, S., Klinger, N. M., Ekholm, B. P., Cooper, K. M., 
Porietis, E. and McEwen. 1995. Acute  safety  of  the  CFC-free  propellant  HFA- 
134a from a pressurized metered dose inhaler. Eur J. Clin Pharmacol 48: 473- 
477. 

Ellis, M. K., Gowans, L. A., Green, T. and Tanner, R. J. N. 1993. Metabolic  fate and 
disposition of 1, 1 , 1,2-tetrafluoroethane (HFC 134a) in rat following  a  single 
exposure by inhalation. Xenobiotica 23 : 7 19-729. 

Emmen, H.  H., Hoogendijk, E. M. G., Kliipping-Ketelaars, W. A. A., Muijser, H., 
Duistermaat, E., Ravensberg, J. C., Alexander, D. J., Borkhataria, D.,  Rusch, G. 
M. and Schmit, B. 2000. Human safety and pharmacokinetics of the  CFC 
alternative propellants HFC  134a (1,1,1,2-tetrafluoroethane) and HFC 227 
(1,1,1,2,3,3,3-heptafluoropropane) following whole-body exposure. J Reg  Toxicol 
Pharm 32(1): 22-35. 

EPA. 1988.  Recommendations and documentation of biological values used in risk 
assessment, PB- 179874. 

EPA.  1999. 1, I ,  1,2-Tetrafluoroethane. Integrated Risk Information  System *IRIS) on- 
,-+ line database. United States Environmental Protection Agency (U.S. EPA), 

Cincinnati,  OH. URL: http://www/epa.gov/iris/subst/index.html. 

Finch, J. R.,  Dadey, E. J., Smith, S. L., Harrison, L. I. and Digenis, G.  A. 1995. 
Dynamic  monitoring of total-body absorption by  I9F NMR spectroscopy:  one 
hour ventilation of HFA-134a in male and female rats. MRM 33: 409-4 13. 

Griffith, R. W. 1988. Carcinogenic potential of marketed drugs. J Clin Res  Drug 
Develop 2: 14 1 - 144. 

Hardy,  C. J., Sharman, I. J. and Clark, G. C. 1991. Assessment of cardiac  sensitization 
potential in dogs. Comparison of HFA-134a and A12. Report No. CTL/C/2521 
Huntingdon Research  Centre Ltd. 

Harris, J. W., Jones, J. P., Martin, J. L., LaRosa, A. C., Olson, M. J., Pohl, L. R. and 
Anders, M.  W. 1992. Pentahaloethane-based chlorofluorocarbon  substitutes and 
halothane: correlation of in vivo hepatic protein trifluoraacetylation and urinary 
trifluoroacetic acid excretion with calculated enthalpies of activation.  Chem Res 
Toxicol 5 :  720-725. 

http://www/epa.gov/iris/subst/index.html


Additional Information 
Page 7 

Harrison,  L. I., Donnell, D., Simmons, J. L., Ekholm, B. P., Cooper, K. M. and Wyld, P. 
c 3  " 

rrl_ 
~~ J. 1996. Twenty-eight-day double-blind safety study of an HFA- 134a  inhalation 

aerosol system in healthy subjects. J. Pharm Pharmacol 48: 596-600. 

Hext,  P. M. 1989. HFC 134a: 90-day inhalation toxicity study in the rat. Report No. 
CTL/P/2466, IC1 Central Toxicology Laboratory. 

Hext, P. M. and Parr-Dobrzanski, R. J. 1993. HFC 134a: 2 year inhalation toxicity 
study in the rat. Report No. CTL/P/384 1 Zeneca Central Toxicology Laboratory 

Hodge, M. C. E., Anderson, D., Bennett, I. P. and Weight, T.  M. 1979. Arcton 134a: 
Dominant lethal study in the mouse. Report No. CTLM437, Imperial  Chemicals 
Industries Limited, Central Toxicology Laboratory. 

Hodge, M. C. E., Kilmartin, M., Riley, R.  A,, Weight, T. M. and Wilson, J. 1980 Arcton 
134a: Teratogenicity study in the rat. Report  No.  CTL/P/417,  Imperial  Chemical 
Industries Limited, Central Toxicology Laboratory. 

Kennedy, G. L. 1979a. Acute inhalation toxicity study of tetrafluoroethane. Haskell 
Laboratory  Report No. 422-79. E. I. du Pont de  Nemours and Company. 

--% Kennedy, G. L. 1979b.  Subacute inhalation toxicity of  tetrafluoroethane  (FC 134a). 
Haskell Laboratory Report No. 228-79. E. I. du Pont de  Nemours  and  Company. 

Longstaff, E., Robinson, M., Bradbrook, C., Styles, J. A. and Purchase,  I. F. H. 1984. 
Genotoxicity and carcinogenicity of fluorocarbons: Assessment by short-term in 
vitro  tests and chronic  exposure in rats. Toxicol Appl Pharrnacol 72: 15-3 1. 

Lu, M. H. 198 1. 1, 1 , 1,2-Tetrafluoroethane (FC- 134a): Embryo-fetal toxicity and 
teratogencity study by inhalation in the rat. Haskell Laboratory for Toxicology 
and Industrial Medicine, Report No. 3 17-8 1. 

Mackay, J. M. 1990. HFC 134a: An evaluation in the in vitro cytogenetic assay in 
human lymphocytes. Report No. CTL/P/2977, IC1 Central Toxicology 
Laboratory. 

Mullin, L. S. 1979. FC 134a: Cardiac sensitization. Haskell  Laboratory,  Report No. 42- 
79.  E. I. du Pont  de  Nemours and Company. 

Olson, M. J., Reidy, C.  A. and Johnson,  J.  T. 1990a. Defluorination of 1,1,1,2- 
tetrafluoroethane (R- 134a) by rat hepatocytes. Biochem Biophys Res  Commun 

= =  ~= -" 166: 1390-1397. 
~~ 

" 

000014 



Additional Information 
Page 8 

Olson, M. J.,  Reidy, C. A., Johnson, J.  T. and Pederson, T.  C.  1990b.  Oxidative 
"- 
. .  defluorination of 1, 1 , 1,2-tetrafluoroethane by rat liver microsomes.  Drug metabol 

Disp 18: 992-998. 

Olson, M. J., Kim, S. G.,  Reidy,  C. A., Johnson, J.  T. and Novak,  R. F. 1991.  Oxidation 
of 1, 1,1,2-tetrafluoroethane in rat liver microsomes is catalyzed primarily by 
cytochrome P-450IIEl.  Drug Metab Disp 19: 298-303. 

Olson, M. J. and Surbrook, S. E., Jr. 1991. Defluorination of  the  CFC-substitute 1,1,1,2- 
tetrafluoroethane; comparison in human, rat and rabbit hepatic  microsomes.  Tox 
Lett 59: 89-99. 

Riley, R. A., Bennett, I.  P., chart, I. S., Gore,  C. W., Robinson, M. and Weight, T. M. 
1979.  Arcton 134a: Sub-acute toxicity to the rat by inhalation. Report No. 
CTL/P/463, Imperial Chemical Industries Limited, Central Toxicology 
Laboratory. 

SCF. 1997. Opinion  on  the safety in use of l , l ,  1,24etrafluoroethane as a  solvent for 
flavour extraction. (expressed on 14 December 1995) Food Science and 
Techniques. Commission of the European Communities  (EEC),  Scientific 
Committee for Food (SCF), Brussels, Belgium, (Reports of the Scientific 

= -  ." Committee for Food (38'h series))  No.  38. 
~~ ~~ 

Shulman, M. and Saddove, M. S. 1967. l , l ,  1,2-Tetrafluoroethane; an inhalation 
anesthetic  agent of intermediate potency. Anesth Analg 46: 629-633. 

Surbrook, S. E.,  Jr. and Olson, M. J. 1992. Dominant role of cytochrome P-450 2E1 in 
human  hepatic microsomal oxidation of the CFC-substitute l , l ,  1,2- 
tetrafluoroethane.  Drug  Metab  Disp  20:  5  18-524. 

Trueman, R.  Wu. 1990. HFC 134a: Assessment for the induction of unscheduled  DNA 
synthesis in rat hepatocytes in vivo. Report  No.  CTLlP.2550, IC1 Central 
Toxicology  Laboratory. 

U S .  FDA. 1998. Guidance for Industry.  Metered  Dose  Inhaler  (MDI) and Dry  Powder 
Inhaler  (DPI)  Drug Products. Center for Drug Evaluation and  Research  (CDER). 
October, 1998. 

U.S. FDA.  1999.  Guidance  For  Industry. Preparation of Premarket Notifications  for 
Food  Contact Substances: Chemistry Recommendations.  Center for Food Safety 
and Applied Nutrition, Office of Premarket Approval.  September, 1999. 



Additional Information 
Page 9 

Ventresca, G. P. 1995. Clinical pharmacology of HDA 134a. J Aerosal Med 8 (Suppll): .- 
~~ s35-s39. 

Vinegar, V., Cook, R., McCafferty, J., Caracci, M. and Jepson, G. 1997. Human 
inhalation of Halon 130 1,  HFC- 134a and HFC-227ea for collection of 
pharmacokinetic data with cover letter dated 08/27/1997. EPA/OTS Document# 
FYI-OTS-0897- 1295. 



Additional  Information 
Page 10 

Appendix A 

Product specifications of HFC-134a intended for use as an extraction solvent in the 
production of food flavors and flavorings. 

Specification Limits 
Appearance 
Water content  (ppm,  w/w) 

Colorless highly  volatile  liquid 

Identity 

- <o.o 1 High boiling  matter (Yo, v/v) 

- <o. I Acidity  (ppm, as hydrogen  chloride) 

- < I O  

by GC 

Concordant with the  spectrum of authentic I ,  I ,  I ,2 - by IR 

The  principal  peak in the GC chromatogram  corresponds with thc 
peak  produced by the  authentic  sample 

Tetrafluoroethane 

Impurities by GC  (ppm, w/w) 

Total  Impurity  Level - < 1000 
provided that within the total: 

2-Chloro- 1,1,1,2-tetrafluorethane 

( I  24) 

- <90 

(1  33a) 
- <3 2-Chloro-I, 1 , I  -trifluoroethane 

1, I ,  I-Trifluoroethane  (143a) 
- <800 1,1,2,2-Tetrafluoroethane ( 1  34) 

tetrafluoroethane (1  14) 
- <I5 1,2-Dichloro- 1,2,2,2- 

tetrafluoroethane ( 1  14a) 
- < I O  I ,  I -Dichloro- 1,2,2,2- 

99.9- 100.0 Purity  by GC (“h, w/w) 
- <5 Total unsaturated  impurities 

impurity 
- -3 (each) Any other identified  saturated 
- <80 
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QUALIFIED EXPERTS’ CONSENSUS STATEMENT: 
THE  GENERALLY RECOGNIZED AS SAFE (GRAS) STATUS OF HFC-134a 

AS AN EXTRACTION SOLVENT IN  FOOD FLAVORS & FLAVORINGS 

As independent scientific experts, qualified by training and relevant national and international 
experience to evaluate the safety of food and food ingredients, we have reviewed the HFC- 134a 
(1,1,1,2-tetrafluoroethane)’ product intended for use as an extraction solvent in the production of 
flavors and flavorings for foods, at  the request of Ineos Fluor Ltd. (“Ineos Fluor”). 

We critically evaluated a comprehensive package of publicly available scientific information and 
data compiled from literature and other published sources, including comprehensive reviews of 
the safety of HFC-l34a, as well as unpublished corroborating data and information. In addition, 
we evaluated data and information, provided by Ineos Fluor, concerning the method of 
manufacture, the chemical and physical properties of  the product, the product specifications and 
analytical data, and the conditions of intended use in the production of food flavors and 
flavorings. 

Following independent, critical evaluation of such data and information, and other pertinent 
information deemed necessary, we conclude that Ineos Fluor’s HFC- 134a product, meeting 
appropriate food grade specifications and manufactured in accordance with current good 
manufacturing practices, is “generally recognized as safe” (“GRAS”) based on scientific 
procedures under the conditions of intended use  as an extraction solvent in the production of 
food flavors and flavorings. A summary of the basis for our conclusion is provided below. 

Chemistry and Manufacturing Process 

At room temperature and pressure, HFC-134a (CAS No. 8 1 1-97-2) is a colorless gas with a faint 
ethereal odor. Industrial grade, or crude 1,1,1,2-tetrafluoroethane (HFC-134a) is produced by the 
reaction of trichloroethylene with hydrogen fluoride in the presence of chromium-based 
catalysts. The manufacturing process is a gas phase reaction with 2-chloro- 1,1,1 -trifluoroethane 
as an intermediate and hydrogen chloride as the major by-product. In the production of HFC- 
134a for use as a flavor extraction solvent, crude 1 ,1,1,2-tetrafluoroethane, which must comply 
with the appropriate specifications, is fed into a two-stage process where it undergoes further 
purification in discrete batches. The composition of the batch is confirmed by analysis and if 
satisfactory, the batch is transferred to storage tanks. 

1 Commonly used names for 1,1,1,2-tetrafluoroethane include HFC-134a and HFA-134a. 
For purposes of this report, we will use HFC-134a throughout (unless we quote an author 
that used a synonym). 
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Specifications for Food-Grade Material 

There are no intermediates in the process for the manufacture of HFC-134a intended kor use as 
an extraction solvent in the production of flavors and flavorings. The specification fair HFC- 
134a contains tests for appearance, identity by gas chromatography (GC) and infrareif 
spectroscopy (IR), water content, acidity, high boiling matter, non-condensable gasesi content of 
organic impurities, and purity. Product specifications are presented in Appendix A. +his range 
of tests is the same as those applied to HFC-134a used in medical applications and is imilarly 
considered to ensure satisfactory quality of the material for use as an extraction solvert in the 
production of flavors and flavorings. The specification for HFC- 134a includes a test for 
impurities by GC. The named compounds in the specification are considered to be potential 
impurities in the synthesis of HFC-134a. Limits are set for these impurities which ari  routinely, 
or potentially found in the output from the manufacture of HFC-134a. Hydrogen chlpride, 
hydrogen fluoride and water are potential impurities which may  be observed in HFCil34a. The 
content of hydrogen chloride and hydrogen fluoride is controlled by a limit of not rnq}e than 0.1 
ppm applied to acidity. The limit of not more than 10 ppm w/w for water content ha$ been set 
based on experience with the manufacture and handling of production scale batches df HFC- 
134a. :I 

Intended Use I 

HFC-134a is intended to be  used as an extraction solvent for the production of a variety of 
flavors used in foods. Flavor extracts are prepared from plant materials which are continually 
washed with liquid HFC-l34a, under pressure at ambient temperature, for a length ofltime 

P 
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suitable for extracting the particular flavor or fragrance. The extract-containing 
isolated and the HFC- 134a solvent is evaporated, condensed and recycled for 
compression and condensation. The initial flavor extract can contain residual 
of a few thousand ppm (w/w). A residual HFC-134a concentration of 1,000 
established as a specification limit in the resultant flavor extracts. Residual 
be reduced to within specification limits by further evaporation of the extract. I 

Under the assumption that foods contain 0.1 to 1 .O% flavor (FEMA, personal 
and the adult daily diet is 3,000 g (U.S. FDA, 1999), the consumption of 
of 3-30 g per day. Assuming all flavors consumed are resultant from 
and all contain the maximum specification residue of 1,000 ppm, the 
estimated to be 3-30 mg/person/day. Using an adult reference weight of 60 kg, the bbdy weight 
dose of HFC-134a is estimated to be 0.05-0.5 mg/kg body weight/day. Based on theie 
assumptions, this intake estimate is not only conservative, but likely overestimates eiposure, 
since not all flavors used in foods will contain residual HFC-l34a, 1,000 ppm repres 
maximum residual HFC-l34a, and not all diets will include foods containing HFC-1 
extracted flavors. 
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For comparison, metered dose inhalers (MDIs) deliver 75 mg HFC- 134a per inhalation dose 
(Ventresca, 1995; Alexander et al., 1997). On a body weight basis using a 60 kg adult as 
reference, this  is equivalent to 1.25 mg HFC-l34a/kg body weighthnhalation. Similarly, 
Harrison et al. (1 996) used a 63 pl inhaler valve volume and described the availability of 25 p.1 
valves. Assuming an HFC-134a liquid density of 1.207 g/ml, the dose of HFC-134a delivered 
per inhalation is approximately 76 or 30 mg with each of these valve volumes. On a body weight 
basis using a 60 kg adult as reference, this is equivalent to 1.25 or 0.5 mg HFC- 134dkg body 
weighthnhalation. It is not atypical for individuals using metered dose inhalers to require 
multiple inhalations per day, hence increasing their daily dose of HFC-134a (Ventresca, 1995). 
HFC-134a has been approved for such use and such exposures are considered safe. Thus, 
assuming MDI users to represent the population of greatest exposure to HFC- 134a, the 
consumption of  the highest residual concentration of HFC-134a in food, over a daily 24 hour 
period, would represent only 40% of the acute exposure of a single 75 mg inhalation from a MDI 
device. 

Current Regulatory Status 

The Scientific Committee on Food (SCF) of the European Commission accepted the suitability 
of HFC-134a for use as  a solvent for flavor extraction on December 14, 1995 (SCF, 1997). The 
Solvents Directive (88/344/EEC) was subsequently amended by the European Parliament and by 

4 the Council (97/60/EC). Additionally, in the United States, European Union, Canada, Japan, and 
other developed countries, HFC-134a is accepted for use as  a propellant in metered dose inhalers 
(MDIs) (U.S. FDA, 1998). 

Safety Database 

To obtain the necessary information, comprehensive searches of  the published scientific 
literature were conducted covering the period from 1966 to Feb. 2000. Medline and Toxline 
served as  the primary source of published literature on the safety of HFC-134aY with additional 
study reports provided by the supplier. Although most studies conducted in animals and humans 
have been through inhalation routes of exposure, the safety of ingested HFC- 134a can be inferred 
from the toxicological data compiled. 

Absorption,  Distribution,  Metabolism, and Excretion 

Absorption, distribution, metabolism, and excretion studies of HFC- 134a in animals and humans 
are limited to inhalation exposures; however, studies indicate poor absorption, rapid 
equilibration, minimal metabolism, and rapid excretion. In rats exposed to I4C-labelled HFC- 
134a for 1 hour, absorption of HFC-134a from the respiratory tract was poor, with the sum of 
radioactivity in the expired air, urine, and feces comprising only 1 % of the inhaled dose (Ellis et 
al. , 1993). Of this 1%, approximately two-thirds was exhaled within 1 hour as unchanged HFC- 
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~~ :? 134a. The remaining radioactivity was excreted within 24 hours of exposure primarily as carbon 
dioxide. Lesser amounts of radioactivity were recovered in the urine and feces. The only 
radiolabelled metabolite identified in the urine and feces was trifluoroacetic acid. Tissue 
analyses 5 days post exposure indicated a uniform distribution of radioactivity without 
accumulation in specific organs or fat. In humans, the administration of 20 pCi of I8F-HFC-  134a 
in 75  mg HFC-l34a,  as one inhalation dose, to 7 healthy males and 4 males with severe chronic 
obstructive pulmonary disease (COPD) demonstrated rapid elimination through ventilation for 
all subjects, with an apparent initial phase half-life of <5 minutes (Ventresca, 1995). At  10 
minutes after inhalation, only approximately 10% of radioactivity was retained. Ventresca 
(1995) concluded that “in both healthy subjects and severe COPD patients HFA 134a is rapidly 
eliminated by exhalation, with no accumulation in any region of the body, without significant 
metabolism, and with no accumulation on repeat dosing.” 

Cytochrome P-450 IIE1 -catalyzed oxidative defluorination is the predominant metabolic 
pathway for HFC- 134a in human, rabbit, and rat liver microsomes in  vitro, resulting in inorganic 
fluoride and trifluoroacetic acid (Olsen et al., 1990a,b; Olsen et  al., 199 1 ; Olsen and Surbrook, 
1991 ; Surbrook and Olsen, 1992). Ellis et al. (1  993) confirmed an oxidative metabolic pathway 
for HFC-134a in vivo, with metabolism to carbon dioxide and trifluoroacetic acid reported in 
exposed rats. Trifluoroacetylated proteins were  not detected in rats exposed to an atmospheric 
concentration of 10,000 ppm (42,500 mg/m’) HFC-134a for 6 hours, indicating that metabolism 
did not form radicals or other reactive intermediates, such as  a trifluoroacetyl halide (Harris et 

” = -~ al., 1992). 

Inhaled HFC- 1 34a is poorly absorbed, with arterial blood concentrations of HFC- 1 34a rapidly 
equilibrated and linearly correlated with atmospheric exposure concentrations. In rats, Riley et 
al. (1 979) reported the blood concentration of HFC-134a represented 0.129% the exposure 
concentration, In rats exposed to  2,500,  10,000  or 50,000 ppm HFC-134a by snout-only 
inhalation for 1 hour/day throughout gametogenesis, mating, pregnancy and lactation, Alexander 
et al. (1 996) reported a rapid elimination of HFC-134a without apparent accumulation on repeat 
dosing. In male rats, Alexander et  al. (1 996) reported a mean half-life of 5.8 minutes, with mean 
maximum blood concentrations of HFC-134a ranging from 2.9  to 68.2 mg/l during exposure on 
week 15 of the study. Similar observations were  reported with females exposed to 1,800, 9,900, 
or 64,400 ppm HFC- 134a for 1 hour/day on days 17 to 20 of pregnancy and days 1 to 2 1 post 
partum. Alexander et al. (1996) reported a mean half-life of 7 minutes, with mean maximum 
blood concentrations ranging from 1.3 to 69.0 mg/l during exposure on day 17 of pregnancy, to 
3.5 to  84.7 mg/l during second  week  post  partum exposure. In male and female rats exposed to 
an atmospheric concentration of 150,000  ppm HFC-134a through head-only inhalation for 60 
minutes, a steady state in vivo concentration of HFC- 134a of approximately 240 mg/kg body 
weight was obtained after 25 minutes of exposure (Finch et al., 1995).  Upon termination of 
exposure, HFC-134a was eliminated rapidly, without detected metabolites, following first-order 
kinetics with an estimated half-life of approximately 5 minutes in both male and female rats. In 
adult human males exposed to approximately 75 mg. HFC-134a per inhalation as  a propellant in 
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-~ -5 a 28-day MDI  study, Harrison et  al. (1 995) reported blood concentrations of HFC- 134a ranging 
from 0.3 to 1.2 mg/l (4 inhalations, 4 times per day) and from 0.6 to 2.4 mg/l (8 inhalations, 4 
times per day), one minute following final exposure. Approximately 15 minutes post exposure, 
blood concentrations of HFC-134a were reduced by >go% in both dosing procedures, and at 2 
hours post exposure, no HFC-134a was detected. Similarly, Donne11 el al. (1 995) reported a 
median HFC-134a blood concentration of approximately 0.5 mg/l, immediately following a 
cumulative dose exposure of 16 MDI inhalations (75 mghnhalation) in 12 healthy adult males. 
In healthy males exposed to a maximum of 10 inhalations, 75 mg HFC- 134a/inhalation, 4  times 
per day for 2 weeks, peak blood concentrations were variable and dose dependent, although in 
the range of 1.2-1.4 mg HFC-134dl within 30-60 seconds of single dose exposure (Ventresca, 
1995). In 8 healthy adults exposed to whole body atmospheric concentrations of 1,000,2,000, 
4,000 and 8,000 ppm HFC-l34a, Emmen et  al. (2000) reported a rapid absorption and rapid 
elimination of HFC-134a in both males and females. Blood concentrations of HFC-134a 
increased rapidly and were near maximum and equilibrium after 15 minutes of exposure. 
Maximum blood concentrations were dose dependent, with means of 1.0, 1.9,3.8 and 7.2 mg/l 
reported in males at exposure concentrations of 1,000,2,000,4,000 and 8,000 ppm HFC-l34a, 
respectively. Respective mean maximum blood concentrations were slightly lower in females. 
Following the exposure period, Emmen et al. (2000) reported the half-life of elimination to be 
independent of gender and exposure concentration, and biphasic in most subjects, with a mean 
initial phase half-life of 9 minutes. At 1 hour following exposure to 8,000 ppm HFC-l34a, mean 
blood concentration was <1 mg/l, and only one individual had a detectable level of HFC-134a at 

~~ ~~ ~~ E-= 
~~ 24 hours following exposure. 
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Mutagenicity/Genotoxicity 

The compilation of numerous in vitro and in vivo assays conducted with HFC- 134a indicate an 
absence of mutagenic and genotoxic potential (Brusick, 1976; Anderson and Richardson, 1979; 
Hodge et al., 1979; Longstaff et  al. , 1984; Callander and Priestley, 1990; Mackay, 1990; 
Trueman, 1990; Collins et al., 1995) (Appendix B). 

Acute and Sub-chronic Toxicology Studies 

An oral LD50 for HFC-134a is not available and an oral reference dose has not been calculated 
(EPA, 1999); however, it is of low acute toxicity by the inhalation route (Alexander, 1995). A 
summary of the results of safety evaluation studies of HFC-134a generated by the Programme for 
Alternative Fluorocarbon Toxicity Testing, reports an absence of acute toxicity in rats and mice 
exposed to concentrations of 8 10,000 ppm HFC- 134a for 1 hour (Alexander, 1995). Kennedy 
(1 979a) exposed groups of six male albino rats to 4 hour mean atmospheric concentrations of up 
to 652,700 ppm HFC-l34a, with no mortality observed at concentrations 466,700 ppm. 
Shulman and Sadove (1 967) reported HFC-134a was not lethal to dogs exposed to inhalation 
concentrations of 700,000 ppm and 800,000 ppm for 3 to 5 hours. 
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z n :  Exposure to HFC- 134a did  not have a significant effect on body weight gain, haematology, 
blood chemistry, respective organ weight, or respective organ pathology of rats exposed to a 
single concentration of 100,000 ppm HFC-134a for 6 houdday, 5 daydweek, in a 14-day 
inhalation study (Kennedy, 1979b). A significantly higher fluoride content in the urine of 
exposed rats, taken following the ninth exposure, was indicative of HFC-134a metabolism. The 
fluoride content in the urine of exposed rats was similar to that of controls following a 14 day 
recovery period. A GLP-compliant2 inhalation study with rats exposed to 0, 1,000, 10,000, or 
50,000 ppm HFC-134a for 6  hourdday for 20 days in a 28 day period did not produce 
abnormalities regarding total body weight, clinical signs, food intake and utilization, 
haematology, blood chemistry, urine composition, and ophthalmoscopy; however, increased 
absolute liver and kidney weights, and reduced gonad weight, were observed in male rats 
exposed to 50,000 ppm (Riley et al., 1979). Liver weights were also increased in male rats 
exposed to 10,000 ppm HFC- 134a. Pathological changes were not observed in these tissues and 
these results were interpreted as physiological adaptations to treatment, as compared to effects of 
toxicological significance. Male rats exposed to 50,000 ppm HFC-134a also exhibited a greater 
incidence of mild interstitial pneumonia, manifested as slight focal lesions, that was of 
toxicological significance related to HFC- 134a exposure. These effects; however, have not been 
observed in subsequent studies. Thus, the NOAEL was 1,000 ppm HFC-134a; however, Riley et 
al. (1 979) suggested a toxicological no adverse effect exposure concentration approaching 
10,000 ppm. Using a NOAEL of 1,000 ppm HFC-134a (4,250 mg/m3) (SCF, 1997), this was 
equivalent to a  dose of approximately 1,860 mg/kg body weight/day, based on an average male 

E +  rat weight of 137 g exposed for 6 hourdday, with an inhalation rate of 0.06 m’/6 hours (EPA, 
1988). 

A 90-day GLP-compliant inhalation study (Hext,1989; Collins et al., 1995) using rats exposed to 
atmospheric concentrations of 0,2,000, 10,000, or 49,500 ppm HFC-134a for 6 hours/day, 5 
days/week, for 13 weeks, reported no toxicity or HFC-134-related effects at any dose level. 
Significant differences observed in some measured parameters of urine and blood, were not 
consistently related to dose or duration of exposure to HFC-134a (Hext, 1989). Urinary fluoride 
concentrations were not significantly elevated in HFC-134a-exposed rats, indicating limited 
metabolism (Hext, 1989). The exposure of rats to HFC-134a for 13 weeks, was without reported 
macroscopic or microscopic pathological effects on any organ or tissue (Hext, 1989; Collins el 
al. , 1995). Hext (1989) concluded that “the no effect level can therefore be considered to be in 
excess of 49500 ppm (v/v) HFC-134a.” The highest exposure concentration of 49,500 ppm 
HFC-134a (212,000 mg/m3) (SCF, 1997) used in this study, was equivalent to doses of 
approximately 54,360 and 58,620 mg/kg body weight/day for female and male rats, respectively, 
based on average female and male rat weights of 156 and 21 7  g exposed for 6  hourdday, with 
respective inhalation rates of 0.04 and 0.06 m3/6 hours (EPA, 1988). On the basis of minor 
hematological and biochemical effects observed at concentrations 210,000 ppm HFC-l34a, a 
conservative no effect level of 2,000 ppm was set in the opinion of the European Scientific 

2  The term “GLP-compliant” is cited when reported as such by the author. 
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~ .- Committee on Food (SCF, 1997). However, the SCF stated that ” the toxicological significance 
of the findings was doubtful” (SCF, 1997). An exposure of 2,000 ppm would be equivalent  to 
doses of approximately 2,180 and 2,350 mg/kg body weight/day for female and male rats, 
respectively, using the aforementioned conditions of exposure. 

- 

Cardiac sensitization, reported as the presence of multiple multifocal ectopic beats following 
administration of adrenaline, has been reported in dogs during high dose inhalation exposure to 
HFC- 134a. Mullin (1 979) concluded HFC-134a to have weak cardiac sensitization potential 
with effects at concentrations 2 75,000 ppm and Hardy et ul. (1 99 1) concluded that an  air 
concentration of between 160,000 and 320,000 ppm HFC-134a was required to cause cardiac 
sensitization in 50% of exposures. Cardiac sensitization was only observed in dogs with a blood 
concentration of 255 mg/l; however, some dogs had no response to HFC-134a at blood 
concentrations up  to  86 mg/l (Hardy et al., 1991). In comparison, the highest human blood 
concentration reported with individuals dosed with eight inhalations of HFC- 134a through a 
MDI was approximately 2.4 mg/l (Harrison et al., 1995). 

Chronic Toxicity Studies 

Longstaff et al. (1 984) conducted the only reported oral toxicity assay related to HFC-l34a, in 
which male and female rats were treated with 300 mg HFC- 134dkg body weight/day in corn oil 
by gavage, 5 days/week, for 52 weeks. Following the 52 week treatment period, rats were 
maintained until the study was terminated at 125 weeks. The treatment of rats with HFC-134a 

Although this study is limited in its interpretation to only one dose level and that the extent of 
absorption was not determined, Longstaff et al. (1984) stated the 3% (w/v) HFC- 134a in corn oil 
solution used for dosing approached the maximum solubility based on  the volatility of these 
compounds. This concentration greatly exceeds the intended maximum residual concentration of 
1000 ppm HFC- 134a (0.1 %) in extracted flavors, and even further exceeds the concentration of 
HFC-134a that may occur in  the food products in which these flavors are incorporated. 

e did not increase the incidence of tumors in any organ as compared to the corn  oil control group. 

A chronic GLP-compliant 2-year toxicity and carcinogenicity study was conducted in Wistar- 
derived rats exposed through inhalation to atmospheric concentrations of  0,2,500, 10,000 or 
50,000 ppm HFC-l34a, 6 hours/day, 5 days/week (Hext and Parr-Dobrzanski, 1993; Collins et 
al., 1995). In  animals evaluated at 52 weeks, there was no evidence of toxicity or HFC- 134a- 
related effects on  any physiological parameter measured. Over the  2 year duration of study, there 
were no treatment-related effects on body weight, body weight gain, food consumption, or in 
clinical condition of both sexes at all concentrations of HFC-134a. Complete post-mortem and 
histopathological examination of all rats at the conclusion of exposure revealed a statistically 
significant higher mean relative testes weight, which correlated with an increased incidence of 
Leydig cell hyperplasia and benign Leydig cell tumors, in male rats exposed to 50,000 ppm 
HFC-134a. This observation was the only event of toxicological significance in rats related to 
chronic, high level exposure to HFC- 134a. The mechanism of toxicity of HFC- 134a to male rat 
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"i"?- Leydig cells  is not known, but is likely a non-genotoxic effect involving hormonal disruption 
(Clegg et al., 1997). Considering the lack of genotoxic potential of HFC- 134a, and tfie absence 
of hyperplasia and tumors at 52 weeks, this treatment-related result was interpreted a$ age- 
dependent, occurring through an undetermined non-genotoxic mechanism (Hext and Parr- 
Dobrzanski, 1993; Collins et al., 1995). Although exposure to 50,000 ppm HFC-I 34b for  2 
years resulted in  a significantly greater incidence of Leydig cell hyperplasia than con&ols (Hext 
and Parr-Dobrzanski, 1993; Collins et al., 1999, a number of diverse chemicals of vhious 
chemical structure also induce this response in rats without apparent similar effect in humans 
(Griffith, 1988; Bib, 1992; Clegg et al., 1997). Furthermore, Wistar-derived rats ex~ibi t  a 
spontaneous incidence of benign Leydig cell tumors that range to  near 100% (Bar, 19p2). Hence, 
the occurrence of increased Leydig cell hyperplasia in high dosed rats is of questionable 
significance relevant to risk to human health (Bib, 1992; Clegg et al., 1997). Accouniing for the 
inherent uncertainty in extrapolating the incidence of Leydig cell hyperplasia from ra{s to 
humans, and the high dose and chronic duration of HFC- 134a exposure necessary to rjroduce 
such an effect in rats, an increased risk of testicular toxicity is not considered relevant in regard 
to human exposure to minimal residual HFC-134a concentrations in foods. A  NOAEL of 10,000 
ppm HFC-134a (42,500 mg/m') (SCF, 1997) in male rats is equivalent to a dose of ! 
approximately 12,085 mg/kg body weight/day, based on an average male rat weight i f  21 1 g 
exposed for 6 hourdday (Hext and Parr-Dobrzanski, 1993), with an inhalation rate of,0.06 m'/6 
hours (EPA, 1988). I 

[ 
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~~ g" Developmental and Reproductive Toxicology 

Hodge et al. (1 980) conducted a GLP-compliant teratogenicity study in female Spraye-Dawley 
rats exposed to whole body atmospheric concentrations of 0, 1,000, 10,000 and 50,OdO ppm 
HFC-134a (v/v) for 6 hourdday  on days 6 through 15 of gestation. Rats were sacrifiied on day 
21 of gestation and subject to full pathology. Exposure to HFC-134a had no adverse effect on 
maternal body weight gain, or  the number of fetal or embryonic deaths. No significant effects 
were reported for the numbers of implantations, live fetuses or resorptions, mean Ute& weights, 
and mean litter weights, associated with exposure to HFC-134a; however, mean fetal !weight was 
slightly, but significantly, reduced at 50,000 ppm suggesting a fetotoxic effect. Matehal 
exposure to 50,000 ppm HFC-134a resulted in statistically significant retardation of dssification 
of the vertebrae, sternebrae, digits and calcaneum in the fetus. A study of the embryotoxic and 
teratogenic effects of 30,000, 100,000 and 300,000 ppm HFC-134a on female Spraguk-Dawley 
rats exposed through inhalation for 6 hours/day from days 6-1 5  of gestation resulted ih a 
significant reduction in mean feed consumption and weight gain of dams exposed to !400,000 
ppm (Lu, 198 1). Consistent with Hodge (1980) although at a higher dose, Lu (1 98 1) ireported the 
mean fetal weight of dams exposed to 300,000 ppm was significantly reduced as cordpared to 
controls, in the absence of any other adverse reproductive effects associated with expbsure to 
HFC-134a. Furthermore, Lu (1981) also reported that maternal exposure to 300,000 bpm HFC- 
134a had a significant effect of impaired skeletal ossification of the fetus. 
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=-' ~~ Collins et  al. (1 995) reported a GLP-compliant developmental toxicity study in artificially 
inseminated, female New Zealand white rabbits exposed to atmospheric concentrations of 0, 
2,500, 10,000, or 40,000 ppm HFC-134a for 6 hours/day on days 7 through 19 of pregnancy. 
The study was terminated on day 30 of gestation, and a full post mortem examination of each 
dam and fetus  was conducted. Slight maternal toxicity was reported at 40,000 ppm HFC-l34a, 
as indicated by a lower rate of body weight gain as compared with control; however, data was 
not shown and statistical significance was not reported. Exposure to HFC- 134a had no adverse 
clinical effects on female rabbits, and the mean numbers of corpora lutea, implantations, and live 
fetuses were similar across treatments and to the control. Furthermore, exposure to HFC- 134a 
had no effect on litter weights, pup sex ratios, or the incidence of adverse developmental 
conditions, as compared with the controls at all exposure concentrations (Collins et al., 1995). 

Alexander et al. (1 996) assessed the reproductive toxicity of HFC-134a in GLP-compliant 
fertility and peri- and post-natal studies in random bred albino (AHA) strain rats. In the fertility 
study, groups of male and female rats were exposed by snout-only inhalation to atmospheric 
concentrations of 0,2,500 10,000 or 50,000 ppm HFC- 134a, for 1 hour/day throughout 
gametogenesis, mating, pregnancy and lactation. Specifically, males were exposed for 18 
continuous weeks, from 10 weeks prior to mating to termination 8 weeks post mating. Females 
were exposed 3 weeks prior to mating and continued through day 20 of pregnancy, and 
recommenced on day 1 post partum to termination at day 21 post partum. Selected F, offspring 
were raised to maturity, mated, and the resultant F, progeny terminated at sexual maturity. In the 

1,800,9,900 or 64,400 ppm HFC-134a for 1 hour/day on days 17 through 20 of pregnancy and 
days1 through 21 post-partum. Developmental parameters of the F, generation were assessed 
and selected rats mated and terminated on day 20 of pregnancy. Overall, these studies 
demonstrated HFC-134a had no effect on the reproductive performance and fertility of the rat, or 
on the in utero and post natal development of two successive generations. In both studies, 
clinical effects or mortalities related to HFC-134a exposure were not observed in F,, F, or F, 
generations. Alexander et al. (1 996) estimated that exposures at  the highest concentration of 
HFC-134a used in these studies was approximately 4,000-fold greater than the expected human 
exposure through the clinical use of HFC- 134a in such devices as inhalers. 

=-= peri- and post-natal study, mated female rats were exposed to inhalation concentrations of 0, 

Human Studies 

For use  as  a safe alternative to chlorofluorocarbons (CFC) propellants in MDI applications, HFC- 
134a has undergone extensive toxicological assessments, which includes safety studies in 
humans (Alexander, 1995; Ventresca, 1995; Harrison et ul., 1996; Ayres el ul., 1998). Ventresca 
(1 995) evaluated the safety and tolerability of HFC-134a in healthy and severe chronic 
obstructive pulmonary disease (COPD) males. Ventresca (1 995) evaluated respiratory function, 
symptoms of irritation of the upper respiratory tract, cardiovascular function, and laboratory 
parameters, including liver function, in a single ascending dose study and two repeat dose studies 
in a total of 50 healthy males. Although the dosing protocol was not specified by Ventresca 
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n ” (1995), subjects were exposed to a maximum of 10 inhalations, 4 times a day for 2 weeks. Each 
inhalation delivered 75 mg HFC-134a (Ventresca, 1995). Thus, at the maximum dose level, 
subjects were exposed to 3,000 mg HFC-134a per  day for 2 weeks. Ventresca (1 995) reported 
no adverse effects related to exposure to HFC-l34a, with no significant changes reported in vital 
signs, pulmonary function tests, ECG and laboratory parameters. Pharmacokinetics indicated 
HFC-134a did not accumulate with repeated dosing and did not accumulate in body tissues, with 
a similar response in healthy and COPD subjects. 

To assess the  acute safety of inhaled HFC-l34a, Donnell et al. (1 995) conducted a randomized, 
double-blind, crossover study with 12 healthy adult males, administered cumulative doses of 1, 
2,4, 8 and 16 inhalations on each of three consecutive days. The quantitative dose of HFC-134a 
per inhalation was not reported by Donnell et al. (1995), but was likely similar to the 75 mg 
reported by Ventresca (1 995). Thus, a cumulative exposure of 16 inhalations would equate to 
1,200 mg HFC- 134a. As compared to baseline measurements, HFC- 134a had no effect on  the 
measured parameters of pulmonary function, cardiovascular function, finger tremor, and serum 
potassium levels. 

Harrison et al. (1 996) conducted a 28-day continuous exposure, double-blind, parallel group 
study in 16 healthy, non-smoking adult males, to investigate the safety and tolerability of HFC- 
134a as a MDI propellant, as compared to a reference MDI chlorofluorocarbon propellant. Eight 
subjects received one of two HFC-134a treatments for 28  days within a 14-day cross-over 

day, using a 63 pl valve delivering approximately 50 pl HFC- 134a per inhalation. Pulmonary 
function tests were conducted daily, cardiovascular responses were measured on days 1, 7, 8, 14, 
15,21,22 and 28, and haematology and serum chemistry measured on days 1, 14,28 and post- 
study. No adverse effect were observed on heart rate, blood pressure, electrocardiograms, 
pulmonary function test values, various clinical parameters, or the reported incidence of adverse 
events  in  the cardiovascular, respiratory, gastrointestinal, and central nervous systems of dosed 
subjects. The single exception noted that was considered related to HFC- 134a exposure, was one 
subject with an eosinophil count that increased with the increased duration of study (Harrison et 
al., 1996). Eosinophil counts of that individual returned to normal range when evaluated six 
months post-study. As cited by Harrison et ul. (1996); however, no significant change in 
eosinophil counts were observed in a 12-week inhaler study with HFC-134a as a propellant 
(Bleeker et al., 1995). Harrison et al. (1996) concluded that “the safety and tolerability of the 
HFA-134a CFC-free system was demonstrated over 28 days of exposure in healthy subjects.” 

~~ design. Dosing protocols consisted of 4 inhalations, 4 times per day, or 8 inhalations, 4 times per 

Vinegar et al. (1 997) produced a non-peer reviewed report of a study of the pharmacokinetics of 
inhaled HFC-l34a, initiated in 1997 by researchers at the U.S. Air Force Wright-Patterson 
Medical Center. This study was designed to expose seven healthy adult males to an atmospheric 
concentration of 4000 ppm (0.4%) HFC-134a for a period of 30 minutes, and to collect 
physiologically based pharmacokinetic validation data. In addition to HFC-l34a, exposures to 
Halon 1301 and HFC-227ea were also investigated using the same subjects. The exposure 
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~~ =~ =-- . .  concentration selected for each chemical was considered to  be well below any published adverse 
effect level (Vinegar et ai., 1997). Exposure to Halon 1301 was assessed first and was well- 
tolerated by  all subjects, with no reported changes in electrocardiogram (ECG), blood pressure or 
heart rate. After approximately 4.5 minutes of exposure to HFC- 134a, the first subject exposed 
lost consciousness, and pulse and blood pressure dropped to zero. Treatment was stopped and 
medical intervention restored pulse and blood pressure. Blood samples through 2.5 minutes of 
exposure showed a rapid rise in HFC-134a blood concentration to 1.29 mg/l. A second subject 
terminated exposure at 10.5 minutes, concurrent with a rapid rise in blood pressure and pulse 
rate. The blood concentration of HFC-134a of this individual was approximately 0.7 mg/l 
following 10 minutes of exposure. Vinegar et ai. (1 997) suspended study of HFC-134a 
following these two subjects. Harrison et ai. (1 995) reported blood concentrations of HFC- 134a 
ranging from approximately 0.3 to  2.4 mg/l, in individuals exposed through MDI use. 
Considering the lack of reported toxicity associated with HFC- 134a, Vinegar et al. (1 997) 
offered no plausible mechanism for the observed effects. The initial diagnosis of the 
unconscious subject was vasovagal reflex response; however, the subject had previously 
completed an inhalation exposure to Halon 1301 without incident, involving multiple blood 
sampling (Vinegar et al., 1997). The response of the second exposed individual was likely 
biased by study design, in that exposure was non-blinded and subsequent to treatment of the first 
subject. 

In response to  the report of Vinegar et ai. (1 997), double-blind, ascending dose, controlled, GLP- 

Institute in the Netherlands (Emmen et ai. , 2000). Emmen et ai. (2000) evaluated the effects of 
one hour, whole body exposures of 1,000,2,000,4,000 and 8,000 ppm HFC-134a on the lung 
function, blood pressure and pulse rate, ECG, and various blood and serum chemistry parameters 
in 8 healthy adults (4 males, 4 females). The exposure to HFC-134a was well-tolerated, and no 
clinical changes or adverse events related to exposure to HFC-134a were reported. In addition to 
a more rigorous experimental design, the study by Emmen et al. (2000) used a higher maximum 
exposure concentration and longer exposure period than Vinegar et ai. (1 997). Emmen et ul. 
(2000) observed HFC-134a to be rapidly absorbed and eliminated in both males and females. 
Blood concentrations of HFC-134a increased rapidly, approaching maximum following 15 
minutes of exposure, and tended to be higher in males than females. At 4,000 pprn HFC-134aY 
Emmen et ai. (2000) reported a mean maximum blood concentration of 3.1 and 3.8 mg/l in 
females and males, respectively. At 8,000 ppm, maximum blood concentrations were 6.0 and 7.2 
mg/l in females and males. These blood levels are higher than the values reported by Vinegar et 
ai. (1 997), and were tolerated without adverse effects. Following the exposure period, Emmen et 
ai. (2000) reported the half-life of elimination to be independent of gender and exposure 
concentration, and biphasic in most subjects, with a mean initial phase half-life of 9 minutes. 
Only one individual had a detectable level of HFC-134a 24 hours following exposure. The 
results of Emmen et ai. (2000) are consistent with the lack of adverse effects reported in animal 
studies, or observed in the clinical use of HFC-134a. Emmen et ai. (2000) commented that “the 
findings reported by Vinegar et al. (1 997) represent a spurious event unrelated to the inhalation 

=-a ~~ compliant, clinical safety studies on HFC-134a were conducted at  the TNO Food and Nutrition 
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” o f .  . . HFC 134a . . ..” Furthermore, a 3-month post-market surveillance study of 6,614 patients 
~~ 

with obstructive airways disease and prescribed MDIs, reported HFC-134a to be as safe  as 
existing chlorofluorocarbon inhalers (Ayres et al., 1998). 

In summary, animal toxicity testing with HFC-134a through inhalation exposure at 
concentrations far in excess of those residual through its intended use in foods, indicate that 
HFC-134a is of very low toxicity. Numerous in vitro and in vivo assays confirm the absence of 
genotoxic potential, and in vivo studies demonstrate no developmental toxicity. While oral 
exposure studies through the consumption of HFC-134a are limited to the results of Longstaff el 
al. (1 984), in which an absence of toxicity and tumorogenicity was reported, the minimal 
metabolism and rapid elimination of HFC-134a in high dose inhalation exposed animals supports 
a general absence of toxicity. The reported adverse effects of HFC-134a reported by Vinegar et 
al. (1997) in two individuals, is an anomaly in the extensive amount of animal and human data 
that demonstrate otherwise. Controlled clinical studies (Emmen et al., 2000) did not confirm the 
observations of Vinegar et al. (1 997). The clinical testing of HFC- 134a as  an MDI propellant, 
without the active drug, for a continuous exposure period of 1 month produced no adverse effects 
in healthy individuals (Harrison et al., 1996). A post-market surveillance study of patients using 
inhalers with HFC- 134a as  a propellant, demonstrated HFC-134a was clinically safe (Ayres et 
ai., 1998). The clinical use of HFC- 134a would result in exposures much greater than those 
estimated from the residual levels of HFC-134a in extracted flavors. An overestimation of 
human intake of HFC-l34a, residual in flavors at a maximum concentration of 1000 ppm, would 
be in the range of 0.05-0.5 mg/kg body weight/day. This is > 20,000 times less than the 
inhalation NOAEL in animals (Collins et al., 1999, and > 4,000 times less than the conservative 
90-day rat NOAEL reported by the European Scientific Committee on Food (SCF, 1997). 
Furthermore, the estimated human exposure through maximum occurrence of HFC-134a in foods 
is approximately 600- to 6000 times less than the oral dose of 300 mg/kg body weight, without 
effect in rats (Longstaff et ai., 1984). Although the absorption of HFC-134a following oral 
administration has not been determined, the minimal amounts consumed with flavor-containing 
food, in combination with the high vapor pressure, and minimal metabolism and rapid 
elimination from the body, indicates residual HFC- 134a in flavor extracts, at concentrations up to 
1000 ppm, would not  be of toxicological concern to human health. On the basis of similar data 
regarding HFC- 134a, the opinion report of the European Scientific Committee for Food 
concluded that “the use of tetrafluoroethane as a solvent for flavour extraction is regarded as 
acceptable” (SCF, 1997). 
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Based on a critical, independent, and collective evaluation of the available data and information, 
we conclude that Ineos Fluor LTd.’s HFC-134a extraction solvent, meeting the appropriate food 
grade specifications and manufactured in compliance with current good manufacturing practices, 
is “generally recognized as safe” (“GUS”) based on scientific procedures under the  conditions 
of intended use in the production of food flavors and flavorings. 

. Munro, Ph.D., FRCPath 
Cantox Health Sciences International 

irginia Commonwealth University 
Toxicology and Pharmacology, Inc. 
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Appendix A. Product specifications of HFC-134a intended for use as an extraction solvent 
in the production of food flavors and flavorings. 

Specification Limits 
Appearance 

Identity 
- CO.0 1 High boiling matter (%, v/v) 
- <o. 1 Acidity (ppm,  as hydrogen chloride) 
- <lo Water content (ppm, w/w) 

Colorless highly volatile liquid 

by GC 

Concordant with the spectrum of authentic 1 ,  I ,  I ,2 - by IR 

The principal peak in the GC chromatogram  corresponds with 
the peak produced by the authentic sample 

Tetrafluoroethane 

Impurities by GC (ppm, w/w) 

Total Impurity Level - < 1000 
provided that within the total: 

2-Chloro- 1,1,1,2-tetrafluorethane - <90 

( 124) 
2-Chloro- 1 , l   , l  -trifluoroethane 
(1 33a) 

- <3 

1,2-Dichloro- 1,2,2,2- 

tetrafluoroethane (1 14a) 
- <10 1,l -Dichloro-l,2,2,2- 

99.9-1 00.0 Purity by GC (%, w/w) 
- <5 Total unsaturated impurities 

impurity 
- <5 (each) Any other identified saturated 
- <80 1 ,l  , l  -Trifluoroethane (143a) 

- <800 1,1,2,2-Tetrafluoroethane (1 34) 

tetrafluoroethane (1 14) 
- 4 5  



:Fkppendix B. Summary of studies evaluating the genetic toxicity of HFA 134a. 

Assay Straidcell Type Assay Conditions I ResuIt 1 Reference 

In Vitro 

aberration 

In Vivo 
Dominant lethal CDl mice 

Micronucleus NMRKf (SPF7 1)  mice 

Chromosome 
derived) rats aberration 

AlpWApfSD (Wistar- 

derived) rats synthesis (UDS) 
AlpUApfSD (Wistar- Unscheduled DNA 

Inhalation: 1,000, 10,000 
or 50,000 ppm; 6 h/d x 5 

d;  15d/trt 
Inhalation: 50,000 or 

150,000 ppm for 6 h, or 
500,000 ppm for 5 h; 15 

d ,  159/trt 
Inhalation: 1,000, 10,000 
or 50,000 ppm; 6 h/d x 5 

d; 8 d/trt 
Inhalation: 50,000 or 

100,000 ppm for 6 h; 5 
d /trt 

Negative 

Negative 

Negative 

" 

Negative 

Hodge et ul., 
1979 

Collins et ul., 
1995 

Anderson and 
Richardson, 

1979 
Trueman, 1990 
Collins et ul., 

1995 
a not specified 
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