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Candidates for the replacement of Halon 1211as a firefighting agent were tested (by New
Mexico Engineering Research Institute) and chosen (by Air Force Civil Engineering Support
Agency) based on fire fighting ability, ozone depletion potential, compatibility with existing
equipment, and available toxicity information. Now the Alr Force health and safety team needs to
more completely address the safety of these candidatesfor their intended use. Although all
available toxicity information was considered when narrowing down the candidates to the current
few, more toxicity testing is being completed by industry and an understanding of the mechanisms
of toxicity needs to be gained in order to complete an accurate assessment of the human health
effects. The AIr Force approach is to accomplish research to provide sufficient understanding of
the interaction of these chemicalswith biological systemsand the mechanism of toxicity So that a
quantitativerisk assessment can be accomplished. The goal is to provide the scientificinformation
necessary to avoid some of the conservative "uncertainty factors" used by EPA in their risk
assessments.

The sequence of events for replacement of Halon 1211 from the toxicology point of view is
shown in Figure 1. A list of approximately 30 chemicalswas chosen about 5 years ago to undergo
testing and evaluation as a fire fighting agents. This list was narrowed by testing and four
replacements (HCFC142b, HCFC-123, HCFC- 124, and perfluorohexane) have been.
recommended. USEXS have tentatively accepted these agents and Toxicology Division is now in the
process of doing a chemical specific ik assessment. Regulatory approval is the final step in the
sequence.

Traditionally, toxicology relates exposure concentrations in laboratory animalsto lethal ar
deleterious effects of a chemical. These studiesresult in a ""'noobservable adverse effect level"
(NOAEL Yr a "lowest observableadverse effect level" (LOAEL) which are used as a starting point
for setting risk levels and exposure standards. This traditional risk assessment process assumes
that the relationship between exposure concentration and toxicity is directly proportional and
constant. All the evidence indicates that this is not true in most situationsand risk assessments can
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be greatly improved if a better understanding of the relationship between exposure concentration
and toxicity can be gained for risk assessment purposes. Important parameters in the risk
assessment process are shown in Figure 2. These parameters along the exposure pathway between
exposure level and toxicity have been chosen because they can be measured or estimated to gain a
better understanding of the process. The "Contaminant Level™ is the amount of chemical in the
workplace or the environment. Occupational exposures are generally due to breathing vapors or
coming in contact With liquids. Environmental exposures are due to chemicals in the air, soil or
water. The "Exposure Dose" is the total amount of chemical which enters the body. The "Tissue
Concentration™ is the amount of chemical in the tissue where the toxic event occurs. Depending on
the mechanism of toxicity, it may be either the area under the curve or the peak concentration which
is toxicologically significant. Also, either the parent or a metabolite @ both may exert toxic effects.
"Tissue Toxicity" is the acute or chronic effect of the chemical which can range from cell death to
cancer.

The relationship between each of the parameters can be viewed as a transfer process where
the relationship can be mathematically described (Figure 3). Exposure is the transfer between the
amount of chemical in the workplace or environment and the amount of chemical which enters the
body. The amount of chemical which gets transferred into the body during an exposure is affected
by the protective equipment which is used, the care with which a chemical or chemical-containing
media is handled, as well as, duration and frequency of exposure. Pharmacokineticsis the process
of transfer within the body which will result in a certain tissue concentration. Absorption,
distribution, metabolism and elimination affect the amount of chemical which actually gets to the
target tissue and how long it remains. Pharmacodynamicsis the relationship between tissue
concentration and toxicity. Cellular turnover and repair processes affect the amount of damage
which is actually caused by the chemical. These processes are not understood for most chemicals
and as a result "uncertainty factors" are used by several government agencies to assure that the
recommended levels are conservativeenough. The EPA uses several types of 10fold corrections
to lower the acceptable exposure concentrations when the toxicity end point is other than cancer.
These uncertainty factors are shown in Figure 4 next to the transfer processes that they affect. The
Air Force approach is to provide quantitative information through laboratory research about the
transfer processes so that the uncertainty factors can be avoided. This will be accomplished by
appropriate physiologically-based pharmacokinetic modeling and in vitro studies.

Figure 5 shows the four chemicalswhich are being evaluated for their potential to produce

toxicity. They are 1,1-dichloro-2,2,2-trifluoroethane (HCFC-123), 2-chloro-1,1,1,2-tetrafluo-
roethane (HCFC-124), 1-chloro-1,1-difluoroethane (HCFC-142b), and perfluorohexane (PFH).
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HCFC-123 and PFH are liquids at room temperature; HCFC-124 and HCFC-142b are gases.
HCFC-123 and HCFC-124 possess geminal dihalomethyl groups (-CHX2) and are similar
structurally to the inhalation anesthetic, halothane (1-bromo-1-chloro-2,2,2-trifluorcethane).

To address the potential toxicological effects of these halon replacements, pertinent
questions were asked. In general, this is the first step in arisk assessment process, to identify the
health hazards. Are there acute health hazards with these chemical replacements? s there
cumulative toxicity with repeated exposure and, if o, what are the target organs of effect? Are
there any noteworthy adverse effects in the areas of neurotoxicology, developmental toxicology, or
reproductive toxicology? Is the test chemical mutagenic? Are these chemicals tumorigenic?

A literature search was performed on these four replacement candidates. Information was
obtained from reports submitted to EPA by the Program for Alternative Fluorocarbon Toxicity
Testing (PAFT) (EPA, 1990), personal communication with the industry (Pike and Pignato,
1991), and the open literature. The acute health hazards are summarized in Figure 6. There is a
low order of toxicity in rodents. Inhalation LCsgs range from 32,000 ppm (HCFC-123)to
400,000 ppm (HCFC-142b), which is equivalentto 3.2 to 40 % v/v. For the liquid test
chemicals, dermal or oral LDsps are greater than the limit test dose of Sg/Kg. Clinical observations
in rats exposed to high concentrations of HCFCs include unresponsiveness, hyperactivity, and
irregular breathing. These signs are transient and disappear following exposure. Possible causes
of death for rats exposed to high concentrations of HCFCs include asphyxiation (oxygen
concentrationsin the inhalation exposure chambers may not have been carefully monitored) or
depression of the central respirator)'r center. In irritancy tests with rabbits, minimal to mild skin or
eye irritation is observed.

Potential acute health hazards exist with these chemicals (Figure 7). These are only
potential, because these effects have not been fully evaluated to state unequivocally that they are
toxicologically important. HCFCs 123and 124 are related to the inhalation anesthetic halothane.
Clinical experience with halothane has led to the observation of a rare and unpredictable
occurrence, halothane-induced hepatitis (Owen and Van Der Veen, 1986). One theory of the
etiology of the hepatitis is an allergic reaction. Halothane-induced hepatitis is associated with the
production of neoantigens formed by mfluoroacetylation of liver proteins. However, animal
models to test this theory are inadequate. Anders and coworkers (Harriset al., 1991, and Martin et
al., 1992) propose that HCFCs possessing geminal dihalomethyl groups, such as HCFC-123 and
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HCFC-124, form reactive trifluoroacetyl (TFA) electrophiles which bind to liver protein. These
hepatic TFA proteins Cross react with antibodies produced from patients with halothane-induced
hepatitis.

Another potential acute health hazard is cardiac sensitization. Cases of teenagers who have
abused fluorocarbon propellants and died suddenly are well known. Death is believed to be due to
myocardial sensitizationto endogenous epinephrine. As a class, halocarbons are cardiotoxic and
cause life threatening responses, such as cardiac arrhythmia and bronchoconstriction (Aviado,
1975). HCFC-123, HCFC-124, and HCFC-142b were tested for cardiac sensitization at Haskell
Laboratory, E. I. Du Pont De Nemours & Co., Inc., and all were positive at high concentrations
(>10000 ppm).

Another potential acute health hazard is thermal decomposition of perfluoro compounds to
hydrogen fluoride (HF) and/or perfluoroisobutylene (PFIB) (Figure 8). Several perfluoro
chemicalsare used for heat transfer, and thermal stability tests are often performed on them (Pike
and Pignato, 1991). HF and PFIB are highly toxic chemicals. In rats, the 1-hr LCsg value for HF
is 1276 ppm and for PFIB, the 10min LCs0 value is 17 ppm (RTECS, 1981/82).

A final consideration for potential health hazards is an impairment in performance and/or
activity following high concentrations of halocarbons. Several halocarbons have anesthetic-like
properties causing narcosis, unresponsiveness, ataxia, or loss of reflexes. This may be an
important consideration when assessing emergency evacuation precedures during, for example,
firefighting activity.

For repeated exposures, a list of cumulative toxicity and target organs in rats is summarized
in Figure 9. In general, liver weight is mildly increased, and serum enzymes may be elevated.
Liver histopathology is generally negative; positive histopathology is usually in the most sensitive
speciestested and at high doses. Focal necrosis and inflammatory cell infiltration describe the
lesion. Kidney weights may also be mildly elevated, but histopathology is negative. A study
involving rats exposed to 20,000 ppm HCFC-123 for four weeks (6 hr/day) indicated testicular
degenerationand hypospermia (Kelly, 1989). Serum chemistry alterations following HCFC-123
exposure indicate alterationsin lipid metabolism. Triglyceridesand cholesterol levels were
decreased (Malley, 1991). Reactive metabolites may be involved with this finding. HCFC-123
induces (mildly) peroxisome proliferation. A mild increase in hepatic beta-oxidation, but no
increase in cell proliferation has been observed (Malley, 1991). A variety of chemicals cause
peroxisome proliferation. An association of peroxisome proliferation with hepatic tumor formation
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exists (Rao et al., 1988). However, a causal relationship between peroxisome proliferation and
tumorigenesis has not been established. In the absence of mitogenesis, a correlation between
peroxisome proliferation and carcinogenicity is weak (Marsman et al., 1988).

Except for assays for genotoxicity, tests for neurotoxicity, reproductive toxicity, or
developmental toxicity have not been completed to fully evaluate the potential for these chemicals to
induce these specific effects (Figure 10). HCFC-123 and HCFC-124 were negative in tests for
mutagenicity. HCFC-142b was equivocal in some genotoxicity test systems, but an oncogenicity
assay in animals was negative. PFH has not been tested for specific health hazards.

Results of tests for tumorigenicity are summarized in Figure 11. HCFC-124 and PFH
have not been evaluated in a two-year rodent bioassay. HCFC-142b gas was tested in rats at
concentrationsof O (control), 1000, 10000, or 20000 ppm (Seckar, 1986). All endpoints
measured were negative. The in-life phase of a two-year inhalation bioassay in rats with
HCFC-123 was recently completed by the PAFT consomum. EXxposure concentrations were O
(control), 300, 1000, or 5000 ppm. The tissue histopathology has not been completed, but PAFT
informed EPA (viaa TSCA Section 8e) of an increase incidence in benign tumors in liver,
pancreas, and the testes (Rusch, 1991). These tumors were not life threatening, meaning they did
not shorten the time to death, and they developed late in life. A complete evaluation is underway
including a thorough investigationof historical tumor data in naive rats and statistical analyses.
PAFT members have revised downward their workplace exposure limits. For example, Allied-
Signal, Inc. revised the Permissible Exposure Limit to 5 ppm for a 40-hr work week and 10 ppm
for an 8-hr work day.

In summary, these chemical replacements for halons have a low order of acute toxicity,
which may be the primary concern in the risk assessment process. There may be "potential” acute
health effects at high concentrations. None of the agents discussed here have been fully tested
and/or evaluated for their potential to cause toxicity. We need much more information to elucidate
the mechanism(s) of toxicity of these chemicals. Metabolism studies may reveal toxicologically
important metabolites formed from these agents. Factors, such as hypoxia or enzyme induction,
may modify the formation of metabolites. Pharmacokinetic studies il help define the dosimetry
for the risk assessment process. A understanding of the consequences of exposures to candidate
Halon replacements will allow a more rational approach to risk assessment.

91



0T dan31y

parenfeas A[ny jou pajenyeAd AJ[njy jou pajenead Afny jou Hdd
pajen[ea?d A[ny jou pajenfeas Aq[nJ jou [eooAInba qQzy1-DADH
pajen[ead AJ[ny jou pajenyeAd A[[nJ jou oAnedoN YZ1-040H
pajenfeAa Ay jou pajen[eAa A[nJ jou aAneION €Z1-D4DH
ADOTOOIXOL

"TVINHNdOTIAHA |
| 40 ALIDIXOLOYNIN CLLOIXOLONAID dLVAIANVD
HALLONAOYdTYT

$193JJH 9ISIIAPY AY)I0MIION

92




I1 9an31y

spw - 9Insodxo 90edy10M 119y} PIBMUMOL PISIAAI SIdqUISUWL IV J

$9159) pue ‘searoued ‘I9AI] Ul s1own) uSIUq JO 9OUIPIOUL ISLIIOUI
JO Vdd paunoyur 14vd Inq pajenjeas Ajny uoaq jou sey A3ojoyredoisiy

wCd oS @ue ‘0001 ‘00s ‘0 :syel ur Aesseorq uone[eyul IedA<g
€C1-D4d0H -

oAnedau axm sHUIcTguo [V

LT 0000T POE “0000T ‘000T & 'Sje1 ur Aesseor quo, jeje)jur IwA-g
qQcy1-Od431 -

Kesseolq Juapo1 1ea<<C © OI @aren[eAd U92q Jou daey Hid PU® pZI-D4DH -

AyRIudsown J,

93



REFERENCES

Aviado, D. M. (1975). “Toxicity of Aerosols,” §,_Clin, Pharm, 15: 86-104.

“Hydrochlorofluorocarbons Hazard Assessment,” Document prepared for the Office of Toxic
Substances, Health and Environmental Review Division, November 16.

Harris, J. W, Pohl, L. R, Martin, J. L., and Anders, M. W. (1991). “Tissue acylation by the
chlorofluorocarbon substitute 2,2-dichloro- 1.1, 1 -triflucroethane,” Prog, Natl, Acad. Sci,
USA 88: 1407-1410.

Kelly, D. P. (1989). “Four-week inhalation study with HCFC-123 in rats,” Haskell Laboratory
Report No. 229-89. Submitted to EPA, FY1-695.

Malley, L. A, Carakostas, M. C., Hansen, J. F., Trochimowicz, H. J,, and Rusch, G. M.
(1991). “Chronic toxicity of hydrochlorofluorocarbon HCFC-123 in rats,” Toxicologist
11: 103.

Marsman, D. S,, Cattley, R. C., Conway, J. G., and Popp, J. A. (1988). “Relationship of hepatic
peroxisome proliferation and replicative DNA synthesisto the hepatocarcinogenicity of the
peroxisome proliferators di(2-ethylhexyl)phthlate and [4-chloro-6-(2,3-xylidino)-2-
pyrimidinylthio]acetic acid (Wy-14,643) in rats,” Cancer Res, 48: 6739-6744.

Martin, J. L., Harris, J. W,, LaRosa, A. C, Olson, M. J., Anders, M. W., and Pohl, L. R.
(1992). “Metabolism in vivo of halothane and the chlorofluorocarbon substitutes HCFC-
123, HCFC-124 and HCFC-125 to trifluoroacetylated liver protein adducts,” Toxicologist
12: 62.

Owen, A. D., and Van Der Veen, B. W. (1986). “Perspectivesin the pathogenesis of halothane-
induced hepatitis,” 3. Afr. Med. J, 69: 807-810.

pike, M,, and Pignato, J. A. (1991). Personal communication. 3M Industrial Chemical Products
Division.

Rao, M. S., Dwivedi, R. S, Subbarao, V., and Reddy, J. K. (1988). “Induction of peroxisome
proliferation and hepatic tumorsin C57BL/6N mice by ciprofibrate, a hypolipidaemic

compound,” Br. J. Cancer 58: 46-51.

RTECS, “Registry of Toxic Effects of Chemical Substances, (1981/82),” DHHS (NIOSH)
Publication No. 83-107.

Rusch, G. M. (1991). “Program for Alternative Fluorocarbon Toxicity Testing,” Letter to U. S.
EPA, ngice of Toxic Substances, re;: EPA Document Control Number SEHQ-0691-1268,
November 20.

Seckar, J. A, Trochimowicz, H. J,, and Hogan, G. K. (1986). “Toxicological evaluation of
hydrochlorofluorocarbon 142b,” Ed, Chem. Toxic, 24: 237-240.

94





