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iv 2,2-Difluoropropane 

COMMONLY USED ABBREVIATIONS AND ACRONYMS1 

α2u-g alpha 2u-globulin  
ACGIH American Conference of Governmental 

Industrial Hygienists  
AIC Akaike’s information criterion  
ALD approximate lethal dosage  
ALT alanine aminotransferase  
AR androgen receptor 
AST aspartate aminotransferase  
atm atmosphere  
ATSDR Agency for Toxic Substances and 

Disease Registry  
BMD benchmark dose  
BMDL benchmark dose lower confidence limit 
BMDS Benchmark Dose Software  
BMR benchmark response  
BUN blood urea nitrogen  
BW body weight  
CA chromosomal aberration  
CAS Chemical Abstracts Service  
CASRN Chemical Abstracts Service registry 

number  
CBI covalent binding index  
CHO Chinese hamster ovary (cell line cells)  
CL confidence limit  
CNS central nervous system  
CPN chronic progressive nephropathy  
CYP450 cytochrome P450  
DAF dosimetric adjustment factor  
DEN diethylnitrosamine  
DMSO dimethylsulfoxide  
DNA deoxyribonucleic acid  
EPA Environmental Protection Agency  
ER estrogen receptor 
FDA Food and Drug Administration  
FEV1 forced expiratory volume of 1 second  
GD gestation day  
GDH glutamate dehydrogenase  
GGT γ-glutamyl transferase  
GSH glutathione  
GST glutathione-S-transferase  
Hb/g-A animal blood-gas partition coefficient  
Hb/g-H human blood-gas partition coefficient  
HEC human equivalent concentration  
HED human equivalent dose  
i.p. intraperitoneal  
IRIS Integrated Risk Information System  
IVF in vitro fertilization  
LC50 median lethal concentration  
LD50 median lethal dose  
LOAEL lowest-observed-adverse-effect level  

MN micronuclei  
MNPCE micronucleated polychromatic 

erythrocyte  
MOA mode of action 
MTD maximum tolerated dose  
NAG N-acetyl-β-D-glucosaminidase
NCEA National Center for Environmental

Assessment
NCI National Cancer Institute
NOAEL no-observed-adverse-effect level
NTP National Toxicology Program
NZW New Zealand White (rabbit breed)
OCT ornithine carbamoyl transferase
ORD Office of Research and Development
PBPK physiologically based pharmacokinetic
PCNA proliferating cell nuclear antigen
PND postnatal day
POD point of departure
PODADJ duration-adjusted POD
QSAR quantitative structure-activity

relationship
RBC red blood cell
RDS replicative DNA synthesis
RfC inhalation reference concentration
RfD oral reference dose
RGDR regional gas dose ratio
RNA ribonucleic acid
SAR structure activity relationship
SCE sister chromatid exchange
SD standard deviation
SDH sorbitol dehydrogenase
SE standard error
SGOT serum glutamic oxaloacetic

transaminase, also known as AST
SGPT serum glutamic pyruvic transaminase,

also known as ALT
SSD systemic scleroderma
TCA trichloroacetic acid
TCE trichloroethylene
TWA time-weighted average
UF uncertainty factor
UFA interspecies uncertainty factor
UFC composite uncertainty factor
UFD database uncertainty factor
UFH intraspecies uncertainty factor
UFL LOAEL-to-NOAEL uncertainty factor
UFS subchronic-to-chronic uncertainty factor
U.S. United States of America
WBC white blood cell

1Abbreviations and acronyms not listed on this page are defined upon first use in the PPRTV document. 
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PROVISIONAL PEER-REVIEWED TOXICITY VALUES FOR 
2,2-DIFLUOROPROPANE (CASRN 420-45-1) 

BACKGROUND 
A Provisional Peer-Reviewed Toxicity Value (PPRTV) is defined as a toxicity value 

derived for use in the Superfund Program.  PPRTVs are derived after a review of the relevant 
scientific literature using established Agency guidance on human health toxicity value 
derivations.  All PPRTV assessments receive internal review by at least two National Center for 
Environment Assessment (NCEA) scientists and an independent external peer review by at least 
three scientific experts. 

The purpose of this document is to provide support for the hazard and dose-response 
assessment pertaining to chronic and subchronic exposures to substances of concern, to present 
the major conclusions reached in the hazard identification and derivation of the PPRTVs, and to 
characterize the overall confidence in these conclusions and toxicity values.  It is not intended to 
be a comprehensive treatise on the chemical or toxicological nature of this substance. 

PPRTV assessments are eligible to be updated on a 5-year cycle to incorporate new data 
or methodologies that might impact the toxicity values or characterization of potential for 
adverse human-health effects and are revised as appropriate.  Questions regarding nomination of 
chemicals for update can be sent to the appropriate U.S. Environmental Protection Agency 
(EPA) Superfund and Technology Liaison (https://www.epa.gov/research/fact-sheets-regional-
science). 

DISCLAIMERS 
The PPRTV document provides toxicity values and information about the adverse effects 

of the chemical and the evidence on which the value is based, including the strengths and 
limitations of the data.  All users are advised to review the information provided in this 
document to ensure that the PPRTV used is appropriate for the types of exposures and 
circumstances at the site in question and the risk management decision that would be supported 
by the risk assessment. 

Other U.S. EPA programs or external parties who may choose to use PPRTVs are 
advised that Superfund resources will not generally be used to respond to challenges, if any, of 
PPRTVs used in a context outside of the Superfund program. 

This document has been reviewed in accordance with U.S. EPA policy and approved for 
publication.  Mention of trade names or commercial products does not constitute endorsement or 
recommendation for use. 

QUESTIONS REGARDING PPRTVs 
Questions regarding the content of this PPRTV assessment should be directed to the EPA 

Office of Research and Development’s (ORD’s) NCEA, Superfund Health Risk Technical 
Support Center (513-569-7300).  

https://www.epa.gov/research/fact-sheets-regional-science
https://www.epa.gov/research/fact-sheets-regional-science
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INTRODUCTION 

2,2-Difluoropropane, CASRN 420-45-1, belongs to the class of compounds known as 
aliphatic hydrofluorocarbons (HFCs) (Smart and Fernandez, 2000).  Fluorinated hydrocarbons 
have a variety of uses (e.g., refrigerants), and other haloalkanes (e.g., halothane) are broadly used 
as anesthetics.  This assessment could not identify a specific use for 2,2-difluoropropane.  HFCs 
have been proposed as replacements for chlorofluorocarbons (CFCs) and 
hydrochlorofluorocarbons (HCFCs) in industry due to their lower ozone depletion potential; 
however, HFCs have been found to have a greenhouse warming effect (Minor et al., 1995).  
2,2-Difluoropropane has a global warming potential (GWP) of 144 (MPCA, 2015).  It is not 
listed on U.S. EPA’s Toxic Substances Control Act’s public inventory (U.S. EPA, 2016), nor is 
it registered with Europe’s Registration, Evaluation, Authorization and Restriction of Chemicals 
(REACH) program (ECHA, 2017).  2,2-Difluoropropane has been produced by the fluorination 
of 2,2-dichloropropane with antimony trifluoride (Minor et al., 1995). 

The empirical formula for 2,2-difluoropropane is C3H6F2 (see Figure 1).  Table 1 
summarizes the physicochemical properties of 2,2-difluoropropane.  2,2-Difluoropropane is a 
highly flammable, compressed liquefied gas at room temperature (Apollo Scientific, 2013).  
2,2-Difluoropropane’s estimated high vapor pressure indicates that it will exist solely as a gas in 
the atmosphere.  Given its vapor pressure and high Henry’s law constant, 2,2-difluoropropane is 
likely to volatilize from either dry or moist soil surfaces, and from water surfaces.  The estimated 
moderate water solubility and low soil adsorption coefficient indicate that it may leach to 
groundwater or undergo runoff after a rain event, although not to an appreciable degree.  
Volatilization to the atmosphere will be the main transport pathway. 

 
 

Figure 1. 2,2-Difluoropropane Structure 

CH3F

F

CH3

http://hero.epa.gov/index.cfm?action=search.view&reference_id=3052028
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3052904
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3056765
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3421586
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3483487
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3052904
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3052905
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Table 1. Physicochemical Properties of 2,2-Difluoropropane (CASRN 420-45-1) 

Property (unit) Value 
Physical state Gas 
Boiling point (°C) −0.4a, b 
Melting point (°C) −105a, b 
Density (g/mL) 0.92b 
Vapor pressure (mm Hg at 25°C) 2,000 (estimated)a 
pH (unitless) NA 
pKa (unitless) NA 
Solubility in water (mg/L at 25°C) 262 (estimated)a 
Octanol-water partition coefficient (log Kow) 2.29 (estimated)a 
Henry’s law constant (atm-m3/mol at 25°C) 0.5 (estimated)a 
Soil adsorption coefficient Koc (L/kg) 44 (estimated)a 
Atmospheric OH rate constant (cm3/molecule-sec at 25°C) 5 × 10−15 (estimated)a 
Atmospheric half-life (d) 2,000 (estimated)a 
Relative vapor density (air = 1) NV 
Molecular weight (g/mol) 80.08a, b 
Flash point (closed cup in °C) NV 
aU.S. EPA (2012b). 
bSmart and Fernandez (2000). 
 
NA = not applicable; NV = not available. 
 
 

A summary of available toxicity values for 2,2-difluoropropane from EPA and other 
agencies/organizations is provided in Table 2. 

http://hero.epa.gov/index.cfm?action=search.view&reference_id=2347246
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3052028
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Table 2. Summary of Available Toxicity Values for 2,2-Difluoropropane 
(CASRN 420-45-1) 

Sourcea Value Notes Reference 
Noncancer 
IRIS NV NA U.S. EPA (2017) 
HEAST NV NA U.S. EPA (2011) 
DWSHA NV NA U.S. EPA (2012a) 
ATSDR NV NA ATSDR (2017) 
IPCS NV NA IPCS (2017); WHO (2017) 
Cal/EPA NV NA Cal/EPA (2014); Cal/EPA (2017a); Cal/EPA (2017b) 
OSHA NV NA OSHA (2006); OSHA (2011) 
NIOSH NV NA NIOSH (2016) 
ACGIH NV NA ACGIH (2016) 

Cancer 
IRIS NV NA U.S. EPA (2017) 
HEAST NV NA U.S. EPA (2011) 
DWSHA NV NA U.S. EPA (2012a) 
NTP NV NA NTP (2014) 
IARC NV NA IARC (2017) 
Cal/EPA NV NA Cal/EPA (2011); Cal/EPA (2017a); Cal/EPA (2017b) 
ACGIH NV NA ACGIH (2016) 
aSources: ACGIH = American Conference of Governmental Industrial Hygienists; ATSDR = Agency for Toxic 
Substances and Disease Registry; Cal/EPA = California Environmental Protection Agency; DWSHA = Drinking 
Water Standards and Health Advisories; HEAST = Health Effects Assessment Summary Tables; 
IARC = International Agency for Research on Cancer; IPCS = International Programme on Chemical Safety; 
IRIS = Integrated Risk Information System; NIOSH = National Institute for Occupational Safety and Health; 
NTP = National Toxicology Program; OSHA = Occupational Safety and Health Administration. 
 
NA = not applicable; NV = not available. 
 
 

Non-date-limited literature searches were conducted in August 2015, and updated in 
December 2016 and September 2017 for studies relevant to the derivation of provisional toxicity 
values for 2,2-difluoropropane (CASRN 420-45-1).  Searches were conducted using U.S. EPA’s 
Health and Environmental Research Online (HERO) database of scientific literature.  HERO 
searches the following databases: PubMed, TOXLINE (including TSCATS1), and Web of 
Science.  The following databases were searched outside of HERO for health-related data: 
American Conference of Governmental Industrial Hygienists (ACGIH), Agency for Toxic 
Substances and Disease Registry (ATSDR), California Environmental Protection Agency 
(Cal/EPA), U.S. EPA Integrated Risk Information System (IRIS), U.S. EPA Health Effects 
Assessment Summary Tables (HEAST), U.S. EPA Office of Water (OW), U.S. EPA 
TSCATS2/TSCATS8e, National Institute for Occupational Safety and Health (NIOSH), National 
Toxicology Program (NTP), and Occupational Safety and Health Administration (OSHA). 

http://hero.epa.gov/index.cfm?action=search.view&reference_id=3484882
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1577552
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1936016
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3852766
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3484828
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3484693
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2390170
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3483677
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3841161
http://hero.epa.gov/index.cfm?action=search.view&reference_id=712753
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1798501
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3229976
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3421441
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3484882
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1577552
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1936016
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2825907
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3484307
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2215636
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3483677
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3841161
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3421441
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REVIEW OF POTENTIALLY RELEVANT DATA 
(NONCANCER AND CANCER) 

There are no potentially relevant short-term-, subchronic-, or chronic-duration studies or 
developmental or reproductive toxicity studies in humans or animals, as shown in Tables 3A 
and 3B.
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Table 3A. Summary of Potentially Relevant Noncancer Data for 2,2-Difluoropropane (CASRN 420-45-1) 

Category 
Number of Male/Female, Strain, Species, 

Study Type, Reported Doses, Study Duration Dosimetry Critical Effects NOAEL LOAEL Reference (comments) Notes 
Human 

1. Oral (mg/kg-d) 
ND: compound is a gas at standard temperature and pressure 

2. Inhalation (mg/m3) 
ND 

Animal 
1. Oral (mg/kg-d) 

ND: compound is a gas at standard temperature and pressure 

2. Inhalation (mg/m3) 
ND 
LOAEL = lowest-observed-adverse-effect level; ND = no data; NOAEL = no-observed-adverse-effect level. 
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Table 3B. Summary of Potentially Relevant Cancer Data for 2,2-Difluoropropane (CASRN 420-45-1) 

Category 
Number of Male/Female, Strain, Species, 

Study Type, Reported Doses, Study Duration Dosimetry 
Critical 
Effects NOAEL LOAEL Reference (comments) Notes 

Human 
1. Oral (mg/kg-d) 

ND 

2. Inhalation (mg/m3) 
ND 

Animal 
1. Oral (mg/kg-d) 

ND 

2. Inhalation (mg/m3) 
ND 
LOAEL = lowest-observed-adverse-effect level; ND = no data; NOAEL = no-observed-adverse-effect level. 
 



FINAL 
09-12-2017 
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OTHER DATA (SHORT-TERM TESTS, OTHER EXAMINATIONS) 
No supporting studies containing acute toxicity, genotoxicity, toxicokinetic, or 

mechanistic data have been identified. 

DERIVATION OF PROVISIONAL VALUES 

Tables 4 and 5 present summaries of noncancer and cancer reference values for 
2,2-difluoropropane, respectively. 

Table 4. Summary of Noncancer Reference Values for 2,2-Difluoropropane 
(CASRN 420-45-1) 

Toxicity Type 
(units) Species/Sex 

Critical 
Effect 

p-Reference 
Value 

POD 
Method POD UFC Principal Study 

Subchronic p-RfD 
(mg/kg-d) 

NDr 

Chronic p-RfD 
(mg/kg-d) 

NDr 

Screening 
subchronic p-RfC 
(mg/m3) 

Rat/M Leydig cell 
hyperplasia 

3 × 101 BMCL10 
(HEC) 

8,200 
(based on a 

surrogate POD) 

300 Collins et al. 
(1995) as cited in 
U.S. EPA (1995) 

Screening chronic 
p-RfC (mg/m3) 

Rat/M Leydig cell 
hyperplasia 

3 × 101 BMCL10 
(HEC) 

8,200 
(based on a 

surrogate POD) 

300 Collins et al. 
(1995) as cited in 
U.S. EPA (1995) 

BMCL10 = 10% benchmark concentration lower confidence limit; HEC = human equivalent concentration; 
M = male(s); NDr = not determined; POD = point of departure; p-RfC = provisional reference concentration; 
p-RfD = provisional reference dose; UFC = composite uncertainty factor. 
 
 

Table 5. Summary of Cancer Reference Values for 2,2-Difluoropropane (CASRN 420-45-1) 

Toxicity Type (units) Species/Sex Tumor Type Cancer Value Principal Study 
p-OSF (mg/kg-d)−1 NDr 
p-IUR (mg/m3)−1 NDr 
NDr = not determined; p-IUR = provisional inhalation unit risk; p-OSF = provisional oral slope factor. 
 
 
DERIVATION OF ORAL REFERENCE DOSES 

The absence of relevant oral data precludes the derivation of provisional reference doses 
(p-RfDs) for 2,2-difluoropropane directly.  A tiered surrogate approach was attempted, but 
screening p-RfDs could not be derived due to a lack of oral toxicity values for potential 
surrogates (see Appendix A). 

http://hero.epa.gov/index.cfm?action=search.view&reference_id=3052423
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3052423
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DERIVATION OF INHALATION REFERENCE CONCENTRATIONS 
The absence of relevant inhalation data precludes derivation of provisional reference 

concentrations (p-RfCs) for 2,2-difluoropropane directly.  Instead, screening p-RfCs are derived 
in Appendix A using a tiered surrogate approach. 

CANCER WEIGHT-OF-EVIDENCE DESCRIPTOR 
No relevant data are available.  Under the U.S. EPA Guidelines for Carcinogen Risk 

Assessment (U.S. EPA, 2005), there is “Inadequate Information to Assess the Carcinogenic 
Potential” of 2,2-difluoropropane following both oral and inhalation exposure as shown in 
Table 6. 

Table 6. Cancer WOE Descriptor for 2,2-Difluoropropane (CASRN 420-45-1) 

Possible WOE Descriptor Designation 
Route of Entry 

(oral, inhalation, or both) Comments 
“Carcinogenic to Humans” NS NA No human data are available. 
“Likely to Be Carcinogenic 
to Humans” 

NS NA The available data do not support this 
descriptor. 

“Suggestive Evidence of 
Carcinogenic Potential” 

NS NA The available data do not support this 
descriptor. 

“Inadequate Information to 
Assess Carcinogenic 
Potential” 

Selected Both This descriptor is selected due to the 
absence of suitable data in humans 
or animals for an assessment of 
carcinogenicity. 

“Not Likely to Be 
Carcinogenic to Humans” 

NS NA The available data do not support this 
descriptor. 

NA = not applicable; NS = not selected; WOE = weight of evidence. 
 
 
DERIVATION OF PROVISIONAL CANCER POTENCY VALUES 

The absence of suitable data precludes development of cancer potency values for 
2,2-difluoropropane. 

http://hero.epa.gov/index.cfm?action=search.view&reference_id=86237
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APPENDIX A. SCREENING PROVISIONAL VALUES 

For reasons noted in the main Provisional Peer-Reviewed Toxicity Value (PPRTV) 
document, it is inappropriate to derive provisional toxicity values for 2,2-difluoropropane.  
However, information is available for this chemical, which, although insufficient to support 
derivation of a provisional toxicity value under current guidelines, may be of limited use to risk 
assessors.  In such cases, the Superfund Health Risk Technical Support Center summarizes 
available information in an appendix and develops a “screening value.”  Appendices receive the 
same level of internal and external scientific peer review as the PPRTV documents to ensure 
their appropriateness within the limitations detailed in the document.  Users of screening toxicity 
values in an appendix to a PPRTV assessment should understand that considerably more 
uncertainty is associated with the derivation of an appendix screening toxicity value than for a 
value presented in the body of the assessment.  Questions or concerns about the appropriate use 
of screening values should be directed to the Superfund Health Risk Technical Support Center. 

APPLICATION OF AN ALTERNATIVE SURROGATE APPROACH 
The surrogate approach allows for the use of data from related compounds to calculate 

screening values when data for the compound of interest are limited or unavailable.  Details 
regarding searches and methods for surrogate analysis are presented in Wang et al. (2012).  
Three types of potential surrogates (structural, metabolic, and toxicity-like) are identified to 
facilitate the final surrogate chemical selection.  The surrogate approach may or may not be 
route-specific or applicable to multiple routes of exposure.  All information was considered 
together as part of the final weight-of-evidence (WOE) approach to select the most suitable 
surrogate both toxicologically and chemically. 

Structural Surrogates (Structural Analogs) 
An initial surrogate search focused on identifying structurally similar chemicals with 

toxicity values from the Integrated Risk Information System (IRIS), PPRTV, Agency for Toxic 
Substances and Disease Registry (ATSDR), or California Environmental Protection Agency 
(Cal/EPA) databases to take advantage of the well-characterized chemical-class information.  
This was done by searching U.S. EPA’s DSSTox database (DSSTox, 2016) and the National 
Library of Medicine’s (NLM’s) ChemIDplus database (ChemIDplus, 2017).  Chemicals for 
consideration included hydrofluoroalkanes with chain lengths of 2−3 carbon atoms, as different 
halogen substitutions and differing carbon chain lengths would be expected to have an impact on 
toxicokinetics and toxicodynamics.  To ensure similarity in overall reactivity, fully fluorinated 
chemicals (e.g., hexafluoroethane) and compounds containing other halogens (such as 
hydrochlorofluorocarbons [HCFCs]) or other potentially reactive features (such as alkenes) were 
not considered. 

Three structural analogs to 2,2-difluoropropane having noncancer inhalation toxicity 
values were identified: 1,1-difluoroethane (U.S. EPA, 1994), 1,1,1-trifluoroethane (U.S. EPA, 
2015), and 1,1,1,2-tetrafluoroethane (U.S. EPA, 1995).  Table A-1 summarizes the analogs’ 
physicochemical properties and similarity scores.  The DSSTox similarity scores were 67 and 
60% for 1,1-difluoroethane and 1,1,1,2-tetrafluoroethane, respectively, and <50% for 
1,1,1-trifluoroethane.  The ChemIDplus similarity scores were <50% for all potential surrogates.  
The low similarity scores for the candidate surrogates are likely related to the limited number of 
structural descriptors available for these compounds.  Structural similarity metrics use a variety 

http://hero.epa.gov/index.cfm?action=search.view&reference_id=1239453
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3420300
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3484847
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3052867
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3052389
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3052389
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3052423
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of structural descriptors to calculate similarity (although the nature of the descriptors may vary 
across different tools).  Similarity scores calculated for compounds with few structural 
descriptors will be disproportionately influenced by changes in, or absence of, a single 
descriptor, while these same changes have relatively lower impact on similarity scores for 
compounds with many descriptors.  Thus, similarity scores may be of limited use when 
comparing surrogates with relatively simple structures such as those evaluated in this 
assessment. 

2,2-Difluoropropane and the potential surrogate compounds are highly volatile, as 
demonstrated by their high vapor pressures and Henry’s law constants, suggesting that total 
absorption via the inhalation route of exposure is likely to be limited for all compounds, and 
steady-state blood concentrations may be achieved rapidly following inhalation.  Whereas 
1,1-difluoroethane has the least similar water solubility and octanol-water partition coefficient, 
there is no specific information at the structural or chemical properties tier to rule out any of the 
potential surrogates. 
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Table A-1. Physicochemical Properties of 2,2-Difluoropropane (CASRN 420-45-1) and Candidate Structural Surrogatesa 

Chemical 2,2-Difluoropropane 1,1-Difluoroethane 1,1,1-Trifluoroethane 1,1,1,2-Tetrafluoroethane 
Structure 

    
CASRN 420-45-1 75-37-6 420-46-2 811-97-2 
Molecular weight 80 66 84 102 
DSSTox similarity score (%)b 100 67 <50% 60 
ChemIDplus similarity score (%)c 100 <50% <50% <50% 
Melting point (°C) −105 −117 −111 −101 
Boiling point (°C) −0.4 −25 −48 −26 
Vapor pressure (mm Hg at 25°C) 2 × 103 (estimated) 4.55 × 103 9.54 × 103 4.99 × 103 
Henry’s law constant (atm-m3/mole at 25°C) 5 × 10−1 (estimated) 2.03 × 10−2 8 × 10−1(estimated) 5 × 10−2 (at 22°C) 
Water solubility (mg/L) 262 (estimated) 3,200 550 (estimated) 670 (estimated) 
Log Kow 2.29 (estimated) 0.75 1.74 (estimated) 1.68 (estimated) 
pKa NV NV NV NV 
aData were gathered from PHYSPROP database for each respective compound unless otherwise specified (U.S. EPA, 2012b). 
bDSSTox (2016). 
cChemIDplus Advanced, similarity scores (ChemIDplus, 2017). 
 
NV = not available. 

http://hero.epa.gov/index.cfm?action=search.view&reference_id=2347246
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3420300
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3484847
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Metabolic Surrogates 
No toxicokinetic data are available for 2,2-difluoropropane.  Available toxicokinetic data 

for the structurally similar compounds identified as potential surrogates are summarized in 
Table A-2 and discussed below. 

Absorption data for 1,1-difluoroethane, 1,1,1-trifluoroethane, and 
1,1,1,2-tetrafluoroethane are similar, with limited absorption (1−4%) into the blood following 
inhalation exposure (Avella et al., 2010; Ernstgård et al., 2010; ECETOC, 2006a, b).  Human 
blood-air partition coefficients measured in vitro suggest higher pulmonary uptake for 
1,1-difluoroethane (1.08), compared to 1,1,1-trifluoroethane (0.15) and 1,1,1,2-tetrafluoroethane 
(0.36) (Ernstgård et al., 2010).  Distribution data for both 1,1,1-trifluoroethane and 
1,1,1,2-tetrafluoroethane indicate that steady-state blood concentrations of these compounds are 
achieved rapidly (by ~30 minutes in humans), with no evidence of tissue or fat accumulation in 
rats following inhalation exposure (U.S. EPA, 2015; ECETOC, 2006a, b).  Physiologically based 
pharmacokinetic (PBPK) modeling for 1,1,1-trifluoroethane also suggests that tissue 
accumulation is unlikely (ECETOC, 2006b).  Observations in rats indicate that 
1,1-difluoroethane is also rapidly distributed, with limited uptake into brain, heart, liver, and 
kidney (Avella et al., 2010).  While, 1,1,1-trifluoroethane has the least similar blood-air partition 
coefficient, and 1,1-difluoroethane has the least similar octanol-water partition coefficient, there 
is no specific absorption or distribution information to discount any of the potential surrogates. 

Fluoroalkane compounds are chemically stable due to the strength of the C-F bond 
(O'Hagan, 2008), and given the lack of other functional groups, 2,2-difluoropropane and the 
potential surrogate compounds are anticipated to be resistant to metabolism.  Nevertheless, the 
available data on the potential surrogate compounds indicate that these compounds can undergo 
limited metabolic oxidation of the carbon skeletons (see Table A-2), particularly at positions 
having C-H bonds.  2,2-Difluoropropane contains two unfluorinated methyl groups and is 
therefore able to undergo similar reactions.  The similarities in volatilities, aqueous/air 
partitioning, structures, and reactivity suggest that 2,2-difluoropropane and the potential 
surrogate compounds will have similar biological absorption and may be metabolized along 
similar pathways. 

In rats, metabolism of 1,1,1,2-tetrafluoroethane is limited, with 67% of the absorbed dose 
excreted as unchanged parent compound in exhaled breath; the remaining 33% of the absorbed 
dose is recovered as oxidative metabolites in urine and feces, and as carbon dioxide (CO2) in 
exhaled breath (ECETOC, 2006a).  Toxicokinetic data for 1,1-difluoroethane and 
1,1,1-trifluoroethane suggest that oxidative metabolism occurs at a slow rate (ECETOC, 2006b, 
2004).  Major urinary metabolites of 1,1,1-trifluoroethane and 1,1,1,2-tetrafluoroethane 
following inhalation exposure in rats include conjugates of trifluoroethanol, 
trifluoroacetaldehyde, and trifluoroacetic acid; oxidative defluorination can further break down 
these metabolites into fluoride ions (ECETOC, 2006a, b).  Urinary metabolites identified for 
1,1-difluoroethane include fluoride ions and trace amounts of acyl fluoride (ECETOC, 2004).  In 
humans, elimination from the blood was biphasic, with half-lives of 4 and 300 minutes for 
1,1,1-trifluoroethane, and 11 and 42 minutes for 1,1,1,2-tetrafluoroethane (ECETOC, 2006a, b).  
In rats, the half-life for elimination from the blood was also biphasic for potential surrogates, 
with half-lives of ~1 and 9 minutes for 1,1-difluoroethane (Avella et al., 2010), and an initial 
half-life of 4−7 minutes (followed by a second, slower elimination phase) for 
1,1,1,2-tetrafluoroethane (ECETOC, 2006a, b).  Rat liver metabolite in silico simulations for 

http://hero.epa.gov/index.cfm?action=search.view&reference_id=3056780
http://hero.epa.gov/index.cfm?action=search.view&reference_id=759688
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3056794
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3056795
http://hero.epa.gov/index.cfm?action=search.view&reference_id=759688
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3052389
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3056794
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3056795
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3056795
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3056780
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3006736
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3056794
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3056795
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3056792
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3056794
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3056795
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3056792
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3056794
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3056795
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3056780
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3056794
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3056795
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 14 2,2-Difluoropropane 

2,2-difluoropropane performed with QSAR Toolbox 3.4 (OECD, 2016) predicted metabolites of 
2,2-difluoropropanol, 2,2-difluoropropanaldehyde, and 2,2-difluoropropanoic acid, with no 
predicted relative abundance.  Thus, 2,2-difluoropropane and its analogs have predicted or actual 
metabolites that show a common progressive oxidation of their terminal carbon atom to the 
alcohol, the aldehyde and the acid (presumably by CYP4502E1) prior to excretion. 

Due to a lack of toxicokinetic data for 2,2-difluoropropane, it is not possible to select or 
reject any one of the candidate surrogates based on toxicokinetic similarities or differences.  
Available data on the toxicokinetic properties of the potential surrogate chemicals do not identify 
any major differences, as limited absorption and similar metabolism (oxidation of the carbon 
chain) is observed for all these chemicals.  Therefore, each of the candidate compounds was 
considered an applicable metabolic surrogate for 2,2-difluoropropane. 

http://hero.epa.gov/index.cfm?action=search.view&reference_id=3103149
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 15 2,2-Difluoropropane 

Table A-2. Comparison of Available Toxicokinetic Data for 2,2-Difluoropropane (CASRN 420-45-1) and Candidate Surrogates 

2,2-Difluoropropane 
(CASRN 420-45-1) 

1,1-Difluoroethane 
(CASRN 75-37-6) 

1,1,1-Trifluoroethane 
(CASRN 420-46-2) 

1,1,1,2-Tetrafluoroethane 
(CASRN 811-97-2) 

 

 

 
 

Absorption after inhalation exposure 
ND Human: Blood-air partition coefficient of 

1.08 (measured in vitro) 
 
Rat: ~4% of inhaled dose was absorbed 

Human: Rapid, but low uptake; ~2% of 
inhaled dose was absorbed (measured in 
9 volunteers exposed to 1,720 mg/m3 for 2 hr); 
human blood-air partition coefficient of 0.15 
(measured in vitro) 
 
Rat: Low absorption into blood; estimated rat 
blood-air partition coefficient of 0.91 

Human: Rapid uptake (extent of uptake not 
reported) (measured in 4 M and 4 F volunteers 
exposed to concentrations between 
4,170−33,400 mg/m3 for 1 hr); human blood-air 
partition coefficient of 0.36 (measured in vitro) 
 
Rat: ~1% of inhaled dose was absorbed; blood-air 
partition coefficient of 0.48 was measured in vivo 

Distribution after inhalation exposure 
ND Rat: 68% blood, 8% brain, 4% heart, 

10% liver, 8% kidney relative to the total 
absorbed dose 

Human: Steady-state blood concentrations 
reached within the first few minutes of 
exposure; plateau blood concentration of 
1.4 µg/g (measured in 9 volunteers exposed to 
1,720 mg/m3 for 2 hr) 
 
Rat: PBPK model calculations indicate poor 
solubility in tissues and rapid clearance from 
blood; accumulation in tissues unlikely 

Human: Blood concentrations reached steady 
state within 30 min and were higher in males 
(measured in 4 M and 4 F volunteers exposed to 
concentrations between 4,170–33,400 mg/m3 for 
1 hr) 
 
Rat: No evidence of tissue or fat accumulation 
following inhalation exposure; crosses placental 
barrier (rats and rabbits) 
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 16 2,2-Difluoropropane 

Table A-2. Comparison of Available Toxicokinetic Data for 2,2-Difluoropropane (CASRN 420-45-1) and Candidate Surrogates 

2,2-Difluoropropane 
(CASRN 420-45-1) 

1,1-Difluoroethane 
(CASRN 75-37-6) 

1,1,1-Trifluoroethane 
(CASRN 420-46-2) 

1,1,1,2-Tetrafluoroethane 
(CASRN 811-97-2) 

Metabolism after inhalation exposure 
Predicted metabolites 
from the QSAR 
Toolbox 3.4 (OECD, 
2016) include 
difluoropropane, 
difluoropropanaldehyde, 
difluoropropanoic acid, 
and difluorpropanol 

Rat: Oxidative metabolism at a slow rate; 
VMAX and Km values of 
7.8 mg/hr-kg BW and 27.9 mg/L, 
respectively; fluoride ion and trace 
acyl fluoride were identified in the urine; 
PBPK modeling estimates metabolic 
saturation at ~203,000 mg/m3 

Human: Low metabolic rate 
 
Rat: Slowly metabolized; primary urinary 
metabolite was trifluoroethanol; minor 
metabolites include glucuronide conjugates of 
trifluoroethanol, trifluoroacetaldehyde, and 
trifluoroacetic acid; also urea conjugate of 
trifluoroacetaldehyde 

Human: ND 
 
Rat: Minimal metabolism following inhalation; 
primary metabolite was CO2 in exhaled air; 
metabolites were detected in urine, plasma, and 
testicular tissue; urinary metabolites were 
trifluoro-ethanol (as glucuronide and aglycone 
conjugates), trifluoroacetaldehyde (as hydrate and 
urea adducts), and trifluoroacetic acid 
 
Oxidative defluorination via CYPIIE1was 
demonstrated in rat, rabbit, and human liver P-100 
membrane fraction. 

Excretion after inhalation exposure 
ND Urinary metabolites (fluoride and 

acyl fluoride) 
Human: Two elimination phases with 
half-lives of about 4 and 300 min; increased 
urinary fluoride concentration measured in 
2/9 volunteers 

Human: Biphasic elimination from blood, with 
half-lives of 11 and 42 min; mean residence time 
was 44 min 
 
Rat: 67% recovery as unchanged compound in 
exhaled breath; 33% recovered as metabolites in 
urine, feces, and as CO2 in exhaled breath; 
biphasic elimination with initial half-life of 
4−20 min; remaining radioactivity was excreted 
within 24 hr 

ND Avella et al. (2010); Ernstgård et al. 
(2010); ECETOC (2004) 

U.S. EPA (2015); Ernstgård et al. (2010); 
ECETOC (2006b) 

Ernstgård et al. (2010); ECETOC (2006a); U.S. 
EPA (1995) 

BW = body weight; CO2 = carbon dioxide; F = female(s); Km = Michaelis constant (turnover rate at half-saturating concentration); M = male(s); ND = no data; 
PBPK = physiologically based pharmacokinetic; QSAR = qualitative structure activity relationship; VMAX = turnover rate of enzyme at saturating concentration. 

http://hero.epa.gov/index.cfm?action=search.view&reference_id=3103149
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3103149
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3056780
http://hero.epa.gov/index.cfm?action=search.view&reference_id=759688
http://hero.epa.gov/index.cfm?action=search.view&reference_id=759688
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3056792
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3052389
http://hero.epa.gov/index.cfm?action=search.view&reference_id=759688
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3056795
http://hero.epa.gov/index.cfm?action=search.view&reference_id=759688
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3056794
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3052423
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3052423
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Toxicity-Like Surrogates 
There are no acute or repeated-dose oral toxicity data for 2,2-difluoropropane, and none 

of the potential surrogates have oral toxicity values. 

There are no acute or repeated-dose inhalation toxicity data for 2,2-difluoropropane.  In a 
qualitative structure activity relationship (QSAR) paper by Eriksson et al. (1993), the authors’ 
models predicted median lethal dose (LD50) values for the super-category of halogenated 
aliphatic hydrocarbons.  The LD50 values for the majority of the compounds (33/38) differed by 
less than an order of magnitude.  The most similar categorical subset, that of fluoroalkanes, 
differed by less than a factor of two, and are thus toxicologically similar. 

Table A-3 summarizes available inhalation toxicity data for the structurally similar 
compounds identified as potential surrogates for 2,2-difluoropropane.  For 1,1-difluoroethane, 
the chronic inhalation reference concentration (RfC) is based on a lack of adverse effects in a 
comprehensive 2-year toxicity study at concentrations up to 12,051 mg/m3 (U.S. EPA, 1994).  
Similarly, the subchronic and chronic provisional reference concentrations (p-RfCs) for 
1,1,1-trifluoroethane are based on a lack of adverse effects in a comprehensive 13-week toxicity 
study at concentrations up to 24,550 mg/m3 (U.S. EPA, 2015; Brock et al., 1996).  Additional 
studies indicate a lack of maternal, reproductive, or developmental effects following gestational 
exposure to 1,1,1-trifluoroethane or 1,1-difluoroethane at concentrations up to 137,500 or 
135,000 mg/m3, respectively (U.S. EPA, 2015, 1994).  For 1,1,1,2-tetrafluoroethane, the critical 
effect in a comprehensive 2-year study was increased incidence of Leydig cell hyperplasia at 
37,250 mg/m3 (U.S. EPA, 1995).  Adverse effects observed at higher concentrations of 
1,1,1,2-tetrafluoroethane in rat developmental studies include reduced fetal weight with 
increased variations (≥208,600 mg/m3) and increased fetal malformations in the presence of 
maternal toxicity (1,252,000 mg/m3).  No fetal effects were observed in a rabbit developmental 
study that produced maternal toxicity (166,900 mg/m3) (U.S. EPA, 1995).  Reversible central 
nervous system (CNS) depression was observed in acute and short-term-duration studies for 
1,1-difluoroethane and 1,1,1,2-tetrafluoroethane, and cardiac sensitization was observed for 
1,1,1,2-tetrafluoroethane, but not 1,1,1-trifluoroethane (U.S. EPA, 2015, 1995). 

Taken together, available data indicate low systemic toxicity for all potential surrogate 
chemicals following subchronic or chronic inhalation exposure, as demonstrated by the lack of 
adverse effects observed at exposure concentrations up to ~25,000 mg/m3 (U.S. EPA, 2015, 
1995, 1994).  This may be related to the limited absorption of these compounds into blood 
(1−4%, see “Metabolic Surrogates” section above).  Effects that were noted in chronic-duration 
or developmental studies at higher concentrations for 1,1,1,2-tetrafluoroethane included 
testicular damage and developmental effects in rats; these effects occurred at concentrations 
higher than those tested for comparable effects for the other potential surrogates.  Available data 
regarding 2,2-difluoropropane are inadequate to identify toxicity targets; thus, it is not possible 
to select, or to rule out, any of the candidates based on a comparison between 
2,2-difluoropropane and candidate surrogates. 

http://hero.epa.gov/index.cfm?action=search.view&reference_id=658708
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3052867
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3052389
http://hero.epa.gov/index.cfm?action=search.view&reference_id=759730
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3052389
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3052867
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3052423
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3052423
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3052389
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3052423
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3052389
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3052423
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3052867
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 18 2,2-Difluoropropane 

Table A-3. Comparison of Available Inhalation Toxicity Data for 2,2-Difluoropropane (CASRN 420-45-1) and Candidate Surrogates 

Chemical 
2,2-Difluoropropane 
(CASRN 420-45-1) 

1,1-Difluoroethane 
(CASRN 75-37-6) 

1,1,1-Trifluoroethane 
(CASRN 420-46-2) 

1,1,1,2-Tetrafluoroethane 
(CASRN 811-97-2) 

Structure 

 
 

  

Repeated-exposure toxicity—subchronic RfCs 
POD (mg/m3) NA NA 24,550 NA 
POD type NA NA NOAEL (HEC) NA 
UFC (subchronic) NA NA 100 (3 UFA, 10 UFH, 3 UFD) NA 
Subchronic p-RfC (mg/m3) NA NA 2 × 102 NA 
Critical effects NA NA No exposure-related effects on 

clinical signs, body weight, food 
consumption, hematology, serum 
chemistry, urinalysis, selected organ 
weights, or comprehensive gross 
and microscopic pathology 

NA 

Other effects NA NA NA NA 
Species NA NA Rat (M and F) NA 
Duration NA NA 13 wk NA 
Route NA NA Inhalation (whole body) NA 
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Chemical 
2,2-Difluoropropane 
(CASRN 420-45-1) 

1,1-Difluoroethane 
(CASRN 75-37-6) 

1,1,1-Trifluoroethane 
(CASRN 420-46-2) 

1,1,1,2-Tetrafluoroethane 
(CASRN 811-97-2) 

 19 2,2-Difluoropropane 

Additional toxicity data 
(from other studies) 

NA NA • No exposure-related effects on 
electrocardiograph readings or 
self-reported symptoms in 
volunteers exposed to 
1,720 mg/m3 for 2 hr during light 
exercise; serum inflammatory 
markers were not increased 

• No exposure-related effects in a 
28-d inhalation study in rats 
(concentrations up to 
24,550 mg/m3) 

• No maternal, reproductive, or 
developmental effects were 
observed in rat or rabbit 
gestational exposure studies 
(GDs 6−15 for rats; GDs 6−18 for 
rabbits) using inhalation 
concentrations up to 
137,500 mg/m3 

• No evidence of cardiac 
sensitization in dogs 

No fetal effects were observed in a 
rabbit developmental study that 
produced maternal toxicity 
(166,900 mg/m3)  

Source NA NA U.S. EPA (2015) (U.S. EPA, 1995) 

Repeated-exposure toxicity—chronic RfCs 
POD (mg/m3) NA 12,051 24,550 8,200 
POD type NA NOAEL (HEC) NOAEL (HEC) BMCL10 (HEC)a 
UFC NA 300 (3 UFA, 10 UFH, 10 UFD) 1,000 (3 UFA, 10 UFH, 3 UFD, 

10 UFS) 
100 (3 UFA, 10 UFH, 3 UFD) 

Chronic RfC (mg/m3) NA 4 × 101 2 × 101 8 × 101 

http://hero.epa.gov/index.cfm?action=search.view&reference_id=3052389
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3052423
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Chemical 
2,2-Difluoropropane 
(CASRN 420-45-1) 

1,1-Difluoroethane 
(CASRN 75-37-6) 

1,1,1-Trifluoroethane 
(CASRN 420-46-2) 

1,1,1,2-Tetrafluoroethane 
(CASRN 811-97-2) 

 20 2,2-Difluoropropane 

Critical effects NA No exposure-related effects on 
clinical signs, body weight, food 
consumption, hematology, serum 
chemistry, urinalysis, or 
comprehensive gross and 
microscopic pathology 

No exposure-related effects on 
clinical signs, body weight, food 
consumption, hematology, serum 
chemistry, urinalysis, selected organ 
weights, or comprehensive gross 
and microscopic pathology 

Increased incidence of Leydig cell 
hyperplasia at 37,250 mg/m3 

Other effects 
(in principal study) 

NA NA NA Increased absolute and relative 
testes weight; no exposure-related 
effects on clinical signs, body 
weight, food consumption, 
hematology, serum chemistry, or 
weight or histology of other major 
organs 

Species NA Rat (M and F) Rat (M and F) Rat (M) 
Duration NA 2 yr 13 wk 2 yr 
Route NA Inhalation (method NR) Inhalation (whole body) Inhalation (whole body) 
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Chemical 
2,2-Difluoropropane 
(CASRN 420-45-1) 

1,1-Difluoroethane 
(CASRN 75-37-6) 

1,1,1-Trifluoroethane 
(CASRN 420-46-2) 

1,1,1,2-Tetrafluoroethane 
(CASRN 811-97-2) 

 21 2,2-Difluoropropane 

Additional toxicity data 
(from other studies) 

ND • No maternal, reproductive, or 
developmental effects were 
observed in a rat gestational 
exposure study (GDs 6−15) using 
13,500 or 135,000 mg/m3 

• Reversible CNS depression was 
seen in rats exposed to 
>27,000 mg/m3 for 2 hr or 2 wk 

See “Subchronic” sections • No adverse effects were observed 
in rats exposed for 14 d 
(417,000 mg/m3) or 13 wk (up to 
208,600 mg/m3) 

• Clinical signs of neurotoxicity and 
decreased food consumption, and 
body-weight gain were seen in 
pregnant rats exposed to 
1,252,000 mg/m3 on GDs 6−15; 
reduced mean fetal weight, 
increased percent of malformed 
fetuses/litter, and increased mean 
percent of fetuses with 
variations/litter were also seen at 
this concentration 

• Rat fetal effects observed in the 
absence of maternal toxicity 
included decreased mean fetal 
weight and increased incidence of 
unossified or partially ossified 
bones (exposure to 208,600 mg/m3 
on GDs 6−15) 
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Table A-3. Comparison of Available Inhalation Toxicity Data for 2,2-Difluoropropane (CASRN 420-45-1) and Candidate Surrogates 

Chemical 
2,2-Difluoropropane 
(CASRN 420-45-1) 

1,1-Difluoroethane 
(CASRN 75-37-6) 

1,1,1-Trifluoroethane 
(CASRN 420-46-2) 

1,1,1,2-Tetrafluoroethane 
(CASRN 811-97-2) 

 22 2,2-Difluoropropane 

Continued: Continued: Continued: Continued: Continued: 
 
• Decreased body-weight gain was 

observed in pregnant rabbits 
exposed to 166,900 mg/m3 on 
GDs 7−19; no reproductive or 
developmental effects were 
observed in this study 

• Reversible CNS depression was 
seen in acute rat studies; rat LC50 
was 3,100,000 mg/m3 for 30 min 

• Cardiac sensitization was seen in 
dogs exposed to >33,000 mg/m3 
for 10 min 

Source NA U.S. EPA (1994) U.S. EPA (2015) U.S. EPA (1995) 

Acute inhalation toxicity 
Rat inhalation LC50 
(mg/m3) 

NA 173,000 >1,900,000 1,500,000 

Toxic effects NA NA NA NA 
Mouse inhalation LC50 
(mg/m3) 

NA 977 NA 1,750,000 

Toxic effects NA NA NA NA 
Source ChemIDplus (2017) ChemIDplus (2017) ChemIDplus (2017) ChemIDplus (2017) 
aU.S. EPA (1995) reported the POD as a BMC10 (HEC); independent modeling performed for this review confirmed that the POD value was a BMCL10 (HEC) from the 
Multistage and Weibull models for the incidence of Leydig cell hyperplasia in male rats in the principal study. 
 
BMC10 = 10% benchmark concentration; BMCL10 = 10% benchmark concentration lower confidence limit; CNS = central nervous system; F = female(s); 
GD = gestation day; HEC = human equivalent concentration; LC50 = median lethal concentration; M = male(s); NA = not applicable; ND = no data; 
NOAEL = no-observed-adverse-effect level; NR = not reported; POD = point of departure; p-RfC = provisional reference concentration; RfC = inhalation reference 
concentration; UFA = interspecies uncertainty factor; UFC = composite uncertainty factor; UFD = database uncertainty factor; UFH = intraspecies uncertainty factor; 
UFS = subchronic-to-chronic uncertainty factor. 

http://hero.epa.gov/index.cfm?action=search.view&reference_id=3052867
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3052389
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Weight-of-Evidence Approach—Oral 
Due to lack of oral toxicity values for potential surrogates, a screening subchronic or 

chronic provisional reference dose (p-RfD) cannot be derived using the surrogate approach. 

Weight-of-Evidence Approach—Inhalation 
A WOE approach is used to evaluate information from potential candidate surrogates as 

described by Wang et al. (2012).  Commonalities in structural/physicochemical properties, 
toxicokinetics/metabolism, toxicity, or MOA between potential surrogates and chemical(s) of 
concern are identified.  Emphasis is given to toxicological and/or toxicokinetic similarity over 
structural similarity.  Surrogate candidates are excluded if they do not have commonality or 
demonstrate significantly different physicochemical properties and toxicokinetic profiles that set 
them apart from the pool of potential surrogates and/or target chemical.  From the remaining 
potential surrogates, the most appropriate surrogate (most biologically or toxicologically relevant 
analog chemical) with the highest structural similarity and/or most conservative toxicity value is 
selected. 

No toxicity or toxicokinetic data were available for 2,2-difluoropropane.  Three potential 
surrogates having similar chemical structures and physicochemical properties were identified.  A 
single best surrogate could not be selected on the basis of chemical structure, absorption 
potential, or metabolic transformations; the available data for all of the potential surrogates 
indicated that they all exhibited similar low absorption, limited metabolism, and low systemic 
toxicity.  One of the candidates (1,1,1-trifluoroethane) has the least similar blood-air partition 
coefficient in the category.  Another of the candidates (1,1-difluoroethane) has the least similar 
octanol-water partition coefficient of the category, but neither of these properties was judged to 
be sufficient to completely rule out either of these compounds as potential surrogates.  
Suggestions of testicular toxicity are found in all of the potential surrogates.  For example, 
decreased testicular-weight changes were observed (although only at the 90-day sacrifice) for 
1,1-difluoroethane.  Similarly, suggestions of a potential testicular effect were seen, but 
ultimately discounted, in the 1,1,1-trifluoroethane PPRTV assessment (U.S. EPA, 2015).  
Additionally, both relative and absolute testis-weight changes, as well as Leydig cell hyperplasia, 
were seen in 1,1,1,2-tetrafluoroethane exposed rats.  This combination of similar health effects, 
similar metabolism, and similar physicochemical properties provides the basis for the 
identification of a chemical category (short-chain fluoroalkanes).  The representative surrogate 
from this category was, therefore, chosen based on available toxicity values and health 
protectiveness.  For both subchronic and chronic durations of inhalation exposure, 
1,1,1,2-tetrafluoroethane was selected as the surrogate because: (1) the RfC value is based on a 
chronic-duration study (unlike 1,1,1-trifluoroethane), (2) it was the only compound for which 
statistically significant effects were observed following repeated inhalation exposure (unlike both 
1,1-difluoroethane and 1,1,1-trifluoroethane, in which only NOAELs were identified), and (3) in 
the absence of other discriminating evidence that further informs selection among the potential 
surrogates, the chronic point of departure (POD) value for 1,1,1,2-tetrafluoroethane was the most 
health protective. 

ORAL TOXICITY VALUES 
Derivation of Screening Subchronic and Chronic Provisional Reference Doses 

No subchronic or chronic oral reference values have been identified for candidate analogs 
for 2,2-difluoropropane (U.S. EPA, 2015, 1995, 1994), precluding the derivation of p-RfD 
values for 2,2-difluoropropane based on a tiered surrogate approach. 

http://hero.epa.gov/index.cfm?action=search.view&reference_id=1239453
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INHALATION TOXICITY VALUES 
Derivation of Screening Subchronic and Chronic Provisional Reference Concentrations 

Based on the overall tiered surrogate approach presented in this PPRTV assessment, 
1,1,1,2-tetrafluoroethane was selected as the surrogate for 2,2-difluoropropane for deriving both 
a screening subchronic and screening chronic p-RfC for reasons discussed in the 
“Weight-of-Evidence Approach—Inhalation” section above.  The principal study for 
1,1,1,2-tetrafluoroethane is a 2-year inhalation study in male and female Wistar rats by Collins et 
al. (1995) as cited in U.S. EPA (1995), in which the critical effect is Leydig cell hyperplasia in 
the male rat testis.  The IRIS summary for 1,1,1,2-tetrafluoroethane (U.S. EPA, 1995) described 
this study as follows: 

A 2-year inhalation exposure study with 1,1,1,2-tetrafluoroethane 
(HFC-134a) was conducted (Collins et al., 1995; Hext and Parr-Dobrzanski, 
1993), and the interim report described results through 52 weeks (Collins et al., 
1995; Hext and Mould, 1991).  In this study, groups of 85 Wistar-derived rats/sex 
were whole-body exposed to 0, 2500, 10,000, or 50,000 ppm (0, 10,400, 41,700, 
and 208,600 mg/m3) HFC-134a (99.8% pure) for 6 hours/day, 5 days/week 
(duration-adjusted concentrations = 1860, 7450, or 37,250 mg/m3, respectively).  
The animals were observed for clinical signs of toxicity at least once daily and 
several times during exposure.  Body weight and food consumption were 
monitored weekly during the first 14 weeks and biweekly thereafter.  
Hematological, clinical chemistry, and urinalysis evaluations conducted on 10 
rats/sex/group at 14, 27, 52, and 104 weeks. Ten rats/sex/group were sacrificed 
after 1 year of exposure for gross and microscopic tissue examination of over 40 
tissues, including the nose, trachea, and lung.  The remaining animals were 
examined after 104 weeks of exposure.  The HFC-134a vapor was generated by 
evaporating the liquid test material in a stream of metered air.  The test 
atmosphere concentration was assayed at 1-hour intervals by gas 
chromatography.  Mean daily chamber concentrations were found to be within 
90-100% of the nominal concentrations. 

There were no exposure-related effects on mortality, clinical signs, food 
consumption, body weight, behavior, or ocular characteristics.  In males, slight 
concentration-related decreases were noted in hemoglobin, hematocrit, RBCs, 
and WBCs after 14 weeks of exposure (but not after 27, 53, 104 weeks).  Slightly 
elevated plasma glucose was noted in males at week 14, but not in succeeding 
weeks, and in females at week 27 (but not weeks 52 or 104).  There were no 
treatment-related effects on plasma cholesterol or triglycerides.  In animals 
necropsied after intercurrent deaths (too few per group for meaningful statistical 
comparisons) and in the 10 animals killed after 52 weeks, there were no 
treatment-related effects on organ weight or histopathology.  The only 
treatment-related effects after 104 weeks of exposure were found in the testes.  A 
statistically significant increase in absolute and relative testes weight was found 
at the terminal sacrifice (n=75, relative weights were 0.6, 0.39, 0.61, and 0.66 in 
the 0-, 2500-, 10,000-, and 50,000-ppm groups, respectively).  In addition, there 
was a significant increase in the incidence of Leydig cell hyperplasia (incidence 
of 27, 25, 31, and 40 in the 0-, 2500-, 10,000-, and 50,000-ppm groups, 
respectively).  The testicular effects were considered adverse.  This study 

http://hero.epa.gov/index.cfm?action=search.view&reference_id=3052423
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establishes a LOAEL of 50,000 [LOAELHEC = 37,250 mg/m3] and a NOAEL of 
10,000 ppm [NOAELHEC = 7,450 mg/m3]. 

The critical effect for the chronic-duration rat inhalation study was increased incidence of 
Leydig cell hyperplasia.  The U.S. EPA (1995) indicated that the POD was a human equivalent 
benchmark concentration (BMC10 [HEC]) of 8,200 mg/m3 based on a benchmark response of 
10% for the incidence of Leydig cell hyperplasia in male rats.  However, independent modeling 
performed for this assessment revealed that the POD value was actually a benchmark 
concentration lower confidence limit 10% (BMCL10 [HEC]) from the Multistage and Weibull 
models, not a BMC10 (HEC).  As this BMCL10 is identified as the surrogate POD for both the 
subchronic and chronic p-RfC derivation for 2,2-difluoropropane, a composite uncertainty factor 
(UFC) of 300 is applied.  This UFC is applied for both the subchronic and chronic p-RfC and is 
based on a 3-fold uncertainty factor for interspecies extrapolation (interspecies uncertainty factor 
[UFA], reflecting use of a dosimetric adjustment) and 10-fold uncertainty factor values for both 
intraspecies variability (UFH) and database deficiencies (database uncertainty factor [UFD], 
reflecting lack of any repeated-exposure toxicity information for 2,2-difluoropropane).  The 
screening subchronic and chronic p-RfC for 2,2-difluoropropane is derived as follows: 

Screening Subchronic/Chronic p-RfC = Surrogate POD (HEC) ÷ UFC 
= 8,200 mg/m3 ÷ 300 
= 3 × 101 mg/m3 

Table A-4 summarizes the uncertainty factors for the screening subchronic and chronic 
p-RfCs for 2,2-difluoropropane. 

Table A-4. Uncertainty Factors for the Screening Subchronic and Chronic p-RfC for 
2,2-Difluoropropane (CASRN 420-45-1) 

UF Value Justification 
UFA 3 A UFA of 3 (100.5) is applied to account for uncertainty associated with extrapolating from animals to 

humans when cross-species dosimetric adjustment (HEC calculation) is performed. 
UFD 10 A UFD of 10 is applied to account for the absence of repeated-dose toxicity data including 

reproductive and developmental studies for 2,2-difluoropropane. 
UFH 10 A UFH of 10 is applied for intraspecies variability to account for human-to-human variability in 

susceptibility in the absence of quantitative information to assess the toxicokinetics and 
toxicodynamics of 2,2-difluoropropane in humans. 

UFL 1 A UFL of 1 is applied because the POD is a BMCL10 (HEC). 
UFS 1 A UFS of 1 is applied because a chronic-duration study was selected as the principal study. 
UFC 300 Composite UF = UFA × UFD × UFH × UFL × UFS. 
BMCL10 = 10% benchmark concentration lower confidence limit; HEC = human equivalent concentration; 
POD = point of departure; p-RfC = provisional reference concentration; UFA = interspecies uncertainty factor; 
UFC = composite uncertainty factor; UFD = database uncertainty factor; UFH = intraspecies variability uncertainty 
factor; UFL = LOAEL-to-NOAEL uncertainty factor; UFS = subchronic-to-chronic uncertainty factor. 
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Consideration of Potential Carcinogenicity 
As discussed above, 1,1,1,2-tetrafluoroethane was selected as the surrogate for 

2,2-difluoropropane for derivation of a screening subchronic and chronic p-RfC using an 
alternative surrogate approach (Wang et al., 2012).  1,1,1,2-Tetrafluoroethane was previously 
identified by the International Programme on Chemical Safety (IPCS) as having limited evidence 
of carcinogenicity (WHO/IPCS, 1998).  This information suggests that 2,2-difluoropropane 
might have carcinogenic potential as well but does not preclude the development of noncancer 
surrogate-derived screening provisional peer-reviewed toxicity values within this document.  
There is currently a lack of formal methodology through which to evaluate the comparative 
cancer-specific effects of potential surrogate chemicals.  Therefore, only noncancer 
surrogate-derived screening provisional peer-reviewed toxicity values are provided in in this 
PPRTV assessment and derivation of screening provisional cancer potency values using an 
alternative surrogate approach is precluded.  

http://hero.epa.gov/index.cfm?action=search.view&reference_id=1239453
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3982403


FINAL 
09-12-2017 

 
 

 27 2,2-Difluoropropane 

APPENDIX B. REFERENCES 

ACGIH (American Conference of Governmental Industrial Hygienists). (2016). 2016 TLVs and 
BEIs: Based on documentation of the threshold limit values for chemical substances and 
physical agents and biological exposure indices. Cincinnati, OH. 
https://www.acgih.org/forms/store/ProductFormPublic/2016-tlvs-and-beis 

Apollo Scientific (Apollo Scientific Limited). (2013). Safety data sheet. 2,2-Difluoropropane. 
CAS number: 420-45-1 [Fact Sheet]. 
http://www.apolloscientific.co.uk/downloads/msds/PC2877E_msds.pdf 

ATSDR (Agency for Toxic Substances and Disease Registry). (2017). Minimal risk levels 
(MRLs). June 2017. Atlanta, GA: Agency for Toxic Substances and Disease Registry 
(ATSDR). Retrieved from http://www.atsdr.cdc.gov/mrls/index.asp 

Avella, J; Kunaparaju, N; Kumar, S; Lehrer, M; Zito, SW; Barletta, M. (2010). Uptake and 
distribution of the abused inhalant 1,1-difluoroethane in the rat. J Anal Toxicol 34: 381-
388.  

Brock, WJ; Trochimowicz, HJ; Farr, CH; Millischer, RJ; Rusch, GM. (1996). Acute, subchronic, 
and developmental toxicity and genotoxicity of 1,1,1-trifluoroethane (HFC-143a). 
Fundam Appl Toxicol 31: 200-209. http://dx.doi.org/10.1006/faat.1996.0092 

Cal/EPA (California Environmental Protection Agency). (2011). Hot spots unit risk and cancer 
potency values. Appendix A. Sacramento, CA: Office of Environmental Health Hazard 
Assessment. 
http://standards.nsf.org/apps/group_public/download.php?document_id=19121 

Cal/EPA (California Environmental Protection Agency). (2014). All OEHHA acute, 8-hour and 
chronic reference exposure levels (chRELs) as of June 2014. Sacramento, CA: Office of 
Health Hazard Assessment. http://www.oehha.ca.gov/air/allrels.html 

Cal/EPA (California Environmental Protection Agency). (2017a). Chemicals known to the state 
to cause cancer or reproductive toxicity January 27, 2017. (Proposition 65 list). 
Sacramento, CA: Office of Environmental Health Hazard Assessment. 
http://oehha.ca.gov/proposition-65/proposition-65-list 

Cal/EPA (California Environmental Protection Agency). (2017b). OEHHA toxicity criteria 
database [Database]: Office of Environmental Health Assessment. Retrieved from 
http://www.oehha.ca.gov/tcdb/index.asp 

ChemIDplus. (2017). ChemIDplus a TOXNET database. Bethesda, MD: National Institutes of 
Health, U.S. Library of Medicine. Retrieved from 
http://chem.sis.nlm.nih.gov/chemidplus/ 

DSSTox (Distributed Structure-Searchable Toxicity). (2016). DSSTox database [Database]. 
Research Triangle Park, NC: U.S. Environmental Protection Agency, National Center for 
Computational Toxicology. Retrieved from http://www.epa.gov/ncct/dsstox/ 

ECETOC (European Centre for Ecotoxicology and Toxicology of Chemicals). (2004). 1,1-
Difluoroethane (HFC-152a) (CAS No. 75-37-6). (JACC Report No. 45). Brussels. 
http://www.ecetoc.org/jacc-reports 

ECETOC (European Centre for Ecotoxicology and Toxicology of Chemicals). (2006a). 1,1,1,2-
Tetrafluoroethane (HFC-134a) (CAS No. 811-97-2) (Second Edition). (JACC Report No. 
50). Brussels. http://www.ecetoc.org/jacc-reports 

ECETOC (European Centre for Ecotoxicology and Toxicology of Chemicals). (2006b). 
Trifluoroethane [ECETOC JACC]. (JACC Report No. 52). Brussels, Belgium. 
http://www.ecetoc.org/jacc-reports 

http://hero.epa.gov/index.cfm?action=search.view&reference_id=3421441
https://www.acgih.org/forms/store/ProductFormPublic/2016-tlvs-and-beis
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3052905
http://www.apolloscientific.co.uk/downloads/msds/PC2877E_msds.pdf
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3852766
http://www.atsdr.cdc.gov/mrls/index.asp
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3056780
http://hero.epa.gov/index.cfm?action=search.view&reference_id=759730
http://dx.doi.org/10.1006/faat.1996.0092
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2215636
http://standards.nsf.org/apps/group_public/download.php?document_id=19121
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2390170
http://www.oehha.ca.gov/air/allrels.html
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3483677
http://oehha.ca.gov/proposition-65/proposition-65-list
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3841161
http://www.oehha.ca.gov/tcdb/index.asp
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3484847
http://chem.sis.nlm.nih.gov/chemidplus/
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3420300
http://www.epa.gov/ncct/dsstox/
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3056792
http://www.ecetoc.org/jacc-reports
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3056794
http://www.ecetoc.org/jacc-reports
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3056795
http://www.ecetoc.org/jacc-reports


FINAL 
09-12-2017 

 
 

 28 2,2-Difluoropropane 

ECHA (European Chemicals Agency). (2017). Registered substances [Database]. Helsinki, 
Finland. Retrieved from https://echa.europa.eu/information-on-chemicals/registered-
substances 

Eriksson, L; Jonsson, J; Berglind, R. (1993). External validation of a QSAR for the acute toxicity 
of halogenated aliphatic hydrocarbons. Environ Toxicol Chem 12: 1185-1191. 
http://dx.doi.org/10.1002/etc.5620120706 

Ernstgård, L; Lind, B; Andersen, ME; Johanson, G. (2010). Liquid-air partition coefficients of 
1,1-difluoroethane (HFC152a), 1,1,1-trifluoroethane (HFC143a), 1,1,1,2-
tetrafluoroethane (HFC134a), 1,1,1,2,2-pentafluoroethane (HFC125) and 1,1,1,3,3-
pentafluoropropane (HFC245fa). J Appl Toxicol 30: 59-62. 
http://dx.doi.org/10.1002/jat.1473 

IARC (International Agency for Research on Cancer). (2017). IARC Monographs on the 
evaluation of carcinogenic risk to humans. Geneva, Switzerland: International Agency for 
Research on Cancer, WHO. http://monographs.iarc.fr/ENG/Monographs/PDFs/index.php 

IPCS (International Programme on Chemical Safety). (2017). INCHEM: Chemical safety 
information from intergovernmental organizations [Database]: World Health 
Organization & Canadian Centre for Occupational Health and Safety. Retrieved from 
http://www.inchem.org/ 

Minor, BH; Patron, DM; Klug, DL; Lunger, BS. (1995). Refrigerant compositions including 
1,1,2,2-tetrafluoroethane. (Patent No. EP0650513A1). Minor, BH; Patron, DM; Klug, 
DL; Lunger, BS. http://www.google.com/patents/EP0650513A1?cl=en 

MPCA (Minnesota Pollution Control Agency). (2015). New greenhouse gas pollutants. St. Paul, 
MN. https://www.pca.state.mn.us/sites/default/files/aq-ei1-13.pdf 

NIOSH (National Institute for Occupational Safety and Health). (2016). NIOSH pocket guide to 
chemical hazards. Index of chemical abstracts service registry numbers (CAS No.). 
Atlanta, GA: Center for Disease Control and Prevention, U.S. Department of Health, 
Education and Welfare. http://www.cdc.gov/niosh/npg/npgdcas.html 

NTP (National Toxicology Program). (2014). Report on carcinogens. Thirteenth edition. 
Research Triangle Park, NC: U.S. Department of Health and Human Services, Public 
Health Service.  

O'Hagan, D, . (2008). Understanding organofluorine chemistry. An introduction to the CF bond. 
Chem Soc Rev 37: 308-319. http://dx.doi.org/10.1039/b711844a 

OECD (Organisation for Economic Co-operation and Development). (2016). The OECD QSAR 
toolbox. Retrieved from http://www.oecd.org/chemicalsafety/risk-
assessment/theoecdqsartoolbox.htm 

OSHA (Occupational Safety & Health Administration). (2006). Safety and health regulations for 
construction: Occupational health and environmental controls - Gases, vapors, fumes, 
dusts, and mists. (1926.55 App A). Washington, DC: U.S. Department of Labor. 
http://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_
id=10629 

OSHA (Occupational Safety & Health Administration). (2011). Air contaminants: Occupational 
safety and health standards for shipyard employment, subpart Z, toxic and hazardous 
substances. (OSHA Standard 1915.1000). Washington, DC: U.S. Department of Labor. 
https://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p
_id=10286 

http://hero.epa.gov/index.cfm?action=search.view&reference_id=3483487
https://echa.europa.eu/information-on-chemicals/registered-substances
https://echa.europa.eu/information-on-chemicals/registered-substances
http://hero.epa.gov/index.cfm?action=search.view&reference_id=658708
http://dx.doi.org/10.1002/etc.5620120706
http://hero.epa.gov/index.cfm?action=search.view&reference_id=759688
http://dx.doi.org/10.1002/jat.1473
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3484307
http://monographs.iarc.fr/ENG/Monographs/PDFs/index.php
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3484828
http://www.inchem.org/
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3052904
http://www.google.com/patents/EP0650513A1?cl=en
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3056765
https://www.pca.state.mn.us/sites/default/files/aq-ei1-13.pdf
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3229976
http://www.cdc.gov/niosh/npg/npgdcas.html
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2825907
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3006736
http://dx.doi.org/10.1039/b711844a
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3103149
http://www.oecd.org/chemicalsafety/risk-assessment/theoecdqsartoolbox.htm
http://www.oecd.org/chemicalsafety/risk-assessment/theoecdqsartoolbox.htm
http://hero.epa.gov/index.cfm?action=search.view&reference_id=712753
http://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=10629
http://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=10629
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1798501
https://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=10286
https://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=10286


FINAL 
09-12-2017 

 
 

 29 2,2-Difluoropropane 

Smart, BE; Fernandez, RE. (2000). Fluorinated aliphatic compounds [Encyclopedia]. In Kirk-
Othmer encyclopedia of chemical technology. Hoboken, NJ: John Wiley and Sons, Inc. 
http://dx.doi.org/10.1002/0471238961.0612211519130118.a01 

U.S. EPA (U.S. Environmental Protection Agency). (1994). Integrated risk information system 
(IRIS) Chemical Assessment Summary for 1,1-Difluoroethane; CASRN 75-37-6. 
Washington, DC: National Center for Environmental Assessment, Integrated Risk 
Information System. 
http://cfpub.epa.gov/ncea/iris/iris_documents/documents/subst/0665_summary.pdf 

U.S. EPA (U.S. Environmental Protection Agency). (1995). Integrated risk information system 
(IRIS) chemical assessment summary for 1,1,1,2-tetrafluoroethane; CASRN 811-97-2. 
Washington, DC: National Center for Environmental Assessment, Integrated Risk 
Information System. 
http://cfpub.epa.gov/ncea/iris/iris_documents/documents/subst/0656_summary.pdf 

U.S. EPA (U.S. Environmental Protection Agency). (2005). Guidelines for carcinogen risk 
assessment [EPA Report] (pp. 1-166). (EPA/630/P-03/001F). Washington, DC: U.S. 
Environmental Protection Agency, Risk Assessment Forum. 
http://www2.epa.gov/osa/guidelines-carcinogen-risk-assessment 

U.S. EPA (U.S. Environmental Protection Agency). (2011). Health effects assessment summary 
tables (HEAST). Washington, DC: U.S. Environmental Protection Agency, Office of 
Emergency and Remedial Response. http://epa-heast.ornl.gov/heast.php 

U.S. EPA (U.S. Environmental Protection Agency). (2012a). 2012 Edition of the drinking water 
standards and health advisories [EPA Report]. (EPA/822/S-12/001). Washington, DC: 
U.S. Environmental Protection Agency, Office of Water. 
http://www.epa.gov/sites/production/files/2015-09/documents/dwstandards2012.pdf 

U.S. EPA (U.S. Environmental Protection Agency). (2012b). Estimation Programs Interface 
Suite for Microsoft Windows, v 4.11 [Computer Program]. Washington, DC. Retrieved 
from https://www.epa.gov/tsca-screening-tools/epi-suitetm-estimation-program-interface 

U.S. EPA (U.S. Environmental Protection Agency). (2015). Provisional peer-reviewed toxicity 
values for 1,1,1-trifluoroethane (CASRN 420-46-2) [EPA Report]. Cincinnati, OH. 
https://hhpprtv.ornl.gov/issue_papers/Trifluoroethane111.pdf 

U.S. EPA (U.S. Environmental Protection Agency). (2016). The Toxic Substances Control Acts 
public inventory (TSCA inventory) [Database]. Retrieved from 
https://www.epa.gov/tsca-inventory/how-access-tsca-inventory#download 

U.S. EPA (U.S. Environmental Protection Agency). (2017). Integrated risk information system. 
IRIS assessments [Database]. Washington, DC: Integrated Risk Information 'System. 
Retrieved from http://www.epa.gov/iris/ 

Wang, NC; Zhao, QJ; Wesselkamper, SC; Lambert, JC; Petersen, D; Hess-Wilson, JK. (2012). 
Application of computational toxicological approaches in human health risk assessment. 
I. A tiered surrogate approach. Regul Toxicol Pharmacol 63: 10-19. 
http://dx.doi.org/10.1016/j.yrtph.2012.02.006 

WHO (World Health Organization). (2017). Online catalog for the Environmental Health 
Criteria (EHC) monographs. Geneva, Switzerland: World Health Organization (WHO). 
http://www.who.int/ipcs/publications/ehc/en/ 

WHO/IPCS (World Health Organization/International Programme on Chemical Safety). (1998). 
Concise international chemical assessment document 11: 1,1,1,2-Tetrafluoroethane. 
Geneva: World Health Organization. 
http://www.who.int/ipcs/publications/cicad/en/cicad11.pdf 

http://hero.epa.gov/index.cfm?action=search.view&reference_id=3052028
http://dx.doi.org/10.1002/0471238961.0612211519130118.a01
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3052867
http://cfpub.epa.gov/ncea/iris/iris_documents/documents/subst/0665_summary.pdf
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3052423
http://cfpub.epa.gov/ncea/iris/iris_documents/documents/subst/0656_summary.pdf
http://hero.epa.gov/index.cfm?action=search.view&reference_id=86237
http://www2.epa.gov/osa/guidelines-carcinogen-risk-assessment
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1577552
http://epa-heast.ornl.gov/heast.php
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1936016
http://www.epa.gov/sites/production/files/2015-09/documents/dwstandards2012.pdf
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2347246
https://www.epa.gov/tsca-screening-tools/epi-suitetm-estimation-program-interface
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3052389
https://hhpprtv.ornl.gov/issue_papers/Trifluoroethane111.pdf
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3421586
https://www.epa.gov/tsca-inventory/how-access-tsca-inventory#download
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3484882
http://www.epa.gov/iris/
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1239453
http://dx.doi.org/10.1016/j.yrtph.2012.02.006
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3484693
http://www.who.int/ipcs/publications/ehc/en/
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3982403
http://www.who.int/ipcs/publications/cicad/en/cicad11.pdf

	PROVISIONAL PEER-REVIEWED TOXICITY VALUES FOR 2,2-DIFLUOROPROPANE (CASRN 420-45-1)
	AUTHORS, CONTRIBUTORS, AND REVIEWERS
	CHEMICAL MANAGER
	DRAFT DOCUMENT PREPARED BY
	PRIMARY INTERNAL REVIEWERS

	TABLE OF CONTENTS
	COMMONLY USED ABBREVIATIONS AND ACRONYMS
	BACKGROUND
	DISCLAIMERS
	QUESTIONS REGARDING PPRTVs
	INTRODUCTION
	REVIEW OF POTENTIALLY RELEVANT DATA(NONCANCER AND CANCER)
	OTHER DATA (SHORTTERM TESTS, OTHER EXAMINATIONS)

	DERIVATION OF PROVISIONAL VALUES
	DERIVATION OF ORAL REFERENCE DOSES
	DERIVATION OF INHALATION REFERENCE CONCENTRATIONS
	CANCER WEIGHTOFEVIDENCE DESCRIPTOR
	DERIVATION OF PROVISIONAL CANCER POTENCY VALUES

	APPENDIX A. SCREENING PROVISIONAL VALUES
	APPLICATION OF AN ALTERNATIVE SURROGATE APPROACH
	STRUCTURAL SURROGATES (STRUCTURAL ANALOGS)
	METABOLIC SURROGATES
	TOXICITY-LIKE SURROGATES
	WEIGHT-OF-EVIDENCE APPROACH- ORAL
	WEIGHT-OF-EVIDENCE APPROACH- INHALATION

	ORAL TOXICITY VALUES
	DERIVATION OF SCREENING SUBCHRONIC AND CHRONIC PROVISIONAL REFERENCE DOSES

	INHALATION TOXICITY VALUES
	DERIVATION OF SCREENING SUBCHRONIC AND CHRONIC PROVISIONAL REFERENCE CONCENTRATIONS
	CONSIDERATION OF POTENTIAL CARCINOGENICITY


	APPENDIX B. REFERENCES



<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice





