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I.  IDENTIFICATION 

Chemical Name: (Z)-1-Chloro-2,3,3,3-tetrafluoropropene 
Synonyms: HCFO-1224yd(Z) 
CAS Number: 111512-60-8 
Molecular Formula: C3HClF4 
Structural Formula:  

  

II.  CHEMICAL AND PHYSICAL PROPERTIES 

Physical State and Appearance: Colorless gas 
Molecular Weight: 148.49 
Conversion Factors: 1 ppm = 0.165 (25 °C (77 °F) and 760 

mmHg); 1 mg/m3 = 6.05 mg/m3 
Melting Point: Data not available 
Boiling Point: 15 °C (59 °F) 
Vapor Pressure: 0.15 MPa at 25 °C (77 °F) 
Vapor Density: 5.2 (Air = 1)  
Odor Description: Faint ethereal odor 
Odor Threshold: Data not available 
Flammability Limits: Data not available  
Flash Point: Data not available 
Autoignition Temperature:  Data not available 
Specific Gravity: Data not available 
Solubility in Water:  Data not available 
Stability: Data not available 
Reactivity and Incompatibilities: Data not available 

III.  USES 

HCFO-1224yd(Z) is used as a single substance or in a mixture 
with other substances for refrigeration. 

IV. ANIMAL TOXICITY DATA 

A.  Acute Toxicity and Irritancy 

1. Lethality Data 

Species Route 4-hr LC50 
Rat Inhalation > 20,180 ppm  
Rat Inhalation > 213,100 ppm 

2. Eye Irritation 

HCFO-1224yd(Z) has not been tested for eye irritation. As 
HCFO-1224yd(Z) will rapidly evaporate, ocular irritation 
related to frost bite may occur. 

3. Skin Absorption 

No data available 

4. Skin Irritation 

HCFO-1224yd(Z) has not been tested for skin irritation. As 
HCFO-1224yd(Z) will rapidly evaporate, skin irritation related 
to frost bite may occur. 

5. Skin Sensitization 

No data are available for skin sensitization. The chemical is 
a gas and is not expected to penetrate the skin, a necessary 
step for inducing skin sensitization. 

6. Inhalation Toxicity 

Sprague Dawley rats (3/sex/dose) were exposed once, nose-
only for 4 hours to HCFO-1224yd(Z) at targeted 
concentrations of 2500 or 20,000 ppm (measured mean actual 
exposure concentrations were 2560 and 20,180 ppm, 
respectively) in an Organization for Economic Cooperation 
and Development (OECD 436)(1) guideline study conducted 
under Good Laboratory Practices (GLP). The animals were 
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observed post-exposure during a 14-day observation period. 
No deaths or clinical signs of toxicity were seen throughout 
the study. There were no effects on body weight or body 
weight gain in males or females during the 14-day post-
exposure observation period. There were no abnormalities in 
either sex at necropsy. Under the conditions of the study, the 
LC50 was estimated to be >20,180 ppm.(2)  

In a second OECD 436(1) GLP compliant study, rats (3/sex) 
were exposed once, nose-only for 4 hours to HCFO-
1224yd(Z) to a target concentration of 200,000 ppm 
(measured mean actual exposure concentration was 213,100 
ppm). The animals were observed post-exposure during a 
14-day observation period. No deaths occurred. Following the 
4-hr exposure, decreased locomotor activity, ataxia and 
hypothermia were observed in all exposed rats immediately 
following exposure. One female rat also exhibited 
lacrimation. All clinical observations resolved by 1-hr post-
exposure. No clinical observations were noted throughout the 
14-day recovery phase of the study. No effect on body 
weights or body weight gains were observed. There were no 
abnormalities in either sex at necropsy. Under the conditions 
of the study, the LC50 was estimated to be > 213,100 ppm.(3,4) 

In a cardiac sensitization study conducted in compliance with 
GLP regulations, beagle dogs (6 males/dose) were exposed, 
muzzle-only, to HCFO-1224yd(Z) at concentrations of 2.5% 
(25,000 ppm), 5% (50,000 ppm) and 7.5% (75,000 ppm) for 
approximately 10 minutes while attached to ECG leads. Prior 
to exposure, an individual response to intravenous 
epinephrine administration was established for each dog. 
After a period of approximately 5 minutes of the 10-minute 
exposure to HCFO-1224yd(Z), the dogs received a challenge 
dose of epinephrine. After an additional exposure of 
approximately 5 minutes, exposure to the test substance and 
ECG measurements were terminated. No evidence of cardiac 
sensitization was noted in any dogs at any tested 
concentration of HCFO-1224yd(Z). The no-observed-effect 
level (NOEL) for cardiac sensitization was 75,000 ppm.(5) 

B.  Subacute Toxicity 

1.  Inhalation 

In a 5-day inhalation toxicity study, male and female Sprague 
Dawley rats (6/sex/dose) were exposed nose-only to HCFO-
1224yd(Z) at targeted concentrations of 0, 5000, 15,000 or 
50,000 ppm (mean measured concentrations 0, 5030, 14,999 
and 50,209 ppm, respectively), 6 hr/day for 5 consecutive days. 
During the 5-day exposure period, the rats were examined for 

clinical signs of toxicity and body weights were periodically 
recorded. At the end of the study, blood samples were obtained 
for clinical chemistry. The rats were subsequently sacrificed for 
gross necropsy and tissues collected for microscopic 
evaluation.(6)  

Clinical observations were limited to transient repetitive 
movement of the mouth and jaws in two 50,000 ppm group 
males and four 50,000 ppm group females during exposure. 
These observations occurred for one to two days during the first 
3 days of exposure only. The toxicological significance of this 
finding is uncertain. No changes in body weights and no effects 
on clinical chemistry parameters were observed. No gross 
pathology changes were noted and no effects on organ weights 
occurred. No compound-related histopathological changes were 
noted. The NOEL was 15,000 ppm based on the occurrence of 
clinical observations at 50,000 ppm.(6) The no-observable-
adverse-effect-level (NOAEL) was 50,000 ppm. 

2.  Oral 

No data are available for oral exposure. The chemical is a gas, 
thus an oral exposure study is not practical. 

3.  Dermal 

No data are available for dermal exposure. The chemical is a 
gas, thus a dermal exposure study is not practical. 

C.  Subchronic Toxicity 

1.  Inhalation 

Male and female Sprague Dawley rats were exposed nose-only 
to HCFO-1224yd(Z) concentration of 0, 10,000, 25,000 or 
40,000 ppm (actual 10,293, 25,129, or 40,335 ppm, 
respectively), 6 hr/day, 5 days/week for 4 consecutive weeks in 
an OECD 412 GLP(7) compliant study(8). There were 10 per sex 
in the control and high exposure group, and 5 per sex in all 
other dose groups. Following the exposure phase, rats in the 
control and high exposure group (5/sex/group) were followed 
for a 2-week recovery phase. Clinical observations were 
recorded twice a day on exposure days and once daily on all 
other days. During the final week of exposure and recovery 
phase, a blinded functional observational battery was 
conducted. Blood samples were collected for clinical pathology 
measures at the end of the exposure and recovery phases. After 
the 4-week exposure period and at the end of the recovery 
phase, male and female rats were subjected to necropsy with 
tissues collected for histopathological evaluation.  
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All animals survived to the scheduled necropsies. There were 
no test substance-related clinical signs of toxicity, and no 
compound-related effects were observed on body weights, body 
weight gains or food consumption at any exposure 
concentration. Functional observational battery parameters 
(home cage, handling, open field, sensory, neuromuscular, and 
physiological observations) and motor activity in males and 
females were not affected at any exposure concentration. 
Exposure to HCFO1224yd(Z) did not result in compound-
related alterations on clinical pathology, organ weights or 
anatomic pathology. Based on the study results, the NOEL was 
40,000 ppm.  

D.  Chronic Toxicity 

No chronic or carcinogenicity studies are available for HCFO-
1224yd(Z). 

E.  Reproductive/Developmental Toxicity 

In a guideline (OECD 414)(9) GLP-compliant developmental 
toxicity study, female Sprague Dawley rats (20/group) were 
exposed nose-only to HCFO-1224yd(Z) for 6 hr/day at 
concentrations of 0, 5000, 10,000 or 20,000 ppm (actual 
concentration 0, 5210, 10,290 or 20,510 ppm, respectively) in 
an OECD 414(9) study conducted under GLP.(10) The rats were 
exposed from gestation day (GD) 6 to GD 19. On GD 20, the 
animals were subjected to necropsy and cesarean sections and 
the embryo-fetus and placenta were examined. In maternal rats, 
no noteworthy changes were observed in clinical signs, body 
weight, body weight gains and food consumption. Moreover, 
there were no effects on maintenance of pregnancy or 
reproductive function. No abnormal findings were found in 
necropsy. Examination of the fetus did not reveal any changes 
attributable to HCFO-1224yd(Z) on cesarean, visceral or 
skeletal evaluations. The NOAEL was considered to be 20,000 
ppm.(10) 

F.  Genotoxicity/Mutagenicity 

HCFO-1224yd(Z) was examined in a GLP compliant bacterial 
reverse mutation (Ames) assay using Salmonella typhimurium 
strains TA1535, TA1537, TA98 and TA100 and Escherichia 
coli strain WP2uvrA using a gas exposure method in the 
absence and presence of S9 metabolic activation (OECD 471). 
Test concentrations up to a maximum of 50% in air were 
evaluated. No growth inhibition of the bacterial lawn or 
mutagenic response was observed in the absence or presence of 
S9 at concentrations up to 50% HCFO-1224yd(Z) in air.(11) 
Positive and negative controls performed appropriately. 

In a GLP compliant study following OECD 473(12), HCFO-
1224yd(Z) was evaluated for chromosome aberrations in 
cultured mammalian cells (Chinese Hamster Lung/CHL) using 
a gas exposure method in the absence and presence of S9 
metabolic activation. Exposures for 6 hr at concentrations of 
20%, 40% and 80% HCFO-1224yd(Z) were carried out in the 
presence of S9, and at concentrations of 10%, 20% and 40% 
HCFO-1224yd(Z) in the absence of metabolic activation. The 
maximum concentration was limited to 80% due to the oxygen 
requirements of the CHL cells and the metabolic activation 
system. An increase in cytotoxicity was observed in the 
presence and absence of S9. The cell growth index at 
concentrations of 10%, 20% and 40% was 74%, 63% and 51%, 
respectively. In the presence of S9 at 20%, 40% and 80%, the 
cell growth index was 84%, 76% and 60%, respectively. 
Increases in structural aberrations, primarily chromatid breaks 
and exchanges, and polyploidy were observed in the absence of 
S9 at 20% and 40% HCFO-1224yd(Z). An increase in 
chromosomal aberrations was not observed in the presence of 
S9.(13) Positive and negative controls performed appropriately. 

In a guideline (OECD 474)(14) GLP-compliant in vivo 
micronucleus study, HCFO-1224yd(Z) was administrated nose-
only to 5 male Sprague Dawley rats at 0 (air), 15,000, 50,000 
and 150,000 ppm (actual concentration 16404, 51934, and 
152,463 ppm respectively). Exposures were for 4 hr daily for 2 
consecutive days. The highest exposure concentration of 
150,000 ppm was based on the acute inhalation toxicity study 
but slightly lower as these animals were exposed on 2 
consecutive days. This exposure concentration exceeds the limit 
concentration in the OECD guideline for acute toxicity. One 
animal in the 50,000 ppm group was found dead just after 
exposure on day 1. The cause of death could not be determined. 
There were no abnormal changes in clinical signs or body 
weights. For surviving animals, the occurrence of micronuclei 
was evaluated by counting 4000 immature erythrocytes 
(IMEs)/animal to calculate the frequency of micronucleated 
IMEs (MNIMEs). Additionally, 1000 erythrocytes/animal were 
examined to calculate the percentage of IMEs for evaluating 
hematopoietic function of the bone marrow. No statistically 
significant increase in the incidences of MNIMEs were detected 
at any concentration. There were no differences in the 
percentage of IMEs between the negative control and the test 
substance groups at any dose.(15) 

G.  Metabolism/Pharmacokinetics 

No metabolism or pharmacokinetic studies have been conducted 
for HCFO-1224yd(Z). However, HCFO-1224yd(Z) is expected 
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to undergo minimal metabolism based on the structural 
similarity to other fluorinated hydrocarbons. 

V.  HUMAN USE AND EXPERIENCE 

No information was found. 

VI.  RATIONALE 

HCFO-1224yd(Z) has very low acute inhalation toxicity, did 
not induce cardiac sensitization at concentrations up to 75,000 
ppm, was not genotoxic in vitro or in vivo, and did not cause 
developmental or maternal toxicity. In the 4-week inhalation 
toxicity study, no toxicity was observed in male or female rats 
exposed to HCFO-1224yd(Z) at concentrations up to 40,000 
ppm. In the 5-day inhalation toxicity study, clinical 
observations were limited to transient repetitive movement of 
the mouth and jaws in some male and female rats for up to 2 
days during the first few days (days 1-3 only) of exposure in the 
50,000 ppm group. Although the toxicological significance of 
this finding is uncertain, this clinical observation was not 
observed in the 4-week inhalation toxicity study.  

The WEEL for HCFO-1224yd(Z) is based primarily on the 
results of the 4-week toxicity study in rats. The point of 
departure of 40,000 ppm, the highest exposure concentration 
tested in the 28-day study was used to calculate the WEEL.  
This subacute inhalation NOAEL was adjusted to account for 
inter-individual variability, duration of exposure and database 
uncertainty. The resulting WEEL value of 1000 ppm is 
expected to provide a reasonable margin of safety against the 
induction of potential adverse health effects in workers exposed 
to HFCO-1224yd(Z) and is consistent with good industrial 
hygiene practices. 

VII.  RECOMMENDED WEEL GUIDE 

8-Hour Time-Weighted Average (TWA):  1000 ppm 
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