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Hazard Summary
Chlorine is a commonly used household cleaner and disinfectant.  Chlorine is a potent irritant to the eyes,
the upper respiratory tract, and lungs.  Chronic (long-term) exposure to chlorine gas in workers has
resulted in respiratory effects, including eye and throat irritation and airflow obstruction.  No information is
available on the carcinogenic effects of chlorine in humans from inhalation exposure.  A National
Toxicology Program (NTP) study showed no evidence of carcinogenic activity in male rats or male and
female mice, and equivocal evidence in female rats, from ingestion of chlorinated water.  EPA has not
classified chlorine for potential carcinogenicity.

Please Note: The main sources of information for this fact sheet are EPA's Integrated Risk Information System (IRIS) 
(2), which contains information on oral chronic toxicity and the RfD, The California Environmental Protection 
Agency's (CalEPA's) Technical Support Document for the Determination of Noncancer Chronic Reference Exposure 
Levels (3), and  EPA's Drinking Water Criteria Document for Chlorine, Hypochlorous Acid and Hypochlorite Ion (1). 

Uses
Chlorine is a commonly used household cleaner and disinfectant.  It is widely used as an oxidizing agent in
water treatment and chemical processes.  It is also used in the bleaching process of wood pulp in pulp
mills. (8)

Sources and Potential Exposure
Workers may be exposed to chlorine in industries where it is produced or used, particularly in the food and
paper industries.  In addition, persons breathing air around these industries may be exposed to chlorine.
(1)
Exposure to chlorine may also occur through drinking water and swimming pool water, where it is used as
a disinfectant. (2)
Accidental releases are another potential source of chlorine exposure. (3)

Assessing Personal Exposure
No data were located regarding detection of personal exposure to chlorine.

Health Hazard Information
Acute Effects:

Chlorine is a potent irritant in humans to the eyes, the upper respiratory tract, and the lungs.  Several acute
(short-term) studies have reported the following effects: tickling of the nose at 0.014 to 0.054 parts per
million (ppm); tickling of the throat at 0.04 to 0.097 ppm; itching of the nose and cough, stinging, or
dryness of the nose and throat at 0.06 to 0.3 ppm; burning of the conjunctiva and pain after 15 minutes at
0.35 to 0.72 ppm; and discomfort ranging from ocular and respiratory irritation to coughing, shortness of
breath, and headaches above 1.0 ppm. (4)
Higher levels of chlorine have resulted in the following effects in humans: mild mucous membrane irritation
at 1 to 3 ppm; chest pain, vomiting, dypsnea, and cough at 30 ppm; and toxic pneumonitis and pulmonary
edema at 46 to 60 ppm. (3)
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edema at 46 to 60 ppm. (3)
Chlorine is extremely irritating to the skin and can cause severe burns in humans. (3)
Acute animal tests in rats and mice have shown chlorine to have high acute toxicity via inhalation. (6)

Chronic Effects (Noncancer):
Workers chronically exposed to chlorine gas have exhibited respiratory effects, such as eye and throat
irritation, and airflow obstruction. (8)
Animal studies have reported decreased body weight gain, eye and nose irritation, and nonneoplastic
lesions and respiratory epithelial hyperplasia from chronic inhalation exposure to chlorine. (4,8)
The Reference Dose (RfD) for chlorine is 0.1 milligrams per kilogram body weight per day (mg/kg/d) based
on no observed adverse effects in rats. The RfD is an estimate (with uncertainty spanning perhaps an order
of magnitude) of a daily oral exposure to the human population (including sensitive subgroups) that is
likely to be without appreciable risk of deleterious noncancer effects during a lifetime.  It is not a direct
estimator of risk but rather a reference point to gauge the potential effects.  At exposures increasingly
greater than the RfD, the potential for adverse health effects increases.  Lifetime exposure above
the RfD does not imply that an adverse health effect would necessarily occur. (2)
EPA has medium confidence in the RfD based on (1) medium to high confidence in the principal study
because relevant endpoints in two animal species were examined after prolonged exposure by an
appropriate route, but an effect level was not observed in this study and higher levels may not be
practicable due to taste aversion, and (2) medium confidence in the database because information is
available for rats and mice on the noncarcinogenic toxicity of oral exposure to chlorine for subchronic
periods. Developmental and reproductive toxicity of chlorine have been examined in rats and mice, but
with suboptimal studies; due to the chemical relationship between chlorine and monochloramine,
reproductive and developmental studies for monochloramine may be used to satisfy data gaps for chlorine.
(2)
EPA has not established a Reference Concentration (RfC) for chlorine. (2)
CalEPA has established a chronic reference exposure level of 0.00006 milligrams per cubic meter (mg/m

3
)

based on respiratory epithelial lesions in rats. The CalEPA reference exposure level is a concentration at or
below which adverse health effects are not likely to occur. (8)

Reproductive/Developmental Effects:
No information is available on the developmental or reproductive effects of chlorine in humans or animals
via inhalation exposure.
Animal studies have demonstrated no evidence of reproductive or developmental effects from ingestion
exposure to chlorine. (2)
Since chlorine is highly reactive, uptake at sites such as the ovaries and testes which are remote from the
respiratory tract, is anticipated to be minimal. (2)

Cancer Risk:
No information is available on the carcinogenic effects of chlorine in humans from inhalation exposure.
Several human studies have investigated the relationship between exposure to chlorinated drinking water
and cancer.  These studies were not designed to assess whether chlorine itself causes cancer, but whether
trihalomethanes or other organic compounds occurring in drinking water as a result of chlorination are
associated with an increased risk of cancer.  These studies show an association between bladder and rectal
cancer and chlorination byproducts in drinking water. (5)
An NTP study reported no evidence of carcinogenic activity in male rats or male and female mice, and
equivocal evidence, based on an increase in mononuclear cell leukemia, in female rats, from ingestion of
chlorinated or chloraminated water. (9)
EPA has not classified chlorine for carcinogenicity. (2)

Physical Properties
Chlorine is a greenish-yellow gas that is slightly soluble in water. (4)
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Physical Properties
Chlorine is a greenish-yellow gas that is slightly soluble in water. (4)
Chlorine has a suffocating odor; the odor threshold is 0.31 ppm. (7)
The chemical formula for chlorine is Cl

2
, and its molecular weight is 70.90 g/mol. (4)

Conversion Factors: 
To convert concentrations in air (at 25°C) from ppm to mg/m

3
: mg/m

3
 = (ppm) × (molecular weight of the

compound)/(24.45).  For chlorine: 1 ppm = 2.9 mg/m
3.

Health Data from Inhalation Exposure

AIHA ERPG--American Industrial Hygiene Association's emergency response planning guidelines. ERPG 1 is the
maximum airborne concentration below which it is believed nearly all individuals could be exposed up to one hour
without experiencing other than mild transient adverse health effects or perceiving a clearly defined objectionable
odor; ERPG 2 is the maximum airborne concentration below which it is believed nearly all individuals could be
exposed up to one hour without experiencing or developing irreversible or other serious health effects that could
impair their abilities to take protective action.
ACGIH TLV--American Conference of Governmental and Industrial Hygienists' threshold limit value expressed as a
time-weighted average; the concentration of a substance to which most workers can be exposed without adverse
effects.
ACGIH ceiling--American Conference of Governmental and Industrial Hygienists' threshold limit value ceiling; the
concentration of a substance that should not be exceeded during any part of the working exposure.
LC

50
 (Lethal Concentration

50
)--A calculated concentration of a chemical in air to which exposure for a specific

length of time is expected to cause death in 50% of a defined experimental animal population.



length of time is expected to cause death in 50% of a defined experimental animal population.
LOAEL--Lowest-observed-adverse-effect level.

 NIOSH IDLH  -- National Institute of Occupational Safety and Health's immediately dangerous to life or health
concentration; NIOSH recommended exposure limit to ensure that a worker can escape from an exposure condition
that is likely to cause death or immediate or delayed permanent adverse health effects or prevent escape from the
environment.

 NIOSH ceiling --National Institute of Occupational Safety and Health's recommended exposure limit ceiling; the
concentration that should not be exceeded at any time.

 OSHA ceiling --Occupational Safety and Health Administration's permissible exposure limit ceiling value; the
concentration of a substance that should not be exceeded at any time.

The health and regulatory values cited in this factsheet were obtained in December 1999.
a Health numbers are toxicological numbers from animal testing or risk assessment values developed by EPA. 
b
 Regulatory numbers are values that have been incorporated in Government regulations, while advisory numbers

are nonregulatory values provided by the Government or other groups as advice.  OSHA numbers are regulatory,
whereas NIOSH, ACGIH, and AIHA numbers are advisory. 
c
 This LOAEL is from the critical study used as the basis for California EPA's reference exposure level.

Summary created in April 1992, updated in January 2000. 
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