
 
 
 
 
 
 
 
 

DRAFT 
TOXICOLOGICAL PROFILE FOR 

1,1,1-TRICHLOROETHANE 
 
 
 
 
 
 
 

 
 

 
 

 
 
 
 
 

 
 

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES 
Public Health Service 

Agency for Toxic Substances and Disease Registry 
 
 
 
 
 
 
 
 
 
 
 

September 2004 
 
 



1,1,1-TRICHLOROETHANE ii 
 
 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

DISCLAIMER 
 
 
The use of company or product name(s) is for identification only and does not imply endorsement by the 
Agency for Toxic Substances and Disease Registry. 
 



1,1,1-TRICHLOROETHANE iii 
 
 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

UPDATE STATEMENT 
 
 
 
A Toxicological Profile for 1,1,1-Trichloroethane was released in 1995.  This edition supersedes any 
previously released draft or final profile.   
 
Toxicological profiles are revised and republished as necessary.  For information regarding the update 
status of previously released profiles, contact ATSDR at: 
 

Agency for Toxic Substances and Disease Registry 
Division of Toxicology/Toxicology Information Branch 

1600 Clifton Road NE, 
Mailstop F-32 

Atlanta, Georgia 30333 
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QUICK REFERENCE FOR HEALTH CARE PROVIDERS 
 
Toxicological Profiles are a unique compilation of toxicological information on a given hazardous 
substance.  Each profile reflects a comprehensive and extensive evaluation, summary, and interpretation 
of available toxicologic and epidemiologic information on a substance.  Health care providers treating 
patients potentially exposed to hazardous substances will find the following information helpful for fast 
answers to often-asked questions. 
 
 
Primary Chapters/Sections of Interest 
 
Chapter 1:  Public Health Statement: The Public Health Statement can be a useful tool for educating 

patients about possible exposure to a hazardous substance.  It explains a substance’s relevant 
toxicologic properties in a nontechnical, question-and-answer format, and it includes a review of 
the general health effects observed following exposure. 

 
Chapter 2:  Relevance to Public Health: The Relevance to Public Health Section evaluates, interprets, and 

assesses the significance of toxicity data to human health. 
 
Chapter 3:  Health Effects: Specific health effects of a given hazardous compound are reported by type of 

health effect (death, systemic, immunologic, reproductive), by route of exposure, and by length of 
exposure (acute, intermediate, and chronic).  In addition, both human and animal studies are 
reported in this section.  

 NOTE: Not all health effects reported in this section are necessarily observed in the clinical 
setting.  Please refer to the Public Health Statement to identify general health effects observed 
following exposure. 

 
Pediatrics:  Four new sections have been added to each Toxicological Profile to address child health 

issues: 
 Section 1.6 How Can (Chemical X) Affect Children? 
 Section 1.7 How Can Families Reduce the Risk of Exposure to (Chemical X)? 
 Section 3.7 Children’s Susceptibility 
 Section 6.6 Exposures of Children 
 
Other Sections of Interest: 
 Section 3.8  Biomarkers of Exposure and Effect 
 Section 3.11  Methods for Reducing Toxic Effects 
 
 
ATSDR Information Center  
 Phone:   1-888-42-ATSDR or (404) 498-0110  Fax:   (770) 488-4178 
 E-mail:   atsdric@cdc.gov  Internet:   http://www.atsdr.cdc.gov 
 
The following additional material can be ordered through the ATSDR Information Center: 
 
Case Studies in Environmental Medicine: Taking an Exposure History—The importance of taking an 

exposure history and how to conduct one are described, and an example of a thorough exposure 
history is provided.  Other case studies of interest include Reproductive and Developmental 
Hazards; Skin Lesions and Environmental Exposures; Cholinesterase-Inhibiting Pesticide 
Toxicity; and numerous chemical-specific case studies. 
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Managing Hazardous Materials Incidents is a three-volume set of recommendations for on-scene 
(prehospital) and hospital medical management of patients exposed during a hazardous materials 
incident.  Volumes I and II are planning guides to assist first responders and hospital emergency 
department personnel in planning for incidents that involve hazardous materials.  Volume III—
Medical Management Guidelines for Acute Chemical Exposures—is a guide for health care 
professionals treating patients exposed to hazardous materials. 

 
Fact Sheets (ToxFAQs) provide answers to frequently asked questions about toxic substances. 
 
 
Other Agencies and Organizations 
 
The National Center for Environmental Health (NCEH) focuses on preventing or controlling disease, 

injury, and disability related to the interactions between people and their environment outside the 
workplace.  Contact:  NCEH, Mailstop F-29, 4770 Buford Highway, NE, Atlanta, 
GA 30341-3724 • Phone: 770-488-7000 • FAX: 770-488-7015. 

 
The National Institute for Occupational Safety and Health (NIOSH) conducts research on occupational 

diseases and injuries, responds to requests for assistance by investigating problems of health and 
safety in the workplace, recommends standards to the Occupational Safety and Health 
Administration (OSHA) and the Mine Safety and Health Administration (MSHA), and trains 
professionals in occupational safety and health.  Contact: NIOSH, 200 Independence Avenue, 
SW, Washington, DC 20201 • Phone: 800-356-4674 or NIOSH Technical Information Branch, 
Robert A. Taft Laboratory, Mailstop C-19, 4676 Columbia Parkway, Cincinnati, OH 45226-1998 
• Phone: 800-35-NIOSH. 

 
The National Institute of Environmental Health Sciences (NIEHS) is the principal federal agency for 

biomedical research on the effects of chemical, physical, and biologic environmental agents on 
human health and well-being.  Contact:  NIEHS, PO Box 12233, 104 T.W. Alexander Drive, 
Research Triangle Park, NC 27709 • Phone: 919-541-3212. 

 
 
Referrals 
 
The Association of Occupational and Environmental Clinics (AOEC) has developed a network of clinics 

in the United States to provide expertise in occupational and environmental issues.  Contact:  
AOEC, 1010 Vermont Avenue, NW, #513, Washington, DC 20005 • Phone:  202-347-4976 
• FAX:  202-347-4950 • e-mail: AOEC@AOEC.ORG • Web Page:  http://www.aoec.org/. 

 
The American College of Occupational and Environmental Medicine (ACOEM) is an association of 

physicians and other health care providers specializing in the field of occupational and 
environmental medicine.  Contact:  ACOEM, 55 West Seegers Road, Arlington Heights, 
IL 60005 • Phone:  847-818-1800 • FAX:  847-818-9266. 
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THE PROFILE HAS UNDERGONE THE FOLLOWING ATSDR INTERNAL REVIEWS: 
 
 
1. Health Effects Review.  The Health Effects Review Committee examines the health effects 

chapter of each profile for consistency and accuracy in interpreting health effects and classifying 
end points. 

 
2. Minimal Risk Level Review.  The Minimal Risk Level Workgroup considers issues relevant to 

substance-specific Minimal Risk Levels (MRLs), reviews the health effects database of each 
profile, and makes recommendations for derivation of MRLs. 

 
3. Data Needs Review.  The Research Implementation Branch reviews data needs sections to assure 

consistency across profiles and adherence to instructions in the Guidance. 
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PEER REVIEW 
 
 
A peer review panel was assembled for 1,1,1-trichloroethane.  The panel consisted of the following 
members:  
 
1. Dr. Bhupendra Kaphalia, Associate Professor, Department of Pathology, University of Texas 

Medical Branch, Galveston Texas; 
 
2. Dr. Kannan Krishnan, Professor and Director, Human Toxicology Research Group, University of 

Montreal, Pierrefonds, PQ, Canada; 
 
3. Dr. Gary Stoner, Professor, Environmental Health Sciences, Ohio State University School of 

Public Health, Columbus, Ohio; 
 
These experts collectively have knowledge of 1,1,1-trichloroethane's physical and chemical properties, 
toxicokinetics, key health end points, mechanisms of action, human and animal exposure, and 
quantification of risk to humans.  All reviewers were selected in conformity with the conditions for peer 
review specified in Section 104(I)(13) of the Comprehensive Environmental Response, Compensation, 
and Liability Act, as amended. 
 
Scientists from the Agency for Toxic Substances and Disease Registry (ATSDR) have reviewed the peer 
reviewers' comments and determined which comments will be included in the profile.  A listing of the 
peer reviewers' comments not incorporated in the profile, with a brief explanation of the rationale for their 
exclusion, exists as part of the administrative record for this compound.  A list of databases reviewed and 
a list of unpublished documents cited are also included in the administrative record. 
 
The citation of the peer review panel should not be understood to imply its approval of the profile's final 
content.  The responsibility for the content of this profile lies with the ATSDR. 
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1.  PUBLIC HEALTH STATEMENT 
 

This public health statement tells you about 1,1,1-trichloroethane (also called 1,1,1-TCE) and the 

effects of exposure to it.   

 

The Environmental Protection Agency (EPA) identifies the most serious hazardous waste sites in 

the nation.  EPA then places these sites on the National Priorities List (NPL) and targets them for 

federal long-term cleanup activities.  1,1,1-TCE has been found in at least 809 of the 

1,647 current or former NPL sites.  Although the total number of NPL sites evaluated for this 

substance is not known, the number of sites at which 1,1,1-TCE is found could increase as more 

sites are evaluated.  This information is important because these sites may be sources of 

exposure, and exposure to this substance can harm you. 

 

When a substance is released either from a large area, such as an industrial plant, or a container, 

such as a drum or bottle, it enters the environment.  Such a release does not always lead to 

exposure.  You can be exposed to a substance only when you contact it—by breathing, eating, or 

drinking the substance or by skin contact. 

 

Many factors will determine whether exposure to 1,1,1-TCE will harm you.  These factors 

include the dose (how much), the duration (how long), and the way you contacted it.  You also 

must consider any other chemicals to which you are exposed and your age, sex, diet, family 

traits, lifestyle, and state of health. 

 

1.1   WHAT IS 1,1,1-TRICHLOROETHANE? 
 

1,1,1-TCE is a synthetic chemical that does not occur naturally in the environment.  It also is 

known as methylchloroform, methyltrichloromethane, trichloromethylmethane, and α-trichloro-

methane.  Its registered trade names are chloroethene NU® and Aerothene TT®.  It is a colorless 

liquid with a sweet, sharp odor.  1,1,1-TCE dissolves slightly in water.  The liquid evaporates 

quickly and becomes a vapor.  Most people begin to smell 1,1,1-TCE in the air when its levels 
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reach 120 –500 parts per million (ppm).  If the chemical makes up 8–10.5% (80,000–

105,000 ppm) of the air, it can burn easily when it contacts a spark or flame.  A poisonous gas 

known as phosgene can be produced during welding if 1,1,1-TCE is used to clean the metal.  

1,1,1-TCE also can be found in soil and water, particularly at hazardous waste sites.  Because of 

its tendency to evaporate easily, the vapor form is most commonly found in the environment.   

 

1,1,1-TCE was used in commercial products, mostly to dissolve other chemicals.  About 

800 million pounds were produced in 1990, but less than 500 million pounds are being made 

today.  No 1,1,1-TCE is supposed to be manufactured for domestic use in the United States after 

January 1, 2002 because it affects the ozone layer.  Most of 1,1,1-TCE that is manufactured 

today is exported to developing countries.  1,1,1-TCE had many industrial and household uses.  

It often was used as a solvent to dissolve other substances, such as glues and paints.  In industry, 

it was used widely to remove oil or grease from manufactured metal parts.  In the home, it used 

to be an ingredient of products such as spot cleaners, glues, and aerosol sprays. 

 

You will find detailed information about the chemical properties of 1,1,1-TCE in Chapter 4.  

Chapter 5 describes production data and the uses of 1,1,1-TCE. 

 

1.2   WHAT HAPPENS TO 1,1,1-TRICHLOROETHANE WHEN IT ENTERS THE 
ENVIRONMENT? 

 

Most of the 1,1,1-TCE released into the environment enters the air, where it lasts for about 

6 years.  Once in the air, it can travel to the upper part of the earth's atmosphere, which is called 

the stratosphere.  There, sunlight breaks it down into other chemicals that may reduce the 

stratospheric ozone layer.  This ozone layer blocks certain damaging ultraviolet rays of the sun 

from reaching the earth's surface.  Some scientists think the gradual thinning of the ozone layer is 

increasing the number of skin cancer cases in humans. 

 

Spills, improper disposal, industrial emissions, and consumer use can release large amounts of 

1,1,1-TCE into the environment.  Contaminated water from landfills and hazardous waste sites 

can contaminate surrounding soil and nearby surface water or groundwater.  However, most of 
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the chemical probably will evaporate eventually into the air.  It will not build up in plants or 

animals.  Industrial operations release the largest amount of 1,1,1-TCE into the environment, 

mostly by emissions into the air.  The vapor also enters the air because many products containing 

the chemical are used in the home and workplace. 

 

We do not know how long 1,1,1-TCE lasts in water or soil.  In surface waters, such as lakes and 

rivers, where it partially mixes with water, much of the chemical evaporates quickly.  1,1,1-TCE 

also evaporates from soil surfaces.  Water can easily carry it through soil into groundwater.  

1,1,1-TCE in groundwater can evaporate and pass through soil as a gas and finally be released to 

the air.  Also, organisms that live in soil and water may break down 1,1,1-TCE.  One study 

suggests that half of the chemical takes 200–300 days to break down in contaminated 

groundwater.  However, the number of days can vary widely, depending on specific site 

conditions. 

 

Chapter 6 provides further information about what happens to 1,1,1-TCE in the environment. 

 

1.3   HOW MIGHT I BE EXPOSED TO 1,1,1-TRICHLOROETHANE? 
 

You are not likely to be exposed to large enough amounts of 1,1,1-TCE to cause adverse health 

effects.  1,1,1-TCE has been found in air samples taken from all over the world.  In the United 

States, city air typically contains about 0.1–1.0 parts per billion (ppb) of 1,1,1-TCE; rural air 

usually contains less than 0.1 ppb.  Because 1,1,1-TCE was used so frequently in home and 

office products, much more was found in the air inside buildings (0.3–4.4 ppb) than in the 

outside air (0.1–0.9 ppb).  Since this chemical was found in many building materials, new 

buildings used to have higher indoor levels than old buildings.  Thus, you were likely to be 

exposed to 1,1,1-TCE vapor at higher levels indoors than outdoors or near hazardous waste sites.  

However, since 2002, 1,1,1-TCE is not expected to be commonly used, and therefore, the 

likelihood of being exposed to it is remote. 
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Common consumer products that used to contain 1,1,1-TCE included glues, household cleaners, 

and aerosol sprays.  In the workplace, you could have been exposed to 1,1,1-TCE while using 

some metal degreasing agents, paints, glues, and cleaning products.  You could have been 

exposed to 1,1,1-TCE by breathing the vapors from these products or by letting the liquid contact 

your skin.  High levels of exposure have occurred in people who deliberately inhaled the vapors, 

as in glue-sniffing or solvent abuse. 

 

1,1,1-TCE has been found in rivers and lakes (up to 0.01 ppm), in soil (up to 120 ppm), in 

drinking water (up to 0.0035 ppm), and in drinking water from underground wells (up to 

5.4 ppm).  In one case, drinking water from a private well contained up to 12 ppm, possibly as a 

result of illegal discharge or spill from a nearby industrial plant.  Releases during manufacture 

and transportation and during industrial or household use can cause these high levels, but the 

levels vary substantially from one location to another.  Certain foods you eat and water you drink 

or bathe in may be contaminated with 1,1,1-TCE.  However, you can be exposed to 1,1,1-TCE 

primarily by drinking contaminated water and eating contaminated food.  Chapter 6 discusses 

further information about human exposure to 1,1,1-TCE. 

 

1.4   HOW CAN 1,1,1-TRICHLOROETHANE ENTER AND LEAVE MY BODY? 
 

1,1,1-TCE can quickly enter your body if you breathe in air containing it in vapor form.  It also 

enters your body if you drink water or eat food containing 1,1,1-TCE.  If you spill 1,1,1-TCE on 

your skin, most of it quickly evaporates into the air, but small amounts enter your body through 

your skin.  Regardless of how 1,1,1-TCE enters your body, nearly all of it quickly leaves your 

body in the air you exhale.  The small amount that is not breathed out can be changed in your 

body into other substances, known as metabolites.  Most of the metabolites leave your body in 

the urine and breath within a few days.  Chapter 3 provides further information about how 

1,1,1-TCE can enter and leave the body. 
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1.5   HOW CAN 1,1,1-TRICHLOROETHANE AFFECT MY HEALTH? 
 

Scientists use many tests to protect the public from harmful effects of toxic chemicals and to find 

ways to treat people who have been harmed. 

 

One way to learn whether a chemical will harm people is to determine how the body absorbs, 

uses, and releases the chemical.  For some chemicals, animal testing may be necessary.  Animal 

testing can help identify health problems such as cancer or birth defects.  Without laboratory 

animals, scientists would lose a basic method for getting information needed to make wise 

decisions that protect public health.  Scientists have the responsibility to treat research animals 

with care and compassion.  Scientists must comply with strict animal-care guidelines because 

laws today protect the welfare of research animals. 

 

If you breathe air containing high levels of 1,1,1-TCE (1,000 ppm or higher) for a short time, 

you may become dizzy and lightheaded and possibly lose your coordination.  These effects 

rapidly disappear after you stop breathing contaminated air.  If you breathe in much higher levels 

of 1,1,1-TCE, either intentionally or accidentally, you may become unconscious, your blood 

pressure may decrease, and your heart may stop beating.  Whether breathing low levels of 

1,1,1-TCE for a long time causes harmful effects is not known.  Studies in animals show that 

breathing air that contains very high levels of 1,1,1-TCE (higher than 2,000 ppm) damages the 

breathing passages and causes mild effects in the liver, in addition to affecting the nervous 

system.  There are no studies in humans that determine whether eating food or drinking water 

contaminated with 1,1,1-TCE could harm health.  Placing large amounts of 1,1,1-TCE in the 

stomachs of animals has caused effects on the nervous system, mild liver damage, 

unconsciousness, and even death.  If your skin contacts 1,1,1-TCE, you might feel some 

irritation.  Studies in animals suggest that repeated exposure of the skin might affect the liver and 

that very large amounts on the skin can cause death.  These effects occurred only when 

evaporation was prevented. 

 

Available information does not indicate that 1,1,1-TCE causes cancer.  The International Agency 

for Research on Cancer (IARC) has determined that 1,1,1-TCE is not classifiable as to its 
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carcinogenicity in humans.  EPA has also determined that 1,1,1-TCE is not classifiable as to its 

human carcinogenicity.  The likelihood is very low that exposure to 1,1,1-TCE levels found near 

hazardous waste sites would cause significant health effects.  You can find more information 

about the health effects of 1,1,1-TCE in Chapter 3. 

 

1.6   HOW CAN 1,1,1-TRICHLOROETHANE AFFECT CHILDREN? 
 

This section discusses potential health problems in people from exposures during conception to 

maturity (18 years of age).  

 

Children exposed to large amounts of 1,1,1-TCE probably would be affected in the same manner 

as adults (see Section 1.5).  In animals, it has been shown that 1,1,1-TCE can pass from the 

mother’s blood into a fetus.  When pregnant mice were exposed to high levels of 1,1,1-TCE in 

air, their babies developed more slowly than normal and had some behavioral problems.  

However, whether similar effects occur in humans has not been demonstrated. 

 

1.7   HOW CAN FAMILIES REDUCE THE RISK OF EXPOSURE TO 1,1,1-TRI-
CHLOROETHANE? 

 

If your doctor finds you (or a family member) have been exposed to substantial amounts of 

1,1,1-TCE, ask whether your children also might have been exposed.  Your doctor might need to 

ask your state health department to investigate. 

 

Children can be exposed to 1,1,1-TCE in household products, such as adhesives and cleaners.  

Parents should store household chemicals out of reach of young children to prevent accidental 

poisonings or skin irritation.  Always store household chemicals in their original labeled 

containers.  Never store household chemicals in containers that children would find attractive to 

eat or drink from, such as old soda bottles.  Keep your Poison Control Center’s number near the 

phone. 
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Sometimes older children sniff household chemicals in an attempt to get high.  Your children 

may be exposed to 1,1,1-TCE by inhaling products containing it.  Talk with your children about 

the dangers of sniffing chemicals. 

 

1.8   IS THERE A MEDICAL TEST TO DETERMINE WHETHER I HAVE BEEN 
EXPOSED TO 1,1,1-TRICHLOROETHANE? 

 

Samples of your breath, blood, and urine can be tested to determine if you have recently been 

exposed to 1,1,1-TCE.  In some cases, these tests can estimate how much 1,1,1-TCE has entered 

your body.  To be of any value, samples of your breath or blood have to be taken within hours 

after exposure, and samples of urine have to be taken within 2 days after exposure.  However, 

these tests will not tell you whether your health will be affected by exposure to 1,1,1-TCE.  The 

exposure tests are not routinely available in hospitals and clinics because they require special 

analytical equipment.  See Chapters 3 and 7 for more information about tests for exposure to 

1,1,1-TCE. 

 

1.9   WHAT RECOMMENDATIONS HAS THE FEDERAL GOVERNMENT MADE TO 
PROTECT HUMAN HEALTH? 

 

The federal government develops regulations and recommendations to protect public health.  

Regulations can be enforced by law.  EPA, the Occupational Safety and Health Administration 

(OSHA), and the Food and Drug Administration (FDA) are some federal agencies that develop 

regulations for toxic substances.  Recommendations provide valuable guidelines to protect public 

health but cannot be enforced by law.  The Agency for Toxic Substances and Disease Registry 

(ATSDR) and the National Institute for Occupational Safety and Health (NIOSH) of the Centers 

for Disease Control and Prevention (CDC) are two federal organizations that develop 

recommendations for toxic substances. 

 

Regulations and recommendations can be expressed as “not-to-exceed” levels—in other words, 

levels of a toxic substance in air, water, soil, or food that do not exceed critical levels that usually 

are based on levels that affect animals; they are then adjusted to levels that will help protect 
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people.  Sometimes these not-to-exceed levels differ among federal agencies because the 

agencies use different exposure times (for example, an 8-hour workday or a 24-hour day), 

different animal studies, or other factors. 

 

Recommendations and regulations are updated periodically as more information becomes 

available.  For the most current information, check with the federal agency that provides it.   

 

EPA regulates the levels of 1,1,1-TCE that are allowable in drinking water.  The highest level of 

1,1,1-TCE allowed in drinking water is 0.2 ppm.  EPA has determined that the level of 

1,1,1-TCE in lakes and streams should not be more than 18 ppm.  This level is not expected to 

result in harmful health effects from drinking water or eating fish contaminated with 1,1,1-TCE.  

Any releases or spills of 1,1,1-TCE of 1,000 pounds or more must be reported to the National 

Response Center.  OSHA regulates 1,1,1-TCE levels in the workplace.  The workplace exposure 

limit for an 8-hour workday, 40-hour workweek is 350 ppm in air.  See Chapter 8 for more 

information about regulations and advisories regarding 1,1,1-TCE. 

 

1.10   WHERE CAN I GET MORE INFORMATION? 
 

If you have questions or concerns, please contact your community or state health or 

environmental quality department, or contact ATSDR at the address and phone number below. 

 

ATSDR can tell you the location of occupational and environmental health clinics.  These clinics 

specialize in recognizing, evaluating, and treating illnesses that result from exposure to 

hazardous substances. 

 

Toxicological profiles are also available on-line at www.atsdr.cdc.gov and on CD-ROM.  You 

may request a copy of the ATSDR ToxProfiles™ CD-ROM by calling the toll-free information  
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and technical assistance number at 1-888-42ATSDR (1-888-422-8737), by e-mailing 

atsdric@cdc.gov, or by writing to  

 

  Agency for Toxic Substances and Disease Registry 
  Division of Toxicology 
  1600 Clifton Road NE 
  Mailstop F-32 
  Atlanta, GA 30333 
  Fax: 1-770-488-4178 
 

For-profit organizations can request copies of final Toxicological Profiles from  

 

  National Technical Information Service (NTIS) 
  5285 Port Royal Road 
  Springfield, VA 22161 
  Phone: 1-800-553-6847 or 1-703-605-6000 
  Web site: http://www.ntis.gov/ 
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2.  RELEVANCE TO PUBLIC HEALTH 
 

2.1   BACKGROUND AND ENVIRONMENTAL EXPOSURES TO 1,1,1-TRICHLOROETHANE 
IN THE UNITED STATES  

 

1,1,1-Trichloroethane is a synthetic chemical.  In 2003, the estimated capacity of the commercial 

production of 1,1,1-trichloroethane in the United States was 510 million pounds.  Under the Clean Air 

Act as amended in 1990, all production of 1,1,1-trichloroethane for domestic use was scheduled to cease 

as of January 1, 2002.  It may be used for essential applications such as medical devices and aviation 

safety (for the testing of metal fatigue and corrosion of existing airplane engines and other parts 

susceptible to corrosion) until January 1, 2005 or for export to developing countries until January 1, 2012.  

1,1,1-Trichloroethane was predominantly used as a chemical intermediate in the manufacture of hydro-

chlorofluorocarbons (HCFCs).  It was also commonly used in vapor degreasing and cold cleaning, 

adhesives, coatings and inks, textiles, and electronics.  

 

1,1,1-Trichloroethane was released to the environment during the course of its manufacture, formulation, 

and use.  It was frequently detected in the atmosphere and in water.  In 2002, environmental releases of 

1,1,1-trichloroethane reported under the EPA Toxics Release Inventory (TRI) program were about 

234 thousand pounds in air emissions, 99 pounds in water discharges, 12 pounds in underground injection 

discharges, and 39 thousand pounds in releases to land. 

 

Monitoring studies of the ambient air levels of 1,1,1-trichloroethane in urban areas have reported 

concentrations in the range of 0.1–1 ppb, while the concentrations in rural areas have been reported to be 

<0.1 ppb (Table 6-3).  Representative data taken from five geographic areas located throughout the 

United States report indoor concentrations of 0.3–4.4 ppb and outdoor concentrations of 0.11–0.92 ppb.  

A more recent EPA region V (Minnesota, Wisconsin, Michigan, Illinois, Indiana, and Ohio) National 

Human Exposure Assessment Survey (NHEXAS) detected a mean concentration of 1,1,1-trichloroethane 

to be 1.15 ppb in indoor air samples collected from residential areas from July 1995 to May 1997. 

 

Levels of 1,1,1-trichloroethane detected in water ways near sources of emissions such as industrial waste 

water, hazardous waste sites, and spill locations are usually <1 ppb.  Drinking water from surface or 

groundwater sources contained 1,1,1-trichloroethane concentrations of 0.01–3.5 ppb.  Limited monitoring 
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data are available for the presence of 1,1,1-trichloroethane in soil.  1,1,1-Trichloroethane is expected to 

rapidly volatilize from soil and to leach through soil. 

 

Environmental exposures of humans to 1,1,1-trichloroethane have been correlated with levels of parent 

compound and 1,1,1-trichloroethane metabolites (trichloroethanol and trichloroacetic acid) in expired air, 

blood, and urine.  The appearance of trichloroacetic acid in urine is not unique to 1,1,1-trichloroethane, as 

it has also been identified as a urinary metabolite of trichloroethylene and tetrachloroethylene.  If 

exposure is known to be solely to 1,1,1-trichloroethane, trichloroacetic acid levels in the urine may be a 

useful biomarker of exposure, because of the relatively long half-life of trichloroacetic acid.  However, 

the length of time between 1,1,1-trichloroethane exposure and the measurement of breath, blood, or urine 

levels is critical to the accurate evaluation of the magnitude of exposure.  Up to 90% of the 1,1,1-tri-

chloroethane absorbed by any route is rapidly excreted unchanged in the expired air.  Most of the 

remaining 10% is accounted for as the urinary metabolites trichloroethanol and trichloroacetic acid. 

 

2.2   SUMMARY OF HEALTH EFFECTS  
 

1,1,1-Trichloroethane is one of many solvents inhaled by some people to alter mood or consciousness.  

Available human and animal data indicate that the central nervous system is the most sensitive target for 

1,1,1-trichloroethane toxicity.  Clinical signs of toxicity associated with human exposure to large 

quantities of 1,1,1-trichloroethane include central nervous system depression, hypotension, cardiac 

arrhythmia, diarrhea and vomiting, mild hepatic effects, and dermal and ocular irritation.  Deaths of 

persons exposed to high concentrations have been attributed to cardiac arrhythmia and respiratory failure 

secondary to central nervous system depression.  Lower-level exposure to 1,1,1-trichloroethane may 

result in more subtle neurological effects such as impaired performance in tests designed to measure 

variables such as manual dexterity, eye-hand coordination, perceptual speed, and reaction time.  Mild 

hepatotoxicity has been demonstrated in some animals exposed to relatively large quantities of 1,1,1-tri-

chloroethane.  Mild developmental effects induced by high level exposure of animals have not been 

verified in humans.  Available data are inadequate to determine the carcinogenicity of 1,1,1-

trichloroethane.  The EPA has classified 1,1,1-trichloroethane as group D, not classifiable as to human 

carcinogenicity, based on no reported human data and inadequate animal data.  In general, route of 

exposure does not appear to be as important as circulating levels of 1,1,1-trichloroethane.  
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Death.    The volatility of 1,1,1-trichloroethane, in addition to the rapid and extensive absorption and 

elimination of the inhaled compound, makes acute inhalation in product use situations the most likely 

lethal exposure scenario in humans.  The acute lethal air concentration for humans is unknown; however, 

simulations of several lethal exposures suggest that it may be as low as 6,000 ppm.  The results of animal 

studies indicate that the acute lethal exposure concentration decreases substantially with increasing 

exposure duration.  Thus, the concentration required to cause animal death after a 6–7-hour exposure is 3–

4 times less than that required after a 15-minute exposure. 

 

Human deaths after inhalation exposure to 1,1,1-trichloroethane have been attributed to respiratory failure 

secondary to central nervous system depression and to cardiac arrhythmias.  Animal studies reveal that 

arrhythmias may result from sensitization of the heart to epinephrine.  Hypoxia may exacerbate the 

situation.  Therefore, acute lethal exposure levels may be lower in individuals exposed during physical 

exertion.  Physical exertion also may decrease the acute lethal exposure level by increasing the respiratory 

rate and lung perfusion rate, thereby increasing the systemic absorption of 1,1,1-trichloroethane. 

 

Very little is known about the lethality of ingested 1,1,1-trichloroethane in humans.  In one case of acute 

oral exposure, accidental ingestion of 600 mg/kg of 1,1,1-trichloroethane was not fatal.  Animal studies 

suggest that even higher acute oral doses may not cause death. 

 

Neurological Effects.    Neurological effects are the preeminent signs of acute inhalation exposure to 

1,1,1-trichloroethane in humans.  The intoxicating effects of the inhaled chemical create a potential for its 

abuse.  The severity of central nervous system depressant effects in humans during acute inhalation 

exposure increases as the exposure duration and level are increased.  Impaired performance of 

psychophysiological function tests has been observed in individuals exposed to moderate concentrations 

(≥175 ppm).  The Mackay et al. study served as the basis for derivation of the acute-duration inhalation 

minimal risk level (MRL).  Dizziness, lightheadedness, and loss of coordination are caused by exposure 

to higher concentrations (>500 ppm).  General anesthesia occurs at high levels (≥10,000 ppm).  These 

effects subside rapidly after exposure.  One report suggested that impaired memory and deficits in balance 

were persistent effects in a group of workers after chronic exposure to moderate to high levels of 1,1,1-tri-

chloroethane. 

 

Animals are useful models for examining the neurological effects of exposure to 1,1,1-trichloroethane.  

As in humans, central nervous system depression is the predominant effect of inhaled 1,1,1-trichloro-
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ethane.  Signs include ataxia, unconsciousness, and death at increasing concentrations.  No evidence of 

gross or histological damage was found in the brains of most exposed animals, although some evidence of 

potential for cellular damage was indicated by reports of increased levels of glial fibrillary acid protein 

and decreased DNA content in the brain of gerbils after repeated exposure to low levels of the chemical.  

The Rosengren et al. study served as the basis for the intermediate-duration inhalation MRL.  Alterations 

of brain metabolism also were observed in exposed animals.  Behavioral changes, including impaired 

performance of neurobehavioral tests and increased motor activity, have been widely reported; however, 

the sites of action and biochemical mechanisms of neurotoxicity have not been identified.  Neuro-

physiological changes also have been reported.  These latter observations were made at a relatively high 

exposure level (4,000 ppm). 

 

Little information was located regarding neurological effects in humans or animals after oral or dermal 

exposure to 1,1,1-trichloroethane.  Existing data indicate that a single oral exposure to a dose of 

approximately 600 mg/kg did not produce overt signs of neurotoxicity.  It is assumed, however, that 

sufficiently high doses of 1,1,1-trichloroethane administered orally or dermally will result in neurological 

effects.  Oral exposure to 1,1,1-trichloroethane produced neurophysiological changes in rats given 

moderate doses (700 mg/kg/day) and gross neurobehavioral changes (hyperexcitability and narcosis) in 

rats given high doses (≥2,500 mg/kg/day).  No neurological effects were observed in the offspring of rats 

treated by gavage during gestation and lactation with up to 750 mg 1,1,1-trichloroethane/kg/day (see 

Developmental Effects).  No clinical signs of neurotoxicity were seen in rats and mice receiving 1,1,1-tri-

chloroethane in the diet at concentrations as high as 80,000 ppm (doses as high as 4,800 and 

5,000 mg/kg/day in males and females, respectively) for 13 weeks. 

 

Cardiovascular Effects.    1,1,1-Trichloroethane can lower blood pressure (mildly to severely) in 

humans and can induce transient myocardial injury.  Such effects, however, are likely only after exposure 

to very high concentrations of 1,1,1-trichloroethane vapor.  Chronic exposure of workers to levels 

≤250 ppm did not affect blood pressure, heart rate, or electrocardiogram results in humans.  Reduced 

blood pressure accompanies exposure to anesthetic concentrations of 1,1,1-trichloroethane vapor 

(10,000–26,000 ppm).  The effects are not permanent and subside shortly after exposure.  The 

hypotensive mechanism has been studied in animals and appears to involve cardiac depression and 

peripheral vasodilation. 
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Human deaths following 1,1,1-trichloroethane inhalation are often attributed to cardiac arrhythmias.  

Such conclusions are based on animal studies in which arrhythmias have been produced during or 

immediately following acute inhalation exposure to 1,1,1-trichloroethane.  The mechanism for the 

arrhythmias apparently involves sensitization of the heart to endogenous epinephrine.  The exposure level 

at which cardiac sensitization occurs in humans is not known, but in animals, concentrations as low as 

5,000 ppm are effective after only 10 minutes of inhalation.  Physical exertion, stress, or any other 

stimulus of epinephrine release from the adrenal medulla may render an individual more vulnerable to 

1,1,1-trichloroethane.  Hypoxia may further increase a subject's susceptibility.  

 

Hepatic Effects.    1,1,1-Trichloroethane may be a mild hepatotoxin in humans, although the evidence 

is not conclusive.  Increased levels of serum bilirubin, lactate dehydrogenase (LDH), alkaline 

phosphatase, and serum glutamic oxaloacetic transaminase (SGOT), all suggestive of liver injury, have 

been reported in humans exposed to high levels of 1,1,1-trichloroethane by inhalation or ingestion.  

Elevated serum LDH, gamma-glutamyl transpeptidase (GGT), SGOT, and glutamic pyruvic transaminase 

(SGPT), and pathologic signs of progressive liver disease were noted in a patient who was occupationally 

exposed to 1,1,1-trichloroethane for several years.  Removal of the patient from exposure resulted in 

improvement of the impaired liver function.  Mild hepatic changes have also been noted in liver biopsies 

of exposed individuals and at autopsy in individuals who died after acute inhalation exposure to high 

concentrations of 1,1,1-trichloroethane.  Animal studies indicate that exposure to relatively high 1,1,1-tri-

chloroethane concentrations in air (≥1,000 ppm) or high oral doses (≥1,334 mg/kg) are required to 

produce liver injury.  Effects observed in animals include necrosis, fatty change, increased liver weight, 

and changes in liver and serum enzyme levels.  These effects are reversible and subside after termination 

of exposure (in the case of necrosis, hepatocytes in the proximity of the killed cells proliferate and replace 

them). 

 

Developmental Effects.    Developmental effects in humans exposed to 1,1,1-trichloroethane have not 

been observed.  Epidemiology studies found no relationship between adverse pregnancy outcomes and 

maternal exposure to 1,1,1-trichloroethane.  Minor embryotoxic effects were observed in rats and rabbits 

after inhalation exposure to high concentrations of 1,1,1-trichloroethane.  Effects included decreased fetal 

weights, increased minor soft tissue and skeletal anomalies, and delayed ossification.  Exposure of 

pregnant mice to 1,1,1-trichloroethane at a concentration of 2,000 ppm for 17 hours/day on gestation days 

12–17 resulted in significantly reduced postnatal pup weights, overt developmental delays (pinnae 

detachment, incisor eruption, eye opening), and impaired performance in behavioral tests (righting reflex, 
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forelimb grip strength, negative geotaxis, inverted screen climbing).  In a similar study of pregnant rats 

that were exposed to 7,000 ppm of 1,1,1-trichloroethane 3 times/day for 60 minutes on gestation days 13–

19, two of nine litters were completely resorbed and significant increases in gestation length were noted.  

Developmental effects included increased mortality at birth, decreased litter weight, and significant 

deficits in coordination, muscle strength, and spontaneous motor activity.  The developmental defects 

reported in three of these studies may have been associated with significant maternal toxicity.  Neither an 

inhalation study using a lower, although still high, concentration nor drinking water studies revealed any 

developmental effects.  Furthermore, a comprehensive study in which pregnant rats were gavaged with 

1,1,1-trichloroethane during gestation and lactation found no neurobehavioral alterations in the pups 

tested up to 2 months of age.  Overall, 1,1,1-trichloroethane does not appear to be a significant 

developmental toxicant in animals.  However, in view of the known neurological effects of 1,1,1-tri-

chloroethane in humans and animals, additional developmental studies that examine neurological end 

points would be an important component of a complete investigation of 1,1,1-trichloroethane's potential 

developmental toxicity in humans.   

 

Cancer.    A relationship between exposure to 1,1,1-trichloroethane and cancer in humans has not been 

established.  Among animals, no effects were found in a well-designed inhalation study at exposure levels 

≤1,500 ppm.  The results of an oral study indicate that 1,1,1-trichloroethane may have increased the 

occurrence of immunoblastic lymphosarcoma in rats; however, the biological and statistical significance 

of these results are questionable because of the study design limitations.  The results of another oral 

(gavage) cancer bioassay were negative, but high early mortality in treated animals in this study made 

these results questionable. 

 

Information is also limited on the role of 1,1,1-trichloroethane metabolites in the parent compound's 

toxicity.  Reactive metabolites are important in the carcinogenicity of other chloroethanes (i.e., 

1,1,2,2-tetrachloroethane).  Binding to DNA, which is correlated with carcinogenicity in chlorinated 

ethanes, was weak in an in vivo test.  Even weak binding, however, indicates the potential to interact with 

DNA.  Cell biotransformation tests were positive for this chemical.  The results of these assays may have 

been confounded by the presence of stabilizing agents, however.  Two of the common stabilizing 

additives in commercial formulations of 1,1,1-trichloroethane are 1,2-epoxybutane (butylene oxide) and 

1,4-dioxane (diethylene dioxide).  Both stabilizers have been identified as animal carcinogens.  At this 

time, it does not appear that 1,1,1-trichloroethane exposure poses a clear cancer risk in animals; however, 

as discussed above, the limitations of the available studies prevent a definitive assessment of the risk of 
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cancer in humans exposed to the compound.  Related to potential exposures near NPL hazardous waste 

sites, the risk appears to be of little significance. 

 

2.3   MINIMAL RISK LEVELS  
 

Inhalation MRLs 

 

• An MRL of 2 ppm has been derived for acute-duration inhalation exposure (14 days or less) to 
1,1,1-trichloroethane. 

 

The acute-duration inhalation MRL is based on a lowest-observed-adverse-effect level (LOAEL) of 

175 ppm for reduced performance of psychomotor tests in a human study by Mackay et al. (1987).  

Individuals exposed to 175 or 350 ppm of 1,1,1-trichloroethane for 3.5 hours demonstrated impaired 

performance of psychomotor tests.  The derivation of this MRL is supported by results of other human 

studies.  Gamberale and Hultengren (1973) found psychophysiological test performance deficits in 

exposed individuals, although at a higher concentration than the LOAEL of 175 ppm identified by 

Mackay et al. (1987).  Muttray et al. (1999, 2000) found EEG changes consistent with increased 

drowsiness and slight irritant nasal responses in volunteers exposed to 200 ppm.  Numerous studies 

described behavioral and neurophysiological effects in animals. 

 

Although the LOAEL of 175 ppm in the critical study of Mackay et al. (1987) was associated with only a 

3.5-hour exposure period, the acute-duration inhalation MRL is intended to be protective of a continuous 

acute-duration exposure.  Data reported by Nolan et al. (1984) and Mackay et al. (1987) indicate that 

blood levels of 1,1,1-trichloroethane approach steady state during 2 hours of continuous inhalation 

exposure in humans.  Neurobehavioral performance was correlated with 1,1,1-trichloroethane blood 

levels and there was little additional change in most measures of neurobehavioral performance as 

exposure duration increased from 2 to 3 hours (Mackay et al. 1987).  Therefore, the LOAEL of 175 ppm 

was not adjusted for exposure duration. 

 

• An MRL of 0.7 ppm has been derived for intermediate-duration inhalation exposure (15–
364 days) to 1,1,1-trichloroethane. 

 

The intermediate-duration inhalation MRL is based on a no-observed-adverse-effect level (NOAEL) of 

70 ppm derived from the study by Rosengren et al. (1985), which found evidence of astrogliosis 
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(increased glial fibrillary acid protein levels) in the brains of gerbils exposed to 210 or 1,000 ppm, but not 

70 ppm, of 1,1,1-trichloroethane continuously for 3 months.  Choice of a neurological end point for 

derivation of the MRL is supported by numerous studies in humans and animals showing neurological 

effects to be the critical end point for 1,1,1-trichloroethane. 

 

A chronic-duration inhalation MRL was not derived because suitable studies including tests for subtle 

neurological effects were not available. 

 

Oral MRLs 

 

An acute-duration oral MRL was not derived for 1,1,1-trichloroethane due to the lack of adequate 

information.  Acute-duration oral exposure in humans is limited to a single account of an accidental 

exposure.  Comprehensive acute-duration oral toxicity studies in animals were not located and available 

studies did not clearly establish sensitive targets and dose-response relationships.   

 

• An MRL of 20 mg/kg/day has been derived for intermediate-duration oral exposure 
(15B364 days) to 1,1,1-trichloroethane. 

 

The intermediate-duration oral MRL is based on a NOAEL for body weight effects in mice (NTP 2000).  

Groups of male and female B6C3F1 mice (10 per group) were administered microencapsulated 1,1,1-tri-

chloroethane in the diet at concentrations of 0, 5,000, 10,000, 20,000, 40,000, or 80,000 ppm, 

7 days/week for 13 weeks.  Untreated control groups of 10 males and 10 females were included in the 

study.  Respective average doses of 1,1,1-trichloroethane calculated by the researchers were 850, 1,770, 

3,500, 7,370, and 15,000 mg/kg/day in male mice; and 1,340, 2,820, 5,600, 11,125, and 

22,900 mg/kg/day in female mice.  Clinical signs and body weights were recorded weekly.  Food 

consumption was determined every 3–4 days.  Vaginal cytology and sperm motility evaluations were 

performed on all mice in the vehicle control and the three highest dose groups of mice.  At necropsy, all 

mice were subjected to gross pathological examinations, and the heart, lungs, thymus, liver, right kidney, 

and right testis were weighed.  Mice in untreated and vehicle control and high-dose groups were subjected 

to complete histopathologic examinations. 

 

There were no exposure-related deaths.  Food consumption was slightly increased in 1,1,1-trichloro-

ethane-treated groups, relative to untreated and vehicle controls.  However, the final mean body weights 

of all groups of 1,1,1-trichloroethane-treated male mice were significantly lower (9, 9, 12, 10, and 15% 
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lower in the 5,000-, 10,000-, 20,000-, 40,000-, and 80,000-ppm male groups, respectively) than that of the 

untreated controls.  Mean body weight gain in all treatment groups was also significantly less than that of 

the untreated controls (12, 16, 23, 22, and 33% lower in 5,000-, 10,000-, 20,000-, 40,000-, and 

80,000-ppm groups, respectively).  There were no indications of treatment-related clinical or 

histopathological effects.  A treatment-related decrease in body weight (or body weight gain) of 10% or 

more (relative to controls) may be considered to represent an adverse effect.  The choice of 1,1,1-tri-

chloroethane-induced body weight changes as the critical effect is supported by results of other 

subchronic- and chronic-duration oral and inhalation animal studies in which body weight effects were 

reported, either in the absence of other signs of toxicity (Adams et al. 1950; Bruckner et al. 2001; 

Prendergast et al. 1967) or at doses causing minimal liver lesions (Calhoun et al. 1981; Quast et al. 1978, 

1988). 

 

A total uncertainty factor of 100 (10 for extrapolation from animals to humans and 10 for human 

variability) was applied to the NOAEL of 1,770 mg/kg/day for body weight effects in male mice 

administered 1,1,1-trichloroethane in the diet for 13 weeks. 

 

Results of another intermediate-duration oral animal study were evaluated for the purpose of deriving an 

intermediate-duration oral MRL for 1,1,1-trichloroethane.  Bruckner et al. (2001) reported a frank effect 

level (FEL) of 2,500 mg/kg (1,786 mg/kg/day when adjusted for exposure 5 days/week) for gross central 

nervous system depression and death in rats exposed by gavage.  Investigation of systemic end points was 

limited to the liver; only mild hepatic changes were found and only at lethal doses.  Sensitive neurological 

endpoints were not monitored.  NTP (2000) observed no gross central nervous system effects or deaths at 

doses up to about 5,000 mg/kg/day in rats or 23,000 mg/kg/day in mice.  The differences in the findings 

of the Bruckner et al. (2001) and NTP (2000) studies can be attributed to the bolus dosing employed by 

Bruckner et al. (2001).  In comparison to relatively steady intake throughout the day in the diet, bolus 

dosing will produce much higher peak blood levels as the entire daily dose is rapidly absorbed.  The gross 

central nervous system effects and mortality observed by Bruckner et al. (2001) are likely a reflection of 

the high peak blood levels by this mode of administration.  Such bolus oral exposure is not considered 

relevant to longer-term or chronic exposure scenarios in humans.  Therefore, the results of Bruckner et al. 

(2001) were not used as the basis for derivation of an intermediate-duration oral MRL for 1,1,1-trichloro-

ethane. 
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A chronic-duration oral MRL was not derived for 1,1,1-trichloroethane.  No relevant human data were 

located.  Chronic-duration oral animal studies were designed as cancer bioassays and included only 

limited investigation of noncancer endpoints (Maltoni et al. 1986; NCI 1977). 
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3.  HEALTH EFFECTS 
 

3.1   INTRODUCTION  
 

The primary purpose of this chapter is to provide public health officials, physicians, toxicologists, and 

other interested individuals and groups with an overall perspective on the toxicology of 1,1,1-trichloro-

ethane.  It contains descriptions and evaluations of toxicological studies and epidemiological 

investigations and provides conclusions, where possible, on the relevance of toxicity and toxicokinetic 

data to public health. 

 

A glossary and list of acronyms, abbreviations, and symbols can be found at the end of this profile. 

 

3.2   DISCUSSION OF HEALTH EFFECTS BY ROUTE OF EXPOSURE  
 

To help public health professionals and others address the needs of persons living or working near 

hazardous waste sites, the information in this section is organized first by route of exposure (inhalation, 

oral, and dermal) and then by health effect (death, systemic, immunological, neurological, reproductive, 

developmental, genotoxic, and carcinogenic effects).  These data are discussed in terms of three exposure 

periods:  acute (14 days or less), intermediate (15–364 days), and chronic (365 days or more). 

 

Levels of significant exposure for each route and duration are presented in tables and illustrated in 

figures.  The points in the figures showing no-observed-adverse-effect levels (NOAELs) or lowest-

observed-adverse-effect levels (LOAELs) reflect the actual doses (levels of exposure) used in the studies.  

LOAELs have been classified into "less serious" or "serious" effects.  "Serious" effects are those that 

evoke failure in a biological system and can lead to morbidity or mortality (e.g., acute respiratory distress 

or death).  "Less serious" effects are those that are not expected to cause significant dysfunction or death, 

or those whose significance to the organism is not entirely clear.  ATSDR acknowledges that a 

considerable amount of judgment may be required in establishing whether an end point should be 

classified as a NOAEL, "less serious" LOAEL, or "serious" LOAEL, and that in some cases, there will be 

insufficient data to decide whether the effect is indicative of significant dysfunction.  However, the 

Agency has established guidelines and policies that are used to classify these end points.  ATSDR 

believes that there is sufficient merit in this approach to warrant an attempt at distinguishing between 
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"less serious" and "serious" effects.  The distinction between "less serious" effects and "serious" effects is 

considered to be important because it helps the users of the profiles to identify levels of exposure at which 

major health effects start to appear.  LOAELs or NOAELs should also help in determining whether or not 

the effects vary with dose and/or duration, and place into perspective the possible significance of these 

effects to human health.   

 

The significance of the exposure levels shown in the Levels of Significant Exposure (LSE) tables and 

figures may differ depending on the user's perspective.  Public health officials and others concerned with 

appropriate actions to take at hazardous waste sites may want information on levels of exposure 

associated with more subtle effects in humans or animals (LOAELs) or exposure levels below which no 

adverse effects (NOAELs) have been observed.  Estimates of levels posing minimal risk to humans 

(Minimal Risk Levels or MRLs) may be of interest to health professionals and citizens alike. 

 

Estimates of exposure levels posing minimal risk to humans (MRLs) have been made for 1,1,1-trichloro-

ethane.  An MRL is defined as an estimate of daily human exposure to a substance that is likely to be 

without an appreciable risk of adverse effects (noncarcinogenic) over a specified duration of exposure.  

MRLs are derived when reliable and sufficient data exist to identify the target organ(s) of effect or the 

most sensitive health effect(s) for a specific duration within a given route of exposure.  MRLs are based 

on noncancerous health effects only and do not consider carcinogenic effects.  MRLs can be derived for 

acute, intermediate, and chronic duration exposures for inhalation and oral routes.  Appropriate 

methodology does not exist to develop MRLs for dermal exposure. 

 

Although methods have been established to derive these levels (Barnes and Dourson 1988; EPA 1990), 

uncertainties are associated with these techniques.  Furthermore, ATSDR acknowledges additional 

uncertainties inherent in the application of the procedures to derive less than lifetime MRLs.  As an 

example, acute inhalation MRLs may not be protective for health effects that are delayed in development 

or are acquired following repeated acute insults, such as hypersensitivity reactions, asthma, or chronic 

bronchitis.  As these kinds of health effects data become available and methods to assess levels of 

significant human exposure improve, these MRLs will be revised. 

 

A User's Guide has been provided at the end of this profile (see Appendix B).  This guide should aid in 

the interpretation of the tables and figures for Levels of Significant Exposure and the MRLs. 
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3.2.1   Inhalation Exposure  

3.2.1.1   Death  
 

1,1,1-Trichloroethane is one of many solvents intentionally inhaled by some people to alter mood or 

consciousness.  Solvent abuse of this type is associated with "sudden sniffing death" syndrome.  In a 

survey of sudden sniffing deaths across the United States in the 1960s, 29 of the 110 deaths in the survey 

were attributed to inhalation of 1,1,1-trichloroethane (Bass 1970).  Case reports of individuals who died 

following intentional inhalation of 1,1,1-trichloroethane are readily available (D'Costa and Gunasekera 

1990; Droz et al. 1982; Guberan et al. 1976; Hall and Hine 1966; MacDougall et al. 1987; Ranson and 

Berry 1986; Travers 1974; Winek et al. 1997).  1,1,1-Trichloroethane is a widely used industrial solvent.  

Although mortality due to accidental exposure from its use as a solvent is not common, a number of cases 

have been reported (Caplan et al. 1976; Jones and Winter 1983; McCarthy and Jones 1983; Commission 

of the European Communities 1981; Northfield 1981; Silverstein 1983; Stahl et al. 1969; Sullivan 1994). 

 

Data from case reports and surveys are useful, but concomitant exposure to other chemicals cannot be 

ruled out, and exposure concentrations and durations are rarely known.  Although the actual levels of 

exposure that produced death are not known for any of these cases, some investigators used simulations to 

estimate the fatal exposure concentrations.  Droz et al. (1982) performed detailed simulations of two 

fatalities from intentional 1,1,1-trichloroethane inhalation.  The lethal concentration of 1,1,1-trichloro-

ethane was estimated to be between 6,000 and 14,000 ppm in one case and between 10,000 and 

20,000 ppm in the other.  Simulation of the circumstances of deaths of two people exposed while using 

1,1,1-trichloroethane as a solvent showed that concentrations ≤6,400 ppm may have been generated in 

one case (Jones and Winter 1983) and concentrations ≤9,000 ppm may have been generated in the other 

(Silverstein 1983).  Northfield (1981) reported a case in which a worker, whose death was attributed to 

respiratory failure, may have been exposed to 1,1,1-trichloroethane concentrations of 6,000 ppm or 

higher, depending on distance from the source. 

 

Human death following acute exposure to high 1,1,1-trichloroethane concentrations is usually attributed 

to either depression of the central nervous system, which results in respiratory arrest (Hall and Hine 1966; 

Jones and Winter 1983; Stahl et al. 1969; Winek et al. 1997), or sensitization of the heart to epinephrine, 

which results in severe cardiac arrhythmias (Guberan et al. 1976; MacDougall et al. 1987; Travers 1974).  

The occurrence of death during physical exertion following inhalation of 1,1,1-trichloroethane (Ranson 

and Berry 1986) or a mixture of 1,1,1-trichloroethane and trichloroethylene (King et al. 1985; Troutman 
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1988) is consistent with the possibility that cardiac sensitization to epinephrine caused death in these 

cases.  It should be noted that anoxia or hypoxia, which are present to some extent during physical 

exertion, exacerbate the cardiac arrhythmias caused by sensitization of the myocardium to catecholamines 

(Reinhardt et al. 1971). 

 

Studies of animal mortality following acute inhalation exposure to 1,1,1-trichloroethane are numerous.  

Median lethal concentrations (LC50 values) have been calculated for rats and mice.  For rats, LC50 values 

from 10,305 to 38,000 ppm were reported (Adams et al. 1950; Bonnet et al. 1980; Clark and Tinston 

1982).  For mice, reported LC50 values ranged from 3,911 to 22,241 ppm (Gradiski et al. 1978; Horiguchi 

and Horiguchi 1971; Moser and Balster 1985; Woolverton and Balster 1981).  Much of the variation in 

these data can be attributed to differences in the exposure duration (higher LC50 values were generally 

obtained in studies with short exposure periods).  In studies of the same duration, rats (6-hour 

LC50=10,305 ppm) were somewhat more susceptible to 1,1,1-trichloroethane than mice (6-hour 

LC50=13,414 ppm) (Bonnet et al. 1980; Gradiski et al. 1978).  An alternative way to study lethality is to 

expose animals to a given concentration of vapor and record the time required to kill half of the animals 

(LT50).  The LT50 was 180 minutes in rats exposed to 18,000 ppm of 1,1,1-trichloroethane (Adams et al. 

1950) and 595 minutes in mice exposed to 13,500 ppm (Gehring 1968).  Deaths of animals exposed to 

1,1,1-trichloroethane were usually attributed to either respiratory or cardiac failure (Adams et al. 1950; 

Clark and Tinston 1982; Krantz et al. 1959).  Most deaths occurred during exposure.  Animals that 

survived the exposure period usually recovered rapidly and appeared normal within 10–15 minutes 

(Adams et al. 1950; Clark and Tinston 1982). 

 

1,1,1-Trichloroethane did not increase mortality in longer-term studies in which animals were exposed to 

lower exposure concentrations than the acute studies.  No effects on survival were observed in 

intermediate-duration studies in which animals of several species were exposed to concentrations 

≤5,000 ppm (Adams et al. 1950; Calhoun et al. 1981; Prendergast et al. 1967; Rosengren et al. 1985) or 

chronic-duration studies in which rats and mice were exposed to concentrations ≤1,750 ppm (Quast et al. 

1978, 1988). 

 

Reliable acute LC50 values for death in each species are recorded in Table 3-1 and plotted in Figure 3-1.  

Acute exposure to high concentrations of 1,1,1-trichloroethane can be lethal to humans and animals.  The 

cause of death is usually either respiratory or cardiac failure.  Limited human data and studies in animals  
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Table 3-1  Levels of Significant Exposure to 1,1,1-Trichloroethane  -  Inhalation

Chemical Form(ppm) (ppm) (ppm)

Exposure/
Duration/

Frequency
(Specific Route)

Species
(Strain)

ACUTE EXPOSURE
Death

1

37

14250
14250 (LC50 - 7 hr)

Once
6-420 min(Wistar)

Rat Adams et al. 1950

2

123

10305
10305 M (LC50 - 6 hr)

1 d
6 hr/d(Sprague-

Dawley)

Rat Bonnet et al. 1980

3

129

38000
38000 (LC50 - 15 min)

1 d
10-15 min/d(Alderley

Park)

Rat Clark and Tinston 1982

4

126

13414
13414 F (LC50 - 6 hr)

1 d
6 hr/d(OF1)

Mouse Gradiski et al. 1978

5

203

3911
3911 M (LC50 - 2 hr)

1 d
2 hr/d(NA2)

Mouse Horiguchi and Horiuchi 1971

6

242

18358
18358 M (LC50 - 60 min)

1 d
10-60 min/d(CD-1)

Mouse Moser and Balster 1985

7

211

22241
22241 M (LC50 - 30 min)

1 d
30 min/d(CD-1)

Mouse Woolverton and Balster 1981
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(continued)Table 3-1  Levels of Significant Exposure to 1,1,1-Trichloroethane  -  Inhalation

Chemical Form(ppm) (ppm) (ppm)

Exposure/
Duration/

Frequency
(Specific Route)

Species
(Strain)

Systemic
8

10000
10000Resp

277

1 d
up to 2 hr/d

Human Dornette and Jones 1960

Cardio

10000

10000 (5-10 mm Hg reduction in blood
pressure)

10000
10000Hepatic

9

550
550 MCardio

216

1 d
30 min/d

Human Gamberale and Hultengren 1973

10
Resp

771
200

200 M (nasal irritation)
Once
4 hr

Human Muttray et al. 1999

11
Resp

269

1900
1900 M (throat irritation)

1 d
15-186
min/d

Human Stewart et al. 1961

2650
2650 MHepatic

2650
2650 MRenal
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(continued)Table 3-1  Levels of Significant Exposure to 1,1,1-Trichloroethane  -  Inhalation

Chemical Form(ppm) (ppm) (ppm)

Exposure/
Duration/

Frequency
(Specific Route)

Species
(Strain)

12

500
500Resp

279

5 d
1-7.5 hr/d

Human Stewart et al. 1975

500
500Hemato

500
500Hepatic

500
500Renal

13

506
506Resp

36

1 d
5-450 min/d

Human Torkelson et al. 1958

920
920Cardio

920
920Hemato

920
920Hepatic

920
920Renal

14

30000
30000Bd Wt

39

Once
6-420 min(Wistar)

Rat Adams et al. 1950
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(continued)Table 3-1  Levels of Significant Exposure to 1,1,1-Trichloroethane  -  Inhalation

Chemical Form(ppm) (ppm) (ppm)

Exposure/
Duration/

Frequency
(Specific Route)

Species
(Strain)

15

18000
18000 MResp

41

Once
6-420 min(Wistar)

Rat Adams et al. 1950

18000
18000 MCardio

Hepatic

8000

8000 M (increased liver weight, mild
fatty change)

18000
18000 MRenal

18000
18000 MBd Wt

16

13070
13070 MHepatic

128

1 d
2 hr/d(NS)

Rat Carlson 1973
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(continued)Table 3-1  Levels of Significant Exposure to 1,1,1-Trichloroethane  -  Inhalation

Chemical Form(ppm) (ppm) (ppm)

Exposure/
Duration/

Frequency
(Specific Route)

Species
(Strain)

17

15000
15000 MResp

403

1 d
2 hr/d(Sprague-

Dawley)

Rat Cornish and Adefuin 1966

15000
15000 MHepatic

15000
15000 MRenal

15000
15000 MEndocr

15000
15000 MBd Wt

18

2500
2500 MHepatic

248

1 d
24 hr/d(Sprague-

Dawley)

Rat Fuller et al. 1970

19

800
800 MHemato

140

10 d
24 hr/d(Wistar)

Rat Koizumi et al. 1983

800
800 MHepatic

20

500
500 MHepatic

183

5 d
6 hr/d(Sprague-

Dawley)

Rat Savolainen et al. 1977
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(continued)Table 3-1  Levels of Significant Exposure to 1,1,1-Trichloroethane  -  Inhalation

Chemical Form(ppm) (ppm) (ppm)

Exposure/
Duration/

Frequency
(Specific Route)

Species
(Strain)

21

2000
2000 MBd Wt

711

4000
4000 M (26% reduction in body weight)

4 d
24 hr/d(CFW Swiss)

Mouse Evans and Balster 1993

22

13500
13500 FHepatic

136

1 d
10-780 min/d(Swiss

Webster)

Mouse Gehring 1968

23

8000
8000 FBd Wt

763

Gd 12-17
60 min/exposure
3 exposures/d(CD-1)

Mouse Jones et al. 1996

24

6000
6000 MHepatic

246

1-6 d
4-24 hr/d(Swiss albino)

Mouse Lal and Shah 1970

25
Cardio

228

7500
7500 (EC50 for cardiac sensitization)

1 d
5 min/d(Beagle)

Dog Clark and Tinston 1973

26

10000
10000Cardio

253

1 d
15 min/d(Beagle)

Dog Egle et al. 1976
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(continued)Table 3-1  Levels of Significant Exposure to 1,1,1-Trichloroethane  -  Inhalation

Chemical Form(ppm) (ppm) (ppm)

Exposure/
Duration/

Frequency
(Specific Route)

Species
(Strain)

27

25000
25000Resp

271

1 d
5 min/d(NS)

Dog Herd et al. 1974

Cardio

8000

8000 (50 mm Hg reduction in mean
blood pressure)

25000
25000Hepatic

28

2500
2500 MCardio

227

5000
5000 M (cardiac sensitization)

1 d
10 min/d(Beagle)

Dog Reinhardt et al. 1973

29
Cardio

229

5600
5600 M (cardiac sensitization)

1 d
7.5-60 min/d(New

Zealand)

Rabbit Carlson 1981

Immuno/ Lymphoret
30

15000
15000 M

704

1 d 2 hr/d
(Sprague-
Dawley)

Rat Cornish and Adefuin 1966

31

350
350 F

112

1 d
3 hr/d(CD-1)

Mouse Aranyi et al. 1986
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(continued)Table 3-1  Levels of Significant Exposure to 1,1,1-Trichloroethane  -  Inhalation

Chemical Form(ppm) (ppm) (ppm)

Exposure/
Duration/

Frequency
(Specific Route)

Species
(Strain)

Neurological
32

276

10000
10000 (anesthesia)

1 d
up to 2 hr/d

Human Dornette and Jones 1960

33

250
250 M

215
350

350 M (increased reaction time,
decreased perceptual speed
and manual dexterity)

1 d
30 min/d

Human Gamberale and Hultengren 1973

34

200
200 M

769

Once
5 hr

Human Laine et al. 1996

35

218
175

175 M (decreased psychomotor
performance)

b1 d
3.5 hr/d

Human Mackay et al. 1987

36

770
200

200 M (increased drowsiness)
Once
4 hr

Human Muttray et al. 2000

37

450
450 M

219

1 d
8hr/d

Human Salvini et al. 1971
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(continued)Table 3-1  Levels of Significant Exposure to 1,1,1-Trichloroethane  -  Inhalation

Chemical Form(ppm) (ppm) (ppm)

Exposure/
Duration/

Frequency
(Specific Route)

Species
(Strain)

38

400
400 M

184

1 d
4hr/d

Human Savolainen et al. 1981

39

496
496 M

268

900
900 M (lightheadedness)

1 d
15-186 min/d

Human Stewart et al. 1961

40

232

500
500 M (impaired balance)

5 d
6.5-7 hr/d

Human Stewart et al. 1969

41

350
350

278

500
500 (altered EEG)

5 d
1-7.5 hr/d

Human Stewart et al. 1975

42

35

920
920 (ataxia)

1 d
5-450 min/d

Human Torkelson et al. 1958

43

1400
1400 M

217
1800

1800 M (increased response time in
match to sample task)

1 d
4 hr/d(Baboon)

Monkey Geller et al. 1982
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(continued)Table 3-1  Levels of Significant Exposure to 1,1,1-Trichloroethane  -  Inhalation

Chemical Form(ppm) (ppm) (ppm)

Exposure/
Duration/

Frequency
(Specific Route)

Species
(Strain)

44

38

5000
5000 (narcosis)

Once
6-420 min(Wistar)

Rat Adams et al. 1950

45

124

10000
10000 M (all somnolent)

1 d
6 hr/d(Sprague-

Dawley)

Rat Bonnet et al. 1980

46

130

5000
5000 (EC50 for ataxia)

1 d
10-15 min/d(Alderley

Park)

Rat Clark and Tinston 1982

47

209
8000

8000 M (increased brain lactate and
pyruvate)

1 d
5-60 min/d(Wistar)

Rat Folbergrova et al. 1984

48

430
4000

4000 (increased motor activity)
4 d
6 hr/d(Fischer 344)

Rat Halogenated Solvents Industry
Alliance 1991

49

791
1000

1000 F (altered EEG, FEP, and SEP)
4 d
6 hr/d(Fischer 344)

Rat Halogenated Solvents Industry
Alliance 1991

50

3500
3500 M

224
6000

6000 M (dizzness, decrease local
cerebral glucose consumption) 7800

7800 M (ataxia)
1 d
0.5-2 hr/d(Wistar)

Rat Hougaard et al. 1984
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(continued)Table 3-1  Levels of Significant Exposure to 1,1,1-Trichloroethane  -  Inhalation

Chemical Form(ppm) (ppm) (ppm)

Exposure/
Duration/

Frequency
(Specific Route)

Species
(Strain)

51

1750
1750 M

240

3080
3080 M (impaired reflexes)

1 d
0.5-4 hr/d(Charles

River-CD)

Rat Mullin and Krivanek 1982

52

785

5000
5000 M (reduced cGMP in the brain)

40 or 100 min
(Sprague-
Dawley)

Rat You and Dallas 2000

53

210

2836

2836 M (EC50 for effect on operant
behavior)

1 d
20 min/d(CD-1)

Mouse Balster et al. 1982

54

753
1250

1250 M (increased motor activity)
30 min

(CFW)
Mouse Bowen and Balster 1996

55

2000
2000 M

754

4000
4000 M (increased motor activity)

30 min
2x/wk(albino)

Mouse Bowen and Balster 1998

56

2000
2000 M

755
4000

4000 M (altered schedule-controlled
behavior)

30 min
2x/wk(albino)

Mouse Bowen and Balster 1998
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(continued)Table 3-1  Levels of Significant Exposure to 1,1,1-Trichloroethane  -  Inhalation

Chemical Form(ppm) (ppm) (ppm)

Exposure/
Duration/

Frequency
(Specific Route)

Species
(Strain)

57

756
2500

2500 M (increased anxiety)
Once
30 min(albino)

Mouse Bowen et al. 1996a

58

4000
4000 M

757

8000

8000 M (significantly impaired righting
reflex)

20 min
1x(albino)

Mouse Bowen et al. 1996b

1,1,1-trichloroethane

59

195

6644

6644 M (EC50 for increased seizure
threshold)

1 d
4 hr/d(Swiss OF1)

Mouse De Ceaurriz et al. 1981

60

214

2064
2064 M (altered swimming behavior)

1 d
4 hr/d(Swiss OF1)

Mouse De Ceaurriz et al. 1983

61

710

500

500 M (decreased threshold to
convulsions upon withdrawal)

4 d
24 hr/d(CFW Swiss)

Mouse Evans and Balster 1993

62

135

13500
13500 F (unconsciousness)

1 d
10-780 min/d(Swiss

Webster)

Mouse Gehring 1968
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(continued)Table 3-1  Levels of Significant Exposure to 1,1,1-Trichloroethane  -  Inhalation

Chemical Form(ppm) (ppm) (ppm)

Exposure/
Duration/

Frequency
(Specific Route)

Species
(Strain)

63

764

8000

8000 F (mild tremors and gait
abnormalities in dams)

Gd 12-17
60 min/exposure
3 exposures/d(CD-1)

Mouse Jones et al. 1996

64

1300
1300 M

206

2000
2000 M (increased motor activity)

1 d
1hr/d(NMRI)

Mouse Kjellstrand et al. 1985a

65

243

5674

5674 M (EC50 for impaired screen
climbing ability)

1 d
10-60 min/d(CD-1)

Mouse Moser and Balster 1985

66

222

7129

7129 M (EC50 for reduced fixed interval
response rate)

1 d
30 min/d(CD-1)

Mouse Moser and Balster 1986

67

500
500 M

197

1000
1000 M (increased cAMP in brain)

1 d
4 hr/d(NS)

Mouse Nilsson 1986a

68

50
50 M

196

100
100 M (reduced cGMP in brain) 

1 d
4 hr/d(NS)

Mouse Nilsson 1986b
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(continued)Table 3-1  Levels of Significant Exposure to 1,1,1-Trichloroethane  -  Inhalation

Chemical Form(ppm) (ppm) (ppm)

Exposure/
Duration/

Frequency
(Specific Route)

Species
(Strain)

69

4000
4000

775

8000
8000 (increased anxiety)

Once
30 min(Swiss-

Webster)

Mouse Páez-Martínez et al. 2003

1,1,1-trichloroethane

70

172

2876

2876 M (EC50 for effect on ability to
discriminate from pentobarbital)

1 d
20 min/d(CD-1)

Mouse Rees et al. 1987a

71

173

850

850 M (EC50 for effect on ability to
discriminate from ethanol)

1 d
20 min/d(CD-1)

Mouse Rees et al. 1987b

72

212

5173

5173 M (EC50 for impaired screen
climbing ability)

1 d
30 min/d(CD-1)

Mouse Woolverton and Balster 1981

73

786
5000

5000 M (reduced cGMP in the brain)
40 or 100 min

(CD-1)
Mouse You and Dallas 2000

74

10000
10000

252

1 d
15 min/d(Beagle)

Dog Egle et al. 1976
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(continued)Table 3-1  Levels of Significant Exposure to 1,1,1-Trichloroethane  -  Inhalation

Chemical Form(ppm) (ppm) (ppm)

Exposure/
Duration/

Frequency
(Specific Route)

Species
(Strain)

Reproductive
75

18000
18000 M

40

Once
6-420 min(NS)

Rat Adams et al. 1950

Developmental
76

3000
3000 F

358
6000

6000 F (decreased female fetal weight,
delayed ossification)

Gd 6-15
4 hr/d(CD)

Rat BRRC 1987a

77

875
875 F

114

Gd 6-15
7 hr/d(Sprague-

Dawley)

Rat Schwetz et al. 1975

78

761

2000

2000 (delayed development and
impaired motor skills)

Gd 12-17
17 hr/d(CD-1)

Mouse Jones et al. 1996

79
Bd Wt

762
2000

2000 (18% decreased litter weight)
Gd 12-17
17 hr/d(CD-1)

Mouse Jones et al. 1996

80

765
8000

8000 (reduced litter and postnatal pup
weight)

8000

8000 (delayed development, impaired
performance in behavioral tests)

Gd 12-17
60 min/exposure
3 exposures/d(CD-1)

Mouse Jones et al. 1996
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(continued)Table 3-1  Levels of Significant Exposure to 1,1,1-Trichloroethane  -  Inhalation

Chemical Form(ppm) (ppm) (ppm)

Exposure/
Duration/

Frequency
(Specific Route)

Species
(Strain)

81

790
2000

2000 (18% decreased litter weight)
Gd 12-17
17 hr/d(CD-1)

Mouse Jones et al. 1996

1,1,1-trichloroethane

82

875
875 F

115

Gd 6-15
7 hr/d(Swiss

Webster)

Mouse Schwetz et al. 1975

83

3000
3000 F

356

6000
6000 F (extra rib)

Gd 6-18
6 hr/d(New

Zealand)

Rabbit BRRC 1987b

INTERMEDIATE EXPOSURE
Systemic

84

1000
1000Resp

193

14 wk
7 d/wk
24 hr/d(NS)

Monkey MacEwen and Vernot 1974

1000
1000Hemato

1000
1000Hepatic

1000
1000Renal
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(continued)Table 3-1  Levels of Significant Exposure to 1,1,1-Trichloroethane  -  Inhalation

Chemical Form(ppm) (ppm) (ppm)

Exposure/
Duration/

Frequency
(Specific Route)

Species
(Strain)

85

2210
2210Resp

181

6 wk
5 d/wk
8 hr/d(Squirrel)

Monkey Prendergast et al. 1967

2210
2210Cardio

2210
2210Hepatic

2210
2210Renal

2210
2210Bd Wt

86

5000
5000Resp

47

44 d
5 d/wk
7 hr/d(NS)

Rat Adams et al. 1950

5000
5000Cardio

5000
5000Hepatic

5000
5000Renal

5000
5000Bd Wt
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(continued)Table 3-1  Levels of Significant Exposure to 1,1,1-Trichloroethane  -  Inhalation

Chemical Form(ppm) (ppm) (ppm)

Exposure/
Duration/

Frequency
(Specific Route)

Species
(Strain)

87

1000
1000Resp

368
2000

2000 (mild nasal epithelial
degeneration)

90 d
5 d/wk
6 hr/d(CDF)

Rat Calhoun et al. 1981

2000
2000Cardio

2000
2000Gastro

2000
2000Hemato

2000
2000Musc/skel

1000
1000Hepatic

2000

2000 (reduced glycogen, fatty
change)

2000
2000Renal

2000
2000Dermal

2000
2000Ocular

2000
2000Bd Wt
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(continued)Table 3-1  Levels of Significant Exposure to 1,1,1-Trichloroethane  -  Inhalation

Chemical Form(ppm) (ppm) (ppm)

Exposure/
Duration/

Frequency
(Specific Route)

Species
(Strain)

88

1000
1000Resp

194

14 wk
24 hr/d(NS)

Rat MacEwen and Vernot 1974

1000
1000Hepatic

1000
1000Renal

1000
1000Bd Wt

89

2210
2210Resp

163

6 wk
5 d/wk
8 hr/d(Sprague-

Dawley)

Rat Prendergast et al. 1967

2210
2210Cardio

2210
2210Hemato

2210
2210Hepatic

2210
2210Renal

2210
2210Bd Wt
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(continued)Table 3-1  Levels of Significant Exposure to 1,1,1-Trichloroethane  -  Inhalation

Chemical Form(ppm) (ppm) (ppm)

Exposure/
Duration/

Frequency
(Specific Route)

Species
(Strain)

90

820
820 MHepatic

187

4 wk
5 d/wk
6 hr/d(Sprague-

Dawley)

Rat Toftgard et al. 1981

820
820 MBd Wt

91

10000
10000 MHepatic

32

3 mo
5 d/wk
3-60
min/d

(NS)
Rat Torkelson et al. 1958

10000
10000 MRenal

10000
10000 MBd Wt

92

1100
1100 FResp

190

15 wk
5 d/wk
5-6 hr/d(Sprague-

Dawley)

Rat Truffert et al. 1977

1100
1100 FHemato

1100
1100 FHepatic

1100
1100 FRenal

1100
1100 FBd Wt
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(continued)Table 3-1  Levels of Significant Exposure to 1,1,1-Trichloroethane  -  Inhalation

Chemical Form(ppm) (ppm) (ppm)

Exposure/
Duration/

Frequency
(Specific Route)

Species
(Strain)

93

1000
1000Resp

363
2000

2000 (mild nasal epithelial
degeneration)

90 d
5 d/wk
6 hr/d(B6C3F1)

Mouse Calhoun et al. 1981

2000
2000Cardio

2000
2000Gastro

2000
2000Hemato

2000
2000Musc/skel

1000
1000Hepatic

2000
2000 (fatty change)

2000
2000Renal

2000
2000Dermal

2000
2000Ocular

2000
2000Bd Wt

94

250
250 MHepatic

144

1000
1000 M (fatty change, necrosis)

14 wk
24 hr/d(CF1)

Mouse McNutt et al. 1975
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(continued)Table 3-1  Levels of Significant Exposure to 1,1,1-Trichloroethane  -  Inhalation

Chemical Form(ppm) (ppm) (ppm)

Exposure/
Duration/

Frequency
(Specific Route)

Species
(Strain)

95

5000
5000Resp

46

45 d
5 d/wk
7 hr/d(NS)

Gn Pig Adams et al. 1950

Hepatic
5000

5000 (fatty change)

5000
5000Renal

Bd Wt

5000

5000 (over 20% decrease body
weight gain)

96

3000
3000Resp

56

29 d
5 d/wk
7 hr/d(NS)

Gn Pig Adams et al. 1950

3000
3000Cardio

Hepatic
3000

3000 (fatty change)

3000
3000Renal

Bd Wt

3000

3000 (over 20% reduction in body
weight gain)
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(continued)Table 3-1  Levels of Significant Exposure to 1,1,1-Trichloroethane  -  Inhalation

Chemical Form(ppm) (ppm) (ppm)

Exposure/
Duration/

Frequency
(Specific Route)

Species
(Strain)

97

650
650Resp

69

93 d
5 d/wk
7 hr/d(NS)

Gn Pig Adams et al. 1950

650
650Cardio

650
650Hepatic

650
650Renal

Bd Wt

650

650 (body weight gain reduced
18-35%)

98

2210
2210Resp

167

6 wk
5 d/wk
8 hr/d(Hartley)

Gn Pig Prendergast et al. 1967

2210
2210Cardio

2210
2210Hemato

2210
2210Hepatic

2210
2210Renal

2210
2210Bd Wt
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(continued)Table 3-1  Levels of Significant Exposure to 1,1,1-Trichloroethane  -  Inhalation

Chemical Form(ppm) (ppm) (ppm)

Exposure/
Duration/

Frequency
(Specific Route)

Species
(Strain)

99
Resp

34

1000
1000 F (lung irritation)

3 mo
5 d/wk
3-180 min/d(NS)

Gn Pig Torkelson et al. 1958

Hepatic
1000

1000 F (fatty change)

2000
2000 FRenal

2000
2000 FBd Wt

100

1000
1000Gastro

192

14 wk
24 hr/d(NS)

Dog MacEwen and Vernot 1974

1000
1000Hemato

1000
1000Hepatic

1000
1000Renal
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(continued)Table 3-1  Levels of Significant Exposure to 1,1,1-Trichloroethane  -  Inhalation

Chemical Form(ppm) (ppm) (ppm)

Exposure/
Duration/

Frequency
(Specific Route)

Species
(Strain)

101

380
380Resp

156

90 d
24 hr/d(Beagle)

Dog Prendergast et al. 1967

380
380Cardio

380
380Hemato

380
380Hepatic

380
380Renal

140
140Bd Wt

380
380 (body weight gain reduced 51%)
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(continued)Table 3-1  Levels of Significant Exposure to 1,1,1-Trichloroethane  -  Inhalation

Chemical Form(ppm) (ppm) (ppm)

Exposure/
Duration/

Frequency
(Specific Route)

Species
(Strain)

102

2210
2210Resp

177

6 wk
5 d/wk
8 hr/d(Beagle)

Dog Prendergast et al. 1967

2210
2210Cardio

2210
2210Hemato

2210
2210Hepatic

2210
2210Renal

Bd Wt

2210

2210 (body weight gain reduced
>12%)

103

5000
5000 FResp

52

44 d
5 d/wk
7 hr/d(NS)

Rabbit Adams et al. 1950

5000
5000 FHepatic

5000
5000 FRenal

Bd Wt

5000

5000 F (slight decrease in body weight
gain)
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(continued)Table 3-1  Levels of Significant Exposure to 1,1,1-Trichloroethane  -  Inhalation

Chemical Form(ppm) (ppm) (ppm)

Exposure/
Duration/

Frequency
(Specific Route)

Species
(Strain)

104

380
380Resp

153

90 d
24 hr/d(New Zealand

albino)

Rabbit Prendergast et al. 1967

380
380Cardio

380
380Hemato

380
380Hepatic

380
380Renal

140
140Bd Wt

380

380 (66% reduction in body weight
gain)
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(continued)Table 3-1  Levels of Significant Exposure to 1,1,1-Trichloroethane  -  Inhalation

Chemical Form(ppm) (ppm) (ppm)

Exposure/
Duration/

Frequency
(Specific Route)

Species
(Strain)

105

2210
2210Resp

171

6 wk
5 d/wk
8 hr/d(New Zealand

albino)

Rabbit Prendergast et al. 1967

2210
2210Cardio

2210
2210Hemato

2210
2210Hepatic

2210
2210Renal

Bd Wt

2210

2210 (over 34% reduction in body
weight gain)
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(continued)Table 3-1  Levels of Significant Exposure to 1,1,1-Trichloroethane  -  Inhalation

Chemical Form(ppm) (ppm) (ppm)

Exposure/
Duration/

Frequency
(Specific Route)

Species
(Strain)

106

500
500Resp

26

6 mo
5 d/wk
7 hr/d(NS)

Rabbit Torkelson et al. 1958

500
500Cardio

500
500Hemato

500
500Hepatic

500
500Renal

500
500Bd Wt

107

1000
1000Bd Wt

251

3 mo
24 hr/d(Mongolian)

Gerbil Rosengren et al. 1985

Immuno/ Lymphoret
108

2210
2210

179

6 wk
5 d/wk
8 hr/d(Squirrel)

Monkey Prendergast et al. 1967

109

2210
2210

161

6 wk
5 d/wk
8 hr/d(Sprague-

Dawley)

Rat Prendergast et al. 1967
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(continued)Table 3-1  Levels of Significant Exposure to 1,1,1-Trichloroethane  -  Inhalation

Chemical Form(ppm) (ppm) (ppm)

Exposure/
Duration/

Frequency
(Specific Route)

Species
(Strain)

110

2000
2000

360

90 d
5 d/wk
6 hr/d(B6C3F1)

Mouse Calhoun et al. 1981

111

5000
5000

44

45 d
5 d/wk
7 hr/d(NS)

Gn Pig Adams et al. 1950

112

2210
2210

175

6 wk
5 d/wk
8 hr/d(Beagle)

Dog Prendergast et al. 1967

113

5000
5000 F

51

44 d
5 d/wk
7 hr/d(NS)

Rabbit Adams et al. 1950

Neurological
114

2210
2210

180

6 wk
5 d/wk
8 hr/d(Squirrel)

Monkey Prendergast et al. 1967

115

630
630

431
2000

2000 (decreased forelimb grip
performance)

13 wk
5 d/wk
6 hr/d(Fischer 344)

Rat Mattsson et al. 1993

116

2210
2210

162

6 wk
5 d/wk
8 hr/d(Sprague-

Dawley)

Rat Prendergast et al. 1967
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(continued)Table 3-1  Levels of Significant Exposure to 1,1,1-Trichloroethane  -  Inhalation

Chemical Form(ppm) (ppm) (ppm)

Exposure/
Duration/

Frequency
(Specific Route)

Species
(Strain)

117

31

10000
10000 M (ataxia, narcosis)

3 mo
5 d/wk
3-60 min/d(NS)

Rat Torkelson et al. 1958

118

213
3300

3300 M (EC50 for decreased response
rate)

4 wk
4 d/wk
20 min/d(CD-1)

Mouse Moser et al. 1985

119

2210
2210

166

6 wk
5 d/wk
8 hr/d(Hartley)

Gn Pig Prendergast et al. 1967

120

2210
2210

176

6 wk
5 d/wk
8 hr/d(Beagle)

Dog Prendergast et al. 1967

121

2210
2210

170

6 wk
5 d/wk
8 hr/d(New Zealand

albino)

Rabbit Prendergast et al. 1967

122

70
70

c

250

210

210 (increased GFA protein
indicating astrogliosis)

3 mo
24 hr/d(Mongolian)

Gerbil Rosengren et al. 1985

Reproductive
123

5000
5000 M

48

44 d
5 d/wk
7 hr/d(NS)

Rat Adams et al. 1950
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(continued)Table 3-1  Levels of Significant Exposure to 1,1,1-Trichloroethane  -  Inhalation

Chemical Form(ppm) (ppm) (ppm)

Exposure/
Duration/

Frequency
(Specific Route)

Species
(Strain)

124

2000
2000

362

90 d
5 d/wk
6 hr/d(B6C3F1)

Mouse Calhoun et al. 1981

125

45

5000
5000 M (testicular degeneration )

45 d
5 d/wk
7 hr/d(NS)

Gn Pig Adams et al. 1950

126

3000
3000 M

55

29 d
5 d/wk
7 hr/d(NS)

Gn Pig Adams et al. 1950

127

500
500 M

25

6 mo
5 d/wk
7 hr/d(NS)

Rabbit Torkelson et al. 1958

Developmental
128

117

2100

2100 F (delayed ossification, reduced
clavicle)

premating:2 wk
5 d/wk
6 hr/d
pregnancy:Gd 1-20
7 d/wk
6 hr/d

Long-Evans
Rat York et al. 1982
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(continued)Table 3-1  Levels of Significant Exposure to 1,1,1-Trichloroethane  -  Inhalation

Chemical Form(ppm) (ppm) (ppm)

Exposure/
Duration/

Frequency
(Specific Route)

Species
(Strain)

CHRONIC EXPOSURE
Systemic

129

150
150Cardio

272

up to 6 yr
(occup)

Human Kramer et al. 1978

150
150Hemato

150
150Hepatic

150
150Renal

130

1500
1500Resp

295

2 yr
5 d/wk
6 hr/d(Fischer 344)

Rat Quast et al. 1988

1500
1500Cardio

1500
1500Gastro

1500
1500Hemato

1500
1500Musc/skel

500
500Hepatic

1500
1500 (mild liver histopathology)

1500
1500Renal

1500
1500 FBd Wt
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(continued)Table 3-1  Levels of Significant Exposure to 1,1,1-Trichloroethane  -  Inhalation

Chemical Form(ppm) (ppm) (ppm)

Exposure/
Duration/

Frequency
(Specific Route)

Species
(Strain)

131

1500
1500Resp

289

2 yr
5 d/wk
6 hr/d(B6C3F1)

Mouse Quast et al. 1988

1500
1500Cardio

1500
1500Gastro

1500
1500Hemato

1500
1500Musc/skel

1500
1500Hepatic

1500
1500Renal

1500
1500Dermal

1500
1500Bd Wt

Immuno/ Lymphoret
132

1500
1500

291

2 yr
5 d/wk
6 hr/d(Fischer 344)

Rat Quast et al. 1988

133

1500
1500

285

2 yr
5 d/wk
6 hr/d(B6C3F1)

Mouse Quast et al. 1988
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(continued)Table 3-1  Levels of Significant Exposure to 1,1,1-Trichloroethane  -  Inhalation

Chemical Form(ppm) (ppm) (ppm)

Exposure/
Duration/

Frequency
(Specific Route)

Species
(Strain)

Neurological
134

200
200 F

263

6.7 yr
avg
(occup)

Human Maroni et al. 1977

135

1500
1500

294

2 yr
5 d/wk
6 hr/d(Fischer 344)

Rat Quast et al. 1988

136

1500
1500

286

2 yr
5 d/wk
6 hr/d(B6C3F1)

Mouse Quast et al. 1988

Reproductive
137

1500
1500

292

2 yr
5 d/wk
6 hr/d(Fischer 344)

Rat Quast et al. 1988

138

1500
1500

a The number corresponds to entries in Figure 3-1.

b Used to derive an acute-duration inhalation minimal risk level (MRL) of 2 ppm; unadjusted exposure concentration divided by an uncertainty factor of 100 (10 for human variability
and 10 for use of a LOAEL)

c Used to derive an intermediate-duration inhalation minimal risk level (MRL) of 0.7 ppm; continuous exposure concentration divided by an uncertainty factor of 100 (10 for
extrapolation from gerbils to humans and 10 for human variability)

ave = average; Bd wt = body weight; cAMP = cyclic adenosine monophosphate; Cardio = cardiological; cGMP = cyclic guanidine monophosphate; d = day(s); Derm = dermal; DNA =
deoxyribonucleic acid; EC50 = effective concentration, 50%; EEG = electroencephalogram; Endo= endocrine; F = female; FEP = flash evoked potential; Gastro = gastrointestinal; Gd
= gestation day; GFA = glial fibrillary acid; Gn Pig = guinea pig; Hemato = hematological; hr = hour(s); LC50 = lethal concentration; 50 kill; LOAEL = lowest-observed-adverse-effect
level; M = male; min = minute(s); mo = month(s); Musc/skel = musculoskeletal; NS = not specified; NOAEL = no-observed-adverse effect level; occup = occupational; ppm = parts
per million; resp = respiratory; SEP somatosensory evoked potential; wk = week(s); x = time(s); yr = year(s)

287

2 yr
5 d/wk
6 hr/d(B6C3F1)

Mouse Quast et al. 1988
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Figure 3-1.  Levels of Significant Exposure to 1,1,1-Trichloroethane- Inhalation 
Acute (≤14 days)
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Figure 3-1.  Levels of Significant Exposure to 1,1,1-Trichloroethane- Inhalation (Continued)
Acute (≤14 days)
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Figure 3-1.  Levels of Significant Exposure to 1,1,1-Trichloroethane- Inhalation (Continued)
Intermediate (15-364 days)
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Figure 3-1.  Levels of Significant Exposure to 1,1,1-Trichloroethane- Inhalation (Continued)
Intermediate (15-364 days)
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Figure 3-1.  Levels of Significant Exposure to 1,1,1-Trichloroethane- Inhalation (Continued)
Intermediate (15-364 days)
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Figure 3-1.  Levels of Significant Exposure to 1,1,1-Trichloroethane- Inhalation (Continued)
Intermediate (15-364 days)
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Figure 3-1.  Levels of Significant Exposure to 1,1,1-Trichloroethane- Inhalation (Continued)
Chronic (≥365 days)
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Figure 3-1.  Levels of Significant Exposure to 1,1,1-Trichloroethane- Inhalation (Continued)
Chronic (≥365 days)
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indicate that long-term exposure to low or moderate 1,1,1-trichloroethane concentrations may not 

influence survival. 

 

3.2.1.2   Systemic Effects  
 

Respiratory Effects.    In humans, acute exposure to high concentrations of 1,1,1-trichloroethane can 

produce respiratory depression (Kelly and Ruffing 1993), leading to death (Hall and Hine 1966; Jones and 

Winter 1983; Stahl et al. 1969; Winek et al. 1997).  Respiratory depression may be a result of generalized 

central nervous system depression (see the discussion of Neurological Effects in this section).  Acute 

exposure to lower concentrations of 1,1,1-trichloroethane in controlled studies did not affect respiratory 

rate or volume in humans (Dornette and Jones 1960; Sot et al. 1975; Torkelson et al. 1958).  1,1,1-Tri-

chloroethane may act as a slight respiratory tract irritant, as evidenced by increased concentrations of 

proinflammatory cytokines in nasal secretions of healthy volunteers exposed to 1,1,1-trichloroethane at a 

vapor concentration of 200 ppm for 4 hours (Muttray et al. 1999).  Chest radiographs from several 

(unspecified number) of 28 workers exposed to an undetermined concentration of 1,1,1-trichloroethane 

for about 10 years showed changes consistent with early pneumoconiosis (fibrosis), but this was 

consistent with known exposure to asbestos and silica (Kelafant et al. 1994). 

 

Death due to respiratory failure has been reported in several species of animals acutely exposed to high 

1,1,1-trichloroethane concentrations (Adams et al. 1950; Krantz et al. 1959).  Other data on respiratory 

effects in animals are limited to results of histological examinations of the lungs and related tissues.  

Tissue lesions were not found in rats or dogs exposed to high concentrations of 1,1,1-trichloroethane for 

short periods (Adams et al. 1950; Bonnet et al. 1980; Cornish and Adefuin 1966; Herd et al. 1974).  

Exposure to moderate to high concentrations for intermediate periods (≤6 months) failed to produce 

pulmonary lesions in most species (Adams et al. 1950; Eben and Kimmerle 1974; MacEwen and Vernot 

1974; Prendergast et al. 1967; Torkelson et al. 1958; Truffert et al. 1977), but irritation and inflammation 

occurred in the lungs of guinea pigs exposed to 1,000 ppm for 3 months (Torkelson et al. 1958).  These 

effects were not found in other studies in which guinea pigs were exposed to lower concentrations or 

exposed for shorter durations (Adams et al. 1950; Prendergast et al. 1967; Torkelson et al. 1958).  Rats 

and mice exposed to 2,000 ppm 1,1,1-trichloroethane for 3 months developed mild degeneration of the 

nasal olfactory epithelium (Calhoun et al. 1981).  Chronic inhalation of moderate 1,1,1-trichloroethane 

concentrations did not produce lesions in the respiratory tissues of rats or mice (Quast et al. 1988). 
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The highest NOAEL values and all reliable LOAEL values for respiratory effects in each species and 

duration category are recorded in Table 3-1 and plotted in Figure 3-1.  Although lung irritation, 

inflammation, and olfactory epithelium degeneration were found in some species of laboratory animals 

exposed for intermediate durations in some studies, the weight of evidence suggests that respiratory 

failure in humans and animals is secondary to central nervous system depression and occurs only after 

acute exposure to very high concentrations. 

 

Cardiovascular Effects.    Inhalation of very high 1,1,1-trichloroethane concentrations for a short 

period can produce severe cardiac arrhythmias and death in humans.  Arrhythmias are thought to be 

produced indirectly by 1,1,1-trichloroethane by sensitization of the heart to epinephrine (Guberan et al. 

1976; MacDougall et al. 1987; Travers 1974).  Cardiac sensitization to epinephrine has also been 

demonstrated in animals exposed to 1,1,1-trichloroethane (Clark and Tinston 1973; Kobayashi et al. 

1982).  In addition, reduced blood pressure, occasionally severe, has been reported in humans following 

brief exposure to high concentrations of 1,1,1-trichloroethane (Dornette and Jones 1960; Krantz et al. 

1959).  Acute exposure to lower concentrations (<1,000 ppm) did not affect clinical cardiovascular 

parameters such as blood pressure, pulse, heart rate, or electrocardiogram in the humans tested 

(Gamberale and Hultengren 1973; Torkelson et al. 1958).  Myocardial injury, monitored by 

electrocardiography and echocardiography, was reported in the case of a young male who inhaled 

typewriter correction fluid (Wodka and Jeong 1991).  It should be noted, however, that 1,1,1-trichloro-

ethane may have been only one of several chemicals in the correction fluid. 

 

In humans, long-term exposure to high 1,1,1-trichloroethane vapor concentrations can have toxic effects 

on the heart that persist beyond the period of exposure.  While experiments in animals have shown that 

arrhythmias produced by 1,1,1-trichloroethane and epinephrine quickly subside after the cessation of 

exposure (Carlson 1981; Clark and Tinston 1973), three human cases involved ventricular arrhythmias 

that persisted for 2 weeks or more after solvent exposure ended (McLeod et al. 1987; Wright and Strobl 

1984).  In all three cases, the subjects had been exposed repeatedly to high (unspecified) 1,1,1-trichloro-

ethane concentrations.  Echocardiograms revealed mild left ventricular dilation in one patient and slightly 

dilated left atrium in another, as well as impaired left ventricle function in both (McLeod et al. 1987).  

Chronic exposure (<250 ppm) to 1,1,1-trichloroethane had no effect on blood pressure, heart rate, or 

electrocardiogram in workers surveyed in a matched-pair epidemiology study (Kramer et al. 1978).  

Similar results were recently reported for a group of 28 workers exposed to unspecified, but high 

concentrations of 1,1,1-trichloroethane for about 10 years (Kelafant et al. 1994). 
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Sensitization of the heart to epinephrine-induced arrhythmias has been reported in both rabbits and dogs 

acutely exposed to high 1,1,1-trichloroethane concentrations (≥5,000 ppm) (Carlson 1981; Clark and 

Tinston 1973; Reinhardt et al. 1973; Trochimowicz et al. 1974).  The effect is rapid, occurring after only a 

few minutes of exposure, and transitory, quickly disappearing after the end of exposure.  In rabbits, there 

was evidence that susceptibility to arrhythmia increased with exposure duration, and that 1,1,1-trichloro-

ethane itself, not its metabolites, produced the sensitizing effect (Carlson 1981).  Among dogs, the effect 

was similar in normal animals and those with experimentally induced myocardial infarctions; prior 

damage to the heart did not lower the threshold for cardiac sensitization produced by 1,1,1-trichloroethane 

(Trochimowicz et al. 1974). 

 

Blood pressure was reduced in dogs acutely exposed to high concentrations of 1,1,1-trichloroethane 

(>7,500 ppm) (Aoki et al. 1997; Herd et al. 1974; Krantz et al. 1959).  This effect was studied in detail by 

Herd et al. (1974), who reported that the decrease in blood pressure began within 15 seconds of the start 

of exposure and grew more pronounced as exposure continued.  At 8,000–15,000 ppm, the decrease in 

blood pressure was accompanied by increased myocardial contractility and cardiac output.  A decrease in 

total peripheral resistance was apparently responsible for the decrease in blood pressure at these 

concentrations.  At 20,000–25,000 ppm, blood pressure depression was caused by reductions in 

myocardial contractility and cardiac output.  Blood pressure returned to pre-exposure values within 

15 minutes after exposure, but indices of cardiac output and contractility required 45 minutes to recover.  

The dogs died if the blood pressure dropped too low.  Histopathological changes in the heart were not 

found upon necropsy.  In the study of Aoki et al. (1997), the decrease in blood pressure was accompanied 

by sinus tachycardia and increases in cardiac output, pulmonary vascular resistance, and pulmonary 

arterial pressure. 

 

The arrhythmogenic and hypotensive properties of 1,1,1-trichloroethane have not been examined in 

animal studies of longer duration.  Cardiovascular end points investigated in longer-term studies include 

heart weight and histopathology.  No cardiovascular lesions were found among several animal species 

exposed to moderate to high concentrations (≤5,000 ppm) of 1,1,1-trichloroethane for ≤6 months (Adams 

et al. 1950; Calhoun et al. 1981; Eben and Kimmerle 1974; Prendergast et al. 1967; Torkelson et al. 

1958).  Chronic inhalation of moderate concentrations (<2,000 ppm) of 1,1,1-trichloroethane did not 

produce cardiovascular lesions in rats or mice (Quast et al. 1988).  The absence of effects detectable by 

routine histopathology in longer-term studies does not provide convincing evidence for lack of 
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cardiovascular effects, because even the marked acute effects were not accompanied by changes in 

histopathology.  Overall, however, it appears that cardiotoxicity only occurs at very high exposure levels. 

 

The highest NOAEL values and all reliable LOAEL values for cardiovascular effects in each species and 

duration category are recorded in Table 3-1 and plotted in Figure 3-1.  Cardiovascular effects reported in 

humans include sensitization of the heart to epinephrine and decreased blood pressure.  Both effects were 

found only after brief exposure to high 1,1,1-trichloroethane concentrations.  These effects were also 

reported in animals, in which they were studied in greater detail.  Some evidence from human case 

reports, although not conclusive, indicates that repeated exposure to high 1,1,1-trichloroethane 

concentrations may result in cardiovascular effects that persist for some time after the end of exposure.  

This possibility has not yet been assessed in laboratory animal investigation. 

 

Gastrointestinal Effects.    Nausea, vomiting, and diarrhea have been reported in humans exposed to 

high 1,1,1-trichloroethane concentrations by inhalation (Jones and Winter 1983; McCarthy and Jones 

1983; Stewart 1971).  Other gastrointestinal end points have not been examined in humans. 

 

Gastrointestinal effects have not been reported in animals exposed to 1,1,1-trichloroethane, although 

vomiting is not possible in rodents and only histological end points have been studied in animals.  

Gastrointestinal lesions were not observed among several species of animals exposed to moderate to high 

concentrations of 1,1,1-trichloroethane for intermediate or chronic durations (Adams et al. 1950; Calhoun 

et al. 1981; MacEwen and Vernot 1974; Quast et al. 1988; Torkelson et al. 1958). 

 

The highest NOAEL values for gastrointestinal effects in each species and duration category are recorded 

in Table 3-1 and plotted in Figure 3-1.  Acute exposure to high 1,1,1-trichloroethane concentrations may 

produce nausea and related symptoms in humans, but evidence from animals suggests that long-term 

exposure will not produce histological changes. 

 

Hematological Effects.    No evidence exists that 1,1,1-trichloroethane produces hematological effects 

in humans.  Hematological parameters, including white blood cell count, red blood cell count, 

hemoglobin, and hematocrit, were unchanged in humans acutely exposed to high or moderate 

concentrations of 1,1,1-trichloroethane (Sot et al. 1975; Stewart et al. 1961, 1969; Torkelson et al. 1958; 

Wright and Strobl 1984).  Hematological variables were similarly unaffected in workers chronically 

exposed to low-to-moderate levels of 1,1,1-trichloroethane in a matched-pair epidemiology study 
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(Kramer et al. 1978).  Hemolytic disease was suggested by increases in urinary urobilinogen in several 

people exposed to high levels of 1,1,1-trichloroethane (Stewart 1971; Stewart et al. 1961), but this 

possibility was discounted because there was no association between exposure and elevated urinary 

urobilinogen levels and because other indices of hematological effects were normal. 

 

Hematological effects were not found in animals exposed to 1,1,1-trichloroethane.  No exposure-related 

changes in hematological parameters were found following acute, intermediate, and chronic exposure to 

moderate to high 1,1,1-trichloroethane concentrations in several species of animals (Calhoun et al. 1981; 

Eben and Kimmerle 1974; Horiguchi and Horiguchi 1971; Koizumi et al. 1983; Krantz et al. 1959; 

MacEwen and Vernot 1974; Prendergast et al. 1967; Quast et al. 1988; Torkelson et al. 1958; Truffert et 

al. 1977). 

 

The highest NOAEL values for hematological effects in each species and duration category are recorded 

in Table 3-1 and plotted in Figure 3-1.  Existing data indicate that 1,1,1-trichloroethane does not produce 

hematological effects in humans or animals following inhalation exposure. 

 

Musculoskeletal Effects.    No studies were located regarding musculoskeletal effects in humans after 

inhalation exposure to 1,1,1-trichloroethane. 

 

No musculoskeletal effects were found in animals exposed to 1,1,1-trichloroethane as assessed by 

histopathological examination.  No lesions were found in the muscles or bones of a monkey exposed to a 

high 1,1,1-trichloroethane concentration for 74 days (Adams et al. 1950), or in rats and mice exposed for 

intermediate- or chronic-durations to moderate to high concentrations of the chemical (Calhoun et al. 

1981; Quast et al. 1988). 

 

The highest NOAEL values for musculoskeletal effects in each species and duration category are 

recorded in Table 3-1 and plotted in Figure 3-1.  Based on existing data, 1,1,1-trichloroethane does not 

cause musculoskeletal effects in animals after chronic inhalation exposure.  The relevance of this 

information to human health is unknown. 

 

Hepatic Effects.    Although there were no indications of liver effects in studies of controlled human 

exposure to 1,1,1-trichloroethane, data from case reports of overexposed humans suggest that this 

chemical may produce hepatic effects in humans exposed to high levels. 
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Serum levels of transaminases and other enzymes, used as indicators of hepatocellular damage (or 

damage to other tissues or organ systems), were not increased by acute exposure to moderate to high 

1,1,1-trichloroethane concentrations in controlled human studies; liver function tests were likewise 

unaffected (Dornette and Jones 1960; Sot 1975; Stewart et al. 1961, 1969; Torkelson et al. 1958).  

However, some case studies of individuals exposed to high 1,1,1-trichloroethane concentrations did report 

elevated serum enzyme levels.  Four individuals who had substantial occupational exposure to 1,1,1-tri-

chloroethane had elevated serum glutamic oxaloacetic transaminase (SGOT) levels (Hodgson et al. 1989).  

An individual studied by Halevy et al. (1980) had elevated levels of serum bilirubin, lactate 

dehydrogenase (LDH), and alkaline phosphatase, as well as SGOT.  It should be noted that SGOT and 

LDH are present in substantial amounts in myocardial cells as well as hepatocytes, and that elevations in 

these enzymes could have been the result of myocardial injury.  Elevated serum LDH, gamma-glutamyl 

transpeptidase (GGT), SGOT, and glutamic pyruvic transaminase (SGPT), and pathologic signs of 

progressive liver disease were noted in a patient who was occupationally exposed to 1,1,1-trichloroethane 

for several years (Cohen and Frank 1994).  Removal of the patient from exposure resulted in 

improvement of the impaired liver function, although the serum levels of LDH, GGT, SGOT, and SPGT 

remained higher than normal as long as 14 months following cessation of exposure.  Other exposed 

individuals did not have elevated serum enzyme levels (Stewart 1971; Wright and Strobl 1984).  In some 

cases, histopathological examination revealed mild fatty changes in the liver of individuals exposed to 

high 1,1,1-trichloroethane concentrations (Caplan et al. 1976; Hall and Hine 1966; Hodgson et al. 1989).  

In another case, cholestasis was observed (Halevy et al. 1980).  Pathological liver effects were observed 

in two separate case reports of repeated exposure to 1,1,1-trichloroethane in poorly ventilated work areas 

(Croquet et al. 2003; Texter et al. 1979).  Nevertheless, hepatic changes were not observed in most cases. 

 

Chronic exposure to low 1,1,1-trichloroethane levels (<250 ppm) did not affect serum chemistry 

parameters, including SGOT, SGPT, bilirubin, LDH, GGT, and alkaline phosphatase, in individuals 

tested as part of a matched-pair epidemiology study (Kramer et al. 1978).  Results from tests for hepatic 

function were unremarkable in 28 workers exposed to unspecified, but high, concentrations of 1,1,1-tri-

chloroethane for approximately 10 years (Kelafant et al. 1994). 

 

1,1,1-Trichloroethane produces mild hepatic effects in animals.  The primary effects reported are mild 

histopathological changes in the liver and effects on liver enzyme activities.  Acute exposure to high 

1,1,1-trichloroethane concentrations did not affect serum transaminase levels in rats or mice (Carlson 
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1973; Cornish and Adefuin 1966; Gehring 1968).  An increase in transaminase levels would indicate 

damage to hepatocytes.  The rate of deoxyribonucleic acid (DNA) synthesis in the liver also can be used 

as an indicator of hepatotoxicity.  DNA synthesis would be expected to increase in response to cell death.  

Exposure to 1,100 ppm 1,1,1-trichloroethane produced a 67% increase in DNA synthesis in the livers of 

exposed rats after 1 week;  DNA synthesis returned to control levels throughout the rest of the 15-week 

study (Truffert et al. 1977).  Corresponding histopathological changes were not found throughout the 

study.  Based on these data, measurement of DNA synthesis may be a more sensitive indicator of 

hepatocellular damage than increases in serum transaminase levels or the presence of readily observable 

lesions.  However, these results have not been verified by additional testing.  Only one study actually 

observed cell death following 1,1,1-trichloroethane exposure; occasional hepatocyte necrosis was seen in 

mice exposed to 1,000 ppm of 1,1,1-trichloroethane continuously for 14 weeks (McNutt et al. 1975).  The 

first evidence of necrosis was not seen until after 10 weeks of exposure, but within 2 weeks of first 

occurrence, necrosis could be found in 40% of the exposed mice.  In a study of chronic exposure, a slight 

decrease in the size of hepatocytes in the liver's portal region was seen in high-dose male and female rats 

at 6, 12, and 18 months, but these effects were not distinguishable from normal geriatric changes at 

24 months (Quast et al. 1988). 

 

The most widely reported hepatic effect in studies of 1,1,1-trichloroethane inhalation in animals is fat 

accumulation in the liver.  Such changes are generally reversible and do not necessarily involve 

impairment of liver function.  Histological examination following acute exposure to high concentrations 

revealed mild, reversible fatty changes in the livers of rats, but not dogs (Adams et al. 1950; Herd et al. 

1974).  Exposure duration was important in rats; effects were seen in those exposed for 7 hours, but not in 

those exposed to much higher concentrations for only 2 hours (Adams et al. 1950).  In mice, 3-hour 

exposure to 800 ppm of 1,1,1-trichloroethane appeared to increase liver triglyceride levels, although 

controls were not included (Takahara 1986a).  In studies of intermediate duration, exposure to moderate 

to high 1,1,1-trichloroethane concentrations produced fatty changes in the livers of rats, mice, and guinea 

pigs (Adams et al. 1950; Calhoun et al. 1981; McNutt et al. 1975; Torkelson et al. 1958).  Fatty changes 

produced by 1,1,1-trichloroethane in the livers of mice continuously exposed to 1,000 ppm for 14 weeks 

were described in detail by McNutt et al. (1975).  Prominent swelling of centrilobular hepatocytes was 

visible after the first week of exposure.  Swelling was associated with the presence of numerous small 

vesicles in the cytoplasm.  After 4 weeks, the number of microbodies in the cytoplasm was dramatically 

increased, and lysosomal vesicles were more prominent.  Increased liver triglyceride levels were also 

reported in this study. 
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Studies of 1,1,1-trichloroethane's effects on liver enzyme activity are inconclusive.  Acute inhalation of 

high concentrations induced the activity of liver microsomal enzymes (e.g., cytochrome P-450, NADPH 

cytochrome c reductase) in rats and mice (Fuller et al. 1970; Lal and Shah 1970).  Continuous exposure to 

low 1,1,1-trichloroethane levels for 10 days also increased microsomal enzyme activity in rats (Koizumi 

et al. 1983), but exhibited no effect on liver or red blood cell δ-aminolevulinic acid dehydratase (ALA-D) 

activity, inhibition of which is an early indicator for disruption of heme synthesis (Koizumi et al. 1984).  

A 5-day repeated exposure to a moderate concentration decreased microsomal cytochrome P-450 enzyme 

activity in rats (Savolainen et al. 1977).  Intermediate-duration exposure to a moderate concentration had 

no effect on microsomal enzyme levels in rats (Toftgaard et al. 1981). 

 

The highest NOAEL values and all reliable LOAEL values for hepatic effects in each species and 

duration category are recorded in Table 3-1 and plotted in Figure 3-1.  Mild to moderate hepatic effects 

were occasionally reported in humans and animals exposed to 1,1,1-trichloroethane.  These include 

indications of fatty liver and, in one case, cholestasis in humans and manifestations of hepatic necrosis 

and fatty changes in animals.  These changes were not found in many studies, and results were mixed in 

many studies that did show effects.  Evidence of hepatocellular damage and necrosis, changes in liver 

enzyme activity, and fat accumulation generally were reported following exposure to high concentrations 

in acute- and intermediate-duration studies in animals.  The severity of the effects appears to be related to 

exposure dose and duration.  It is unclear whether 1,1,1-trichloroethane may induce or inhibit microsomal 

enzyme activity in rats.  In any case, the implications of effects on liver enzyme activity for toxicity are 

not clear, mainly because of the contradictory nature of the reported results. 

 

Renal Effects.    A few studies in humans have examined 1,1,1-trichloroethane's effects on select 

parameters of serum and urine chemistry that are related to renal function.  Evidence of renal impairment 

was found in only one case report (Halevy et al. 1980).  The individual in this case, who was exposed for 

4 hours in a small room without ventilation (probably to high levels) presented with proteinuria, elevated 

blood creatinine, and reduced creatinine clearance, all of which were maximal at time of admission and 

returned to normal within 10 days.  In addition to having prominent renal effects, this individual was 

unusual in having prominent liver effects and only minimal neurological effects.  The authors suggested 

that an individual hypersensitivity might explain the atypical course of 1,1,1-trichloroethane intoxication.  

No effects were found on subsequent evaluations.  No evidence of nephrotoxicity was found in other 

studies, although the end points examined, such as blood urea nitrogen (BUN), are only adequate for 
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detecting serious decrements in function.  An increase in the BUN level would indicate decreased 

elimination of nitrogenous waste by the kidneys (impairment of kidney function).  Acute exposure to 

1,1,1-trichloroethane had no effect on BUN or uric acid levels in humans exposed to high or moderate 

concentrations (Sot et al. 1975; Stewart 1971; Stewart et al. 1969; Wright and Strobl 1984).  Chronic-

duration exposure of workers to <250 ppm of 1,1,1-trichloroethane had no effect on BUN, uric acid, or 

other serum indicators of nephrotoxicity in a matched-pair epidemiology study (Kramer et al. 1978). 

 

Acute-duration exposure to high 1,1,1-trichloroethane concentrations failed to produce kidney lesions in 

rats (Adams et al. 1950; Bonnet et al. 1980; Cornish and Adefuin 1966; Krantz et al. 1959), although 

relative kidney weight was increased slightly at 12,000 ppm in the one study in which it was measured 

(Adams et al. 1950).  Exposure of several animal species to moderate to high concentrations for 

intermediate durations had no apparent effect on kidney weight or histopathology, or relevant serum 

chemistry parameters (Adams et al. 1950; Calhoun et al. 1981; Eben and Kimmerle 1974; Kjellstrand et 

al. 1985b; MacEwen and Vernot 1974; Prendergast et al. 1967; Torkelson et al. 1958; Truffert et al. 

1977).  Chronic inhalation of 1,1,1-trichloroethane did not affect the kidneys of rats or mice (Quast et al. 

1988). 

 

The kidney does not appear to be a target organ for 1,1,1-trichloroethane toxicity.  The highest NOAEL 

values and all reliable LOAEL values for renal effects in each species and duration category are recorded 

in Table 3-1 and plotted in Figure 3-1. 

 

Endocrine Effects.    No studies were located regarding endocrine effects in humans following 

inhalation exposure to 1,1,1-trichloroethane.   

 

Information in animals is limited.  In an acute-duration study, no histopathological changes were seen in 

the adrenals of rats after a single 2-hour exposure to up to 15,000 ppm 1,1,1-trichloroethane (Cornish and 

Adefuin 1966).  Plasma corticosterone levels were significantly decreased in rats after inhalation exposure 

to 1,1,1-trichloroethane at a concentration of 3,500 ppm for 30 minutes or 5,000 ppm for 10 or 

30 minutes; the highest exposure level also resulted in significantly reduced plasma adrenocorticotropic 

hormone (Pise et al. 1998).  The NOAEL and LOAEL values for endocrine effects from these studies are 

recorded in Table 3-1 and plotted in Figure 3-1. 
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Dermal Effects.    Available information in humans is limited to a case-control report in which 

significantly increased risk of systemic sclerosis (scleroderma) was associated with purported exposure to 

1,1,1-trichloroethane in some Michigan women (Dow Corning Corp. 1994).  However, a larger follow-up 

case-control study conducted on 660 women diagnosed with scleroderma between 1980 and 1992 in 

Michigan and Ohio found no significant association between exposure to 1,1,1-tricloroethane and 

scleroderma (Garabrant et al. 2003).  In neither case control study could 1,1,1-trichloroethane exposure be 

quantified. 

 

Mice exposed continuously to 4,000 ppm 1,1,1-trichloroethane for 4 days exhibited dull fur coats (Evans 

and Balster 1993); this effect, however, was the result of direct contact with the chemical in the air (see 

Section 3.2.3.2).  Intermittent exposure of rats or mice to 2,000 ppm 1,1,1-trichloroethane for 90 days 

(Calhoun et al. 1981) or to 1,500 ppm for 2 years (Quast et al. 1988) had no effect on the incidence of 

dermal lesions.  NOAEL and LOAEL values derived from these studies are recorded in Table 3-1 and 

plotted in Figure 3-1. 

 

Ocular Effects.    When 1,1,1-trichloroethane vapor concentrations exceeded 1,000 ppm, volunteers 

exposed for 20–73 minutes reported mild eye irritation (Stewart et al. 1961).  Eye irritation was not 

indicated in other volunteers exposed for 186 minutes at a vapor concentration of approximately 500 ppm.   

 

Mice exposed continuously to 4,000 ppm 1,1,1-trichloroethane for 4 days exhibited eye irritation during 

exposure (Evans and Balster 1993).  All of the above effects, however, were probably due to direct 

contact of the chemical in the air with the eye (see Section 3.2.3.2).  Intermittent exposure of rats or mice 

to 2,000 ppm 1,1,1-trichloroethane for 90 days (Calhoun et al. 1981) or to 1,500 ppm for 2 years (Quast et 

al. 1988) had no effect on the incidence of ocular lesions.  NOAEL and LOAEL values derived from 

these studies are recorded in Table 3-1 and plotted in Figure 3-1. 

 

Body Weight Effects.    No studies were located regarding body weight effects in humans after 

inhalation exposure to 1,1,1-trichloroethane. 

 

Acute inhalation exposure to high concentrations of 1,1,1-trichloroethane did not affect body weight in 

rats (Adams et al. 1950; Bonnet et al. 1980; Cornish and Adefuin 1966).  However, mice exposed 

continuously to 4,000 ppm 1,1,1-trichloroethane for 4 days experienced a 26% reduction in body weight 

throughout the exposure period (Evans and Balster 1993).  In studies of intermediate duration, significant 
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reductions in body weight gain were reported in guinea pigs exposed to 650 ppm (Adams et al. 1950) and 

rabbits and dogs exposed continuously to 377 ppm (Prendergast et al. 1967).  Other intermediate-duration 

studies of various species (including those mentioned above) found no compound-related effects on body 

growth, even at high concentrations (Adams et al. 1950; Calhoun et al. 1981; Eben and Kimmerle 1974; 

Kjellstrand et al. 1985b; Kyrklund et al. 1988; MacEwen and Vernot 1974; Prendergast et al. 1967; 

Rosengren et al. 1985; Toftgaard et al. 1981; Torkelson et al. 1958; Truffert et al. 1977).  Body weight 

gain was reduced in a concentration-dependent manner in female rats chronically exposed to 1,1,1-tri-

chloroethane (Quast et al. 1988).  Body growth was not affected in male rats or male or female mice 

chronically exposed to the same concentrations.  Food consumption was not monitored in the available 

studies.   

 

Changes in body weight can be produced in a number of ways (e.g., effects on palatability of food, 

absorption of nutrients, energy metabolism).  In the case of 1,1,1-trichloroethane, it is possible that 

recurring central nervous system depression produced by repeated exposure may be responsible for the 

reduced body weight gain, by suppression of appetite and food intake.  Due to the large number of factors 

that might affect body weight, assessing the potential relationship between isolated occurrences of 

reduced body weight gain in animals and possible effects of 1,1,1-trichloroethane on growth of humans is 

difficult.  In any case, no body weight effects from levels found near NPL hazardous waste sites would be 

expected. 

 

The highest NOAEL values and all reliable LOAEL values for body weight effects in each species and 

duration category are recorded in Table 3-1 and plotted in Figure 3-1. 

 

3.2.1.3   Immunological and Lymphoreticular Effects  
 

No information was located regarding immunological effects in humans after inhalation exposure to 

1,1,1-trichloroethane.  However, lymphoreticular effects, specifically spleen congestion, have been 

observed at autopsy in cases of acute accidental exposure to high concentrations of 1,1,1-trichloroethane 

(Gresham and Treip 1983; Stahl et al. 1969). 

 

The effect of acute inhalation of 1,1,1-trichloroethane vapor on immune response in mice was studied by 

Aranyi et al. (1986).  Mice received a single 3-hour exposure to 359 ppm of 1,1,1-trichloroethane.  

Susceptibility to respiratory infection was tested by challenge with Streptococcus zooepidemicus during 
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exposure.  Mortality was similar in test and control mice, indicating no effect on susceptibility to bacteria.  

To test the effect of inhalation exposure to 1,1,1-trichloroethane on the bactericidal activity of alveolar 

macrophages, mice were exposed to radiolabeled 35S-Klebsiella pneumoniae, and the percentage of 

bacteria killed was recorded.  No difference was found between test and control mice.  The same results 

were found in both tests when mice were exposed under similar conditions for 5 days. 

 

No histopathological alterations were observed in the spleen of rats exposed for 2 hours to up to 

15,000 ppm 1,1,1-trichloroethane (Cornish and Adefuin 1966).  Longer-term studies of immunological 

effects in animals exposed to 1,1,1-trichloroethane by inhalation were limited to gross and microscopic 

examination of the spleen, thymus, and lymph nodes.  No effect on spleen weight or histopathology was 

reported among several species exposed to moderate to high 1,1,1-trichloroethane concentrations in 

studies of intermediate duration (Adams et al. 1950; Calhoun et al. 1981; Kjellstrand et al. 1985b; 

Prendergast et al. 1967; Torkelson et al. 1958).  No exposure-related effects were found upon 

histopathological examination of the spleen and thymus after chronic exposure to ≤1,750 ppm in rats and 

1,500 ppm in mice (Quast et al. 1978, 1988). 

 

The highest NOAEL values for immunological effects in each species and duration category are recorded 

in Table 3-1 and plotted in Figure 3-1.  The existing data suggest that 1,1,1-trichloroethane may not 

produce toxic effects on the immune system, but sensitive immunological end points have not been 

examined in humans or animals. 

 

3.2.1.4   Neurological Effects  
 

1,1,1-Trichloroethane produces central nervous system depression, increasing with exposure 

concentration from mild motor impairment to euphoria, unconsciousness, and death in humans.  Low 

concentrations reportedly produce impaired performance in tests designed to measure variables such as 

manual dexterity, eye-hand coordination, perceptual speed, and reaction time (Gamberale and Hultengren 

1973; Mackay et al. 1987).  Results using subjective assessment techniques indicate that behavioral 

changes may not be apparent to those exposed.  Syntactic reasoning remained intact, and distractibility 

actually improved in the study by Mackay et al. (1987), suggesting that impairment produced by 1,1,1-tri-

chloroethane may be task-specific.  In other studies, comparable exposure conditions did not produce 

significant psychomotor effects (Salvini et al. 1971) or produced only weak effects (Savolainen et al. 

1981).  Although these studies examined some of the same parameters, such as reaction time, different 
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analytical methods were used and different subpopulations were tested.  Laine et al. (1996) found no 

subjective symptoms and no significant effects on EEG, visual evoked potentials, or equilibrium among 

healthy male volunteers exposed to a time-weighted average concentration of 200 ppm of 1,1,1-trichloro-

ethane for 5 hours, including six 10-minute periods of exercise.  In another study, a 4-hour inhalation 

exposure of healthy male volunteers to 200 ppm of 1,1,1-trichloroethane resulted in significantly 

increased subjective tiredness scores and EEG changes consistent with increased drowsiness (Muttray et 

al. 2000).  Based on the LOAEL of 175 ppm for reduced performance in psychomotor tests identified by 

Mackay et al. (1987), an acute inhalation MRL of 2 ppm was calculated as described in the footnote in 

Table 3-1. 

 

Gross neurobehavioral effects, such as disturbances of equilibrium and coordination, occur in humans 

following acute exposure to 1,1,1-trichloroethane concentrations between 1,000 and 2,000 ppm (Sot et al. 

1975; Stewart et al. 1961, 1969; Torkelson et al. 1958).  These effects are more obvious at higher 

exposure concentrations (Torkelson et al. 1958).  An increase was noted in the amplitude of alpha activity 

in electroencephalograms from individuals acutely exposed to moderate concentrations of 1,1,1-trichloro-

ethane (Sot et al. 1975).  The significance of this effect is unknown, especially since it persisted for 

several days, but it occurred at an exposure level that produced no effect on equilibrium or coordination.  

Visual evoked response was not affected in this study.  Complaints of lightheadedness were also reported 

at moderate levels (Stewart et al. 1961).  High 1,1,1-trichloroethane concentrations are inhaled 

intentionally by some people to experience these and related effects of intoxication. 

 

Inhalation of high 1,1,1-trichloroethane concentrations can produce anesthesia in humans (Dornette and 

Jones 1960).  Dornette and Jones (1960) tested the use of 1,1,1-trichloroethane as a general anesthetic in 

50 hospital patients.  The effective concentration for induction of anesthesia varied from 10,000 to 

26,000 ppm.  Onset of anesthesia was extremely rapid, taking place within 2 minutes of the start of 

exposure.  Maintenance of light anesthesia for 2 hours required 6,000–22,500 ppm.  Recovery from 

anesthesia occurred within 5 minutes of the end of exposure.  In this study, 1,1,1-trichloroethane was co-

administered with nitrous oxide and oxygen, and the effect of 1,1,1-trichloroethane without nitrous oxide 

was not measured. 

 

Central nervous system depression can cause respiratory failure, the most prevalent cause of death in 

humans exposed to high 1,1,1-trichloroethane vapor concentrations (Hall and Hine 1966; Jones and 

Winter 1983; Stahl et al. 1969).  Death from inhalation of 1,1,1-trichloroethane is often preceded by 



1,1,1-TRICHLOROETHANE 81 
 

3.  HEALTH EFFECTS 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

unconsciousness (Gresham and Treip 1983; Travers 1974).  Half of the cases of industrial overexposure 

to 1,1,1-trichloroethane in Great Britain between 1961 and 1980 resulted in unconsciousness; most that 

did not indicate unconsciousness reported other central nervous system symptoms (McCarthy and Jones 

1983).  In one industrial accident (Silverstein 1983), two affected men, as well as several of their rescuers, 

fell unconscious.  Persistent coma, with no evidence of improvement 6 months later, was reported for a 

17-year-old male who had attempted suicide by inhaling 1,1,1-trichloroethane in typewriter correction 

fluid (del Amo et al. 1996). 

 

Two studies of long-term occupational exposures found no exposure-related neurological effects.  In the 

first study, the highest exposure ranged from 200 to 990 ppm (Maroni et al. 1977).  No exposure-related 

effects were found, based on the results of subjective questionnaires, neurological examinations, and 

psychological tests.  The authors reported that definite conclusions as to 1,1,1-trichloroethane's 

neurotoxicity in humans could not be drawn due to the small study population (seven or eight subjects per 

group) and what the authors felt was a relatively short exposure duration (6.7-year average).  In the 

second study, workers exposed to 1–46 ppm of 1,1,1-trichloroethane were also exposed to low 

concentrations of toluene (1–4 ppm) and xylene (0–7 ppm) (Cherry et al. 1983).  No differences were 

found between exposed and unexposed workers in tests of reaction time and cognition.  Subjective 

responses indicated greater deterioration of mood in exposed workers, but this may not have been related 

to exposure.  The 1,1,1-trichloroethane concentrations to which workers were exposed in this study were 

lower than those producing effects in experimental studies.  A recent study of 28 subjects occupationally 

exposed to high (near anesthetic levels) unspecified concentrations of 1,1,1-trichloroethane over a period 

of 10 years revealed deficits in memory and in several components of balance (Kelafant et al. 1994); it 

was the investigators' opinion that the overall evidence was suggestive of toxic exposure.  Deficits in 

memory, attention, and concentration were diagnosed in a 45-year-old male who had been heavily 

exposed to 1,1,1-trichloroethane, as well as dichloromethane, for 15 years (Garnier et al. 1991).  Although 

the patient’s brain function slowly improved following removal from exposure, lingering memory deficit 

was noted 5 years later. 

 

The principal neurological effects observed in animals exposed to 1,1,1-trichloroethane are signs of 

central nervous system depression, such as impaired performance in behavioral tests, ataxia, and 

unconsciousness, and are similar to those seen in humans.  Relatively subtle behavioral effects in several 

species of animals have been reported following acute-duration exposure to 1,1,1-trichloroethane 

concentrations in the 700–14,000 ppm range (Halogenated Solvents Industry Alliance 1991; Balster et al. 
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1982, 1997; Bowen and Balster 1996, 1998; Bowen et al. 1996a, 1996b; DeCeaurriz et al. 1983; Geller et 

al. 1982; Horiguchi and Horiguchi 1971; Kjellstrand et al. 1985a, 1990; Moser and Balster 1985, 1986; 

Moser et al. 1985; Mullin and Krivanek 1982; Páez-Martínez et al. 2003; Warren et al. 1997, 1998, 2000; 

Wiley et al. 2002; Woolverton and Balster 1981; You et al. 1994).  These behavioral changes were readily 

reversible and generally involved effects on neuromuscular tests or learned behaviors.  Studies using 

operant conditioning reflect effects of 1,1,1-trichloroethane in animals that are comparable to 

psychological changes in humans.  Behavioral changes are generally considered to indicate neurological 

effects. 

 

Neurophysiological changes have also been reported during acute-duration inhalation exposure to 

1,1,1-trichloroethane (Halogenated Solvents Industry Alliance 1991).  Exposure of rats to 2,000 ppm 

produced readily apparent changes in flash-evoked potential (FEP) and electroencephalogram (EEG), and 

more subtle changes in the somatosensory-evoked potential (SEP) when the rats were tested during 

exposure.  Exposure to 1,000 ppm produced similar, but less marked, changes in the same measures.  

Continuous exposure of mice to moderate (500 ppm) concentrations of 1,1,1-trichloroethane for 4 days 

resulted in a withdrawal syndrome characterized by handling-induced seizures and reduced threshold to 

pentylenetetrazol-induced seizures after exposure ceased (Evans and Balster 1993).  This effect could be 

prevented by central nervous system depressants, but not by anticonvulsants. 

 

Acute-duration exposure to high 1,1,1-trichloroethane concentrations produced intoxication and 

incoordination in rats and mice (Adams et al. 1950; Bowen et al. 1996a, 1996b; Clark and Tinston 1982; 

Hougaard et al. 1984; Lazarew 1929), and elevation of the threshold for pentetrazole-induced seizures in 

mice (DeCeaurriz et al. 1981).  Exposure to 23,000 ppm produced ataxia, followed by unconsciousness 

and death due to respiratory failure in mice (Woolverton and Balster 1981).  A progression from ataxia to 

lethargy, loss of motor function, and prostration produced by 1,1,1-trichloroethane has been observed in a 

variety of species, including rats, mice, dogs, and monkeys (Adams et al. 1950; Bonnet et al. 1980; Dow 

Chemical Co. 1988; Gehring 1968; Krantz et al. 1959; Lazarew 1929; Torkelson et al. 1958). 

 

A comprehensive 13-week neurotoxicity study in rats included grip strength measures, a battery of 

observational measures, an electrophysiological test battery, and a neuropathology examination (Mattsson 

et al. 1993).  The only notable finding was a significant deficit in forelimb grip performance in both male 

and female rats exposed to high levels (2,000 ppm) that persisted at least 7 weeks beyond the end of the 

exposure period.  Histopathological and electrophysiological studies found no evidence of neuropathy in 
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the forelimb that might account for this result.  The authors hypothesized that sedative properties of 

1,1,1-trichloroethane may have been responsible by allowing the animals to become more relaxed and, 

consequently, more habituated to the test procedure.  No effects were found at moderate levels (630 ppm).  

The lack of neurophysiological effects at concentrations that produced such effects in the acute-duration 

study by Halogenated Solvents Industry Alliance (1991) reflects the fact that testing was performed 

during exposure in the acute-duration study and 65 hours after the end of exposure in the intermediate-

duration study. 

 

Histopathological changes in the brain and spinal cord are not characteristic of 1,1,1-trichloroethane 

exposure and have not been reported when these structures have been examined (Herd et al. 1974; Krantz 

et al. 1959; Mattsson et al. 1993; Prendergast et al. 1967; Quast et al. 1978, 1988); however, researchers 

who have subjected gerbils to continuous, intermediate-duration exposure to 1,1,1-trichloroethane have 

reported changes in the brain that indicate physical damage.  Four months after exposure had been 

discontinued, there was a significant increase in the level of glial fibrillary acid (GFA) protein in the 

sensorimotor cerebral cortex following exposure to 210 ppm of 1,1,1-trichloroethane (Rosengren et al. 

1985).  Since this protein is the main protein subunit of astroglial filaments and is found mainly in 

fibrillary astrocytes, an increase in its occurrence indicates the formation of astroglial fibrils, which are 

formed in response to brain injury.  Therefore, increased GFA protein is associated with astrogliosis and 

central nervous system damage.  These changes produced by 1,1,1-trichloroethane in this study were 

irreversible, or at least persistent.  An intermediate-duration inhalation MRL of 0.7 ppm was derived for 

1,1,1-trichloroethane based on the results of this study, as described in the footnote in Table 3-1.  A 

second study, in which gerbils were exposed to 70 ppm of 1,1,1-trichloroethane by the same protocol, was 

conducted by Karlsson et al. (1987).  DNA content was used to measure cell density in different parts of 

the brain following exposure.  Significantly decreased DNA content was found in the posterior cerebellar 

hemisphere, anterior cerebellar vermis, and hippocampus.  These results could be caused by decreased 

cell density, possibly because of cell loss either by cell death or inhibition of nonneuronal cell acquisition 

in these areas, but the significance of these changes is uncertain.  These methods of ascertaining physical 

damage to the brain have not been applied to other species. 

 

1,1,1-Trichloroethane also produced changes in brain metabolism in rats and mice.  Folbergrova et al. 

(1984) found a number of changes in cerebral cortical metabolism in rats exposed to high levels.  

Decreased glucose consumption and blood flow have also been documented in rats (Hougaard et al. 

1984).  Exposure of rats and mice to low-to-moderate 1,1,1-trichloroethane concentrations resulted in 



1,1,1-TRICHLOROETHANE 84 
 

3.  HEALTH EFFECTS 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

altered brain levels of cyclic nucleotides (Nilsson et al. 1986a, 1986b; You and Dallas 2000).  The 

importance of the effects on cyclic nucleotides may lie in their altered capacity to act as secondary 

messengers within the cells, although the toxicological significance of this effect is unknown.  No effect 

on the levels of protein, glutathione, acid proteinase, or ribonucleic acid (RNA) in the brain was found in 

rats acutely exposed to low concentrations of 1,1,1-trichloroethane (Savolainen et al. 1977).  Continuous 

exposure to 1,200 ppm, but not lower doses, of 1,1,1-trichloroethane for 30 days altered the fatty acid 

composition of ethanolamine phosphoglyceride isolated from the cerebral cortex in rats (Kyrklund and 

Haglid 1991; Kyrklund et al. 1988). 

 

1,1,1-Trichloroethane may share discriminate-stimulus properties with both pentobarbital and ethanol 

(Rees et al. 1987a, 1987b).  Rees et al. (1987a) trained mice to press one lever in response to 

pentobarbital injection and another in response to saline injection.  In this way, mice could "tell" the 

investigator when they were injected with pentobarbital.  Upon inhalation of 1,1,1-trichloroethane for 

20 minutes, there was a concentration-dependent increase in the percentage of time mice pressed the 

pentobarbital lever, indicating that the mice were generalizing the effects of pentobarbital to those of 

1,1,1-trichloroethane.  The results were similar in the second study (Rees et al. 1987b), in which the mice 

were trained to discriminate between ethanol and saline, and then exposed to 1,1,1-trichloroethane.  These 

studies suggest that mice did not discriminate between the neurological effects of moderate to high 

concentrations of 1,1,1-trichloroethane and those of pentobarbital and ethanol. 

 

The highest NOAEL values and all reliable LOAEL values for neurological effects in each species and 

duration category are recorded in Table 3-1 and plotted in Figure 3-1.  The acute depressive effect of 

1,1,1-trichloroethane in both humans and animals progresses from subtle behavioral effects at low-to-

moderate concentrations to unconsciousness at high concentrations.  There is evidence to suggest that 

1,1,1-trichloroethane does not produce permanent neurological effects in humans.  A study in gerbils, 

however, has produced evidence of lasting physical damage to the nervous system (astrogliosis) following 

prolonged continuous exposure to low concentrations (210 ppm) of this chemical.  More data are needed 

to determine whether these results/observations are relevant for determining human risk. 

 

3.2.1.5   Reproductive Effects  
 

Limited information is available regarding the reproductive toxicity of 1,1,1-trichloroethane in humans, 

and exposure levels have not been quantified.  Taskinen et al. (1989) conducted a case-control 
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epidemiology study to investigate the relationship between adverse pregnancy outcomes (spontaneous 

abortions and congenital malformations) and occupational exposure of fathers to organic solvents, 

including 1,1,1-trichloroethane, during spermatogenesis for the 80 days prior to conception.  No 

relationship was found between exposure to 1,1,1-trichloroethane and adverse pregnancy outcomes.  An 

apparent decrease in fertility (as measured by number of menstrual cycles required for wife to become 

pregnant) was noted in Finnish male workers with exposure to 1,1,1-trichloroethane, but the difference 

from controls was not statistically significant (Sallmén et al. 1998).  

 

Studies in several animal species found no evidence that 1,1,1-trichloroethane has adverse reproductive 

effects.  Histological examination of male and female reproductive tissues following acute-, 

intermediate-, and chronic-duration exposure to 1,1,1-trichloroethane revealed no exposure-related 

changes in rats, mice, or rabbits (Adams et al. 1950; Calhoun et al. 1981; Eben and Kimmerle 1974; 

Quast et al. 1988; Torkelson et al. 1958; Truffert et al. 1977); however, varying degrees of testicular 

degeneration were observed in male guinea pigs exposed to 5,000 ppm 1,1,1-trichloroethane for 45 days 

(Adams et al. 1950).  One intermediate-duration study used blood chemistry analyses to determine 

reproductive effects.  Continuous exposure to moderate levels of 1,1,1-trichloroethane vapor had no effect 

on butyrylcholinesterase activity in mice, which suggests that exposure did not have any effect on 

testosterone activity (Kjellstrand et al. 1985b).  Testosterone appears to play a major role in regulating 

butyrylcholinesterase activity, and, although activity of this enzyme may change in the absence of an 

effect on testosterone, it is unlikely that an effect on testosterone levels would not be reflected by a 

change in butyrylcholinesterase activity. 

 

The highest NOAEL values for reproductive effects in each species and duration category are recorded in 

Table 3-1 and plotted in Figure 3-1.  Based on the existing data, the reproductive system does not appear 

to be a target of 1,1,1-trichloroethane toxicity following inhalation exposure; however, the reproductive 

toxicity of this chemical cannot be evaluated fully due to the limited human data available and the lack of 

inhalation studies of reproductive function in animals. 

 

3.2.1.6   Developmental Effects  
 

Several case-control epidemiology studies investigated the relationship between adverse pregnancy 

outcomes (spontaneous abortions and/or congenital malformations) and maternal exposure to solvents, 

including 1,1,1-trichloroethane (Lindbohm et al. 1990; Taskinen et al. 1989; Windham et al. 1991).  No 
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clear evidence of a relationship between exposure to 1,1,1-trichloroethane and adverse pregnancy 

outcomes was found in any of these studies. 

 

The potential developmental toxicity of inhaled 1,1,1-trichloroethane has been examined in rats and mice.  

Schwetz et al. (1975) exposed pregnant females of both species to moderate concentrations of 1,1,1-tri-

chloroethane on days 6–15 of gestation.  The only significant finding was an increase in absolute liver 

weight of maternal rats but not of maternal mice.  Indices of embryo/fetotoxicity were comparable to 

controls.  York et al. (1982) exposed female rats to 2,100 ppm of 1,1,1-trichloroethane for 2 weeks prior 

to mating and/or throughout pregnancy.  There were no signs of maternal toxicity in any test group.  A 

significant decrease in fetal body weight was observed in groups exposed either before and during 

pregnancy or during pregnancy only.  Fetal body weights were not affected in the group exposed to 

1,1,1-trichloroethane before pregnancy only.  A significant increase in the incidence of delayed 

ossification and soft-tissue anomalies was observed only in the group that was exposed during both the 

premating period and gestation.  Pup survival and weight gain were not affected by treatment, and neither 

was pup performance on neurobehavioral tests.  There was no evidence of gross lesions upon necropsy at 

12 months.  Exposure of pregnant rats to 6,000 ppm of 1,1,1-trichloroethane during gestation days 6–15 

decreased fetal weight and delayed ossification of the cervical centrum (BRRC 1987a).  Signs of maternal 

toxicity at this concentration included hypoactivity during exposure, perioral wetness, decreased food 

consumption, and increased water consumption.  Maternal toxicity may have contributed to the 

fetotoxicity observed.  Maternal toxicity and fetotoxicity were not observed in rats exposed to 3,000 ppm.  

Pregnant rabbits exposed to 6,000 ppm of 1,1,1-trichloroethane during gestation days 6–18 had decreased 

weight gain during exposure (BRRC 1987b).  A significant increase in the incidence of extra ribs was 

noted in the fetuses; however, this is an anomaly often associated with maternal toxicity, regardless of the 

test agent.  No other evidence of embryotoxicity or teratogenicity was observed in this study. 

 

Exposure of pregnant mice to 1,1,1-trichloroethane at a concentration of 2,000 ppm for 17 hours/day on 

gestation days 12–17 resulted in significantly reduced litter and postnatal pup weights, overt 

developmental delays (pinnae detachment, incisor eruption, eye opening), and impaired performance in 

behavioral tests (righting reflex, forelimb grip strength, negative geotaxis, inverted screen climbing) 

(Jones et al. 1996).  There were no clinical signs of maternal toxicity and no statistically significant 

effects on number of litters, gestation length, litter size, number of live male or female pups per litter, or 

spontaneous motor activity, relative to controls.  Other pregnant mice were exposed to 8,000 ppm 

3 times/day for 60 minutes on gestation days 12–17 (Jones et al. 1996).  Dams were nearly anesthetized 
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during exposure and exhibited mild tremors and gait abnormalities during observational battery testing.  

Significantly reduced postnatal pup weight, developmental delays (pinnae detachment, incisor eruption, 

eye opening), and impaired performance in behavioral tests (righting reflex, forelimb grip strength, 

negative geotaxis, rooting reflex) were noted.  In a similar study of pregnant rats, exposed to 7,000 ppm 

of 1,1,1-trichloroethane 3 times per day for 60 minutes on gestation days 13–19, maternal weight gain 

was significantly reduced during the exposure period and dams exhibited clinical signs that included 

salivation, lacrimation, and abnormal gait (Coleman et al. 1999).  Litters were completely resorbed in two 

of nine exposed dams and significant increases in gestation length were noted.  Developmental effects 

included increased mortality at birth, decreased litter weight, and significant deficits in coordination, 

muscle strength, and spontaneous motor activity. 

 

The highest NOAEL values and all reliable LOAEL values for developmental effects in each species and 

duration category are recorded in Table 3-1 and plotted in Figure 3-1.  These data suggest that 1,1,1-tri-

chloroethane is not a potent developmental toxin.  Minor developmental effects characteristic of 

developmental delay were reported only at high doses and were usually accompanied by maternal 

toxicity. 

 

3.2.1.7   Cancer  
 

In case-control studies, occupational exposure to 1,1,1-trichloroethane was not found to be associated 

with astrocytic brain cancer (Heineman et al. 1994), renal cell carcinoma (Dosemeci et al. 1999), 

pancreatic cancer (Kernan et al. 1999), or esophageal or stomach cancer (Rohr Indus Inc. 1986, 1987).  

There was no significant correlation between release of 1,1,1-trichloroethane in 26 Florida counties in 

1987 and age adjusted incidence of childhood brain tumors in these counties in 1992–1993 (Mulla 1996).  

Statistically significantly increased standardized incidence ratios for cancer of the nervous system and 

multiple myeloma were reported in male and female Finnish workers exposed to 1,1,1-trichloroethane 

(Anttila et al. 1995).  However, the finding is based on only three cases of nervous system tumors and two 

cases of multiple myeloma, and most of the workers were exposed to other solvents as well.  An increased 

risk of multiple myeloma was also observed in a cohort of female workers in Utah, but no association was 

found between non-Hodgkin’s lymphoma and 1,1,1-trichloroethane exposure in these workers (Spirtas et 

al. 1991).  The results, however, are questionable because only two cases of multiple myeloma were 

observed and the women were also exposed to many other chemicals.  Based on the limited human data, it 

is not known whether inhaled 1,1,1-trichloroethane presents a human carcinogenicity concern.  
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A study of 1,1,1-trichloroethane vapor carcinogenicity in Fischer 344 rats and B6C3F1 mice was 

conducted by Quast et al. (1988).  Animals were chronically exposed to moderate to high concentrations 

(150–1,500 ppm) of the chemical.  In rats, no significant differences in survival were observed between 

groups.  Body weights of treated and control rats were comparable except for a slight but significant 

decrease in high-dose females.  Slight microscopic changes were seen in the livers of high-dose male and 

female rats at 6, 12, and 18 months, but these effects were not distinguishable from normal geriatric 

changes at 24 months.  In mice, no significant differences in survival, growth, or incidence of 

nonneoplastic lesions were observed between groups.  Pairwise comparisons between control and treated 

groups revealed no differences in the incidence of tumors in rats or mice.  Two positive dose-related 

trends were statistically significant, but neither was considered treatment related.  In male rats, a positive 

trend was evident for the incidence of benign bilateral interstitial cell tumors of the testes, a highly 

spontaneous tumor in the strain of rats tested.  This trend disappeared when all interstitial cell tumors 

were combined and re-analyzed.  A dose-related statistically significant trend was found for an increase in 

the combined incidence of benign adenomas and cystadenomas in the lacrimal gland of female mice, but 

the incidences were statistically comparable to concurrent controls as well as within the historical control 

range.  The authors point out there was no increase in the incidence of lymphoreticular proliferative 

processes in either species in this study.  This study adequately demonstrated no evidence of 

carcinogenicity by the inhalation route at the exposure levels used, which approach the maximum 

tolerated dose (MTD).  An apparent increase in the occurrence of immunoblastic lymphosarcomas of the 

lung was reported in rats tested in an oral carcinogenicity study (Maltoni et al. 1986), described in 

Section 3.2.2.8. 

 

3.2.2   Oral Exposure  

3.2.2.1   Death  
 

A single report of human oral exposure to 1,1,1-trichloroethane was found in the literature.  A man 

survived after accidentally drinking a single .600 mg/kg dose of 1,1,1-trichloroethane (Stewart and 

Andrews 1966).  Clinical signs of toxicity were limited to a burning sensation in the throat, nausea, and 

incapacitating vomiting and diarrhea. 

 



1,1,1-TRICHLOROETHANE 89 
 

3.  HEALTH EFFECTS 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

Torkelson et al. (1958) reported acute oral LD50 values of 12,300 and 10,300 mg/kg for male and female 

rats, respectively.  LD50 values for other species include 11,240 mg/kg for mice, 9,470 mg/kg for guinea 

pigs, and 5,660 mg/kg for rabbits (Torkelson et al. 1958).  A more recent study reported LD50 values of 

17,148 and 12,996 mg/kg for male and female mice, respectively (Kinkead and Wolfe 1992).  In 6-week 

studies, lethality was produced by gavage doses of 5,620 mg/kg/day in rats and 10,000 mg/kg/day in mice 

(NCI 1977).  Repeated gavage doses of 2,500 mg/kg/day resulted in high rates of mortality within 50 days 

(Bruckner et al. 2001).  Larger doses (≥5,000 mg/kg/day) for shorter time periods (11 days or less) were 

even more lethal (Bruckner et al. 2001).  In chronic studies, effects on survival occurred at much lower 

doses.  Survival decreased in rats exposed to 750 mg/kg/day and mice exposed to 2,807 mg/kg/day by 

gavage (NCI 1977).  Chronic oral exposure to 500 mg/kg/day of 1,1,1-trichloroethane by gavage did not 

affect rat survival (Maltoni et al. 1986).  Survival of rats and mice was not affected by administration of 

1,1,1-trichloroethane in the diet at concentrations as high as 80,000 ppm (approximate doses as high as 

5,000 and 23,000 mg/kg/day, respectively) for 13 weeks (NTP 2000). 

 

Exposure to high oral doses of 1,1,1-trichloroethane can be lethal to animals and, presumably, to humans.  

The levels associated with decreased survival in animals appeared to decrease as exposure duration 

increased. 

 

Reliable LD50 values and LOAEL values for death are recorded in Table 3-2 and plotted in Figure 3-2. 

 

3.2.2.2   Systemic Effects  
 

The highest NOAEL values and all LOAEL values from each reliable study for each systemic effect in 

each species and duration are recorded in Table 3-2 and plotted in Figure 3-2. 

 

No reports were located in which endocrine, ocular, or metabolic effects were associated with oral 

exposure of humans or animals to 1,1,1-trichloroethane. 

 

Respiratory Effects.    No studies were located regarding respiratory effects in humans after oral 

exposure to 1,1,1-trichloroethane.   

 

Only one oral study investigated the respiratory effects of 1,1,1-trichloroethane in animals.  Chronic oral 

exposure of rats to 1,500 mg/kg/day and mice to 5,615 mg/kg/day by gavage did not affect the incidence  
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Table 3-2  Levels of Significant Exposure to 1,1,1-Trichloroethane  -  Oral

Chemical Form(mg/kg/day) (mg/kg/day) (mg/kg/day)

Exposure/
Duration/

Frequency
(Specific Route)

Species
(Strain)

ACUTE EXPOSURE
Death

1

4000
4000 M

758

Once
(GO)(Sprague-

Dawley)

Rat Bruckner et al. 2001

2

500
500 M

778

5000
5000 M (3/15 died)

11 d
d 1-5, 8-11
1x/d
(GO)

(Sprague-
Dawley)

Rat Bruckner et al. 2001

3

713

17148
17148 M (LD50)

12996
12996 F (LD50)

once
(GO)(Sprague-

Dawley)

Rat Kinkead and Wolfe 1992

4

2

10300
10300 F (LD50)

once
(G)(NS)

Rat Torkelson et al. 1958

5

3

11240
11240 (LD50)

once
(G)(NS)

Mouse Torkelson et al. 1958

6

5

9470
9470 M (LD50)

once
(G)(NS)

Gn Pig Torkelson et al. 1958
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(continued)Table 3-2  Levels of Significant Exposure to 1,1,1-Trichloroethane  -  Oral

Chemical Form(mg/kg/day) (mg/kg/day) (mg/kg/day)

Exposure/
Duration/

Frequency
(Specific Route)

Species
(Strain)

7

4

5660
5660 F (LD50)

once
(G)(NS)

Rabbit Torkelson et al. 1958

Systemic
8

4000
4000 MHepatic

777

Once
(GO)(Sprague-

Dawley)

Rat Bruckner et al. 2001

4000
4000 MRenal

4000
4000 MBd Wt

9

10000
10000 MHepatic

779

11 d
d 1-5, 8-11
1x/d
(GO)

(Sprague-
Dawley)

Rat Bruckner et al. 2001

500
500 MBd Wt

5000

5000 M (14% reduced terminal body
weight)

10

1650
1650Hepatic

76

7 d
1 x/d
(GO)

(NS)
Rat Platt and Cockrill 1969

1650
1650Bd Wt
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(continued)Table 3-2  Levels of Significant Exposure to 1,1,1-Trichloroethane  -  Oral

Chemical Form(mg/kg/day) (mg/kg/day) (mg/kg/day)

Exposure/
Duration/

Frequency
(Specific Route)

Species
(Strain)

11
Hepatic

77

1330
1330 M (ED50 for increased SGOT)

once
(GO)(Sprague-

Dawley)

Rat Tyson et al. 1983

12

1370
1370 MHepatic

78

1 d
(GO)(Wistar)

Rat Vainio et al. 1976

Neurological
13

600
600 M

505

onceHuman Stewart and Andrews 1966

14

500
500 M

780

5000

5000 M (hyperexcitability followed by
narcosis)

11 d
d 1-5, 8-11
1x/d
(GO)

(Sprague-
Dawley)

Rat Bruckner et al. 2001

15

428

705
705 F (altered EEG, FEP, and SEP)

4 d
1 x/d
(GO)

(Fischer 344)
Rat Spencer et al. 1990
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(continued)Table 3-2  Levels of Significant Exposure to 1,1,1-Trichloroethane  -  Oral

Chemical Form(mg/kg/day) (mg/kg/day) (mg/kg/day)

Exposure/
Duration/

Frequency
(Specific Route)

Species
(Strain)

INTERMEDIATE EXPOSURE
Death

16

500
500 M

789

2500
2500 M (5/15 died)

13 wk
5 d/wk
1 x/d
1x/d
(GO)

(Sprague-
Dawley)

Rat Bruckner et al. 2001

17

96

5620
5620 F (2/10 died)

6 wk
5 d/wk
(GO)

(Osborne-
Mendel)

Rat NCI 1977

18

98

10000
10000 (8/10 died)

6 wk
5 d/wk
(GO)

(B6C3F1)
Mouse NCI 1977

Systemic
19

500
500 MHepatic

783

2500

2500 M (induction of serum liver
enzymes)

13 wk
5 d/wk
1 x/d
1x/d
(GO)

(Sprague-
Dawley)

Rat Bruckner et al. 2001

500
500 MBd Wt

2500
2500 M (reduced body weight)

20

3160
3160Bd Wt

97
5620

5620 F (unspecified decrease in  body
weight gain)

6 wk
5 d/wk
(GO)

(Osborne-
Mendel)

Rat NCI 1977
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(continued)Table 3-2  Levels of Significant Exposure to 1,1,1-Trichloroethane  -  Oral

Chemical Form(mg/kg/day) (mg/kg/day) (mg/kg/day)

Exposure/
Duration/

Frequency
(Specific Route)

Species
(Strain)

21

2500
2500 FHepatic

773
5000

5000 F (decreased absolute and
relative liver weight)

Continuous
13 wk
(F)

(F344/N)
Rat NTP 2000

2400
2400 MBd Wt

4800

4800 M (10% decreased final body
weight)

22

5620
5620Bd Wt

99

6 wk
5 d/wk
(GO)

(B6C3F1)
Mouse NCI 1977

23

1770
1770 M

b

2820
2820 F

Bd Wt

788

3500

3500 M (>10% decreased terminal body
weight, >20% depressed body
weight gain)

5600

5600 F (>10% decreased terminal body
weight)

Continuous
13 wk
(F)

(B6C3F1)
Mouse NTP 2000

Neurological
24

500
500 M

782

2500
2500 M (hyperexcitability, narcosis)

13 wk
5 d/wk
1 x/d
1x/d
(GO)

(Sprague-
Dawley)

Rat Bruckner et al. 2001
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(continued)Table 3-2  Levels of Significant Exposure to 1,1,1-Trichloroethane  -  Oral

Chemical Form(mg/kg/day) (mg/kg/day) (mg/kg/day)

Exposure/
Duration/

Frequency
(Specific Route)

Species
(Strain)

Reproductive
25

2.96
2.96 F

230

70 d
ad libitum
(W)

(Sprague-
Dawley)

Rat NTP 1988a; George et al. 1989

26

2400
2400 M

774
4800

4800 M (10% reduction in epididymal
spermatozoal concentration)

Continuous
13 wk
(F)

(F344/N)
Rat NTP 2000

27

1000
1000

79

25 wk
ad libitum
(W)

(Swiss ICR)
Mouse Lane et al. 1982

28

15000
15000 M

22900
22900 F

787

Continuous
13 wk
(F)

(B6C3F1)
Mouse NTP 2000

Developmental
29

750
750

750

Gd 6-21
Ld 1-10
(GO)

(Fischer- 344
Rat Dow Chemical 1993; Maurissen et al.

1994

30

3.5
3.5 F

231

70 d
ad libitum
(W)

(CD)
Rat NTP 1988a; George et al. 1989
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(continued)Table 3-2  Levels of Significant Exposure to 1,1,1-Trichloroethane  -  Oral

Chemical Form(mg/kg/day) (mg/kg/day) (mg/kg/day)

Exposure/
Duration/

Frequency
(Specific Route)

Species
(Strain)

31

2.4
2.4 F

220

40 d
ad libitum
(W)

(Sprague-
Dawley)

Rat NTP 1988b

32

1000
1000

80

25 wk
ad libitum
(W)

(Swiss ICR)
Mouse Lane et al. 1982

CHRONIC EXPOSURE
Death

33

100

750

750 (survival decreased by
approximately 50%)

78 wk
5 d/wk
(GO)

(Osborne-
Mendel)

Rat NCI 1977

34

106

2807
2807 F (14% decreased survival)

78 wk
5 d/wk
(GO)

(B6C3F1)
Mouse NCI 1977

Systemic
35

Bd Wt

236
500

500 F (body weight gain reduced 12%
after 80 weeks)

104 wk
4-5 d/wk
(GO)

(Sprague-
Dawley)

Rat Maltoni et al. 1986
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(continued)Table 3-2  Levels of Significant Exposure to 1,1,1-Trichloroethane  -  Oral

Chemical Form(mg/kg/day) (mg/kg/day) (mg/kg/day)

Exposure/
Duration/

Frequency
(Specific Route)

Species
(Strain)

36

1500
1500Resp

105

78 wk
5 d/wk
(GO)

(Osborne-
Mendel)

Rat NCI 1977

1500
1500Cardio

1500
1500Gastro

1500
1500Hemato

1500
1500Musc/skel

1500
1500Hepatic

1500
1500Renal

1500
1500Dermal

Bd Wt

750

750 (significant reduction in body
weight gain, but not quantified)
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(continued)Table 3-2  Levels of Significant Exposure to 1,1,1-Trichloroethane  -  Oral

Chemical Form(mg/kg/day) (mg/kg/day) (mg/kg/day)

Exposure/
Duration/

Frequency
(Specific Route)

Species
(Strain)

37

5615
5615Resp

110

78 wk
5 d/wk
(GO)

(B6C3F1)
Mouse NCI 1977

5615
5615Cardio

5615
5615Gastro

5615
5615Hemato

5615
5615Musc/skel

5615
5615Hepatic

5615
5615Renal

5615
5615Dermal

Bd Wt

2807

2807 (significant decrease in body
weight gain, but not quantified)

Immuno/ Lymphoret
38

1500
1500

101

78 wk
5 d/wk
(GO)

(Osborne-
Mendel)

Rat NCI 1977
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(continued)Table 3-2  Levels of Significant Exposure to 1,1,1-Trichloroethane  -  Oral

Chemical Form(mg/kg/day) (mg/kg/day) (mg/kg/day)

Exposure/
Duration/

Frequency
(Specific Route)

Species
(Strain)

39

5615
5615

107

78 wk
5 d/wk
(GO)

(B6C3F1)
Mouse NCI 1977

Neurological
40

1500
1500

102

78 wk
5 d/wk
(GO)

(Osborne-
Mendel)

Rat NCI 1977

41

5615
5615

108

78 wk
5 d/wk
(GO)

(B6C3F1)
Mouse NCI 1977

Reproductive
42

1500
1500

103

78 wk
5 d/wk
(GO)

(Osborne-
Mendel)

Rat NCI 1977

43

5615
5615

a The number corresponds to entries in Figure 3-2.

b Used to derive an intermediate-duration oral minimal risk level (MRL) of 20 mg/kg/day; daily ingested dose divided by an uncertainty factor of 100 (10 for extrapolation from mice to
humans and 10 for human variability)

Bd wt = body weight; Cardio = cardiological; d = day(s); Derm = dermal; ED50 = effective dose, 50%; EEG = electroencephalogram; F = female; FEP = flash evoked potential; G =
gavage- not specified; Gastro = gastrointestinal; Gd = gestation day; Gn Pig = guinea pig; GO = gavage in oil; Hemato = hematological; Ld = lactation day; LD50 = lethal dose; 50 kill;
LOAEL = lowest-observed-adverse-effect level; M = male; Musc/skel = musculoskeletal; NOAEL = no-observed-adverse effect level; resp = respiratory; SEP somatosensory evoked
potential; SGOT = serum glutamate oxaloacetate transaminase; wk = week(s); x = time(s)
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Figure 3-2.  Levels of Significant Exposure to 1,1,1-Trichloroethane - Oral 
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Figure 3-2.  Levels of Significant Exposure to 1,1,1-Trichloroethane - Oral (Continued)
Intermediate (15-364 days)
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Figure 3-2.  Levels of Significant Exposure to 1,1,1-Trichloroethane - Oral (Continued)
Chronic (≥365 days)
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of lesions in the lungs, trachea, or nasal passages (NCI 1977).  NOAEL values derived from this study are 

recorded in Table 3-2 and plotted in Figure 3-2.  Based on the negative results in the NCI (1977) study 

and the generally negative results in inhalation studies in which respiratory tissues came into direct 

contact with high levels (see Section 3.2.1.2), 1,1,1-trichloroethane is not expected to produce respiratory 

effects following ingestion in humans. 

 

Cardiovascular Effects.    Electrocardiogram readings were normal 4 hours after a man accidentally 

drank a single 600 mg/kg dose of 1,1,1-trichloroethane (Stewart and Andrews 1966). 

 

Cardiovascular effects of ingested 1,1,1-trichloroethane have been investigated only by histopathological 

examination of exposed animals.  Chronic oral exposure of rats to 1,500 mg/kg/day and mice to 

5,615 mg/kg/day did not affect the incidence of lesions in the heart (NCI 1977).  NOAEL values derived 

from this study are recorded in Table 3-2 and plotted in Figure 3-2. 

 

The usefulness of histopathological heart examinations is limited, considering the findings of serious 

effects on cardiovascular function without pathological lesions in animals after acute exposure to high 

levels of 1,1,1-trichloroethane via inhalation.  Therefore, existing data are insufficient to assess 

cardiovascular effects from oral exposure to 1,1,1-trichloroethane. 

 

Gastrointestinal Effects.    Severe vomiting and diarrhea began 1 hour after ingestion and continued 

for 6 hours in a man who survived after accidentally drinking a single 600 mg/kg dose of 1,1,1-trichloro-

ethane (Stewart and Andrews 1966).  The patient reported feeling a burning sensation in his mouth and 

throat immediately after swallowing the dose. 

 

Gastrointestinal effects of orally administered 1,1,1-trichloroethane were investigated only by 

histopathological examination in animals.  Chronic oral exposure of rats to 1,500 mg/kg/day and mice to 

5,615 mg/kg/day by gavage in oil did not affect the incidence of nonneoplastic lesions in the stomach, 

intestines, and pancreas (NCI 1977).  NOAEL values derived from this study are recorded in Table 3-2 

and plotted in Figure 3-2. 

 

The results of the NCI (1977) study suggest that 1,1,1-trichloroethane does not produce gastrointestinal 

toxicity, while the case report of Stewart and Andrews (1966) shows that swallowing a large, undiluted 

dose of this chemical can produce severe gastrointestinal upset and some irritation of the throat. 
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Hematological Effects.    Hematological parameters remained within normal limits in tests beginning 

4 hours after exposure in a man who survived after accidentally drinking a single 600 mg/kg dose of 

1,1,1-trichloroethane (Stewart and Andrews 1966). 

 

Oral exposure of rats and mice to 1,1,1-trichloroethane in the diet at concentrations as high as 80,000 ppm 

(approximate doses as high as 5,000 and 23,000 mg/kg/day in rats and mice, respectively) did not result 

in apparent treatment-related hematological effects (NTP 2000).  Chronic oral exposure of rats to 

1,500 mg/kg/day and mice to 5,615 mg/kg/day by gavage in oil did not affect the incidence of 

nonneoplastic lesions in the bone marrow (NCI 1977).  NOAEL values derived from this study are 

recorded in Table 3-2 and plotted in Figure 3-2. 

 

The limited data available suggest that ingested 1,1,1-trichloroethane does not produce hematological 

effects. 

 

Musculoskeletal Effects.    No studies were located regarding musculoskeletal effects in humans after 

oral exposure to 1,1,1-trichloroethane. 

 

Only one study investigated musculoskeletal effects in animals exposed to 1,1,1-trichloroethane orally.  

Chronic oral exposure of rats to 1,500 mg/kg/day and mice to 5,615 mg/kg/day by gavage in oil did not 

affect the incidence of nonneoplastic lesions in the muscles or bones (NCI 1977).  NOAEL values derived 

from this study are recorded in Table 3-2 and plotted in Figure 3-2. 

 

Hepatic Effects.    Stewart and Andrews (1966) reported a case in which a man survived drinking 

1 ounce (600 mg/kg) of 1,1,1-trichloroethane.  Serum transaminase levels remained within normal limits, 

but serum bilirubin levels became slightly elevated after 48 hours.  Increased serum bilirubin levels may 

result from reduced biliary excretion (i.e., cholestatic liver damage).  Alternatively, hyperbilirubinemia 

may result from diminished hepatic conjugative metabolism of bilirubin. 

 

Elevated SGOT levels, often seen in conjunction with hepatic damage and damage of other tissues, were 

reported in rats given a single oral dose of 1,330 mg/kg 1,1,1-trichloroethane (Tyson et al. 1983).  Levels 

of SGPT, which is more specific for liver damage, remained unchanged in this study, however.  Similar 

results in rats (little change in SGPT activity) were reported by others (Xia and Yu 1992).  There were no 
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indications of 1,1,1-trichloroethane-induced liver damage in rats given a single gavage dose of 

4,000 mg/kg/day or repeated gavage doses as high as 10,000 mg/kg/day (Bruckner et al. 2001).  Data 

regarding the effect of 1,1,1-trichloroethane on the activity of rat liver enzymes are inconclusive.  

Increased liver microsomal and cytoplasmic protein content were found, although they were not 

accompanied by increases in activity of enzymes or increased liver weight (Platt and Cockrill 1969).  

Reduced levels of cytochrome P-450 and epoxide hydratase, suggesting inhibition of these enzymes, was 

reported in another study (Vainio et al. 1976).  Bruckner et al. (2001) found some evidence in rats of 

enzyme induction at low doses and inhibition at high doses.  In an intermediate-duration study, mild liver 

effects (small increases in SGPT and ornithine carbamyl transferase [OCT]) occurred at 5,000 mg/kg/day 

(Bruckner et al. 2001).  Relative liver weight was increased by approximately 11% (p<0.05) in rats 

administered 1,1,1-trichloroethane by oral gavage for 21 days, but there were no histopathological signs 

of hepatotoxicity (NTP 1996).  Decreased liver weights in female rats administered 80,000 ppm 

(5,000 mg/kg/day) of 1,1,1-trichloroethane in the diet for 13 weeks were attributed to reduced body 

weights, not adverse liver effects (NTP 2000).  No liver effects were seen in similarly treated male rats, or 

in male or female mice receiving doses as high as 15,000 and 23,000 mg/kg/day, respectively.  Chronic 

gavage administration of 1,1,1-trichloroethane did not affect the incidence of nonneoplastic lesions in the 

livers of rats or mice (NCI 1977).  The highest NOAEL values and all reliable LOAEL values for hepatic 

effects in each species and exposure duration category are recorded in Table 3-2 and plotted in Figure 3-2. 

 

Human and animal studies suggest that large amounts of ingested 1,1,1-trichloroethane may produce mild 

hepatotoxicity; however, whether 1,1,1-trichloroethane is an inducer or inhibitor of biotransformation 

enzymes following oral exposure is unclear. 

 

Renal Effects.    BUN levels were not elevated 4 hours after a man accidentally ingested a single 

600 mg/kg dose of 1,1,1-trichloroethane (Stewart and Andrews 1966). 

 

No effects on kidney weight or histology were found in rats given a single gavage dose of 

4,000 mg/kg/day, repeated doses of 10,000 mg/kg/day, or intermediate-duration exposure to 

5,000 mg/kg/day (Bruckner et al. 2001).  There was a slight transient increase in BUN in the rats 

repeatedly given 10,000 mg/kg/day (Bruckner et al. 2001).  Urinalysis performed on male rats 

administered 165 mg/kg/day of 1,1,1-trichloroethane by gavage for 21 days revealed significant increases 

in mean urinary protein and SGOT, but no histopathological evidence of renal damage (NTP 1996).  The 

statistical significance of this finding is questionable since it was based on only four surviving rats.  Male 
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rats administered ≥10,000 ppm (600 mg/kg/day) of 1,1,1-trichloroethane in the diet for 13 weeks 

exhibited kidney lesions indicative of hyaline droplet nephropathy (NTP 2000); this effect is specific to 

male rats and is not a human health concern.  Chronic gavage exposure of rats to 1,500 mg/kg/day and 

mice to 5,615 mg/kg/day did not affect the incidence of nonneoplastic lesions in the kidneys (NCI 1977).  

NOAEL values derived from these studies are recorded in Table 3-2 and plotted in Figure 3-2. 

 

Data from animals suggest that the kidney is not a target of 1,1,1-trichloroethane taken orally.  Sensitive 

tests of renal function have not apparently been performed, however, in animals ingesting 1,1,1-trichloro-

ethane. 

 

Dermal Effects.    No studies were located regarding dermal effects in humans after oral exposure to 

1,1,1-trichloroethane. 

 

Only one study investigated dermal effects following oral exposure in animals.  Chronic oral exposure by 

gavage of rats to 1,500 mg/kg/day and mice to 5,615 mg/kg/day of 1,1,1-trichloroethane did not affect the 

incidence of nonneoplastic skin lesions (NCI 1977).  NOAEL values derived from this study are recorded 

in Table 3-2 and plotted in Figure 3-2.  The scarcity of data regarding dermal effects in humans or 

animals after oral exposure to 1,1,1-trichloroethane precludes assessing potential injury of this tissue. 

 

Body Weight Effects.    No studies were located regarding body weight effects in humans after oral 

exposure to 1,1,1-trichloroethane. 

 

Several studies monitored body weight in animals dosed orally with 1,1,1-trichloroethane.  Reduced body 

weight gain was produced in rats by repeated doses ≥5,000 mg/kg/day in short-term studies and 

≥2,500 mg/kg/day in intermediate-duration studies (Bruckner et al. 2001).  Reduced body weight gain 

was noted in male (but not female) rats administered 1,1,1-trichloroethane in the diet at a concentration of 

80,000 ppm (doses as high as 4,800 and 5,000 mg/kg/day in males and females, respectively) for 

13 weeks (NTP 2000).  In similarly treated male and female mice, reduced body weight gain was 

observed at 1,1,1-trichloroethane concentrations ≥5,000 and 10,000 ppm, respectively (doses of 

approximately 850 and 2,850 mg/kg/day, respectively) (NTP 2000).  An intermediate-duration oral MRL 

of 18 mg/kg/day was derived for 1,1,1-trichloroethane based on the results of this study, as described in 

the footnote in Table 3-2.  In another study, reduced body weight gain was reported at 5,620 mg/kg/day in 

rats exposed for 6 weeks and 750 mg/kg/day in rats exposed for 78 weeks (NCI 1977).  Body weight gain 
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in rats was reduced by an even lower dose (500 mg/kg/day) in a second chronic study, but only after 

80 weeks of exposure (Maltoni et al. 1986).  In mice, 5,620 mg/kg/day did not affect body weight in a 

6-week study, but 2,807 mg/kg/day was sufficient to reduce body weight gain in a 78-week study (NCI 

1977).  These limited data on the effects of orally administered 1,1,1-trichloroethane on body weight gain 

in animals suggest time- and dose-response relationships. 

 

The highest NOAEL values and all reliable LOAEL values for body weight effects in each species and 

duration category are recorded in Table 3-2 and plotted in Figure 3-2. 

 

3.2.2.3   Immunological and Lymphoreticular Effects  
 

No studies were located regarding immunological effects in humans after oral exposure to 1,1,1-trichloro-

ethane. 

 

Immunological effects in animals were investigated only by histopathological examination of certain 

tissues.  There was no effect on the incidence or type of nonneoplastic lesions in the thymus or spleen of 

rats or mice after chronic gavage exposure to high doses of 1,1,1-trichloroethane (NCI 1977).  NOAEL 

values derived from this study are recorded in Table 3-2 and plotted in Figure 3-2.  The scarcity of data 

pertaining to immunological effects in humans or animals after oral exposure to 1,1,1-trichloroethane 

precludes an assessment of immunotoxicity. 

 

3.2.2.4   Neurological Effects  
 

A thorough neurological examination (details not reported) found no abnormalities in a man who had 

ingested 600 mg/kg of 1,1,1-trichloroethane 4 hours earlier (Stewart and Andrews 1966). 

 

Acute oral exposure of rats to 1,1,1-trichloroethane (705 mg/kg/day) did not result in behavior or 

appearance changes that could be detected after 2 days by a battery of observational measures, but did 

produce distinct neurophysiological alterations after 4 days.  These alterations included marked changes 

in the flash-evoked potential (FEP) and electroencephalogram (EEG) recordings.  Such effects are similar 

to those seen after inhalation exposure, and smaller changes in the somatosensory-evoked potential (SEP) 

(Spencer et al. 1990).  No significant changes in tissue levels of monoamine neurotransmitters and 

metabolites were found in the brain of rats given single oral doses of 3,250 mg/kg of 1,1,1-trichloroethane 
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and sacrificed 2 hours later (Kanada et al. 1994).  Rats given high oral doses of 1,1,1-trichloroethane 

( ≥2,500 mg/kg/day) exhibited a short period of hyperactivity, followed by a period of prolonged narcosis 

after daily dosing in acute- and intermediate-duration studies (Bruckner et al. 2001).  No clinical signs of 

neurotoxicity were seen in rats and mice receiving 1,1,1-trichloroethane in the diet at concentrations as 

high as 80,000 ppm (doses as high as 4,800 and 5,000 mg/kg/day in males and females, respectively) for 

13 weeks (NTP 2000).  Neurological effects were investigated by histopathological examination of the 

brain and nerves in a chronic study (NCI 1977).  There was no effect on the incidence or type of lesions in 

the brain or nerves of rats or mice after chronic gavage exposure to 1,1,1-trichloroethane at doses as high 

as 1,500 and 5,615 mg/kg/day, respectively (NCI 1977).  Failure to detect neural lesions by routine 

histopathology in this study does not rule out the occurrence of neurological effects following chronic 

oral exposure since physical changes in the brain did not accompany residual neurological effects seen in 

inhalation studies. 

 

Reliable NOAEL and LOAEL values for neurological effects in each species and duration category are 

recorded in Table 3-2 and plotted in Figure 3-2.  Limited information is available regarding the 

neurological effects of 1,1,1-trichloroethane following oral exposure, but the observation of narcosis in 

the studies by Bruckner et al. (2001) and the results of the acute neurophysiology study in rats suggest 

that the neurotoxicity of orally administered 1,1,1-trichloroethane may be similar to that observed 

following inhalation exposure. 

 

3.2.2.5   Reproductive Effects  
 

No studies were located regarding reproductive effects in humans after oral exposure to 1,1,1-trichloro-

ethane. 

 

Limited information is available regarding reproductive effects in animals following oral exposure to 

1,1,1-trichloroethane.  A multigeneration reproduction study was conducted in mice by Lane et al. (1982).  

Male and female mice were exposed to 1,1,1-trichloroethane (1,000 mg/kg/day) in their drinking water.  

In the parental and F1 generations, exposure began prior to mating and was continued through gestation 

and lactation.  Exposure usually precedes mating by the length of the sperm cycle in studies of this type, 

but the duration of premating exposure for the parental generation was abbreviated in this study.  

Treatment did not affect maternal survival, body weight, or reproductive performance.  In another study, 

rats were exposed to 1,1,1-trichloroethane in the drinking water from before mating through lactation at 
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concentrations resulting in daily doses as high as 3 mg/kg (George et al. 1989; NTP 1988a).  Maternal 

survival, body weight, fertility, and the duration of gestation were not affected.  Reduced epididymal 

spermatozoal concentration was noted in male rats and mice administered 1,1,1-trichloroethane in the diet 

at a concentration of 80,000 ppm (approximate doses of 4,800 and 15,000 mg/kg/day) for 13 weeks, but 

there were no other indications of adverse male reproductive effects and no signs of altered estrus in 

similarly-treated female rats and mice (NTP 2000).  In a chronic-duration study in rats and mice, there 

was no effect on the incidence or type of nonneoplastic lesions in the prostate, seminal vesicles, testes, or 

epididymis in males, or the uterus or ovary in females (NCI 1977). 

 

The highest NOAEL values for reproductive effects in each species and duration category are recorded in 

Table 3-2 and plotted in Figure 3-2.  There is limited evidence that oral exposure to high doses of 

1,1,1-trichloroethane may influence sperm production in animals. 

 

3.2.2.6   Developmental Effects  
 

The possible relationship between developmental effects and exposure to 1,1,1-trichloroethane in the 

drinking water was investigated in a series of epidemiology studies (Deane et al. 1989; Wrensch et al. 

1990a, 1990b).  A leak in an underground storage tank resulted in contamination of well water with 

1,1,1-trichloroethane and other chemicals.  Levels of 1,1,1-trichloroethane were far higher than levels of 

other chemicals (1,700 ppb when first detected, reaching a maximum of 8,800 ppb after the well was 

closed).  An excess of miscarriages and birth defects occurred in one exposed community but not in 

another.  Hydrogeological modeling of water and contaminant distribution within the exposed 

communities showed that the leak was probably not responsible for the excessive adverse pregnancy 

outcomes in the one community, because estimated exposure to 1,1,1-trichloroethane was lower than in 

the other community.  Average estimated exposure, in fact, was lower in areas reporting births with 

malformations than in those without.  A related study, conducted on a larger scale, found an excess of 

major cardiac anomalies during the exposure period in the service area of the water company with the 

contaminated well, compared to the rest of the county (Santa Clara, California) (Swan et al. 1989).  

Detailed analysis of the temporal and spatial distribution of cases, however, did not support the 

hypothesis that contamination of the well produced these adverse effects.  In a more recent report, no 

statistically significant effects were seen in a 3-year assessment of birth outcome among northern New 

Jersey residents of 75 towns where some water supplies were contaminated with 1,1,1-trichloroethane and 

other chemicals (Bove et al. 1995). 
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Lane et al. (1982) investigated the developmental effects of 1,1,1-trichloroethane in mice in a 

multigeneration reproduction study modified to allow screening for teratogenic and dominant lethal 

effects.  Mice of either sex were exposed to 1,1,1-trichloroethane in their drinking water.  Exposure for 

the initial test mice and the subsequent F1 generation began before mating and continued throughout 

gestation and lactation.  Exposure is usually intended to precede mating by the length of the sperm cycle; 

however, in this study, the duration of premating exposure for the parental generation was abbreviated.  

No maternal toxicity was reported.  There were no treatment-related embryotoxic or fetotoxic effects in 

either the F1 or F2 generation.  Pup survival and body weight were also unaffected.  There was no 

increase in the frequency of dominant lethal factors or in the incidence of skeletal or visceral 

malformations in either generation. 

 

The developmental effects of 1,1,1-trichloroethane were also studied in rats (George et al. 1989; NTP 

1988a, 1988b).  Doses of up to 3 mg/kg/day of the chemical were administered in these studies to allow 

comparison with preliminary results of an earlier study (Dapson et al. 1984; Hutcheon et al. 1985) that 

reported increased incidences of cardiovascular anomalies at these doses.  In the first study (NTP 1988a), 

1,1,1-trichloroethane was added to the drinking water of male and female rats before mating and through 

lactation.  Exposure to 1,1,1-trichloroethane had no effect on pup survival or body weight, or on the 

incidence of malformed pups.  Particular attention was paid to developmental effects on the 

cardiovascular system.  There was a high incidence of patent ductus arteriosus among pups that died on 

postnatal day 1 (10/28 exposed versus 0/8 control).  Patent ductus arteriosus was found in only one 

treated pup (from the low-concentration group) sacrificed on postnatal day 4.  No cardiovascular 

anomalies of any type were found in treated pups sacrificed on postnatal day 21, which was the time that 

Dapson et al. (1984) reported effects.  The authors explain that patent ductus arteriosus is not unexpected 

in pups at the earlier time points (days 1 and 4), but do not address the apparent difference between 

treated and control groups on day 1.  Most of the pups with patent ductus arteriosus were in the low-dose 

group; incidence was lower in the two higher-dose groups, and the effects were not statistically 

significant.  These results suggest that 1,1,1-trichloroethane did not affect the development of patent 

ductus arteriosus in these rats. 

 

In the second study (NTP 1988b), rats were exposed to 1,1,1-trichloroethane in the drinking water from 

premating through gestation at concentrations resulting in daily doses as high as 2.5 mg/kg.  Dams were 

sacrificed on day 20 of gestation, and the fetuses were given comprehensive teratological examinations.  



1,1,1-TRICHLOROETHANE 111 
 

3.  HEALTH EFFECTS 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

No embryotoxic or fetotoxic effects were reported.  There was no effect on the incidence of external, 

visceral, or skeletal malformations.  No cardiovascular abnormalities of any type were seen. 

 

A study was designed to examine the neurobehavioral effects of 1,1,1-trichloroethane on the offspring of 

rats treated with the test material by gavage on gestation day 6 through lactation day 10 (Dow Chemical 

1993; Maurissen et al. 1994).  The doses used were 75, 250, and 750 mg 1,1,1-trichloroethane/kg/day.  

The end points examined included body weight, physical maturation landmarks, motor activity, functional 

observation battery, brain measurements and neuropathology, and evaluation of learning capacity, task 

performance, and short-term memory.  Although sporadic differences between treated animals and 

controls were found with some tests, these were either not statistically significant or not dose-related, 

suggesting that the highest dose tested, 750 mg/kg/day, was a NOAEL for the study. 

 

The highest NOAEL values for developmental effects in each species are recorded in Table 3-2 and 

plotted in Figure 3-2.  The weight of evidence in experimental animal studies suggests that 1,1,1-tri-

chloroethane is not a developmental toxicant when administered orally; however, this conclusion is 

limited by the use of low doses in some of the studies.  Epidemiology studies found no evidence that 

exposure to 1,1,1-trichloroethane was responsible for the cluster of adverse pregnancy outcomes in Santa 

Clara County, California.  

 

3.2.2.7   Cancer  
 

Isacson et al. (1985) investigated the relationship between the presence of organic chemicals, including 

1,1,1-trichloroethane, in drinking water and the incidence of cancer in Iowa residents.  The authors 

contrasted towns that had detectable quantities of 1,1,1-trichloroethane in the water supply with those that 

did not and found no difference in the incidence of bladder, colon, lung, rectum, breast, or prostate cancer 

in people over 55 years of age.  1,1,1-Trichloroethane levels >0.1 µg/L (but unspecified) were detectable 

in this study.  Assuming the average adult weighs 70 kg and drinks 2 liters of water per day, a 

concentration of 0.1 µg/L would produce a dose of approximately 0.000003 mg/kg/day.  The authors 

concede that their data are not sensitive enough to support conclusions regarding the apparent lack of 

association between 1,1,1-trichloroethane in the water supply and cancer risk in humans.  No other studies 

were located regarding risks of cancer in humans after oral exposure to 1,1,1-trichloroethane. 
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NCI (1977) conducted a bioassay for carcinogenicity of 1,1,1-trichloroethane in rats and mice.  The test 

animals were exposed to high gavage doses of the chemical (750 or 1,500 mg/kg/day for rats and 2,807 or 

5,615 mg/kg/day for mice) for 78 weeks.  All animals were necropsied and the tissues were examined 

histologically.  The incidence and type of neoplasms observed were similar to those seen in untreated 

controls.  Vehicle controls were not used in this study.  There was a significant dose-related decrease in 

survival of both rats and mice.  Among rats, no males and only 2–4% females survived to the end of the 

experiment.  Among mice, 22–30% of treated males and 26–46% of treated females survived.  Because 

the high rate of early mortality may have lowered the incidence of late-appearing tumors, the authors did 

not consider this study an adequate test of 1,1,1-trichloroethane carcinogenicity in either species. 

 

A screening-type study using only one gavage dose level (500 mg/kg/day for 104 weeks) and a less-than-

optimal sample size (50 per sex in the vehicle controls, 40 per sex in the treatment group) reported an 

apparent increase in leukemia incidence in rats (Maltoni et al. 1986).  Survival appeared comparable 

between control and treatment groups, but no statistical analysis was performed.  Body weight was 

reduced in females after 80 weeks of the experiment.  Although tumor incidences were not analyzed 

statistically, an apparent increase in the total incidence of rats with leukemias occurred, with 13/80 in 

treated rats and 4/100 in vehicle controls.  The increase was due mainly to an increased incidence of 

immunoblastic lymphosarcomas in the lungs (seven in treated rats and one in controls).  The biological 

and statistical significance of this finding cannot be determined because of the inherent limitations of the 

experimental design.  The authors stated that, although definite conclusions could not be drawn based on 

this study, the results called for further experimentation to assess the carcinogenicity of 1,1,1-trichloro-

ethane.  

 

The inability to identify associations between human oral exposure and cancer incidence, as well as the 

limitations of the animal studies (i.e., high rate of early mortality, one dose level, small sample size), limit 

the assessment of potential carcinogenic effects in humans after oral exposure to 1,1,1-trichloroethane.  

 

3.2.3   Dermal Exposure  
 

Occupational exposure to 1,1,1-trichloroethane frequently involves both inhalation of and dermal contact 

with the chemical.  There are many case reports of effects in individuals after occupational exposure to 

high levels of 1,1,1-trichloroethane, but inhalation appears to be the primary route of exposure in most of 

these cases.  Although dermal exposure may have contributed to the effects observed, these cases are 
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discussed under Inhalation Exposure in Section 3.2.1.  In a few cases, dermal exposure appeared to be 

more important, and these are discussed below.  In all cases, except for superficial skin effects, any 

potential effect would likely be similar to inhalation effects at similar circulating blood levels. 

 

3.2.3.1   Death  
 

No studies were located regarding death in humans after dermal exposure to 1,1,1-trichloroethane. 

 

Very high dose levels were required to cause death in animals after dermal exposure to 1,1,1-trichloro-

ethane.  Exposure to 15,800 mg/kg under a cuff killed <50% of the rabbits tested (Torkelson et al. 1958).  

Acute dermal exposure to lower doses did not cause death in rabbits or guinea pigs (Kinkead and Leahy 

1987; Torkelson et al. 1958; Wahlberg and Boman 1979).  Repeated-exposure studies employing doses 

up to 280 mg/kg/day (covered) or 500 mg/kg/day (uncovered) did not reveal any effect on mortality in 

rats or rabbits (Torkelson et al. 1958; Viola et al. 1981). 

 

These limited data suggest that dermal exposure to 1,1,1-trichloroethane is lethal only at very high doses 

that could not be experienced under foreseeable circumstances.  The LOAEL for death in acutely exposed 

rabbits is recorded in Table 3-3. 

 

3.2.3.2   Systemic Effects  
 

The highest NOAEL values and all LOAEL values from each reliable dermal study for each systemic 

effect in each species and duration are recorded in Table 3-3. 

 

No reports were located in which musculoskeletal, endocrine, or metabolic effects were associated with 

oral exposure of humans or animals to 1,1,1-trichloroethane. 

 

Respiratory Effects.    No studies were located regarding respiratory effects in humans after dermal 

exposure to 1,1,1-trichloroethane. 

 

Respiratory effects in animals were investigated by pathological examination of the lungs in one study.  

Dermal exposure for 90 days to 500 mg/kg/day of 1,1,1-trichloroethane (uncovered) had no effect on lung  



LOAEL

Table 3-3  Levels of Significant Exposure to 1,1,1-Trichloroethane  -  Dermal

Species
(Strain) System

Reference
NOAEL Less Serious Serious Chemical Form

Exposure/
Duration/

Frequency
(Specific Route)

ACUTE EXPOSURE
Death

(NS)
Rabbit

(under 50% mortality)
15800

mg/kg/day
mg/kg/day

Torkelson et al. 1958

9

1 d
24 hr/d

Systemic
Human Dermal M

(mild erythema)
30

mg/kg/day
mg/kg/day

Wahlberg 1984a

89

1 d
5 min/d

Human Dermal 2
mg/kg/day

mg/kg/day

Wahlberg 1984b

93

10 d
1 x/d

(NS)
Gn Pig Dermal

(epidermal degeneration)
1300

mg/kg/day
mg/kg/day

Kronevi et al. 1981

88

1 d
1/4 - 16 hr/d

(NS)
Gn Pig Dermal

(edema at application
site)

220
mg/kg/day

mg/kg/day

Wahlberg 1984b

92

10 d
1x/d

(NS)
Gn Pig Bd Wt

(30% reduction in body
weight gain)

7360
mg/kg/day

mg/kg/day

Wahlberg and Boman 1979

84

1 d
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LOAEL

Table 3-3  Levels of Significant Exposure to 1,1,1-Trichloroethane  -  Dermal (continued)

Species
(Strain) System

Reference
NOAEL Less Serious Serious Chemical Form

Exposure/
Duration/

Frequency
(Specific Route)

(New
Zealand)

Rabbit Bd Wt M2680
mg/kg/day

mg/kg/day

Kinkead and Leahy 1987

238

1 d
24 hr/d

(NS)
Rabbit Ocular 50

mg/kg/day
mg/kg/day

Marzulli and Ruggles 1973

94

1 d

(NS)
Rabbit Dermal

(edema at application
site)

35
mg/kg/day

mg/kg/day

Wahlberg 1984b

91

10 d
1x/d
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LOAEL

Table 3-3  Levels of Significant Exposure to 1,1,1-Trichloroethane  -  Dermal (continued)

Species
(Strain) System

Reference
NOAEL Less Serious Serious Chemical Form

Exposure/
Duration/

Frequency
(Specific Route)

INTERMEDIATE EXPOSURE
Systemic

(Wistar)
Rat Gastro M280

mg/kg/day
mg/kg/day

Viola et al. 1981

87

22 d
16 x

Hepatic M
(increased SGOT, OCT,
GGT; hepatocellular
damage)

280
mg/kg/day

mg/kg/day
Renal M280

mg/kg/day
mg/kg/day

Bd Wt M
(60% decrease in body
weight gain)

280
mg/kg/day

mg/kg/day
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LOAEL

Table 3-3  Levels of Significant Exposure to 1,1,1-Trichloroethane  -  Dermal (continued)

Species
(Strain) System

Reference
NOAEL Less Serious Serious Chemical Form

Exposure/
Duration/

Frequency
(Specific Route)

(NS)
Rabbit Resp M500

mg/kg/day
mg/kg/day

Torkelson et al. 1958

14

90 d
5 d/wk

Cardio M500
mg/kg/day

mg/kg/day
Gastro M500

mg/kg/day
mg/kg/day

Hemato M500
mg/kg/day

mg/kg/day
Hepatic M500

mg/kg/day
mg/kg/day

Renal M500
mg/kg/day

mg/kg/day
Dermal M

(mild skin irritation)
15

mg/kg/day
mg/kg/day

Bd Wt 500
mg/kg/day

mg/kg/day
Immuno/ Lymphoret

(NS)
Rabbit M500

mg/kg/day
mg/kg/day

Torkelson et al. 1958

11

90 d
5 d/wk

Neurological

(NS)
Rabbit F500

mg/kg/day
mg/kg/day

Torkelson et al. 1958

12

90 d
5 d/wk
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LOAEL

Table 3-3  Levels of Significant Exposure to 1,1,1-Trichloroethane  -  Dermal (continued)

Species
(Strain) System

Reference
NOAEL Less Serious Serious Chemical Form

Exposure/
Duration/

Frequency
(Specific Route)

Reproductive

(NS)
Rabbit M500

mg/kg/day
mg/kg/day

Bd wt = body weight; Cardio = cardiological; d = day(s); Derm = dermal; Gastro = gastrointestinal; GGT = gamma-glutalmyl transferase; NOAEL = no-observed-adverse effect level;
NS = not specified; resp = respiratory; SGOT = serum glutamate oxaloacetate transaminase; wk = week(s); x = time(s)

Torkelson et al. 1958

13

90 d
5 d/wk
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weight or the incidence of gross or microscopic lung lesions in rabbits (Torkelson et al. 1958).  A 

NOAEL derived from this study is recorded in Table 3-3. 

 

Cardiovascular Effects.    No studies were located regarding cardiovascular effects in humans after 

dermal exposure to 1,1,1-trichloroethane. 

 

Cardiovascular effects in animals were investigated by histopathological examination in one study.  

Intermittent 90-day dermal exposure to 500 mg/kg/day of 1,1,1-trichloroethane (uncovered) had no effect 

on heart weight or the incidence of heart lesions in rabbits (Torkelson et al. 1958).  A NOAEL derived 

from this study is recorded in Table 3-3.  Much higher doses may be required to produce effects by the 

dermal route; high vapor concentrations were required to produce cardiotoxic effects by inhalation 

exposure (see Section 3.2.1.2), and percutaneous absorption of 1,1,1-trichloroethane is much slower and 

less complete than pulmonary absorption.   

 

Gastrointestinal Effects.    No studies were located regarding gastrointestinal effects in humans after 

dermal exposure to 1,1,1-trichloroethane. 

 

Gastrointestinal effects were not seen in animals dermally exposed to 1,1,1-trichloroethane.  Rats exposed 

to 280 mg/kg/day of 1,1,1-trichloroethane under an occlusive dressing for 3 weeks showed no evidence of 

pancreatic damage, as determined by histopathological examination and serum lipase and amylase levels 

(Viola et al. 1981).  Rabbits exposed to 500 mg/kg/day without occlusion for 90 days had no gross or 

microscopic lesions in the stomach or intestines (Torkelson et al. 1958). 

 

These limited animal data suggest that dermal exposure to 1,1,1-trichloroethane will not result in 

gastrointestinal effects in humans.  The NOAEL values for gastrointestinal effects in rats and rabbits are 

recorded in Table 3-3. 

 

Hematological Effects.    No studies were located regarding hematological effects in humans after 

dermal exposure to 1,1,1-trichloroethane. 

 

One study of hematological effects in dermally-exposed animals was located.  Hematological parameters, 

including red blood cell count, white blood cell count, and hemoglobin, were unaffected by dermal 

exposure to 500 mg/kg/day of 1,1,1-trichloroethane (uncovered) for 90 days in rabbits (Torkelson et al. 
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1958).  A NOAEL derived from this study is recorded in Table 3-3.  The scarcity of human and animal 

data limits the assessment of hematological effects that may be caused by dermal exposure to 1,1,1-tri-

chloroethane. 

 

Hepatic Effects.    No studies were located regarding hepatic effects in humans after dermal exposure 

to 1,1,1-trichloroethane. 

 

Mild hepatic effects have been reported in animals after dermal exposure to 1,1,1-trichloroethane.  Levels 

of SGOT, ornithine carbamyl transferase, and gamma-glutamyl transferase, enzymes released into the 

serum from damaged hepatocytes, were significantly increased in rats dermally exposed to 280 mg/kg/day 

of 1,1,1-trichloroethane under occlusion in a 3-week study (Viola et al. 1981).  Levels of SGPT, another 

indicator of hepatic damage, were not affected.  Histopathological effects, including damage to 

hepatocytes (fatty degeneration and mitochondrial swelling) and the presence of small focal intralobular 

inflammatory infiltrates, were seen in the exposed rats.  A study in which rabbits were dermally exposed 

to higher doses of 1,1,1-trichloroethane for a longer period (but without occlusion) did not reveal 

histopathological effects in the liver or changes in liver weight (Torkelson et al. 1958). 

 

Animal data suggest that dermal exposure to high doses of 1,1,1-trichloroethane may result in liver 

effects.  Although too little information exists to allow a detailed evaluation, skin absorption is not likely 

to be a problem for foreseeable exposures.  The NOAEL and LOAEL values for hepatic effects are 

recorded in Table 3-3. 

 

Renal Effects.    No studies were located regarding renal effects in humans after dermal exposure to 

1,1,1-trichloroethane. 

 

Renal effects were investigated in two animal studies.  Histopathological examination of the kidneys 

found no lesions following repeated dermal exposure to 280 mg/kg/day (covered) in rats or 

500 mg/kg/day (uncovered) in rabbits (Torkelson et al. 1958; Viola et al. 1981). 

 

The scarcity of human and animal data limits the assessment of renal effects that may be caused by 

dermal exposure to 1,1,1-trichloroethane.  The NOAEL values for renal effects in rats and rabbits are 

recorded in Table 3-3. 
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Dermal Effects.    Dermal exposure to 1,1,1-trichloroethane causes reversible effects in humans, which 

increase from mild irritation to chemical burns as exposure duration increases.  Volunteers who immersed 

their thumbs in beakers of undiluted 1,1,1-trichloroethane for 30 minutes reported mild burning pain after 

.10 minutes of exposure (Stewart and Dodd 1964).  Following exposure, mild erythema and fine scaling 

were visible on the thumb.  The scaling was easily rinsed and the erythema disappeared within 1 hour.  

Similar results were obtained when the entire hand was immersed in the beaker, except that the burning 

sensation began earlier, became more intense, and then was replaced by a feeling of cold that continued 

10 minutes after exposure ended.  When the subject repeatedly alternated immersion in 1,1,1-trichloro-

ethane with exposure to air, intense cold was produced by evaporation of 1,1,1-trichloroethane from the 

skin.  The hand remained cold for 45 minutes after the end of exposure. 

 

Brief dermal exposure to a small amount of 1,1,1-trichloroethane covered with a glass disk produced an 

immediate increase in blood flow that dropped back to pre-exposure levels after 1 hour (Wahlberg 

1984a).  Slight, transient erythema was visible from 10 to 20 minutes following exposure.  The subject 

reported mild stinging and burning sensations.  None of these effects were found when a smaller amount 

of 1,1,1-trichloroethane was allowed to spread freely on the subject's skin, probably due to rapid 

evaporation of the chemical (Wahlberg 1984a).  Repeated uncovered application of a small amount had 

no effect on skin-fold thickness and produced no visible dermal reaction (Wahlberg 1984b). 

 

One case of allergic contact dermatitis from 1,1,1-trichloroethane was located in the literature (Ingber 

1991).  A worker whose job included using 1,1,1-trichloroethane to clean metal plates developed severe 

acute hand eczema soon after starting the job.  The eczema persisted throughout 3 years of employment.  

Patch tests at that time showed a positive reaction to 1,1,1-trichloroethane.  The eczema disappeared after 

a few weeks when contact with 1,1,1-trichloroethane was avoided.  The possibility of the allergic reaction 

to being caused by 1,1,1-trichloroethane stabilizer was not discussed.   

 

Assessments of the skin irritancy of 1,1,1-trichloroethane in animals reveal slight to moderate reactions.  

Based on single-application studies in rabbits, 1,1,1-trichloroethane was ranked as a moderate skin irritant 

by Duprat et al. (1976).  A single application of 1,1,1-trichloroethane to the mouse ear resulted in 

significantly increased ear thickness approximately 1 hour following treatment (Iyadomi et al. 2000).  

Torkelson et al. (1958), however, reported only slight reddening and scaliness of rabbits' skin following a 

single application.  Irritation observed following repeated application of the compound for 10 days was 

only slightly more noticeable and quickly disappeared after the end of treatment (Torkelson et al. 1958).  
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Skin-fold thickness increased 41–81% in rabbits and guinea pigs exposed repeatedly to dermal 

applications of 1,1,1-trichloroethane, and visible erythema and edema were present within 24–72 hours of 

the original exposure (Wahlberg 1984b).  Intermediate-duration exposure to doses ranging from 15 to 

500 mg/kg/day produced only slight, reversible irritation at the application site (Torkelson et al. 1958).  

Lack of dose and exposure methodology information makes it difficult to compare the results of these 

studies, but the weight of evidence suggests that 1,1,1-trichloroethane is not a strong dermal irritant in 

animals. 

 

Kronevi et al. (1981) studied cellular changes produced in the intact skin of guinea pigs by exposure to 

1 mL of undiluted 1,1,1-trichloroethane under a cover glass for durations ranging from 15 minutes to 

16 hours.  No gross effects were observed, indicating that the overall irritation produced was minor, but a 

host of degenerative changes in the epidermis, including karyopyknosis, karyolysis, perinuclear edema, 

and spongiosis, was found by histological examination.  Focal junctional separation and cellular 

infiltration were observed in the upper part of the dermis.  Effects were seen within 15 minutes of 

exposure, and some were still evident 16 hours later. 

 

Exposure to 4,000 ppm 1,1,1-trichloroethane in the air for 4 hours caused the fur coat of mice to become 

dull (Evans and Balster 1993).  This effect was most likely caused by direct contact of the chemical with 

the skin (see also Section 3.2.1.2). 

 

Although extended dermal contact with relatively concentrated 1,1,1-trichloroethane may cause irritation 

and burning sensations of the skin of humans, most evidence in humans and animals indicates that this 

compound is not a strong skin irritant.  There is one report of a 1,1,1-trichloroethane formulation acting as 

a skin sensitizer in humans.  The highest NOAEL values and all reliable LOAEL values for dermal effects 

in each species and duration category are recorded in Table 3-3. 

 

Ocular Effects.    Individuals briefly exposed to high 1,1,1-trichloroethane vapor concentrations 

reported mild eye irritation (Stewart et al. 1961).  This effect was most likely due to direct contact of the 

chemical with the eye.   

 

Ocular administration of 1,1,1-trichloroethane caused only mild eye irritation in rabbits (Duprat et al. 

1976; Krantz et al. 1959; Marzulli and Ruggles 1973; Torkelson et al. 1958).  The study by Marzulli and 
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Ruggles (1973) was a survey in which 10 laboratories conducted the Draize eye test in rabbits using 

1,1,1-trichloroethane and reported little or no eye irritation. 

 

Although eye irritation produced by direct application of 1,1,1-trichloroethane seems to be minor, mice 

exposed continuously to 4,000 ppm 1,1,1-trichloroethane in the air for 4 hours exhibited eye irritation 

during exposure (Evans and Balster 1993).  The highest NOAEL values and all reliable LOAEL values 

for ocular effects in each species and duration category are recorded in Table 3-3. 

 

Body Weight Effects.    No studies were located regarding body weight effects in humans after dermal 

exposure to 1,1,1-trichloroethane. 

 

Animal studies have investigated the effect of topical 1,1,1-trichloroethane application on body weight.  

Acute exposure to 7,360 mg/kg of 1,1,1-trichloroethane (covered) decreased body weight gain in guinea 

pigs (Wahlberg and Boman 1979).  A lower dose had no effect on body weight in rabbits (Kinkead and 

Leahy 1987).  Intermediate exposure to 280 mg/kg/day under occlusion reduced growth in rats (Viola et 

al. 1981).  Exposure to a higher dose for a longer period did not affect rabbit body growth, but 1,1,1-tri-

chloroethane was applied uncovered in this study (Torkelson et al. 1958).  Food consumption was not 

monitored in these studies.  Effects of 1,1,1-trichloroethane on body weight may have been produced by 

effects on appetite and food intake secondary to central nervous system depression, rather than 

physiological effects on growth and development. 

 

The scarcity of human and animal data limits the assessment of body weight effects caused by dermal 

exposure to 1,1,1-trichloroethane.  The NOAEL and LOAEL values for body weight changes are 

recorded in Table 3-3. 

 

3.2.3.3   Immunological and Lymphoreticular Effects  
 

One report of a worker who developed allergic contact dermatitis to a formulation of 1,1,1-trichloroethane 

(Ingber 1991) is discussed in more detail under Dermal Effects in Section 3.2.3.2. 

 

In animals, immunological effects following dermal exposure were investigated only by histopathological 

examination.  No lesions or weight changes were found in the spleens of rabbits exposed to moderate 

1,1,1-trichloroethane levels (500 mg/kg/day; no occlusion) in a 90-day study (Torkelson et al. 1958).  The 
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NOAEL value derived from this study is recorded in Table 3-3.  The scarcity of human and animal data 

precludes the assessment of potential effects on immune system tissues and function after dermal 

exposure to 1,1,1-trichloroethane. 

 

3.2.3.4   Neurological Effects  
 

Three women developed peripheral neuropathy after frequent, prolonged dermal contact with 

formulations of 1,1,1-trichloroethane and other chemicals at their workplace (Howse et al. 1989; Liss 

1988).  The women initially complained of numbness in their limbs, and subsequent nerve conduction 

studies showed alterations in peripheral nerve activity.  The effect was diagnosed as primarily a distal 

sensory peripheral neuropathy.  These cases were unusual because the effect was greater in the hands than 

in the feet, the reverse of most peripheral neuropathies.  Sural nerve biopsies in two of the women 

performed 3–4 years after diagnosis revealed chronic neuropathy (axonopathy and myelinopathy) (Liss 

1988).  The authors did not establish a causal relationship with 1,1,1-trichloroethane.  Two more recent 

cases of peripheral neuropathy were reported following exposure to 1,1,1-trichloroethane used as a 

degreasing agent (House et al. 1994, 1996). 

 

Dermal studies including tests of neurological function in animals were not located.  Neurological effects 

were investigated by histopathological examination of the brain in one study.  The value of these data is 

limited, however, since physical changes in the brain have not been found to accompany serious 

neurological effects in high level inhalation studies.  No lesions or weight changes were found in the 

brains of rabbits exposed to 500 mg/kg/day of 1,1,1-trichloroethane (no occlusion) in a study of 

intermediate duration (Torkelson et al. 1958).  The NOAEL value derived from this study is recorded in 

Table 3-3.  These data are not sufficient for assessing the neurotoxicity of 1,1,1-trichloroethane after 

dermal exposure to the compound. 

 

3.2.3.5   Reproductive Effects  
 

No studies were located regarding reproductive effects in humans after dermal exposure to 1,1,1-tri-

chloroethane. 

 

Reproductive effects following dermal exposure were investigated only by histopathological examination 

in animals.  No lesions or weight changes were found in the testes of rabbits exposed to 500 mg/kg/day of 
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1,1,1-trichloroethane (no occlusion) in a study of intermediate duration (Torkelson et al. 1958).  The 

NOAEL value derived from this study is recorded in Table 3-3.  The absence of human data, tests in 

female laboratory animals, and evaluation of reproductive function prevents an acceptable assessment of 

possible reproductive effects from dermally administered 1,1,1-trichloroethane.  

 

3.2.3.6   Developmental Effects  
 

No studies were located regarding developmental effects in humans or animals after dermal exposure to 

1,1,1-trichloroethane. 

 

3.2.3.7   Cancer  
 

No studies were located regarding cancer in humans or animals after dermal exposure to 1,1,1-trichloro-

ethane. 

 

3.3   GENOTOXICITY  
 

The genotoxic effects of 1,1,1-trichloroethane have been studied extensively.  The results are summarized 

in Tables 3-4 and 3-5.  Although most tests of mutagenicity in the Ames Salmonella assay produced 

negative results, those conducted in a desiccator, to minimize evaporation and maximize exposure, were 

mostly positive (Gocke et al. 1981; Nestmann et al. 1980, 1984; Simmon et al. 1977).  These results 

indicate that 1,1,1-trichloroethane may be mutagenic in Salmonella.  The results were negative in other 

tests of genotoxicity in bacteria and fungi (see Table 3-5).  1,1,1-Trichloroethane is a relatively volatile 

compound; therefore, a high evaporation rate could result in lower doses reaching the microorganisms 

and thus affect the outcome of genotoxicity tests.  This explanation may account for the largely negative 

results observed in tests with bacteria and fungi.  On the other hand, many compounds more volatile than 

1,1,1-trichloroethane are positive in these studies.  A weakly positive result was obtained in a test for 

induction of deletions via intrachromosomal recombination in the yeast Saccharomyces cerevisiae 

(Brennan and Schiestl 1998). 

 

Most assays of genotoxicity in mammalian cells have been negative, but 1,1,1-trichloroethane did 

produce chromosomal aberrations in Chinese hamster ovary cells in vitro (Galloway et al. 1987).  In vivo  
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Table 3-4.  Genotoxicity of 1,1,1-Trichloroethane In Vivo 
 
Species (test system) End point Results Reference 
Tradescantia Pigmentation change in plant 

stamen hairs 
+ Schairer et al. 1983 

Allium Chromosomal aberrations + Rank and Nelson 1994 
Drosophila melanogaster Sex linked recessive lethal 

mutations 
– Gocke et al. 1981 

Drosophila melanogaster Mitotic recombination – Vogel and Nivard 1993 
Mouse erythrocytes Micronucleus test – Tsuchimoto and Matter 1981 
Mouse bone marrow Micronucleus test – Gocke et al. 1981; Katz et al. 

1981; Mackay 1990; 
Salamone et al. 1981 

Mouse liver DNA adducts (+) Turina et al. 1986 
Mouse liver DNA unwinding – Taningher et al. 1991 
 
– = negative; + = positive; (+) = weakly positive; DNA = deoxyribonucleic acid 
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Table 3-5.  Genotoxicity of 1,1,1-Trichloroethane In Vitro 
 

Results 
Species (test 
system) End point 

With 
activation

Without 
activation Reference 

Prokaryotic organisms:     
 Salmonella 

typhimurium on 
plates 

Reverse 
mutation 

– – Baker and Bonin 1981; Brooks and 
Dean 1981; Ichinotsubo et al. 1981b; 
Legault et al. 1994; MacDonald 1981; 
Martire et al. 1981; Mersch-
Sundermann 1989; Nagao and 
Takahashi 1981; Nestmann et al. 
1980; Quillardet et al. 1985; Richold 
and Jones 1981; Rowland and Severn 
1981; Simmon and Shepherd 1981; 
Trueman 1981; Venitt and Crofton-
Sleigh 1981 

 S. typhimurium in 
liquid 

Reverse 
mutation 

– – Falck et al. 1985; Suovaniemi et al. 
1985 

 S. typhimurium on 
plates in dessicator 

Reverse 
mutation 

+ + Nestmann et al. 1980, 1984; Gocke et 
al. 1981; Simmon et al. 1977 

   – – Milman et al. 1988 
 S. typhimurium Fluctuation – – Gatehouse 1981; Hubbard et al. 1981
 S. typhimurium Forward 

mutation 
– No data Skopek et al. 1981 

   – – Roldan-Arjona et al. 1991 
 S. typhimurium umu-test – – Nakamura et al. 1987; Ono et al. 

1991a, 1991b 
  Rec-assay for 

DNA repair 
– – Kada 1981 

 Escherichia coli Reverse 
mutation 

– – Matsushima et al. 1981 

 E. coli Differential killing – – Green 1981; Tweats 1981 
 E. coli Lambda 

prophage 
induction 

– – Thomson 1981 

 E. coli Gene induction – No data Quillardet et al. 1985 
 E. coli Growth inhibition (+) – Rosenkranz et al. 1981 
 E. coli DNA damage No data – Legault et al. 1994 
 Vibrio fischeri DNA damage No data – Legault et al. 1994 
Eukaryotic organisms:     
 Fungi:     
  Schizosaccharo-

myces pombe 
Forward 
mutation 

– – Loprieno 1981 

  Aspergillus 
nidulans 

Forward 
mutation 

No data – Crebelli and Carere 1987 
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Table 3-5.  Genotoxicity of 1,1,1-Trichloroethane In Vitro 
 

Results 
Species (test 
system) End point 

With 
activation

Without 
activation Reference 

  A. nidulans Mitotic 
aneuploidy 

No data – Cerebelli and Carere 1987; Crebelli et 
al. 1988 

  A. nidulans Mitotic crossing 
over 

No data – Crebelli and Carere 1987 

  Saccharomyces 
cerevisiae 

Reversion – – Mehta and von Borstel 1981 

  S. cerevisiae Mitotic 
aneuploidy 

No data – Whittaker et al. 1990 

    – No data Parry and Sharp 1981 
  S. cerevisiae Mitotic crossing 

over 
– – Kassinova et al. 1981 

  S. cerevisiae DNA repair – – Sharp and Parry 1981a 
  S. cerevisiae Mitotic gene 

conversion 
– – Jagannath et al. 1981; Sharp and 

Parry 1981b; Zimmerman and Scheel 
1981 

  S. cerevisiae Gene deletions No data (+) Brennan and Schiestl 1998 
Mammalian cells:     
 HeLa cells Unscheduled 

DNA synthesis  
– – Martin and McDermid 1981 

 Mouse hepatocytes Unscheduled 
DNA synthesis 

No data + Milman et al. 1988 

 Rat hepatocytes Unscheduled 
DNA synthesis  

No data – Althaus et al. 1982; Milman et al.1988; 
Shimada et al. 1985; Williams et al. 
1989 

 Rat hepatocytes Degranulation of 
endoplasmic 
reticulum  

No data + Fey et al. 1981 

 Human 
lymphoblasts 

Gene locus 
mutation 

No data – Penman and Crespi 1987 

 L5178Y mouse 
lymphoma cells 

Forward 
mutation 

? – Myhr and Caspary 1988 

   – – Mitchell et al. 1988b 
 Chinese hamster 

ovary cells 
Chromosome 
aberrations 

(+) + Galloway et al. 1987 

 Chinese hamster 
ovary cells 

Sister chromatid 
exchange 

–  Perry and Thomson 1981 

   ? – Galloway et al. 1987 
 Human peripheral 

lymphocytes 
Sister chromatid 
exchange 

No data – Lindahl-Kiessling et al. 1989 

 Baby hamster 
kidney cells 

Cell 
transformation 

– No data Styles 1981 

   + + Daniel and Dehnel 1981 
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Table 3-5.  Genotoxicity of 1,1,1-Trichloroethane In Vitro 
 

Results 
Species (test 
system) End point 

With 
activation

Without 
activation Reference 

 Rat embryo cells 
F1706 

Cell 
transformation 

No data + Price et al. 1978 

 Hamster embryo 
cells 

Cell 
transformation 

No data + Hatch et al. 1982, 1983 

 Mice BALB/c-3T3 
cells 

Cell 
transformation 

No data + Milman et al. 1988 
Tu et al. 1985;  

 Calf thymus Binding to DNA – No data DiRenzo et al. 1982 
 
– = negative; + = positive; (+) = weakly positive; ? = equivocal; DNA = deoxyribonucleic acid 
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micronucleus tests for chromosomal aberrations were all negative (Gocke et al. 1981; Katz et al. 1981; 

Halogenated Solvents Industry Alliance 1990; Salamone et al. 1981; Tsuchimoto and Matter 1981).  

Positive or weakly positive results were reported in assays for unscheduled DNA synthesis in mouse 

hepatocytes (Milman et al. 1988); degranulation of endoplasmic reticulum, which measures the ability of 

a compound to displace polysomes from endoplasmic reticulum in rat hepatocytes in vitro (Fey et al. 

1981); and formation of DNA adducts (binding of the compound to DNA) in mouse liver in vivo (Turina 

et al. 1986).  Tests of cell transformation in rat embryo cells, hamster embryo cells, baby hamster kidney 

cells, and mouse BALB/c-3T3 cells were almost all positive (Daniel and Dehnel 1981; Hatch et al. 1982, 

1983; Milman et al. 1988; Price et al. 1978; Tu et al. 1985).  Cell transformation systems are believed to 

be similar to the process of neoplastic transformation in vivo. 

 

In summary, the existing genotoxicity data are largely negative, although 1,1,1-trichloroethane was 

mutagenic in a few assays with Salmonella, induced chromosomal aberrations in a Chinese hamster ovary 

cell assay, and was positive in most mammalian cell transformation assays..  In addition, positive results 

may have been produced by stabilizers and not 1,1,1-trichloroethane itself.  Therefore, a firm conclusion 

regarding the genotoxic potential of 1,1,1-trichloroethane in humans is not possible. 

 

3.4   TOXICOKINETICS  
 

Upon first exposure, 1,1,1-trichloroethane is rapidly and efficiently absorbed by the lung, skin (under 

conditions to prevent evaporation), and gastrointestinal tract of humans and animals.  As the duration of 

inhalation exposure increases, the percentage of absorption decreases because steady-state levels are 

approached in the blood and tissues, and 1,1,1-trichloroethane is metabolized at a low rate.  Animal 

studies have demonstrated that, once absorbed, 1,1,1-trichloroethane is distributed by the blood to tissues 

and organs throughout the body, including to developing fetuses, with preferential distribution to fatty 

tissues.  The predominant pathway of elimination of 1,1,1-trichloroethane in humans and animals, 

regardless of route of exposure, is exhalation of the unchanged compound.  When exposure ceases, the 

compound is rapidly cleared from the body.  In animal studies, only trace amounts of the compound 

remain in tissues within days of the termination of short-term exposure.   

 

1,1,1-Trichloroethane is metabolized oxidatively, at low rates, to trichloroethanol and trichloroacetic acid 

by the cytochrome P-450 mixed-function oxidase system.  These metabolites are excreted in the urine; 

other minor metabolites (carbon dioxide [CO2] and acetylene) are excreted in expired air.  (The acetylene 
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is formed by reductive dechlorination of 1,1,1-trichloroethane under conditions of low oxygen supply.)  

Experiments with animals and humans have demonstrated that only small fractions of absorbed 1,1,1-tri-

chloroethane doses (<10%) are metabolized, regardless of the route of exposure.  The toxicokinetic 

behavior of 1,1,1-trichloroethane has the same qualitative pattern in humans, rats, and mice; however, 

some quantitative differences among these species have been observed, including a higher blood:air 

partition coefficient and an increased rate of metabolism in mice compared with rats and humans.  

Physiologically-based pharmacokinetic models have been developed to describe the kinetic behavior of 

1,1,1-trichloroethane in mice, rats, and humans; these models have been used to make interspecies and 

interroute extrapolations in estimating 1,1,1-trichloroethane exposure levels in humans that will produce 

(or not produce) toxic effects (Bogen and Hall 1989; Dallas et al. 1989; Leung 1992; Nolan et al. 1984; 

Reitz et al. 1988; USAF 1990). 

 

3.4.1   Absorption  

3.4.1.1   Inhalation Exposure  
 

Data from experiments in which humans were exposed for short periods to 1,1,1-trichloroethane vapors 

indicate that the compound is rapidly and extensively absorbed by the respiratory system.  1,1,1-Tri-

chloroethane was detected in the arterial blood of men within .10 seconds after exposure to 250 or 

350 ppm (Astrand et al. 1973).  When subjects held single breaths of air containing radiolabeled 1,1,1-tri-

chloroethane for 15–40 seconds, alveolar concentrations decreased to between 10 and 20% of the initial 

concentrations, indicating extensive absorption upon initial exposure (Morgan et al. 1972a, 1972b).  The 

extent of absorption of inhaled 1,1,1-trichloroethane decreases with continued exposure to the compound, 

as concentrations in alveolar air, blood, and tissues attain near equilibrium or steady state.  Average lung 

retentions of 25–30% were measured in humans exposed to 35–350 ppm for 4–6 hours (i.e., the 

concentration of 1,1,1-trichloroethane in expired air after 4–6 hours of exposure equaled 70–75% of the 

inspired concentration) (Monster et al. 1979; Nolan et al. 1984).  Physical exercise during 0.5–4-hour 

exposures increased systemic absorption of 1,1,1-trichloroethane, due to increased alveolar ventilation 

and cardiac output (Astrand et al. 1973; Monster et al. 1979).  While steady-state levels in blood are 

approached within the first hours after exposure begins (Astrand et al. 1973; Monster et al. 1979; Nolan et 

al. 1984), Nolan et al. (1984) predicted, using a physiologically-based kinetic model, that 12 consecutive 

6-hour daily exposures (presumably to concentrations of 350 ppm) would be required for 1,1,1-trichloro-

ethane in body tissues to reach 95% of steady state.  Absorption is expected to be relatively low after 
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steady state is reached, because the initial extensive absorption of 1,1,1-trichloroethane is the result of 

blood and tissue loading (which in turn are affected by respective blood:air and tissue:blood partition 

coefficients), tissue volumes and blood flows, and low metabolism.  Blood:air partition coefficients for 

humans, rats, and mice were 2.53, 5.76, and 10.8, respectively (Reitz et al. 1988), meaning that small 

rodents will experience greater systemic uptake than humans, with mice receiving the highest dose.  Mice 

also have the highest respiratory and circulatory rates, two additional factors that significantly influence 

systemic absorption of 1,1,1-trichloroethane.  1,1,1-Trichloroethane is poorly metabolized in humans and 

animals (see Section 3.4.3). 

 

Animal experiments provide supporting evidence that inhaled 1,1,1-trichloroethane is rapidly and 

extensively absorbed and that the absorption, during short-term exposures, is influenced by ventilation 

rate.  In rats exposed to 50 or 500 ppm, percentage uptake decreased from .80% at the onset of exposure 

to .50% after 2 hours of exposure to 50 or 500 ppm.  1,1,1-Trichloroethane was detected in arterial blood 

within 2 minutes of the onset of exposure and approached steady-state concentrations within 2 hours 

(Dallas et al. 1989).  In anesthetized dogs under regulated respiration conditions, 1,1,1-trichloroethane 

was detected in arterial blood within 2 minutes of the onset of exposure to 700, 1,500, or 3,000 ppm.  

Arterial blood concentrations approached steady-state levels within 1 hour at 700 ppm, but not at 1,500 or 

3,000 ppm; absorption increased with increases in pulmonary ventilation rate (Hobara et al. 1982, 1983a, 

1983b). 

 

3.4.1.2   Oral Exposure  
 

Data regarding the rate or extent of absorption of ingested 1,1,1-trichloroethane in humans are not 

available, but based on extensive animal data, it is anticipated that oral absorption of 1,1,1-trichloroethane 

will be extensive in humans.  Animal experiments indicate that 1,1,1-trichloroethane is rapidly and 

completely absorbed by the gastrointestinal tract.  Maximum levels of 1,1,1-trichloroethane in venous 

blood of rats were detected within 10–15 minutes of gavage administration of a 14.2 mg/kg dose in water 

(Reitz et al. 1988).  In experiments in which rats were given an 8-hour free access to drinking water 

containing [2-14C]-labeled 1,1,1-trichloroethane, radioactivity in expired air, urine, and selected tissues 

(assayed 56 hours following cessation of access to the labeled water) represented 95.2% of the average 

dose of 116 mg/kg, indicating nearly complete absorption of the administered dose (Reitz et al. 1988).  In 

experiments with rats and mice given single gavage doses of radiolabeled 1,1,1-trichloroethane in 

vegetable oil ranging from 100 to 3,000 mg/kg, dose-recovery in expired air ranged from 90 to 97% (RTI 
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1987).  Nearly complete absorption of orally administered 1,1,1-trichloroethane was also indicated in 

experiments in which rats or mice were pretreated with daily doses of the compound in corn oil for 

4 weeks (3,000 and 1,000 mg/kg/day for rats and mice, respectively) before radiolabeled compound was 

administered to measure absorption and elimination.  Radioactivity in expired air and urine (collected for 

48 hours after administration) accounted for 88–98% of the administered doses (Mitoma et al. 1985). 

 

Absorption from the gastrointestinal tract is more rapid for 1,1,1-trichloroethane given in water than in 

vegetable oils, because the oils act as a reservoir for the chemical in the gut, so that most of the chemical 

remains in the oil in the gut until the oil is digested and absorbed. 

 

3.4.1.3   Dermal Exposure  
 

1,1,1-Trichloroethane is absorbed through human skin.  The compound was detected in alveolar air of 

volunteers during 30-minute skin absorption experiments (Stewart and Dodd 1964).  The skin was 

exposed to the undiluted compound by thumb or hand immersion or topical application to the hand.  The 

amount of 1,1,1-trichloroethane absorbed depended on the surface area of exposed skin and the method of 

exposure (i.e., immersion or topical application).  1,1,1-Trichloroethane concentrations in blood and 

alveolar air were 3–4 µg/mL and 2–5 ppm, respectively, immediately following the last of three daily, 

2-hour exposures of 12.5 cm2 areas of covered forearm skin in experiments with other subjects (Fukabori 

et al. 1977).  A dermal absorption rate of 56 nmol 1,1,1-trichloroethane/minute/cm2 was calculated for 

human subjects exposed for 3 minutes to liquid 1,1,1-trichloroethane (neat) on a 3-cm2 area of forearm 

skin (Kezic et al. 2001).  A maximum absorption rate of 0.005 nmol/hour into the blood was reported for 

volunteers whose forearm and hand (approximately 1,000 cm2 of surface area) were exposed to 1,1,1-tri-

chloroethane vapors (concentration of about 38,000 ppm) for 20 minutes (Kezic et al. 2000).  Dermal 

absorption rates were 45.7 nmol/minute/cm2 in mice after 2.92-cm2 areas of skin were exposed to 

undiluted compound for 15 minutes under occluded conditions to prevent evaporative loss (Tsuruta 

1975).  In rats, .30% of a 2 mL volume of undiluted 1,1,1-trichloroethane was absorbed by a 3.1-cm2 

area of skin in 24 hours under occluded conditions (Morgan et al. 1991).  It should be noted that under 

occluded conditions, which prevent evaporation, concentrated 1,1,1-trichloroethane will defat the skin 

and promote its own systemic absorption by disrupting the stratum corneum, the actual barrier to 

penetration.  These are not conditions likely to occur in exposed people, however.  There is no 

information available on the extent and rapidity of percutaneous absorption of 1,1,1-trichloroethane from 

aqueous solutions, a far more likely source of dermal contact, albeit at much lower dose rates. 
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1,1,1-Trichloroethane vapors will be absorbed through exposed skin to some extent, although absorption 

through the respiratory tract will predominate during whole-body exposure.  Quantitative examination of 

the relative magnitudes of percutaneous and respiratory absorption in humans equipped with respiratory 

protection showed that a whole-body exposure to 600 ppm 1,1,1-trichloroethane for 3.5 hours would 

deliver a dermal dose equivalent to an absorbed inhalation dose from exposure to only .0.6 ppm over the 

same period (Riihimaki and Pfaffli 1978). 

 

3.4.2   Distribution  

3.4.2.1   Inhalation Exposure  
 

No studies were located regarding the distribution of 1,1,1-trichloroethane to human tissues after 

inhalation exposure.  Nevertheless, 30 autopsies revealed detectable levels of the compound in 

subcutaneous and renal fat, liver, lung, and muscle (Alles et al. 1988). 

 

Animal studies indicate that inhaled 1,1,1-trichloroethane is distributed by the blood to tissues and organs 

throughout the body, with preferential distribution to fatty tissues.  1,1,1-Trichloroethane is rapidly 

cleared from tissues after exposure ceases (Holmberg et al. 1977; Schumann et al. 1982a; Takahara 

1986b).  Concentrations of 1,1,1-trichloroethane were higher in the liver than in the blood, kidneys, and 

brain of mice exposed to 10–10,000 ppm for 0.5–24 hours (fatty tissues were not analyzed separately) 

(Holmberg et al. 1977).  In mice exposed to 1,000 ppm for 1 hour, tissue concentrations immediately after 

exposure displayed the following order: fat > liver > kidney > spleen = blood > lung = heart = brain 

(Takahara 1986b).  In mice and rats exposed to 150 or 1,500 ppm 1,1,1-trichloroethane for 6 hours, 

concentrations were much (.11–26-fold) higher in fatty tissue than concentrations in the liver and 

kidneys immediately following exposure (Schumann et al. 1982a).  In male dogs that were exposed to 

10,000 ppm of 1,1,1-trichloroethane for 3 minutes (4 times at 4-hour intervals), wet weight concentrations 

of 1,1,1-trichloroethane, 4 hours after the last exposure, showed the following order: abdominal fat > 

renal fat > brain ≈ liver ≈ kidney ≈ lungs (Katagiri et al. 1997).  Experiments in which pregnant mice 

were exposed by inhalation to 1,1,1-trichloroethane showed that the compound also is distributed to 

fetuses (Shimada 1988; Danielsson et al. 1986).  Following a 1-hour exposure of pregnant mice to 

1,000 ppm, concentrations of 1,1,1-trichloroethane in maternal organs, fetuses, and placentas ranked in 

the following order: fat > blood > kidney > liver > placenta > brain > fetus (Shimada 1988). 
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3.4.2.2   Oral Exposure  
 

No studies were located regarding the distribution of 1,1,1-trichloroethane to human tissue after oral 

exposure to the compound.  Ingested 1,1,1-trichloroethane, however, is probably widely distributed 

among tissues, with preferential accumulation in fatty tissues, based on results of animal studies.  

Distribution of 1,1,1-trichloroethane to tissues will be governed by several factors, including tissue blood 

flow rate, tissue volume, and tissue:blood partition coefficient, the latter factor being probably the most 

important.  Following gavage administration of 1,1,1-trichloroethane in vegetable oil to rats (100, 300, or 

1,000 mg/kg) or mice (300, 1,000, or 3,000 mg/kg), the compound was distributed to tissues throughout 

the body, with preferential accumulation in fatty tissues (RTI 1987). 

 

3.4.2.3   Dermal Exposure  
 

No studies were located regarding the distribution of 1,1,1-trichloroethane among human or animal 

tissues following dermal exposure; however, dermally applied 1,1,1-trichloroethane, once absorbed, is 

probably widely distributed among tissues, with preferential accumulation in fatty tissues, based on 

results from oral and inhalation studies with animals. 

 

3.4.2.4   Other Routes of Exposure  
 

Measurements of the tissue distribution of 14C-1,1,1-trichloroethane or its metabolites in rats or mice 

24 hours after an intravenous injection indicate a distribution pattern similar to that after oral or inhalation 

exposure; adipose tissue contained higher concentrations than skeletal muscle, liver, or skin tissue (RTI 

1987). 

 

3.4.3   Metabolism  
 

Metabolism appears to play a relatively minor role in the overall disposition of 1,1,1-trichloroethane in 

humans and animals.  Only a small fraction of the absorbed dose (<10%) is metabolized; a large fraction 

of the absorbed dose is excreted unchanged in exhaled air, regardless of the exposure route.  In humans 

exposed to 70 or 145 ppm 1,1,1-trichloroethane in air for 4 hours, an estimated 60–80% of the absorbed 
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compound was excreted unchanged in exhaled breath (Monster et al. 1979).  Metabolites in urine, 

trichloroethanol and trichloroacetic acid, collected for 70 hours postexposure represented approximately 

2 and 0.5%, respectively, of the 1,1,1-trichloroethane initially absorbed.  In humans exposed to 35 or 

350 ppm for 6 hours, >91% of absorbed 1,1,1-trichloroethane was excreted unchanged by the lungs, 5–

6% was metabolized and excreted as trichloroethanol and trichloroacetic acid, and <1% remained in the 

body after 9 days (Nolan et al. 1984). 

 

In rats and mice dosed by gavage with 1,1,1-trichloroethane in vegetable oil 5 days/week for 4 weeks, 

followed by a single dose of 14C-labeled compound, 85.1 and 92.3% of the doses (3,000 and 4,000 mg/kg 

in rats and mice, respectively) were recovered as unchanged compound in expired air; respective recovery 

percentages of metabolite fractions (48 hours after administration) in rats and mice were 0.9 and 2.0% as 

CO2, 2.1 and 3.4% as metabolites in urine, and 1.2 and 0.7% as presumed metabolites remaining in the 

carcasses (Mitoma et al. 1985).  Similarly, exhalation of unchanged compound was the predominant 

pathway for elimination of absorbed 1,1,1-trichloroethane, accounting for >90% of doses administered in 

drinking water studies with rats (Reitz et al. 1988) and in inhalation studies with rats and mice (Schumann 

et al. 1982a).  Comparison of metabolic disposition in mice and rats indicated that mice metabolized 2–

3 times more 1,1,1-trichloroethane on a body weight basis; however, in both species, metabolism was a 

dose-dependent, saturable process that represented a minor route of elimination (Schumann et al. 1982a, 

1982b). 

 

Analysis of urine following human and animal exposure to 1,1,1-trichloroethane identified 

trichloroethanol, trichloroethanol glucuronide, and trichloroacetic acid as major metabolites of 1,1,1-tri-

chloroethane; CO2, identified in exhaled breath, is the other major metabolite (Kawai et al. 1991; Mitoma 

et al. 1985; Monster et al. 1979; Nolan et al. 1984; Reitz et al. 1988; Schumann et al. 1982a).  Figure 3-3 

illustrates a general metabolic scheme for 1,1,1-trichloroethane.  The initial oxidation step is thought to be 

catalyzed by the microsomal cytochrome P-450 mixed-function oxidase system.  In vitro reaction 

mixtures containing rat hepatic microsomes and nicotinamide adenine dinucleotide phosphate (reduced 

form) (NADPH) oxidize 1,1,1-trichloroethane to trichloroethanol.  1,1,1-Trichloroethane metabolism 

significantly increased when microsomes from rats pretreated with phenobarbital, an inducer of certain 

isozymes of cytochrome P-450, were used.  This finding provides supporting evidence of the involvement 

of this enzyme system in the metabolism, albeit limited, of 1,1,1-trichloroethane (Ivanetich and Van den 

Honert 1981; Koizumi et al. 1983).  The pathway for conversion of trichloroethanol to trichloroacetic acid 

presumably involves the intermediate formation of chloral hydrate and may involve alcohol and aldehyde 
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dehydrogenases or cytochrome P-450 mixed-function oxidases (Casciola and Ivanetich 1984; Ivanetich 

and Van den Honert 1981).  Although trichloroacetic acid or chloral hydrate were not detected as in vitro 

metabolic products of 1,1,1-trichloroethane with rat hepatic microsomal cytochrome P-450 preparations 

(Ivanetich and Van den Honert 1981; Koizumi et al. 1983), in vitro production of chloral hydrate from 

1,1,1-trichloroethane was demonstrated in reaction mixtures containing rat nuclei cytochrome 

P-450 preparations (Casciola and Ivanetich 1984). 

 

In vivo and in vitro evidence from rat experiments suggests that, under conditions of low oxygen supply, 

1,1,1-trichloroethane can be reductively dechlorinated, to a limited extent, to radical intermediates and 

eventually to acetylene (Durk et al. 1992); in these experiments, exhaled acetylene accounted for <1% of 

metabolized 1,1,1-trichloroethane.  The reductive dechlorination of 1,1,1-trichloroethane appears to be 

mediated by cytochrome P-450, since putative induction by phenobarbital treatment accelerated the in 

vitro and in vivo metabolic formation of acetylene.  The reductive metabolic pathway is not indicated in 

Figure 3-3, because it apparently represents a very minor metabolic pathway. 

 

Repeated exposure of mice and rats to 1,1,1-trichloroethane apparently does not increase the relative 

importance of metabolism to the in vivo disposition of the compound (Schumann et al. 1982b), even 

though another research group reported that hepatic microsomes from rats exposed continuously for 

10 days to 800 ppm of 1,1,1-trichloroethane displayed greater in vitro enzymatic activities for 1,1,1-tri-

chloroethane oxidation than microsomes from fresh-air controls (Koizumi et al. 1983).  Schumann et al. 

(1982b) found that repeated exposure of rats or mice to 1,500 ppm unlabeled 1,1,1-trichloroethane for 

16 months did not alter the routes of excretion, the extent of metabolism, or the concentration of 

radioactivity in tissues after a 6-hour inhalation exposure to 1,500 ppm [2–14C]-1,1,1-trichloroethane, 

compared with age-matched animals subjected to single 6-hour exposures.  In general, studies regarding 

the effects of 1,1,1-trichloroethane on hepatic enzyme induction are inconclusive.  Although Koizumi et 

al. (1983) and others (Bruckner et al. 2001; Fuller et al. 1970; Lal and Shah 1970) reported that 1,1,1-tri-

chloroethane induced hepatic cytochrome P-450 enzyme levels in rats, others observed no effects 

(Toftgaard et al. 1981; Wang et al. 1996) or inhibitory effects (Nakahama et al. 2000; Savolainen et al. 

1977) in rats exposed to 1,1,1-trichloroethane. 
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Figure 3-3.  Metabolic Scheme for 1,1,1-Trichloroethane 
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3.4.4   Elimination and Excretion  

3.4.4.1   Inhalation Exposure  
 

After acute exposure, most inhaled 1,1,1-trichloroethane is rapidly excreted unchanged in expired air of 

humans and animals.  Within 1 hour of administration, humans exhaled 44% of the radioactivity they had 

inhaled from a single breath of radiolabeled 1,1,1-trichloroethane (Morgan et al. 1970).  Humans exposed 

to 70 or 145 ppm for 4 hours exhaled 60–80% of inhaled 1,1,1-trichloroethane unchanged during a 

150-hour period after exposure (Monster et al. 1979).  Other humans exposed to 35 or 350 ppm for 

6 hours exhaled >91% of absorbed 1,1,1-trichloroethane as the unchanged compound within 9 days of 

exposure (Nolan et al. 1984).  Similar observations were made in studies of rats (Ikeda and Ohtsuji 1972; 

Schumann et al. 1982a, 1982b), mice (Schumann et al. 1982a, 1982b), and anesthetized dogs (Hobara et 

al. 1982).  Nolan et al. (1984) described the temporal elimination pattern for 1,1,1-trichloroethane in 

blood and expired air of humans as "triexponential" and estimated half-lives of 44 minutes, 5.7 hours, and 

53 hours for the initial, intermediate, and terminal phases, respectively.  Raymer et al. (1991) used a 

two-compartment model to fit experimental observations of the temporal decrease in 1,1,1-trichloroethane 

concentrations in human breath samples collected for 4 hours after exposure to contaminated 

atmospheres; elimination half-lives ranged from 0.00 to 0.17 hours for the first compartment and from 

1.80 to 6.08 hours for the second compartment. 

 

Exhalation of CO2 and urinary excretion of metabolites (trichloroethanol and trichloroacetic acid) 

represent minor elimination pathways for inhaled 1,1,1-trichloroethane.  Nevertheless, observed 

correlations between urinary concentrations of 1,1,1-trichloroethane metabolites and exposure 

concentrations indicate that urine analysis may be a useful method of exposure assessment (Caperos et al. 

1982; Ghittori et al. 1987; Imbriani et al. 1988; Kawai et al. 1991; Mizunuma et al. 1995; Seki et al. 

1975).  Estimated half-lives for the elimination of trichloroethanol and trichloroacetic acid from human 

blood after inhalation exposures to 1,1,1-trichloroethane were 10–27 hours for trichloroethanol and 70–

85 hours for trichloroacetic acid (Monster et al. 1979; Nolan et al. 1984).  The long half-life of 

trichloroacetic acid is due to binding of this metabolite to plasma proteins.  Daily occupational exposure 

to 1,1,1-trichloroethane progressively increased urinary metabolite levels during the workweek, while 

levels decreased over the weekend (Seki et al. 1975).  This observation is consistent with observations of 

the rapid clearance of 1,1,1-trichloroethane and its metabolites from animal tissues after inhalation 

exposure (Dallas et al. 1989; Holmberg et al. 1977; Schumann et al. 1982a, 1982b; Takahara 1986a). 
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3.4.4.2   Oral Exposure  
 

Humans eliminate ingested 1,1,1-trichloroethane in their exhaled breath (Stewart and Andrews 1966), but 

no studies were located that quantified excretion rates or the extent of excretion.  The pattern of 

elimination is expected to be similar to that of inhaled 1,1,1-trichloroethane (i.e., exhalation of unchanged 

1,1,1-trichloroethane should be the predominant route of excretion; exhalation of CO2 and urinary 

excretion of other metabolites are minor routes).  This pattern has been observed in animals after 

inhalation (see Section 3.4.4.1) and oral exposure (Mitoma et al. 1985; Reitz et al. 1988; RTI 1987).  In 

rats exposed to 1,1,1-trichloroethane in drinking water for 8 hours (total dose of 116 mg/kg), the primary 

route of excretion was rapid elimination of unchanged 1,1,1-trichloroethane in expired air; only 3% of the 

ingested dose was metabolized (Reitz et al. 1988).  Essentially all of the ingested 1,1,1-trichloroethane 

was excreted within 30 hours.  Similar results were obtained in gavage studies with rats and mice 

(Mitoma et al. 1985; RTI 1987).  Excretion via the mother’s milk does not appear to be a significant route 

of excretion for 1,1,1-trichloroethane.  Approximately 0.04% of an orally-administered dose of 1,1,1-tri-

chloroethane was excreted in the 24-hour milk of lactating goats (Hamada and Tanaka 1995). 

 

3.4.4.3   Dermal Exposure  
 

The pattern of excretion in humans after dermal exposure is expected to be similar to that of inhaled 

1,1,1-trichloroethane: rapid exhalation of 1,1,1-trichloroethane in expired air is the major excretion route; 

exhalation of CO2 and urinary excretion of other metabolites are minor routes (see Section 3.4.4.1).  

Several studies have measured 1,1,1-trichloroethane in the expired breath of humans after (and during) 

short-term dermal exposure to 1,1,1-trichloroethane (Fukabori et al. 1977; Riihimaki and Pfaffli 1978; 

Stewart and Dodd 1964), but 1,1,1-trichloroethane exhalation as a percentage of absorbed dose was not 

quantitated in these studies.  

 

Results in animals given 1,1,1-trichloroethane injections indicate that excretion patterns in animals are 

similar regardless of route.  In mice given intraperitoneal injections of 1,1,1-trichloroethane, 88% of the 

dose was excreted unchanged in expired air and 1% was excreted as metabolites in urine (Takahara 

1986b).  In rats given intraperitoneal injections, 98.7% of the dose was exhaled as unchanged 1,1,1-tri-

chloroethane (Hake et al. 1960).  Within 24 hours of intravenous injection of radiolabeled 1,1,1-trichloro-

ethane, exhalation of radioactivity accounted for 91 and 80% of the administered doses in rats and mice, 
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respectively; only trace amounts of radioactivity remained in the tissues after 24 hours (RTI 1987).  In 

dogs, 60–70% of intravenously injected 1,1,1-trichloroethane was excreted in expired air within 1 hour 

(Hobara et al. 1981). 

 

3.4.5   Physiologically Based Pharmacokinetic (PBPK)/Pharmacodynamic (PD) Models  
 

Physiologically based pharmacokinetic (PBPK) models use mathematical descriptions of the uptake and 

disposition of chemical substances to quantitatively describe the relationships among critical biological 

processes (Krishnan et al. 1994).  PBPK models are also called biologically based tissue dosimetry 

models.  PBPK models are increasingly used in risk assessments, primarily to predict the concentration of 

potentially toxic moieties of a chemical that will be delivered to any given target tissue following various 

combinations of route, dose level, and test species (Clewell and Andersen 1985).  Physiologically based 

pharmacodynamic (PBPD) models use mathematical descriptions of the dose-response function to 

quantitatively describe the relationship between target tissue dose and toxic end points.   

 

PBPK/PD models refine our understanding of complex quantitative dose behaviors by helping to 

delineate and characterize the relationships between: (1) the external/exposure concentration and target 

tissue dose of the toxic moiety, and (2) the target tissue dose and observed responses (Andersen et al. 

1987; Andersen and Krishnan 1994).  These models are biologically and mechanistically based and can 

be used to extrapolate the pharmacokinetic behavior of chemical substances from high to low dose, from 

route to route, between species, and between subpopulations within a species.  The biological basis of 

PBPK models results in more meaningful extrapolations than those generated with the more conventional 

use of uncertainty factors.   

 

The PBPK model for a chemical substance is developed in four interconnected steps: (1) model 

representation, (2) model parametrization, (3) model simulation, and (4) model validation (Krishnan and 

Andersen 1994).  In the early 1990s, validated PBPK models were developed for a number of 

toxicologically important chemical substances, both volatile and nonvolatile (Krishnan and Andersen 

1994; Leung 1993).  PBPK models for a particular substance require estimates of the chemical substance-

specific physicochemical parameters, and species-specific physiological and biological parameters.  The 

numerical estimates of these model parameters are incorporated within a set of differential and algebraic 

equations that describe the pharmacokinetic processes.  Solving these differential and algebraic equations 
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provides the predictions of tissue dose.  Computers then provide process simulations based on these 

solutions.   

 

The structure and mathematical expressions used in PBPK models significantly simplify the true 

complexities of biological systems.  If the uptake and disposition of the chemical substance(s) are 

adequately described, however, this simplification is desirable because data are often unavailable for 

many biological processes.  A simplified scheme reduces the magnitude of cumulative uncertainty.  The 

adequacy of the model is, therefore, of great importance, and model validation is essential to the use of 

PBPK models in risk assessment. 

 

PBPK models improve the pharmacokinetic extrapolations used in risk assessments that identify the 

maximal (i.e., the safe) levels for human exposure to chemical substances (Andersen and Krishnan 1994).  

PBPK models provide a scientifically sound means to predict the target tissue dose of chemicals in 

humans who are exposed to environmental levels (for example, levels that might occur at hazardous waste 

sites) based on the results of studies where doses were higher or were administered in different species.  

Figure 3-4 shows a conceptualized representation of a PBPK model. 

 

Literature search revealed a PBPK model for 1,1,1-trichloroethane in rats, mice, and humans (Reitz et al. 

1988) that was based on a four-compartment model developed for styrene (Ramsey and Andersen 1984).  

Adaptations of the Reitz et al. (1988) model were presented by others (Bogen and Hall 1989; Dobrev et 

al. 2001, 2002; Poet et al. 2000). 

 

Reitz et al. (1988) 1,1,1-Trichloroethane Biokinetics Model 

 

Description of the Model.    Reitz et al. (1998) developed a four-compartment model for rats, mice, 

and humans, which predicts the behavior of inhaled 1,1,1-trichloroethane in liver, rapidly perfused tissue, 

slowly perfused tissue, and fat.  Tissue volumes and blood and airflow rates employed in the model are 

listed in Table 3-6.  The percentage of cardiac output directed to the fat compartments was adjusted for 

interspecies differences in fat content.  Tissue:blood partition coefficients (Table 3-6) were used to 

calculate the 1,1,1-trichloroethane concentration in venous blood leaving the tissue and were estimated 

with rat blood, liver, fat, and muscle tissue using a vial-equilibration technique.  Blood:air partition 
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Figure 3-4.  Conceptual Representation of a Physiologically Based Pharmaco-
kinetic (PBPK) Model for a Hypothetical Chemical Substance 

 

 
Source:  adapted from Krishnan et al. 1994 
 
Note:  This is a conceptual representation of a physiologically based pharmacokinetic (PBPK) model for a 
hypothetical chemical substance.  The chemical substance is shown to be absorbed via the skin, by 
inhalation, or by ingestion, metabolized in the liver, and excreted in the urine or by exhalation. 
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Table 3-6.  Parameters Used in the Physiologically Based Pharmacokinetic Model 

for 1,1,1-Trichloroethane Developed by Reitz et al. (1988) 
 
 Human Rat Mouse 
Weights    
 Body weight (kg) 83.0 0.215 0.029 
 Liver (%) 3.1 4.0 4.0 
 Rapidly perfused (%) 3.7 5.0 5.0 
 Slowly perfused (%) 61.1 75.0 78.0 
 Fat (%) 23.1 7.0 4.0 
Flows (L/hour)    
 Alveolar ventilation 348.0 5.11 1.26 
 Cardiac output (COP) 348.0 5.11 1.26 
 Liver (% COP) 24.0 24.0 24.0 
 Rapidly perfused (% COP) 49.0 53.0 56.0 
 Slowly perfused (% COP) 18.0 18.0 18.0 
 Fat (% COP) 9.0 5.0 2.0 
Partition coefficients    
 Blood/air 2.53 5.76 10.8 
 Liver/air 8.6 8.6 8.6 
 Rapidly perfused/air 8.6 8.6 8.6 
 Slowly perfused/air 3.15 3.15 3.15 
 Fat/air 263 263 263 
Biochemical constantsa    
 VmaxC 0.419 0.419 0.419 
 Km (mg/L) 5.75 5.75 5.75 
 Ka (hour-1) (1st -order rate 

constant for GI absorption 
— 1.25 — 

 
aVmaxC and Km were obtained for the rat from the blood level data of Schumann et al. (1982a) by computer 
optimization.  VmaxC is an allometric measure of maximum velocity of metabolism showing the following relationship 
with maximum enzyme rate:  Vmax = VmaxC x (body weight) 0.7. 
 
COP = cardiac output  
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coefficients were determined with human and mouse blood.  Metabolism was restricted to the liver and 

was described by Michaelis-Menten kinetics.  Metabolic kinetic constants (Vmax and Km; Table 3-6) 

were estimated by optimization of the model with 1,1,1-trichloroethane blood concentration data for rats 

exposed by inhalation to 150 or 1,500 ppm for 6 hours (Schumann et al. 1982a).  The model was designed 

to be applicable to exposures via drinking water, bolus gavage, and intravenous administration as well.  

For drinking water exposures, uptake of 1,1,1-trichloroethane from the gastrointestinal tract and transfer 

to the liver was assumed to follow zero-order kinetics.  Simulation of gavage administration assumed 

first-order absorption from the gastrointestinal tract, with a rate constant of 1.25/hour.  Both oral (drinking 

water or gavage) and intravenous administration assumed direct transfer to the liver. 

 

Validation of the Model.    Predictions based on the model were compared to observed values for 

experimentally-determined end exposure 1,1,1-trichloroethane blood levels, amount of 1,1,1-trichloro-

ethane metabolized, and concentrations of 1,1,1-trichloroethane in fat or liver of rats and mice following 

exposure via drinking water or inhalation, and on observed values of the amount of 1,1,1-trichloroethane 

metabolized in human volunteers following inhalation exposure.  Model predictions agreed reasonably 

well with the empirical observations (Reitz et al. 1988). 

 

Bogen and Hall (1989) adapted the Reitz et al. (1988) rat model to gerbils using a scaling factor and 

presented a five-compartment model (liver, richly perfused tissues, poorly perfused tissues, fat, and skin) 

for a 70-kg adult male subject using reference values from EPA (1988m) for tissue-specific volumes, 

blood perfusion rates, and cardiac output.  Values for skin were assumed to be 6% of reference values for 

poorly perfused tissues.  Poet et al. (2000) modified the PBPK model of Reitz et al. (1988) to include a 

separate skin compartment.  Dobrev et al. (2001, 2002) presented a model for mixed exposures to tri-

chloroethylene, tetrachloroethylene, and 1,1,1-trichloroethane. 

 

Fisher et al. (1997) modeled the excretion of 1,1,1-trichlorethane (and other volatile organic chemicals) 

via the breast milk.  Model simulations predicted a low degree (<1%) of lactational transfer of 1,1,1-tri-

chloroethane.  However, model predictions were not validated with empirical data.  
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3.5   MECHANISMS OF ACTION  

3.5.1   Pharmacokinetic Mechanisms  
 

1,1,1-Trichloroethane is rapidly and extensively absorbed from the lungs (Astrand et al. 1973; Dallas et 

al. 1989; Hobara et al. 1982, 1983a, 1983b; Monster et al. 1979; Morgan et al. 1972a, 1972b; Nolan et al. 

1984), skin (Fukabori et al. 1977; Morgan et al. 1991; Riihimaki and Pfaffli 1978; Stewart and Dodd 

1964; Tsuruta 1975) and gastrointestinal tract (Mitoma et al. 1985; Reitz et al. 1988; RTI 1987; Stewart 

and Andrews 1966).  The lipophilic nature of 1,1,1-trichloroethane, the rates of absorption upon various 

routes of exposure, and the rates at which the chemical leaves the body in expired air when exposure is 

terminated all suggest that 1,1,1-trichloroethane is very likely transported across cellular membranes by 

passive diffusion.  No known specific intermediary molecules influence the distribution of 1,1,1-trichloro-

ethane among tissues in the body.  The lipophilicity and volatility of 1,1,1-trichloroethane, along with the 

low rates at which it is metabolized, appear to be the most important factors influencing distribution 

within and elimination from the body.  The compound is widely distributed by the blood among tissues, 

with preferential accumulation in fatty tissues, and is rapidly cleared following exposure cessation 

(Holmberg et al. 1977; RTI 1987; Schumann et al. 1982a, 1982b; Takahara 1986b). 

 

As presented in detail in Section 3.4.3, only a small percentage of 1,1,1-trichloroethane absorbed across 

the lung is metabolized; most of the absorbed dose is excreted unchanged from the lung.  For example, a 

6-hour exposure to 35 or 350 ppm of 1,1,1-trichloroethane resulted in the metabolism of approximately 

5–6% of the absorbed dose, which was excreted in the urine as trichloroethanol or trichloroacetic acid 

(Nolan et al. 1984).  More than 90% was excreted unchanged from the lungs and <1% remained in the 

body after 9 days.  Analysis of urine following human and animal exposure to 1,1,1-trichloroethane 

identified trichloroethanol, trichloroethanol glucuronide, and trichloroacetic acid as major metabolites of 

1,1,1-trichloroethane; CO2, identified in exhaled breath, is another metabolite (Kawai et al. 1991; Mitoma 

et al. 1985; Monster et al. 1979; Nolan et al. 1984; Reitz et al. 1988; Schumann et al. 1982a).  Figure 3-3 

illustrates a general metabolic scheme for 1,1,1-trichloroethane.  The initial oxidation step is thought to be 

catalyzed by the microsomal cytochrome P-450 mixed-function oxidase system.  The pathway for 

conversion of trichloroethanol to trichloroacetic acid presumably involves the intermediate formation of 

chloral hydrate and may involve alcohol and aldehyde dehydrogenases or cytochrome P-450 mixed-

function oxidases (Casciola and Ivanetich 1984; Ivanetich and Van den Honert 1981).  The pattern of 

elimination following oral or dermal exposure is expected to be similar to that of inhaled 1,1,1-trichloro-
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ethane (i.e., exhalation of unchanged 1,1,1-trichloroethane should be the predominant route of excretion; 

exhalation of CO2 and urinary excretion of other metabolites are minor routes). 

 

3.5.2   Mechanisms of Toxicity  
 

The mechanism by which high levels of 1,1,1-trichloroethane produces mild to moderate hepatotoxic 

effects in humans and animals is only partially understood.  Studies of more potent hepatotoxic 

chlorinated alkanes (including carbon tetrachloride, chloroform, and 1,1,2-trichloroethane) have clearly 

demonstrated an involvement of cytochrome P-450-mediated dechlorination in the production of liver 

injury (Plaa 1986).  It has been hypothesized that the production of free radicals via the homolytic 

cleavage of the carbon-chlorine bond in these hepatotoxic chlorinated alkanes occurs in the endoplasmic 

reticulum of hepatocytes, and that the free radicals react with unsaturated lipids and proteins in the 

endoplasmic reticulum, producing lipid peroxidation and covalent binding.  These actions lead to 

morphological and functional changes in this organelle and, eventually, to cellular dysfunction 

(triglyceride accumulation) and necrosis (Plaa 1986).  The potency of the 1,1,2- isomer of trichloroethane 

to produce liver injury is markedly greater than that of the 1,1,1- isomer (Carlson 1973; Takahara 1986c).  

This difference has been associated with differences in the metabolic activation of the two isomers.  

1,1,2-Trichloroethane is metabolized to a much greater extent than 1,1,1-trichloroethane in mice and rats 

after gavage administration.  Urinary excretion of metabolites accounted for >70% of the administered 

doses of the 1,1,2- isomer; in contrast, >85% of the administered 1,1,1- isomer dose was excreted 

unchanged in expired air (Mitoma et al. 1985).  In experiments with rat liver microsomes, Van Dyke and 

Wineman (1971) observed that 9.8% of the chloride was enzymatically removed from the 1,1,2- isomer, 

compared with <0.5% removal of chloride from the 1,1,1- isomer in the same period.  The difference in 

extent of metabolism of the 1,1,2- and 1,1,1- isomers explains the difference in hepatotoxicity of the two 

compounds (i.e., the 1,1,2- isomer is more potent because greater quantities of reactive metabolites are 

produced from it); however, whether the mild hepatotoxicity of 1,1,1-trichloroethane is mediated by a 

metabolite or by the compound itself is unclear.  Carlson (1973) reported that rats pretreated with 

phenobarbital displayed signs of liver injury (increased levels of SGPT and SGOT and decreased activity 

of glucose-6-phosphatase) immediately following a 2-hour exposure to 11,600 ppm 1,1,1-trichloroethane; 

these signs were not apparent in nonpretreated rats exposed to the same 1,1,1-trichloroethane 

concentration or in rats that had received only the phenobarbital pretreatment.  This suggests that 

metabolic activation is involved in the expression of 1,1,1-trichloroethane's hepatotoxicity.  Phenobarbital 

pretreatment did not potentiate the hepatotoxicity of 1,1,1-trichloroethane in rats following intraperitoneal 



1,1,1-TRICHLOROETHANE 148 
 

3.  HEALTH EFFECTS 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

injection of 2 mL 1,1,1-trichloroethane/kg (approximately 2.6 mg/kg) (Cornish et al. 1973), but this 

apparent contrast to the results of Carlson (1973) may reflect differences in exposure scenarios. 

 

Acute exposures to high 1,1,1-trichloroethane concentrations can cause sudden death in humans due to 

ventricular fibrillation, myocardial depression, or respiratory arrest.  Animal studies show that 

arrhythmias (that can lead to ventricular fibrillation) can be produced by exogenously administered 

epinephrine during or immediately after inhalation exposure to 1,1,1-trichloroethane (Carlson 1981; Clark 

and Tinston 1973; Reinhardt et al. 1973; Trochimowicz et al. 1974).  1,1,1-Trichloroethane is one of the 

most potent of the volatile organic compounds that induce arrhythmias.  The studies indicate that the 

arrhythmias are not caused directly by 1,1,1-trichloroethane, but result from its sensitization of the heart 

to epinephrine.  The basis for the sensitization is not completely understood, but evidence suggests that 

the sensitization is produced by 1,1,1-trichloroethane itself and not by its metabolites.  Carlson (1981) 

reported that pretreatment of rabbits with phenobarbital (thereby increasing 1,1,1-trichloroethane 

metabolism) did not increase the incidence of epinephrine-induced arrhythmias during 1-hour exposures 

to 5,600 ppm, and that treatment with cytochrome P-450 inhibitors (SKF-525A and Lilly 18947) 

(decreasing the metabolism of 1,1,1-trichloroethane) 30 minutes before exposure to 1,1,1-trichloroethane 

increased the incidence of epinephrine-induced cardiac arrhythmias.  The arrhythmogenicity of 1,1,1-tri-

chloroethane and other halogenated hydrocarbons may involve intercellular communication inhibition, 

presumably through parent-compound modification of gap junctions between cardiac myocytes.  

Toraason et al. (1992) demonstrated that a series of halogenated hydrocarbons, including 1,1,1-trichloro-

ethane, inhibited the transfer of a fluorescent probe between adjacent cultured cardiac myocytes isolated 

from neonatal rats (an assay for gap junction communication) and that the inhibition was not affected by 

pretreating the cells with SKF-525A.  Toraason et al. (1992) noted that the ability of the compounds to 

inhibit intercellular communication paralleled their ability to sensitize the heart to epinephrine-induced 

arrhythmias. 

 

Acute exposure to high concentrations of 1,1,1-trichloroethane (≈10,000–26,000 ppm) lowered blood 

pressure in humans and animals within minutes of exposure (Herd et al. 1974; Kobayashi et al. 1988; 

McLeod et al. 1987; Wright and Strobl 1984).  Studies with anesthetized dogs associated the decrease in 

blood pressure with peripheral vasodilation at the lower end of the effective concentration range and with 

decreased heart rate and myocardial contractility at higher concentrations (Herd et al. 1974; Kobayashi et 

al. 1988).  Intravenous administration of phenylephrine (an agent that putatively constricts peripheral 

vasculature) or calcium counteracted the blood pressure-reducing effects of 1,1,1-trichloroethane in 
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anesthetized dogs (Herd et al. 1974).  Herd et al. (1974) hypothesized that 1,1,1-trichloroethane, because 

of its lipophilic nature, may produce cardiotoxic effects through an interference with membrane-

dependent processes such as adenosine triphosphate (ATP) production by cardiac mitochondria and 

calcium mobilization during myocardial contraction.  More recently, Toraason et al. (1990) demonstrated 

a reversible, concentration-dependent inhibitory effect of 1,1,1-trichloroethane on the contractility (i.e., 

decreased beating frequency) of cultured rat heart cells.  Hoffman et al. (1992, 1994) showed that 

1,1,1-trichloroethane inhibits calcium mobilization during excitation-contraction coupling in isolated 

ventricular myocytes from rat neonates, and hypothesized that myocardial depression following exposure 

to 1,1,1-trichloroethane results from reduced intracellular calcium concentration during systole. 

 

Respiratory arrest due to central nervous system depression has been proposed as a possible explanation 

for sudden deaths following acute exposure to high concentrations of 1,1,1-trichloroethane (Adams et al. 

1950; Jones and Winter 1983; Torkelson et al. 1958).  In general, the actions of 1,1,1-trichloroethane are 

very similar to other central nervous system depressants.  The mechanism by which acute exposures to 

high concentrations of 1,1,1-trichloroethane depress the central nervous system is thought to involve 

interactions of the parent compound with lipids and/or proteins in neural membranes that lead to 

dysfunction (Evans and Balster 1991).  In general, the highly lipophilic nature of chlorinated 

hydrocarbons, such as 1,1,1-trichloroethane, allows them to cross the blood-brain barrier readily and 

partition into lipids in neuronal membranes.  This property allows them to interfere with neural membrane 

function, bringing about central nervous system depression, behavioral changes, and anesthesia (Klaassen 

et al. 1996). 

 

1,1,1-Trichloroethane-induced hepatic, neurological, and cardiac effects may be related to the interaction 

of 1,1,1-trichloroethane with proteinaceous components of membranes, as suggested by demonstrations 

that 1,1,1-trichloroethane inhibits the activity of membrane-bound enzymes such as acetylcholinesterase 

and magnesium-activated ATPase in human red blood cells and rat synaptosomes (Korpela 1989; Korpela 

and Tähti 1986, 1987; Tähti and Korpela 1986).  Such an interaction could be responsible for the 

observed 1,1,1-trichloroethane-induced alterations in membrane permeability that have been 

demonstrated in brain synaptosomes (Nilsson 1987; Robinson et al. 2001) and dorsal root ganglion 

neurons (Okuda et al. 2001a, 2001b), cardiac myocytes (Hoffmann et al. 1992, 1994; Toraason et al. 

1990), and rat heart and liver mitochondria (Herd and Martin, 1975).  Altered calcium permeability has 

been demonstrated to cause reduced contractility of cardiac myocytes (Hoffmann et al. 1992, 1994; 

Torasson et al. 1990) and uncoupled oxidative phosphorylation leading to reduced cellular respiration and 
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ATP production in rat heart and liver mitochondria (Herd and Martin 1975; Ogata and Hasegawa 1981; 

Takano and Miyazaki 1982). 

 

3.5.3   Animal-to-Human Extrapolations  
 

Species-specific differences in pharmacokinetic properties of inhaled 1,1,1-trichloroethane have been 

demonstrated.  Nolan et al. (1984) reported 2.5- and 3-fold greater absorption in rats and mice, 

respectively, relative to humans following equivalent inhalation exposures.  Measured blood levels in the 

rats and mice were 3.5- and 17.3-fold higher than humans, and the amount of 1,1,1-trichloroethane 

metabolized was 4.3-fold higher in rats and 11.4-fold higher in mice than humans.  These results indicate 

that humans would have to be exposed to 1,1,1-trichloroethane vapor concentrations much higher than 

those of rats and mice in order to achieve similar blood levels.  Although pharmacokinetic differences are 

readily apparent, species-specific differences in pharmacodymanics have not been elucidated. 

 

3.6   TOXICITIES MEDIATED THROUGH THE NEUROENDOCRINE AXIS  
 

Recently, attention has focused on the potential hazardous effects of certain chemicals on the endocrine 

system because of the ability of these chemicals to mimic or block endogenous hormones.  Chemicals 

with this type of activity are most commonly referred to as endocrine disruptors.  However, appropriate 

terminology to describe such effects remains controversial.  The terminology endocrine disruptors, 

initially used by Colborn and Clement (1992), was also used in 1996 when Congress mandated the EPA 

to develop a screening program for “...certain substances [which] may have an effect produced by a 

naturally occurring estrogen, or other such endocrine effect[s]...”.  To meet this mandate, EPA convened a 

panel called the Endocrine Disruptors Screening and Testing Advisory Committee (EDSTAC), and in 

1998, the EDSTAC completed its deliberations and made recommendations to EPA concerning endocrine 

disruptors.  In 1999, the National Academy of Sciences released a report that referred to these same types 

of chemicals as hormonally active agents.  The terminology endocrine modulators has also been used to 

convey the fact that effects caused by such chemicals may not necessarily be adverse.  Many scientists 

agree that chemicals with the ability to disrupt or modulate the endocrine system are a potential threat to 

the health of humans, aquatic animals, and wildlife.  However, others think that endocrine-active 

chemicals do not pose a significant health risk, particularly in view of the fact that hormone mimics exist 

in the natural environment.  Examples of natural hormone mimics are the isoflavinoid phytoestrogens 

(Adlercreutz 1995; Livingston 1978; Mayr et al. 1992).  These chemicals are derived from plants and are 
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similar in structure and action to endogenous estrogen.  Although the public health significance and 

descriptive terminology of substances capable of affecting the endocrine system remains controversial, 

scientists agree that these chemicals may affect the synthesis, secretion, transport, binding, action, or 

elimination of natural hormones in the body responsible for maintaining homeostasis, reproduction, 

development, and/or behavior (EPA 1997).  Stated differently, such compounds may cause toxicities that 

are mediated through the neuroendocrine axis.  As a result, these chemicals may play a role in altering, 

for example, metabolic, sexual, immune, and neurobehavioral function.  Such chemicals are also thought 

to be involved in inducing breast, testicular, and prostate cancers, as well as endometriosis (Berger 1994; 

Giwercman et al. 1993; Hoel et al. 1992). 

 

1,1,1-Trichloroethane does not appear to act on the neuroendocrine axis, although the database of 

information is limited.  In an acute-duration study, no histopathological changes were seen in the adrenals 

of rats after a single 2-hour exposure to up to 15,000 ppm 1,1,1-trichloroethane (Cornish and Adefuin 

1966).  Plasma corticosterone levels were statistically significantly decreased in rats after inhalation 

exposure to 1,1,1-trichloroethane at a concentration of 3,500 ppm for 30 minutes or 5,000 ppm for 10 or 

30 minutes; the highest exposure level also resulted in significantly reduced plasma adrenocorticotropic 

hormone (Pise et al. 1998).  Additional information regarding the potential for 1,1,1-trichloroethane to act 

as an endocrine disruptor was not located. 

 

3.7   CHILDREN’S SUSCEPTIBILITY  
 

This section discusses potential health effects from exposures during the period from conception to 

maturity at 18 years of age in humans, when all biological systems will have fully developed.  Potential 

effects on offspring resulting from exposures of parental germ cells are considered, as well as any indirect 

effects on the fetus and neonate resulting from maternal exposure during gestation and lactation.  

Relevant animal and in vitro models are also discussed. 

 

Children are not small adults.  They differ from adults in their exposures and may differ in their 

susceptibility to hazardous chemicals.  Children’s unique physiology and behavior can influence the 

extent of their exposure.  Exposures of children are discussed in Section 6.6, Exposures of Children. 

 

Children sometimes differ from adults in their susceptibility to hazardous chemicals, but whether there is 

a difference depends on the chemical (Guzelian et al. 1992; NRC 1993).  Children may be more or less 
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susceptible than adults to health effects, and the relationship may change with developmental age 

(Guzelian et al. 1992; NRC 1993).  Vulnerability often depends on developmental stage.  There are 

critical periods of structural and functional development during both prenatal and postnatal life and a 

particular structure or function will be most sensitive to disruption during its critical period(s).  Damage 

may not be evident until a later stage of development.  There are often differences in pharmacokinetics 

and metabolism between children and adults.  For example, absorption may be different in neonates 

because of the immaturity of their gastrointestinal tract and their larger skin surface area in proportion to 

body weight (Morselli et al. 1980; NRC 1993); the gastrointestinal absorption of lead is greatest in infants 

and young children (Ziegler et al. 1978).  Distribution of xenobiotics may be different; for example, 

infants have a larger proportion of their bodies as extracellular water and their brains and livers are 

proportionately larger (Altman and Dittmer 1974; Fomon 1966; Fomon et al. 1982; Owen and Brozek 

1966; Widdowson and Dickerson 1964).  The infant also has an immature blood-brain barrier (Adinolfi 

1985; Johanson 1980) and probably an immature blood-testis barrier (Setchell and Waites 1975).  Many 

xenobiotic metabolizing enzymes have distinctive developmental patterns.  At various stages of growth 

and development, levels of particular enzymes may be higher or lower than those of adults, and 

sometimes unique enzymes may exist at particular developmental stages (Komori et al. 1990; Leeder and 

Kearns 1997; NRC 1993; Vieira et al. 1996).  Whether differences in xenobiotic metabolism make the 

child more or less susceptible also depends on whether the relevant enzymes are involved in activation of 

the parent compound to its toxic form or in detoxification.  There may also be differences in excretion, 

particularly in newborns who all have a low glomerular filtration rate and have not developed efficient 

tubular secretion and resorption capacities (Altman and Dittmer 1974; NRC 1993; West et al. 1948).  

Children and adults may differ in their capacity to repair damage from chemical insults.  Children also 

have a longer remaining lifetime in which to express damage from chemicals; this potential is particularly 

relevant to cancer. 

 

Certain characteristics of the developing human may increase exposure or susceptibility, whereas others 

may decrease susceptibility to the same chemical.  For example, although infants breathe more air per 

kilogram of body weight than adults breathe, this difference might be somewhat counterbalanced by their 

alveoli being less developed, which results in a disproportionately smaller surface area for alveolar 

absorption (NRC 1993). 

 

No information was located regarding potential age-related differences in susceptibility to 1,1,1-trichloro-

ethane in humans.  Delays in developmental milestones (pinnae detachment, incisor eruption, and eye 
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opening) and impaired performance in neurobehavior tests were noted in mouse pups of dams exposed to 

1,1,1-trichloroethane during later stages of gestation at levels that did not result in apparent maternal 

toxicity (Jones et al. 1996).  These results suggest that developing organisms may be more susceptible 

than adults to the toxic effects of 1,1,1-trichloroethane. 

 

3.8   BIOMARKERS OF EXPOSURE AND EFFECT  
 

Biomarkers are broadly defined as indicators signaling events in biologic systems or samples.  They have 

been classified as markers of exposure, markers of effect, and markers of susceptibility (NAS/NRC 

1989). 

 

Due to a nascent understanding of the use and interpretation of biomarkers, implementation of biomarkers 

as tools of exposure in the general population is very limited.  A biomarker of exposure is a xenobiotic 

substance or its metabolite(s) or the product of an interaction between a xenobiotic agent and some target 

molecule(s) or cell(s) that is measured within a compartment of an organism (NAS/NRC 1989).  The 

preferred biomarkers of exposure are generally the substance itself or substance-specific metabolites in 

readily obtainable body fluid(s) or excreta.  However, several factors can confound the use and 

interpretation of biomarkers of exposure.  The body burden of a substance may be the result of exposures 

from more than one source.  The substance being measured may be a metabolite of another xenobiotic 

substance (e.g., high urinary levels of phenol can result from exposure to several different aromatic 

compounds).  Depending on the properties of the substance (e.g., biologic half-life) and environmental 

conditions (e.g., duration and route of exposure), the substance and all of its metabolites may have left the 

body by the time samples can be taken.  It may be difficult to identify individuals exposed to hazardous 

substances that are commonly found in body tissues and fluids (e.g., essential mineral nutrients such as 

copper, zinc, and selenium).  Biomarkers of exposure to 1,1,1-trichloroethane are discussed in 

Section 3.8.1. 

 

Biomarkers of effect are defined as any measurable biochemical, physiologic, or other alteration within an 

organism that, depending on magnitude, can be recognized as an established or potential health 

impairment or disease (NAS/NRC 1989).  This definition encompasses biochemical or cellular signals of 

tissue dysfunction (e.g., increased liver enzyme activity or pathologic changes in female genital epithelial 

cells), as well as physiologic signs of dysfunction such as increased blood pressure or decreased lung 

capacity.  Note that these markers are not often substance specific.  They also may not be directly 
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adverse, but can indicate potential health impairment (e.g., DNA adducts).  Biomarkers of effects caused 

by 1,1,1-trichloroethane are discussed in Section 3.8.2. 

 

A biomarker of susceptibility is an indicator of an inherent or acquired limitation of an organism's ability 

to respond to the challenge of exposure to a specific xenobiotic substance.  It can be an intrinsic genetic or 

other characteristic or a preexisting disease that results in an increase in absorbed dose, a decrease in the 

biologically effective dose, or a target tissue response.  If biomarkers of susceptibility exist, they are 

discussed in Section 3.10 “Populations That Are Unusually Susceptible”. 

 

3.8.1   Biomarkers Used to Identify or Quantify Exposure to 1,1,1-Trichloroethane  
 

Environmental levels of 1,1,1-trichloroethane have been correlated with levels in expired air, blood, and 

urine.  After extensive studies, a significant correlation was observed between the environmental 

exposure of humans to 1,1,1-trichloroethane and levels of the chemical in expired air in various U.S. 

locations during various seasons (Hartwell et al. 1987a; Wallace et al. 1982, 1984b, 1985, 1987a, 1987b, 

1987c).  Levels of 1,1,1-trichloroethane and its metabolites, trichloroethanol and trichloroacetic acid, 

have been quantified in the blood, expired air, and urine of workers exposed to 50 ppm 1,1,1-trichloro-

ethane for 1 week (Monster 1986).  Immediately following exposure, urine levels of trichloroethane and 

trichloroacetic acid were 4.9 and 2.5 mg/g creatinine, respectively.  At 5–15 minutes after exposure, 

1,1,1-trichloroethane levels in the blood and expired air were 0.9 mg/L and 210 mg/m3, respectively.  The 

blood levels of trichloroethanol and trichloroacetic acid were 0.16 and 2.3 mg/L, respectively.  For 

comparison, the baseline level of 1,1,1-trichloroethane in the blood of unexposed, normal subjects was 

0.0002 mg/L (range <0.0001–0.0034 mg/L) and the blood level of trichloroacetic acid was 0.0214 mg/L 

(Hajimiragha et al. 1986).  Studies of 1,1,1-trichloroethane levels in expired air or its metabolites in the 

urine have established a linear correlation between urinary trichloroethanol concentrations and 

environmental 1,1,1-trichloroethane levels or 1,1,1-trichloroethane levels absorbed through the lungs 

(Ghittori et al. 1987; Imbriani et al. 1988; Mizunuma et al. 1995; Monster 1986; Pezzagno et al. 1986; 

Seki et al. 1975; Stewart et al. 1961).  Data from Imbriani et al. (1988) are presented in Figure 3-5.  

Monster (1986) proposed that the best method for estimating occupational exposure to 1,1,1-trichloro-

ethane was to determine the levels of 1,1,1-trichloroethane and trichloroacetic acid in blood after work on 

Fridays.  Results of Mizunuma et al. (1995) indicated that urinary levels of 1,1,1-trichloroethane (as 

parent compound) were more closely correlated to 1,1,1-trichloroethane in the ambient air of a group of 

50 solvent workers than the major urinary metabolites, trichloroethanol and trichloroacetic acid.  Among 



1,1,1-TRICHLOROETHANE 155 
 

3.  HEALTH EFFECTS 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

 

Figure 3-5.  Scatter Diagram Relating Time-Weighted Average of Environmental 
Concentration and Urinary Concentration of 1,1,1-Trichloroethane in 

Exposed Workers* 

 
 
Scatter diagram relating the time-weighted average (TWA) of the environmental concentration (in the breathing zone) 
(Cbreathing) and the urinary concentration (Curinary) of 1,1,1-trichloroethane in the exposed workers (Experiment II).  The 
regression line (Curinary=0.45xCbreathing+12.6; r=0.95; N=60) is also drawn. 
a Curinary value at Cbreathing = 1,900 mg/m3 (threshold limit value [TLV] -TWA) 
b 95% lower confidence limit = biological exposure limit 
c hypothetical value of Curinary in an occupationally exposed subject 
d one-sided upper confidence limit (at 95%) of Curinary 
e one-sided lower confidence limit (at 95%) of Curinary 
 
Classification system: 
1 d<b (or d/b<1) = compliance exposure 
2 e>b (or e/b>1) = noncompliance exposure 
3 any individual which cannot be classified in 1 or 2 = possible overexposure 
 
The Cbreathing and Curinary values are shown in 1n numbers to allow all data in a same diagram.  The TLV-TWA is 
19,900 mg/m3 (anti-ln 7.549). 
The biological equivalent exposure limit (BEEL) is 805 µ/L (anti-ln 6.690). 
 
*Adapted from Imbriani et al. 1988 
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four adult volunteers (two males and two females) exposed to several different concentrations of 1,1,1-

trichloroethane vapors for various exposure durations, levels of parent compound in alveolar air and 

blood were more closely correlated with exposure level than urinary levels of parent compound or 1,1,1-

trichloroethane metabolites (Laparé et al. 1995). 

 

The length of time between 1,1,1-trichloroethane exposure and the measurement of breath, blood, or urine 

levels is critical to the accurate evaluation of the magnitude of exposure.  Up to 90% of the 1,1,1-tri-

chloroethane absorbed by any route is rapidly excreted unchanged in the expired air (Monster et al. 1979; 

Morgan et al. 1970, 1972b; Nolan et al. 1984; Stewart et al. 1961, 1969).  Most of the remaining 10% is 

accounted for as the urinary metabolites trichloroethanol and trichloroacetic acid.  Furthermore, 1,1,1-tri-

chloroethane is rapidly eliminated from the body; ≥99% is eliminated within 50 hours (Astrand et al. 

1973; Monster et al. 1979; Nolan et al. 1984; Stewart et al. 1961).  See Section 3.4 for more information 

regarding the pharmacokinetics of 1,1,1-trichloroethane.  The appearance of trichloroacetic acid in urine 

is not unique to 1,1,1-trichloroethane, as it has also been identified as a urinary metabolite of 

trichloroethylene and tetrachloroethylene (Monster 1988).  If exposure is known to be solely to 1,1,1-tri-

chloroethane, trichloroacetic acid levels in the urine may be a useful biomarker of exposure, because of 

the relatively long half-life of trichloroacetic acid. 

 

3.8.2   Biomarkers Used to Characterize Effects Caused by 1,1,1-Trichloroethane  
 

The central nervous system is apparently the most sensitive tissue to 1,1,1-trichloroethane exposure.  

Decreased psychomotor performance, altered EEG recordings, ataxia, and anesthesia have been observed 

in humans after acute exposure (Dornette and Jones 1960; Mackay et al. 1987; Muttray et al. 2000; Sot et 

al. 1975; Torkelson et al. 1958).  Mild hepatic effects and decreased blood pressure have also been noted 

(Cohen and Frank 1994; Croquet et al. 2003; Dornette and Jones 1960; Stewart et al. 1961; Texter et al. 

1979).  Numerous animal studies provide supporting evidence for the sensitivity of the central nervous 

system to acute and intermediate-duration exposure to 1,1,1-trichloroethane.  Adverse cardiovascular 

effects and mild hepatic effects have also been observed in animals.  Indices of central nervous system, 

hepatic, and cardiovascular effects are of limited value as biomarkers, since many other lipophilic 

chemicals (including some likely to be present at the same sites as 1,1,1-trichloroethane) may cause 

similar effects in these target organs.   
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No specific biomarkers of effects caused by 1,1,1-trichloroethane were found in the literature.  Additional 

information regarding the effects of exposure to 1,1,1-trichloroethane can be found in OTA (1990) and 

ATSDR (1990).  For a more detailed discussion of the health effects caused by 1,1,1-trichloroethane see 

Section 3.2.  

 

3.9   INTERACTIONS WITH OTHER CHEMICALS  
 

Although there are no reports of chemical interactions in humans, several animal studies have identified 

possible interactions between 1,1,1-trichloroethane and other chemicals. 

 

Ethanol, when given orally to mice at doses of 0.125–2.0 g/kg, potentiated both the lethality and 

behavioral effects (inverted screen test) of inhaled 1,1,1-trichloroethane at concentrations ranging from 

≈200 to 10,000 ppm (Woolverton and Balster 1981).  In another study, a 3-day pretreatment of mice with 

ethanol enhanced 1,1,1-trichloroethane-induced liver toxicity, as indicated by an assay of liver function 

(bromosulfophthalein retention in plasma), but not an assay of liver damage (SGPT levels) (Klaassen and 

Plaa 1966).  Other studies, using only serum enzyme levels to assay liver damage (SGPT or SGOT), 

found that ethanol markedly and consistently enhanced the hepatotoxicity of more potent chlorinated 

compounds such as carbon tetrachloride or trichloroethylene, but had no effect on the hepatotoxicity of 

1,1,1-trichloroethane (Cornish and Adefuin 1966; Klaassen and Plaa 1967).  Ethanol may potentiate the 

hepatotoxicity of chlorinated alkanes because of its ability to induce cytochrome P450IIE1 (Ikatsu and 

Nakajima 1992).  The available data indicate that ethanol can enhance the acute neurobehavioral effects 

of 1,1,1-trichloroethane, but will not cause 1,1,1-trichloroethane to produce severe liver damage 

(necrosis) like that caused by other chlorinated alkanes such as carbon tetrachloride or 1,1,2-trichloro-

ethane. 

 

Co-exposure of control or ethanol-treated rats to inhaled concentrations of 10 ppm carbon tetrachloride 

and 200 ppm 1,1,1-trichloroethane did not produce changes in several indices of liver damage (SGPT, 

SGOT, and liver malondialdehyde) compared with exposure to 10 ppm carbon tetrachloride alone (Ikatsu 

and Nakajima 1992).  This indicates that 1,1,1-trichloroethane may be protective against hepatotoxic 

effects of cytotoxic haloalkanes.  In contrast, co-exposure of ethanol-treated rats to 10 ppm carbon 

tetrachloride and 10–50 ppm chloroform produced liver damage that was greater than the additive effects 

of exposure to each component alone; this synergistic interaction was not observed in rats fed a diet 

without ethanol (Ikatsu and Nakajima 1992).  Extrapolation of these results to humans suggests that 
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heavy drinkers exposed to mixtures of carbon tetrachloride and chloroform may have a greater risk of 

developing liver damage than those exposed to either chlorinated alkane alone.  The results, however, 

provide no evidence for a synergistic interaction between carbon tetrachloride and 1,1,1-trichloroethane 

that would enhance the hepatotoxicity of either compound.  In experiments with isolated rat hepatocytes, 

concomitant exposure to chloroform, but not co-exposure to 1,1,1-trichloroethane, potentiated carbon 

tetrachloride-induced lipid peroxidation (Kefalas and Stacey 1991). 

 

Ketones and ketogenic substances (i.e., substances metabolized to ketones or that produce ketosis in the 

body) potentiate the hepatotoxicity of certain chlorinated alkanes including carbon tetrachloride, 

chloroform, and 1,1,2-trichloroethane (Plaa 1988).  Although the mechanism of this potentiation is not 

fully understood, Plaa (1988) has proposed enhanced bioactivation of the toxicant through cytochrome 

P-450 induction.  Studies with mice, however, found that treatment with acetone or isopropanol (which is 

metabolized to acetone) did not enhance the hepatotoxicity of 1,1,1-trichloroethane, but enhanced the 

threshold doses of chloroform, 1,1,2-trichloroethane, and trichloroethylene to elevate SGPT (Traiger and 

Plaa 1974).  Single intraperitoneal doses of 1,1,1-trichloroethane (1.0 mL/kg) did not produce liver 

damage (assayed either as elevation in SGPT or in concentrations of liver triglycerides) in control mice or 

in mice with alloxan-induced diabetes (i.e., that were in a state of ketosis) (Hanasono et al. 1975).  Other 

studies examining the influence of agents that enhance cytochrome P-450 metabolism have provided 

mixed results.  The cytochrome P-450 mixed-function oxidase inducer, phenobarbital, enhanced the 

hepatotoxicity of 1,1,1-trichloroethane in the rat study by Carlson (1973) but not in that of Cornish et al. 

(1973).  In general, the available data suggest that ketones, ketogenic substances, or cytochrome P-450 

inducers will not potentiate 1,1,1-trichloroethane hepatotoxicity. 

 

Concurrent injections of nicotine potentiate the lethality produced by intraperitoneal injection of 1,1,1-tri-

chloroethane in mice (Priestly and Plaa 1976).  Although no explanation has been given for the effect of 

nicotine, stimulation of the sympathetic nervous system and release of epinephrine from the adrenal 

medulla might enhance cardiac arrhythmias.   

 

3.10   POPULATIONS THAT ARE UNUSUALLY SUSCEPTIBLE  
 

A susceptible population will exhibit a different or enhanced response to 1,1,1-trichloroethane than will 

most persons exposed to the same level of 1,1,1-trichloroethane in the environment.  Reasons may include 

genetic makeup, age, health and nutritional status, and exposure to other toxic substances (e.g., cigarette 
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smoke).  These parameters result in reduced detoxification or excretion of 1,1,1-trichloroethane, or 

compromised function of organs affected by 1,1,1-trichloroethane.  Populations who are at greater risk 

due to their unusually high exposure to 1,1,1-trichloroethane are discussed in Section 6.7, Populations 

With Potentially High Exposures. 

 

Limited data from animal studies (Woolverton and Balster 1981) indicate that alcohol drinkers may be 

more susceptible to the acute neurobehavioral effects of 1,1,1-trichloroethane.  Moderate to heavy alcohol 

drinkers may be more susceptible to the hepatotoxicity of some chlorinated alkanes, such as carbon 

tetrachloride, chloroform, and 1,1,2-trichloroethane, due to ethanol induction of hepatic cytochrome 

P-450 isozymes involved in the activation of these compounds to intermediate hepatotoxic metabolites.  

Available animal studies (Cornish and Adefuin 1966; Klaassen and Plaa 1966, 1967), however, have not 

demonstrated that ethanol ingestion will potentiate the hepatotoxicity of 1,1,1-trichloroethane.  

Furthermore, evidence indicates that ethanol does not cause 1,1,1-trichloroethane and carbon tetrachloride 

to interact synergistically to produce hepatotoxic effects, although such an interaction has been 

demonstrated for ethanol, carbon tetrachloride, and chloroform (Ikatsu and Nakajima 1992).  The 

available data suggest that alcohol ingestion is not likely to significantly potentiate the hepatotoxicity of 

1,1,1-trichloroethane.  

 

Diabetics consistently in a state of ketosis may be more susceptible to the hepatotoxicity of certain 

chlorinated alkanes including carbon tetrachloride, chloroform, and 1,1,2-trichloroethane, due to a 

potentiation from increased ketone levels in the body.  Animal studies indicate that the ketone 

potentiation of the hepatotoxicity of chlorinated alkanes involves an enhancement of the metabolic 

production of hepatotoxic intermediate metabolites.  Available data, however, indicate that ketones do not 

appreciably potentiate the hepatotoxicity of 1,1,1-trichloroethane (Plaa 1986, 1988).  Thus, diabetics in a 

state of ketosis are not likely to be more susceptible to the hepatotoxicity of 1,1,1-trichloroethane than the 

population at large. 

 

Because 1,1,1-trichloroethane is associated with some cardiovascular effects (see Section 3.2.1.2), 

persons with compromised heart conditions may be at additional risk around high exposure levels of 

1,1,1-trichloroethane and should be restricted to some lower level of exposure. 

 

Although no data are available that address this issue, it is possible that individuals with impaired 

respiratory function (e.g., emphysema, poor perfusion) might excrete less 1,1,1-trichloroethane in a given 
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period than other people, since most of a single dose is expired (Monster et al. 1979; Nolan et al. 1984).  

In situations of prolonged exposure, such as living near a hazardous waste site, this might contribute to 

accumulation of 1,1,1-trichloroethane in the body.  People with respiratory disease might, therefore, 

constitute a more susceptible population. 

 

Young people might be unusually susceptible to 1,1,1-trichloroethane, since the nervous system continues 

to develop in humans after birth and this chemical may produce residual neurological effects.  

Developmental toxicity data in humans are not available to address this question.  Neurobehavioral 

testing of exposed rat pups was negative in one study (York et al. 1982).  Delays in developmental 

milestones (pinnae detachment, incisor eruption, and eye opening) and impaired performance in 

neurobehavior tests were noted in mouse pups of dams exposed to 1,1,1-trichloroethane during later 

stages of gestation at levels that did not result in apparent maternal toxicity (Jones et al. 1996).  These 

results suggest that developing organisms may be more susceptible than adults to the toxic effects of 

1,1,1-trichloroethane.  However, Jones et al. (1996) reported delays in developmental milestones (pinnae 

detachment, incisor eruption, and eye opening) and impaired neurobehavioral performance in mouse pups 

of dams exposed to 1,1,1-trichloroethane during later stages of gestation.  These results indicate that 

children might be more susceptible to 1,1,1-trichloroethane than adults. 

 

3.11   METHODS FOR REDUCING TOXIC EFFECTS  
 

This section will describe clinical practice and research concerning methods for reducing toxic effects of 

exposure to 1,1,1-trichloroethane.  However, because some of the treatments discussed may be 

experimental and unproven, this section should not be used as a guide for treatment of exposures to 

1,1,1-trichloroethane.  When specific exposures have occurred, poison control centers and medical 

toxicologists should be consulted for medical advice.  The following texts provide specific information 

about treatment following exposures to halogenated hydrocarbon solvents, such as 1,1,1-trichloroethane:   

 

Ellenhorn MJ, Schonwald S, Ordog G, et al., eds.  1997.  Medical toxicology:  Diagnosis and treatment of 
human poisoning.  2nd edition.  Baltimore, MD:  Williams & Wilkins, 1436-1440. 
 

Parraga M, West JM.  1998.  Hydrocarbons.  In:  Viccellio P, ed.  Emergency toxicology.  2nd edition.  
Philadelphia, PA:  Lippincott-Raven Publishers, 299-313. 
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3.11.1   Reducing Peak Absorption Following Exposure  
 

Ingested 1,1,1-trichloroethane is rapidly absorbed by the gastrointestinal tract of humans and animals 

(Mitoma et al. 1985; Reitz et al. 1988; RTI 1987; Stewart and Andrews 1966).  To minimize absorption 

following ingestion, several treatments have been suggested, including administration of milk or water to 

dilute the gastrointestinal tract contents, gastric lavage, and administration of emesis-inducing compounds 

or activated charcoal (Goldfrank et al. 1990; Stutz and Janusz 1988).  Butter or some other food high in 

lipids might be given.  The lipids will serve to delay substantially, and possibly diminish, systemic 

absorption of 1,1,1-trichloroethane.  It should be noted, however, that upon induction of emesis, there is 

the possibility of aspiration of 1,1,1-trichloroethane into the lungs, which may result in pneumonia.  

Therefore, treatment via stomach pump has been recommended.  Due to rapid absorption of 1,1,1-tri-

chloroethane by the gut, any measures to retard absorption must be taken very rapidly. 

 

Inhaled 1,1,1-trichloroethane is rapidly absorbed and expired, predominantly unchanged, through the 

lungs (see Section 3.4.).  The rapidity with which inhaled 1,1,1-trichloroethane is absorbed (Astrand et al. 

1973; Morgan et al. 1972a, 1972b) indicates that assisted ventilation or positive pressure ventilation 

techniques will not prevent the absorption of 1,1,1-trichloroethane in the lung and emphasizes the 

importance of removing the subject from the contaminated atmosphere.  Nevertheless, such techniques 

have been suggested to help eliminate the compound from the body (Bronstein and Currance 1988). 

 

The volatility of 1,1,1-trichloroethane is likely to limit absorption of the dermally applied compound, 

even though dermal absorption under conditions that prevent evaporation is rapid and extensive (Fukabori 

et al. 1977; Morgan et al. 1991; Stewart and Dodd 1964; Tsuruta 1975).  Washing the skin with soapy 

water has been suggested to reduce the absorption of dermally applied 1,1,1-trichloroethane (Bronstein 

and Currance 1988; Goldfrank et al. 1990; Stutz and Janusz 1988).  Ethyl or isopropyl alcohol also could 

be used to dilute 1,1,1-trichloroethane on the skin.  Flushing the exposed eye with large quantities of 

water or saline for 15–30 minutes has been suggested to prevent absorption and soothe irritation 

(Bronstein and Currance 1988; Stutz and Janusz 1988). 

 

3.11.2   Reducing Body Burden  
 

When exposure to 1,1,1-trichloroethane ceases, regardless of route of exposure, the compound is rapidly 

cleared from the body, predominantly by exhalation of unchanged 1,1,1-trichloroethane in expired air (see 
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Section 3.4.).  Very little metabolism of the compound takes place, and despite a preferential distribution 

of absorbed 1,1,1-trichloroethane to fatty tissues, significant retention does not occur without continued 

exposure.  Thus, continued ventilation by the lungs will eliminate the compound from the body.  

Suggested methods to assist in lung ventilation include orotracheal and nasotracheal intubation for airway 

control and positive pressure ventilation techniques (Bronstein and Currance 1988; Ellenhorn and 

Barceloux 1988). 

 

3.11.3   Interfering with the Mechanism of Action for Toxic Effects  
 

Suggested methods to treat the effects of acute exposure to 1,1,1-trichloroethane are primarily supportive, 

rather than active, and are not generally directed against a particular mechanism of action (Bronstein and 

Currance 1988; Ellenhorn and Barceloux 1988; Ellenhorn et al. 1997; Goldfrank et al. 1990; Herd et al. 

1974; Stutz and Janusz 1988; Parraga and West 1998).  Suggested methods of treatment include removing 

the subject from the source of exposure, ventilation assistance, gastric dilution and lavage for ingested 

material, oxygen administration, and skin washing.  Continuous cardiac monitoring is routine for exposed 

patients.  These methods rely on the body's ability to eliminate rapidly 1,1,1-trichloroethane and its 

metabolites.  Mechanisms of action, however, are discussed in this section in relation to the possible 

development of interfering treatment methods.  

 

The mechanism by which 1,1,1-trichloroethane and other organic solvents depress the central nervous 

system is poorly understood, but is thought to involve interactions of the parent compound with lipids 

and/or proteinaceous components of neural membranes (Evans and Balster 1991).  No known methods 

specifically counteract the central nervous system effects of 1,1,1-trichloroethane.  Because the specific 

cellular or biochemical nature of central nervous system depression is poorly understood, it is difficult to 

propose any method to interfere with this effect of 1,1,1-trichloroethane, other than to prevent further 

exposure to the compound so that it can be cleared from the body.  

 

The acute cardiotoxic effects of 1,1,1-trichloroethane (reduced blood pressure and increased sensitization 

to epinephrine-induced arrhythmias) appear to be mediated by the compound and not its metabolites 

(Carlson 1973; Toraason et al. 1990, 1992) and have been associated with the ability of 1,1,1-trichloro-

ethane to interfere with membrane-mediated processes including calcium mobilization during myocardial 

contraction (Herd et al. 1974; Hoffman et al. 1992; Toraason et al. 1990) and gap junction communication 

between myocardial cells (Toraason et al. 1992).  The administration of epinephrine to counteract 
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1,1,1-trichloroethane-induced cardiovascular depression has been cautioned against, because of the risk of 

arrhythmias and ventricular fibrillation (Bronstein and Currance 1988; Goldfrank et al. 1990; Herd et al. 

1974).  Herd et al. (1974) demonstrated that intravenous injection or infusion of calcium (as calcium 

gluconate) or phenylephrine protected against 1,1,1-trichloroethane-induced blood pressure reduction in 

anesthetized dogs and suggested more detailed study to assess whether these compounds could be used 

routinely to resuscitate exposed individuals.  Exogenous calcium appears to counteract the influence of 

1,1,1-trichloroethane on calcium mobilization during myocardial contraction (Herd et al. 1974; Hoffman 

et al. 1992; Toraason et al. 1990).  Evidence indicates that phenylephrine counteracts 1,1,1-trichloro-

ethane-induced vasodilation without influencing myocardial function (Herd et al. 1974).  Further studies 

examining these active methods of treatment were not located. 

 

Unlike more potent chlorinated alkanes such as carbon tetrachloride or 1,1,2-trichloroethane, it is not 

clear whether the hepatotoxicity of 1,1,1-trichloroethane is due to a metabolite or the parent compound 

(see Section 3.5).  If metabolites produced by cytochrome P-450 oxidation or dechlorination are 

responsible for the hepatotoxicity, administering cytochrome P-450 inhibitors (e.g., SKF-525A) may 

inhibit the development of toxic effects on the liver.  Clinical or animal studies examining the use of such 

an approach and the possibility of side effects, however, were not located. 

 

3.12   ADEQUACY OF THE DATABASE  
 

Section 104(i)(5) of CERCLA, as amended, directs the Administrator of ATSDR (in consultation with the 

Administrator of EPA and agencies and programs of the Public Health Service) to assess whether 

adequate information on the health effects of 1,1,1-trichloroethane is available.  Where adequate 

information is not available, ATSDR, in conjunction with the National Toxicology Program (NTP), is 

required to assure the initiation of a program of research designed to determine the health effects (and 

techniques for developing methods to determine such health effects) of 1,1,1-trichloroethane. 

 

The following categories of possible data needs have been identified by a joint team of scientists from 

ATSDR, NTP, and EPA.  They are defined as substance-specific informational needs that if met would 

reduce the uncertainties of human health assessment.  This definition should not be interpreted to mean 

that all data needs discussed in this section must be filled.  In the future, the identified data needs will be 

evaluated and prioritized, and a substance-specific research agenda will be proposed. 
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3.12.1   Existing Information on Health Effects of 1,1,1-Trichloroethane  
 

The existing data on health effects of inhalation, oral, and dermal exposure of humans and animals to 

1,1,1-trichloroethane are summarized in Figure 3-6.  The purpose of this figure is to illustrate the existing 

information concerning the health effects of 1,1,1-trichloroethane.  Each dot in the figure indicates that 

one or more studies provide information associated with that particular effect.  The dot does not 

necessarily imply anything about the quality of the study or studies, nor should missing information in 

this figure be interpreted as a “data need”.  A data need, as defined in ATSDR’s Decision Guide for 

Identifying Substance-Specific Data Needs Related to Toxicological Profiles (Agency for Toxic 

Substances and Disease Registry 1989), is substance-specific information necessary to conduct 

comprehensive public health assessments.  Generally, ATSDR defines a data gap more broadly as any 

substance-specific information missing from the scientific literature. 

 

Several case studies have documented the lethality of high concentrations of inhaled 1,1,1-trichloro-

ethane.  Experimental studies, as well as case reports, have reported on acute systemic and neurological 

effects.  Chronic systemic, neurological, developmental, and reproductive effects have been investigated 

in epidemiology studies.  Health effects caused by other routes of administration have not been as well 

studied in humans.  One case study regarding oral exposure to 1,1,1-trichloroethane reported acute 

systemic effects and investigated potential neurological effects.  Developmental effects and cancer from 

exposure to drinking water were investigated by epidemiology studies.  The effects of dermal exposure 

are discussed in case reports regarding peripheral neuropathy and dermal sensitization in workers and in 

controlled studies regarding skin irritation. 

 

As indicated in Figure 3-6, many aspects of the health effects resulting from inhalation, ingestion, and 

dermal exposure to 1,1,1-trichloroethane have been studied in animals.  Except for genotoxicity, each of 

the end points has been investigated in animals exposed to 1,1,1-trichloroethane by the inhalation and oral 

routes.  Fewer end points have been studied following dermal exposure. 

 

3.12.2   Identification of Data Needs  
 

Acute-Duration Exposure.    The primary target organs of 1,1,1-trichloroethane toxicity have been 

identified from human and animal studies.  The central nervous system appears to be the most sensitive 
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Figure 3-6.  Existing Information on Health Effects of 1,1,1-Trichloroethane 
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target organ after inhalation exposure.  Decreased psychomotor performance, altered EEG, ataxia, and 

anesthesia have been observed in humans after inhalation exposure (Dornette and Jones 1960; Gamberale 

and Hultengren 1973; Mackay et al. 1987; Muttray et al. 2000; Sot et al. 1975; Stewart et al. 1961, 1969; 

Torkelson et al. 1958).  Cardiovascular effects (decreased blood pressure and arrhythmias) and mild 

hepatic effects (increased serum enzyme levels, fatty liver, cholestasis) have also been observed (Cohen 

and Frank 1994; Croquet et al. 2003; Dornette and Jones 1960; Guberan et al. 1976; Halevy et al. 1980; 

Hodgson et al. 1989; Krantz et al. 1959; MacDougall et al. 1987; Stewart 1971; Stewart et al. 1961; 

Texter et al. 1979; Travers 1974).  Developmental toxicity studies in rats and rabbits indicated that 

1,1,1-trichloroethane can cause mild developmental delays and effects in the offspring at high levels 

(usually accompanied by significant maternal toxicity) (BRRC 1987a, 1987b; Jones et al. 1996; York et 

al. 1982).  Acute oral studies have determined lethal levels in animals and have shown that ingested 

1,1,1-trichloroethane produces neurological effects and reduced body weight gain in animals, and perhaps 

mild liver effects as well (Bruckner et al. 2001; Spencer et al. 1990; Torkelson et al. 1958; Tyson et al. 

1983).  The only human data on ingested 1,1,1-trichloroethane was a single case report (Stewart and 

Andrews 1966).  The distribution of 1,1,1-trichloroethane to the central nervous system after oral 

administration has not been investigated, but is likely to be similar to that following inhalation exposure.  

In an oral study of rats and mice, however, a significant concentration of 1,1,1-trichloroethane or its 

metabolites was found in the liver, a possible target organ (RTI 1987).  Data from dermal studies indicate 

only that concentrated 1,1,1-trichloroethane is a skin irritant (Duprat et al. 1976; Stewart and Dodd 1964; 

Torkelson et al. 1958; Wahlberg 1984a, 1984b).  Pharmacokinetic data based on dermal exposures are 

limited; however, 1,1,1-trichloroethane is absorbed following dermal exposure (Fukabori et al. 1977; 

Kezic et al. 2000, 2001; Stewart and Dodd 1964; Tsuruta 1975).  Therefore, the central nervous system 

and the liver are likely to be target organs after sufficient dermal exposure, although doses required to 

produce effects would be difficult to predict.  Data from inhalation studies in humans were sufficient to 

derive an acute-duration inhalation MRL based on decreased psychomotor performance (Mackay et al. 

1987).  An acute-duration oral MRL was not derived due to lack of adequate data.   

 

Populations near hazardous waste sites might be exposed to 1,1,1-trichloroethane for brief periods.  

1,1,1-Trichloroethane is a frequent contaminant of drinking water supplies, although doses of 1,1,1-tri-

chloroethane ingested by persons living near waste sites are generally significantly lower than doses 

shown experimentally to cause central nervous system depression or cardiac arrhythmias.  Nevertheless, 

valuable information could be gathered from acute oral animal toxicity studies with neurological and 

cardiovascular end points.  Similarly, acute dermal studies have focused on death and skin irritation, but 
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have not determined the doses that might produce other effects.  This information might be useful because 

dermal exposure to 1,1,1-trichloroethane is common among workers in certain industries, including those 

who clean up toxic waste sites.  Route-to-route extrapolation of existing inhalation data using PBPK 

models might be a useful approach to assessing health risk from acute-duration oral or dermal exposure to 

1,1,1-trichloroethane.  Such models are useful in predicting tissue levels of a given chemical and its 

metabolites following exposure by various routes. 

 

Intermediate-Duration Exposure.    No studies were located regarding intermediate-duration 

exposure to 1,1,1-trichloroethane in humans.  Data from animal studies indicate that the primary target 

organs of 1,1,1-trichloroethane after intermediate-duration inhalation exposure are the central nervous 

system and the liver.  Behavioral effects, decreased activity, and unconsciousness have been reported in 

animals (Mattsson et al. 1993; Moser et al. 1985; Torkelson et al. 1958), as have chemical changes 

indicative of physical damage to the brain (Rosengren et al. 1985).  Mild hepatic effects such as increased 

liver weight and fatty changes also have been reported (Adams et al. 1950; Calhoun et al. 1981; McNutt 

et al. 1975; Torkelson et al. 1958).  Liver necrosis was reported in one study (McNutt et al. 1975).  

Decreased body weight gain was reported in several studies (Adams et al. 1950; Bruckner et al. 2001; 

NTP 2000; Prendergast et al. 1967).  Reproductive and developmental effects also have been investigated 

following oral exposure (George et al. 1989; Lane et al. 1982; NTP 1988a, 1988b).  Intermediate-duration 

dermal exposure studies revealed only mild hepatic effects and skin irritation (Torkelson et al. 1958; 

Viola et al. 1981).  Pharmacokinetic data to help identify potential target organs after dermal exposure 

were not located.   

 

Inhalation data were sufficient to derive an intermediate MRL based on chemical changes suggesting 

physical damage in the brain of gerbils (Rosengren et al. 1985).  Data from the oral study of NTP (2000) 

were sufficient to derive an acute-duration oral MRL based on reduced body weight gain in female mice.  

Additional intermediate-duration oral studies could be designed to assess more subtle neurological effects 

in animals exposed to 1,1,1-trichloroethane via the oral exposure route.  Intermediate-duration dermal 

studies that attempt to determine NOAEL and LOAEL values for systemic and other neurological effects 

would be valuable, because populations near hazardous waste sites might be exposed to 1,1,1-trichloro-

ethane by this route for intermediate periods.  Route-to-route extrapolation of existing inhalation data 

using PBPK models might be a useful approach to assessing health risk from intermediate-duration oral 

or dermal exposure to 1,1,1-trichloroethane.  
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Chronic-Duration Exposure and Cancer.    The information provided in the limited number of 

chronic-duration exposure studies in humans is insufficient to define threshold effect levels.  Chronic-

duration inhalation and oral studies in animals have not defined threshold effect levels for most end 

points, although LOAEL values were reported for decreased body weight in rats and mice (Maltoni et al. 

1986; NCI 1977; Quast et al. 1988).  No studies of chronic-duration dermal exposure in humans or 

animals were located.  Pharmacokinetic studies after acute oral exposure indicate that the liver is a 

potential target organ; the mild liver effects observed in chronic-duration animal studies are supportive 

(Quast et al. 1988).  Existing pharmacokinetic data, however, are not sufficient to identify other target 

organs after chronic oral, inhalation, or dermal exposure, even though relatively high exposure levels 

have been tested. 

 

MRL values were not derived for chronic-duration inhalation exposure studies because target organs 

could not be identified.  Similarly, a chronic oral MRL was not derived due to lack of adequate data. 

 

Because populations near hazardous waste sites might be chronically exposed to 1,1,1-trichloroethane, 

studies that attempt to determine threshold effect levels for inhalation, oral, and dermal exposure would 

be valuable. 

 

Two-year cancer bioassays have been performed following both inhalation and oral exposure.  The results 

of one oral study indicate that 1,1,1-trichloroethane may have increased the occurrence of immunoblastic 

lymphosarcoma in rats (Maltoni et al. 1986).  Definite conclusions or implications could not be drawn 

based on this report, however, since experimental procedures were compromised, only one dose level was 

used and only a small number of rats responded.  Although no effects were found in a well-designed 

inhalation study at exposure levels ≤1,500 ppm (Quast et al. 1988), a follow-up chronic inhalation 

bioassay incorporating higher doses, an oral bioassay using several dose levels, larger study groups, and 

use of more than one species would allow more definitive assessment of 1,1,1-trichloroethane's 

carcinogenic potential. 

 

Genotoxicity.    No studies were located regarding the genotoxic potential of 1,1,1-trichloroethane in 

humans.  Existing genotoxicity studies indicate that 1,1,1-trichloroethane may be weakly mutagenic in 

Salmonella (Gocke et al. 1981; Nestmann et al. 1980, 1984; Simmon et al. 1977) and is able to induce 

deletions via intrachromosomal recombination in the yeast Saccharomyces cerevisiae (Brennan and 

Schiestl 1998) and transform mammalian cells in vitro (Daniel and Dehnel 1981; Hatch et al. 1982, 1983; 
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Milman et al. 1988; Price et al. 1978; Tu et al. 1985).  Numerous tests of other genotoxic effects have 

mostly been negative; however, only a few of these studies made an effort to prevent loss of 1,1,1-tri-

chloroethane due to volatility.  Studies designed to account for this property would allow a more complete 

assessment of genotoxicity.  Valuable information also would be provided by tests of chromosomal 

aberrations in peripheral lymphocytes from humans known to have been exposed to 1,1,1-trichloroethane.  

In addition, genotoxicity testing of 1,1,1-trichloroethane metabolites might be useful. 

 

Reproductive Toxicity.    An epidemiology study found no relationship between adverse pregnancy 

outcomes and occupational exposure of fathers to 1,1,1-trichloroethane during spermatogenesis (Taskinen 

et al. 1989).  Limited information regarding reproductive toxicity in animals was located.  A 

multigeneration reproduction study of rats exposed to 1,1,1-trichloroethane in drinking water found no 

reproductive effects (Lane et al. 1982).  Histological evaluation of reproductive organs and tissues after 

inhalation exposure of rats and mice revealed no lesions attributable to 1,1,1-trichloroethane exposure 

(Adams et al. 1950; Calhoun et al. 1981; Eben and Kimmerle 1974; Quast et al. 1988; Torkelson et al. 

1958; Truffert et al. 1977).  However, testicular degeneration was observed in guinea pigs (Adams et al. 

1950).  Reduced epididymal spermatozoal concentration was noted in male rats and mice administered 

1,1,1-trichloroethane in the diet at a concentration of 80,000 ppm (approximate doses of 4,800 and 

15,000 mg/kg/day) for 13 weeks, but there were no other indications of adverse male reproductive effects 

and no signs of altered estrus in similarly-treated female rats and mice (NTP 2000).  There are no 

pharmacokinetic data in humans to help evaluate potential reproductive effects.  Reproductive function 

has not been assessed in animals after inhalation or dermal exposure to 1,1,1-trichloroethane; however, 

available toxicokinetic data do not suggest route-specific target organs.  Nevertheless, an inhalation study 

of reproductive function in animals would be valuable for assessing reproductive toxicity, since inhalation 

is the predominant route of exposure for humans to 1,1,1-trichloroethane, and reproductive toxicity of 

1,1,1-trichloroethane has not been extensively assessed in humans or animals. 

 

Developmental Toxicity.    No relationship between maternal exposure to 1,1,1-trichloroethane and 

adverse pregnancy outcomes (spontaneous abortions/congenital malformations) was found in human 

epidemiology studies (Deane et al. 1989; Lindbohm et al. 1990; Swan et al. 1989; Taskinen et al. 1989; 

Windham et al. 1991; Wrensch et al. 1990a, 1990b).  Some studies in animals indicate that 1,1,1-tri-

chloroethane is a potential developmental toxicant in quite high doses.  Minor skeletal anomalies (delayed 

ossification and extra ribs in rats and rabbits, respectively, and decreased fetal body weight in rats) have 

been reported after inhalation exposure of pregnant rats or rabbits during major organogenesis (BRRC 
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1987a, 1987b; York et al. 1982).  These exposures were at concentrations that also produced significant 

maternal toxicity in two of the studies (BRRC 1987a, 1987b).  Delays in developmental milestones 

(pinnae detachment, incisor eruption, and eye opening) and impaired performance in neurobehavior tests 

were noted in mouse pups of dams exposed to 1,1,1-trichloroethane vapors during later stages of gestation 

at levels that did not result in apparent maternal toxicity (Jones et al. 1996).  No neurological effects were 

reported in the offspring of rats gavaged with 1,1,1-trichloroethane during gestation and lactation (Dow 

Chemical 1993).  A multigeneration developmental study of oral 1,1,1-trichloroethane exposure reported 

no teratogenic effects in rats (Lane et al. 1982).  Although developmental studies by the dermal route are 

lacking, available pharmacokinetic data do not suggest route-specific target organs.  Route-to-route 

extrapolation of existing inhalation and oral data using PBPK models might be a useful approach to 

assessing the risk of adverse developmental effects from dermal exposure to 1,1,1-trichloroethane. 

 

Immunotoxicity.    No studies were located regarding the immunotoxicity of 1,1,1-trichloroethane in 

humans.  Information regarding the lymphoreticular system was limited to reports of spleen congestion in 

subjects acutely exposed to high levels of 1,1,1-trichloroethane (Gresham and Treip 1983; Stahl et al. 

1969).  Exposed mice were not more susceptible to bacterial infection than unexposed control mice after a 

single inhalation exposure to 1,1,1-trichloroethane (Aranyi et al. 1986).  Very limited information exists 

regarding histology and function of tissues of the lymphoreticular system after 1,1,1-trichloroethane 

exposure by any route.  Histological evaluation of lymphoreticular tissues, including lymph nodes, 

thymus, and spleen, revealed no lesions attributable to 1,1,1-trichloroethane exposure (Adams et al. 1950; 

Calhoun et al. 1981; Kjellstrand et al. 1985b; Prendergast et al. 1967; Torkelson et al. 1958). 

 

Although available studies do not suggest that 1,1,1-trichloroethane induces immunotoxicity, 

comprehensive immunotoxicity assessments have not been performed.  Therefore, an acute- or 

intermediate-duration exposure study including a comprehensive evaluation of lymphoid tissues and 

blood components would provide valuable information regarding potential immunotoxicity. 

 

Neurotoxicity.    The central nervous system is apparently the primary target organ of 1,1,1-trichloro-

ethane toxicity.  Behavioral effects, altered EEG recordings, ataxia, unconsciousness, and death have been 

reported in human and animal studies (Halogenated Solvents Industry Alliance 1991; Balster et al. 1982, 

1997; Bowen and Balster 1996, 1998; Bruckner et al. 2001; Clark and Tinston 1982; DeCeaurriz et al. 

1983; del Amo et al. 1996; Dornette and Jones 1960; Evans and Belster 1993; Gamberale and Hultengren 

1973; Garnier et al. 1991; Gehring 1968; Kelafant et al. 1994; Mackay et al. 1987; Mattsson et al. 1993; 
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Moser and Balster 1985, 1986; Muttray et al. 2000; Páez-Martínez et al. 2003; Spencer et al. 1990; 

Stewart et al. 1961, 1969; Sullivan 1994; Torkelson et al. 1958; Warren et al. 1997, 1998; Wiley et al. 

2002; Winek et al. 1997; Woolverton and Balster 1981; You et al. 1994).  Neurochemical changes 

following prolonged inhalation exposure, suggesting morphological damage to the brain, have been 

reported in gerbils (Rosengren et al. 1985).  Respiratory depression appears to cause death in humans and 

animals.  Most studies were conducted by inhalation exposure, but limited data on oral exposure were 

also available, including a recent study in which no neurological effects were reported in the offspring of 

rats treated during gestation and lactation (Dow Chemical 1993) (see Developmental Toxicity).  

Neurological effects have not been reported after dermal exposure. 

 

Additional in-depth studies of the effects of 1,1,1-trichloroethane on neurological structure and function 

might provide important information regarding the mechanisms and reversibility of 1,1,1-trichloroethane-

induced neurological dysfunction.  Studies to follow-up on the reported changes in GFA protein 

following 1,1,1-trichloroethane exposure may be helpful.  Acute-, intermediate-, and chronic-duration 

exposure studies by the oral route, including comprehensive histological evaluations and nervous system 

function tests, would provide information regarding the dose-response relationship for this route of 

exposure.  An acute-duration dermal exposure to assess the potential for neurotoxicity by this route would 

also be useful, although toxicokinetic data available do not suggest route-specific target organs.  Route-to-

route extrapolation of existing inhalation and oral data using PBPK models might be a useful approach to 

assessing the risk of adverse neurological effects from dermal exposure to 1,1,1-trichloroethane.  

Populations residing near hazardous waste sites or in occupational settings might be exposed to 1,1,1-tri-

chloroethane.  Well-designed and controlled epidemiology studies of these populations may provide 

useful information on the potential for 1,1,1-trichloroethane at relevant exposure levels to produce 

neurological disturbances in humans. 

 

Epidemiological and Human Dosimetry Studies.    Epidemiology studies have investigated the 

relationship between long-term exposure to 1,1,1-trichloroethane and systemic, neurological, 

reproductive, developmental, and cancer effects in humans, but no health effects associated with exposure 

have been reported.  These studies, however, are limited in design and scope and do not provide definitive 

conclusions regarding the health effects of 1,1,1-trichloroethane exposure.  More extensive studies might 

provide a definitive assessment of the health hazards of chronic 1,1,1-trichloroethane exposure in humans, 

especially for occupationally exposed populations.  If such effects are identified, human dosimetry studies 

may be able to correlate 1,1,1-trichloroethane levels in human tissues or fluids with chronic health effects.  
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The usefulness of such studies on individuals living near hazardous waste sites is questionable since 

exposure is relatively low and the half-life of 1,1,1-trichloroethane and its metabolites too short.  Acute 

experimental studies in humans have established inhalation exposure levels associated with acute 

neurological effects.  Subpopulations potentially exposed to 1,1,1-trichloroethane include people residing 

near hazardous waste sites where the chemical is stored, people who encounter it in the workplace (either 

in its manufacture or application), and people who use household products that contain it.  It should be 

mentioned, however, that as a result of Title VI of the Clean Air Act, potential human exposure to 

1,1,1-trichloroethane is expected to be gradually reduced (see Chapter 6). 

 

Biomarkers of Exposure and Effect.     

 

Exposure.  Known biomarkers of 1,1,1-trichloroethane exposure include blood, breath, and urine levels 

of the chemical and its two major metabolites, trichloroethanol and trichloroacetic acid.  Metabolism of 

trichloroethylene and perchloroethylene also produces trichloroethanol and trichloroacetic acid; therefore, 

these metabolites are not unique to 1,1,1-trichloroethane (Monster 1988).  Environmental 1,1,1-trichloro-

ethane levels are significantly correlated with the levels in blood, breath, and urine (Hartwell et al. 1987a; 

Mizunuma et al. 1995; Monster 1986; Wallace et al. 1982, 1984b, 1985, 1987a, 1987b, 1987c).  1,1,1-Tri-

chloroethane is rapidly cleared from the body after exposure (Astrand et al. 1973; Monster et al. 1979; 

Nolan et al. 1984; Stewart et al. 1961).  The two metabolites have a much longer half-life in the body than 

the parent compound.  Therefore, 1,1,1-trichloroethane levels in the blood, breath, and urine may be used 

as biomarkers only if they are measured during or shortly after exposure.  The two metabolites are more 

useful as biomarkers for a somewhat longer period after exposure.  Because 1,1,1-trichloroethane's half-

life in the body is short, and because hematological profiles and clinical chemistry parameters are not 

usually affected, the further development of biomarkers based on easily-obtained biological fluids may 

not be useful.   

 

Effect.  No specific biomarkers of effect for 1,1,1-trichloroethane were located in the literature.  The 

central nervous system is apparently the most sensitive organ in humans and animals, and neurotoxicity 

(decreased psychomotor performance, ataxia, and unconsciousness) is observed after short-term high-

level exposure.  Development of specific biomarkers of effect would facilitate medical surveillance, 

which could lead to early detection of adverse effects. 
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Absorption, Distribution, Metabolism, and Excretion.    The absorption, metabolism, and 

elimination of 1,1,1-trichloroethane have been studied extensively in humans and animals.  Distribution 

has not been as well studied.  1,1,1-Trichloroethane is rapidly and efficiently absorbed by the lung, skin 

(under conditions to prevent evaporation), and gastrointestinal tract of humans and animals (Astrand et al. 

1973; Fukabori et al. 1977; Kezic et al. 2000, 2001; Monster et al. 1979; Nolan et al. 1984; Reitz et al. 

1988; RTI 1987; Stewart and Andrews 1966; Stewart and Dodd 1964; Tsuruta 1975).  As duration of 

inhalation exposure increases in humans and animals, the percentage net absorption decreases, because 

steady-state levels are approached in the blood and tissues, and 1,1,1-trichloroethane is metabolized at a 

low rate.  A study with humans equipped with respirators indicated that, during exposure to 1,1,1-tri-

chloroethane vapors in the atmosphere, absorbed doses from inhaled 1,1,1-trichloroethane are much 

larger than doses from dermal absorption (Riihimaki and Pfaffli 1978).  Animal studies demonstrated 

that, once absorbed, 1,1,1-trichloroethane is distributed by the blood to tissues and organs throughout the 

body, including developing fetuses, with preferential distribution to fatty tissues (Holmberg et al. 1977; 

Katagiri et al. 1997; Schumann et al. 1982a; Takahara 1986b).  Human data regarding the compound's 

distribution consist of observations that detectable levels were found in subcutaneous fat, kidney fat, liver, 

lung, and muscle in 30 autopsy cases (Alles et al. 1988).  The predominant pathway of 1,1,1-trichloro-

ethane elimination by humans and animals, regardless of exposure route, is exhalation of the unchanged 

compound (Mitoma et al. 1985; Monster et al. 1979; Nolan et al. 1984; Reitz et al. 1988; RTI 1987; 

Schumann et al. 1982a, 1982b).  When exposure ceases, the compound rapidly clears from the body.  

Only trace amounts of the compound remained in animal tissues within days of short-term exposure.  

Further studies in humans regarding extent and rates of absorption and elimination with dermal exposure 

to aqueous 1,1,1-trichloroethane solutions or suspensions under conditions allowing evaporation from the 

skin may provide useful information on dermal contact with contaminated water. 

 

Experiments with animals and humans have demonstrated that only small fractions of absorbed 1,1,1-tri-

chloroethane doses (<10%) are metabolized, regardless of the exposure route (Mitoma et al. 1985; 

Monster et al. 1979; Nolan et al. 1984; Schumann et al. 1982a, 1982b).  1,1,1-Trichloroethane is 

metabolized oxidatively to trichloroethanol and trichloroacetic acid by a concentration-dependent, 

saturable process that appears to involve the cytochrome P-450 mixed-function oxidase system.  These 

metabolites have been detected in urine excreted from exposed humans and animals; other minor 

metabolites (CO2 and acetylene, the latter formed by the reductive dechlorination of 1,1,1-trichloroethane 

under conditions of low oxygen supply) are eliminated in expired air. 
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The hepatotoxicity of 1,1,1-trichloroethane is quite low compared to other chlorinated hydrocarbons, 

including 1,1,2-trichloroethane.  The relatively low toxicity of 1,1,1-trichloroethane may be due to its 

relatively low metabolism rate, since the more hepatotoxic halocarbons are extensively metabolized.  

Whether the mild effects of repeated 1,1,1-trichloroethane exposure are evoked by the parent compound 

or the limited quantities of metabolites produced is not known, however.  The available data indicate that 

the acute effects on central nervous and cardiovascular systems are caused by 1,1,1-trichloroethane and 

not its metabolites.  The interference of 1,1,1-trichloroethane with membrane-mediated processes, due to 

lipophilicity, may be responsible for the acute effects on these systems; several cellular and biochemical 

processes appear to be affected by 1,1,1-trichloroethane. 

 

Comparative Toxicokinetics.    The toxicokinetic pattern of 1,1,1-trichloroethane is qualitatively 

similar in humans, rats, and mice.  There are major quantitative differences, however, including a higher 

blood:air partition coefficient, higher respiratory and circulatory rates, and increased rate of metabolism 

in mice.  This comparison has led to a suggestion that rats may be a better model for humans than mice.  

Physiologically-based pharmacokinetic models have been developed to describe the kinetic behavior of 

1,1,1-trichloroethane in mice, rats, and humans; these models have been used to make interspecies and 

interroute extrapolations in estimating 1,1,1-trichloroethane exposure levels in humans that will produce 

(or not produce) toxic effects (Bogen and Hall 1989; Dallas et al. 1989; Dobrev et al. 2001, 2002; Leung 

1992; Nolan et al. 1984; Poet et al. 2000; Reitz et al. 1988; USAF 1990).  Further research verifying the 

metabolic constants and other input parameters (partition coefficients, tissue values and blood flows, 

cardiac output, and respiratory volumes) used in these models might improve the accuracy and utility of 

the models in interspecies extrapolations.  In addition, verification of the models should also be 

performed at lower doses than those used to calibrate them. 

 

Methods for Reducing Toxic Effects.    Suggested methods to treat the effects of acute exposure to 

1,1,1-trichloroethane and other halogenated hydrocarbons are generally supportive and rely on the body's 

ability to eliminate rapidly 1,1,1-trichloroethane and its metabolites.  Animal studies indicate that 

intravenous injection or infusion of calcium gluconate or phenylephrine are protective against acute blood 

pressure reduction caused by exposure to 1,1,1-trichloroethane (Herd et al. 1974).  Further animal testing 

is needed to assess whether these compounds might be used to resuscitate individuals exposed to high 

concentrations of 1,1,1-trichloroethane. 
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Children’s Susceptibility.    No information was located regarding potential age-related differences in 

susceptibility to 1,1,1-trichloroethane in humans.  Delays in developmental milestones and impaired 

performance in neurobehavior tests in mouse pups of dams exposed to 1,1,1-trichloroethane vapors 

during later stages of gestation (Jones et al. 1996) indicate that developing organisms may be more 

susceptible than adults to the toxic effects of 1,1,1-trichloroethane.  Additional well-designed animal 

studies should be performed to adequately assess the potential for age-related increased susceptibility to 

1,1,1-trichloroethane. 

 

Child health data needs relating to exposure are discussed in Section 6.8.1, Identification of Data Needs:  

Exposures of Children. 

 

3.12.3   Ongoing Studies  
 

Two ongoing studies pertaining to 1,1,1-trichloroethane were located in a search of the Federal Research 

in Progress database (FEDRIP 2004). 

 

Dr. S. Bowen of Wayne State University in Detroit, Michigan has designed experiments to characterize 

subjective and psychomotor effects of toluene and 1,1,1-trichloroethane.  The research includes 

comparison of the results with those of other abused inhalants.  Other experiments are designed to 

elucidate basic mechanisms underlying and controlling inhalant abuse. 

 

Dr J. Zacny of the University of Chicago, Chicago, Illinois is developing a human laboratory model of 

inhalant abuse by studying potential determinants of abuse liability of inhalants (including 1,1,1-trichloro-

ethane) in healthy volunteers. 

 





1,1,1-TRICHLOROETHANE  177 
 
 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

4.  CHEMICAL AND PHYSICAL INFORMATION 
 

4.1   CHEMICAL IDENTITY  
 

Information regarding the chemical identity of 1,1,1-trichloroethane is located in Table 4-1. 

 

4.2   PHYSICAL AND CHEMICAL PROPERTIES  
 

Information regarding the physical and chemical properties of 1,1,1-trichloroethane is located in 

Table 4-2. 
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Table 4-1.  Chemical Identity of 1,1,1-Trichloroethane 
 

Characteristic Information Reference 
Chemical name 1,1,1-Trichloroethane CAS 2004 
Synonyms(s) Methylchloroform CAS 2004 
 Methyltrichloromethane CAS 2004 
 1,1,1-TCE  
 Trichloromethylmethane  
 α-Trichloromethane  
Registered trade name(s) Chlorothene NU OHM/TADS 1994 
 Aerothene TT  
Chemical formula CCl3CH3 CAS 2004 
Chemical structure 

Cl C C H
H

H

Cl

Cl  

 

Identification numbers:   
 CAS registry 71-55-6 CAS 2004 
 NIOSH RTECS KJ2975000 RTECS 2004 
 EPA hazardous waste U226, F002 HSDB 2004 
 OHM/TADS 8100101 OHM/TADS 1994 
 DOT/UN/NA/IMCO shipping UN 2831, IMO 6.1 HSDB 2004 
 HSDB 157 HSDB 2004 
 NCI C04626 HSDB 2004 
 
CAS = Chemical Abstracts Services; DOT/UN/NA/IMCO = Department of Transportation/United Nations/North 
America/International Maritime Dangerous Goods Code; EPA = Environmental Protection Agency; 
HSDB = Hazardous Substances Data Bank; NCI = National Cancer Institute; NIOSH = National Institute for 
Occupational Safety and Health; OHM/TADS = Oil and Hazardous Materials/Technical Assistance Data System; 
RTECS = Registry of Toxic Effects of Chemical Substances  
 
 
 



1,1,1-TRICHLOROETHANE  179 
 

4.  CHEMICAL AND PHYSICAL INFORMATION 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

 

Table 4-2.  Physical and Chemical Properties of 1,1,1-Trichloroethane 
 

Property Information Reference 
Molecular weight 133.4 CAS 2004 
Color Colorless Archer 1979; Sax and 

Lewis 1987 
Physical state Liquid Merck 1989 
Melting point -30.4 °C 

-33.0 °C 
Weast 1988 
Archer 1979 

Boiling point 74.1 °C Budavari 1989 
Density:   
 at 20 °C 1.3390 g/mL Weast 1988 
 at 25 °C 1.3299 g/mL Riddick et al. 1986 
 at 30 °C 1.32096 g/mL Riddick et al. 1986 
Odor Ethereal, chloroform-like Archer 1979; Aviado et al. 

1976 
Odor threshold:   
 Water No data  
 Air 120 ppm 

500 ppm 
Amoore and Hautala 1983; 
Reist and Rex 1977 

Solubility:   
 Water at 20 °C 0.1495% (wt/wt) Horvath 1982 
 Organic solvent(s) Soluble in alcohol, ether, 

chloroform; miscible with other 
chlorinated solvents, soluble in 
common organic solvents 

Archer 1979; Weast 1988 

Partition coefficients:   
 Log Kow 2.49 Hansch and Leo 1985 
 Log Koc 2.03 

2.02 
Friesel et al. 1984 
Chiou et al. 1979 

Vapor pressure at 20 °C 124 mm Hg 
16.4 1kPa 

Boublik et al. 1984 
Riddick et al. 1986 

Henry's law constant:   
 at 20 °C 6.3x10-3 atm Chiou et al. 1980 
 at 30 °C 17.2x10-3 atm Gossett 1987 
Autoignition temperature 537 °C HSDB 2004 
Flashpoint None Archer 1979 
Flammability limits 8–10.5% Archer 1979 
Conversion factors:   
 ppm (v/v) to mg/m3 in air (20 °C) 1 ppm = 5.4 mg/m3 Chiou et al. 1980 
 mg/m3 to ppm (v/v) in air (20 °C) 1 mg/m3 = 0.185 ppm  
Explosive limits 7.5–12.5% in air NIOSH 1990 
 
CAS = Chemical Abstracts Services; HSDB = Hazardous Substances Data Bank; NIOSH = National Institute for 
Occupational Safety and Health; v/v = volume by volume; wt/wt = weight by weight 
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5.  PRODUCTION, IMPORT/EXPORT, USE, AND DISPOSAL 
 

5.1   PRODUCTION 
 

According to the 1990 amendments to the Clean Air Act and the Montreal Protocol, U.S. production of 

1,1,1-trichloroethane will be cut incrementally, eventually being completely phased out by January 2002.  

During the period beginning on January 1, 2002 and ending on January 1, 2005, production of limited 

amounts of 1,1,1-trichloroethane may be authorized by the Administrator for use in essential applications, 

or for the export to developing countries (EPA 2004m).  The total production volumes of 1,1,1-trichloro-

ethane fell from 720 million pounds in 1992 to 450 million pounds in 1993 (CMR 1995).  The demand 

for 1,1,1-trichloroethane was projected to decline  at the rate of -10% per year through 1999 (CMR 1995). 

Despite the proposed phase-out, 1,1,1-trichloroethane was still being manufactured in the United States in 

2002 in a production volume range of >100 to <500 million pounds for 2002 (EPA 2002).  Two chemical 

companies are listed as domestic manufacturers in 2003 (SRI 2003):  Vulcan Materials Co. Chemicals 

Division in Geismer, Louisiana and PPG Industries in Lake Charles, Louisiana.  The estimated total 

production capacity at each of the facilities in 1994 (in millions of pounds) is 350 for PPG's plant in Lake 

Charles, Louisiana and 160 for Vulcan's plant in Geismar, Louisiana (estimated total capacity of 

510 million pounds as of April 1, 2003) (SRI 2003).   

 

Besides the above producers of 1,1,1-trichloroethane, Table 5-1 reports the number of facilities in each 

state that manufacture and process 1,1,1-trichloroethane, the intended use of the product, and the range of 

maximum amounts of 1,1,1-trichloroethane stored on site.  The data reported in Table 5-1 are derived 

from the Toxics Release Inventory (TRI) (TRI02 2004).  Only certain types of facilities were required to 

report to the TRI databank of EPA.  Hence, this is not an exhaustive list. 

 

The most common method for industrial preparation of 1,1,1-trichloroethane is the reaction of 

hydrochloric acid with vinyl chloride (obtained from 1,2-dichloroethane) to obtain 1,1-dichloroethane, 

followed by either thermal or photochemical chlorination.  Other methods include the catalyzed addition 

of hydrogen chloride to 1,1-dichloroethylene, and the direct chlorination of ethane itself, followed by 

separation from the other products produced (Archer 1979).  Commercial grades of 1,1,1-trichloroethane 

usually contain some inhibitor, such as nitromethane, methyl ethyl ketone, toluene, 1,4-dioxane, butylene 

oxide, 1,3-dioxolane, or secondary butyl alcohols (Archer 1979; OHM/TADS 1992). 
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Table 5-1.  Facilities that Produce, Process, or Use 1,1,1-Trichloroethane 
 

Statea 

Number 
of 
facilities 

Minimum 
amount on site 
in poundsb 

Maximum 
amount on site 
in poundsb Activities and usesc 

AR 3 1,000 99,999 7, 12 
CA 5 100 499,999,999 6, 7, 9, 11, 12 
IL 1 1,000 9,999 12 
IN 4 0 9,999 1, 2, 3, 5, 7, 9, 12 
KS 1 10,000 99,999 12 
KY 2 10,000 9,999,999 6, 12 
LA 4 0 49,999,999 1, 3, 4, 5, 6, 12, 13 
MI 2 1,000 9,999 12 
MO 1 10,000 99,999 12 
MS 1 1,000 9,999 12 
NE 1 10,000 99,999 12 
NJ 2 1,000 9,999,999 6, 12 
NM 1 1,000 9,999 2, 3, 11 
NY 1 0 99 12 
OH 4 1,000 999,999 2, 3, 7, 12 
PA 1 10,000 99,999 7, 9 
SC 1 10,000 99,999 7 
TX 4 100 999,999 1, 5, 10, 12 
UT 2 10,000 99,999 7, 12 
WI 1 0 99 2, 3, 6, 11 
 
Source: TRI02 2004 (Data are from 2002) 
 
aPost office state abbreviations used 
bAmounts on site reported by facilities in each state 
cActivities/Uses: 
1.  Produce 
2.  Import 
3.  Onsite use/processing 
4.  Sale/Distribution 
5.  Byproduct 

6.  Impurity 
7.  Reactant 
8.  Formulation Component 
9.  Article Component 
10.  Repackaging 

11.  Chemical Processing Aid 
12.  Manufacturing Aid  
13.  Ancillary/Other Uses 
14.  Process Impurity 
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5.2   IMPORT/EXPORT  
 

According to the Commerce Department's National Trade Data Bank (NTDB 1994), the following 

amounts of 1,1,1-trichloroethane (in pounds with kg in parentheses) were exported from the United States 

during the period 1989–1993: 124.3 million (56.4 million) in 1989; 114.6 million (52.0 million) in 1990; 

162.4 million (73.7 million) in 1991; 139.7 million (63.4 million) in 1992; and 75.8 million (34.4 million) 

in 1993.  The amount of 1,1,1-trichloroethane exported has declined since 1991.  Because 1,1,1-trichloro-

ethane has been classified as an ozone-depleting chemical, its export and import is regulated by Sections 

601–607 of the Clean Air Act.  1,1,1-Trichloroethane may not be imported into the United States; 

however, under section 604(e) of the Clean Air Act, 1,1,1-trichloroethane may be produced domestically 

for export to developing countries that are parties to the Montreal Protocol and are operating under 

article 5 of such Protocol until January 1, 2012 (EPA 2004m).  No recent data were found regarding 

amounts of 1,1,1-trichloroethane exported from the United States. 

 

5.3   USE  
 

1,1,1-Trichloroethane was developed initially as a safer solvent to replace other chlorinated and 

flammable solvents.  The uses of 1,1,1-trichloroethane as of 1995 and percentages of total amount 

devoted to each use are:  hydrochlorofluorocarbon (HCFC) intermediate (60%), vapor degreasing and 

cold cleaning 25% (through 1995), adhesives 5%, coatings and inks 3%, textiles 2%, and electronics and 

miscellaneous 5% (CMR 1995). During the period beginning on January 1, 2002 and ending on 

January 1, 2005, the Administrator may authorize the use of limited amounts of 1,1,1-trichloroethane for 

essential applications such as medical devices and aviation safety.  An example is its use for 

nondestructive testing for metal fatigue and corrosion of existing airplane engines and airplane parts 

susceptible to metal fatigue.  These applications have no safe and effective substitute available. 

 

1,1,1-Trichloroethane was used as a solvent for adhesives (including food packaging adhesives) and in 

metal degreasing, pesticides, textile processing, cutting fluids, aerosols, lubricants, cutting oil 

formulations, drain cleaners, shoe polishes, spot cleaners, printing inks, and stain repellents, among other 

uses.  It was used in industry primarily for cold-cleaning, dip cleaning, bucket cleaning, and vapor 

degreasing operations of items such as precision instruments, molds, electrical equipment, motors, 

electronic components and instruments, missile hardware, paint masks, photographic film, printed circuit 
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boards, generators, switchgears, semiconductors, high vacuum equipment, fabrics, and wigs.  It was also 

used for on-site cleaning of printing presses, food packaging machinery, and molds.  1,1,1-Trichloro-

ethane was also used as a chemical intermediate in the production of hydrochlorofluorocarbons and vinyl 

chloride.  It was formerly used as a food and grain fumigant (Archer 1979; Aviado et al. 1976, 1980; 

Budavari 1989; Sax and Lewis 1987; Stewart 1983; WHO 1992). 

 

1,1,1-Trichloroethane was used extensively in household products.  In a "shopping basket" survey, 

1,1,1-trichloroethane was found in 216 of 1,159 common household products chosen as likely to contain 

solvents at concentrations >0.1% by weight (Sack et al. 1992).  In a similar study, 1,1,1-trichloroethane 

was found in 32 of 67 categories (1,026 brands sampled) of common household products at 

concentrations >1% by weight; trace amounts were listed in all 67 categories (EPA 1987; Maklan et al. 

1987).  Some of the several commonly used household items that may contain 1,1,1-trichloroethane are 

shown in Table 5-2.  1,1,1-Trichloroethane is emitted during use of items prevalent in the average home 

(Pleil and Whiton 1990; Wallace et al. 1987b). 

 

5.4   DISPOSAL  
 

1,1,1-Trichloroethane has been identified as a hazardous waste by EPA, and disposal of this waste is 

regulated under the Federal Resource Conservation and Recovery Act (RCRA).  Specific information 

regarding federal regulations on 1,1,1-trichloroethane disposal on land, in municipal solid waste landfills, 

in incinerators, and during underground injection is available in the Code of Federal Regulations (EPA 

1992a, 1992b, 1992c, 1992d).  Disposal of 1,1,1-trichloroethane can be accomplished through its 

destruction in a high temperature incinerator equipped with a hydrochloric acid scrubber.  The destruction 

and removal efficiency (DRE) for 1,1,1-trichloroethane in hazardous wastes must attain 99.99% (Carroll 

et al. 1992).  Potential methods of incineration include liquid injection, rotary kiln, and fluidized bed 

incineration (Carroll et al. 1992; HSDB 2004).  Product residues and sorbent media may be packaged in a 

17H epoxy-lined drum, encapsulated in an organic polyester resin, and disposed of at an approved EPA 

disposal site (OHM/TADS 1992).  Other methods that have shown promise for the destruction of 

1,1,1-trichloroethane are homogeneous sonochemical treatment for aqueous wastes (Cheung et al. 1991) 

and a combination of ozonation and ultraviolet treatment for groundwater (Kusakabe et al. 1991).  From a 

laboratory feasibility study, it was concluded that the in situ biodegradation of 1,1,1-trichloroethane in 

soils by methane-oxidizing bacteria was not a viable bioremediation method (Broholm et al. 1991). 
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Table 5-2.  1,1,1-Trichloroethane in Common Household Productsa 
 
Product Concentration (percent w/w)b 
Adhesive cleaners 0.1–95.0 
Adhesives 0.2–121.1 
Aerosol spray paint 0.2–1.0 
Battery terminal protectors 37.1 
Belt lubricants 11.4–72 
Brake cleaners 0.4–75.6 
Carburetor cleaners 0.2–0.3 
Circuit board cleaners NS 
Door spray lubricants 95.6 
Drain cleaner (nonacid) 97.8 
Electric shaver cleaners 2.5–20.3 
Engine degreasers 0.2 
Fabric finishes 77.9–85.1 
Gasket removers/adhesives 0.2–1.0 
General purpose spray degreasers 0.1–71.4 
General purpose liquid cleaners 72.7–126.7 
Ignition wire driers 24.3–43.6 
Lubricants 0.1–104.5 
Miscellaneous nonautomotive 12.5–67.5 
Miscellaneous automotive 0.3–0.4 
Oven cleaners 97 
Paint removers/strippers 0.1–25.7 
Primers 1.2–61.8 
Rust removers 0.7 
Silicone lubricants 0.2–91.1 
Specialized aerosol cleaners 0.2–83.8 
Spot removers 10.5–110.8 
Spray shoe polish 11.4–62.3 
Stereo/record player cleaners 0.7 
Suede protectors 4.8–118.5 
Tape recorder cleaners 0.2–101.5 
Tire cleaners 0.1–90.3 
Transmission cleaner/lubricant 113 
TV/computer screen cleaners 0.3 
Typewriter correction fluid 6–110 
VCR cleaners 97.8 
Video disk cleaners 0.6 
Water repellents 0.2–116.2 
Wood cleaners 12.3–20.4 
Woodstain/varnishes/finishes 0.1–21.4 
 
aSource:  Adapted from Frankenberry et al. 1987; Maklan et al. 1987 
bAverage recovery from spiked samples:  97+13% 
 
w/w = weight per weight 
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6.  POTENTIAL FOR HUMAN EXPOSURE 
 

6.1   OVERVIEW  
 

1,1,1-Trichloroethane has been identified in at least 809 of the 1,647 hazardous waste sites that have been 

proposed for inclusion on the EPA National Priorities List (NPL) (HazDat 2004).  However, the number 

of sites evaluated for 1,1,1-trichloroethane is not known.  The frequency of these sites can be seen in 

Figure 6-1.  Of these sites, 804 are located within the United States, 3 are located in the Commonwealth 

of Puerto Rico (not shown), 1 is located in the Virgin Islands (not shown), and 1 is located in Guam (not 

shown). 

 

1,1,1-Trichloroethane is a synthetic compound that is released to the environment by human industrial 

activity.  It was released to the environment by process and fugitive emissions during its manufacture, 

formulation, and use in both consumer and industrial products.  Because 1,1,1-trichloroethane is volatile 

and was used as a solvent in many products, it was most frequently found in the atmosphere due to 

volatilization during production and use.  1,1,1-Trichloroethane is an ozone depleting substance and has 

been listed as a class I substance under Section 602 of the Clean Air Act.  Class I substances have an 

ozone depletion potential (ODP) of ≥0.2 and include chlorofluorocarbons (CFCs), halons, carbon 

tetrachloride, 1,1,1-trichloroethane, and methyl bromide.  Although recent estimates have yielded an ODP 

of 0.12 for 1,1,1-trichloroethane, it is still listed as a class I substance.  Under Section 604 of the Clean 

Air Act as amended in 1990, all production and use of 1,1,1-trichloroethane was scheduled to cease as of 

January 1, 2002.  However, 1,1,1-trichloroethaene may still be used for essential applications such as 

medical devices and aviation safety (for the testing of metal fatigue and corrosion of existing airplane 

engines and other parts susceptible to corrosion) until January 1, 2005.  1,1,1-Trichloroethane (and other 

class I substances) may also be produced domestically for export to developing countries as specified in 

Section 604(e) of the Clean Air Act.  This exception to the phase-out is scheduled to end by 

January 1, 2012 for 1,1,1-trichloroethane (EPA 2004m).  1,1,1-trichloroethane was still being 

manufactured in the United States in 2002 in a production volume range of >100 – <500 million pounds.  

More current production data are not yet available and therefore, it is unclear what stage the phase-out is 

in at this time. 
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Figure 6-1.  Frequency of NPL Sites with 1,1,1-Trichloroethane Contamination 
 
 

 

1-6
7-12
13-20
21-30
59-66
69-77

Derived from HazDat 2004

Frequency of
NPL Sites



1,1,1-TRICHLOROETHANE  189 
 

6.  POTENTIAL FOR HUMAN EXPOSURE 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

1,1,1-Trichloroethane is no longer used in common household products.  The current likelihood of 

exposure of the general population to 1,1,1-trichloroethane is remote.  Possible routes of exposure to 

1,1,1-trichloroethane were inhalation, dermal contact, or through the ingestion of either contaminated 

water or food.  Exposure by inhalation was expected to predominate.  The general population was 

exposed to 1,1,1-trichloroethane because of its prevalence in common household products.  Indoor air 

concentrations were determined to be greater than nearby outdoor concentrations, probably as a result of 

its presence in a myriad of consumer products in the past.  Occupational exposure to 1,1,1-trichloroethane 

could occur by inhalation or dermal contact during its manufacture and formulation, during its use as a 

cleaner of manufactured components, and during the application of the numerous paints, resins, 

adhesives, and cleaners containing it as a solvent.  At hazardous waste sites, inhalation is expected to be 

the predominant route of exposure; however, ingestion of contaminated water may occur also.   

 

The dominant environmental fate process for 1,1,1-trichloroethane is volatilization to the atmosphere.  

Once in the atmosphere, reaction with photochemically-produced hydroxyl radicals is expected to be the 

most important transformation process for 1,1,1-trichloroethane; the estimated atmospheric lifetime for 

this process is about 6 years.  This long atmospheric lifetime allows about 15% of 1,1,1-trichloroethane to 

migrate to the stratosphere, where it may be degraded by lower wavelength ultraviolet light, not available 

in the troposphere, to produce atomic chlorine.  The chlorine atoms produced in the stratosphere by this 

process may react with ozone causing the erosion of the ozone layer.  However, direct photochemical 

degradation of 1,1,1-trichloroethane in the troposphere should not occur.  The moderate water solubility 

of 1,1,1-trichloroethane suggests that rain washout can occur; however, 1,1,1-trichloroethane removed 

from the atmosphere by this process would be expected to re-volatilize.  The lengthy half-life for 

1,1,1-trichloroethane in the troposphere allows it to be carried great distances from its original point of 

release, and it has been found in remote places far from any known source of release. 

 

If released to soil, 1,1,1-trichloroethane should display high mobility and the potential for leaching into 

groundwater.  Volatilization from soil surfaces to the atmosphere is expected to be an important fate 

process.  Although data regarding biodegradation of 1,1,1-trichloroethane in soil are lacking, it is not 

expected to be an important fate process.  1,1,1-Trichloroethane is not expected to undergo aerobic 

biodegradation, but there is some experimental evidence that biodegradation may occur under anaerobic 

conditions. 
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Once released to surface water, 1,1,1-trichloroethane is expected to undergo volatilization to the 

atmosphere.  Neither adsorption to sediment nor bioconcentration in aquatic organisms is recognized as 

an important removal process.  Aerobic biodegradation of 1,1,1-trichloroethane can occur in the presence 

of methane-oxidizing bacteria.  If released to groundwater, biodegradation of 1,1,1-trichloroethane under 

anaerobic conditions is known to occur; however, it appears to be a slow process under most 

environmental conditions. 

 

1,1,1-Trichloroethane may very slowly undergo abiotic degradation in soil or water by elimination of 

hydrochloric acid (HCl) to form 1,1-dichloroethene, which also can be considered a pollutant, or it can 

undergo hydrolysis to form the naturally occurring acetic acid.  Direct photochemical degradation is not 

expected to be an important fate process. 

 

6.2   RELEASES TO THE ENVIRONMENT  
 

The manufacture and use of 1,1,1-trichloroethane was scheduled to be phased out by 2002.  Since the 

declines in emissions closely follow the declines in production and use, the emissions of 1,1,1-trichloro-

ethane to the atmosphere should show a corresponding decline (EPA 2004m).  

 

6.2.1   Air  
 

A correlation of data from the EPA Air Toxics Emission Inventory with industrial source codes (SIC 

codes), shows that volatile emissions of 1,1,1-trichloroethane are associated with 122 different industrial 

classifications that run the gamut from manufacturing and formulation to secondary uses (Pacific 

Environmental Services, Inc. 1987).  Release of 1,1,1-trichloroethane, in most cases, is an expected result 

of its use (Spence and Hanst 1978).  Small amounts of 1,1,1-trichloroethane is also released to the 

atmosphere from coal-fired power plants (Garcia et al. 1992), from incineration of hospital wastes (Green 

et al. 1992; Walker and Cooper 1992), incineration of military nerve agents (Mart and Henke 1992), 

incineration of industrial wastes containing certain plastics and waste solvents (Nishikawa et al. 1992, 

1993), and incineration of municipal waste water sludge (Vancil et al. 1991).  1,1,1-Trichloroethane 

contained in consumer products was released into the atmosphere during the application, drying, or curing 

of these products.  1,1,1-Trichloroethane can enter the atmosphere via the air-stripping treatment of waste 

water.  Volatilization, which accounts for ≈100% of removal in waste water, occurs during this process 

(Kincannon et al. 1983a).  Volatilization from waste lagoons is also likely (Shen 1982).  
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Precise quantitative data on 1,1,1-trichloroethane air emissions are lacking.  A large proportion of total 

production probably found its way into the atmosphere.  Estimates for 1984 suggest that 100.4 kilotons 

(220 million pounds) were released during use by the European Economic Community (EEC) and other 

western European countries, a figure representing some 70% of total consumption in Europe (Herbert et 

al. 1986).  Global estimates indicate that 1,497 million pounds (679 million kg) of 1,1,1-trichloroethane 

were released to the atmosphere in 1988 (Midgley 1989).  1,1,1-Trichloroethane releases in air from 

facilities in each state in the United States that manufactured or processed 1,1,1-trichloroethane during 

2002 are reported in the Toxics Release Inventory (TRI) and listed in Table 6-1 (TRI02 2004).  According 

to TRI02 (2004), an estimated total of 234,013 pounds of 1,1,1-trichloroethane, amounting to 85.5% of 

the total environmental release, was discharged to the air from manufacturing and processing facilities in 

the United States in 2001.  The TRI data should be used with caution because only certain types of 

facilities are required to report.  This is not an exhaustive list.  However, a comparison of TRI data for 

1992 and 2002 (115 million pounds and 234,013 pounds, respectively) shows that the nationwide 

emission of 1,1,1-trichloroethane in the atmosphere has decreased by 97.9% during this period.  A 

36% reduction in atmospheric emissions was observed in Irvine, California, from 1989 to 1990 (Brown 

and Hart 1992).  Most processes that use 1,1,1-trichloroethane result in some fugitive emissions.  For 

example, the release of 1,1,1-trichloroethane from an industrial solvent recycling facility was 16.7% of 

the throughput (Balfour et al. 1985). 

 

6.2.2   Water  
 

1,1,1-Trichloroethane can be released to surface water from the waste water of industries in any of the 

numerous industrial classifications that used or produced this compound.  The STORET database for 

values registered in the years 1980–1988 shows that 1,1,1-trichloroethane tested positive in 12% of 

effluent samples with maximum, median, and mean concentrations of 6,500, 8.0, and 171 mg/L, 

respectively (STORET 1988).  1,1,1-Trichloroethane releases in water, including release to publicly 

owned treatment works (POTW), from facilities in each state in the United States that manufactured or 

processed 1,1,1-trichloroethane during 2002 are reported in Table 6-1 (TRI02 2004).  According to TRI02 

(2004), 0.049% of the total 1,1,1-trichloroethane environmental release was discharged to environmental 

waters from manufacturing and processing facilities in the United States in 2002.  The TRI data should be 

used with caution because only certain types of facilities are required to report.  This is not an exhaustive 

list.  Higher concentrations of 1,1,1-trichloroethane have been found in surface waters near known  
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Table 6-1.  Releases to the Environment from Facilities that Produce, Process, or 
Use 1,1,1-Trichloroethanea 

 
 Reported amounts released in pounds per yearb 

Total release 
Statec RFd Aire Waterf UIg Landh Otheri On-sitej Off-sitek On- and off-site 
AR 3 592 No data 0 0 0 592 0 592 
CA 6 12,057 No data 0 0 0 12,057 0 12,057 
IL 2 10 No data 0 198 154 10 352 362 
IN 4 284 No data 0 0 0 284 0 284 
KS 1 500 No data 0 5 0 500 5 505 
KY 2 16,605 6 0 250 0 16,611 250 16,861 
LA 4 151,670 46 0 18 0 151,717 17 151,734 
MI 2 505 No data 0 38,405 0 38,881 29 38,910 
MO 1 3 0 0 0 0 3 0 3 
MS 1 500 No data 0 0 0 500 0 500 
NE 1 255 No data 0 0 0 255 0 255 
NJ 2 111 28 0 27 0 162 4 166 
NM 1 6,000 No data 0 250 0 6,000 250 6,250 
NY 1 0 No data 0 0 5 0 5 5 
OH 4 3,106 5 12 258 0 3,111 270 3,381 
PA 1 80 No data 0 0 0 80 0 80 
SC 1 470 No data 0 0 0 470 0 470 
TX 5 3,317 14 0 0 0 3,331 0 3,331 
UT 2 37,937 No data 0 0 0 37,937 0 37,937 
WI 2 10 No data 0 0 0 10 0 10 
Total 46 234,013 99 12 39,411 159 272,512 1,182 273,694 
 
Source:  TRI02 2004 (Data are from 2002) 
 
aThe TRI data should be used with caution since only certain types of facilities are required to report.  This is not an 
exhaustive list.  Data are rounded to nearest whole number. 
bData in TRI are maximum amounts released by each facility. 
cPost office state abbreviations are used. 
dNumber of reporting facilities 
eThe sum of fugitive and point source releases are included in releases to air by a given facility. 
fSurface water discharges, wastewater treatment-(metals only), and publicly owned treatment works (POTWs) 
(metal and metal compounds) 
gClass I wells, Class II-V wells, and underground injection 
hResource Conservation and Recovery Act (RCRA) subtitle C landfills; other on-site landfills, land treatment, surface 
impoundments, other land disposal, other landfills 
iStorage only, solidification/stabilization (metals only), other off-site management, transfers to waste broker for 
disposal, unknown. 
jThe sum of all releases of the chemical to air, land, water, and underground injection wells 
kTotal amount of chemical transferred off-site, including to POTWs 
 
RF = reporting facilities; UI = underground injection 
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industrial sources, such as effluent outfalls or disposal sites, compared to the levels found upstream from 

these sources (see Table 6-2) (Dreisch et al. 1980; Hall 1984; Kaiser and Comba 1986; Kaiser et al. 1983; 

Wakeham et al. 1983a). 

 

1,1,1-Trichloroethane has been found in samples from four U.S. cities measured in the National Urban 

Runoff Program (Cole et al. 1984).  1,1,1-Trichloroethane has been found in the effluent from water 

treatment plants and municipal waste water (Comba and Kaiser 1985; Corsi et al. 1987; DeWees et al. 

1992; Feiler et al. 1979; Lue-Hing et al. 1981; McCarty and Reinhard 1980; Namkung and Rittman 1987; 

Otson 1987; Pincince 1988; Rogers et al. 1987; Vancil et al. 1991; Young 1978; Young et al. 1983). 

 

1,1,1-Trichloroethane can enter groundwater from various sources.  Contamination as a result of 

industrial activity has occurred (Dever 1986; Hall 1984).  Leachate from landfills has percolated into 

groundwater (Barker 1987; Plumb 1987).  The measured soil sorption coefficient (Koc) value of 

2.02 (Chiou et al. 1980; Gossett 1987) suggests that 1,1,1-trichloroethane released to soil can leach into 

groundwater.  Measurements of 1,1,1-trichloroethane in drinking water from probability-based population 

studies (Wallace et al. 1984a, 1987a, 1988), indicate the potential for exposure from drinking water. 

 

6.2.3   Soil  
 

1,1,1-Trichloroethane release on land, including underground injection, from facilities in each state in the 

United States that manufactured or processed 1,1,1-trichloroethane during 2002 are reported in Table 6-1 

(TRI02 2004).  According to TRI02 (2004), an estimated total of 39,411 pounds of 1,1,1-trichloroethane, 

amounting to 14.48% of the total environmental release, was discharged to the land from manufacturing 

and processing facilities in the United States in 2002.  The TRI data should be used with caution because 

only certain types of facilities are required to report.  This is not an exhaustive list.   

 

Data on soil contamination by 1,1,1-trichloroethane are lacking in the literature, which is what one would 

expect based on the TRI02 (2004) data given in Table 6-1.  Contamination of soil is possible by direct 

application of insecticides and rodenticides that contain 1,1,1-trichloroethane as a solvent.  Land 

application of sewage sludge at typical application rates may slightly elevate the level of 1,1,1-trichloro-

ethane in agricultural soil, but the level is not expected to be of environmental concern in the majority of 

cases (Wilson et al. 1994).  The most likely routes for soil contamination are through accidental spills, the 

contamination of soil by landfill leachates, leaching of contaminated surface waters from  
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Table 6-2.  Detection of 1,1,1-Trichloroethane in Water and Sediments 
 

Concentration (ppb)  

Media type/location 
Sampling 
dates 

Number 
of 
Samples Range Mean Reference 

Surface water      
 Ohio River 

(Huntington, WV) 
1978–1979 22 ND–0.57a NS Dreisch et al. 1980 

 Schuylkill Creek 
(Philadelphia, PA) 

 33 ND–0.28 NS  

 Niagara River 1981 17 ND–0.017b 0.007 Kaiser et al. 1983 
 Lake Ontario  82 ND–0.180 NS  
 Lake St. Clair, 

Canada 
1984 64 0–0.112b 0.052 Kaiser and Comba 

1986 
 Brazos River, TX 1981–1982 10 ND–0.61a 0.1 McDonald et al. 

1988 
 Quinnipiac River 

(Southington, CT) 
1980 5 ND–9.7a 2.6 Hall 1984 

 Valley of the 
Drums, KT (on-site 
standing water) 

1979 NS ND–9.4a  Stonebraker and 
Smith 1980 

 Lang Property, NJ 1985 NS 9a  EPA 1987c 
 Pacific Ocean 1975 NS 0.00062–0.0105c  Su and Goldberg 

1976 
 Summit National, 

OH (NPL site) 
1987    EPA 1988n 

  on-site 3 5–66 13   
  off-site 6 ND–29 4.8   
Sediments:      
 Lake Pontchartrain, 

LA 
1980 NS ND–0.01d  Ferrario et al. 1985 

 Pacific Ocean (Los 
Angeles) 

1981 2  <0.5 Young et al. 1983 

 Detroit River, MI 1982 2 1–2e NS Fallon and Horvath 
1985 

 Summit National, 
OH (NPL site) on-
site pond sediment 

1987 7 50–2,500f 670f EPA 1988n 

Groundwater:      
 CERCLAg 

hazardous waste 
sites 

1981–1984 178 NS  Plumb 1987 

 Landfill Sites, 
Ontario, Canada 

NS NS ND–2.8a NS Barker 1987 

 Southington, CT 1980 28 ND–11,000a NS Hall 1984 
 New Jersey 1980–1982 315 NS NS Fusillo et al. 1985 
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Table 6-2.  Detection of 1,1,1-Trichloroethane in Water and Sediments 
 

Concentration (ppb)  

Media type/location 
Sampling 
dates 

Number 
of 
Samples Range Mean Reference 

 Montgomery 
County, MD 

1983 4 <10–1,600a NS Dever 1986 

 Hastings, NE 1984 15 ND–12.1a NS Fischer et al. 1987 
 Hastings, NE 1984 15 ND–12.1a NS Fischer et al. 1987 
 U.S. cities      
  Population 

<10,000 
(random 
samples) 

280 ND–18a   

  Population 
<10,000 
(nonrandom)h 

321 ND–8.2  

  Population 
>10,000 
(random 
samples) 

186 ND–3.1  

  Population 
>10,000 
(nonrandom)h 

1981–1982 

158 ND–21  

Westrick et al. 1984

 Minnesotai 1983 20 ND–470a NS Sabel and Clark 
1984 

 Lang property, NJ 1985 NS 8,200a  EPA 1987c 
 Marshall landfill, 

COj 
1983 NS ND–350a  EPA 1986b 

 Forest Waste 
Disposal Site 

1983 NS 130a  EPA 1986c 

 Genesee County, 
MIj 

     

 Palmer, MA PSC 
Resources, Inc. 
(NPL site) 

1987 NS    

  on-site   NS 40,000k 
  off-site   NS 3,700k 

Massachusetts 
Department of 
Public Health 1989 

 Idaho National 
Eng. Lab, IO 

1987 112 ND–140a  Mann and Knobel 
1988 

 9 Urban land-use 
studies 

1991 208 ND–230a NS Kolpin et al. 1997 

Drinking water:      
 Old Love Canal, 

NY 
1978 9 0.010–0.120b  Barkley et al. 1980 

 Bayonne/Elizabeth, 
NJ 

1980    Wallace et al. 1984a
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Table 6-2.  Detection of 1,1,1-Trichloroethane in Water and Sediments 
 

Concentration (ppb)  

Media type/location 
Sampling 
dates 

Number 
of 
Samples Range Mean Reference 

  home  75 0.03–3.50l 0.02  
  work  45 0.02–1.60 0.07  
 Research Triangle 

Park, NC 
     

  home  30 0.02–1.90   
  work  18 0.02–0.89   
 1981  NS–5.3 0.6 
 1982  NS–2.6 0.2 
 

New Jersey 

1983  NS–1.6 0.2 

Wallace et al. 1987a

 North Carolina 1982  NS–0.05 0.03  
 North Dakota 1982  NS–0.07 0.04  
 Los Angeles, CA February 1984 117 NS 0.15a Wallace et al. 1988 
 Los Angeles, CA June 1984 52 NS 0.08a  
 Contra Costa, CA May 1984 71 NS 0.09a  
Drinking water wells 
(groundwater): 

     

 Maine NS NS NS–5,440 NS Burmaster 1982 
 New York   NS–5,100   
 Connecticut   NS–1,600   
 New Jersey   NS–965   
 Nassau County, 

NY 
  NS–310 9  

 Suffolk County, NY 1976–1986     
  public wells  575 NS–900a 16.5 Zaki 1986 
  private wells  19,000 NS–12,200 23.8  
 Wisconsin 1980–1984    Krill and Sonzogni 

1986 
  community wells  1,174 NS   
  private wells  617 NS   
 Rock River 

Terrace, ILj 
1985 NS NS–3.2  EPA 1986d 

 South Brunswick, 
NJ 

1977 NS 150–1,500  Althoff et al. 1981 

 Sewage Sludge      
 United States (Site 

NS) 
1978 2 23–99a  Feiler et al. 1980 

 Forest Wate 
Disposal Site, MIj 

1983 NS 25a  EPA 1986c 

 Vestal, NYj 1985–1986 2 25–47a 36a ATSDR 1988 
Urban runoff:      
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Table 6-2.  Detection of 1,1,1-Trichloroethane in Water and Sediments 
 

Concentration (ppb)  

Media type/location 
Sampling 
dates 

Number 
of 
Samples Range Mean Reference 

 Washington, DC; 
Denver, CO 

NS–1982 NS 1.6–10a NS Cole et al. 1984 

 Rapid City, SD      
 Lake 

Quinsigamond, MA 
     

Rain:      
 Los Angeles, CA 1982 1  0.069b Kawamura and 

Kaplan 1983 
 Beaverton, OR 1982 21 0.128–0.924m 0.434 Rasmussen et al. 

1983 
Snow:      
 Mt. Hood, OR 1981–1982 25 0.063–0.128m 0.091 Rasmussen et al. 

1983 
 California 1975 2 0.0006–0.0062c  Su and Goldberg 

1976 
 Alaska  1 0.027   
 
aData reported in µg/L; converted to ppb using the conversion factor 1 ppb=1 µg/L 
bData reported in ng/L; converted to ppb using the conversion factor 1 ppb=1,000 ng/L 
cData reported in pg/mL; converted to ppb using the conversion factor 1 ppb=1,000 pg/mL 
dData reported in ng/g; converted to ppb using the conversion factor 1 ppb=1 ng/g 
eData reported in mg/kg; converted to ppb using the conversion factor 1 ppb=0.001 mg/kg 
fData reported in µg/kg; converted to ppb using the conversion factor 1 ppb=1 µg/kg 
gComprehensive Emergency Response, Compensation, and Liability Act 
hNonrandom sites were chosen by states/municipalities in an attempt to identify problem areas. 
iSite near municipal solid waste site 
jNPL site 
kData reported in ppm; converted to ppb using the conversion factor 1 ppb=0.001 ppm 
lData reported in ng/mL; converted to ppb using the conversion factor 1 ppb=1 ng/mL 
mData reported in ppt; converted to ppb using the conversion factor 1 ppb=1,000 ppt 
 
ND = not detected; NPL = National Priorities List; NS = not specified 
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treatment/storage lagoons, wet deposition, and possibly by the percolation of contaminated rainwater 

through soil. 

 

6.3   ENVIRONMENTAL FATE  

6.3.1   Transport and Partitioning  
 

1,1,1-Trichloroethane is a volatile organic compound with moderate water solubility (1,500 mg/L at 

25 °C) (Horvath 1982).  The experimental Henry's law constants measured for this compound range from 

6.3x10-3 to 17.2x10-3 atm m3/mol at 25 °C (Chiou et al. 1980; Gossett 1987; Tse et al. 1992); this  

suggests that volatilization from water should be the dominant fate process.  Volatilization of 1,1,1-tri-

chloroethane from water has readily occurred in the laboratory, in the field, and during waste water 

treatment (Dilling 1977; Dilling et al. 1975; Kincannon et al. 1983b; Piwoni et al. 1986; Wakeham et al. 

1983b).  Volatilization of 1,1,1-trichloroethane also has occurred from soil and from the groundwater of 

unconfined aquifers to the soil (Kreamer 1984; Piwoni et al. 1986). 

 

Based on the experimental values for the log octanol/water partition coefficient (Kow), 2.49 (Hansch and 

Leo 1985), and log Koc, in the range of 2.02–2.26 (Chiou et al. 1979; Friesel et al. 1984; Park and Lee 

1993), 1,1,1-trichloroethane would be expected to show high mobility in soil and readily leach into 

groundwater (Lyman et al. 1990; Swann et al. 1983).  In surface waters, 1,1,1-trichloroethane would not 

be expected to show appreciable adsorption to sediment or suspended organic material.  An experimental 

bioconcentration factor (BCF) of 9 (bluegill sunfish) has been determined for 1,1,1-trichloroethane 

(Barrows et al. 1980), suggesting that in fish and other aquatic organisms, uptake from water should not 

be an important fate process. 

 

1,1,1-Trichloroethane has a vapor pressure of 123 mm Hg at 20 °C (see Table 4-2), which means that it 

exists in the vapor phase in the atmosphere (Eisenreich et al. 1983).  Since this compound has moderate 

water solubility (see Table 4-2), vapor phase 1,1,1-trichloroethane will be removed from the air via 

washout by rain and transported to the terrestrial surface.  It has been identified in rainwater (Jung et al. 

1992; Kawamura and Kaplan 1983; Pluemacher and Renner 1993; Rasmussen et al. 1983).  1,1,1-Tri-

chloroethane removed by rain water would be expected to re-volatilize rapidly to the atmosphere.  

Because of its long half-life of ≈4 years in the atmosphere (see Section 6.3.2.1), tropospheric 1,1,1-tri-

chloroethane will be transported to the stratosphere, where it will participate in the destruction of the 

ozone layer.  It will also undergo long-distance transport from its sources of emissions to other remote 
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and rural sites.  This is confirmed by the detection of this synthetic chemical in forest areas of Northern 

and Southern Europe and in remote sites (Ciccioli et al. 1993). 

 

6.3.2   Transformation and Degradation  

6.3.2.1   Air  
 

The dominant atmospheric fate process for 1,1,1-trichloroethane is predicted to be degradation by 

interaction with photochemically-produced hydroxyl radicals.  Earlier experimental rate constants for this 

gas-phase reaction ranged from 2.8x10-14 to 1.06x10-14 cm3/mol-sec (20–30 °C) (Butler et al. 1978; Chang 

and Kaufman 1977; Cox et al. 1976; Crutzen et al. 1978; Howard and Evenson 1976; Jeong et al. 1984).  

More recent work indicates that this rate constant ranges from 0.95x10-14 cm3/mol-sec to 

1.2x10-14 cm3/mol-sec (Finlayson-Pitts et al. 1992; Jiang et al. 1992; Lancar et al. 1993; Talukdar et al. 

1992).  1,1,1-Trichloroethane is degraded via H-atom abstraction to CCl3CH2· and reacts with O2 to yield 

the peroxy radical (CCl3CH2O2) (DeMore 1992; Spence and Hanst 1978).  Using an estimated 

atmospheric hydroxyl (OH·) radical concentration of 5.0x105 mol/cm3 (Atkinson 1985), the more recent 

rate constants translate to a calculated lifetime or residence time of ≈6 years.  The estimated atmospheric 

lifetime of 1,1,1-trichloroethane which incorporates all removal processes, was also estimated to be 

≈6 years (Prinn et al. 1987; Prinn et al. 1992).  This indicates that the predominant tropospheric sink of 

1,1,1-trichloroethane is through its reaction with OH radicals.   

 

Photolytic degradation experiments have been performed in the presence of NO and NO2; 1,1,1-trichloro-

ethane underwent <5% degradation in 24 hours in the presence of NO (Dilling et al. 1976).  In a smog 

chamber experiment in the presence of NOx, 1,1,1-trichloroethane showed a disappearance rate of 0.1% 

per hour (Dimitriades and Joshi 1977).  Other studies have also concluded that 1,1,1-trichloroethane has 

low potential to form ozone as a result of photochemical reaction in the presence of NOx (Andersson-

Skoeld et al. 1992; Derwent and Jenkin 1991).  

 

Under laboratory conditions thought to mimic atmospheric smog conditions, direct photochemical 

irradiation of 1,1,1-trichloroethane in the presence of elemental chlorine was performed.  1,1,1-Trichloro-

ethane was the least reactive and thus the most stable of all chloroethanes under these conditions (Spence 

and Hanst 1978). 
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Direct photochemical degradation of 1,1,1-trichloroethane in the troposphere is not expected to be an 

important fate process, because there is no chromophore for absorption of ultraviolet light (>290 nm) 

found in sunlight at tropospheric altitudes (Hubrich and Stuhl 1980; VanLaethem-Meuree et al. 1979).  A 

laboratory experiment performed in sealed Pyrex ampules showed loss of 1,1,1-trichloroethane in 

2 weeks under the influence of sunlight; however, catalysis by the Pyrex surface was probably responsible 

for the enhanced reactivity (Buchardt and Manscher 1978). 

 

The relatively long tropospheric residence time for 1,1,1-trichloroethane suggests that migration to the 

stratosphere should be important.  An estimated 11–15% of 1,1,1-trichloroethane released to the 

atmosphere is expected to survive and migrate to the stratosphere (Prinn et al. 1987; Singh et al. 1992).  In 

the stratosphere, chlorine atoms produced from 1,1,1-trichloroethane by ultraviolet light may interact with 

ozone contributing to the destruction of the stratospheric ozone layer.  Compared to CFC-11 

(trichlorofluoromethane), the steady state ozone depletion potential of 1,1,1-trichloroethane has been 

estimated to be 0.1–0.16 (Gibbs et al. 1992; Solomon and Albritton 1992). 

 

6.3.2.2   Water  
 

Slow biodegradation of 1,1,1-trichloroethane can occur under both anaerobic and aerobic conditions.  

Anaerobic degradation of 1,1,1-trichloroethane is thought to occur predominantly through reductive 

dechlorination by methane-producing bacteria (Vargas and Ahlert 1987; Vogel and McCarty 1987) and 

by sulfate-reducing organisms (Cobb and Bouwer 1991; Klecka 1990).  Determined experimental half-

lives for anaerobic degradation using mixed culture bacteria ranged from 1 day to 16 weeks in the 

laboratory (Bouwer and McCarty 1983a, 1984; Hallen et al. 1986; Parsons et al. 1985; Vogel and 

McCarty 1987; Wood et al. 1985), based on a study from an injection well, after 3 months of injection, 

the predicted half-life of 1,1,1-trichloroethane in an aquifer was 200–300 days (Bouwer and McCarty 

1984).  Results obtained in a grab sample study of an aquifer suggest that anaerobic biodegradation of 

1,1,1-trichloroethane will not occur (Wilson et al. 1983); however, the spiked concentration of 1,1,1-tri-

chloroethane in the study, 1 mg/L, was in a range determined to be toxic to microorganisms (Barth and 

Bunch 1979; Benson and Hunter 1977; Vargas and Ahlert 1987).  Another grab sample study, performed 

using more realistic concentrations, indicates that 1,1,1-trichloroethane slowly degrades under anaerobic 

conditions to 1,1-dichloroethane in groundwater (Parsons and Lage 1985; Parsons et al. 1985).  However, 

when mixed anaerobic cultures were provided with acetate as primary substrate, the biodegradation of 

secondary substrate 1,1,1-trichloroethane occurred even without acclimation at concentrations exceeding 
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1 mg/L (Hughes and Parkin 1992).  A laboratory study showed that anaerobic biodegradation of 1,1,1-tri-

chloroethane did not occur under denitrification conditions even after 8 weeks of incubation (Bouwer and 

McCarty 1983b).  

 

Aerobic biodegradation in surface water and groundwater is not likely to be an important fate process 

since experimental studies did not indicate significant aerobic degradation of 1,1,1-trichloroethane 

(Klecka et al. 1990; Mudder and Musterman 1982; Nielson et al. 1990; Wilson and Pogue 1987).  One 

study showed that 1,1,1-trichloroethane underwent aerobic degradation in the presence of Fe+2/porphyrin 

solution (82% in 21 days), thought to be a catalyzed reductive chlorination (Klecka and Gonsior 1984).  It 

is difficult to interpret these results in terms of the potential for environmental significance.  One study 

reported that 1,1,1-trichloroethane underwent moderate biodegradation with significant concomitant 

volatilization (Tabak et al. 1981); however, experimental details are not sufficient to rule out loss due 

solely to volatilization.  Halogenated aliphatic hydrocarbons, including 1,1,1-trichloroethane, act as 

cometabolic substrates for certain aerobic chemotrophs.  In such cases, the organisms grow on another 

substrate and the enzymes induced under the particular growth conditions fortuitously biodegrade the 

halogenated aliphatics (Leisinger 1992).  Such aerobic biodegradation of 1,1,1-trichloroethane up to a 

concentration of 1.2 mg/L was observed with methane-oxidizing (methanotrophic) bacteria isolated from 

an aquifer (Arvin 1991). 

 

Anaerobic biodegradation proceeds via reductive dechlorination (Leisinger 1992; McCarty 1993).  The 

major product from the anaerobic degradation of 1,1,1-trichloroethane has been identified as 1,1-dichloro-

ethane, which slowly degrades to chloroethane in a secondary reaction (Hallen et al. 1986; Vogel and 

McCarty 1987).  Therefore, total biodegradation of 1,1,1-trichloroethane is feasible by combining 

anaerobic dehalogenation with subsequent aerobic treatment (Leisinger 1992).  Aerobic biodegradation of 

1,1,1-trichloroethane, on the other hand, proceeds via substitutive and oxidative mechanisms with the 

production of trichloroethyl alcohol, which is further oxidized to chloride, carbon dioxide, and water 

(McCarty 1993). 

 

Products from the abiotic degradation of 1,1,1-trichloroethane have also been identified.  Acetic acid can 

arise from the hydrolysis of 1,1,1-trichloroethane (calculated half-life of 1.2 years at 25 °C and pH 7).  

Elimination of HCl can produce 1,1-dichloroethene (Hallen et al. 1986; Parsons et al. 1985; Vogel and 

McCarty 1987).  The calculated half-life for this reaction is 4.8 years at 25 °C and pH 7 (Ellenrieder and 

Reinhard 1988).  The half-lives of abiotic degradation of 1,1,1-trichloroethane by reaction with 
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nucleophiles, such as HS- and S2O2
-, which might be present in water, should be insignificant compared to 

the other processes described (Haag and Mill 1988).  A 2.8 mmol aqueous solution of 1,1,1-trichloro-

ethane reacted with ozone (concentration 1 mg/L) with a half-life of >32 days at 22 °C and a pH of 

7 (Yao and Haag 1991).  Therefore, reaction with ozone will not be an important process for the 

transformation of 1,1,1-trichloroethane present in natural bodies of water.  

 

6.3.2.3   Sediment and Soil  
 

Data are lacking on the degradation of 1,1,1-trichloroethane in soil.  In a grab sample experiment, 

anaerobic degradation of 1,1,1-trichloroethane occurred slowly in soil (16% in 6 days) (Henson et al. 

1988).  If the microorganisms in the soil were first activated by using methane as a nutrient source, 

46% of 1,1,1-trichloroethane degraded during the same period under aerobic conditions (Henson et al. 

1988).  Incubation of 1,1,1-trichloroethane in soil under aerobic conditions resulted in no measurable 

biodegradation (Klecka 1990). 

 

6.4   LEVELS MONITORED OR ESTIMATED IN THE ENVIRONMENT  
 

The manufacture and use of 1,1,1-trichloroethane was scheduled to be phased out by 2002 under the 

Clean Air Act (EPA 2004m).  Since it is no longer in use domestically, the levels estimated in the 

environment, other than near point sources, should drop to insignificant amounts. 

 

6.4.1   Air  
 

1,1,1-Trichloroethane has been identified in urban, rural, and indoor air throughout the United States at 

concentrations shown in Table 6-3.  Due to the nature of 1,1,1-trichloroethane's use, volatilization to the 

atmosphere is a predictable outcome, and thus, its widespread detection is not unexpected.  It is the only 

chlorinated ethane regularly seen as a background pollutant in the troposphere (Spence and Hanst 1978).  

For the year 1980, an estimated global atmospheric quantity of 1,1,1-trichloroethane, based on absolute 

concentrations obtained over a 3-year period, was 2.58x109 kg (5,690 million pounds) (Prinn et al. 1983).  

An estimated average concentration of 0.14 ppb in 1980, based on a characterization of its sources, 

abundance, and atmospheric sinks, was also reported (Ramanathan et al. 1985).  The data indicate that the 

average atmospheric concentration of 1,1,1-trichloroethane was 0.13 ppb for the middle of 1988 (Khalil  
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Table 6-3.  Detection of 1,1,1-Trichloroethane in Air 
 

Concentration (ppb)  
Media type/location 

Sampling 
dates 

Number of 
samples Range Mean Reference 

Urban air:      
 El Monte, CA 1982–1983 NS 0.8–6.6a 2.1 Shikiya et al. 1984 
 Los Angeles, CA 1983  0.8–2.4 NS  
 Dominguez Hills, CA   0.6–2 NS  
 Riverside, CA   0–0.8 NS  
 Research Triangle 

Park, NC 
1980 61 0.0024–43.7b 0.83 Wallace et al. 1984a 

 Houston, TX 1980  0.134–1.499c 0.353 Singh et al. 1992 
 St. Louis, MO   0.132–0.896 0.235  
 Denver, CO   0.171–2.699 0.713  
 Riverside, CA   0.205–1.349 0.747  
 Staten Island, NY 1981  0.221–1.427 0.468  
 Pittsburgh, PA   0.158–1.595 0.486  
 Chicago, IL   0.241–0.909 0.476  
 Iberville Parish, LA 1977 11 ND–1.61b 0.31 Pellizzari 1982 
 Kib–Buc Disposal Site, 

NJ 
1977 4 ND–22.0   

 Rutherford, NJ 1978 150 ND–6.3 0.17 Bozzelli and 
Kebbekus 1979 

 Rutherford, NJ (North)  29 ND–3.6 0.55  
 Rutherford, NJ (Clifton)  26 ND–trace   
 Newark, NJ  110 ND–7.8 0.39  
 Bridgewater, NJ  22 ND–0.83 0.05  
 Los Angeles Basin 1972 59 0.01–2.30 0.37 Simmonds et al. 1974
 Los Angeles, CA 1984 23 NS–3.70 0.74 Pellizzari et al. 1986 
 Los Angeles, CA 1979  0.224–5.144c 1.028 Singh et al. 1981 
 Phoenix, AZ   0.197–2.813 0.823  
 Oakland, CA   0.142–0.967 0.290  
 New Jersey      
  fall (day) 1981 86 ND–86b 0.60d 
  fall (night)  86e ND–7.3 0.68 
  summer 1982 60  0.93 
  winter 1983 8  0.26 

Wallace et al. 1985, 
1987a; Hartwell et al. 
1984b 

 Bozeman, MN 1976e 1 0.15  Taketomo and 
Grimsrud 1977 

 Seagirt, NJ 1974 NS 0.044–0.20 0.10 Lillian et al. 1975 
 New York, NY   0.10–1.6 0.61  
 Sandy Hook, NJ   0.030–0.330 0.15  
 Delaware City, DE   0.03–0.30 0.10  
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Table 6-3.  Detection of 1,1,1-Trichloroethane in Air 
 

Concentration (ppb)  
Media type/location 

Sampling 
dates 

Number of 
samples Range Mean Reference 

 Baltimore, MD   0.044–0.21 0.12  
 Wilmington, OH   0.030–0.35 0.097  
 Bayonne, NJ 1973  0.075–14.4 1.59  
 Greensboro, NC 1982 32  11.1b Wallace et al. 1987a 
 Devils Lake, ND  24  0.009b  
 La Jolla, CA 1974–1976 23 0.13–1.1 0.00037 Su and Goldberg 

1976 
 California coast 

(marine air) 
1974 5 0.14–0.30 0.00019  

 Washington, DC 1974 1 0.5   
 Los Angeles 

(Chinatown), CA 
1974 1 3.4   

 Santa Monica, CA 1974 1 1.3   
 Orange County, CA 1974 3 0.37–0.68   
 Chicago, IL 1974 2 0.37–0.68   
 Greensboro, NC 1980 20 NS–9.81b 0.33 Hartwell et al. 1984a 
 Baton Rouge, LA 198 127 NS–13.5 0.11 Pellizzari et al. 1984a, 

1986 
 Houston, TX 1981 11 NS–1.41 0.47  
 Bayonne/Elizabeth, NJ 1980 165 0.133–131b  Wallace et al. 1984a 
 Bayonne/ELizabeth, NJ 1981 80–90 NS–87b 1.68 Wallace et al. 1985 
 Chicago, IL 1986–1990 103 NS 0.61b  
 St. Louis, IL  83  0.72b Sweet and Vermette 

1992 
 Hawthorne, CA 1987–1990 NS 0.8–7.0 

0.8–18.0 
NS Hisham and Grosjean 

1991 
 Long Beach, CA   2.2–14.7 

2.2–9.9 
  

 Anaheim, CA   0.5–8.5 
13.2–22.2 

  

 Los Angeles, CA   2.7–6.3 
8.3–14.0 

  

 Burbank, CA   1.2–6.1 
7.1–28.4 

  

 Azusa, CA   3.2–17.1   
 Claremont, CA   3.3–15.0   
 Los Angeles, CA   1.7–6.5   
 Ventura, CA   0.5–2.7   
 West Los Angeles, CA   1.6–2.2   
 Los Angeles, CA 

(UCLA) 
  0.5–0.9   

 Malibu, CA   0.5–1.6   
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Table 6-3.  Detection of 1,1,1-Trichloroethane in Air 
 

Concentration (ppb)  
Media type/location 

Sampling 
dates 

Number of 
samples Range Mean Reference 

 Northeast Los Angeles, 
CA 

  0.8–7.2   

 Burbank, CA   0.5–5.7 
0.13–1.17 

  

 Los Angeles, CA February 
1984 

24 NS 6.3b Wallace et al. 1988 

 Los Angeles, CA May 1984 23  1.1b  
 Contra Costa, CA June 1984 10  0.52b  
 Hawthorne, CA 1987–1990 NS NS  
  fall    12.9 
  summer    3.4 

Hisham and Grosjean 
1991 

 Long Beach, CA      
  fall    6.3  
  summer    8.5  
 Anaheim, CA      
  fall    16.9  
  summer    3.0  
 Los Angeles, CA      
  fall    9.9  
  summer    4.5  
 Burbank, CA      
  fall    18.5  
  summer    3.1  
 Washington, DC 1989 5 0.28–0.42b 0.35b EPA 1990b 
 Los Angeles, CA 

(winter) 
1987 51 NS 1.09b,f Hartwell et al. 1992 

 Columbus, OH June–July 
1989 

NS  0.72 Spicer et al. 1996 

 Baton Rouge LA Sept 1996–
Aug1997 

NS NS  0.124 Mohamed et al. 2002 

 Brownsville TX Sept 1996–
Aug1997 

NS NS 0.107  

 Brattleboro VT Sept 1996–
Aug1997 

NS NS 0.097  

 Burlington VT Sept 1996–
Aug1997 

NS NS 0.094  

 Camden NJ Sept 1996–
Aug1997 

NS NS 0.13  

 El Paso TX Sept 1996–
Aug1997 

NS NS 0.097  

 Garyville LA Sept 1996–
Aug1997 

NS NS 0.116  
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Table 6-3.  Detection of 1,1,1-Trichloroethane in Air 
 

Concentration (ppb)  
Media type/location 

Sampling 
dates 

Number of 
samples Range Mean Reference 

 Hahnville LA Sept 1996–
Aug1997 

NS NS 0.122  

 Port Neches TX Sept 1996–
Aug1997 

NS NS 0.12  

 Rutland VT Sept 1996–
Aug1997 

NS NS 0.098  

 Underhill VT Sept 1996–
Aug1997 

NS NS 0.084  

 Winooski VT Sept 1996–
Aug1997 

NS NS 0.101  

Rural air:      
 Pullmam, WA 1974–1975 NS NS 0.100c Grimsrud and 

Rasmussen1975 
 Eastern WA 1976 389 0.090c–0.18 0.135 Cronn et al. 1983 
 Stanford Hills, CA 1975 75  0.0776c Singh et al. 1977 
 Point Reyes, CA  300 NS 0.0903  
 Pacific NW, USA 1975 

1976 
1977 
1978 
1979 
1980 

  0.087c 
0.098 
0.107 
0.117 
0.135 
0.156 

Rasmussen et al. 
1981 

 Antarctica 1975 
1976 
1977 
1978 
1979 
1980 

  0.045 
0.057 
0.070 
0.085 
0.095 
0.102 

 

 Pt. Barrow, AL 1980–1982 NS 0.150–0.172c 0.152 
(0.168)g 

Khalil and 
Rasmussen 1983 

 Midland, MI 1975 7 0.0916–0.188h 0.104 Russell and Shadoff 
1977 

 Old Love Canal, NY 1978 9 ND–0.989h  Barkley et al. 1980 
 White Face Mountains, 

NY 
1974 NS 0.032–0.13 0.067 Lillian et al. 1975 

 Mt Hood, OR 1981–1982 7 0.104–0.179 0.156 Rasmussen et al. 
1983 

 Beaverton, OR 1982 7 0.154–0.363 0.202  
 Mt. Cuyamaca, CA 1975 1  0.41 Su and Goldberg 

1976 
 Montgomery Pass, NE    10.34  
 Lytton Lake, CA    10.07  
 Champain, IL 1986–1990 23 NS 0.2b Sweet and Vermette 

1992 
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Table 6-3.  Detection of 1,1,1-Trichloroethane in Air 
 

Concentration (ppb)  
Media type/location 

Sampling 
dates 

Number of 
samples Range Mean Reference 

 Chattanooga, TN 1986–1987 30 0.18–9.6b 3.98b Parkhurst et al. 1988 
 San Nicolas Island, CA 1987 NS 0.55–0.57 NS Hisham and Grosjean 

1991 
 Kanawha Valley, WV NSe   353.6b Cohen et al. 1989 
 Minnesota at 25 sites 1991–1998 3,648  0.28 Pratt et al. 2000 
Indoor Air:      
 Old Love Canal, NY  

1978 
 
9 

 
ND–0.220h 

 
14 

 
Barkley et al. 1980 

 Bozeman, MN NSe 8 0.12–0.73  Taketomo and 
Grimsrud 1977 

 Greensoro, NC 1980 20 NS–28.7b 1.15 Hartwell et al. 1984a; 
Pellizzari et al. 1986 

 Baton Rouge, LA 1981 27 NS–45.0 0.28  
 Houston, TX 1981 11 NS–5.73.7   
 Elizabeth/Bayonne, NJ 

 
1981 
1982 
1983 

25 
71 
9 

NS–163b 
NS–22.2 
NS–31.53.7 

2.96 
1.83 

Pellizzari et al. 1986 

 Los Angeles, CA      
  winter 1984 25 NS–37.0 4.44  
  summer 1984 23 NS–17.4 1.46  
 Antioch–W. Pittsburgh, 

CA 
     

  Public access 
buildings 

1984 16 NS–2.590.78  Wallace et al. 1987c 

  Recently 
constructed building 
after occupancy 

1983–1985 70.55–7.5b 
30.73–69.6 

0.36–18.3   

  Elderly home NS NS 0.12–22.6 NS Pellizzari et al. 1984b
 Los Angeles, CA 1987 51   Hartwell et al. 1992 
  kitchen   NS 1.78b  
  living area   NS 2.33b  
 Chattanooga, TN 1986    Parkhurst et al. 1988 
  residential  34 0.37–37b 5.1b  
  public buildings  37 0.92–50b 13b  
 Dallas, TX     
  incubator air in an 

intensive care 
nursery 

 
1988 

  
460,000–
160,000i 

 
95,000i 

Gallagher and Kurt 
1990 

 Washington DC, U.S. 
EPA headquarters: 

    EPA 1990b 

  Waterside Mall  51 0.42–4.8b 1.6b  
  Crystal City  5 0.56–0.70b 0.61b  
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Table 6-3.  Detection of 1,1,1-Trichloroethane in Air 
 

Concentration (ppb)  
Media type/location 

Sampling 
dates 

Number of 
samples Range Mean Reference 

  Fairchild  5 1.2–1.3b 1.2b  
 Neenah, WI, telephone 

switching office 
1987    Shields and Weschler 

1992 
  second floor break 

room 
 NS NS 0.17b  

  second floor break 
room 

 1 NS 0.11b  

    NS NS 0.056b  
    1 NS 0.26b  
 Southern California 

museums 
1986    Hisham and Grosjean 

1991 
  El Pueblo   1.2–5.1 NS  
  LACMA   2.9–3.9 NS  
  Page   >30 NS  
  Getty   3.7–4.8 NS  
  Southwest   2.2–7.3 NS  
Personal air:      
 Chapel Hill, NC 1978  172.65–19.6b 15.0 Zweidinger et al. 1983
 Beaumont, TX  11 1.51–196 33 Wallace et al. 1982 
 New Jersey 1981    Wallace et al. 1987a 
  fall (day)  346–48 ND–6,040b 3.5d  
 New Jersey     Wallace et al. 1985 
  fall (night)  339–41 ND–1520 3.5  
  fall (summer) 1982 148  1.7d  
  winter 1983 48  4.0  
 Bayonne/Elizabeth, NJ 1980 165 (9) 0.13–130b 1.7 Wallace et al.  1984a 
 Research Triangle 

Park, NC 
 61 (3) 0.024–43.2 0.82  

 Bayonne/Elizabeth, NJ 1981 339–348 NS–61,100 22.2 Wallace et al. 1984b, 
1985 

 Devils Lake, ND 1982 24 b 4.63b Wallace et al. 1987a 
 Greensboro, NC 1982 32 b 5.92b  
 Los Angeles, CA February 

1984 
110 NS 17.8b Wallace et al. 1988 

 Los Angeles, CA May 1984 50 NS 8.1b  
 Contra Costa, CA June 1984 67 NS 2.9b  
 Los Angeles, CA 1987 51 NS 2.6b,f Hartwell et al. 1992 
Near waste/landfill site:      
 Hamilton, OH 1983 NS 0.36–23.8b NS Levine et al. 1985 
 Elizabeth, NJ 1980 NS ND–330 NS  
 New Jersey (NPLHS) 1983     
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Table 6-3.  Detection of 1,1,1-Trichloroethane in Air 
 

Concentration (ppb)  
Media type/location 

Sampling 
dates 

Number of 
samples Range Mean Reference 

  Site A  24 ND–4.49 0.38 Laregina et al. 1986 
  Site B  15 ND–1.84 0.51 Harkov et al. 1985 
  Site C  14 ND–18.97 3.04  
  Site D  14 ND–2.89 0.57  
  Site E  15 ND–1.22 0.84  
  Landfill LF  15 ND–7.15 1.29  
 New Jersey 1976 4 ND–22.2 9.0 Pellizzari 1982 
 California 1984–1986 NS ND–3,600i NS Wood and Porter 

1987 
 Stanislaus County, CA 1987    Hodgson et al. 1992 
  on site  NS <10–13,000 NS  
  outside (nearby 

residential home) 
 NS NS 0.3  

  inside (nearby 
residential home 
[basement]) 

 NS NS 0.7  

20 Class II landfills:      
 Long Island, NY 1982    Walsh et al. 1988 
  on site   140i   
  nearby residential 

homes 
  1   

  nearby school   1   
Troposphere      
 Western Pacific Region 

114–165 °E longitude 
latitudes > 25 °N 

    Blake et al. 1997 

  7-12.6 km Sept–Oct 
1991 

175 0.108–0.166c 0.125c  

   Feb–Mar 
1994 

274 0.078–174c 0.119c  

  2-7 km Sept–Oct 
1991 

309 0.107–0.188c 0.126c  

   Feb–Mar 
1994 

347 0.111–0.377c 0.127c  

  0-2 km Sept–Oct 
1991 

149 0.695–0.114c 0.137c  

   Feb–Mar 
1994 

134 0.128–0.550c 0.133c  

 Western Pacific Region 
114–165 °E longitude 
latitudes < 25 °N 

     

  7–12.6 km Sept–Oct 
1991 

233 0.104–0.145c 0.124c  
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Table 6-3.  Detection of 1,1,1-Trichloroethane in Air 
 

Concentration (ppb)  
Media type/location 

Sampling 
dates 

Number of 
samples Range Mean Reference 

   Feb–Mar 
1994 

454 0.100–0.134c 0.122c  

  2–7 km Sept–Oct 
1991 

243 0.104–0.162c 0.122c  

   Feb–Mar 
1994 

341 0.111–0.133c 0.123c  

  0–2 km Sept–Oct 
1991 

172 0.102–0.194c 0.124c  

   Feb–Mar 
1994 

178 0.117–0.189c 0.127c  

 
aMonthly mean 
bData reported in µg/m3; converted to ppb using the conversion factor 1 ppb=5.4 µg/m3 
cData reported in ppt; converted to ppb using the conversion factor 1 ppb=1,000 ppt 
dWeighted geometric mean 
eDate of study not given 
fData reported as median 
gSummer (winter) 
hData reported in ng/m3; converted to ppb using the conversion factor 5,400 ng/m3=1 ppb 
iData reported in ppm; converted to ppb using the conversion factor 0.001 ppm=1 ppb 
 
ND = not detected; NS = not specified  
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and Rasmussen 1989).  Based on absolute concentrations obtained over a 12-year period, a global 

atmospheric concentration of 157 ppt (0.157 ppb) was estimated for 1,1,1-trichloroethane in the middle of 

1990 (Prinn et al. 1992).  Atmospheric measurements at several surface stations made between 1978 and 

1990 indicated that the global average concentration of 1,1,1-trichloroethane increased at a rate of 

4.4±0.2% over this time period (Prinn et al. 1992). 

 

The measured concentration of 1,1,1-trichloroethane in urban air usually ranges from 0.1 to 1 ppb; 

however, levels ≤1,000 ppb have been observed in large urban areas or near hazardous waste sites.  

Representative monitoring data on the concentration of 1,1,1-trichloroethane in air can be found in 

Table 6-3.  Rural levels of 1,1,1-trichloroethane are typically <0.2 ppb.  The long atmospheric lifetime of 

1,1,1-trichloroethane allows the compound to be carried a considerable distance from its initial point of 

release; detectable levels have been measured in numerous remote areas throughout the world and are 

shown in Table 6-3 (Class and Ballschmiter 1986; DeBortoli et al. 1986; Guicherit and Schulting 1985; 

Hov et al. 1984; Ohta et al. 1976; Rasmussen et al. 1982).  The mean background concentration of 

1,1,1-trichloroethane over subarctic North America in the summer of 1990 was 0.155 ppb (Wofsy et al. 

1994).  During a period of arctic haze, the concentration of 1,1,1-trichloroethane in the polluted Arctic air 

was 2–15% higher than in clean air over the Arctic (Khalil and Rasmussen 1993).  The mean 

concentration of 1,1,1-trichloroethane in the troposphere over northwestern Pacific region (114–165 °E 

longitude) was found to range from 0.12 to 0.13 ppb (Blake et al. 1997, Table 6-3 Mohamed et al. 2002).  

The concentrations of 1,1,1-trichloroethane near industrial facilities emitting 1,1,1-trichloroethane were 

found to be only marginally higher than those measured at sites away from facilities emitting 1,1,1-tri-

chloroethane.    

 

The concentration of 1,1,1-trichloroethane in indoor air is variable, and seems to depend on individual 

practices, season, outdoor concentration, age of building, and building air-exchange characteristics 

(Cohen et al. 1989; Hartwell et al. 1987a, 1987b, 1992; Hisham and Grosjean 1991; Lioy et al. 1991; 

Wallace 1986; Wallace et al. 1986a, 1986b, 1988, 1989, 1991).  For example, college students monitored 

simultaneously on the same campus were found to have levels of personal exposure varying by as much 

as two orders of magnitude (Wallace et al. 1982; Zweidinger et al. 1983).  Further, two studies suggest 

that buildings with air conditioning may have higher levels of 1,1,1-trichloroethane in indoor air (Cohen 

et al. 1989; Hisham and Grosjean 1991).  1,1,1-Trichloroethane has been found at levels ≤ 70 ppb in 

newly constructed buildings (Wallace et al. 1987b).  The concentration of 1,1,1-trichloroethane in new 

and recently renovated buildings was as high as 290 ppb (Rothweiler et al. 1992).  New carpet and other 
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new building materials that contain 1,1,1-trichloroethane may be responsible for higher levels in new and 

renovated buildings.  During normal periods (no renovation or construction), the levels of total volatile 

organics are inversely proportional to the air exchange rate of the building (Shields and Weschler 1992).  

Higher levels of 1,1,1-trichloroethane are expected to be found in indoor air during winter than any other 

season (Wallace et al. 1991).  The effect of outdoor air on indoor air was demonstrated by the detection of 

higher levels of 1,1,1-trichloroethane during outdoor stagnation conditions when the levels were higher 

compared to levels under non-stagnation conditions (Lioy et al. 1991).  Representative data taken from 

five geographic areas located throughout the United States report indoor concentrations of 0.3–4.4 ppb 

and outdoor concentrations of 0.11–0.92 ppb (Pellizzari et al. 1986).  Several studies have determined the 

presence of 1,1,1-trichloroethane in products expected to be in most households (Section 6.5) (EPA 1987; 

Maklan et al. 1987; Sack et al. 1992; Spicer et al. 1987).  An EPA Region V (Minnesota, Wisconsin, 

Michigan, Illinois, Indiana, and Ohio) National Human Exposure Assessment Survey (NHEXAS) 

detected a mean concentration of 1,1,1-trichloroethane  to be 1.15 ppb in indoor air samples collected 

from residential areas from July 1995 to May 1997 (Bonanno et al. 2001).  The maximum concentration 

of trichloroethane detected in the same study was 34 ppb. 

 

6.4.2   Water  
 

1,1,1-Trichloroethane has been identified in surface water, groundwater, drinking water, effluent, rain, 

snow, and urban runoff.  The amount of the chemical detected in surface and groundwater depends upon 

the location of the sampling point.  Concentrations in surface water removed from point-source emissions 

such as industrial waste water, hazardous waste sites, and spill locations are usually <1 ppb.  In random 

samples of groundwater taken in the United States, concentrations have ranged from 0 to 18 ppb.  

Groundwater samples obtained near sources of release to soil or the ground have been as high as 

11,000 ppb.  Drinking water from surface or groundwater sources contained 1,1,1-trichloroethane 

concentrations of 0.01–3.5 ppb. 

 

Data on the occurrence of 1,1,1-trichloroethane in water are presented in Table 6-2.  Data on the 

concentration of 1,1,1-trichloroethane in effluent can be found in Table 6-4. 

 

1,1,1-Trichloroethane was found in groundwater at hazardous waste sites in 18.9% of 178 sites from the 

Comprehensive Emergency Response, Compensation and Liability Act (CERCLA) database, making it 

the seventh most frequently detected compound in this study (Plumb 1987).  It was found in water  
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Table 6-4.  Detection of 1,1,1-Trichloroethane in Effluent 
 

Concentration (ppb)  
Media type/location 

Sampling 
dates 

Number of 
samples Range Mean Reference 

Industrial waste water:      
 Textile plants 1975 64 2–300a NS Rawlings and 

Deangelis 1979 
Municipal waste water:      
 Los Angeles, CA 1978 NS    
  primary    340a Young 1978 
  secondary    <10 Young et al. 1983 
 Los Angeles, CA      
  primary    130  
  secondary    180  
 Orange County, CA      
  primary    4,000  
  secondary    <10  
 San Diego, CA      
  primary    68  
 Water factory 21     
  influent 1976 50 <0.3–38a 4.794 

McCarty and 
Reinhard 1980 

 Orange County, CA 1978     
  effluent  51 0.1–1.2 0.07  
  influent  28 0.3–15 2.9  
  effluent  17 <0.1–41 0.14  
 Chicago, IL, Calumet plant 1980 2   Lue-Hing et al. 1981 
  influent    14a  
  effluent    <10  
 John Egan plant  1  11  
  influent    <10  
  effluent      
 Denver, CO      
  reuse influent 1985–1986 14 1.70–6.9a 3.74 Rogers et al. 1987 
Landfill leachates:      
 Collegeville, PAb 1983c NS 1–60 NS Varma 1985 
 Minnesotad 1983 6 ND–7.6a  Sabel and Clark 1984
Nuclear power plant 
emissions: 
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Table 6-4.  Detection of 1,1,1-Trichloroethane in Effluent 
 

Concentration (ppb)  
Media type/location 

Sampling 
dates 

Number of 
samples Range Mean Reference 

 Denver, CO 1989    
  downwind  6 0.06–0.623e 0.27e 

Sturges and Taylor 
1990 

  upwind  8 0.088–0.251e 0.137e  
 
aData reported in µg/L; converted to ppb using the conversion factor 1 ppb=1 µg/L 
bNational Priority Hazardous Waste Site 
cDate of study not given 
dMunicipal Solid Waste site 
eData reported in ppt; converted to ppb using the conversion factor 1 ppb=1,000 ppt 
 
ND = not detected; NS = not specified 
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samples from 42 of 357 Contract Laboratory Program (CLP) sites; the concentration range of the mean 

values was 1.75–1,100 ppb (Viar 1987). 

 

6.4.3   Sediment and Soil  
 

Monitoring data on the occurrence of 1,1,1-trichloroethane in soil are not as extensive as for water or air, 

which precludes an estimate of typical levels found in soil.  The reported levels of 1,1,1-trichloroethane in 

soils are shown in Table 6-5.  In two grab soil samples taken in 1980 from two former sludge lagoons of a 

solvent recovery operation at Southington, Connecticut, the measured concentrations of 1,1,1-trichloro-

ethane were 23,000 and 120,000 ppb (Hall 1984).  The limited data on the concentration of 1,1,1-tri-

chloroethane in soil may be due to its rapid volatilization from soil, its ability to leach through soil, or 

both.  The concentrations of 1,1,1-trichloroethane in sediments are shown in Table 6-2.  The mean 

concentration of 1,1,1-trichloroethane in sediments from a river passing through an industrial area in 

Japan was 0.4 ppb, although it was not detected in the river water or in the sediment of a river passing 

through a non-industrial area (Grotoh et al. 1992).  

 

6.4.4   Other Environmental Media  
 

Limited data on the occurrence of 1,1,1-trichloroethane in other media were located.  1,1,1-Trichloro-

ethane has been found in raw, processed, and prepared food products.  These data are presented in 

Table 6-6.  1,1,1-Trichloroethane has been found in fish and shrimp taken from the Pacific Ocean at 

average concentrations of 2.7 and <0.3 ppm, respectively (Young et al. 1983).  It has also been detected in 

clams and oysters from Lake Pontchartrain, Louisiana, with mean concentrations ranging from 39 to 

310 ppm (Ferrario et al. 1985) and from a polluted river in Japan at concentrations ranging from 0.6 to 

1.8 ppb wet weight (wt/wt) (Grotoh et al. 1992).  1,1,1-Trichloroethane was detected in 2 of 265 table-

ready foods of FDA Total Diet Study at an average concentration of 12.7 ppb (Heikes et al. 1995). 

 

1,1,1-Trichloroethane has been detected in four shoe and leather glues in Denmark in the concentration 

range 0.1–2.7% (wt/wt) (Rastogi 1992).  Six samples of glues manufactured in the United States and in 

Europe and used for assembling various consumer goods and toys contained 1,1,1-trichloroethane in the 

concentration range 0.002–97.5% (wt/wt) (Rastogi 1993).  In various brands of imported typing 

correction fluids in Singapore, the equilibrium vapor phase concentration of 1,1,1-trichloroethane ranged 

from <1 to 95% (v/v) (Ong et al. 1993).  
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Table 6-5.  Detection of 1,1,1-Trichloroethane in Soils 
 

Concentration (ppb)  
Media type/location 

Sampling 
dates 

Number of 
samples Range Mean Reference 

Urban:      
 Southington, CT 1980 2 23,000–120,000a  Hall 1984 
National Priorities List:      
 Lang property, NJ 1985    EPA 1987c 
  surface  NS ND–980b 322  
  subsurface  NS ND–140 71  
 Gallaway Ponds site, 

TN 
1984 NS 13,000c  EPA 1987b 

1,1,1-Trichloroethane 
producer/user: 

     

 Plant A 1976–1977 4 0.06–0.68  Battelle Labs 1977 
 Plant B  2 0.45–0.94   
 Plant C  2 0.13–0.28   
 Plant D  2 0.14–1.0   
 User A  2 0.40–0.65   
 Summit National, OH 

(NPL site) 
1987    EPA 1988a 

  on-site surface  31 3d–51,000b 2,216b  
  on-site subsurface 

(2–4 feet) 
 5 10–43,000b 8,391b  

  on-site subsurface 
(4–6 feet) 

 2 5–2,800d,b 561b  

  on-site subsurface 
(6–8 feet) 

 15 4d–230,000b 10,252b  

Residence near a 
landfill: 

     

 Stanislaus County, CA September 
1987 

NS 1.4–11 4.9 Hodgson et al. 
1992 

  October 1987  2.8–9.4 6.1  
 
aData reported in µg/L; converted to ppb using the conversion factor 1 ppb=1 µg/L 
bData reported in µg/kg; converted to ppb using the conversion factor 1 ppb=1 µg/kg 
cData reported in ppm; converted to ppb using the conversion factor 1 ppb=0.001 ppm 
dData were estimated. 
 
ND = not detected; NS = not specified 
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Table 6-6.  Detection of 1,1,1-Trichloroethane in Foods 
 

Concentration (ppb)  
Type Food 

Sampling 
dates Range Mean Reference 

Split peas NS  3 Daft 1987 
Allspice   16,000  
Pickling spice   549  
Celery seed   909  
Tea   10  
Dumplings (dry)   7  
Instant hot cereal   421  
Ready-to-eat cereals   4  
Cake mix (golden)   8  
Cake mix (yellow)   87  
Pancake mix   16  
Breaded fish   2  

Unprepared, 
uncooked, 
off-the-shelf 

Onion rings (precooked)   76  
Yellow corn meal 1984  3.8 Heikes and Hopper 

1986 
Fudge brownie mix  2.9–3.0 0.74  

Intermediate 

Yellow cake mix     
Fresh Nectarine 1985–1986  NSa Takeoka et al. 1988 
Cooked, aroma Beef NS  NSa Galt and MacLeod 

1984 
Bakers cheese NS  1.3b Uhler and Diachenko 

1987 
Cottage cheese NS 2.7–10.6 6.4 Miller and Uhler 1988 
Ricotta cheese  ND–30.6 3.0  
Mozzarella (skim milk)  9.5–37.3 1.2  
Vanilla ice cream  NS–7,500   
Chocolate ice cream     
Butter pecan ice cream     

Prepared 

Butter     
Cooked, aroma Baked potatoes NS  ND Coleman et al. 1981 
Ice  Commercial machine 1975 (NS)  0.0039c Su and Goldberg 1976 

Shredded wheat NS  4b Daft 1988 
Raisin bran   6  
Granola, plain   22  
Oat ring   6  
Rolled oats, cooked   35  
Farina, cooked   8  

Cereals 

Corn grits, cooked   3  
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Table 6-6.  Detection of 1,1,1-Trichloroethane in Foods 
 

Concentration (ppb)  
Type Food 

Sampling 
dates Range Mean Reference 

Peas, cooked NS  1b Daft 1988 
Peas, canned   2  
Corn, boiled   2  
Onion rings, cooked   9  
French fries, cooked   2  
Mashed potatoes   6  
Sweet potatoes, candied   3  
Cream of potato soup   2  

Vegetables 

Catsup   2  
Cornbread NS  3b Daft 1988 
Biscuits, baking powder   2  
Blueberry muffins   11  
Saltine crackers   7  
Corn chips   9  
Pancakes   3  
Potato chips   8  
Macaroni and cheese   2  
Chocolate cake/icing   40  
Yellow cake   40  
Coffeecake, frozen   14  
Donuts, cake, plain   17  
Sweet roll, Danish   29  
Cookies, chocolate chip   8  
Cookies, sandwich   28  

Baked goods 

Apple pie, frozen   14  
Peanut butter, creamy NS  10b Daft 1988 
Peanuts, dry roasted   24  

Nuts/nut 
products 

Pecans   228  
Whole milk NS  1b Daft 1988 Dairy products 
Chocolate milk   5  
Milkshake, chocolate   152   
Yogurt, strawberry   2  
Cheese, processed   8   
Cheese, cheddar   16  
White sauce   10   
Margarine, stick   13  
Butter, stick   18   
Cream, half & half   4  
Ice cream, chocolate   4   
Instant pudding, chocolate   1  
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Table 6-6.  Detection of 1,1,1-Trichloroethane in Foods 
 

Concentration (ppb)  
Type Food 

Sampling 
dates Range Mean Reference 

Ice cream sandwich   15  
Ice milk, vanilla   520  
Butter Nov 20–27 

1992 
1.0–4 1.82 Miyahara et al. 1995 

Dairy products 
(continued) 

Margarine  ND–74 5.29  
 Milk  ND   
 Ice cream  ND–3.2 0.88  
 Yogurt, plain  ND–1.2 0.06  
 Ice milk  ND–0.9 0.2  
Sugars, jams, 
candy 

Candy, milk chocolate NS  15b Daft 1988 

Beef, ground, fried NS  8b Daft 1988 
Beef, chuck roast   6  
Beef, sirloin, cooked   10  
Pork, ham, cured   5  
Pork chop, cooked   76  
Pork, sausage, cooked   7  
Pork, bacon, cooked   2  
Pork roast, loin, cooked   3  
Lamb chop, cooked   7  
Veal cutlet, cooked   8  
Chicken, pieced, fried   14  
Frankfurters, cooked   33  
Bologna   8b  
Salami   8  
Tuna, canned in oil   3  
Shrimp, breaded, fried   3  
Fish sticks, cooked   12  
Pizza, cheese, cooked   8  
One-fourth pound 
hamburger 

  27  

Meatloaf, beef   15  
Chicken noodle casserole   4  
Lasagna   2  
Potpie, chicken   6  
Frozen dinner, chicken   10  

Meats, meat 
dishes 

Brown gravy   2  
Infant/toddler 
blends 

Oatmeal, applesauce, 
banana 

NS  6b Daft 1988 
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Table 6-6.  Detection of 1,1,1-Trichloroethane in Foods 
 

Concentration (ppb)  
Type Food 

Sampling 
dates Range Mean Reference 

Apple, red, raw NS  3b Daft 1988 
Grapes, purple/green   2  
Raisins, dried   16  
Prunes, dried   21  
Avocado, raw   32  
Grapefruit juice   4  

Fruits 

Lemonade   11  
Grape juice NS  3b Daft 1988 Clear beverages 
Whiskey, 80 proof   2  

 
aDetected in sample; no quantitative results given 
bData reported in ng/g; converted to ppb using the conversion factor 1 ppb=1 ng/g 
cData reported in pg/mL; converted to ppb using the conversion factor 1 ppb=1,000 pg/mL 
 
ND = not detected; NS = not specified 
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6.5   GENERAL POPULATION AND OCCUPATIONAL EXPOSURE  
 

Although the manufacture and use of 1,1,1-trichloroethane was scheduled to be phased out by 2002 under 

amendments made to Section 604 of the Clean Air Act (EPA 2004m); it is still being manufactured in the 

United States by two producers with production volumes of at least 100 million pounds as of 2002 (EPA 

2002; SRI 2003).  Its relatively long atmospheric half-life and continued production suggest that the 

general population may be expected to have continued exposure to this compound into the foreseeable 

future.  

 

The ubiquitous occurrence, in the past, of low levels of 1,1,1-trichloroethane in ambient air and other 

environmental samples, together with the fact that many consumer products previously used to contain 

this chemical, suggests that much of the general population of the United States was exposed to low 

levels of 1,1,1-trichloroethane.  This exposure could have occurred occupationally, environmentally, or as 

a result of the use of commercial products that contain 1,1,1-trichloroethane.  1,1,1-Trichloroethane has 

been detected in the blood, milk, breath, and urine of humans.  An EPA Region V (Minnesota, Wisconsin, 

Michigan, Illinois, Indiana, and Ohio) National Human Exposure Assessment Survey (NHEXAS) 

detected a mean concentration of 1,1,1-trichloroethane to be 0.05 ppb in blood samples collected from 

July 1995 to May 1997 (Bonanno et al. 2001).  The maximum concentration of trichloroethane detected in 

the same study was 2.7 ppb.  Data on human body burdens associated with this compound can be found in 

Table 6-7.  Table 5-2 provides a sampling of consumer products containing 1,1,1-trichloroethane.  The 

levels of this chemical in human breath have been correlated with its levels in personal air by probability-

based population studies (Wallace et al. 1985, 1986c, 1987a, 1988).   

 

If the average urban concentration of 1,1,1-trichloroethane is taken to be 1 ppb and the average rural 

concentration is taken to be 0.1 ppb, then daily non-occupational intakes of 108 and 10.8 µg/day, 

respectively, can be obtained based on an average human air intake of 20 m3/day.  In areas where 

1,000 ppb have been measured, the daily intake using this methodology would be 108 mg.  However, 

Wallace et al. (1984a) have determined that the mean daily air exposure for 12 subjects from urban New 

Jersey and Research Triangle Park, North Carolina, was 370 mg.  Further, the mean daily intake from all 

sources (air, food, and water) was between 50 and 1,000 mg/day for 1,1,1-trichloroethane (Wallace et al. 

1984a). 
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Table 6-7.  Detection of 1,1,1-Trichloroethane in Human Samples 
 

Concentration (ppb)  
Media type/location 

Sampling 
dates 

Number of 
samples Range Mean Reference 

Adipose tissue:      
 United States 1984 46 ND–830a 48 Stanley 1986a, 

1986b 
Blood/serum:      
 New Orleans  250 ND–26 NS Antoine et al. 1986 
 Old Love Canal 1978 9 0.24–1.8b  Barkley et al. 1980 
 Denver 1976 3 1,300–2,700c 1,800 Gunter et al. 1977 
 U.S. NHANES III  

Non-smokers 
NS 126 ND–0.0106d 0.0035 Ashley et al. 1995 

 U.S. NHANES III  
Smokers 

NS 42 ND–0.0132d 0.0052  

 U.S. NHANES III 
Non-occupationally 
exposed 

NS 574 NS 0.34 Ashley et al. 1994 

Milk:      
 Bridgeville, PA; Bayonne, 

NJ; Jersey City, NJ; Baton 
Rouge, LA 

 12 NS  Pellizzari et al. 1982

Breath:      
 Chicago, IL  387  0.0018d Krotosznski et al. 

1979 
 Texas  10 ND–140 (µg/hour) 40 Conkle et al. 1975 
 Old Love Canal, NY 1978 9 Trace–0.513e  Barkley et al. 1980 
 Chapel Hill, NC 1978 17 1.1–8.72f 81.81 Zweidinger et al. 

1983 
 Beaumont, TX  17 0.081–29.6 15.97  
 New Jersey      
  fall 1981 322  1.2f Wallace et al. 1987a
  summer 1982 110  0.95  
  winter 1983 49  0.37  
 Devils Lake, ND 1980 23  1.7 Wallace et al. 1984a
   48(9) 0.022–16.0f 0.88  
 Bayonne/Elizabeth, NJ 1981 295–339 ND–95 0.88g Wallace et al. 1985 
   17(3) 0.053–1.4 0.11  
 Los Angeles, CA 1984    Wallace et al. 1987d
  winter  112–115  1.17g,f  
  spring  51  0.70  
 Antioch-Pittsburgh, PA  66–69  0.017 
 Elizabeth-Bayonne, NJ 1981 295–339 NS–96.2 2.78 

Wallace et al. 
1984b, 1985, 1986b, 
1987a 
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Table 6-7.  Detection of 1,1,1-Trichloroethane in Human Samples 
 

Concentration (ppb)  
Media type/location 

Sampling 
dates 

Number of 
samples Range Mean Reference 

 Elizabeth-Bayonne, NJ 1981 48 0.022–15.7  
 Research Triangle Park, 

NC 
1981 17 0.054–1.142  

Wallace et al. 1984a

Urine:      
 Old Love Canal, NY 1978 9 0.03–0.180 100 Barkley et al. 1980 
 
aData in ng/g; 1 ppb=1 ng/g 
bData in ng/mL; 1 ppb=1 ng/mL 
cData in mg/dL; 1 ppb=0.00001 mg/dL 
dData in ng/L; 1 ppb=1000 ng/L 
eData in ng/m3; 1 ppb=5400 ng/m3 
fData in µg/m3; 1 ppb=5.4 µg/m3 
gWeighted geometric mean 
 
ND = not detected; NHANES = National Health and Nutrition Examination Survey; NS = not specified 
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1,1,1-Trichloroethane has been detected in newly constructed buildings (Wallace et al. 1987b).   

1,1,1-Trichloroethane was found in 216 of 1,159 common household products preselected to contain 

solvents at concentrations >0.1% by weight (Sack et al. 1992).  In a similar study, 1,1,1-trichloroethane 

was found in all 67 categories of household products (1,026 brands tested) likely to be in the average U.S. 

home (EPA 1987; Maklan et al. 1987).  The categories of these common household products are given in 

Table 5-2.  The occurrence of 1,1,1-trichloroethane in 62% of the effluent samples taken from a 

community septic tank also suggests the presence of this compound in household products (De Walle et 

al. 1985). 

 

Human exposure could occur directly via ingestion of contaminated water, but also indirectly through the 

inhalation of 1,1,1-trichloroethane that has volatilized from contaminated tap water.  Based on a 

theoretical concentration of 1 mg/L (ppm) of 1,1,1-trichloroethane in tap water, the average estimated air 

concentrations for the entire house, bathroom, and shower stall were 2.3x10-4, 5.1x10-3, and 

2.6x10-2 mg/L, respectively (McKone 1987).  For a tap water concentration of 20 mg/L, the estimated 

daily exposure to 1,1,1-trichloroethane was 20.0 mg from ingestion and 22.8 mg from inhalation while 

showering (Foster and Chrostowski 1986).  The Total Exposure Assessment Methodology (TEAM) 

studies demonstrated that levels of personal air exposure determined using samples obtained on the same 

day could vary by orders of magnitude for subjects living in the same municipality, most likely as a result 

of variances in consumer practices and occupation (Hartwell et al. 1987a, 1987b, 1992; Wallace 1986, 

1987; Wallace et al. 1986a, 1986b, 1988, 1989; Zweidinger et al. 1983).  The maximum exposure levels 

of 1,1,1-trichloroethane during personal activities were:  185 ppb when visiting the dry cleaners, 18.5 ppb 

when working in a chemistry lab, 12 ppb when working as a lab technician, 48 ppb when using household 

cleaners, 20 ppb when using pesticides, and 20 ppb when using paint (Wallace et al. 1989).  Exposure of 

the general population from the use of commercial products may be more significant than exposure 

resulting from industrial release. 

 

According to the National Occupational Exposure Survey (NOES) conducted by NIOSH between 1981 

and 1983, it has been statistically estimated that ≈2,528,300 workers in the United States were potentially 

exposed to 1,1,1-trichloroethane (NIOSH 1990).  The largest number of workers are exposed in the 

following types of industries/services: sewing machine operators in apparel industry; registered nurses, 

maids, janitors and cleaners in hospitals; electricians, technicians, assemblers, installers, machinists and 

repairers in electrical and electronic industry; and janitors and cleaners in building maintenance service.  

From the existing monitoring data, it appears that most occupational exposure occurs by inhalation. 
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Specific industrial applications of 1,1,1-trichloroethane that might result in elevated levels of exposure are 

processes involving the degreasing and cleaning of fabricated metal parts (Gunter et al. 1977; Kominsky 

1976; Levy and Meyer 1977; Markel 1977), manufacture of electronic components (Giles and Philbin 

1976), mixing and application of commercial resins (Giles 1976), and spray painting and spray gluing 

(Whitehead et al. 1984).  Table 6-8 lists occupations in which 1,1,1-trichloroethane has been detected in 

the air.  Other occupations where workers can be exposed to 1,1,1-trichloroethane include automotive 

assembly plants (Nelson et al. 1993), kraft pulp mills (Rosenberg et al. 1991), and fuel cell assembly 

plants (NIOSH 1993).  In a survey (1990–1991) of a fuel cell assembly plant, the levels of 1,1,1-trichloro-

ethane in some of the personal breathing zone and general area samples were found to exceed the NIOSH 

short-term exposure limit of 350 ppm (NIOSH 1993).  More current worker information was not 

available; however, since the production and use of 1,1,1-trichloroethane is being phased out, exposures 

would be expected to decrease.  Exposure to 1,1,1-trichloroethane should be limited to those workers who 

are still involved in the manufacture and production of this compound or the limited uses as allowed for 

essential applications in the medical industry and aviation industry or the export of 1,1,1-trichloroethane 

as specified under Section 604 of the Clean Air Act. 

 

6.6   EXPOSURES OF CHILDREN  
 

This section focuses on exposures from conception to maturity at 18 years in humans.  Differences from 

adults in susceptibility to hazardous substances are discussed in Section 3.7, Children’s Susceptibility. 

 

Children are not small adults.  A child’s exposure may differ from an adult’s exposure in many ways.  

Children drink more fluids, eat more food, breathe more air per kilogram of body weight, and have a 

larger skin surface in proportion to their body volume.  A child’s diet often differs from that of adults.  

The developing human’s source of nutrition changes with age:  from placental nourishment to breast milk 

or formula to the diet of older children who eat more of certain types of foods than adults.  A child’s 

behavior and lifestyle also influence exposure.  Children crawl on the floor, put things in their mouths, 

sometimes eat inappropriate things (such as dirt or paint chips), and spend more time outdoors.  Children 

also are closer to the ground, and they do not use the judgment of adults to avoid hazards (NRC 1993). 
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Table 6-8.  Occupational Air Levels of 1,1,1-Trichloroethane 
 

Concentration (ppb)  
Location/occupation 

Sampling 
dates Range Mean Reference 

Bozeman, MT 1976    
 Auto repair garage   2.2 Taketomo and 

Grimsrud 1977 
 Bookstore   6.7  
 Restaurant   0.2  
 Department store  0.8–1.7   
 Newspaper press room   2.2  
 Grocery store  1.9–21   
 Dry cleaner  1.8–14.4   
 Chemistry building (academic)  0.1–1.2   
Tampa, FL     
 Telephone central office 1979 27–65  Oblas et al. 1979, 

1980 
Hobbs, NM     
 Telephone business office   50  
Waltham, MA     
 Laboratory air   4.5  
Organic solvent recycling plant 1984 ND–20,000a 3,110 Kupferschmid and 

Perkins 1986 
Booth spray painting/gluing 1981 NS–22,000a 1,200 Whitehead et al. 

1984 
Screw machine manufacturing 
company, AR 

1976 12,000–99,800b  Markel 1977 

Rifle scope producer, Denver, CO 1976 7,700–478,000b  Gunter et al. 1977 
Heating and cooling coil 
manufacturing, IL 

1976 1,460–16,600b  Levy and Meyer 
1977 

Electric apparatus manufacturing, PA 1975 2,500–79,500a  Giles 1976 
Electrical resistor manufacturing, PA 1976 6,000–83,000a  Giles and Philbin 

1976 
Valve part manufacturer, IN 1976 4,000–37,000a  Kominsky 1976 
Aircraft manufacturer, GA 1983–1984 ND–23,000a  Salisbury et al. 1986
Sport racket manufacturer, CO 1985 NS  Pryor 1987 
Nail manufacturer, CO 1987 7,510–406,000b  NIOSH 1987 
Fiber manufacturer, IL 1986 59–115b  Daniels et al. 1988 
Mens' shirt company, IN 1974   Nord 1974 
Film optical shops, NY 1979 500–1,320,000b  Peter and Edelbrock 

1980 
Joint/shaft manufacturer, IN 1979 800–1,300a  McQuilkin et al. 

1979 
Battery manufacturer, CO 1979 9,160–36,400b  NIOSH 1980a 
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Table 6-8.  Occupational Air Levels of 1,1,1-Trichloroethane 
 

Concentration (ppb)  
Location/occupation 

Sampling 
dates Range Mean Reference 

Typesetter/photographer, GA 1979 3,900–4,600a  NIOSH 1980b 
Graphic services, OH 1979 <1,000a  NIOSH 1980c 
Welding shop 1979 3,200–4,799a  Vegella 1979 
Suitcase manufacturer, CO 1978 500–756,000a  Apol and Singal 

1979 
Ski/tennis racquet manufacturing, 
CO  

1979 22,500–85,800b  Gunter 1979 

Sewer workers, OH 1981 1,000–40,000a  McGlothlin and 
Cone 1983 

Solar cell producer, CA 1979 ND–74,000b  Briggs and Garrison 
1982 

Medical therapeutic system 
manufacturing, CO 

1979 400–3,600a  NIOSH 1980d 

Navigation information products, CO 1981 549–2,750b  Gunter 1983 
Tractor manufacturer, ND 1979 ND–62,600a  NIOSH 1980e 
U.S. Department of the Treasury, DC 1982 NS  Lee 1984 
School district print shop, OR 1983 100a  Apol and Helgerson 

1983 
Electrical maintenance company, OH 1981 123,000–385,000b  Kominsky and 

Lipscomb 1985 
Electrical commutators 
manufacturers, IL 

1983 ND–4a  Almaguer 1985 

Crystal fabricator, CO 1984 366–2700b  Gunter and Thoburn 
1986 

Silk screening of textiles, KS 1975 ND–75,000b  Hervin 1975 
Aluminum vane manufacturers, OH 1976 74,000–396,000a  Giles 1977 
Catapult cylinder manufacturers, OH 1975 2,400–18,400a  Giles 1977 
Chemical recovery plant, OH 1980 1,900–4,500b  Albrecht 1980 
Pump manufacturer, NY 1978–1979 ND–2,930  Fannick 1980 
Uranium company, WY 1980 ND–155,000b  Gunter 1980 
Theater, NY 1985 458–10,700b  Fannick 1986 
 
aData reported in ppt; converted to ppb using the conversion factor 1 ppb=1,000 ppt 
bData reported in mg/m3; converted to ppb using the conversion factor 1 ppb=0.0054 mg/m3 
 
ND = not detected; NS = not specified 
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Exposures of the embryo or fetus to volatile organic compounds such as 1,1,1-trichloroethane may occur 

if the expectant mother is exposed.  A newborn infant may be exposed by breathing contaminated air and 

through ingestion of mother’s milk that can contain small amounts of 1,1,1-trichloroethane.  Children 

may be exposed through accidental ingestion of products containing 1,1,1-trichloroethane.  Older children 

and adolescents may be exposed to 1,1,1-trichloroethane in their jobs or hobbies, or through deliberate 

solvent abuse by “sniffing.”  Epidemiological studies and case reports discussing reproductive and/or 

developmental toxicity of 1,1,1-trichloroethane in humans have been reviewed in Chapter 3.   

 

Young children often play close to the ground and frequently play in dirt, which increases their dermal 

exposure to toxicants in dust and soil.  They also tend to ingest soil, either intentionally through pica or 

unintentionally through hand-to-mouth activity.  Children, thus, may be orally and dermally exposed to 

1,1,1-trichloroethane present as a contaminant in soil and dust.  1,1,1-Trichloroethane has a log organic 

carbon-water partition coefficient of 2.03, indicating low adsorption to soil (Chiou et al. 1979; Friesel et 

al. 1984).  Most of the 1,1,1-trichloroethane present in the upper layers of the soil is volatilized to air 

within 24 hours (vapor pressure =124 mm Hg at 25 °C, Boublik et al. 1984).  The rapid volatilization of 

1,1,1-trichloroethane results in inhalation being the most likely route of exposure.   

 

Children breathe in more air per kilogram of body weight than an adult.  Therefore, a child in the same 

micro-environment as an adult is likely to be exposed to more 1,1,1-trichloroethane from ambient air.  

Young children are closer to the ground or floor because of their height.  The 1,1,1-trichloroethane vapors 

being heavier than air (vapor density =4.63 g/mL; HSDB 2004) tend to concentrate near the ground.  The 

children, therefore, are at a greater risk of exposure than adults during accidental spills of 1,1,1-trichloro-

ethane. 

 

Children may also be exposed to fumes of 1,1,1-trichloroethane by working with or playing near sources.  

Children’s exposure also occurs through accidental ingestion and inhalation of the chemicals into the 

lungs.  Children are also exposed to higher concentrations of 1,1,1-trichloroethane (0.1–1 ppb, Table 6-3) 

in urban areas compared to children living in rural areas (concentrations typically <0.2 ppb, Table 6-3).    

 

Animal studies demonstrated that, once absorbed, 1,1,1-trichloroethane is distributed by the blood to 

tissues and organs throughout the body, including developing fetuses, with preferential distribution to 

fatty tissues (Holmberg et al. 1977; Katagiri et al. 1997; Schumann et al. 1982a; Takahara 1986b). 
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There are no existing studies that have monitored the level of exposure from 1,1,1-trichloroethane to 

children.  Most uses of 1,1,1-trichloroethane are associated with occupational purposes, so it is unlikely 

that children will receive significant doses.  Under extreme conditions where products containing high 

concentrations of 1,1,1-trichloroethane are used in the presence of children in an enclosed area with little 

or no ventilation, children could receive significant exposure.  There are studies that examine the 

exposure to children from parents= work clothes, skin, hair, tools, or other objects removed from the 

workplace (NIOSH 1995); however, this type of Atake home@ or secondary exposure is unlikely due to the 

high volatility of 1,1,1-trichloroethane.  Additional exposure from consumer products can occur, but is 

unlikely to be significant, although little data are available at this time. 

 

It is not known whether children differ in their weight-adjusted intake of 1,1,1-trichloroethane.  However, 

children drink more fluids per kg of body weight than adults (NRC 1993) and 1,1,1-trichloroethane has 

been detected in drinking water (Section 6.4.2, Table 6-2).  

 

6.7   POPULATIONS WITH POTENTIALLY HIGH EXPOSURES  
 

The general population is potentially exposed to low levels of 1,1,1-trichloroethane through the ingestion 

of contaminated water or food and by breathing air contaminated with this compound.  Since most 

applications and uses of 1,1,1-trichloroethane have been or are currently being discontinued, human 

exposure is expected to decrease accordingly.  The manufacture and use of 1,1,1-trichloroethane was 

scheduled to be phased out by 2002 under the Clean Air Act (EPA 2004m).  Since it is no longer in use, 

the exposure of the general population should drop to insignificant levels.  Low levels of contamination in 

drinking water sources have been documented (Althoff et al. 1981; Barkley et al. 1980; Burmaster 1982; 

EPA 1986a; Krill and Sonzogni 1986; Wallace et al. 1984a; Zaki 1986).  According to Table 6-2, levels 

of 0.01–12,220 ppb 1,1,1-trichloroethane have been found in drinking water sources.  1,1,1-Trichloro-

ethane was used as a component of adhesives for food packaging, and this practice may have contributed 

to human exposure by ingestion (Miller and Uhler 1988).  Airtight, highly-insulated houses are likely to 

have high indoor concentrations from use of household products containing 1,1,1-trichloroethane.  Very 

high levels of exposure are expected to occur for those who intentionally inhale 1,1,1-trichloroethane for 

its euphoric/narcotic properties. 

 

Workers who are still involved in processes using this compound may encounter high exposure levels.  

Occupations in which 1,1,1-trichloroethane has been found in the air are given in Table 6-8; however, it is 
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noted that many of these occupational exposures are no longer expected to occur today since the 

production and use of 1,1,1-trichloroethane is being phased out.  Analysis of these data shows that 

ambient air concentrations in industries using 1,1,1-trichloroethane are up to 4 orders of magnitude higher 

than what is typically found in urban air. 

 

1,1,1-Trichloroethane was used in some adhesive remover pads of incubators in intensive care nurseries, 

and there is evidence that infants in incubators could be exposed to high concentrations of 1,1,1-trichloro-

ethane (Gallagher and Kurt 1990).  This use of 1,1,1-trichloroethane has been discontinued. 

 

6.8   ADEQUACY OF THE DATABASE  
 

Section 104(i)(5) of CERCLA, as amended, directs the Administrator of ATSDR (in consultation with the 

Administrator of EPA and agencies and programs of the Public Health Service) to assess whether 

adequate information on the health effects of 1,1,1-trichloroethane is available.  Where adequate 

information is not available, ATSDR, in conjunction with NTP, is required to assure the initiation of a 

program of research designed to determine the health effects (and techniques for developing methods to 

determine such health effects) of 1,1,1-trichloroethane. 

 

The following categories of possible data needs have been identified by a joint team of scientists from 

ATSDR, NTP, and EPA.  They are defined as substance-specific informational needs that if met would 

reduce the uncertainties of human health assessment.  This definition should not be interpreted to mean 

that all data needs discussed in this section must be filled.  In the future, the identified data needs will be 

evaluated and prioritized, and a substance-specific research agenda will be proposed.  

 

6.8.1   Identification of Data Needs  
 

Physical and Chemical Properties.    The physical and chemical properties of 1,1,1-trichloroethane 

are well documented, and little additional information in this area is required.  Only one BCF for 1,1,1-tri-

chloroethane was located in the available literature.  This value is, however, consistent with what would 

be expected based on the other physical and chemical properties of 1,1,1-trichloroethane. 
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Production, Import/Export, Use, Release, and Disposal.    Historical data on the production, use, 

release, and disposal of 1,1,1-trichloroethane in the United States are well represented in the literature.  

The past production volumes of 1,1,1-trichloroethane manufactured in the United States is known.  

According to the 1990 amendments to the Clean Air Act and the Montreal Protocol, future U.S. 

production was to be cut incrementally until a total phase-out by January 1, 2002 (EPA 2004m).  

However, current data suggests that large quantities of 1,1,1-trichloroethane are still being produced 

domestically, and information regarding the current production volumes as well as export volumes are 

important to assess the potential for exposure.  The past use of 1,1,1-trichloroethane is well-documented.  

It was used extensively in industrial applications, and it was found in numerous consumer products for the 

home.  Mandates on production, however, are expected to decrease the use of 1,1,1-trichloroethane and 

subsequent potential exposure to 1,1,1-trichloroethane. 

 

There are a few food monitoring studies in the literature that provide several examples of food 

contamination with 1,1,1-trichloroethane.  The ubiquitous nature of 1,1,1-trichloroethane suggests that 

additional information in this area would allow a complete determination of the levels of human exposure 

to this chlorinated solvent.  The release of 1,1,1-trichloroethane to the environment is well established 

since there are numerous studies that indicate the presence of this compound in environmental media.  

The quantity of 1,1,1-trichloroethane released to the environment during its production, formulation, and 

use is known.  1,1,1-Trichloroethane is listed on the Toxics Release Inventory (TRI).  Methods for the 

disposal of 1,1,1-trichloroethane exist.  Data on the removal of 1,1,1-trichloroethane from waste streams 

during biological treatment processes are lacking.  Information on the amount of 1,1,1-trichloroethane 

disposed of annually is scarce.  Rules and regulations governing the disposal of 1,1,1-trichloroethane 

exist. 

 

According to the Emergency Planning and Community Right-to-Know Act of 1986, 42 U.S.C. 

Section 11023, industries are required to submit chemical release and off-site transfer information to the 

EPA.  TRI, which contains this information for 2001, became available in 2002.  This database will be 

updated yearly and should provide a list of industrial production facilities and emissions. 

 

Environmental Fate.    Data on the environmental fate of 1,1,1-trichloroethane are well represented in 

the literature.  The partitioning of 1,1,1-trichloroethane from soil or water to the atmosphere is well 

established, and there is sufficient evidence to indicate that the compound can leach into groundwater.  

The relatively slow rate of degradation and the major routes of 1,1,1-trichloroethane degradation in all 



1,1,1-TRICHLOROETHANE  232 
 

6.  POTENTIAL FOR HUMAN EXPOSURE 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

environmental compartments have been established.  The relatively long persistence of 1,1,1- trichloro-

ethane in the atmosphere indicates that a significant portion of this compound migrates to the 

stratosphere.  Data on the biodegradation of 1,1,1-trichloroethane in soil are particularly lacking. 

 

Bioavailability from Environmental Media.    Numerous toxicokinetic and toxicity studies in 

humans and animals have demonstrated the bioavailability of 1,1,1-trichloroethane from air and drinking 

water.  Although some data on the bioavailability of 1,1,1-trichloroethane from air to mammalian skin 

(Mattie et al. 1994), and from air to other mammalian tissues (blood, muscle, liver) (Connell et al. 1993) 

are available, no studies on the bioavailability of 1,1,1-trichloroethane from food or soil were located.  

Some of the important routes of exposure to 1,1,1-trichloroethane for residents near waste sites will be 

inhalation of airborne dusts, ingestion of soil (children) and dermal contact with contaminated soil 

(mostly children).  Therefore, it would be helpful to develop reliable data for the bioavailability of 

1,1,1-trichloroethane from dust as a result of inhalation of contaminated airborne dust, from soil as a 

result of ingestion of soil, and from soil as a result of dermal contact with soil.   

 

Food Chain Bioaccumulation.    1,1,1-Trichloroethane is not believed to bioconcentrate in fish and 

aquatic organisms; thus, it is not expected to biomagnify in the food chain.  There are limited data 

regarding food chain biomagnification of 1,1,1-trichloroethane. 

 

Exposure Levels in Environmental Media.    Volumes of data exist on levels of 1,1,1-trichloro-

ethane in environmental media, with the exception of levels in soil samples.  Continued monitoring of 

environmental media is warranted.  Blind monitoring at this stage, however, might be replaced with 

methods that allow both the continued determination of the environmental burden of 1,1,1-trichloroethane 

and correlation with human burden, like that performed in the TEAM studies.  These and other studies 

have estimated human intake of 1,1,1-trichloroethane from environmental media.  For members of the 

general population near hazardous waste sites, total exposure to 1,1,1-trichloroethane will include 

exposure from environmental media and exposure from consumer products. 

 

Reliable monitoring data for the levels of 1,1,1-trichloroethane in contaminated media at hazardous waste 

sites are needed so that the information obtained on levels of 1,1,1-trichloroethane in the environment can 

be used in combination with the body tissue/fluid levels of 1,1,1-trichloroethane to assess the potential 

risk of adverse health effects in populations living in the vicinity of hazardous waste sites. 
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Exposure Levels in Humans.    1,1,1-Trichloroethane has been detected in human tissues and 

expired air.  Studies have recently determined that the potential for exposure of the general population 

may be significantly higher inside the home.  Additional information that correlates the lifestyle of the 

individual with the total body burden of 1,1,1-trichloroethane would aid in reducing future exposure to 

the general population.  This information is necessary for assessing the need to conduct health studies on 

these populations. 

 

Exposures of Children.    A study on usefulness of intervention methods in cases of inhalant abuse by 

pregnant women would be helpful.  More research is needed to rule out concomitant risk factors and to 

identify specific chemicals and patterns of use associated with adverse effects.  

 

Children are at a greater risk of inhalation exposure to 1,1,1-trichloroethane as they breathe in more air 

per kilogram of body weight than an adult.  They also spend more time closer to ground because of their 

height.  1,1,1-Trichloroethane vapors, being heavier than air, tend to concentrate closer to the ground, 

thereby increasing the risk for children.  No data are available on the exposure of the children to 1,1,1-tri-

chloroethane present in the air.   

 

Means of protecting young children from ingestion of home products containing 1,1,1-trichloroethane 

need study and action.  Child-proof containers and clearer warnings to parents should be considered to 

avoid unwanted exposure. 

 

Child health data needs relating to susceptibility are discussed in Section 3.12.2, Identification of Data 

Needs: Children’s Susceptibility. 

 

Exposure Registries.    No exposure registries for 1,1,1-trichloroethane were located.  This substance 

is not currently one of the compounds for which a subregistry has been established in the National 

Exposure Registry.  The substance will be considered in the future when chemical selection is made for 

subregistries to be established.  The information that is amassed in the National Exposure Registry 

facilitates the epidemiological research needed to assess adverse health outcomes that may be related to 

exposure to this substance. 
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6.8.2   Ongoing Studies  
 

The Federal Research in Progress (FEDRIP 2004) database provides additional information obtainable 

from a few ongoing studies that may fill in some of the data needs identified in Section 6.8.1.   

 

Researchers at Physical Optics Corporation (POC) proposes to develop a group-specific active optical 

chemical sensor for halohydrocarbons (including trichloroethylene, dichloroethylene, perchloroethylene, 

and 1,1,1-trichloroethane) that can be interfaced with a cone penetrometer for subsurface applications.  

No liquid chemical substances will be used in the final sensor design, enabling simple fiber optic-based 

downhole deployment. 

 

Researchers at University of Washington, College of Forest Resources propose to test the ability of 

several plant strains to take up and transform various chlorinated hydrocarbons, including 

carbontetrachloride, chloroform, bischloromethane, 1,1,1-trichloroethane, perchloroethylenes, 

trichloroethylene, dichloromethanes, and vinyl chloride using laboratory mass balance reactors.  They 

will identify the mechanisms involved in the chlorinated hydrocarbon oxidation in poplar and use 

molecular methods to enhance that activity. 
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7.  ANALYTICAL METHODS 
 

The purpose of this chapter is to describe the analytical methods that are available for detecting,  

measuring, and/or monitoring 1,1,1-trichloroethane, its metabolites, and other biomarkers of exposure and 

effect to 1,1,1-trichloroethane.  The intent is not to provide an exhaustive list of analytical methods.  

Rather, the intention is to identify well-established methods that are used as the standard methods of 

analysis.  Many of the analytical methods used for environmental samples are the methods approved by 

federal agencies and organizations such as EPA and the National Institute for Occupational Safety and 

Health (NIOSH).  Other methods presented in this chapter are those that are approved by groups such as 

the Association of Official Analytical Chemists (AOAC) and the American Public Health Association 

(APHA).  Additionally, analytical methods are included that modify previously used methods to obtain 

lower detection limits and/or to improve accuracy and precision. 

 

7.1   BIOLOGICAL MATERIALS  
 

In the analysis of 1,1,1-trichloroethane in biological materials, a key factor in the determination is the 

sample matrix under consideration.  In the broadest sense, this can be broken down into liquid samples 

(e.g., blood or urine), solid samples (which would include adipose tissue, liver samples), and expired air 

samples.  After 1,1,1-trichloroethane has been recovered from the sample matrix, a number of similar 

techniques can then be used to complete the analysis.  A synopsis of these methods can be found in 

Table 7-1.  In general, the methods for determining the metabolites of 1,1,1-trichloroethane are the same 

as those used for the parent compound, with slight modifications (Nolan et al. 1984). 

 

The quantification of 1,1,1-trichloroethane in blood and urine samples can be achieved by the initial use 

of purge and trap methodology (Antoine et al. 1986; Barkley et al. 1980).  This technique involves the 

liberation of the volatile chlorinated hydrocarbon by bubbling an inert gas through the sample matrices at 

elevated temperatures (≈50–95 °C).  Higher temperature increases the vapor pressure of the compound, 

and the bubbling action serves, essentially, to increase the gas-liquid partition, and thus volatilize the 

compound of interest.  The gaseous sample is collected on an adsorption tube, which frequently uses a 

polymeric sorbent such as Tenax GC. 
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Table 7-1.  Analytical Methods for Determining 1,1,1-Trichloroethane in Biological 
Samples 

 

Sample 
matrix Preparation method 

Analytical 
method Limit 

Percent 
recovery Reference 

Exhaled air Collection in Tedlar 
bag; adsorption on 
Tenax GC; thermal 
desorption 

HRGC/MS 0.1 µg/m3 87–94 Barkley et al. 1980; 
Wallace et al. 1984a, 
1985, 1987a 

Exhaled air Collection in charcoal 
cloth wafers; 
desorption in carbon 
disulfide 

GC/FID 2 mg/m3 (for 
50 L sample) 

89–120 Glaser and Arnold 
1989 

Exhaled air Collection into canister 
by portable spirometer; 
aliquot injection into a 
cryogenic trap 

HRGC/MS 3.3 µg/m3 (for 
300 L sample) 

94–98 Raymer et al. 1990 

Urine Purging at 50 °C; 
trapping on Tenax GC; 
thermal desorption into 
GC 

HRGC/MS No data No data Barkley et al. 1980 

Adipose 
tissue 

Purging at 95 °C; 
trapping on Tenax GC; 
thermally desorption at 
250 °C  

HRGC/MS 0.01 mg/kg No data Stanley 1986a,1986b 

Blood Purging at 50 °C; 
trapping on Tenax GC; 
thermal desorption 

HRGC/MS No data 
 

No data Antoine et al. 1986;  
Barkley et al. 1980 

Blood Purging at 30 °C; 
trapping on Tenax GC; 
thermal desorption into 
GC 

HRGC/MS 0.049 µg/L 147 Ashley et al. 1992 

Blood Static headspace HRGC/FID <0.1 mg/L 214 (at 
0.5 mg/L) 

Dills et al. 1991 

Liver, kidney, 
brain, heart, 
lung, 
perirenal fat 
and skeletal 
muscle 

Homogenization with 
ice-cold saline and iso-
octane; vortexing and 
centrifugation; iso-
octane layer withdrawn 
for head space analysis 

GC/ECD 1 ng 85.5–91.3 Chen et al. 1993 

Milk Purging at 70°C; 
trapping in Tenax GC; 
thermal desorption 

HRGC/MS No data No data Pellizzari et al. 1982 

 
ECD = electron capture detector; FID = flame ionization detector; GC = gas chromatography; HRGC = high 
resolution gas chromatography; MS = mass spectrometry 
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At this point, the sample is analyzed by gas chromatography (GC), the analytical method of choice for 

volatile halogenated hydrocarbons.  Information on the analysis of these samples by GC is presented in 

Section 7.2, with a discussion of the advantages and disadvantages of each method.  The technique of 

Antoine et al. (1986) showed a 5% variance on a series of 2 ppb spiked samples, and the analysis had a 

linear response ranging from 0.5 to 50 ppb.  Although infra-red spectrometry has less sensitivity than 

electron capture detectors (ECD), Hall electroconductivity detectors (HECD), and mass spectrometric 

detectors (MS), it has been used to quantify the levels of 1,1,1-trichloroethane in biological samples 

(IARC 1979). 

 

The concentration of 1,1,1-trichloroethane in solid samples can be determined by headspace techniques, 

which involve analysis of the air above a heated sample in either a dynamic or a static system.  In a static 

system, an aliquot of the atmosphere above the sample is obtained and analyzed by direct GC.  In a 

dynamic system, an inert gas is passed over the top of a heated, rapidly stirred suspension of sample in 

water (Stanley 1986a, 1986b).  The gas stream is then passed through an adsorption tube, trapping the 

volatile compounds.  For adipose tissue, the detection limits were 0.01 mg/kg and the average recovery 

for spiked samples (concentration range 0.15–0.44 µg/20 g tissue) was 105%, with a precision of 

11.8% (Stanley 1986a, 1986b). 

 

In biological samples, losses during the sample preparation stage (weighing, transferring, etc.) can arise 

due to the volatility of 1,1,1-trichloroethane or from an incomplete recovery from the biological matrix.  

Samples should be analyzed shortly after they are obtained.  Otherwise, they should be carefully stored at 

low temperature, preferably in a dessicator.  Handling and manipulation also should be kept to a 

minimum, preventing both premature loss by volatilization and contamination of the sample through the 

adsorption of vapors from ambient air.  The need for blank water with very low levels of volatile organic 

compounds (VOCs) has increased because of the constant improvement in the sensitivity of detection of 

these VOCs. A method that uses distillation in conjunction with helium stripping has been described to 

obtain high purity blank water (Cardinali et al. 1994).   

 

7.2   ENVIRONMENTAL SAMPLES  
 

A short description of the methods used for analysis of 1,1,1-trichloroethane in environmental samples is 

presented in Table 7-2.  An extensive list of methods for analysis of 1,1,1-trichloroethane in  
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Table 7-2.  Analytical Methods for Determining 1,1,1-Trichloroethane in 
Environmental Samples 

 

Sample 
matrix Preparation method 

Analytical 
method 

Sample 
Detection 
Limit 

Percent 
recovery Reference 

Air Charcoal tube 
collection and carbon 
disulfide desorption 

GC/FID 
(NIOSH 
1003) 

18 ppm No data NIOSH 1987 

Ambient air Trapping on adsorbent; 
thermal desorption 

HRGC/ECD 0.006 µg/m3 
(based on 
127 L sample) 

100 Frank and Frank 1988 

Waste water Purge and trap onto 
adsorbent; desorption 
into GC column by 
rapid heating 

GC/HECD 
(EPA 601) 

0.03 µg/L 75±12 EPA 1982c 

Waste water Purge and trap onto 
adsorbent; thermal 
desorption 

GC/MS 
(EPA 624) 

3.8 µg/L 102±16 EPA 1982a 

Solid waste  
matrices, 
groundwater, 
liquid wastes, 
sediment 

Purge and trap into 
adsorbent; thermal 
desorption 

GC/MS 
(EPA-8240 
SW 846) 

5 µg/L 
(groundwater) 
5 µg/kg (soil 
and sediment) 

113 (at 
10 µg/kg) 

EPA 1986e 

Soil Purge and trap onto 
adsorbent; rapid 
heating desorption 

GC/MS 
(EPA 
Contract 
Lab) 

5 µg/kg No data EPA 1987a 

Drinking 
water 
 

Purge and trap onto 
adsorbent; backflush to 
cryogenically cooled 
trap 

GC/HECD 
(EPA 502.1) 
HRGC/ 
HECD (EPA 
502.2) 

0.003 µg/L 
0.01 µg/L 

93±8 
96±2.6 

EPA 1986a 

Drinking 
water, raw 
source water 

Purge and trap onto 
adsorbent; backflush to 
packed or cryogenically 
cooled capillary trap 

GC/MS 
(EPA 524.1) 
HRGC/MS 
(EPA 524.2)

0.3 µg/L  
0.04 µg/L 

105±8.9 
100±4 

EPA 1988b, 1988c 

Food Heating sample in 
closed container at 
95 C for 55 minutes; 
analysis of headspace 
gas 

GC/ECD 0.6–2.4 µg/kg 
(for various 
foods) 

No data Norman 1991 

 
ECD = electron capture detector; EPA = Environmental Protection Agency; FID = flame ionization detector; GC = 
gas chromatography; HECD = Hall Electroconductivity detector; HRGC = high resolution gas chromatography; MS = 
mass spectrometry; NIOSH = National Institute for Occupational Safety and Health 
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environmental samples can be compiled from the literature.  Two methods are commonly used for 

collection of 1,1,1-trichloroethane and other volatile organics in ambient and occupational air.  One 

method uses adsorbents to trap and concentrate organics in air, and the other method uses passive 

stainless steel canisters (SUMMA canisters).  The advantage of SUMMA canisters is that sample 

breakthrough does not occur with this method as it may occur with adsorbent tubes (Hsu et al. 1991).  The 

disadvantages of the canister method are its inability to concentrate pollutants during sample collection 

and the potential analytical problems associated with the presence of moisture in the sample (Bianchi and 

Varney 1993).  In all methods, however, there is a consensus that after the sample collection and 

preparation stage, mixture separation and quantitative analysis is best done with GC, coupled with an 

assortment of detectors.  Standardized methods, with slight alterations, also can be used for determining 

the metabolites of 1,1,1-trichloroethane (Hallen et al. 1986; Parsons et al. 1985; Vogel and McCarty 

1987). 

 

The analysis of 1,1,1-trichloroethane in occupational air samples can be accomplished by NIOSH method 

1003 (NIOSH 1987).  The sample is obtained in the field with a pumping system to pass a measurable 

quantity of air (≈3 L) through a tube loaded with a solid sorbent, such as charcoal.  Extraction of the tube 

with the solvent CS2 liberates the 1,1,1-trichloroethane collected, an internal standard is added, and 

quantitation is then achieved by GC.  For packed column analysis, an OV-101 column using a flame 

ionization detector (FID) is given as the preferred choice (alternates, including capillary columns, are 

acceptable).  For the estimation of low levels of 1,1,1-trichloroethane in ambient air, thermal desorption 

following collection of the sample in an absorbent trap is the method of choice (Frank and Frank 1988). 

 

Capillary columns are used to separate 1,1,1-trichloroethane from the other components in a mixture.  

Capillary columns provide wider versatility offering superior resolution of components.  A comparison of 

capillary and packed column for analysis of volatile organics by GC is available (Clark and Zalikowski 

1990).  Narrow-bore capillary columns have high resolving power, but may not be suitable for headspace 

analysis because of easy column saturation (Ohno and Aoyama 1991).  Wide-bore capillary columns are 

suitable in such cases (Ohno and Aoyama 1991).  Different detectors can be used; ECD, HECD, and MS 

have been described.  The MS is the most selective detector, but the HECD is the most sensitive.  Both 

closed path and open path Fourier transform infrared spectrometry (FTIR) have recently been used for the 

determination of 1,1,1-trichloroethane in air (Carter et al. 1992; Trocha and Samimi 1993; Xiao and 

Levine 1993).  Although the FTIR methods have higher detection limits than the some of the other 
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conventional methods, they afford the opportunity of remote monitoring of real-time samples (Xiao and 

Levine 1993).  

 

In the analysis of 1,1,1-trichloroethane in air, the weakest link in analysis is irreversible adsorption of the 

desired compound to the sorbent material during sample collection.  For highly volatile, nonpolar 

compounds such as 1,1,1-trichloroethane, complete removal of the substrate may not occur if the 

adsorbent irreversibly adsorbs the substrate. 

 

The collection methods commonly used for water and aqueous effluents are grab or proportional 

sampling.  However, a solid phase microextraction method, which involves exposing a fused silica fiber 

coated with a stationary phase to the aqueous sample until equilibrium is achieved, has been proposed as a 

collection method (Arthur et al. 1992).  Analysis for 1,1,1-trichloroethane in municipal and industrial 

waste water is described in EPA method 601—purgeable halocarbons (EPA 1982a).  A 5 mL grab sample 

is connected to an apparatus called a purging chamber.  This chamber allows for an inert gas to be 

sparged through the water sample, carrying the 1,1,1-trichloroethane onto an adsorbent tube.  The 

organics are subsequently desorbed from the adsorbent tube by rapid heating and back flushing into the 

GC column.  Analysis is then made by GC elution using an HECD.  Detection limits for this method are 

given as 0.03 µg/L, with a 75% average recovery for spiked samples.  EPA test method 624, purgeables, 

also can be used for the analysis of 1,1,1-trichloroethane in waste water (EPA 1982a).  This method is 

similar to method 601, except that MS is used for quantitation. 

 

EPA method 502.1 can be used in the analysis of 1,1,1-trichloroethane in finished or raw source water 

(EPA 1986a).  This method is analogous to method 601.  The detection limit for this method is 

0.003 µg/L, with an average recovery of 93%. 

 

The EPA guidelines for contract laboratories (EPA 1986c) include methodology for the analysis of 

groundwater and soil samples.  The method for water analysis is similar to method 524.1.  Detection 

limits for this method are given at 5 µg/kg. 

 

7.3   ADEQUACY OF THE DATABASE  
 

Section 104(i)(5) of CERCLA, as amended, directs the Administrator of ATSDR (in consultation with the 

Administrator of EPA and agencies and programs of the Public Health Service) to assess whether 
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adequate information on the health effects of 1,1,1-trichloroethane is available.  Where adequate 

information is not available, ATSDR, in conjunction with NTP, is required to assure the initiation of a 

program of research designed to determine the health effects (and techniques for developing methods to 

determine such health effects) of 1,1,1-trichloroethane.  

 

The following categories of possible data needs have been identified by a joint team of scientists from 

ATSDR, NTP, and EPA.  They are defined as substance-specific informational needs that if met would 

reduce the uncertainties of human health assessment.  This definition should not be interpreted to mean 

that all data needs discussed in this section must be filled.  In the future, the identified data needs will be 

evaluated and prioritized, and a substance-specific research agenda will be proposed.  

 

7.3.1   Identification of Data Needs  
 

Methods for Determining Biomarkers of Exposure and Effect.     

 

Exposure.  The urinary concentration of 1,1,1-trichloroethane can be used as an appropriate biological 

indicator of exposure (Imbriani et al. 1988; Salkinoja-Salonen and Jokela 1991).  Both in the 

experimentally exposed subjects and in the occupationally exposed workers, the urinary concentration of 

1,1,1-trichloroethane showed a linear relationship to the corresponding environmental time-weighted 

average concentration with a correlation coefficient of 0.90–0.95 (Imbriani et al. 1988).  Additional 

studies to determine 1,1,1-trichloroethane in urine are not required.  

 

Effect.  There is no known effect of 1,1,1-trichloroethane that can be quantitatively related to its 

exposure. 

 

Methods for Determining Parent Compounds and Degradation Products in Environmental 
Media.    Analytical methodology for determining the levels of 1,1,1-trichloroethane and its 

biotic/abiotic degradation products such as 1,1-dichloroethene, 1,1-dichloroethane, and chloroethane in 

environmental samples are well established (Hallen et al. 1986; Mehran et al. 1988a; Parsons et al. 1985; 

Vogel and McCarty 1987).  Existing methods that provide acceptable detection limits for background 

levels in the environment and for levels at which health effects occur can be found for all types of 

environmental samples.  The precision, accuracy, reliability, and specificity of each method are well 

documented, and potential pitfalls have been described.  Development of a new methodology to 
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determine 1,1,1-trichloroethane in environmental samples that would provide both increased speed and 

decreased levels of difficulty may be desirable in situations where environmental monitoring of 1,1,1-tri-

chloroethane is required on a rapid or routine basis. 

 

7.3.2   Ongoing Studies  
 

No ongoing studies involving analytical techniques of 1,1,1-trichloroethane were found in a search of the 

Federal Research in Progress database (FEDRIP 2004). 
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8.  REGULATIONS AND ADVISORIES 
 

The international, national, and state regulations and guidelines regarding 1,1,1-trichloroethane in air, 

water, and other media are summarized in Table 8-1.   

 

ATSDR has derived an MRL of 2 ppm for acute-duration inhalation exposure (14 days or less) to 

1,1,1-trichloroethane, based on a LOAEL of 175 ppm for reduced performance of psychomotor tests in 

human volunteers in a study by Mackay et al. (1987). 

 

ATSDR has derived an MRL of 0.7 ppm for intermediate-duration inhalation exposure to 1,1,1-trichloro-

ethane based on a study by Rosengren et al. (1985), which found evidence of astrogliosis (increased glial 

fibrillary acid protein levels) in the brains of gerbils exposed to 210 or 1,000 ppm, but not 70 ppm, of 

1,1,1-trichloroethane continuously for 3 months.  

 

ATSDR has derived an MRL of 20 mg/kg/day for intermediate-duration oral exposure to 1,1,1-trichloro-

ethane based on a NOAEL of 1,770 mg/kg/day for body weight effects in male mice administered 

1,1,1-trichloroethane in the daily diet for 13 weeks (NTP 2000). 

 

The EPA does not list a reference concentration or a reference dose for 1,1,1-trichloroethane on the 

Integrated Risk Information System (IRIS 2004).  The EPA has classified 1,1,1-trichloroethane as 

group D, not classifiable as to human carcinogenicity, based on no reported human data and inadequate 

animal data (IRIS 2004). 
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Table 8-1.  Regulations and Guidelines Applicable to 1,1,1-Trichloroethane 
 
Agency Description Information Reference 
INTERNATIONAL 
Guidelines: 
 IARC Carcinogenicity classification Group 3a IARC 1999 
 WHO Provisional guideline value for drinking water 2,000 µg/L WHO 1996 
NATIONAL 
Regulations and Guidelines: 
a.  Air 
 ACGIH TLV (8-hour TWA) 350 ppm 
  STEL 450 ppm 
  Carcinogenicity classification A4b 

ACGIH 2003 

 EPA Class I controlled substance for the protection of 
stratospheric ozone 

Yes EPA 2004a 
40CFR82, 
Subpart A, 
Appendix A 

  Hazardous air pollutant  EPA 2004f 
42USC7412 

 NIOSH REL (15-minute ceiling TWA) 350 ppm 
  IDLH 700 ppm 

NIOSH 2004 

 OSHA PEL (8-hour TWA) for general industry 350 ppm OSHA 2004c 
29CFR1910.1000, 
Table Z-1 

  PEL (8-hour TWA) for construction industry 350 ppm OSHA 2004a 
29CFR1926.55, 
Appendix A 

  PEL (8-hour TWA) for shipyard industry 350 ppm OSHA 2004b 
29CFR1915.1000, 
Table Z 

b.  Water 
 EPA Drinking water standard 0.2 ppm EPA 2004b 

40CFR141.32 
  Drinking water standards and health advisories  
   1-Day HA for a 10-kg child 

10-Day HA for a 10-kg child 
DWEL 
Lifetime HA (70-kg adult) 

100 mg/L 
40 mg/L 
1 mg/L 
0.2 mg/L 

EPA 2004l 

  MCL 0.2 mg/L EPA 2004c 
40CFR141.61 

  MCLG 0.2 mg/L EPA 2004d 
40CFR141.50 

 FDA Bottled water 0.005 mg/L FDA 2003a 
21CFR165.110 
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Table 8-1.  Regulations and Guidelines Applicable to 1,1,1-Trichloroethane 
 
Agency Description Information Reference 
NATIONAL (cont.)   
c.  Food 
 EPA Exempt from the requirement of a tolerance for 

residues when used in the postharvest fumigation 
of citrus fruits 

 EPA 2004e 
40CFR180.1012 

  Exempt from the requirement of a tolerance for 
residues when used in accordance with good 
agricultural practices when applied to growing 
crops or to raw agricultural commodities after 
harvest 

 EPA 2004g 
40CFR180.910 

  Exempt from the requirement of a tolerance for 
residues when used in accordance with good 
agricultural practices in pesticide formulations 
applied to animals 

 EPA 2004h 
40CFR180.930 

 FDA Indirect food additive for use only as a component 
of adhesives 

 FDA 2003b 
21CFR175.105 

d.  Other 
 EPA Community right-to-know; release reporting; 

effective date 
01/01/1987 EPA 2004i 

40CFR372.65 
  Designated as a hazardous substance pursuant to 

Section 307(a) of the Clean Water Act, 
Section 112 of the Clean Air Act, and 
Section 3001 of RCRA 

 

   Reportable quantity 1,000 pounds 

EPA 2004j 
40CFR302.4 

  Health and safety data reporting  
   Effective date 

Sunset date 
10/04/1982 
10/04/1992 

EPA 2004k 
40CFR716.120 

  Carcinogenicity classification 
RfC 
RfD 

Group Dc 
No data 
Withdrawn 

IRIS 2004 

STATE 
a.  Air 
 No data    
b.  Water 
  Drinking water guidelines and standards   
 Arizona  200 µg/L HSDB 2004 
 Connecticut  200 µg/L  
 Maine  200 µg/L  
 Minnesota  600 µg/L  
 New Jersey  30 µg/L  
c.  Food 
 No data    
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Table 8-1.  Regulations and Guidelines Applicable to 1,1,1-Trichloroethane 
 
Agency Description Information Reference 
STATE (cont.) 
d.  Other 
 No data    
 
aGroup 3: Not classifiable as to its carcinogenicity to humans. 
bA4: Not classifiable as a human carcinogen. 
cGroup D: Not classifiable as to human carcinogenicity. 
 
ACGIH = American Conference of Governmental Industrial Hygienists; CFR = Code of Federal Regulations; 
DWEL = drinking water equivalent level; EPA = Environmental Protection Agency; FDA = Food and Drug 
Administration; HA = health advisory; HSDB = Hazardous Substances Data Bank; IARC = International Agency for 
Research on Cancer; IDLH = immediately dangerous to life or health; IRIS = Integrated Risk Information System; 
MCL = maximum contaminant level; MCLG = maximum contaminant level goal; NIOSH = National Institute for 
Occupational Safety and Health; OSHA = Occupational Safety and Health Administration; PEL = permissible 
exposure limit; RCRA = Resource Conservation and Recovery Act; REL = recommended exposure limit; 
RfC = reference concentration; RfD = reference dose; STEL = short-term exposure limit; TLV = threshold limit 
values; TWA = time-weighted average; USC = United States Codes; WHO = World Health Organization 
 
 



1,1,1-TRICHLOROETHANE  247 
 
 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

9.  REFERENCES 
 
Acedo GN, Redei GP, Barry J, et al.  1981.  Arabidopsis as a tool in detecting mutagens and carcinogens.  
Arabidopsis Information Service, 146-149. 
 
ACGIH.  1992.  1992-1993 Threshold limit values for chemical substances and physical agents and 
biological exposure indices.  Cincinnati, OH:  American Conference of Governmental and Industrial 
Hygienists, 20. 
 
ACGIH.  2003.  1,1,1-Trichloroethane.  Threshold limit values for chemical substances and physical 
agents and biological exposure indices.  Cincinnati, OH:  American Conference of Governmental 
Industrial Hygienists. 
 
*Adams EM, Spencer HC, Rowe VK, et al.  1950.  Vapor toxicity of 1,1,1-trichloroethane 
(methylchloroform) determined by experiments on laboratory animals.  Arch Ind Hyg Occup Med 1:225-
236. 
 
*Adinolfi M.  1985.  The development of the human blood-CSF-brain barrier.  Dev Med Child Neurol 
27:532-537. 
 
*Adlercreutz H.  1995.  Phytoestrogens:  Epidemiology and a possible role in cancer protection.  Environ 
Health Perspect Suppl 103:103-112. 
 
*Agency for Toxic Substances and Disease Registry.  1988.  Health assessment for Vestal water supply 
well 1-1, Town of Vestal, New York Region 2. CERCLIS NO. NYD980763767.  Atlanta, GA:  Agency 
for Toxic Substances and Disease Registry.  PB90140062. 
 
*Agency for Toxic Substances and Disease Registry.  1989.  Decision guide for identifying substance-
specific data needs related to toxicological profiles; Notice.  Atlanta, GA:  Agency for Toxic Substances 
and Disease Registry, Division of Toxicology.  Fed Regist 54:37618-37634. 
 
*Agency for Toxic Substances and Disease Registry.  1990.  Biomarkers of organ damage or dysfunction 
for the renal, hepatobiliary, and immune systems.  Subcommittee on Biomarkers of Organ Damage and 
Dysfunction.  Atlanta, GA:  Agency for Toxic Substances and Disease Registry.   
 
Aggazzotti G, Predieri G.  1986.  Survey of volatile halogenated organics (VHO) in Italy:  Levels of VHO 
in drinking waters, surface waters and swimming pools.  Water Research 20:959-963. 
 
Aitio A, Pekari K, Jarvisalo J.  1984.  Skin absorption as a source of error in biological monitoring.  
Scand J Work Environ Health 10:317-320. 
 
Albano E, Tomasi A, Cheeseman KH, et al.  1985.  Use of isolated hepatocytes for the detection of free 
radical intermediates of halogenated hydrocarbons.  In:  Proceedings of the Free Radicals Liver Injury 
International Meeting.  Oxford, England:  IRL Press Limited 7-16. 
 
_______________________ 
* Cited in text 
 



1,1,1-TRICHLOROETHANE  248 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

Albee RR, Mattsson JL, Beekman MJ, et al.  1991.  Determination of neurofunctional maximum tolerated 
dose in subchronic solvent neurotoxicity studies:  1,1,1-trichloroethane example.  In:  Proceedings of the 
30th Society of Toxicology Annual Meeting, Dallas, TX, February 25 to March 1, 1991.  Washington 
DC:  Society of Toxicology. 
 
*Albrecht WN.  1980.  Technical assistance report TA80-48.  Chemical Recovery Systems, Inc., Elyria, 
OH.  Cincinnati, OH:  U.S. Department of Health and Human Services, Public Health Service, Centers for 
Disease Control, National Institute for Occupational Safety and Health.  NIOSH-HE/TA-80-48.  
PB81167926. 
 
*Alles G, Bauer U, Selenka F.  1988.  [Volatile organic chlorinated compounds in human tissue.]  
Zentralbl Bakteriol Mikrobiol Hyg [B] 186:233-246. (German) 
 
*Almaguer D.  1985.  Health hazard evaluation:  Report HETA 83-275-1394.  Kautt and Bux 
Manufacturing, Mundelein, IL.  Cincinnati, OH:  U.S.  Department of Health and Human Services, Public 
Health Service, Centers for Disease Control, National Institute for Occupational Safety and Health.  
PB85179299. 
 
Almaguer D.  1986.  Health hazard evaluation  Report HETA 84-319-1649.  Pioneer Ministries, Wheaton, 
IL.  Cincinnati, OH:  U.S. Department of Health and Human Services, Public Health Service, Centers for 
Disease Control, National Institute for Occupational Safety and Health.  PB86223070. 
 
*Althaus FR, Lawrence SD, Sattler GL, et al.  1982.  Chemical quantification of unscheduled DNA 
synthesis in cultured hepatocytes as an assay for the rapid screening of potential chemical carcinogens.  
Cancer Res 42:3010-3015. 
 
*Althoff WF, Cleary RW, Roux PH.  1981.  Aquifer decontamination for volatile organics:  A case 
history.  Ground Water 19:495-504. 
 
*Altman PL, Dittmer DS.  1974.  Biological handbooks:  Biology data book.  Vol. III.  2nd ed.  Bethesda, 
MD:  Federation of American Societies for Experimental Biology, 1987-2008, 2041. 
 
*Altshuller AP.  1979.  Lifetimes of organic molecules in the troposphere and lower stratosphere.  Adv in 
Environ Sci Technol 10:181-219. 
 
*Amoore JE, Hautala E.  1983.  Odor as an aid to chemical safety:  Odor thresholds compared with 
threshold limit values and volatilities for 214 industrial chemicals in air and water.  J Appl Toxicol 3:272-
290. 
 
*Andersen ME, Krishnan K.  1994.  Relating in vitro to in vivo exposures with physiologically based 
tissue dosimetry and tissue response models.  In:  Salem H, ed.  Animal test alternatives  Refinement, 
reduction, replacement.  New York:  Marcel Dekker, Inc., 9-25. 
 
*Andersen ME, Clewell HJ III, Gargas ML, et al.  1987.  Physiologically based pharmacokinetics and the 
risk assessment process for methylene chloride.  Toxicol Appl Pharmacol 87:185-205. 
 
Anderson GE.  1983.  Human exposure to atmospheric concentrations of selected chemicals:  Volumes 1 
and 2.  Research Triangle Park, NC:  Office of Air Quality, U.S. Environmental Protection Agency.  
PB84102540. 
 



1,1,1-TRICHLOROETHANE  249 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

*Andersson-Skoeld Y, Grennfelt P, Pleijel K.  1992.  Photochemical ozone creation potentials.  A study 
of different concepts.  J Air Waste Manage Assoc 42:1152-1158. 
 
Angerer J, Wulf H.  1985.  Occupational chronic exposure to organic solvents.  XI. Alkylbenzene 
exposure of varnish workers:  Effects on hematopoietic system.  Int Arch Occup Environ Health 56:307-
321. 
 
Anonymous.  1975.  Two solvents cleared as cancer threat.  Chem Eng News 53:7-8. 
 
Anonymous.  1976.  Health effects assessment for 1,1,1-trichloroethane.  [Editorial].  PB86134111. 
 
Anonymous.  1979.  1,1,1-Trichloroethane.  [Editorial].  IARC 20:515-531. 
 
*Antoine SR, Deleon IR, Ildefonso R, et al.  1986.  Environmentally significant volatile organic 
pollutants in human blood.  Bull Environ Contam Toxicol 36:364-371. 
 
*Anttila A, Pukkala E, Sallmen M, et al.  1995.  Cancer incidence among Finnish workers exposed to 
halogenated hydrocarbons.  J Occup Environ Med 37:797-806. 
 
*Aoki N, Soma K, Katagiri H, et al.  1997.  The pulmonary hemodynamic effects of 1,1,1-trichloroethane 
inhalation.  Ind Health 35:451-455.  
 
*Apol A, Singal M.  1979.  Health hazard evaluation:  Determination report 78-96-595.  Samsonite, Inc., 
Denver, CO.  Cincinnati, OH:  U.S. Department of Health and Human Services, Public Health Service, 
Centers for Disease Control, National Institute for Occupational Safety and Health.  PB80148141. 
 
*Apol AG, Helgerson SD.  1983.  Health hazard evaluation:  Report HETA 83-014-1343.  North 
Clackamas School District No. 12, Milwaukee, OR. Cincinnati, OH:  U.S. Department of Health and 
Human Services, Public Health Service, Centers for Disease Control, National Institute for Occupational 
Safety and Health.  PB85102903. 
 
*Aranyi C, O'Shea WJ, Graham JA, et al.  1986.  The effects of inhalation of organic chemical air 
contaminants on murine lung host defenses.  Fundam Appl Toxicol 6:713-720. 
 
*Archer WL, ed.  1979.  Other chloroethanes.  Kirk-Othmer encyclopedia of chemical technology, Vol. 5.  
3rd ed.  New York, NY:  John Wiley and Sons, 722-742. 
 
*Arthur CL, Pratt K, Motlach S, et al.  1992.  Environmental analysis of organic compounds in water 
using solid-phase microextraction.  J High Resolut Chromatogr 15:741-744. 
 
*Arvin E.  1991.  Biodegradation kinetics of chlorinated aliphatic hydrocarbons with methane oxidizing 
bacteria in an aerobic fixed biofilm reactor.  Water Res WATRAG 25:873-881. 
 
Ashby J, Kilbey B.  1981.  Summary report on the performance of bacterial repair, phage induction, 
degranulation, and nuclear enlargement assays.  Mutat Res 1:33-48. 
 
*Ashley DL, Bonin MA, Cardinali FL, et al.  1992.  Determining volatile organic compounds in human 
blood from a large sample population by using purge and trap gas chromatography/mass spectrometry.  
Anal Chem 64:1021-1029. 
 



1,1,1-TRICHLOROETHANE  250 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

Astrand I.  1975.  Uptake of solvents in the blood and tissues of man:  A review.  Scand J Work Environ 
Health 1:199-218. 
 
*Astrand I, Kilbom A, Wahlberg I, et al.  1973.  Methylchloroform exposure:  I.  Concentration in 
alveolar air and blood at rest and during exercise.  Work Environ Health 10:69-81. 
 
*Atkinson R.  1985.  Kinetics and mechanisms of the gas-phase reactions of hydroxyl radical with 
organic compounds under atmospheric conditions.  Chem Rev 85:69-201. 
 
*Aviado DM, Zakhari S, Simaan JA, et al.  1976.  Methyl chloroform and trichloroethylene in the 
environment.  Cleveland, OH:  CRC Press, 3-16. 
 
Baerg RD, Kimberg DV.  1970.  Centrilobular hepatic necrosis and acute renal failure in solvent sniffers.  
Ann Intern Med 73:713-720. 
 
*Bailey RE, Crain RM, Goergen MG.  1982.  Cleanup and monitoring procedures for a methylene 
chloride and 1,1,1-trichloroethane spill at Sault Ste Marie, Michigan.  1982 Hazardous material spills 
conference proceedings:  Rockville, MD:  Government Institutes, 28-36. 
 
*Baker RSU, Bonin AM.  1981.  Study of 42 coded compounds with the Salmonella/mammalian 
microsome assay.  Prog Mutat Res 1:249-260. 
 
*Balfour WD, Wetherold RG, Lewis DL.  1985.  Evaluation of air emissions from hazardous waste 
treatment, storage, and disposal facilities.  Washington, DC:  U.S. Environmental Protection Agency.  
EPA 600S285057.  PB84203792. 
 
*Balster RL, Bowen SE, Evans EB, et al.  1997.  Evaluation of the acute behavioral effects and abuse 
potential of a C8-C9 isoparaffin solvent.  Drug Alcohol Depend 46:125-135. 
 
*Balster RL, Moser VC, Woolverton WL.  1982.  Concurrent measurement of solvent vapor 
concentrations and effects on operant behavior using a dynamic exposure system.  J Pharmacol Methods 
8:299-309. 
 
Bamberger RL, Esposito GG, Jacobs BW, et al.  1978.  A new personal sampler for organic vapors.  Am 
Ind Hyg Assoc J 39:701-708. 
 
Banathy LJ, Chan LTF.  1983.  Fatality caused by inhalation of liquid paper correction fluid.  Med J Aust 
2:606. 
 
Barale R, Presciuttini S, Rossi AM.  1979.  [Schizosaccharomyces pombe:  Forward mutation.]  
Environmental Mutagenesis Method Analysis 1:105-121. (Italian) 
 
Barbash J, Roberts PV.  1986.  Volatile organic chemical contamination of groundwater resources in the 
U.S.  J Water Pollut Control Fed 58:343-348. 
 
*Barker JF.  1987.  Volatile aromatic and chlorinated organic contaminants in groundwater at six Ontario 
landfills.  Water Pollut Res J Canada 22:33-48. 
 



1,1,1-TRICHLOROETHANE  251 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

*Barkley J, Bunch J, Bursey JT, et al.  1980.  Gas chromatography mass spectrometry computer analysis 
of volatile halogenated hydrocarbons in man and his environment.  A multimedia environmental study.  
Biomed Mass Spectrom 7:139-147. 
 
Barlow SM, Sullivan FM.  1982.  Reproductive hazards of industrial chemicals.  London:  Academic 
Press Ltd., 610. 
 
*Barnes DG, Dourson M.  1988.  Reference dose (RfD):  Description and use in health risk assessments.  
Regul Toxicol Pharmacol 8:471-486. 
 
*Barrows ME, Petrocelli SR, Macek KJ, et al.  1980.  Bioconcentration and elimination of selected water 
pollutants by bluegill sunfish (Lepomis macrochirus).  In:  Hague R, ed.  Dynamics, Exposure and Hazard 
Assessment of Toxic Chemicals.  Ann Arbor, MI:  Ann Arbor Science, 379-392. 
 
*Barth EF, Bunch RL.  1979.  Biodegradation and treatability of specific pollutants.  Cincinnati, OH:  
Municipal Environmental Research Laboratory, U.S. Environmental Protection Agency.  EPA600979034. 
 
*Bass M.  1970.  Sudden sniffing death.  JAMA 212:2075-2079. 
 
Bauer U.  1981.  [Human exposure to environmental chemicals:  Investigations of volatile organic 
halogenated compounds in water air food and human tissues.  IV.  Communication:  Calculation of 
human exposure to organic halogenated compounds from the environment.]  Zentralbl Bakteriol [Orig B] 
174:556-583.  (German) 
 
Bayer CW, Black MS.  1987.  Capillary chromatographic analysis of volatile organic compounds.  J 
Chromatogr Sci 25:60-64. 
 
Bayer CW, Black MS, Galloway LM.  1988.  Sampling and analysis techniques for trace volatile organic 
emissions from consumer products.  J Chromatogr Sci 26:168-173. 
 
Benowitz NL.  1992.  Cardiotoxicity in the workplace.  Occupational Medicine State of the Art Review 
7:465-478. 
 
*Benson EN, Hunter JV.  1977.  Comparative effects of halogenated hydrocarbon solvents on waste 
disposal processes.  Proceedings of the 31st Industrial Waste Conference:  May 4,5, and 6, 1976, Purdue 
University, Lafayette, Indiana.31  Ann Arbor, MI:  Ann Arbor Science Publishers, 614-637. 
 
Berg S, Jacobsson S, Nilsson B.  1980.  Evaluation of an evacuated glass sampler for the analysis of 
volatile organic compounds in ambient air.  J Chromatogr Sci 18:171-179. 
 
*Berger GS.  1994.  Epidemiology of endometriosis.  In:  Berger GS, ed.  Endometriosis:  Advanced 
management and surgical techniques.  New York, NY:  Springer-Verlag. 
 
Bernard AM, De Russis R, Normand JC, et al.  1989.  Evaluation of the subacute nephrotoxicity of 
cyclohexane and other industrial solvents in the female Sprague-Dawley rat.  Toxicol Lett 45:271-280. 
 
Berode M, Boillat MA, Guillemin MP, et al.  1990.  Demethylation pathways in caffeine metabolism as 
indicators of variability in 1,1,1-trichloroethane oxidation in man.  Pharmacol Toxicol 67:41-46. 
 



1,1,1-TRICHLOROETHANE  252 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

*Bianchi AP, Varney MS.  1993.  Sampling and analysis of volatile organic compounds in estuarine air 
by gas chromatography and mass spectrometry.  J Chromatogr 643:11-23. 
 
Bidart M, Cochevelou P, Clair P.  1990.  [Determination of urinary metabolites for assessment of possible 
exposure to organic solvents.]  Trav Sci Chercheurs Serv Sante Armees, 105-106.  (French) 
 
Bio/Dynamics Inc.  1987.  An acute inhalation study of 1,1,1-trichloroethane in the rat with cover letters 
dated 4/3/87, 4/22/87, and 9/24/8.  Submitted to the U.S. Environmental Protection Agency under TSCA 
section 8E.  OTS05097113.   
 
*Blake NJ, Blake DR, Chen T-Y, et al.  1997.  Distribution and seasonality of selected hydrocarbons and 
halocarbons over the western Pacific basin during PEM-West A and PEM-West B.  J Geophys Res  
102:28315-28331. 
 
Blanchard RD, Hardy JK.  1986.  Continuous monitoring device for the collection of 23 volatile organic 
priority pollutants.  Anal Chem 58:1529-1532. 
 
Blohm M, Braun H, Kaschny P, et al.  1985.  Subacute toxicity of 1,1,1-trichloroethane, noise, and their 
combination in rats.  Ecotoxicol Environ Safety 10:295-301. 
 
*Bogen KT, Hall LC  1989.  Pharmacokinetics for regulatory risk analysis:  The case of 1,1,1-trichloro-
ethane (methyl chloroform).  Regul Toxicol Pharmacol 10:26-50. 
 
*Boiano JM, Burroughs GE.  1980.  Health hazard evaluation:  Determination report HE 8045688.  
Cincinnati, OH:  U.S. Department of Health and Human Services, Public Health Service, Centers for 
Disease Control, National Institute for Occupational Safety and Health.  PB80211543.  
 
Bolt HM, Filser JG, Wiegand M, et al.  1980.  Studies on liver microsomal metabolism and interaction of 
vinyl chloride and related compounds in relation to possible carcinogenicity.  Proceedings of the 
Occupational Health Conference 1:369-377. 
 
*Boman A.  1989.  Percutaneous absorption of 3 organic solvents in the guinea pig (V):  Effect of 
"accelerants."  Contact Dermatitis 21:304-311. 
 
*Boman A, Mellstrom G.  1989a.  Percutaneous absorption of 3 organic solvents in the guinea pig (III):  
Effect of barrier creams.  Contact Dermatitis 21:134-140. 
 
*Boman A, Mellstrom G.  1989b.  Percutaneous absorption of 3 organic solvents in the guinea pig (IV):  
Effect of protective gloves.  Contact Dermatitis 21:260-266. 
 
*Boman A, Wahlberg JE.  1989.  Percutaneous absorption of 3 organic solvents in the guinea pig (I):  
Effect of physical and chemical injuries to the skin.  Contact Dermatitis 21:36-45. 
 
*Boman A, Blute I, Fernstrom P, et al.  1989.  Percutaneous absorption of 4 organic solvents in the 
guinea-pig (II):  Effect of surfactants.  Contact Dermatitis 21:92-104. 
 
*Bonanno LJ, Freeman NCG, Greenburg M, et al.  2001.  Multivariate analysis on levels of selected 
metals, particulate matter, VOC, and household characteristics and activities from the midwestern states 
NHEXAS.  Appl Occup Environ Hyg 16:859-874. 
 



1,1,1-TRICHLOROETHANE  253 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

*Bonnet P, Francin JM, Gradiski D, et al.  1980.  Determination of the median lethal concentration of 
principle chlorinated aliphatic hydrocarbons in the rat.  Arch Mal Prof 41:317-321. 
 
Borm PJA, Barbanson B.  1988.  Bias in biologic monitoring caused by concomitant medication.  J Occup 
Med 30:214-223. 
 
Borzelleca JF, Carchman RA.  1982.  Effects of selected organic drinking water contaminants on male 
reproduction.  Research Triangle Park, NC:  U.S. Environmental Protection Agency.  EPA600l82009.  
PB82259847. 
 
*Boublik T, Fried V, Hala E.  1984.  The vapor pressures of pure substances:  Selected values of the 
temperature dependence of the vapour pressures of some pure substances in the normal and low pressure 
region.  Vol. 17.  Amsterdam:  Elsevier Science Publications. 
 
Bouwer EJ.  1985.  Secondary utilization of trace halogenated organic compounds in biofilms.  Environ 
Progr 4:43-46. 
 
Bouwer EJ, McCarty PL.  1982.  Removal of trace chlorinated organic compounds by activated carbon 
and fixed film bacteria.  Environ Sci Technol 16:836-843. 
 
*Bouwer EJ, McCarty PL.  1983a.  Transformation of 1- and 2-carbon halogenated aliphatic organic 
compounds under methanogenic conditions.  Appl Environ Microbiol 45:1286-1294. 
 
*Bouwer EJ, McCarty PL.  1983b.  Transformation of halogenated organic compounds under 
dinitrification conditions.  Appl Environ Microbiol 45:1295-1299. 
 
*Bouwer EJ, McCarty PL.  1984.  Modeling of trace organics biotransformation in the subsurface.  
Ground Water 22:433-440. 
 
Bouwer EJ, Wright JP.  1988.  Transformations of trace halogenated aliphatics in anoxic biofilm columns.  
J Contam Hydrol 2:155-169. 
 
Bouwer EJ, McCarty PL, Bouwer H, et al.  1984.  Organic contaminant behavior during rapid infiltration 
of secondary wastewater at the Phoenix 23rd Avenue project.  Water Res 18:463-472. 
 
Bouwer EJ, McCarty PL, Lance JC.  1981a.  Trace organic behavior in soil columns during rapid 
infiltration of secondary wastewater.  Water Research 15:151-159. 
 
Bouwer EJ, Rittman B, McCarty PL.  1981b.  Anaerobic degradation of halogenated 1- and 2-carbon 
organic compounds.  Environ Sci Technol 15:596-599. 
 
*Bove FJ, Fulcomer MC, Klotz JB, et al.  1995.  Public drinking water contamination and birth outcomes.  
Am J Epidemiol 141:850-862. 
 
*Bowen SE, Balster RL.  1996.  Effects of inhaled 1,1,1-trichloroethane on locomotor activity in mice. 
Neurotoxicol Teratol 18(1):77-81. 
 
*Bowen SE, Balster RL.  1998.  The effects of inhaled isoparaffins on locomotor activity and operant 
performance in mice.  Pharmacol Biochem Behav 61:271-280.  
 



1,1,1-TRICHLOROETHANE  254 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

*Bowen SE, Wiley JL, Balster RL.  1996a.  The effects of abused inhalants on mouse behavior in an 
elevated plus-maze.  Eur J Pharmacol 312:131-136. 
 
*Bowen SE, Wiley JL, Evans EB, et al.  1996b.  Functional observational battery comparing effects of 
ethanol, 1,1,1-trichloroethane, ether, and flurothyl.  Neurobehav Toxicol Teratol 18(5):577-585.  
 
Boyer JD, Ahlert RC, Kosson DS.  1988.  Pilot plant demonstration of in-situ biodegradation of 1,1,1-tri-
chloroethane.  J Water Pollut Control Fed 60:1843-1849. 
 
*Bozzelli JW, Kebbekus BB.  1979.  Analysis of selected volatile organic substances in ambient air.  
Final report Apr-Nov 1978.  Newark, NJ:  New Jersey Institute of Technology, 1-80. 
 
Brandorff NP, Flyvhokm M-A, Beck ID, et al.  1995.  National survey on the use of chemicals in the 
working environment:  Estimated exposure events.  Occup Environ Med 52:454-463.  
 
Brantley AS, Townsend TG.  1999.  Leaching of pollutants from reclaimed asphalt pavement.  Environ 
Eng Sci 16:105-116. 
 
*Brennan RJ, Schiestl RH.  1998.  Chloroform and carbon tetrachloride induce intrachromosomal 
recombination and oxidative free radicals in Saccharomyces cerevisiae.  Mutat Res 397:271-278.  
 
*Briggs T, Garrison R.  1982.  Industrial hygiene sampling survey report of Arco Solar, Inc., Chatsworth, 
California.  PB82112145. 
 
Brodzinsky R, Singh HB.  1982.  Volatile organic chemicals in the atmosphere:  An assessment of 
available data.  Menlo Park, CA:  Atmospheric Science Center, SRI International. 
 
*Broholm K, Christensen TH, Jensen BK.  1991.  Laboratory feasibility studies on biological in-situ 
treatment of a sandy soil contaminated with chlorinated aliphatics.  Environ Technol 12:279-289. 
 
*Bronstein AC, Currance PL.  1988.  Emergency care for hazardous materials exposure.  St. Louis, MO:  
The C.V. Mosby Company, 143-144. 
 
Brookes P, Preston RJJ.  1981.  Summary report on the performance of in vitro mammalian assays.  
Mutat Res 1:77-85. 
 
*Brooks TM, Dean BJ.  1981.  Mutagenic activity of 42 coded compounds in the Salmonella/microsome 
assay with preincubation.  Prog Mutat Res 1:261-270. 
 
*Brown MS, Hart A.  1992.  Reducing the use of ozone depleting chemicals:  The Irvine California 
ordinance.  J Air Waste Manage Assoc 42:429-432. 
 
Brown HS, Bishop DR, Rowan CA.  1984.  The role of skin absorption as a route of exposure for volatile 
organic compounds in drinking water.  Am J Public Health 74:479-484. 
 
*BRRC.  1987a.  Developmental toxicity study of inhaled 1,1,1-trichloroethane in CD (Sprague-Dawley) 
rats.  Project report 50-517.  Export, PA:  Bushy Run Research Center.   
 
*BRRC.  1987b.  Developmental toxicity study of inhaled 1,1,1-trichloroethane in New Zealand white 
rabbits.  Project report 50-517.  Export, PA:  Bushy Run Research Center.   



1,1,1-TRICHLOROETHANE  255 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

 
*Bruckner JV.  1983.  Findings of toxicological studies of 1,1,1-trichloroethane.  Progress report.  U.S. 
EPA Cooperative Agreement 807449. 
 
*Bruckner JV, Kyle GM, Luthra R, et al.  2001.  Acute, short-term and subchronic oral toxicity of 1,1,1-
trichloroethane in rats.  Toxicol Sci 60:363-372. 
 
Bruckner JV, Muralidhara S, MacKenzie WF, et al.  1985.  Acute and subacute oral toxicity studies of 
1,1,1-trichloroethane (TRI) in rats [Abstract].  In:  Proceedings of the 24th Society of Toxicology Annual 
Meeting, San Diego, CA, March 18-22.  Washington, DC:  Society of Toxicology. 
 
*Buchardt O, Manscher OH.  1978.  On photochemical degradation of methylchloroform under 
atmospheric conditions.  Second environmental research programme, 1976-80, indirect action:  Reports 
on research sponsored under the second phase, 1979-80.  Luxembourg:  Commission of the European 
Communities, 17-22. 
 
*Budavari S, O'Neil MJ, Smith A, et al.  1989.  The Merck index:  An encyclopedia of chemicals, drugs, 
and biologicals.  11th ed.  Rahway, NJ:  Merck and Co.  Inc., 1516. 
 
Burkatskaya EN, Tsapko VG, Khokholkova GA, et al.  1973.  Sanitary and hygienic characteristics of the 
working conditions during use of methyl chloroform for cleaning electrical equipment.  Gig Tr Prof Zabol 
17:41-42. 
 
Burkhart KK, Britt A, Petrini G, et al.  1996.  Pulmonary toxicity following exposure to an aerosolized 
leather protector.  Clin Toxicol 34:21-24.  
 
*Burmaster DE.  1982.  The new pollution-groundwater contamination.  Environment 24:6-13, 33-36. 
 
Burton RM, Suggs JC, Jungers RH, et al.  1987.  The New York City bus terminal diesel emissions study:  
Measurement and collection of diesel exhaust for chemical characterization and mutagenic activity.  
Proceedings of the Air Pollution Control Association Annual Meeting 1:87/1.7. 
 
*Butler R, Solomon IJ, Snelson A.  1978.  Rate constants for the reaction of OH with halocarbons in the 
presence of O2 + N2.  J Air Pollut Control Fed 28:1131-1133. 
 
*Calhoun LL, Quast FJ, Schumann AM, et al.  1981.  Chloroethene VG:  Preliminary studies to establish 
exposure concentrations for a chronic inhalation study with rats and mice.  Midland, MI:  Health and 
Environmental Sciences, The Dow Chemical Company.  
 
California EPA.  2004.  Chronic toxicity summary:  Methyl chloroform.  Office of environmental health 
hazard assessment. 
 
Canter LW, Sabatini DA.  1994.  Contamination of public ground water supplies by Superfund sites.  Int J 
Environ Stud 46:35-57.  
 
*Caperos JR, Droz PO, Hake CL, et al.  1982.  1,1,1-Trichloroethane exposure, biologic monitoring by 
breath and urine analyses.  Int Arch Occup Environ Health 49:293-303. 
 
*Caplan YH, Backer RC, Whitaker JQ.  1976.  1,1,1-Trichloroethane:  Report of a fatal intoxication.  Clin 
Toxicol 9:69-74. 



1,1,1-TRICHLOROETHANE  256 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

 
Carchman R, Davidson IWF, Greenberg MM, et al.  1984.  Health assessment document for 1,1,1-tri-
chloroethane (methyl chloroform).  Research Triangle Park:  U.S. Environmental Protection Agency, 
Environmental Criteria and Assessment Office.  EPA600882003F.  PB84183565. 
 
Cardinali FL, Ashley DL, Wooten JV, et al.  2000.  The use of solid-phase microextraction with a 
benchtop quadrupole mass spectrometer for the analysis of volatile organic compounds in human blood at 
the low parts-per-trillion level.  J Chromatogr Sci 38:49-54.  
 
*Cardinali FL, McCraw JM, Ashley DL, et al.  1994.  Production of blank water for the analysis of 
volatile organic compounds in human blood at the low parts-per-trillion level.  J Chromatogr Sci 32:41-
45. 
 
*Carlson GP.  1973.  Effect of phenobarbital and 3-methylcholanthrene pretreatment on the 
hepatotoxicity of 1,1,1-trichloroethane and 1,1,2-trichloroethane.  Life Sci [I] 13:67-73. 
 
*Carlson GP.  1981.  Effect of alterations in drug metabolism on epinephrine-induced cardiac arrhythmias 
in rabbits exposed to methylchloroform.  Toxicol Lett 9:307-313. 
 
Carpenter AV, Flanders WD, Frome EL, et al.  1988.  Chemical exposures and central nervous system 
cancers a case-control study among workers at two nuclear facilities.  Am J Ind Med 13:351-362. 
 
*Carroll GJ, Thurnau RC, Lee JW, et al.  1992.  Pilot-scale evaluation of an incinerability ranking system 
for hazardous organic compounds.  J Air Waste Manage Assoc 42:1430-1436. 
 
*Carter RE Jr., Thomas MJ, Marotz GA, et al.  1992.  Compound detection and concentration estimation 
by open-path Fourier transform infrared spectrometry and canisters under controlled field conditions.  
Environ Sci Technol 26:2175-2181. 
 
*CAS.  1993.  Chemical Abstract Survey Registry File.  January 27, 1993. 
 
*CAS.  2004.  Chemical Abstract Service.  Registry File.  http://www.cas.org/EO/regsys.html.  July10, 
2004. 
 
*Casciola LAF, Ivanetich KM.  1984.  Metabolism of chloroethanes by rat liver nuclear cytochrome P-
450.  Carcinogenesis 5:543-548. 
 
Caspary WJ, Daston DS, Myhr BC, et al.  1988.  Evaluation of the L5178Y mouse lymphoma cell 
mutagenesis assay:  Interlaboratory reproducibility and assessment.  Environ Mol Mutagen 12 (Suppl 
13):195-229. 
 
CELDS.  1992.  Computer Aided Environmental Legislative Data System.  February 1992. 
 
CELDS.  1994.  Computer-assisted Environmental Legislative Database.  University of Illinois at Urbana. 
 
Cervini-Silva J, Kostka JE, Larson RA, et al.  2003.  Dehydrochlorination of 1,1,1-trichloroethane and 
pentachloroethane by microbially reduced ferruginous smectite.  Environ Toxicol Chem 22:1046-1050.  
 



1,1,1-TRICHLOROETHANE  257 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

*Chang JS, Kaufman F.  1977.  Kinetics of the reactions of hydroxyl radicals with some halocarbons:  
Dichlorofluoromethane, chlorodifluoromethane, trichloroethane, trichloroethylene, and 
tetrachloroethylene.  J Chem Phys 66:4989-4994. 
 
Chang JS, Penner JE.  1978.  Analysis of global budgets of halocarbons.  Atmos Environ 12:1867-1874. 
 
Chang LW, Pereira MA, Klaunig JE.  1985.  Cytotoxicity of halogenated alkanes in primary cultures of 
rat hepatocytes from normal, partially hepatectomized, and preneoplastic/neoplastic liver.  Toxicol Appl 
Pharmacol 80:274-283. 
 
Charbonneau M, Greselin E, Brodeur J, et al.  1991.  Influence of acetone on the severity of the liver 
injury induced by haloalkane mixtures.  Can J Physiol Pharmacol 69:1901-1907. 
 
Chen C, Ballapragada BS, Puhakka JA, et al.  1999.  Anaerobic transformation of 1,1,1-trichloroethane by 
municipal digester sludge.  Biodegradation 10:297-305.  
 
*Chen XM, Dallas CE, Muralidhara S, et al.  1993.  Analyses of volatile C2 haloethanes and haloethenes 
in tissues:  Sample preparation and extraction.  J Chromatogr Biomed Appl 612:199-208. 
 
Chenoweth MB, Hake CL.  1962.  The smaller halogenated aliphatic hydrocarbons.  Annu Rev 
Pharmacol 2:363-398. 
 
*Cherry N, Venables H, Waldron HA.  1983.  The acute behavioral effects of solvent exposure.  J Soc 
Occup Med 33:13-18. 
 
*Cheung HM, Bhatnagar A, Jansen G.  1991.  Sonochemical destruction of chlorinated hydrocarbons in 
dilute aqueous solution.  Environ Sci Technol 25:1510-1512. 
 
Cheyney AC.  1984.  Experience with the co-disposal of hazardous waste with domestic waste.  Chem Ind 
17:609-615. 
 
*Chiou CT, Freed VH, Peters LJ, et al.  1980.  Evaporation of solutes from water.  Environ Int 3:231-236. 
 
*Chiou CT, Peters LJ, Freed VH.  1979.  A physical concept of soil-water equilibria for nonionic organic 
compounds.  Science 206:831-832. 
 
*Ciccioli P, Brancaleoni E, Cecinato A, et al.  1993.  Identification and determination of biogenic and 
anthropogenic volatile organic compounds in forest areas of Northern and Southern Europe and a remote 
site of the Himalaya region by high-resolution gas chromatography-mass spectrometry.  J Chromatogr 
643:55-69. 
 
*Clark DG, Tinston DJ.  1973.  Correlation of the cardiac sensitizing potential of halogenated 
hydrocarbons with their physicochemical properties.  Br J Pharmacol 49:355-357. 
 
*Clark DG, Tinston DJ.  1982.  Acute inhalation toxicity of some halogenated and nonhalogenated 
hydrocarbons.  Hum Toxicol 1:239-247. 
 
*Clark RR, Zalikowski JA.  1990.  Comparison of capillary and packed column analysis for volatile 
organics by GCMS.  In:  Friedman D, ed.  Waste testing and quality assurance.  Special technical 
publication 1062 vol. 2.  Philadelphia, PA:  American Society for Testing and Materials, 333-350. 



1,1,1-TRICHLOROETHANE  258 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

 
*Class T, Ballschmiter K.  1986.  Chemistry of organic traces in air.  VI:  Distribution of chlorinated C1-
C4 hydrocarbons in air over the northern and southern Atlantic Ocean.  Chemosphere 15:413-427. 
 
*Clewell HJ III, Andersen ME.  1985.  Risk assessment extrapolations and physiological modeling.  
Toxicol Ind Health 1:111-131. 
 
Cline PV, Viste DR.  1985.  Migration and degradation patterns of volatile organic compounds.  Waste 
Mgmt Res 3:351-360. 
 
CMR.  1986.  Chemical profile:  1,1,1-Trichloroethane.  CMR.  January 20,1986. 
 
CMR.  1989.  Chemical profile:  Trichloroethane.  CMR.  January 30, 1989. 
 
CMR.  1992.  Chemical profile:  Trichloroethylene.  CMR.  January 27, 1992. 
 
*CMR.  1995.  Chemical profile:  1,1,1-Trichloroethane.  CMR.  February 27, 1995. 
 
*Cobb  GD, Bouwer EJ.  1991.  Effects of electron acceptors on halogenated organic compound 
biotransformations in a biofilm column.  Environ Sci Technol 25:1068-1074. 
 
*Cohen C, Frank AL.  1994.  Liver disease following occupational exposure to 1,1,1-trichloroethane:  A 
case report.  Am J Ind Med 26:237-241. 
 
Cohen N, Benson SW.  1987.  Transition-state-theory calculations for reactions of hydroxyl radicals with 
haloalkanes.  J Phys Chem 91:162-170. 
 
*Cohen MA, Ryan PB, Yanagisawa Y, et al.  1989.  Indoor-outdoor measurements of volatile organic 
compounds in the Kanawha Valley of West Virginia USA.  JAPCA  39:1086-1093. 
 
Cohn P, Savrin J, Fagliano J.  1999.  Mapping of volatile organic chemicals in New Jersey water systems.  
J Expo Anal Environ Epidemiol 9:171-180.  
 
Cohr KH.  1986  Uptake and distribution of common industrial solvents.  Prog Clin Biol Res 220:45- 60. 
 
*Colborn T, Clement C.  1992.  Chemically induced alterations in sexual and functional development.  
The Wildlife/Human Connection.  In:  Advances in modern environmental toxicology.  Volume XXI.  
Princeton, NJ:  Princeton Scientific Publishing Co. 
 
Colby BN, Beimer RG, Rushneck DR, et al.  1982.  Priority pollutants in industrial effluents.  Int Environ 
Safety (February):8-13. 
 
*Cole RH, Frederick RE, Healy RP, et al.  1984.  Preliminary findings of the priority pollutant monitoring 
project of the Nationwide Urban Runoff Program.  J Water Pollut Control Fed 56:898-908. 
 
*Coleman CN, Mason T, Hooker EP, et al.  1999.  Developmental effects of intermittent prenatal 
exposure to 1,1,1-trichloroethane in the rat.  Neurobehav Toxicol Teratol 21:699-708.  
 
*Coleman EC, Ho C, Chang SS.  1981.  Isolation and identification of volatile compounds from baked 
potatoes.  J Agric Food Chem 29:42-48. 



1,1,1-TRICHLOROETHANE  259 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

 
*Comba ME, Kaiser KLE.  1985.  Volatile halocarbons in the Detroit River and their relationship with 
contaminant sources.  J Great Lakes Res 11:404-418. 
 
*Commision of the European Communities.  1981.  Criteria (exposure/effect relationships) for 
organochlorine pesticides.  Pergamon Press.  Commision of the European Communities.   
 
Coniglio WA, Miller K, MacKeever D.  1980.  The occurrence of volatile organics in drinking water.  
Criteria and Standards Division, Science and Technology Branch, Exposure Assessment Project. 
 
*Conkle JP, Camp BJ, Welch BE.  1975.  Trace composition of human respiratory gas.  Arch Environ 
Health 30:290-295. 
 
*Connell DW, Braddock RD, Mani SV.  1993.  Prediction of the partition coefficient of lipophilic 
compounds in the air-mammal tissue system.  Sci Total Environ (Suppl.):1383-1396. 
 
*Cornish, HH, Adefuin J.  1966.  Ethanol potentiation of halogenated aliphatic solvent toxicity.  Am Ind 
Hyg Assoc J 27:57-61.  
 
*Cornish HH, Ling BP, Barth ML.  1973.  Phenobarbital and organic solvent toxicity.  Am Ind Hyg 
Assoc J 34:487-492. 
 
Correia Y, Martens GJ, Van Mensch FH, et al.  1977.  The occurrence of trichloroethylene, 
tetrachloroethylene and 1,1,1-trichloroethane in western Europe in air and water.  Atmos Environ 
11:1113-1116. 
 
*Corsi RL, Chang DPY, Schroeder ED, et al.  1987.  Emissions of volatile and potentially toxic organic 
compounds from municipal wastewater treatment plants.  Proceedings of the Air Pollution Control 
Association Annual Meeting 6:1-14. 
 
Cotruvo JA.  1985.  Organic micropollutants in drinking water:  An overview.  Sci Total Environ 47:7-26. 
 
*Cox RA, Derwent RG, Eggleton AEJ, et al.  1976.  Photochemical oxidation of halocarbons in the 
troposphere.  Atmos Environ 10:305-308. 
 
*Crebelli R, Carere A.  1987.  Genotoxic activity of halogenated aliphatic hydrocarbons in Aspergillus 
nidulans.  In:  Asia-Pacific Symposium held at the ICMR Seminar.  Environ Occup Toxicol 8:437-442. 
 
*Crebelli R, Benigni R, Franekic J, et al.  1988.  Induction of chromosome malsegregation by 
halogenated organic solvents in Aspergillus nidulans:  Unspecific or specific mechanism?  Mutat Res 
201:401-411. 
 
*CRISP.  1992.  U.S Department of Health and Human Services, Public Health Service, National 
Institutes of Health, National Institute for Environmental Health Science.  October 21, 1992. 
 
*Cronn DR, Bamesberger WL, Koropalov VM.  1983.  Abastumani Forest aerosol experiment (1979):  
Comparison to other nonurban halocarbons and nitrous oxide measurements.  Environ Sci Technol 
17:383-388. 
 



1,1,1-TRICHLOROETHANE  260 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

Cronn DR, Rasmussen RA, Robinson E, et al.  1977.  Halogenated compound identification and 
measurement in the troposphere and lower stratosphere. J Geophys Res 82:5935-5944. 
 
*Croquet V, Fort J, Oberti F, et al.  2003.  Hepatite chronique active probablement induite par le 1,1,1-
trichloroethane.  Gastroenterol Clin Biol 27:120-122. 
 
Crump D.  1995.  Volatile organic compounds in indoor air.  Issues.  Environ Sci Technol 4:109-124.  
 
Crutzen PJ, Gidel LT.  1983.  A two-dimensional photochemical model of the atmosphere.  2:  The 
tropospheric budgets of the anthropogenic chlorocarbons, carbon monoxide, methane, chloromethane and 
the effect of various nitrogen oxides sources on the tropospheric ozone.  J Geophys Res 88:6641-6661. 
 
*Crutzen PJ, Isaken ISA, McAfee JR.  1978.  The impact of the chlorocarbon industry on the ozone layer.  
J Geophys Res 83:345-363. 
 
Cruz SL, Gauthereau MY, Camacho-Munoz C, et al.  2003.  Effects of inhaled toluene and 1,1,1-
trichloroethane on seizures and death produced by N-methyl-D-aspartic acid in mice.  Behav Brain Res 
140:195-202.  
 
*Daft J.  1987.  Determining multi-fumigants in whole grains and legumes, milled and low-fat grain 
products, spices, citrus fruit and beverages.  J AOAC 70:734-739. 
 
*Daft JL.  1988.  Rapid determination of fumigant and industrial chemical residues in food.  J AOAC 
71:748-760. 
 
Dahlstrom-King L, Couture J, Lamoureux C, et al.  1990.  Dose-dependent cytotoxicity of chlorinated 
hydrocarbons in isolated rat hepatocytes.  Fundam Appl Toxicol 14:833-841. 
 
*Dallas CE, Ramanathan R, Muralidhara S, et al.  1989.  The uptake and elimination of 1,1,1-trichloro-
ethane during and following inhalation exposures in rats.  Toxicol Appl Pharmacol 98:385-397. 
 
Dambly C, Toman Z, Radman M.  1981.  Zorotest.  Prog Mutat Res 1:219-223. 
 
*Daniel MR, Dehnel JM.  1981.  Cell transformation test with baby hamster kidney cells.  Prog Mutat 
Res 1:626-637. 
 
*Daniels WJ, Almaguer D, Kramkowski R.  1988.  Health hazard evaluation:  Report HETA 863431822.  
Sheller-Globe (Allen Industries, Inc.), Herrin, IL. Cincinnati, OH:  U.S. Department of Health and Human 
Services, Public Health Service, Centers for Disease Control, National Institute for Occupational Safety 
and Health.  PB88153291. 
 
*Danielsson BRG, Ghantous H, Dencker L.  1986.  Distribution of chloroform and methylchloroform and 
their metabolites in pregnant mice.  Biol Res Pregnancy Perinatol 7:77-83. 
 
*Dapson SC, Hutcheon DE, Lehr D.  1984.  Effect of methyl chloroform on cardiovascular development 
in rats.  Teratology 29:25A. 
 
*D'Costa DF, Gunasekera NP.  1990.  Fatal cerebral edema following trichloroethane abuse.  J R Soc 
Med 83:533-534. 
 



1,1,1-TRICHLOROETHANE  261 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

*Deane M, Swan SH, Harris JA, et al.  1989.  Adverse pregnancy outcomes in relation to water 
contamination Santa Clara County California 1980-1981.  Am J Epidemiol 129:894-904. 
 
*DeBortoli M, Knoeppel H, Pecchio E, et al.  1986.  Concentrations of selected organic pollutants in 
indoor and outdoor air in northern Italy.  Environ Int 12:343-350. 
 
*DeCeaurriz J, Bonnet P, Certin C, et al.  1981.  [Chemicals as central nervous system depressants 
possibilities of an animal model.]  Cahiers de notes documentaires Securites et hygiene du travail, 351-
355.  (French) 
 
*DeCeaurriz J, Desiles JP, Bonnet P, et al.  1983.  Concentration-dependent behavioral changes in mice 
following short-term inhalation exposure to various industrial solvents.  Toxicol Appl Pharmacol 67:383-
389. 
 
*del Amo M, Berenguer J, Pujol T, et al.  1996.  MR in trichloroethane poisoning.  AJNR Am J 
Neuroradiol 17:1180-1182. 
 
DeLorey DC, Cronn DR, Farmer JC.  1988.  Tropospheric latitudinal distributions of 
dichlorodifluoromethane, trichlorofluoromethane, nitrous oxide, 1,1,1-trichloroethane, and carbon 
tetrachloride.  Atmos Environ 22:1481-1494. 
 
*DeMore WB.  1992.  Relative rate constants for the reactions of OH with methane and methyl 
chloroform.  Geophys Res Lett 19:1367-1370. 
 
*Derwent RG, Jenkin ME.  1991.  Hydrocarbons and the long-range transport of ozone and peroxyacetyl 
nitrate (PAN) across Europe.  Atmos Environ, Part A 25A:1661-1678. 
 
*DeSerres FJ, Hoffmann GR.  1981.  Summary report on the performance of yeast assays.  Mutat Res 
1:68-76. 
 
*Dever RJ.  1986.  Responding to industrial contamination of groundwater:  A case study.  J Am Water 
Works Assoc 78:82-86. 
 
DeWalle FB, Chian ESK.  1978.  Presence of trace organics in the Delaware River and their discharge by 
municipal and industrial sources.  Proceedings of the Industrial Waste Conference 32:908-919. 
 
*DeWalle FB, Kalman DA, Norman D, et al.  1985.  Determination of toxic chemicals in effluent from 
household septic tanks.  Cincinnati, OH:  U.S. Environmental Protection Agency.  EPA600S285050. 
 
*DeWees WG, Segall RR, Cone L, et al.  1992.  Emissions of metals, chromium and nickel species, and 
organics from municipal wastewater sludge incinerators project summary.  Cincinnati, OH:  U.S. 
Environmental Protection Agency, Risk Reduction Engineering Laboratory.  EPA600SR92003. 
 
Dewulf J, Van Langenhove H.  1997.  Chlorinated C1- and C2-hydrocarbons and monocyclic aromatic 
hydrocarbons in marine waters:  An overview on fate processes, sampling, analysis, and measurements.  
Water Res 31:1825-1838.  
 
Dick RB.  1988.  Short duration exposures to organic solvents the relationship between neurobehavioral 
test results and other indicators.  Neurotoxicol Teratol 10:39-50. 
 



1,1,1-TRICHLOROETHANE  262 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

Dickens BF, Tse SY, Msk IT, et al.  1989.  Pro-oxidant effect of chlorinated hydrocarbons on cultured 
vascular cells.  FASEB J 3:A1037. 
 
Dickens BF, Tse SY, Pflug BR, et al.  1990.  Interaction between organic hydroperoxides and chlorinated 
hydrocarbons a possible mechanism for free radical production.  FASEB J 4:A627. 
 
Dickson AG, Riley JP.  1976.  The distribution of short-chain halogenated aliphatic hydrocarbons in some 
marine organisms.  Marine Pollut Bull 7:167-169. 
 
*Dilling WL.  1977.  Interphase transfer processes.  II.  Evaporation rates of chloromethanes, ethanes, 
ethylenes, propanes, and propylenes from dilute aqueous solutions:  Comparisons with theoretical 
predictions.  Environ Sci Technol 11:405-409. 
 
*Dilling WL, Bredeweg CJ, Tefertiller NB.  1976.  Organic photochemistry.  XIII. Simulated atmospheric 
photodecomposition rates of methylene chloride, 1,1,1-trichloroethane, trichloroethylene, 
tetrachloroethylene, and other compounds.  Environ Sci Technol 10:351-356. 
 
*Dilling WL, Tefertiller NB, Kallos GJ.  1975.  Evaporation rates and reactivities of methylene chloride, 
chloroform, 1,1,1-trichloroethane, trichloroethylene, tetrachloroethylene and other chlorinated compounds 
in dilute aqueous solutions.  Environ Sci Technol 9:833-888. 
 
*Dills RL, Kent SD, Checkoway H, et al.  1991.  Quantification of volatile solvents in blood by static 
headspace analysis.  Talanta 38:365-374. 
 
*Dimitriades B, Joshi SB.  1977.  Application of reactivity criteria in oxidant-related emission control in 
the USA.  In:  Dimitriades B, ed.  Proceedings of Photochemical Oxidant Pollution and Its Control 
International Conference.  Research Triangle Park, NC:  U.S. Environmental Protection Agency, 705-711. 
 
*Direnzo AB, Gandolfi AJ, Sipes IG.  1982.  Microsomal bioactivation and covalent binding of aliphatic 
halides to DNA.  Toxicol Lett 11:243-252. 
 
Divincenzo GD, Krasavage WJ.  1974.  Serum ornithine carbamyl transferase as a liver response test for 
exposure to organic solvents.  Am Ind Hyg Assoc J 35:21-29. 
 
*Dobrev ID, Anderson ME, Yang RS.  2001.  Assessing interaction threshold for trichloroethylene in 
combination with tetrachloroethylene and 1,1,1-Trichloroethane using gas uptake studies and PBPK 
modeling.  Arch Toxicol 75:134-144.  
 
*Dobrev ID, Andersen ME, Yang RSH.  2002.  In silico toxicology:  Simulating interaction theshholds 
for human exposure to mixtures of trichloroethylene, tetrachloroethylene, and 1,1,1-trichloroethane. 
Environ Health Perspect 110:1031-1039. 
 
*Dornette WHL, Jones JP.  1960.  Clinical experiences with 1,1,1-trichloroethane:  A preliminary report 
of 50 anesthetic administrations.  Anesth Analg 39:249-252. 
 
*Dosemeci M, Cocco P, Chow W-H.  1999.  Gender differences in risk of renal cell carcinoma and 
occupational exposures to chlorinated aliphatic hydrocarbons.  Am J Ind Med 36:54-59. 
 



1,1,1-TRICHLOROETHANE  263 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

Dow Chemical Co.  1969.  Effects of repeated vapor exposures to Aerothene products and their 
stabilizers.  Submitted to the  U.S. Environmental Protection Agency under TSCA section 8D.  
OTS0515996.  [Unpublished study]. 
 
*Dow Chemical Co.  1988.  An acute vapor inhalation study in Fischer-344 rats using Aerothene TT with 
cover letter dated 3/22/88.  Submitted to the U.S. Environmental Protection Agency under TSCA Section 
8E.  OTS0514062.  
 
*Dow Chemical Co.  1993.  Examination of rats for developmental neurotoxicological effects from 
maternal exposure to 1,1,1-trichloroethane.  [Peer reviewed unpublished study]. 
 
*Dow Corning Corp.  1994.  Initial submission:  Epidemiology (population-based case-control) study of 
systemic sclerosis associated with silicone breast implants and solvents with cover letter dated 060394.  
Submitted to U.S. Environmental Protection Agency under TSCA Section 8E.  OTS0556275. 
 
*Dreisch FA, Gower M, Munson TO.  1980.  Survey of the Huntington and Philadelphia river water 
supplies for purgeable organic contaminants.  Annapolis, MD:  U.S. Environmental Protection Agency.  
EPA903981003. 
 
Droz PO.  1992.  Quantification of biological variability.  Ann Occup Hyg 36:295-306. 
 
Droz PO, Guillemin MP.  1986.  Occupational exposure monitoring using breath analysis.  J Occup Med 
28:593-602. 
 
*Droz PO, Nicole C, Guberan E.  1982.  Sniffing 1,1,1-trichloroethane simulation of two fatal cases.  In:  
Collings AJ, Luxon SG, eds.  Safe use of solvents:  Proceedings of the International Symposium on the 
safe use of solvents held at the University of Sussex, Brighton, UK.  London:  Academic Press, Inc., 153-
159. 
 
Droz PO, Wu MM, Cumberland WG.  1989a.  Variability in biological monitoring of organic solvent 
exposure.  II.  Application of a population physiological model.  Br J Ind Med 46:547-558. 
 
Droz PO, Wu MM, Cumberland WG, et al.  1989b.  Variability in biological monitoring of solvent 
exposure. I.  Development of a population physiological model.  Br J Ind Med 46:447-460. 
 
Duce RA, Mohnen, VA, Zimmerman PR, et al.  1983.  Organic material in the global troposphere.  Rev 
of Geophysics and Space Physics 21:921. 
 
Duerk H, Klessen C, Frank H.  1990.  Reductive metabolism of 1,1,1-trichloroethane.  In:  Proceedings of 
the 31st German Society for Pharmacology and Toxicology Spring Meeting, Mainz, West Germany, 
March 13-16.  Naunyn Schmiedeberg's Arch Pharmacol 341(Suppl):R11. 
 
Dunovant VS, Clark CS, Quehee SS, et al.  1986.  Volatile organics in the wastewater and airspace of 
three wastewater plants.  J Water Pollut Control Fed 58:886-895. 
 
*Duprat P, Delsaut L, Gradiski D.  1976.  Irritant potency of the principal aliphatic chloride solvents on 
the skin and ocular mucosis membranes of rabbits.  Eur J Toxicol 3:171-177. 
 
Dural NH, Chen C-H.  1997.  Analysis of vapor phase adsorption equilibrium of 1,1,1-trichloroethane on 
dry soils.  J Haz Mater 53:75-92.  



1,1,1-TRICHLOROETHANE  264 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

 
*Durk H, Poyer JL, Klessen C, et al.  1992.  Acetylene:  A mammalian metabolite of 1,1,1-trichloro-
ethane.  Biochem J 286:353-356. 
 
Dyksen JE, Hess AF III.  1982.  Alternatives for controlling organics in ground water supplies.  J Am 
Water Works Assoc 74:394-403. 
 
*Eben A, Kimmerle G.  1974.  Metabolism, excretion and toxicology of methylchloroform in acute and 
subacute exposed rats.  Arch Toxicol 31:233-242. 
 
*Egle JL Jr., Long JE, Simon GS, et al.  1976.  An evaluation of the cardiac sensitizing potential of a 
fabric protector in aerosol form, containing 1,1,1-trichloroethane.  Toxicol Appl Pharmacol 38:369-377. 
 
Egli C, Scholtz R, Cook AM, et al.  1987.  Anaerobic dechlorination of tetrachloromethane and 1,2-
dichloroethane to degradable products by pure cultures of Desulfobacterium sp. and Methanobacterium 
sp.  Fems Microbiol Lett 43:257-261. 
 
Eighler DL, Mackey JH.  1986.  The levels of certain volatile organic compounds in the ambient air of the 
United States.  In:  Proceedings of 79th Air Pollution Control Association Annual Meeting. Vol. 6. 
 
*Eisenreich SJ, Looney BB, Thornton JD.  1981.  Airborne organic contaminants in the Great Lakes 
ecosystem.  Environ Sci Technol 15:30-38. 
 
Eitzer BD.  1995.  Emissions of volatile organic chemicals from municipal solid waste composting 
facilities.  Environ Sci Technol 29:896-902.  
 
*Ellenhorn MJ, Barceloux DG.  1988.  Medical toxicology:  Diagnosis and treatment of human 
poisoning.  Amsterdam:  Elsevier, 841-843.  
 
*Ellenhorn MJ, Schonwald S, Ordog G, et al., eds.  1997.  Medical toxicology:  Diagnosis and treatment 
of human poisoning.  2nd edition.  Baltimore, MD:  Williams & Wilkins, 1436-1440. 
 
*Ellenrieder W, Reinhard M.  1988.  ATHIAS-an information system for abiotic transformations of 
halogenated hydrocarbons in aqueous solution.  Chemosphere 17:331-344. 
 
Elovaara E, Hemminki K, Vainio H.  1979.  Effects of methylene chloride, trichloroethane, 
trichloroethylene, tetrachloroethylene and toluene on the development of chick embryos.  Toxicology 
12:111-120. 
 
Entz RC, Hollifield HC.  1982.  Headspace gas chromatographic analysis of foods for volatile 
halocarbons.  J Agric Food Chem 30:84-88. 
 
EPA.  1971a.  U.S. Environmental Protection Agency.  Code of Federal Regulations.  40 CFR 1801001.   
 
EPA.  1971b.  U.S. Environmental Protection Agency.  Code of Federal Regulations.  40 CFR 1801012. 
 
EPA.  1972a.  U.S. Environmental Protection Agency.  Code of Federal Regulations.  40 CFR 521170. 
 
EPA.  1972b.  U.S. Environmental Protection Agency.  Code of Federal Regulations.  40 CFR 522570. 
 



1,1,1-TRICHLOROETHANE  265 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

EPA.  1977a.  Multimedia levels:  Methylchloroform.  Washington, DC:  U.S. Environmental Protection 
Agency.  EPA560677030.  PB281892. 
 
EPA.  1977b.  Monitoring to detect previously unrecognized pollutants in surface waters.  Appendix:  
Organic analysis data. Washington, DC:  U.S. Environmental Protection Agency.  EPA560677015.  
EPA560677015A. 
 
EPA.  1978a.  U.S. Environmental Protection Agency.  Code of Federal Regulations.  40 CFR 1164. 
 
EPA.  1978b.  U.S. Environmental Protection Agency.  Code of Federal Regulations.  40 CFR 122. 
 
EPA.  1979a.  U.S. Environmental Protection Agency.  Code of Federal Regulations.  40 CFR 141 
App. C. 
 
EPA.  1979b.  U.S. Environmental Protection Agency.  Code of Federal Regulations.  40 CFR 136. 
Method 624. 
 
EPA.  1979c.  U.S. Environmental Protection Agency.  Code of Federal Regulations.  40 CFR 136. 
Method 1624. 
 
EPA.  1979d.  U.S. Environmental Protection Agency.  Code of Federal Regulations.  40 CFR 125. Form 
2C. 
 
EPA.  1979e.  U.S. Environmental Protection Agency.  Code of Federal Regulations.  40 CFR 257 App. I. 
 
EPA.  1979f.  Atmospheric distributions, sources and sinks of selected halocarbon, hydrocarbons, SF6 + 
N2O.  Research Triangle Park, NC:  U.S. Environmental Protection Agency.  EPA600379107. 
 
EPA.  1980a.  Ambient water quality criteria for chlorinated ethanes.  Washington, DC:  U.S. 
Environmental Protection Agency, Office of Water Regulations and Standards, Criteria and Standards 
Division.  EPA440580029. 
 
EPA.  1980b.  U.S. Environmental Protection Agency.  Code of Federal Regulations.  40 CFR 261. 
 
EPA.  1980c.  U.S. Environmental Protection Agency.  Code of Federal Regulations.  40 CFR 261.33(f). 
 
EPA.  1980d.  U.S. Environmental Protection Agency.  Code of Federal Regulations.  40 CFR 52.2222. 
 
EPA.  1980e.  Acquisition and chemical analysis of mother's milk for selected toxic substances.  
Washington DC:  U.S. Environmental Protection Agency.  EPA5600380029.  PB81231029. 
 
EPA.  1981a.  U.S. Environmental Protection Agency.  Code of Federal Regulations.  40 CFR 261.31. 
 
EPA.  1981b.  U.S. Environmental Protection Agency.  Code of Federal Regulations.  40 CFR 261.32. 
 
EPA.  1981c.  U.S. Environmental Protection Agency.  Code of Federal Regulations.  40 CFR 413.02. 
 
EPA.  1981d.  U.S. Environmental Protection Agency.  Code of Federal Regulations.  40 CFR 261. 
 



1,1,1-TRICHLOROETHANE  266 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

*EPA.  1981e.  Clean water effluent guidelines.  U.S. Environmental Protection Agency.  Code of Federal 
Regulations.  40 CFR 400. 
 
*EPA.  1982a.  Test method:  Purgeables method 624.  Cincinnati, OH:  U.S. Environmental Protection 
Agency, 40 CFR 136, App. A.  
 
*EPA.  1982b.  U.S. Environmental Protection Agency.  Code of Federal Regulations.  40 CFR 423 App. 
A. 
 
*EPA.  1982c.  Method No. 601. Test methods.  Methods for organic chemical analysis of municipal and 
industrial wastewater.  Cincinnati, OH:  U.S. Environmental Protection Agency, Environmental 
Monitoring and Support Laboratory.  
 
EPA.  1982d.  Analysis of industrial wastewater for organic pollutants in consent decree survey.  Athens, 
GA:  U.S. Environmental Protection Agency.  
 
EPA.  1983a.  U.S. Environmental Protection Agency.  Code of Federal Regulations.  40 CFR 122 App. 
D. 
 
EPA.  1983b.  U.S. Environmental Protection Agency.  Code of Federal Regulations.  40 CFR 43311. 
 
EPA.  1983c.  Clean water effluent guidelines.  U.S. Environmental Protection Agency.  Code of Federal 
Regulations.  40 CFR 475. 
 
EPA.  1984a.  U.S. Environmental Protection Agency.  Code of Federal Regulations.  40 CFR 261 App. 
IX. 
 
EPA.  1984b.  U.S. Environmental Protection Agency.  Code of Federal Regulations.  40 CFR 7994400. 
 
EPA.  1984c.  Techniques for the assessment of the carcinogenic risk to the U.S. population due to 
exposure from selected volatile organic compounds from drinking water via the ingestion, inhalation and 
dermal routes.  Washington, DC:  U.S. Environmental Protection Agency, Office of Drinking Water.  
PB84213941. 
 
EPA.  1985a.  Environmental Protection Agency.  National primary drinking water regulations; volatile 
synthetic organic chemicals.  Fed Regist 50:46880. 
 
EPA.  1985b.  Health assessment document for 1,1,1-trichloroethane (methyl chloroform).  Final report.  
U.S. Environmental Protection Agency, Office of Research and Development, Office of Health and 
Environmental Assessment, Environmental Criteria and Assessment Office.  EPA600882003. 
 
EPA.  1985c.  U.S. Environmental Protection Agency.  Code of Federal Regulations.  40 CFR 6101. 
 
EPA.  1985d.  U.S. Environmental Protection Agency.  Code of Federal Regulations.  40 CFR 7905. 
 
EPA.  1985e.  Hazardous air pollutants:  Wet removal rates and mechanisms.  Richland, WA:  U.S. 
Environmental Protection Agency.  EPA600384113.  PB85138626. 
 



1,1,1-TRICHLOROETHANE  267 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

EPA.  1985f.  Drosophila sex-linked recessive lethal assay of 1,1,1-trichloroethane.  U.S. Environmental 
Protection Agency.  Submitted to the U.S. Environmental Environmental Protection Agency under TSCA 
Section 4.  OTS0526446.   
 
EPA.  1985g.  Drinking water criteria document for 1,1,1-trichloroethane (Draft).  Washington, DC:  U.S. 
Environmental Protection Agency.  PB86118130. 
 
*EPA.  1986a.  Methods for the determination of organic compounds in finished drinking water and raw 
source water:  Method no. 502.1.  Cincinnati, OH:  U.S. Environmental Protection Agency, Physical and 
Chemical Methods Branch, Environmental Monitoring and Support Laboratory. 
 
*EPA.  1986b.  Superfund record of decision (EPA Region 8):  Marshall Landfill Site, Boulder County, 
Colorado, September, 1986.  Report.  U.S. Environmental Protection Agency.  EPA RODRO886008. 
 
*EPA.  1986c.  Superfund record of decision (EPA Region 5):  Forest Waste Disposal Site, Genesee 
County, Michigan, June, 1986.  Report.  U.S. Environmental Protection Agency.  EPA RODRO586034.  
PB87189890. 
 
*EPA.  1986d.  Superfund record of decision (EPA Region 5):  Byron Johnson Salvage Yard, Byron, 
Illinois, September, 1986.  Report.  U.S. Environmental Protection Agency.  EPA RODRO586042. 
 
EPA.  1986e.  Method 8240:  Gas chromatography/mass spectrometry for volatile organics.  Cincinnati, 
OH:  U.S. Environmental Protection Agency.   
 
EPA.  1986f.  U.S. Environmental Protection Agency.  Code of Federal Regulations.  40 CFR 51100. 
 
EPA.  1986g.  U.S. Environmental Protection Agency.  Code of Federal Regulations.  40 CFR 26810. 
 
EPA.  1987a.  Purge and trap onto adsorbent  with gas chromatography/mass spectrometry (GC/MS).  
U.S. Environmental Protection Agency Contract Lab. 
 
EPA.  1987b.  Environmental Protection Agency:  Organic chemicals and plastics and synthetic fibers 
category effluent limitations guidelines, pretreatment standards, and new source performance standards.  
Fed Regist 52:42522-42584. 
 
*EPA.  1987c.  U.S. EPA contract laboratory program statement of work for organic analysis.  
Washington, DC:  U.S. Environmental Protection Agency. 
 
*EPA.  1987d.  Superfund record of decision (EPA Region 4):  Galloway Ponds Site, Galloway, 
Tennessee, September, 1986.  Report.  U.S. Environmental Protection Agency.  EPA RODRO486013. 
 
*EPA.  1987e.  Superfund record of decision (EPA Region 2):  Lang Property, Pemberton Township, 
New Jersey, September, 1986.  Report.  U.S. Environmental Protection Agency.  EPA RODRO286031.  
PB87188470. 
 
*EPA.  1987f.  Environmental Protection Agency:  National primary drinking water regulations; synthetic 
organic chemicals; monitoring for unregulated contaminants.  Fed Regist 52:25690-25717. 
 
EPA.  1987g.  U.S. Environmental Protection Agency.  Code of Federal Regulations.  40 CFR 41491. 
 



1,1,1-TRICHLOROETHANE  268 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

EPA.  1987h.  U.S. Environmental Protection Agency.  Code of Federal Regulations.  40 CFR 14101. 
 
EPA.  1987i.  U.S. Environmental Protection Agency.  Code of Federal Regulations.  40 CFR 264 App. 
IX. 
 
EPA.  1987j.  Toxic air pollutant/source crosswalk-a screening tool for locating possible emitting toxic air 
pollutants.  Washington, DC:  U.S. Environmental Protection Agency.  EPA450487023A. 
 
EPA.  1987k.  Pharmacokinetics in risk assessment:  Drinking water and health.  Volume 8.  Washington, 
DC, U.S. Environmental Protection Agency.  PB89203319. 
 
*EPA.  1987l.  Household products containing methylene chloride and other chlorinated solvents:  A 
"shelf" survey.  Washington, DC:  U.S. Environmental Protection Agency.  EPA5601987. 
 
EPA.  1988a.  U.S. Environmental Protection Agency.  Code of Federal Regulations.  40 CFR 302. 
 
*EPA.  1988b.  Superfund record of decision (EPA region 5):  Summit national site:  Deerfield, OH, June 
1988.  First remedial action.  Washington, DC:  U.S. Environmental Protection Agency.  EPA 
RODR8588068.  PB89225988. 
 
EPA.  1988c.  Method 524.1:  Measurement of purgeable organic compounds in water by packed column 
gas chromatography/mass spectrometry.  Cincinnati, OH:  U.S. Environmental Protection Agency, 255-
284. 
 
EPA.  1988d.  Method 524.2:  Measurement of purgeable organic compounds in water by capillary 
column gas chromatography/mass spectrometry.  Cincinnati, OH:  U.S. Environmental Protection 
Agency.   
 
EPA.  1988e.  U.S. Environmental Protection Agency.  Code of Federal Regulations.  40 CFR 825. 
 
EPA.  1988f.  U.S. Environmental Protection Agency.  Code of Federal Regulations.  40 CFR 829. 
 
EPA.  1988g.  U.S. Environmental Protection Agency.  Code of Federal Regulations.  40 CFR 153139. 
 
EPA.  1988h.  U.S. Environmental Protection Agency.  Code of Federal Regulations.  40 CFR 829. 
 
EPA.  1988i.  U.S. Environmental Protection Agency.  Code of Federal Regulations.  40 CFR 37265. 
 
EPA.  1988j.  U.S. Environmental Protection Agency.  Code of Federal Regulations.  40 CFR 7995. 
 
EPA.  1988k.  U.S. Environmental Protection Agency.  Code of Federal Regulations.  40 CFR 26843. 
 
EPA.  1988l.  The Emergency Planning and Community Right-to-Know Act of 1986 (EPCRA).  Section 
313 of Title III.  Washington, DC:  U.S. Environmental Protection Agency, 
 
*EPA. 1988m.  Reference physiological parameters in pharmacokinetic modeling.  Washington, DC:  
U.S. Environmental Protection Agency.  PB88196019. 
 
*EPA.  1989a.  Interim methods for development of inhalation reference doses.  Washington, DC:  U.S. 
Environmental Protection Agency, Office of Health and Environmental Assessment.  EPA600888066F. 



1,1,1-TRICHLOROETHANE  269 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

 
*EPA.  1989b.  U.S. Environmental Protection Agency:  Testing consent order for 1,1,1-trichloroethane 
and response to the Interagency Testing Committee.  Fed Regist 54:34991-34995. 
 
EPA.  1989c.  U.S. Environmental Protection Agency.  Testing consent order for 1,1,1-trichloroethane 
and response to the Interagency Testing Committee.  Fed Regist 54:162. 
 
EPA.  1989d.  U.S. Environmental Protection Agency.  National primary and secondary drinking water 
regulations.  Fed Regist 54:97. 
 
EPA.  1990a.  Interim methods for development of inhalation reference concentrations.  Washington, DC:  
U.S. Environmental Protection Agency, Office of Health and Environmental Assessment, Office of 
Research and Development, Environmental Criteria and Assessment Office.  EPA600890066A.   
 
EPA.  1990b.  TSCA chemical testing:  Receipt of test data.  U.S. Environmental Protection Agency.  Fed 
Regist 55:50055. 
 
EPA.  1991a.  Summary report:  1,1,1-trichloroethane with cover letter dated 6/19/91.  Submitted to the  
U.S. Environmental Protection Agency under TSCA Section 8e.  OTS0529783. 
 
EPA.  1991b.  National primary drinking water regulations synthetic organic chemicals and inorganic 
chemicals, monitoring for unregulated contaminants, national primary drinking water regulations 
implementation, national secondary drinking water regulations:  Part II.  U.S. Environmental Protection 
Agency.  Fed Regist 56:3526. 
 
EPA.  1991c.  TSCA chemical testing:  Receipt of test data.  U.S. Environmental Protection Agency.  Fed 
Regist 56:5688. 
 
EPA.  1991d.  TSCA chemical testing:  Receipt of test data.  U.S. Environmental Protection Agency.  Fed 
Regist 56:28893. 
 
EPA.  1991e.  TSCA chemical testing:  Receipt of test data.  U.S. Environmental Protection Agency.  Fed 
Regist 56:24191. 
 
EPA.  1991f.  U.S. Environmental Protection Agency.  Code of Federal Regulations.  40 CFR 82. 
 
EPA.  1991g.  U.S. Environmental Protection Agency.  Code of Federal Regulations.  40 CFR 258 App. I. 
 
EPA.  1991h.  U.S. Environmental Protection Agency.  Code of Federal Regulations.  40 CFR 266. 
App. VIII. 
 
*EPA.  1992a.  Drinking water, national primary drinking water regulations synthetic organic chemicals 
and inorganic chemicals, national primary drinking water regulations implementation:  U.S. 
Environmental Protection Agency.  Part III.  Fed Regist 57:31776. 
 
*EPA.  1992b.  U.S. Environmental Protection Agency.  Code of Federal Regulations.  40 CFR Part 148.   
 
*EPA.  1992c.  U.S. Environmental Protection Agency.  Code of Federal Regulations.  40 CFR Part 258.   
 
*EPA.  1992d.  U.S. Environmental Protection Agency.  Code of Federal Regulations.  40 CFR Part 266. 



1,1,1-TRICHLOROETHANE  270 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

 
*EPA.  1992e.  U.S. Environmental Protection Agency.  Code of Federal Regulations.  40 CFR Part 268.   
 
*EPA.  1992f.  Status of pesticides in reregistration and special review.  Washington, DC:  U.S. 
Environmental Protection Agency.  EPA700R92004.  
 
EPA.  1992g.  U.S. Environmental Protection Agency.  Code of Federal Regulations.  40 CFR 41470. 
 
EPA.  1992h.  U.S. Environmental Protection Agency.  Code of Federal Regulations.  40 CFR 2613. 
 
EPA.  1993a.  U.S. Environmental Protection Agency.  Fed Regist.  58:38326. 
 
EPA.  1993b.  U.S. Environmental Protection Agency.  Fed Regist.  58:62566. 
 
EPA.  1993c.  U.S. Environmental  Protection Agency. Fed Regist.  58:66078. 
 
EPA.  1993d. U.S. Environmental Protection Agency.  Code of Federal Regulations.  40 CFR 82. 
 
EPA.  1993e.  U.S. Environmental Protection Agency.  Code of Federal Regulations.  40 CFR 82104. 
 
EPA.  1993f.  U.S. Environmental Protection Agency.  Code of Federal Regulations.  40 CFR 82106. 
 
EPA.  1993g.  U.S. Environmental Protection Agency.  Code of Federal Regulations.  40 CFR 82110. 
 
EPA.  1993h.  U.S. Environmental Protection Agency.  Code of Federal Regulations.  40 CFR 414111. 
 
EPA.  1993i.  U.S. Environmental Protection Agency.  Code of Federal Regulations.  40 CFR 82122. 
 
EPA.  1993j.  U.S. Environmental Protection Agency.  Fed Regist 58:65622 
 
*EPA.  1993k.  Protection of stratospheric ozone.  U.S. Environmental Protection Agency.  Fed Regist.  
58:54892-54899. 
 
EPA.  1993l.  Status of pesticides in reregistration and special review.  U.S. Environmental Protection 
Agency.  EPA738R93009, 53, 244, 359. 
 
EPA.  1993m.  1990 Clean Air Act Amendments.  U.S. Environmental Protection Agency.   
 
EPA.  1994a.  U.S. Environmental Protection Agency.  Fed Regist 58:9158. 
 
EPA.  1994b.  U.S. Environmental Protection Agency.  Fed Regist 58:15504. 
 
*EPA.  1994c.  Drinking Water Regulations and Health Advisories.  Washington, DC:  U.S. 
Environmental Protection Agency.  Office of Drinking Water. 
 
EPA.  1997a.  Automated Form R for Windows:  User’s guide (RY97).  Washington, DC:  U.S. 
Environmental Protection Agency, Office of Pollution Prevention and Toxics.   
 
EPA.  1997b.  Special report on environmental endocrine disruption:  An effects assessment and analysis.  
Washington, DC:  U.S. Environmental Protection Agency, Risk Assessment Forum.  EPA630R96012. 



1,1,1-TRICHLOROETHANE  271 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

 
EPA.  2001.  Sources, emission and exposure for trichloroethane (TCE) and related chemicals.  U.S. 
Environmental Protection Agency.  EPA600R00099. 
 
*EPA.  2002.  Inventory update rule.  U.S.  Environmental Protection Agency.  
http://www.epa.gov/opptintr/iur/iur02/index.htm.  September 2, 2004.   
 
*EPA.  2004a.  Protection of stratospheric ozone:  Listing of ozone-depleting chemicals.  Washington, 
DC:  U.S. Environmental Protection Agency.  Code of Federal Regulations.  40 CFR 82, Subpart A, 
Appendix A.  http://www.epa.gov/epahome/cfr40.htm.  June 06, 2004. 
 
*EPA.  2004b.  National primary water regulations:  Public notification.  Washington, DC:  U.S. 
Environmental Protection Agency.  Code of Federal Regulations 40 CFR 14132 
http://www.epa.gov/epahome/cfr40.htm.  June 06, 2004. 
 
*EPA.  2004c.  National primary drinking water regulations:  Maximum contaminant levels for organic 
contaminants.  Washington, DC:  U.S. Environmental Protection Agency.  Code of Federal Regulations  
40 CFR 14161  http://www.epa.gov/epahome/cfr40.htm.  June 06, 2004. 
 
*EPA.  2004d.  National primary drinking water regulations:  Maximum contaminant level goals for 
organic contaminants.  Washington, DC:  U.S. Environmental Protection Agency.  Code of Federal 
Regulations.  40 CFR 14150  http://www.epa.gov/epahome/cfr40.htm.  June 06, 2004. 
 
*EPA.  2004e.  Tolerances and exemptions from tolerances for pesticide chemicals in food:  1,1,1-
Trichloroethane;  exemption from the requirement of a tolerance.  Washington, DC:  U.S. Environmental 
Protection Agency.  Code of Federal Regulations.  40 CFR 1801012  
http://www.epa.gov/epahome/cfr40.htm.  June 06, 2004. 
 
*EPA.  2004f.  Programs and activities:  Hazardous air pollutants.  Washington, DC:  U.S. Environmental 
Protection Agency.  Code of Federal Regulations.  42 US C7412.  
http://www.epa.gov/epahome/cfr40.htm.  June 06, 2004. 
 
*EPA.  2004g.  Tolerances and exemptions from tolerances for pesticide chemicals in food:  Inert 
ingredients used pre- and post-harvest;  exemptions from the requirement of a tolerance.  Washington, 
DC:  U.S.  Environmental Protection Agency.  Code of Federal Regulations.  40 CFR 180910.  
http://www.epa.gov/epahome/cfr40.htm.  June 06, 2004. 
 
*EPA.  2004h.  Tolerances and exemptions from tolerances for pesticide chemicals in food:  Inert 
ingredients applied to animals;  exemptions from the requirement of a tolerance.  Washington, DC:  U.S. 
Environmental Protection Agency.  Code of Federal Regulations.  40 CFR 180930.  
http://www.epa.gov/epahome/cfr40.htm.  June 06, 2004. 
 
*EPA.  2004i.  Toxic chemical release reporting:  Community right-to-know:  Chemicals and chemical 
categories to which this part applies.  Washington, DC:  U.S. Environmental Protection Agency.  Code of 
Federal Regulations.  40 CFR 37265  http://www.epa.gov/epahome/cfr40.htm.  June 06, 2004. 
 
*EPA.  2004j.  Toxic Substances Control Act:  Health and safety data reporting:  Substances and listed 
mixtures to which this subpart applies.  Washington, DC:  U.S. Environmental Protection Agency.  Code 
of Federal Regulations.  40 CFR 716120  http://www.epa.gov/epahome/cfr40.htm.  June 06, 2004. 
 



1,1,1-TRICHLOROETHANE  272 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

*EPA.  2004k.  Designation, reportable quantities, and notification:  Designation of hazardous substance.  
Washington, DC:  U.S.  Environmental Protection Agency.  Code of Federal Regulations.  40 CFR 3024  
http://www.epa.gov/epahome/cfr40.htm.  June 06, 2004. 
 
*EPA.  2004l.  2004 Edition of the drinking water standards and health advisories.  Washington, DC:  
U.S. Environmental Protection Agency Office of Water.  EPA822R04005.  
http://www.epa.gov/waterscience/drinking/standards/dwstandards.  June 06, 2004. 
 
*EPA.  2004m.  Sec. 604.  Phase-out of production and consumption of class I substances.  
http://www.epa.gov/oar/caa/caa604.txt.  July 20, 2004. 
 
*Evans EB, Balster RL.  1991.  CNS depressant effects of volatile organic solvents.  Neurosci Biobehav 
Rev 15:233-241. 
 
*Evans EB, Balster RL.  1993.  Inhaled 1,1,1-trichloroethane-produced physical dependence in mice:  
Effects of drugs and vapors on withdrawal.  J Pharmacol Exp Ther 264:726-733. 
 
Fabian P, Gomer D.  1984.  The vertical distribution of halocarbons in the stratosphere.  Fresenius Z Anal 
Chem 319:890-897. 
 
Fabian P, Borchers R, Penkett SA, et al.  1981.  Halocarbons in the stratosphere.  Nature 294:733-735. 
 
*Falck K, Partanen P, Sorsa M, et al.  1985.  Mutascreen, an automated bacterial mutagenicity assay.  
Mutat Res 150:119-125. 
 
*Fallon ME, Horvath FJ.  1985.  Preliminary assessment of contaminants in soft sediments of the Detroit 
River.  J Great Lakes Res 11:373-378. 
 
*Fannick N.  1980.  Health hazard evaluation:  Determination report HE 77-122-695.  Gould's Pumps, 
Inc., Seneca Falls, NY.  Cincinnati, OH:  U.S. Department of Health and Human Services, Public Health 
Service, Centers for Disease Control, National Institute for Occupational Safety and Health.  NIOSH-HE-
77122695.  PB81111239. 
 
*Fannick N.  1986.  Health hazard evaluation:  Report HETA 84-478-1636.  Palace Theater, New York, 
NY.  Cincinnati, OH:  U.S. Department of Health and Human Services, Public Health Service, Centers for 
Disease Control, National Institute for Occupational Safety and Health.  PB86206067. 
 
Farrington JW, Westall J.  1986.  Organic chemical pollutants in the oceans and groundwater:  A review 
of fundamental chemical properties and biogeochemistry.  NATO Advanced Science Institutes Series C:  
Mathematic and Physical Sciences 172:361-425. 
 
Fawell JK, Fielding M.  1985.  Identification and assessment of hazardous compounds in drinking water.  
Sci Total Environ 47:317-341. 
 
*FDA.  2003a.  Part 165– Beverages:  Bottled water.  Washington, DC:  Food and Drug Administration.  
21 CFR165110  http://www.access.gpo.gov/cgi-bin/cfrassemble.cgi?title=200321.  June 06, 2003. 
 
*FDA.  2003b.  Indirect food additives; adhesives and components of coatings.  Resinous and polymeric 
coatings.  21 CFR 175.300.  http://www.access.gpo.gov/cgi-bin/cfrassenble.cgi?title=200321.  June 06, 
2003. 



1,1,1-TRICHLOROETHANE  273 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

 
*FEDRIP.  2004.  Federal Research in Progress.  Palo Alto, CA.  Dialog Information Service, Inc. 
 
*Feiler HD, Storch PJ, Southworth R.  1980.  Organics in municipal sludges survey of forty cities.  
Proceeedings of National Conference on Municipal and Industrial Sludge Composting:  Materials 
handling.  Silver Spring, MD:  Information Transfer, Inc.:53-57. 
 
*Feiler HD, Vemick AS, Starch PH.  1979.  Fate of priority pollutants in POTWs.  Proceedings of Eighth 
National Conference on:  Municipal sluge management:  Impact of industrial toxic materials on POTW 
sludge.  Silver Spring, MD:  Information Transfer, Inc.:72-81. 
 
Fenske JD, Paulson SE.  1999.  Human breath emissions of VOCs.  J Air Waste Manage Assoc 49:594-
598.  
 
Fernicola C, Govoni S, Coniglio L, et al.  1991.  [Use of 1,1,1-trichloroethane (methylchloroform) in 
industry:  Neurotoxic risks.]  Med Lav 82:38-49.  (Italian) 
 
*Ferrario JB, Lawler GC, DeLeon IR, et al.  1985.  Volatile organic pollutants in biota and sediments of 
Lake Pontchartrain.  Bull Environ Contam Toxicol 34:246-255. 
 
*Fey EG, White HA, Rabin BR.  1981.  Development of the degranulation test system.  Prog Mutat Res 
1:236-244. 
 
Fielding M, Gibson TM, James HA, et al.  1981.  Organic micropollutants in drinking water.  
Medmenham English Water Research Center.  TR-159. 
 
Filatova GN, Koropalov VM, Kovaleva NV.  1983.  Gas-chromatographic determination of ultra-trace 
amounts of halogen-containing hydrocarbons in the atmosphere.  J Chromatogr 264:129-136. 
 
Filser JG.  1992.  The closed chamber technique-uptake, endogenous production, excretion, steady-state 
kinetics and rates of metabolism of gases and vapors.  Arch Toxicol 66:1-10. 
 
*Finlayson-Pitts BJ, Ezell MJ, Jayaweera TM, et al.  1992.  Kinetics of the reactions of OH with methyl 
chloroform and methane:  Implications for global tropospheric OH and the methane budget.  Geophys Res 
Lett 19:1371-1374. 
 
*Fischer AJ, Rowan EA, Spalding RF.  1987.  VOCs in ground water influenced by large scale 
withdrawals.  Ground Water 25:407-414. 
 
*Fisher J, Mahle D, Bankston L, et al.  1997.  Lactational transfer of volatile chemicals in breast milk.  
Am Ind Hyg Assoc J 58(6):425-31. 
 
Fiserova-Bergerova V, Pierce JT, Droz PO.  1990.  Dermal absorption potential of industrial chemicals:  
Criteria for skin notation.  Am J Ind Med 17:617-636. 
 
Fleming LE.  1992.  Unusual occupational gastrointestinal and hepatic disorders.  Occupational Medicine-
State of the Art Reviews 7:433-448. 
 
Fogelqvist E.  1985.  Carbon tetrachloride, tetrachloroethylene, 1,1,1-trichloroethane and bromoform in 
Arctic seawater.  J Geophys Res C:  Oceans 90:9181-9193. 



1,1,1-TRICHLOROETHANE  274 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

 
*Folbergrova J, Hougaard K, Westerberg E, et al.  1984.  Cerebral metabolic and circulatory effects of 
1,1,1-trichloroethane, a neurotoxic industrial solvent. 2.  Tissue concentrations of labile phosphates, 
glycolytic metabolites, citric acid cycle intermediates, amino acids, and cyclic nucleotides.  Neurochem 
Pathol 2:55-68. 
 
*Fomon SJ.  1966.  Body composition of the infant:  Part I:  The male reference infant.  In:  Falkner F, ed.  
Human development.  Philadelphia, PA:  WB Saunders, 239-246. 
 
*Fomon SJ, Haschke F, Ziegler EE, et al.  1982.  Body composition of reference children from birth to 
age 10 years.  Am J Clin Nutr 35:1169-1175. 
 
*Foster SA, Chrostowski PC.  1986.  Integrated household exposure model for use of tap water 
contaminated with volatile organic chemicals.  Proceedings of Annual Meeting 79:86/12.3. 
 
*Frank H, Frank W.  1988.  Quanititative determination of airborne C1- and C2- halocarbons by 
GC/ECD.  HRC CC J High Resolut Chromatogr Chromatogr Commun 11:51-56. 
 
Frantik R, Hornychova M, Horvath M.  1994.  Relative acute neurotoxicity of solvents:  Isoeffective air 
concentrations of 48 compounds evaluated in rats and mice.  Environ Res 66:173-185.  
 
Fraser PJ, Pearman GI.  1978.  Atmospheric halocarbons in the southern hemisphere.  Atmos Environ 
12:839-844. 
 
*Friesel P, Milde G, Steiner B.  1984.  Interactions of halogenated hydrocarbons with soils.  Fresenius Z 
Anal Chem 319:160-164. 
 
Frischherz H, Seidelberger F.  1987.  The contamination of groundwater by chlorinated hydrocarbons in 
the Mitterndorfer Senke:  Development and measures.  Water Supply 5:3-4. 
 
*FSTRAC.  1990.  Federal State Toxicology Regulatory Alliance Committee.  Summary of state and 
federal drinking water standards and guidelines by chemical communication subcommittee. 
 
*Fukabori S, Nakaaki K, Yonemoto J, et al.  1977.  On the cutaneous absorption of 1,1,1-
trichloroethane(2).  J Sci Labour 53(1):89-95. 
 
*Fuller GC, Olshan A, Puri SK, et al.  1970.  Induction of hepatic drug metabolism in rats by 
methylchloroform inhalation.  J Pharmacol Exp Ther 175:311-317. 
 
*Fusillo TV, Hochreiter JJ, Lord DG.  1985.  Distribution of volatile organic compounds in a New Jersey 
coastal plain aquifer system.  Ground Water 23:354-360. 
 
*Gallagher JS, Kurt TL.  1990.  Neonatal exposure to methyl chloride in tape remover.  Vet Hum Toxicol 
32:43-45. 
 
*Galloway SM, Armstrong MJ, Reuben C, et al.  1987.  Chromosome aberrations and sister chromatid 
exchanges in Chinese hamster ovary cells:  Evaluations of 108 chemicals.  Environ Mol Mutagen 10:1-
175. 
 



1,1,1-TRICHLOROETHANE  275 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

*Galt AM, MacLeod G.  1984.  Headspace sampling of cooked beef aroma using Tenax GC.  J Agric 
Food Chem 32:59-64. 
 
*Gamberale F, Hultengren M.  1973.  Methylchloroform exposure.  II.  Psychophysiological functions.  
Work Environ Health 10:82-92. 
 
*Garabrant DH, Lacey JV, Laing TJ, et al.  2003.  Scleroderma and solvent exposure among women.  Am 
J Epidemiol 157:493-500. 
 
*Garcia JP, Beyne-Masclet S, Mouvier G.  1992.  Emissions of volatile organic compounds from coal-
fired power stations.  Atmos Environ, Part A 26A:1589-1597. 
 
*Gargas ML.  1990.  An exhaled breath chamber system for assessing rates of metabolism and rates of 
gastrointestinal absorption with volatile compounds.  J Am Coll Toxicol 9:447-453. 
 
*Gargas ML, Andersen ME.  1989.  Determining kinetic constants of chlorinated ethane metabolism in 
the rat from rates of exhalation.  Toxicol Appl Pharmacol 99:344-353. 
 
Gargas ML, Andersen ME, Clewell HJ III.  1986.  A physiologically based simulation approach for 
determining metabolic constants from gas uptake data.  Toxicol Appl Pharmacol 86:341-352. 
 
*Gargas ML, Burgess RJ, Voisard DE, et al.  1989.  Partition coefficients of low-molecular-weight 
volatile chemicals in various liquids and tissues.  Toxicol Appl Pharmacol 98:87-99. 
 
Gargas ML, Clewell HJ, Andersen ME.  1990.  Gas uptake inhalation techniques and the rates of 
metabolism of chloromethanes, chloroethanes and chloroethylenes in the rat.  Inhal Toxicol 2:295-319. 
 
Gargas ML, Reitz RH, Murphy JE, et al.  1991.  Gastrointestinal (GI) absorption of methyl chloroform 
(MC).  In:  Proceedings of the 30th Society of Toxicology Annual Meeting, Dallas, TX, February 25 to 
March 1.  Washington, DC:  Society of Toxicology. 
 
Gargas ML, Seybold PG, Andersen ME.  1988.  Modeling the tissue solubilities and metabolic rate 
constant (Vmax) of halogenated methanes, ethanes and ethylenes.  Toxicol Lett 43:235-256. 
 
*Garnier R, Reygagne A, Maladry-Muller P, et al.  1991.  [Evolution of chronic toxic encephalopathy 
induced by organic solvents after the cessation of exposure:  Report of a case with a 5-year follow-up.]  
Arch Mal Prof 52:349-354.  (French) 
 
Garrison AW, Alford Al, Craig JS, et al.  1981.  An overview of interim procedures.  In:  Advances in the 
identification and analysis of organic pollutants in water.  Vol. I.  Ann Arbor, MI:  Ann Arbor Press, 17. 
 
*Gatehouse D.  1981.  Mutagenic activity of 42 coded compounds in the microtiter fluctuation test.  In:  
Evaluation of short-term tests for carcinogens:  Report of the International Collaborative Program.  Prog 
Mutat Res 1:376-386. 
 
*Gehring PJ.  1968.  Hepatotoxic potency of various chlorinated hydrocarbon vapours relative to their 
narcotic and lethal potencies in mice.  Toxicol Appl Pharmacol 13:287-298. 
 
*Geller I, Mendez V, Hartmann RJ, et al.  1982.  Effects of 1,1,1-trichloroethane on a match-to-sample 
discrimination task in the baboon.  J Toxicol Environ Health 9:783-795. 



1,1,1-TRICHLOROETHANE  276 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

 
*George JD, Price CJ, Marr MC, et al.  1989.  Developmental toxicity of 1,1,1-trichloroethane in CD rats.  
Fundam Appl Toxicol 13:641-651. 
 
Gerace RV.  1981.  Near-fatal intoxication by 1,1,1-trichloroethane.  Ann Emerg Med 10:533-534. 
 
*Gerbino TC, Nadotti S, Castello P.  1992.  Extraction and gas chromatographic determination of 
chlorinated solvents in contaminated soil.  J Chromatogr 623:123-127. 
 
Geyer H, Scheunert I, Korte F.  1986.  Bioconcentration potential of organic environmental chemicals in 
humans.  Regul Toxicol Pharmacol 6:313-347. 
 
*Ghittori S, Imbriani M, Pezzagno G, et al.  1987.  The urinary concentration of solvents as a biological 
indicator of exposure:  Proposal for the biological equivalent exposure limit for nine solvents.  Am Ind 
Hyg Assoc J 48:786-790. 
 
*Gibbs MJ, Wasson J, Magee T, et al.  1992.  Study of emissions and control of stratospheric ozone-
depleting compounds in California.  ICF Consulting Association, Inc., Universal City, CA, USA. 
PB93160752.   
 
Gilani SH, Diaz A.  1986.  The teratogenic effects of trichloroethane on the chick embryogenesis.  
Teratology 33:64C. 
 
Gilbert J, Startin JR, Wallwork MA.  1978.  Gas chromatographic determination of 1,1,1-trichloroethane 
in vinyl chloride polymers and in foods.  J Chromatogr 160:127-132. 
 
Gill R, Hatchett SE, Broster CG, et al.  1991.  The response of evidential breath alcohol testing 
instruments with subjects exposed to organic solvents and gases.  I.  Toluene, 1,1,1-trichloroethane, and 
butane.  Med Sci Law 31:187-200. 
 
*Gilles D.  1976.  Health hazard evaluation:  Toxicity determination report 75-147-318.  Westinghouse 
Electric Corporation, East Pittsburgh, PA.  Cincinnati, OH:  U.S. Department of Health and Human 
Services, Public Health Service, Centers for Disease Control, National Institute for Occupational Safety 
and Health.  PB264802. 
 
*Gilles D.  1977.  Health hazard evaluation:  Toxicity determination report 77-5-362.  Matryx Company, 
Division of Xomox Corporation, Cincinnati, OH.  Cincinnati, OH:  U.S. Department of Health and 
Human Services, Public Health Service, Centers for Disease Control, National Institute for Occupational 
Safety and Health.  PB273912. 
 
*Gilles D, Philbin E.  1976.  Health hazard evaluation:  Determination report 76-61-337.  TRW, 
Incorporated, Philadelphia, PA.  Cincinnati, OH:  U.S. Department of Health and Human Services, Public 
Health Service, Centers for Disease Control, National Institute for Occupational Safety and Health.  
PB273739. 
 
Gilles D, Rostand RA.  1975.  Health hazard evaluation:  Toxicity determination report HHE 75-26-245.  
Babcock and Wilcox Company, Canton, OH.  Cincinnati, OH:  U.S. Department of Health and Human 
Services, Public Health Service, Centers for Disease Control, National Institute for Occupational Safety 
and Health.  PB249425. 
 



1,1,1-TRICHLOROETHANE  277 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

Giroux D, Lapointe G, Baril M.  1992.  Toxicological index and the presence in the workplace of 
chemical hazards for workers who breast-feed infants. Am Ind Hyg Assoc J 53:471-474. 
 
*Giwercman A, Carlsen E, Keiding N, et al.  1993.  Evidence for increasing incidence of abnormalities of 
the human testis:  A review.  Environ Health Perspect Suppl 101:65-71. 
 
*Glaser RA, Arnold JE.  1989.  Investigation of charcoal cloth as a sorbent for integrated sampling of 
solvent vapors in mixed-expired breath using a new stainless steel sampler.  Am Ind Hyg Assoc J 50:112-
121. 
 
Gobba F, Ghitorri S, Imbriani M, et al.  1997.  The urinary excretion of solvents and gases for the 
biological monitoring of occupational exposure:  A review.  Sci Total Environ 199:3-12.  
 
*Gocke E, King MT, Eckhardt K, et al.  1981.  Mutagenicity of cosmetics ingredients licensed by the 
European communities.  Mutat Res 90:91-109. 
 
*Goldfrank LR, Flomenbaum NE, Lewin NA, et al.  1990.  Goldfrank's toxicologic emergencies.  4th ed.  
Norwalk, CT:  Appleton & Lange, 763-767. 
 
*Gossett JM.  1987.  Measurement of Henry's law constant for C1 and C2 chlorinated hydrocarbons.  
Environ Sci Technol 21:202-206. 
 
*Gotoh M, Sekitani Y, Aramaki T, et al.  1992.  Pollution due to volatile halocarbon compounds in biota.  
Bull Environ Contam Toxicol 49(2):186-191. 
 
Gotz R, Bauer OH, Friesel P, et al.  1998.  Organic trace compounds in the water of the River Elbe near 
Hamburg.  Part I.  Chemosphere 36:2085-2101.  
 
Gowda TPH, Lock JD.  1985.  Volatilization rates of organic chemicals of public health concern.  J 
Environ Eng 111:755-776. 
 
*Gradiski D, Bonnet P, Raoult G, et al.  1978.  Comparative acute inhalation toxicity of the principal 
chlorinated aliphatic solvents.  Arch Mal Prof 39:249-257. 
 
Granstrom ML, Ahlert RC, Wiesenfeld J.  1984.  The relationships between the pollutants in the 
sediments and in the water of the Delaware and Raritan Canal.  Water Sci Technol 16:375-380. 
 
*Green MH.  1981.  A differential killing test using an improved repair-deficient strain of Escherichia 
coli.  In:  Evaluation of short-term tests for carcinogens:  Report of the international collaborative 
program.  Prog Mutat Res 1:183-194. 
 
*Green AES, Wagner JC, Mahadevan S.  1992.  Chlorinated toxics from incineration.  In:  Gupta AK, 
Presser G, Axelbaum RL, eds.  Air toxic reduction and combustion modeling:  Presented at the 1992 
International Joint Power Generation Conference, Atlanta, Georgia, October 18-22, 1992.  FACT Volume 
15.  New York:  American Society of Mechanical Engineers, 49-56.  
 
Greenberg M, Anderson G, Keene J, et al.  1982.  Empirical test of the association between gross 
contamination of wells with toxic substances and surrounding land use.  Environ Sci Technol 16:14-19. 
 



1,1,1-TRICHLOROETHANE  278 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

Gregory GL, Harriss RC, Talbot RW, et al.  1986.  Air chemistry over the tropical forest of Guyana.  J 
Geophys Res 91:8603-8612. 
 
*Gresham GA, Treip CS.  1983.  Fatal poisoning by 1,1,1-trichloroethane after prolonged survival.  
Forensic Sci Int 23:249-253. 
 
*Grimsrud EP, Rasmussen RA.  1975.  Survey and analysis of halocarbons in the atmosphere by gas 
chromatography-mass spectrometry.  Atmos Environ 9:1014-1017. 
 
*Guberan E, Fryc O, Robert M.  1976.  [Sudden death from ventricular fibrillation after voluntary 
inhalation of chloroethene in a mechanics apprentice.]  Schweiz Med Wochenschr 106:119-121.  
(French). 
 
*Guengerich FP, Kim DH, Iwasaki M.  1991.  Role of human cytochrome P-450IIE1 in the oxidation of 
many low molecular weight cancer suspects.  Chem Res Toxicol 4:168-179. 
 
*Guicherit R, Schulting FL.  1985.  The occurrence of organic chemicals in the atmosphere of the 
Netherlands.  Sci Total Environ 43:193-219. 
 
*Gunter BJ.  1979.  Health hazard evaluation:  Determination report 79-23-603.  AMF Head Division, 
Boulder, CO.  Cincinnati, OH:  U.S. Department of Health and Human Services, Public Health Service, 
Centers for Disease Control, National Institute for Occupational Safety and Health.  PB80147135. 
 
*Gunter BJ.  1980.  Health hazard evaluation:  Determination report HE 80-71-703.  Bear Creek Uranium 
Company, Douglas, WY.  Cincinnati, OH:  U.S. Department of Health and Human Services, Public 
Health Service, Centers for Disease Control, National Institute for Occupational Safety and Health.  
PB81111221. 
 
*Gunter BJ.  1983.  Health hazard evaluation:  Report HETA 81-261-1085.  Jeppesen Sanderson, Inc., 
Englewood, CA.  Cincinnati, OH:  U.S. Department of Health and Human Services, Public Health 
Service, Centers for Disease Control, National Institute for Occupational Safety and Health.  
PB83201749. 
 
Gunter BJ.  1988.  Health hazard evaluation:  Report HETA 87-142-1802.  F. and I. Steel Corporation, 
Pueblo, CO.  Cincinnati, OH:  U.S. Department of Health and Human Services, Public Health Service, 
Centers for Disease Control, National Institute for Occupational Safety and Health.  PB88125976. 
 
*Gunter BJ, Philbin EH, Lowry LK, et al.  1977.  Health hazard evaluation:  Determination report 76-99-
397.  Redfield Company, Denver, CO.  Cincinnati, OH:  U.S. Department of Health and Human Services, 
Public Health Service, Centers for Disease Control, National Institute for Occupational Safety and Health.  
PB273746. 
 
*Gunter BJ, Thoburn TW.  1986.  Health hazard evaluation:  Report HETA 84-384-1580.  Crystal Zoo, 
Boulder, CO.  Cincinnati, OH:  U.S. Department of Health and Human Services, Public Health Service, 
Centers for Disease Control, National Institute for Occupational Safety and Health.  PB86137908.   
 
Gusten H, Klasinc L, Maric D.  1984.  Prediction of the abiotic degradability of organic compounds in the 
troposphere.  J Atmos Chem 2:83-94. 
 



1,1,1-TRICHLOROETHANE  279 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

Guzelian PS.  1991.  1,1,1-Trichloroethane and the liver [letter].  Arch Intern Med 151:2321-2322, 2325-
2326. 
 
*Guzelian PS, Henry CJ, Olin SS, eds.  1992.  Similarities and differences between children and adults:  
Implications for risk assessment.  Washington, DC:  International Life Sciences Institute Press 
 
*Haag WR, Mill T.  1988.  Effect of a subsurface sediment on hydrolysis of haloalkanes and epoxides.  
Environ Sci Technol 22:658-663. 
 
Haglid KG, Rosengren LE, Karlsson JE.  1990.  Effects of low-dose inhalation of three chlorinated 
aliphatic organic solvents on deoxyribonucleic acid in gerbil brain.  Reply to comments.  Scand J Work 
Environ Health 16:145-146. 
 
*Hajimiragha H, Ewers U, Jansen-Rosseck R, et al.  1986.  Human exposure to volatile halogenated 
hydrocarbons from the general environment.  Int Arch Occup Environ Health 58:141-150. 
 
*Hake CL, Waggoner TB, Robertson DN, et al.  1960.  The metabolism of 1,1,1-trichloroethane by the 
rat.  Arch Environ Health 1:101-105. 
 
*Halevy J, Pitlik S, Rosenfeld J, et al.  1980.  1,1,1-Trichloroethane intoxication:  A case report with 
transient liver and renal damage.  Review of the literature.  Clin Toxicol 16:467-472. 
 
*Hall DW.  1984.  Volatile organic contamination in an alluvial aquifer, Southington, Connecticut.  In:  
Proceedings of International Conference:  Hazardous Wastes Environmental Emergency Management, 
Prevention, Cleanup Control.  Conference Exhibits 190-197. 
 
*Hall FB, Hine CH.  1966.  Trichloroethane intoxication:  A report of two cases.  J Forensic Sci 11:404-
413. 
 
Hall LC, Bogen KT, McKone TE, et al.  1989.  Health risk assessment of 1,1,1-trichloroethane (mc) in 
California drinking water.  Washington DC:  Department of Energy.  DE89003457. 
 
Hall RM, Martinez KF, Jensen PA.  1995.  Control of methylene chloride - furniture stripping dip tank.  
Appl Occup Environ Hyg 10:188-195.  
 
*Hallen RT, Pyne JR Jr, Molton PM.  1986.  Transformation of chlorinated ethenes and ethanes by 
anaerobic microorganisms.  In:  Proceedings of 192nd National Meeting:  ACS Division of 
Environmental Chemistry.  Richland, WA:  Pacific Northwest Laboratories,26:344-346. 
 
Halogenated Solvents Industry Alliance.  1989.  Examination of rats for developmental neurotoxicologic 
effects from maternal exposure to 1,1,1-trichloroethane.  Submitted to the U.S. Environmental Protection 
Agency under TSCA Section 4.  OTS0572992. 
 
*Halogenated Solvents Industry Alliance.  1990.  1,1,1-Trichloroethane:  An evaluation in the mouse 
micronucleus test (final report) with attachments and cover letter dated 102290.  Submitted to the U.S. 
Environmental Protection Agency under TSCA Section 4.  OTS0533133. 
 
*Halogenated Solvents Industry Alliance.  1991.  Letter submitting information on acute motoractivity 
and neurophysiology studies required by the 1,1,1-trichloroethane consent order with attachments.  
Submitted to the U.S. Environmental Protection Agency under TSCA Section 4.  OTS0533134. 



1,1,1-TRICHLOROETHANE  280 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

 
*Hamada T, Tanaka H.  1995.  Transfer of methyl chloroform, trichloroethylene and tetrachloroethylene 
to milk, tissues and expired air following intraruminal or oral administration in lactating goats and milk-
fed kids.  Environ Pollut 87:313-318. 
 
*Hanasono GK, Witschi H, Plaa GL.  1975.  Potentiation of the hepatotoxic responses to chemicals in 
alloxan-diabetic rats.  Proc Soc Exp Biol Med 149:903-907. 
 
*Hansch C, Leo AJ.  1985.  Medchem project issue no. 26.  Claremont, CA:  Pomona College. 
 
Hansen CM, Andersen BH.  1988.  The affinities of organic solvents in biological systems.  Am Ind Hyg 
Assoc J 49:301-308. 
 
Hardie DWF.  1969.  1,1,1-Trichloroethane.  In:  Kirk RE, Othmer DT, eds.  Encyclopedia of chemical 
technology.  Vol. 5, 2nd ed.  New York:  Interscience Publishers, 154-157. 
 
*Harkov R, Gianti SJ, Bozzelli JW, et al.  1985.  Monitoring volatile organic compounds at hazardous 
and sanitary landfills in New Jersey.  J Environ Sci Health 20:491-501. 
 
Harris GE, Tichenor BA.  1981.  Frequency of fugitive emissions in synthetic organic chemical plants.  
Proceedings of the Air Pollution Control Association Annual Meeting 74:81-41S. 
 
Harsch DE, Cronn DR, Slater WR.  1979.  Expanded list of halogenated hydrocarbons measurable in 
ambient air.  J Air Pollut Control Assoc 29:975-976. 
 
*Hartwell TD, Pellizzari ED, Perritt RL, et al.  1987a.  Comparison of volatile organic levels between 
sites and seasons for the total exposure assess methodology (TEAM) study.  Atmos Environ 21:2413-
2424. 
 
*Hartwell TD, Pellizzari ED, Perritt RL, et al.  1987b.  Results from the total exposure assessment 
methodology (TEAM) study in selected communities in northern and southern California.  Atmos 
Environ 21:1995-2004. 
 
*Hartwell TD, Perritt RL, Pellizzari ED, et al.  1992.  Results from the 1987 Total Exposure Assessment 
Methodology (TEAM) study in Southern California.  Atmos Environ 26:1519-1527. 
 
*Hartwell TD, Perritt RL, Zelon HS, et al.  1984a.  Comparison of indoor and outdoor levels for air 
volatiles in New Jersey.  Indoor Air:  Chemical Characterization and Personal Exposure, 4:81-86. 
 
Hartwell TD, Zelon HS, Leininger CC, et al.  1984b.  Comparative statistical analysis for volatile 
halocarbons in indoor and outdoor air.  Indoor Air:  Chemical Characterization and Personal Exposure 
4:57-61. 
 
Hasanen E, Soininen V, Pyysalo M.  1979.  The occurrence of aliphatic chlorine and bromine compound 
in automobile exhaust.  Atmos Environ 13:1217-1219. 
 
Haselmann KF, Laturnus F, Sevensmark B, et al.  2000.  Formation of chloroform in spruce forest soil - 
results from laboratory incubation studies.  Chemosphere 41:1769-1774.  
 



1,1,1-TRICHLOROETHANE  281 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

*Hatch GG, Mamay PD, Ayer ML, et al.  1982.  Methods for detecting gaseous and volatile carcinogens 
using cell transformation assays.  Environ Sci Res 25:75-90. 
 
*Hatch GG, Mamay PD, Ayer ML, et al.  1983.  Chemical enhancement of viral transformation in Syrian 
hamster embryo cells by gaseous and volatile chlorinated methanes and ethanes.  Cancer Res 43:1945-
1950. 
 
Hayashi M, Ando K, Kosaka H.  1977.  [Toxicological studies of methylchloroform.  I.  Determination of 
methylchloroform in biological materials.] Osaka-furitsu Koslu Eisei Kenkyusho Kenkyu Hokoku, Rodo 
Eiusei Hen 15:19-22.  (Japanese) 
 
*HazDat.  2004.  HazDat Database:  ATSDR’s Hazardous Substance Release and Health Effects 
Database.  Atlanta, GA:  Agency for Toxic Substances and Disease Registry.  
www.atsdr.cdc.gov/hazdat.html.  August 31, 2004. 
 
Hede AR, Anderson L, Post C.  1983.  The effect of methylchloroform on the pulmonary uptake of 5-
hydroxytryptamine in isolated perfused rat lung.  Acta Pharmacol Toxicol (Copenh) 53:175-176. 
 
*Heikes DL, Hopper ML.  1986.  Purge-and-trap method for determination of fumigants in whole grains, 
milled grain products and intermediate grain-based foods.  J Assoc Off Anal Chem 69:990-998. 
 
*Heikes DL, Jensen SR, Fleming-Jones ME.  1995.  Purge and trap extraction with GC-MS determination 
of volatile organic compounds in table-ready foods.  J Agric Food Chem 43:2869-2875.  
 
*Heineman EF, Cocco P, Gomez MR, et al.  1994.  Occupational exposure to chlorinated aliphatic 
hydrocarbons and risk of astrocytic brain cancer.  Am J Ind Med 26:155-169.  
 
Hellmann H.  1984.  Volatile chlorinated hydrocarbons in waters of the Federal Republic of Germany 
occurrence and balance.  Haustechnik-Bauphysik- Umwelttechnik - Gesundheits-Ingenieur 105:269-78.  
(German) 
 
Hemminki K, Vainio H.  1984.  Human exposure to potentially carcinogenic compounds.  IARC Sci Publ 
59:37-45. 
 
Henschler D, Reichert D, Matzler M.  1980.  Identification of potential carcinogens in technical grade 
1,1,1-trichloroethane.  Int Arch Occup Environ Health 47:263-268. 
 
*Henson JM, Yates MV, Cochran JW, et al.  1988.  Microbial removal of halogenated methanes, ethanes, 
and ethylenes in an aerobic soil exposed to methane.  Fems Microbial Ecology 53:193-201. 
 
*Herbert P, Charbonnier P, Rivolta L, et al.  1986.  The occurrence of chlorinated solvents in the 
environment.  Chem Ind 24:861-869. 
 
Herd PA.  1974.  Alterations in mitochondrial respiratory control characteristics induced by 1,1,1-tri-
chloroethane.  In:  Proceedings of the 58th Federation of American Societies for Experimental Biology 
Annual Meeting, Atlantic City, NJ, April 7-12. 
 
*Herd PA, Martin HF.  1975.  Effect of 1,1,1-trichloroethane on mitochondrial metabolism.  Biochem 
Pharmacol 24:1179-1186. 
 



1,1,1-TRICHLOROETHANE  282 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

 
*Herd PA, Lipsky M, Martin HF.  1974.  Cardiovascular effects of 1,1,1-trichloroethane.  Arch Environ 
Health 28:227-233. 
 
Herd PA, Martin HF, M. Lipsky.  1973.  Cardiovascular alterations resulting from inhalation of 1,1,1-tri-
chloroethane. In:  Proceedings of the 12th Society of Toxicology Annual Meeting, New York, NY, March 
18-22, 1973.  Washington, DC:  Society of Toxicology. 
 
*Hervin RL.  1975.  Health hazard evaluation:  Toxicity determination report HHE 75-81-252.  Artex 
Manufacturing Company, Inc., Overland Park, KA.  Cincinnati, OH:  U.S. Department of Health and 
Human Services, Public Health Service, Centers for Disease Control, National Institute for Occupational  
Safety and Health.  PB249432. 
 
Hetrick DM, Jarabek AM, Travis CC.  1991.  Sensitivity analysis for physiologically based 
pharmacokinetic models.  J Pharmacokinet Biopharm 19:1-20. 
 
Hirota S.  1982.  [Changes in hematologic parameters of dog due to exposure to trichloroethylene and 
1,1,1-trichloroethane.]  Okayama Igakkai Zasshi 94:211-220.  (Japanese) 
 
*Hisham MWM, Grosjean D.  1991.  Air pollution in Southern California (USA) museums:  Indoor and 
outdoor levels of nitrogen dioxide, peroxyacetyl nitrate, nitric acid, and chlorinated hydrocarbons.  
Environ Sci Technol 25:857-862. 
 
*Hobara T, Kobayashi H, Higashihara E, et al.  1982.  [Experimental examinations and toxicokinetic 
analysis of the absorption and excretion of 1,1,1-trichloroethane by the lung.]  Sangyo Igaku 24:599-607.  
(Japanese) 
 
*Hobara T, Kobayashi H, Higashihara E, et al.  1983a.  Changes in hematologic parameters with acute 
exposure to 1,1,1-trichloroethane.  Ind Health 21:255-261. 
 
*Hobara T, Kobayashi H, Higashihara E, et al.  1983b.  [Factors affecting 1,1,1-trichloroethane 
absorption and excretion by the lung.]  Nippon Eiseigaku Zasshi 38:642-648.  (Japanese) 
 
Hobara T, Kobayashi H, Higashihara E, et al.  1984.  Acute effects of 1,1,1-trichloroethane, 
trichloroethylene, and toluene on the hematologic parameters in dogs.  Arch Environ Contam Toxicol 
13:589-593. 
 
*Hobara T, Kobayashi H, Iwamoto S, et al.  1981.  [Diminution of 1,1,1- and 1,1,2-trichloroethane in the 
blood and their excretion by the lungs.]  Sangyo Igaku 23:377-382.  (Japanese) 
 
*Hodgson AT, Daisey JM, Grot RA.  1992.  Soil-gas contamination and entry of volatile organic 
compounds into a house near a landfill.  J Air Waste Manage Assoc 42:277-283. 
 
*Hodgson MJ, Heyl AE, Van Thiel DH.  1989.  Liver disease associated with exposure to 1,1,1-trichloro-
ethane.  Arch Intern Med 149:1793-1798. 
 
*Hodgson MJ, Vanthiel DH.  1991.  1,1,1-Trichloroethane and the liver:  Reply.  Arch Intern Med 
151:2322, 2325-2326. 
 



1,1,1-TRICHLOROETHANE  283 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

Hoekstra EJ, De Leer EWB, Brinkman UA.  1998.  Natural fromation of chloroform and brominated 
trihalomethanes in soil.  Environ Sci Technol 32:3724-3729.  
 
Hoekstra EJ, De Leer EWB, Brinkman UAT.  1999.  Findings supporting the natural formation of 
trichloroacetic acid in soil.  Chemosphere 38:2875-2883.  
 
Hoekstra EJ, Duyzer JH, Deleer EWB, et al.  2001.  Chloroform-concentration gradients in soil air and 
atmospheric air and emission fluxes from soil.  Atmos Environ 35:61-70.  
 
*Hoel DG, Davis DL, Miller AB, et al.  1992.  Trends in cancer mortality in 15 industrialized countries, 
1969-1986.  J Natl Cancer Inst 84:313-320.   
 
Hoffmann K, Krause C, Seifert B, et al.  2000.  The German Environmental Survey 1990/92 (GERES II) 
Sources of Personal exposure to volatile organic compounds.  J Expo Anal Environ Epidemiol 10:115-
125.  
 
*Hoffmann P, Breitenstein M, Toraason M.  1992.  Calcium transients in isolated cardiac myocytes are 
altered by 1,1,1-trichloroethane.  J Mol Cell Cardiol 24:619-629. 
 
*Hoffmann P, Heinroth K, Richards D, et al.  1994.  Depression of calcium dynamics in cardiac 
myocytes-a common mechanism of halogenated hydrocarbon anesthetics and solvents.  J Mol Cell 
Cardiol 26:579-589.  
 
Hollenbach DE, Bajpai PK, Drawbaugh RB, et al. 1989.  Effect of 1,1,1-trichloroethane delivered by 
ceramic-glass reservoir systems on selected behavioral tests in the Fischer-344 rat.  In:  Proceedings of 
the 28th Society of Toxicology Annual Meeting, Atlanta, GA, February 27-March 3, 1989.  Washington, 
DC:  Society of Toxicology. 
 
Holmberg B, Jakobson I, Malmfors T.  1974.  The effect of organic solvents on erythrocytes during 
hypotonic hemolysis.  Environ Res 7:193-205. 
 
*Holmberg B, Jakobson I, Sigvardsson K.  1977.  A study on the distribution of methylchloroform and n-
octane in the mouse during and after inhalation.  Scand J Work Environ Health 3:43-52. 
 
Honma T.  1990.  Effects of trichloroethylene 1,1,1-trichloroethane and carbon tetrachloride on plasma 
lipoproteins of rats.  Ind Health 28:159-174. 
 
Honma T.  1991.  Changes in plasma lipoproteins of rats induced by chlorinated organic solvents.  In:  
Proceedings of the 64th Japanese Pharmacological Society Annual Meeting, Kobe, Japan, March 24-27.  
Jpn J Pharmacol 55(Suppl 1):303. 
 
*Horiguchi S, Horiuchi K.  1971.  [An experiment of 1,1,1-trichloroethane vapor exposure to mice.]  Jpn 
J Ind Health 13:226-227.  (Japanese) 
 
*Horiguchi S, Teramoto K, Nakaseko H, et al.  1991.  Comparison of acute toxicity of several organic 
solvents estimated by the values of LD50 and LC50.  Seikatsu Eisei 35:137-140. 
 
*Horvath AL.  1982.  Halogenated hydrocarbons.  New York, NY:  Marcel Dekker, Inc., 500. 
 



1,1,1-TRICHLOROETHANE  284 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

*Hougaard K, Ingvar M, Wieloch T, et al.  1984.  Cerebral metabolic and circulatory effects of 1,1,1-tri-
chloroethane, a neurotoxic industrial solvent.  I.  Effects on local cerebral glucose consumption and blood 
flow during acute exposure.  Neurochem Pathol 2:39-53. 
 
*House RA, Liss GM, Wills MC.  1994.  Peripheral sensory neuropathy associated with 1,1,1-
trichloroethane.  Arch Environ Health 49:196-199. 
 
*House RA, Liss GM, Wills MC, et al.  1996.  Paresthesias and sensory neuropathy due to 1,1,1-
trichloroethane.  J Occup Environ Med 38:123-124. 
 
*Hov O, Penkett SA, Isaksen ISA, et al.  1984.  Organic gases in the Norwegian arctic.  Geophys Res Lett 
11:425-428. 
 
*Howard CJ, Evenson KM.  1976.  Rate constants for the reactions of hydroxyl with ethane and some 
halogen substituted ethanes at 296 K.  J Chem Phys 64:4303-4306. 
 
*Howse DC, Shanks GL, Nag S.  1989.  Peripheral neuropathy following prolonged exposure to methyl 
chloroform.  In:  Proceedings of the 41st American Academy of Neurology Annual Meeting, Chicago, IL, 
April 13-19.  Neurology 39(Suppl 1):242. 
 
Hoyt SD, Smith VL.  1991.  Measurement of toxic organic compounds in ambient air using EPA method 
TO-14.  In:  Jennings W, Nikelly JG, Arey J, eds.  Capillary chromatography:  The application.  
Heidelberg:  Hüthing Buch Verlag, 83-94.   
 
*HSDB.  2004.  1,1,1-trichloroethane:  Environmental standards & regulations.  Hazardous Substances 
Databank.  http://toxnet.nlm.nih.gov.  June 06, 2004. 
 
*HSIA.  1991.  Letter from HSIA to USEPA submitting intial submission regarding information 
concerning Fischer 344 rats when exposed on gestation day 6 through 10 via the gavage method.  
Submitted to the U.S. Environmental Protection Agency under TSCA Section 8e.  OTS0529783. 
 
*Hsu JP, Miller G, Moran V III.  1991.  Analytical method for determination of trace organics in gas 
samples collected by canister.  J Chromatogr Sci 29:83-88. 
 
*Hubbard SA, Green MH, Bridges BA, et al.  1981.  Fluctuation test with S9 and hepatocyte activation.  
In:  Evaluation of short-term tests for carcinogens:  Report of the international collaborative program.  
Prog Mutat Res 1:361-370. 
 
*Hubrich C, Stuhl F.  1980.  The ultraviolet absorption of some halogenated methanes and ethanes of 
atmospheric interest.  J Photochem 12:93-107. 
 
*Hughes JB, Parkin GF.  1992.  The effect of mixtures of xenobiotics and primary electron donor on the 
anaerobic biotransformations of high concentrations of chlorinated aliphatics.  Proceedings of the 
Sixteenth Biennial Conference of the International Association on Water Pollution Research and Control, 
Washington, D.C., USA, May 24-30, 1992.  Water Sci Technol 26(1-11):117-126. 
 
Hultman B.  1982.  Elimination of organic micropollutants.  Water Sci Technol 14:73-86. 
 
Humbert B, Fernandez JG.  1977.  [Exposure to 1,1,1-trichloroethane; study of absorption, excretion and 
metabolism in humans.]  Arch Mal Prof 38:415-425. (French) 



1,1,1-TRICHLOROETHANE  285 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

 
*Hutcheon DE, Dapson S, Gilani SH.  1985.  Persistent ductus arteriosus in weanling rats maternally 
exposed to methyl chloroform.  Vasc Surg 19:299. 
 
*IARC.  1979.  IARC monographs on the evaluation of the carcinogenic risk of chemicals to humans.  
Vol. 20:  Some halogenated hydrocarbons.  International Agency for Research on Cancer.  Lyon, France:  
World Health Organization. 
 
*IARC.  1987.  IARC monographs on the evaluation of the carcinogenic risk of chemicals to humans.  
Supplement 7:  Overall evaluations of carcinogenicity.  International Agency for Research on Cancer.  
Lyon, France:  World Health Organization. 
 
*IARC.  1999.  Some chemicals that cause tumours of the kidney or urinary bladder in rodents and some 
other substances- 1,1,1-Trichloroethane.  International Agency for Research on Cancer.  IARC Monogr 
Eval Carcinog Risks Hum  71:881.  http://www-cie.iarc.fr/htdocs/monographs/vol71/032-111trich.html.  
June 06, 2004. 
 
Ichinotsubo D, Mower H, Mandel M.  1981a.  Mutagen testing of a series of paired compounds with the 
Ames Salmonella testing system.  In:  Evaluation of short-term tests for carcinogens:  Report of the 
international collaborative program.  Prog Mutat Res 1:298-301. 
 
*Ichinotsubo D, Mower H, Mandel M.  1981b.  Testing of a series of paired compounds (carcinogen and 
noncarcinogenic structural analog) by DNA repair- deficient E. coli strains.  In:  Evaluation of short-term 
tests for carcinogens:  Report of the international collaborative program.  Prog Mutat Res 1:195-198. 
 
*Ikatsu H, Nakajima T.  1992.  Hepatotoxic interaction between carbon tetrachloride and chloroform in 
ethanol treated rats.  Arch Toxicol 66:580-586. 
 
Ikeda M, Hirayama T.  1978.  Possible metabolic interaction of styrene with organic solvents.  Scand J 
Work Environ Health 4:41-46. 
 
*Ikeda M, Ohtsuji H.  1972.  A comparative study of the excretion of Fujiwara reaction-positive 
substances in urine of humans and rodents given trichloro- or tetrachloro- derivatives of ethane and 
ethylene.  Br J Ind Med 29:99-104. 
 
Ikeda M, Ohtsuk T.  1985.  Exposure concentration versus environmental concentration:  A field survey 
in organic solvent workplaces.  J Exp Med 146:225-235. 
 
*Imbriani M, Ghittori S, Pezzagno G, et al.  1988.  1,1,1-Trichloroethane (methyl chloroform) in urine as 
biological index of exposure.  Am J Ind Med 13:211-222. 
 
*Ingber A.  1991.  Occupational allergic contact dermatitis from methyl chloroform (1,1,1-trichloro-
ethane).  Contact Dermatitis 25:193. 
 
Iregren A, Gamberale F.  1990.  Human behavioral toxicology:  Central nervous effects of low-dose 
exposure to neurotoxic substances in the work environment.  Scand J Work Environ Health 16(Suppl 
1):17-25. 
 
*IRIS.  2004.  1,1,1-Trichloroethane.  Integrated Risk Information System.  Washington, DC:  U.S. 
Environmental Protection Agency.  http://www.epa.gov/iris/subst/0197.htm.  June 06, 2004. 



1,1,1-TRICHLOROETHANE  286 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

 
*Isacson P, Bean JA, Splinter R, et al.  1985.  Drinking water and cancer incidence in Iowa.  III.  
Association of cancer with indices of contamination.  Am J Epidemiol 121:856-869. 
 
IT Corporation.  1985.  Phase II site assessment, Broadview, Illinois Plant.  TSCA Health and Safety 
Studies.  Submitted to the U.S. Environmental Protection Agency under TSCA Section 8D.  
OTS878216377. 
 
IT Corporation.  1985.  Preliminary site assessment, site assessment, broadview, Illinois plant.  Amphenol 
Products Division, Industrial and Technology Sector.  TSCA Health and Safety Studies.  Submitted to the 
U.S. Environmental Protection Agency under TSCA Section 8D.  OTS878216382. 
 
*Ivanetich KM, Van den Honert LH.  1981.  Chloroethanes:  Their metabolism by hepatic cytochrome P-
450 in vitro.  Carcinogenesis 2:697-702. 
 
Ivanetich KM, Lucas S, Marsh JA.  1978.  Organic compounds.  Their interaction with and degradation of 
hepatic microsomal drug-metabolizing enzymes in vitro.  Drug Metab Dispos 6:218-225. 
 
*Iyadomi M, Ichiba M, Zhang J, et al.  2000.  Evaluation of skin irritants caused by organic solvents by 
means of the mouse ear thickness measurement method.  J Occup Health 42:44-46. 
 
*Jagannath DR, Vultaggio DM, Brusick DJ.  1981.  Genetic activity of 42 coded compounds in the 
mitotic gene conversion assay using Saccharomyces cerevisiae strain D4.  In:  Evaluation of short-term 
tests for carcinogens:  Report of the international collaborative program.  Prog Mutat Res 1:456-467. 
 
Jakobson I, Wahlberg JE, Holmberg B, et al.  1982.  Uptake via the blood and elimination of 10 organic 
solvents following epicutaneous exposure of anesthetized guinea pigs.  Toxicol Appl Pharmacol 63:181-
187. 
 
James KJ, Stack MA.  1997.  The impact of leachate collection on air quality in landfills.  Chemosphere 
34:1713-1721.  
 
Jarkman S, Skoog KO, Nilsson SEG.  1985.  The c-wave of the electroretinogram and the standing 
potential of the eye as highly sensitive measures of effects of low doses of trichloroethylene, 
methylchloroform, and halothane.  Doc Ophthalmol 60:375-382. 
 
*Jeong KM, Hsu KJ, Jeffries JB, et al.  1984.  Kinetics of the reactions of hydroxyl with ethane, 1,1,1-tri-
chloroethane, 1,1,2-trichloroethane, 1,1-difluoro- 1,2-dichloroethane, and 1,1,1,2-tetrafluoroethane.  J 
Phys Chem 88:1222-1226. 
 
*Jiang Z, Taylor PH, Dellinger B.  1992.  Laser photolysis/laser-induced fluorescence studies of the 
reaction of hydroxyl with 1,1,1-trichloroethane over an extended temperature range.  J Phys Chem 
96(22):8961-8964. 
 
Jinn Y, Akizuki N, Okouchi M, et al.  2004.  Acute lung injury after inhalation of water-proofing spray 
while smoking a cigarette.  Respiration 65:486-488. 
 
*Johanson CE.  1980.  Permeability and vascularity of the developing brain:  Cerebellum vs cerebral 
cortex.  Brain Res 190:3-16. 
 



1,1,1-TRICHLOROETHANE  287 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

Johanson G, Filser JG.  1992.  Experimental data from closed chamber gas uptake studies in rodents 
suggest lower uptake rate of chemical than calculated from literature values on alveolar ventilation.  Arch 
Toxicol 66:291-295. 
 
John JA, Wroblewski DJ, Schwetz BA.  1984.  Teratogenicity of experimental and occupational exposure 
to industrial chemicals.  Issues Rev Teratol 2:267-324. 
 
*Jones H, Kunko P, Robinson SE, et al.  1996.  Effects of in utero exposure to regimens of 1,1,1-
trichloroethane inhalation exposure in mice.  NIDA Res Monogr 162:313.  
 
*Jones RD, Winter DP.  1983.  Two case reports of deaths on industrial premises attributed to 1,1,1-tri-
chloroethane.  Arch Environ Health 38:59-61. 
 
*Jung WT, Fujita M, Sohn D.  1992.  Levels of volatile halogenated hydrocarbons in Tokyo rain and their 
seasonal time-series changes.  Jpn J Toxicol Environ Health 38:490-497. 
 
*Kada T.  1981.  The DNA-damaging activity of 42 coded compounds in the rec-assay.  In:  Evaluation of 
short-term tests for carcinogens:  Report of the international collaborative program.  Prog Mutat Res 
1:175-182. 
 
Kaiser KLE, Comba ME.  1983.  Volatile contaminants in the Welland River watershed.  J Great Lakes 
Res 9:274-280. 
 
*Kaiser KLE, Comba ME.  1986.  Tracking river plumes with volatile halocarbon contaminants:  The St. 
Clair River-Lake St. Clair example.  Environ Toxicol Chem 5:965-976. 
 
*Kaiser KLE, Comba ME, Huneault H.  1983.  Volatile halocarbon contaminants in the Niagara River 
and in Lake Ontario.  J Great Lakes Res 9:212-223. 
 
*Kallman MJ, Kaempf GL.  1984.  Efficacy of choice testing to predict chronic ingestion of drinking 
solutions adulterated with chemicals.  Pharmacol Biochem Behav 20:195-200. 
 
*Kanada M, Miyagawa M, Sato M, et al.  1994.  Neurochemical profile of effects of 28 neurotoxic 
chemicals on the central nervous system in rats (1).  Effects of oral administration on brain contents of 
biogenic amines and metabolites.  Ind Health 32:145-164. 
 
Kaneko T, Wang PY, Sato A.  1994.  Enzymes induced by ethanol differently affect the pharmacokinetics 
of trichloroethylene and 1,1,1-trichloroethane.  Occup Environ Med 51:113-119. 
 
*Karlsson JE, Rosengren LE, Kjellstrand P, et al.  1987.  Effects of low-dose inhalation of three 
chlorinated alkiphatic organic solvents on deoxyribonucleic acid in gerbil brain.  Scand J Work Environ 
Health 13:453-458. 
 
*Kassinova GV, Kovaltsova SV, Marfin SV, et al.  1981.  Activity of 40 coded compounds in differential 
inhibition and mitotic crossing-over assays in yeast.  In:  Evaluation of short-term tests for carcinogens:  
Report of the international collaborative program.  Prog Mutat Res 1:434-455. 
 
*Katagiri H, Aoki N, Soma K, et al.  1997.  Concentration in blood and organs of dogs after high dose 
1,1,1-trichloroethane inhalation.  Ind Health 35:461-466. 
 



1,1,1-TRICHLOROETHANE  288 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

Katz R, Gray S.  1979.  Initial report on the findings of the state air monitoring program for selected 
volatile organic substances in air.  NJ Department of Environmental Protection 1626:19. 
 
*Katz M, Heddle JA, Salamone MF.  1981.  Mutagenic activity of polycyclic aromatic hydrocarbons and 
other environmental pollutants.  Polynuclear Aromatic Hydrocarbons, International Symposium 5:519-
528. 
 
*Kawai T, Yamaoka K, Uchida Y, et al.  1991.  Exposure of 1,1,1-trichloroethane and dose-related 
excretion of metabolites in urine of printing workers. Toxicol Lett 55:39-45. 
 
*Kawamura K, Kaplan IR.  1983.  Organic compounds in the rainwater of Los Angeles.  Environ Sci 
Technol 17:497-501. 
 
Kawasaki M.  1980.  Experiences with the test scheme under the Chemical Control Law of Japan:  An 
approach to structure-activity correlations.  Ecotoxicol Environ Saf 4:444-454. 
 
*Kefalas V, Stacey NH.  1991.  Potentiating effects of chlorinated hydrocarbons on carbon tetrachloride 
toxicity in isolated rat hepatocytes and plasma membranes.  Toxicol Appl Pharmacol 109:171-179. 
 
Keith LH.  1974.  Chemical characterization of industrial wastewaters by gas chromatography-mass 
spectrometry.  Sci Total Environ 3:87-102. 
 
*Kelafant GA, Berg RA, Schleenbaker R.  1994.  Toxic encephalopathy due to 1,1,1-trichloroethane 
exposure.  Am J Ind Med 25:439-446. 
 
*Kelly KJ, Ruffing R.  1993.  Acute eosinophilic pneumonia following intentional inhalation of 
Scotchguard.  Ann Allergy 71:358-361. 
 
Keogh AM, Ibels LS, Allen DH, et al.  1984.  Exacerbation of Goodpasture's syndrome after inadvertent 
exposure to hydrocarbon fumes.  Br Med J 288:188. 
 
*Kernan GJ, Ji B-T, Dosemeci M, et al.  1999.  Occupational risk factors for pancreatic cancer:  A case-
control study based on death certificates from 24 U.S. states.  Am J Ind Med 36:260-270.  
 
*Kezic S, Monster AC, Kruse J, et al.  2000.  Skin absorption of some vaporous solvents in volunteers.  
Int Arch Occup Environ Health 73:415-422.  
 
*Kezic S, Monster AC, van de Gevel IA, et al.  2001.  Dermal absorption of neat liquid solvents on brief 
exposures in volunteers.  Am Ind Hyg Assoc J 62:12-18. 
 
Khalil MAK, Rasmussen RA.  1981.  Methylchloroform:  Cycles of global emissions.  Environ Sci 
Technol 15:1506-1508. 
 
*Khalil MAK, Rasmussen RA.  1983.  Gaseous tracers of arctic haze.  Environ Sci Technol 17:157-164. 
 
Khalil MAK, Rasmussen RA.  1984.  Methylchloroform:  Global distribution, seasonal cycles, and 
anthropogenic chlorine.  Chemosphere 13:789-800. 
 
*Khalil MAK, Rasmussen RA.  1989.  The role of methyl chloroform in the global chlorine budget.  Air 
and Waste Management Annual Meeting 82:2-15. 



1,1,1-TRICHLOROETHANE  289 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

 
*Khalil MAK, Rasmussen RA.  1993.  Artic haze:  Patterns and relationships to regional signatures of 
trace gasses.  Global Biogeochem Cycles 7:27-36.   
 
*Kincannon DF, Stover EL, Nichols V, et al.  1983a.  Removal mechanisms for toxic priority pollutants.  
J Water Pollut Control Fed 55:157-163. 
 
*Kincannon DF, Weinert A, Padorr R, et al.  1983b.  Predicting treatability of multiple organic priority 
pollutant waste water from single-pollutant treatability studies.  In:  Bell JM, ed.  Proceedings of 37th 
Industrial Waste Conference.  Ann Arbor, MI:  Ann Arbor Science Pub., 641-650. 
 
King L, Sherbin G.  1986.  Point sources of toxic organics to the upper St. Clair River.  Water Pollution 
Research Journal of Canada 21:433-446. 
 
*King GS, Smialek JE, Troutman WG.  1985.  Sudden death in adolescents resulting from the inhalation 
of typewriter correction fluid.  JAMA 253:1604-1606. 
 
*Kinkead ER, Leahy HF.  1987.  Evaluation of the acute toxicity of selected groundwater contaminants.  
Harry G. Armstrong Aerospace Medical Research Lab (AAMRL-TR-87-021), 10. 
 
*Kinkead ER, Wolfe RE.  1992.  Single oral toxicity of various organic compounds.  J Am Coll Toxicol 
11:713.  
 
Kishi R, Miyake H.  1990.  [Acute and chronic effects of organic solvents on the central nervous system:  
Use of psychobehavioral performance tests in the assessment of toxicity.]  Jpn J Ind Health 32:3-17.  
(Japanese) 
 
*Kjellstrand P, Bjerkemo M, Adler-Maihofer M.  1985b.  Effects of solvent exposure on testosterone 
levels and butyrylcholinesterase activity in mice.  Acta Pharmacol Toxicol (Copenh) 57:242-249. 
 
*Kjellstrand P, Holmquist B, Jonsson I, et al.  1985a.  Effects of organic solvents on motor activity in 
mice.  Toxicology 35:35-46. 
 
*Kjellstrand P, Mansson L, Holmquist B, et al.  1990.  Tolerance during inhalation of organic solvents.  
Pharmacol Toxicol 66:409-414. 
 
*Klaassen CD, Plaa GL.  1966.  Relative effects of various chlorinated hydrocarbons on liver and kidney 
function in mice.  Toxicol Appl Pharmacol 9:139-151. 
 
*Klassen CD, Plaa GL.  1967.  Relative effects of various chlorinated hydrocarbons on liver and kidney 
function in dogs.  Toxicol Appl Pharmacol 9:119-131. 
 
Klaassen CD, Plaa GL.  1969.  Comparison of the biochemical alterations elicited in livers from rats 
treated with carbon tetrachloride, chloroform, 1,1,2-trichloroethane and 1,1,1-trichloroethane.  Biochem 
Pharmacol 18:2019-2022. 
 
*Klecka GM, Gonsior SJ.  1984.  Reductive dechlorination of chlorinated methanes and ethanes by 
reduced iron (II) porphyrins.  Chemosphere 13:391-402. 
 



1,1,1-TRICHLOROETHANE  290 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

*Klecka GM, Gonsor SJ, Markham DA. 1990.  Biological transformations of 1,1,1-trichloroethane in 
subsurface soils and ground water.  Environ Toxicol Chem 9:1437-1451. 
 
*Kobayashi H, Hobara T, Hirota H, et al.  1982.  Sensitization of dog hyocardium to epinephrine by 
1,1,1-trichloroethane.  Jpn J Ind Health 24:450-454.  
 
Kobayashi H, Hobara T, Hirota H, et al.  1983.  Neural control of blood pressure following 1,1,1-tri-
chloroethane inhalation:  A role of sympathetic nervous system.  Arch Environ Health 38:93-98. 
 
Kobayashi H, Hobara T, Kawamoto T, et al.  1984.  Peripheral vasodilatation following 1,1,1-trichloro-
ethane inhalation:  Peripheral vessels as a site of action.  Arch Environ Health 39:294-298 
 
Kobayashi H, Hobara T, Kawamoto T.  1987a.  Reflex apnea arising from the upper respiratory tract 
following acute 1,1,1-trichloroethane inhalation.  In:  Asia-Pacific Symposium held at the ICMR Seminar.  
Environmental Occup Toxicology, 447-452. 
 
Kobayashi H, Hobara T, Kawamoto T, et al.  1987b.  Effect of 1,1,1-trichloroethane inhalation on heart 
rate and its mechanism:  A role of autonomic nervous system.  Arch Environ Health 42:140-143. 
 
*Kobayashi H, Hobara T, Kawamoto T, et al.  1988.  Influence of heart rate on left ventricular dp/dt 
following 1,1,1-trichloroethane inhalation.  Arch Environ Health 43:430-435. 
 
Kobayashi H, Hobara T, Sakai T.  1989.  [Effects of inhalation of several organic solvents on left 
ventricular dp-dt.]  Jpn J Ind Health 31:136-141.  (Japanese) 
 
Kobayashi H, Hobara T, Satoh T, et al.  1986.  Respiratory disorders following 1,1,1-trichloroethane 
inhalation:  A role of reflex mechanism arising from lungs.  Arch Environ Health 41:149-154. 
 
Kobayashi H, Ogino K, Gotoh M, et al.  1991.  [Acute effect of 1,1,1-trichloroethane inhalation on 
ventricular fibrillation threshold.]  Sangyo Igaku 33:196-197.  (Japanese) 
 
Kobayashi H, Ogino K, Gotoh M, et al.  1994.  Effect of acute 1,1,1-trichloroethane inhalation on 
ventricular fibrillation threshold.  In:  Sumino K, Sato S, eds.  Second Asia-Pacific Symposium on 
Environmental and Occupational Health, 22-24.  July, 1993.  
 
*Koizumi A, Fujita H, Sadamoto T, et al.  1984.  Inhibition of delta-aminolevulinic acid dehydratase by 
trichloroethylene.  Toxicology 30:93-102. 
 
*Koizumi A, Kumai M, Ikeda M.  1983.  Dose-dependent induction and suppression of liver mixed-
function oxidase system in chlorinated hydrocarbon solvent metabolism.  J Appl Toxicol 3:208-217. 
 
Kolpin DW, Squillace PJ, Zogorski JS, et al.  1997.  Pesticides and volatile organic compounds in 
shallow urban groundwater of the United States.  In:  Chilton et al. eds., Groundwater in the urban 
environment:  Processes and management.  Iowa City, IA:  U.S. Geological Survey, 469-474.  
 
*Kominsky JR.  1976.  Health hazard evaluation:  Determination report 76-24-350.  Dana Corporation, 
Tipton, IN.  Cincinnati, OH:  U.S. Department of Health and Human Services, Public Health Service, 
Centers for Disease Control, National Institute for Occupational Safety and Health.  PB273716. 
 



1,1,1-TRICHLOROETHANE  291 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

*Kominsky JR, Lipscomb J.  1985.  Health hazard evaluation:  Report HETA 81-415-1385.  High 
Voltage Maintenance Corporation, Mentor, OH.  Cincinnati, OH:  U.S. Department of Health and Human 
Services, Public Health Service, Centers for Disease Control, National Institute for Occupational Safety 
and Health.  PB85177525. 
 
*Komori M, Nishio K, Kitada M, et al.  1990.  Fetus-specific expression of a form of cytochrome P-450 
in human livers.  Biochemistry 29:4430-4433. 
 
Konasewich D, Traversy W, Zar H.  1978.  Status report on organic and heavy metal contaminants in the 
Lakes Erie, Michigan, Huron and Superior Basins.  Great Lakes Water Quality Board. 
 
Konietzko H.  1984.  Chlorinated ethanes:  Sources, distribution, environmental impact, and health 
effects.  Hazard Assessments of Chemicals 3:401-448. 
 
*Korpela M.  1989.  Inhibition of synaptosome membrane-bound integral enzymes by organic solvents.  
Scand J Work Environ Health 15:64-68. 
 
*Korpela M, Tahti H.  1986.  The effect of selected organic solvents on intact human red cell membrane 
acetylcholinesterase in vitro.  Toxicol Appl Pharmacol 85:257-262. 
 
*Korpela M, Tahti H.  1987.  Effects of industrial organic solvents on human erythrocyte membrane 
adenosine triphosphatase activities in vitro.  Scand J Work Environ Health 13:513-517. 
 
Kosson DS, Dienemann EA, Ahlert RC.  1985.  Characterization and treatability studies of an industrial 
landfill leachate (KIN-BUC I).  Proceedings of Industrial Waste Conference 39:329-341. 
 
Kostiainen R.  1995.  Volatile orgnanic compounds in the indoor air of normal and sick houses.  Atmos 
Environ 29:693-702.  
 
*Kramer CG, Ott MG, Fulkerson JE, et al.  1978.  Health of workers exposed to 1,1,1-trichloroethane:  A 
matched-pair study.  Arch Environ Health 33:331-342. 
 
*Krantz JC Jr, Park CS, Ling JSL.  1959.  Anesthesia Lx:  The anesthetic properties of 1,1,1-trichloro-
ethane.  Anesthesiology 20:635-640. 
 
*Kreamer DK.  1984.  Evaluation of selected halocarbons and trace gases for potential use as indicators 
of groundwater movement and source (and contaminant movement in the vadose zone).  Washington, 
DC:  Office of Water Research and Technology.  PB84117266. 
 
*Krill RM, Sonzogni WC.  1986.  Chemical monitoring of Wisconsin's groundwater.  J Am Water Works 
Assoc 78:70-75. 
 
*Krishnan K, Andersen ME.  1994.  Physiologically based pharmacokinetic modeling in toxicology.  In:  
Hayes AW, ed.  Principles and methods of toxicology.  3rd ed.  New York, NY:  Raven Press, Ltd., 149-
188.   
 
*Krishnan K, Andersen ME, Clewell HJ III, et al.  1994.  Physiologically based pharmacokinetic 
modeling of chemical mixtures.  In:  Yang RSH, ed.  Toxicology of chemical mixtures:  Case studies, 
mechanisms, and novel approaches.  San Diego, CA:  Academic Press, 399-437. 
 



1,1,1-TRICHLOROETHANE  292 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

Krivanek NO.  1978.  Comparison of conditioned avoidance and unconditioned reflex tests in rats 
exposed by inhalation to carbon monoxide 1,1,1-trichloroethane toluene or ethanol.  In:  Proceedings of 
the 17th Society of Toxicology Annual Meeting, March 12-16.  Washington, DC:  Society of Toxicology. 
 
Krol MC, Lelleveld J, Oram DE, et al.  2003.  Continuing emissions of methyl chloroform from Europe. 
Nature 421:131-135. 
 
Kroneld R.  1989.  Volatile pollutants in the environment and human tissues.  Bull Environ Contam 
Toxicol 42:873-877. 
 
Kroneld R, Reunanen M.  1990.  Determination of volatile pollutants in human and animal milk by GC-
MS.  Bull Environ Contam Toxicol 44:917-923. 
 
*Kronevi T, Wahlberg JE, Holmberg B.  1981.  Skin pathology following epicutaneous exposure to seven 
organic solvents.  Int J Tissue React 3:21-30. 
 
Krost KJ, Pellizzari ED, Walburn SG, et al.  1982.  Collection and analysis of hazardous organic 
emissions.  Anal Chem 54:810-817. 
 
*Krotoszynski BK, Bruneau GM, O'Neill HJ.  1979.  Measurement of chemical inhalation exposure in 
urban population in the presence of endogenous effluents.  J Anal Toxicol 3:225-234. 
 
Kukongviriyapan V, Kukongviriyapan U, Simajareuk S.  1995.  Effects of chlorinated solvent exposure 
on hepatic transport of anionic dyes in the rat.  Asia Pac J Pharmacol 10:97-103.  
 
Kukongviriyapan V, Kukongviriyapan U, Stacey NH.  1990.  Interference with hepatocellular substrate 
uptake by 1,1,1-trichloroethane and tetrachloroethylene.  Toxicol Appl Pharmacol 102:80-90. 
 
Kuo HW, Chiang TF, Lo II, et al.  1997.  Exposure assessment of volatile organic compounds from water 
in Taiwan metropolitan and petrochemical areas.  Bull Environ Contam Toxicol 59:708-714.  
 
Kuo MCT, Chen CM, Lin CH, et al.  2000.  Surveys of volatile organic compounds in soil and 
groundwater at industrial sites in Taiwan.  Bull Environ Contam Toxicol 65:654-659.  
 
*Kupferschmid LL, Perkins JL.  1986.  Organic solvent recycling plant exposure levels.  Appl Ind Hyg 
1:122-124. 
 
*Kusakabe K, Aso S, Wada T, et al.  1991.  Destruction rate of volatile organochlorine compounds in 
water by ozonation with UV radiation.  Water Res 25:1199-1204. 
 
Kyrklund T.  1992.  The use of experimental studies to reveal suspected neurotoxic chemicals as 
occupational hazards:  Acute and chronic exposures to organic solvents.  Am J Ind Med 21:15-24. 
 
Kyrklund T, Haglid KG.  1990.  Brain lipid changes after organic solvent exposure.  Ups J Med Sci 
[Suppl] 48:267-277. 
 
*Kyrklund T, Haglid KG.  1991.  Exposure of rats to high concentrations of 1,1,1-trichloroethane and its 
effects on brain lipid and fatty acid composition.  Pharmacol Toxicol 67:384-386. 
 



1,1,1-TRICHLOROETHANE  293 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

*Kyrklund T, Kjellstrand P, Haglid KG.  1988.  Effects of exposure to Freon 11, 1,1,1-trichloroethane or 
perchloroethylene on the lipid and fatty-acid.  Scand J Work Environ Health 14:91-94. 
 
Lacouture PG, Lesko SM, Hassen LV, et al.  1989.  Adhesive tape remover pads:  A risk to the newborn?  
Am J Dis Child 143:1391. 
 
*Laine A, Seppalainen AM, Savolainen K, et al.  1996.  Acute effects of 1,1,1-trichloroethane inhalation 
on the human central nervous system.  Int Arch Occup Environ Health 69:53-61. 
 
*Lal H, Shah HC.  1970.  Effect of methylchloroform inhalation on barbiturate hypnosis and hepatic drug 
metabolism in male mice.  Toxicol Appl Pharmacol 17:625-633. 
 
*Lancar I, Le Bras G, Poulet G.  1993.  Oxidation of 1,1,1-trichloroethane and 1,1-dichloro-1-fluroethane 
in the atmosphere:  kinetic study of hydroxyl reactions.  J Chim Phys Phys-Chim Biol 90:1897-908. 
 
*Lane RW, Riddle BL, Borzelleca JF.  1982.  Effects of 1,2-dichloroethane and 1,1,1-trichloroethane in 
drinking water on reproduction and development in mice.  Toxicol Appl Pharmacol 63:409-421. 
 
Langvardt PW, Ramstad T.  1981.  Gas chromatography of some volatile organic compounds using 
oronite NIW on carbopack supports.  J Chromatogr Sci 19:536-542. 
 
*Laparé S, Tardif R, Brodeur J.  1995.  Effect of various exposure scenarios on the biological monitoring 
of organic solvents in alveolar air.  II. 1,1,1-trichloroethane and trichloroethylene.  Int Arch Occup 
Environ Health 67:375-394. 
 
*Laregina J, Bozzelli JW, Harkov R, et al.  1986.  Volatile organic compounds at hazardous waste sites 
and a sanitary landfill in New Jersey.  An up-to-date review of the present situation.  Environ Prog 5:18-
27. 
 
Larsby B, Tham R, Odkvist LM, et al.  1978.  Exposure of rabbits to methylchloroform:  Vestibular 
disturbances correlated to blood and cerebrospinal fluid levels.  Int Arch Occup Environ Health 41:7-16. 
 
*Lattanzi G, Colacci A, Grilli S, et al.  1988.  Binding of hexachloroethane to biological macromolecules 
from rat and mouse organs.  J Toxicol Environ Health 24:403-411. 
 
Lazarew NW.  1929.  [The narcotic effect of the vapors of the chloride derivatives of methane, ethane and 
ethylene]  Naunyn-Schmiedebergs Arch Exp Pathol Pharmakol 141:19-24.  (German) 
 
*Lee SA.  1984.  Health hazard evaluation:  Report HETA 82-196-1187.  Department of Treasury, 
Bureau of Government Financial Operations, Washington, DC.  Cincinnati, OH:  U.S. Department of 
Health and Human Services, Public Health Service, Centers for Disease Control, National Institute for 
Occupational Safety and Health.  PB84150093. 
 
Lee GW Jr, Jones RD, Knowles GD, et al.  1983.  Investigation of subsurface discharge from a metal 
finishing industry.  In:  National Conference, Management of Uncontrolled Hazardous Waste Sites.  
Silver Spring, MD:  Hazard Material Control Research Inst., 346-351. 
 
*Leeder JS, Kearns GL.  1997.  Pharmcogenetics in pediatrics:  Implications for practice.  Pediatr Clin 
North Am 44:55-77. 
 



1,1,1-TRICHLOROETHANE  294 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

*Legault R, Blaise C, Rokosh D, et al.  1994.  Comparative assessment of the SOS chromotest kit and the 
mutatox test with the Salmonella plate incorporation (Ames test) and fluctuation tests for screening 
genotoxic agents.  Environ Toxicol Water Qual 9:45-57. 
 
*Leisinger T,  1992.  Microorganisms for the introduction of chlorinated aliphatic hydrocarbons into the 
carbon cycle.  In:  Mongkolsuk S, Lovett PS, Trempy JE, eds.  Biotechnology and environmental science:  
Molecular approaches:  International Conference, Bangkok, Thailand, Aug 21-24, 1990.  New York:  
Plenum Press. 
 
*Leung H-W.  1992.  Use of physiologically based pharmacokinetic models to establish biological 
exposure indexes.  Am Ind Hyg Assoc J 53:369-374. 
 
*Leung H-W.  1993.  Physiologically-based pharmacokinetic modelling.  In:  Ballentyne B, Marrs T, 
Turner P, eds.  General and applied toxicology.  Vol. 1.  New York, NY:  Stockton Press, 153-164.   
 
Levin JL, Mclarty JW, Hurst GA, et al.  1998.  Tyler asbestos workers:  mortality experience in a cohort 
exposed to amosite.  Occup Environ Med 55:155-160. 
 
*Levine SP, Costello RJ, Geraci CL, et al.  1985.  Air monitoring at the drum bulking process of a 
hazardous waste remedial action site.  Am Ind Hyg Assoc J 46:192-196. 
 
*Levy BSB, Meyer CR.  1977.  Health hazard evaluation:  Determination report 76-1-388.  Bohn 
Aluminum and Brass Corporation, Danville, IL.  Cincinnati, OH:  U.S. Department of Health and Human 
Services, Public Health Service, Centers for Disease Control, National Institute for Occupational Safety 
and Health.  PB273733. 
 
*Lillian D, Singh HB, Appleby A, et al.  1975.  Atmospheric fates of halogenated compounds. Environ 
Sci Technol 9:1042-1048. 
 
*Lindahl-Kiessling K, Karlberg I, Olofsson AM.  1989.  Induction of sister-chromatid exchanges by 
direct and indirect mutagens in human lymphocytes co-cultured with intact rat liver cells:  Effect of 
enzyme induction and preservation of the liver cells by freezing in liquid nitrogen.  Mutat Res 211:77-87. 
 
*Lindbohm ML, Taskinen H, Sallmen M, et al.  1990.  Spontaneous abortions among women exposed to 
organic solvents.  Am J Ind Med 17:449-463. 
 
*Lioy PJ, Wallace LA, Pellizzari E.  1991.  Indoor/outdoor, and personal monitor and breath analysis 
relationships for selected volatile organic compounds measured at three homes during New Jersey Team-
1987.  J Expo Anal Environ Epidemiol 1:45-61. 
 
*Liss GM.  1988.  Peripheral neuropathy in two workers exposed to 1,1,1-trichloroethane.  JAMA 
260:2217. 
 
Litt IF, Cohen MI. 1969.  "Danger...vapor harmful"  Spot-remover sniffing.  N Engl J Med 281:543-544. 
 
*Livingston, AL.  1978.  Forage plant estrogens.  J Toxicol Environ Health 4:301-324. 
 
*Loprieno N.  1981.  Screening of coded carcinogenic/noncarcinogenic chemicals by a forward-mutation 
system with the yeast Schizosaccharomyces pombe.  Prog Mutat Res 1:424-433. 
 



1,1,1-TRICHLOROETHANE  295 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

Lovelock JE.  1974.  Atmospheric halocarbons and stratospheric ozone.  Nature 252:292-294. 
 
Lovelock JE.  1977.  Methyl chloroform in the troposphere as an indicator of hydroxyl radical abundance.  
Nature 267:32. 
 
*Lue-Hing C, Lordi DT, Kelada NP.  1981.  Fate of priority pollutants in large municipal treatment 
plants.  American Institute of Chemical Engineers Symposium Series 77, 144-150. 
 
Luks-Betlej K, Bodzek D.  2000.  Determination of tri-, tetrachloromethanes and trichloroethane by using 
microextraction with GC-ECD detection.  Chem Anal 45(1):45-51. 
 
Lundberg I, Ekdahkl M, Kronevi T, et al.  1986.  Relative hepatotoxicity of some industrial solvents after 
intraperitoneal injection or inhalation exposure to rats.  Environ Res 40:411-420. 
 
*Lyman WJ, Reehl WF, Rosenblatt DH.  1982.  Handbook of chemical property estimation methods.  
Environmental behavior of organic compounds.  New York, NY:  McGraw-Hill Book Co., 960. 
 
Lyman WJ, Reehl WF, Rosenblatt DH, eds.  1990.  Handbook of chemical property estimation methods.  
Washington, DC:  American Chemical Society. 
 
*MacDonald DJ.  1981.  Salmonella/microsome tests on 42 coded chemicals.  Prog Mutat Res 1:285-297. 
 
*MacDougall IC, Isles C, Oliver JS, et al.  1987.  Fatal outcome following inhalation of Tipp-Ex.  Scott 
Med J 32:55. 
 
*MacEwen JD, Vernot EH. 1974.  The biological effect of continuous inhalation exposure of 
1,1,1trichloroethane (methyl chloroform) on animals.  In:  Toxic Hazards Research Unit annual report: 
1974.  WrightPatterson Air Force Base, OH:  Aerospace Medical Research Laboratory Report.  AMRL-
TR7478, 81-90. 
 
*Mackay CJ.  1990.  1,1,1-Trichloroethane:  An evaluation in the mouse micronucleus test (final report) 
with attachments and cover letter dated 10/22/90.  Submitted to the U.S. Environmental Protection 
Agency under TSCA Section 4.  OTS0533133.  [Unpublished study] 
 
*Mackay CJ, Campbell L, Samuel AM, et al.  1987.  Behavioral changes during exposure to 1,1,1-tri-
chloroethane:  Time-course and relationship to blood solvent levels.  Am J Ind Med 11:223-240. 
 
Maedgen JL, Fairchild EJ, Dallas CE, et al.  1985.  Comparison of the uptake and elimination of inhaled 
trichloroethylene and 1,1,1-trichloroethane.  In:  Proceedings of the 24th Society of Toxicology Annual 
Meeting, San Diego, CA, March 18-22.  Washington, DC:  Society of Toxicology. 
 
Makide Y, Kanai Y, Tominaga T.  1980.  Background atmospheric concentrations of halogenated 
hydrocarbons in Japan.  Bull Chem Soc Jpn 53:2681-2682. 
 
Makide Y, Tominaga T, Rowland FS.  1979.  Gas chromatographic analysis of halogenated hydrocarbons 
in air over Japan.  Chem Lett 4:355-358. 
 
*Maklan DM, Steele DH, Dietz SK, et al.  1987.  Household solvent products:  A "shelf" survey with 
laboratory analysis.  Washington, DC:  U.S. Environmental Protection Agency.  PB88132899. 
 



1,1,1-TRICHLOROETHANE  296 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

Mallevialle J, Brodard E, Charles P, et al.  1985.  Removal of halogenated hydrocarbons from 
groundwaters from the Croissy and Aubergenville water tables.  Water Supply 3:211-217. 
 
Malonova H, Bardodej Z.  1983.  Urinary excretion of mercapturates as a biological indicator of exposure 
to electrophilic agents.  J Hyg Epidemiol Microbiol Immunol 27:319-328. 
 
*Maltoni C, Cotti G, Patella V.  1986.  Results of long-term carcinogenicity bioassays on Sprague-
Dawley rats of methyl chloroform, administered by ingestion.  Acta Oncol 7:101-117. 
 
*Mann LJ, Knobel LL.  1988.  Purgeable organic compounds in ground water at the Idaho National 
Engineering Laboratory, Idaho.  DE88005274. 
 
Marjot R, McLeod AA.  1989.  Chronic non-neurological toxicity from volatile substance abuse.  In:  
Proceedings of Meeting on Volatile Substance Abuse London, England, 1988.  Hum Toxicol 8:301-306. 
 
*Markel HL Jr.  1977.  Health hazard evaluation:  Determination report 76-42-407.  Sibley Engineering 
and Manufacturing Company, Sulphur Springs, AR.  Cincinnati, OH:  U.S. Department of Health and 
Human Services, Public Health Service, Centers for Disease Control, National Institute for Occupational 
Safety and Health.  PB274227. 
 
*Maroni M, Bulgheroni C, Grazia Cassitto M, et al.  1977.  A clinical, neurophysiological and behavioral 
study of female workers exposed to 1,1,1-trichloroethane.  Scand J Work Environ Health 3:16-22. 
 
*Mart CJ, Henke CB.  1992.  Emissions from the incineration of nerve agent rockets containing low-level 
PCBs.  J Environ Sci Health Part A:  Environ Sci Eng 27:1549-1575. 
 
*Martin CN, McDermid AC.  1981.  Testing of 42 coded compounds for their ability to induce 
unscheduled DNA repair synthesis in HeLa cells.  Prog Mutat Res 1:533-537. 
 
*Martire G, Vricella G, Perfumo AM, et al.  1981.  Evaluation of the mutagenic activity of coded 
compounds in the Salmonella test.  Prog Mutat Res 1:271-279. 
 
*Marzulli FN, Ruggles DI.  1973.  Rabbit eye irritation test:  Collaborative study.  J Assoc Off Anal 
Chem 56:905-914. 
 
*Massachusetts Department Public Health.  1989.  Health assessment for PSC Resources, Inc., Palmer, 
Massachusetts, Region 1.  CERCLIS no. MAD980731483.  PB90136169. 
 
*Matsushima T, Takamoto Y, Shirai A, et al.  1981.  Reverse mutation test on 42 coded compounds with 
the E. coli WP2 system.  Prog Mutat Res 1:387-395. 
 
*Mattie DR, Bates GD Jr, Jepson GW, et al.  1994.  Determination of skin:air partition coefficients for 
volatile chemicals:  experimental method and applications.  Fundam Appl Toxicol 22:51-57. 
 
*Mattsson JL, Albee RR, Lomax LG, et al.  1993.  Neurotoxicologic examination of rats exposed to 
1,1,1-trichloroethane vapor for 13 weeks.  Neurotoxicol Teratol 15:313-326. 
 
*Maurissen JPJ, Shankar MR, Zielke GJ, et al.  1994.  Lack of developmental cognitive and other 
neurobehavioral effects following maternal exposure to 1,1,1-trichloroethane.  Toxicologist 14:163. 
 



1,1,1-TRICHLOROETHANE  297 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

*Mayr U, Butsch A, Schneider S.  1992.  Validation of two in vitro test systems for estrogenic activities 
with zearalenone, phytoestrogens and cereal extracts.  Toxicology 74:135-149.   
 
McBride P, Busuttil A.  1990.  A new trend in solvent abuse deaths.  Med Sci Law 30:207-213. 
 
*McCarthy TB, Jones RD.  1983.  Industrial gassing poisonings due to trichlorethylene, perchlorethylene, 
and 1,1,1-trichloroethane, 1961-80.  Br J Ind Med 40:450-455. 
 
*McCarty PL.  1993.  In-situ bioremediation of chlorinated solvents.  Curr Opin Biotechnol 4:323-330.  
 
*McCarty PL, Reinhard M.  1980.  Trace organics removal by advanced wastewater treatment.  J Water 
Pollut Control Fed 52:1907-1922. 
 
McConnell G.  1976.  Halo organics in water supplies.  Journal of the Institution of Water Engineers and 
Scientists 30:431-445. 
 
McConnell G, Ferguson DM, Pearson CR.  1975.  Chlorinated hydrocarbons and the environment.  
Endeavor 34:13-18. 
 
*McDonald TJ, Kennicutt MC, Brooks JM.  1988.  Volatile organic compounds at a coastal Gulf of 
Mexico site.  Chemosphere 17:123-136. 
 
*McGlothlin JD, Cone JE.  1983.  Health hazard evaluation:  Report HETA 81-207-945.  Metropolitan 
Sewer District, Cincinnati, OH.  Cincinnati, OH:  U.S. Department of Health and Human Services, Public 
Health Service, Centers for Disease Control, National Institute for Occupational Safety and Health.  
PB83127399. 
 
*McKone TE.  1987.  Human exposure to volatile organic compounds in household tap water:  The 
indoor inhalation pathway.  Environ Sci Technol 21:1194-1201. 
 
*McLeod AA, Marjot R, Monaghan MJ.  1987.  Chronic cardiac toxicity after inhalation of 1,1,1-tri-
chloroethane.  Br Med J 294:727-729. 
 
*McNutt NS, Amster RL, McConnell EE, et al.  1975.  Hepatic lesions in mice after continuous 
inhalation exposure to 1,1,1-trichloroethane.  Lab Invest 32:642-654. 
 
*McQuilkin SD, Singal M, Shea L.  1979.  Health hazard evaluation:  Project HE 79-49-631.  Dana 
Corporation-Spicer Universal Joint Division, Marion, IN.  Cincinnati, OH:  U.S. Department of Health 
and Human Services, Public Health Service, Centers for Disease Control, National Institute for 
Occupational Safety and Health.  PB80195290. 
 
*Mehran MF, Golkar N, Mehran M, et al.  1988a.  Gas chromatographic determination of acetic acid in 
the hydrolysis of 1,1,1-trichloroethane by direct aqueous injection.  J High Resolut Chromatogr 
Chromatogr Commun 11:610-612. 
 
Mehran MF, Golkar N, Mehran M, et al.  1988b.  Abiotic transformation of halogenated organic-
compounds.  3. Gas-chromatographic determination of acetic-acid (in the hydrolysis of 1,1,1-trichloro-
ethane) by direct aqueous injection.  HRC CC J High Resolut Chromatogr Chromatogr Commun VII:610-
612. 
 



1,1,1-TRICHLOROETHANE  298 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

*Mehta RD, Von Borstel RC.  1981.  Mutagenic activity of 42 encoded compounds in the haploid yeast 
reversion assay, strain XV185-14C.  In:  Evaluation of short-term tests for carcinogens:  Report of the 
International Collaborative Program.  Prog Mutat Res 1:414-423. 
 
Mellstrom GA, Boman A.  1992.  Comparative evaluation of permeation testing of protective gloves to 
solvents:  In vitro in permeation cells versus in vivo in guinea pigs.  Contact Dermatitis 26:120-127. 
 
*Mersch-Sundermann V.  1989.  Examination of the mutagenicity of organic microcontaminations on the 
environment. Part II. The mutagenicity of halogenated aliphatic hydrocarbons in the Salmonella-
microsome-test (Ames-test) with reference to the contamination of ground and drinking water.  Zentralbl 
Bakteriol Mikrobiol Hyg [B] 187:230-243. 
 
Michael LC, Erickson MD, Parks SP, et al.  1980.  Volatile environmental pollutants in biological 
matrices with a headspace purge technique.  Anal Chem 51:1836. 
 
Michael LC, Pellizzari ED, Wiseman RW.  1988.  Development and evaluation of procedure for 
determining volatile organics in water.  Environ Sci Technol 22:565. 
 
*Midgley PM.  1989.  The production and release to the atmosphere of 1,1,1-trichloroethane (methyl 
chloroform).  Atmos Environ 22:2263-2265. 
 
*Miller LJ, Uhler AD.  1988.  Volatile halocarbons in butter:  Elevated tetrachloroethylene levels in 
samples obtained in close proximity to dry-cleaning establishments.  Bull Environ Contam Toxicol 
41:469-474. 
 
Milman HA, Mitoma C, Tyson C, et al.  1984.  Comparative pharmacokinetics/metabolism, 
carcinogenicity, and mutagenicity of chlorinated ethanes and ethylenes (meeting abstract).  International 
Conference on Organic Solvent Toxicity, 19. 
 
*Milman HA, Story DL, Riccio ES, et al.  1988a.  Rat liver foci and in vitro assays to detect initiating and 
promoting effects of chlorinated ethanes and ethylenes.  Ann N Y Acad Sci 534:521-530. 
 
Mitchell AD, Myhr BC, Rudd CJ, et al.  1988a.  Evaluation of the L5178Y mouse lymphoma cell 
mutagenesis assay:  Methods used and chemicals evaluated.  Environ Mol Mutagen 12(Suppl 13):1-18. 
 
*Mitchell AD, Rudd CJ, Caspary WJ.  1988b.  Evaluation of the L5178Y mouse lymphoma cell 
mutagenesis assay:  Intralaboratory results for sixty-three coded chemicals tested at SRI International.  
Environ Mol Mutagen 12(Suppl 13):37-101.   
 
*Mitoma C, Steeger T, Jackson SE, et al.  1985.  Metabolic disposition study of chlorinated hydrocarbons 
in rats and mice.  Drug Chem Toxicol 8:183-194. 
 
Miyahara M, Toyoda M, Ushijima K, et al.  1995.  Volatile halogenated hydrocarbons in foods.  J Agric 
Food Chem 43:320-326.  
 
*Mizunuma K, Kawai T, Horiguchi S, et al.  1995.  Urinary methylchloroform rather than urinary 
metabolites as an indicator of occupational exposure to methylchloroform.  Int Arch Occup Environ 
Health 67:19-25.  
 



1,1,1-TRICHLOROETHANE  299 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

Mochida K, Saito K.  1985.  Toxicity assessment of tetrachloroethylene, trichloroethylene and 1,1,1-tri-
chloroethane using human and monkey cells.  Bull Environ Contam Toxicol 35:593-595. 
 
*Mohamed MF, Kang D, Aneja VP.  2002.  Volatile organic compounds in some urban locations in 
United States.  Chemosphere 47:863-882.  
 
*Monster AC.  1979.  Difference in uptake, elimination, and metabolism in exposure to trichloroethylene, 
1,1,1-trichloroethane and tetrachloroethylene.  Int Arch Occup Environ Health 42:311. 
 
*Monster AC.  1986.  Biological monitoring of chlorinated hydrocarbon solvents.  J Occup Med 28:583-
588. 
 
*Monster AC.  1988.  Biological markers of solvent exposure.  Arch Environ Health 43:90-93. 
 
Monster AC, Houtkooper JM.  1979.  Estimation of individual uptake of trichloroethylene, 1,1,1-tri-
chloroethane and tetrachloroethylene from biological parameters.  Int Arch Occup Environ Health 
42:319-320. 
 
*Monster AC, Boersma G, Steenweg H.  1979.  Kinetics of 1,1,1-trichloroethane in volunteers; influence 
of exposure concentration and work load.  Int Arch Occup Environ Health 42:293-301. 
 
*Morgan A, Black A, Belcher DR.  1970.  The excretion in breath of some aliphatic halogenated 
hydrocarbons following administration by inhalation.  Ann Occup Hyg 13:219-233. 
 
*Morgan A, Black A, Belcher DR.  1972a.  Studies on the absorption of halogenated hydrocarbons and 
their excretion in breath using 38Cl tracer techniques. Ann Occup Hyg 15:273-282. 
 
*Morgan A, Black A, Walsh M, et al.  1972b.  The absorption and retention of inhaled fluorinated 
hydrocarbon vapours.  Int J Appl Radiat Isot 23:285-291. 
 
*Morgan DL, Cooper SW, Carlock DL, et al.  1991.  Dermal absorption of neat and aqueous volatile 
organic chemicals in the Fischer 344 rat.  Environ Res 55:51-63. 
 
*Morselli PL, Franco-Morselli R, Bossi L.  1980.  Clinical pharmacokinetics in newborns and infants:  
Age-related differences and therapeutic implications.  Clin Pharmacokin 5:485-527.   
 
Moser VC, Balster RL.  1982.  Effects of dynamic exposure to 1,1,1trichloroethane on fixed-ratio 
performance in mice.  Fed Proc 41:P701. 
 
*Moser VC, Balster RL.  1985.  Acute motor and lethal effects of inhaled toluene, 1,1,1-trichloroethane, 
halothane, and ethanol in mice:  Effects of exposure duration.  Toxicol Appl Pharmacol 77:285-291. 
 
*Moser VC, Balster RL.  1986.  The effects of inhaled toluene, halothane, 1,1,1-trichloroethane, and 
ethanol on fixed-interval responding in mice.  Neurobehav Toxicol Teratol 8:525-532. 
 
*Moser VC, Scimeca JA, Balster RL.  1985.  Minimal tolerance to the effects of 1,1,1-trichloroethane on 
fixed-ratio responding in mice.  Neurotoxicology 6:35-42. 
 



1,1,1-TRICHLOROETHANE  300 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

*Mudder TI, Musterman JL.  1982.  Development of empirical structure biodegradability relationships 
and biodegradability testing protocol for volatile and slightly soluble priority pollutants.  Presented to the 
Division of Environmental Chemistry of the American Chemical Society, Kansas City, MO, September 
1982, 52-53. 
 
Mulcahy MFR, Nelson PF, Smith MY, et al.  1976.  Smog forming hydrocarbons in urban air.  In:  Smog 
’76:  Occurrence and control of photochemical pollution:  Proceedings of symposium and workshop 
sessions, Macquarie University, Sydney, February 1976.  Sydney:  Clean Air Society of Australia and 
New Zealand.  Paper IV. 
 
*Mulla ZD.  1996.  Toxic chemicals and childhood brain tumors.  Tampa, FL:  FAPTP - Florida 
Association of Pediatric Tumor Programs Inc., 1-3.  
 
*Mullin LS, Krivanek ND.  1982.  Comparison of unconditioned reflex and conditioned avoidance tests 
in rats exposed by inhalation to carbon monoxide, 1,1,1-trichloroethane, toluene or ethanol.  
Neurotoxicology 3:126-137. 
 
Murayama JI, Ishiwata M, Fukui M.  1990.  Comparative acute cytotoxicities of 37 xenobiotics detected 
in drinking water to rat hepatocyte primary culture.  Eisei Kagaku 36:267-276. 
 
*Muttray A, Kurten R, Jung D, et al.  2000.  Acute effects of 200 ppm 1,1,1-trichloroethane on the human 
egg.  Eur J Med Res 5:375-384. 
 
*Muttray A, Wolters V, Jung D, et al.  1999.  Effects of high doses of toluene on color vision.  
Neurotoxicol Teratol 21:41-45.  
 
*Myhr BC, Caspary WJ.  1988.  Evaluation of the L5178Y mouse lymphoma cell mutagenesis assay:  
Intralaboratory results for sixty-three coded chemicals tested at Litton Bionetics Inc.  Environ Mol 
Mutagen 12(Suppl 13):103-194. 
 
Nachreiner DJ, Dodd DE.  1987.  Aerothene:  TT solvent:  Acute inhalation toxicity test.  Export, PA:  
Bushy Run Research Center, Union Carbide Corporation. 
 
Nachreiner DJ, Dodd DE.  1988.  Aerothene:  TT solvent:  Acute inhalation toxicity test in rats.  Export, 
PA:  Bushy Run Research Center, Union Carbide Corporation. 
 
Nagao M, Takahashi Y.  1981.  Mutagenic activity of 42 coded compounds in the Salmonella/microsome 
assay.  Prog Mutat Res 1:302-313. 
 
Nakahama T, Fukuhara M, Inouye Y.  1997.  Volatile halogenated hydrocarbons in ambient air and the 
metabolites in human urine in an urban area.  Jpn J Toxicol Environ Health (Eisei Kagaku) 43:280-284.  
 
*Nakahama T, Sarutani S, Inouye Y.  2000.  Effects of tetrachloroethylene and 1,1,1-trichloroethane on 
the expression of P450 isoforms in rat lung and liver.  J Health Sci 46:21-28.  
 
*Nakamura S, Oda Y, Shimada T, et al.  1987.  SOS-inducing activity of chemical carcinogens and 
mutagens in Salmonella typhimurium TA1535/pSK1002:  Examination with 151 chemicals.  Mutat Res 
192:239-246. 
 



1,1,1-TRICHLOROETHANE  301 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

*Namkung E, Rittmann BE.  1987.  Estimating volatile organic compound emissions from publicly 
owned treatment works.  J Water Pollut Control Fed 59:607-678. 
 
*NAS/NRC.  1989.  Report of the oversight committee.  In:  Biologic markers in reproductive toxicology.  
Washington, DC:  National Academy of Sciences, National Research Council, National Academy Press.   
 
*NCI.  1977.  Bioassay of 1,1,1-trichloroethane for possible carcinogenicity.  National Cancer Institute 
Carcinogenesis Technical Report Series 3.  PB265082. 
 
*Nelson BK.  1985.  Developmental neurotoxicology of environmental and industrial agents.  In: Blum 
K, Manzo L, eds.  Neurotoxicology, New York:  M. Dekker 163-201. 
 
Nelson BK.  1986a.  Behavioral teratology of industrial solvents.  In:  Riley EP, Vorhees CV, eds.  
Handbook of behavioral teratology.  New York:  Plenum Press, 391-406. 
 
Nelson BK.  1986b.  Developmental neurotoxicology of in utero exposure to industrial solvents in 
experimental animals.  Neurotoxicology 7:441-447. 
 
*Nelson NA, Robins TG, Garrison RP, et al.  1993.  Historical characterization of exposure to mixed 
solvents for an epidemiologic study of automotive assembly plant workers.  Appl Occup Environ Hyg 
8:693-702. 
 
Nelson NA, Robins TG, Port FK.  1990.  Solvent nephrotoxicity in humans and experimental animals.  
Am J Nephrol 10:10-20. 
 
*Nestmann ER, Lee EGH, Matula TI, et al.  1980.  Mutagenicity of constituents identified in pulp and 
paper mill effluents using the Salmonella/mammalian-microsome assay.  Mutat Res 79:203-212. 
 
*Nestmann ER, Otson R, Kowbel DJ, et al.  1984.  Mutagenicity in a modified Salmonella assay of 
fabric-protecting products containing 1,1,1-trichloroethane.  Environ Mutagen 6:71-80. 
 
Newsom JM.  1985.  Transport of organic compounds dissolved in ground water.  Ground Water Monit 
Rev 5:28-36. 
 
*Nilsson KB.  1986a.  Actions of 1,1,1-trichloroethane on the cAMP metabolism in mouse brain.  Acta 
Pharmacol Toxicol (Copenh) 59:362-369. 
 
*Nilsson KB.  1986b.  Effects of 1,1,1-trichloroethane on the cGMP metabolism in mouse brain.  Acta 
Pharmacol Toxicol (Copenh) 58:318-326. 
 
*Nilsson KB.  1987.  Effects of 1,1,1-trichloroethane on synaptosomal calcium accumulation in mouse 
brain.  Pharmacol Toxicol 61:215-219. 
 
NIOSH.  1964.  1,1,1-Trichloroethane.  National Institute for Occupational Safety and Health.  Am Ind 
Hyg Assoc J 25:585-586. 
 
NIOSH.  1976.  Health hazard evaluation:  Determination report 74-129-268.  General Electric Company, 
Waynesboro, VA.  Cincinnati, OH:  U.S. Department of Health and Human Services, Public Health 
Service, Centers for Disease Control, National Institute for Occupational Safety and Health.  PB273712. 
 



1,1,1-TRICHLOROETHANE  302 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

*NIOSH.  1980a.  Health hazard evaluation:  Determination report HE 79-51-664.  Gates Energy 
Products, Inc., Denver, CO.  Cincinnati, OH:  U.S. Department of Health and Human Services, Public 
Health Service, Centers for Disease Control, National Institute for Occupational Safety and Health.  
PB80169097. 
 
*NIOSH.  1980b.  Health hazard evaluation:  Determination report HE 80-7-661.  Jan Clopton 
Composition, Atlanta, GA.  Cincinnati, OH:  U.S. Department of Health and Human Services, Public 
Health Service, Centers for Disease Control, National Institute for Occupational Safety and Health.  
PB80169063. 
 
*NIOSH.  1980c.  Health hazard evaluation:  Determination report HE 78-77-659.  R.L. Polk Company, 
Cincinnati, OH.  Cincinnati, OH:  U.S. Department of Health and Human Services, Public Health Service, 
Centers for Disease Control, National Institute for Occupational Safety and Health.  PB80169063. 
 
*NIOSH.  1980d.  Health hazard evaluation:  Determination report HE 80-1-654.  Cobe Laboratories, 
Inc., Arvada, CO.  Cincinnati, OH:  U.S. Department of Health and Human Services, Public Health 
Service, Centers for Disease Control, National Institute for Occupational Safety and Health.  
PB80165038. 
 
*NIOSH.  1980e.  Health hazard evaluation:  Report HHE 79-60-690.  Stieger Tractor, Inc., Fargo, ND.  
Cincinnati, OH:  U.S. Department of Health and Human Services, Public Health Service, Centers for 
Disease Control, National Institute for Occupational Safety and Health.  PB83149807. 
 
NIOSH.  1982.  Health hazard evaluation:  Determination report HHE 77-128-470.  Bishop Tube 
Division, Christiana Metals, Inc., Frazer, PA.  Cincinnati, OH:  U.S. Department of Health and Human 
Services, Public Health Service, Centers for Disease Control, National Institute for Occupational Safety 
and Health.  Govt Rep Announce Ind, Issue 14.  PB82174087. 
 
*NIOSH.  1987.  Manual of analytical methods:  Method no. 1003.  Cincinnati, OH:  National Institute 
for Occupational Safety and Health.  DHHS (NIOSH) Publication No. 84-100. 
 
*NIOSH.  1990.  NIOSH pocket guide to chemical hazards.  Cincinnati, OH:  U.S. Department of Health 
and Human Services, Public Health Service,Centers for Disease Control, National Institute for 
Occupational Safety and Health, 148. 
 
*NIOSH.  1993.  American Fuel Cell and Coated Fabrics Co., Magnolia, AR.  NIOSH Health Hazard 
Evaluation Report.  HETA 902462314.  Cincinnati, OH:  U.S. Department of Health and Human 
Services, National Institute for Occupational Safety and Health.   
 
*NIOSH.  1995.  Report to Congress on workers' home contamination:  Study conducted under the 
Worker's Family Protection Act (29 U.S.C. 671a).  PB96192000.  DHHS (NIOSH) Publication No. 95-
123. 
 
*Nishikawa H, Katami T, Takahara Y, et al.  1992.  Emission of organic compounds by combustion of 
waste plastics involving vinyl chloride polymer.  Chemosphere 25:1953-1960. 
 
*Nishikawa H, Katami T, Yasuhara A.  1993.  Contribution of an industrial waste incinerator to the 
atmospheric concentrations of volatile chlorinated organic compounds.  Chemosphere 27:1425-1432. 
 



1,1,1-TRICHLOROETHANE  303 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

*NOES.  1988.  National occupational exposure survey (NOES).  Cincinnati, OH:  National Institute for 
Occupational Safety and Health. 
 
*Nolan RJ, Freshour NL, Rick DL.  1984.  Kinetics and metabolism of inhaled methyl chloroform 
(1,1,1-trichloroethane) in male volunteers.  Fundam Appl Toxicol 4:654-662. 
 
*Nord PJ.  1974.  Men's apparel industrywide study:  F. Jacobson, Incorporated (Excello Shirt Company), 
Seymour, IN:  Division of Kayser-Roth Corporation.  PB82112798. 
 
*Norman KNT.  1991.  A rapid method for the determination of liquid fumigant residues in food 
commodities using automated headspace analysis.  Pestic Sci 33:23-34. 
 
*Northfield RR.  1981.  Avoidable deaths due to acute exposure to 1,1,1-trichloroethane.  J Soc Occup 
Med 31:164-166. 
 
Norwood DL, Michael LC, Cooper SD, et al.  1986.  An application of the "Master Analytical Scheme" to 
influent and effluent wastewaters.  In:  Advances in water analysis and treatment.  Portland, OR:  
Proceedings of Water Quality Technology Conference, November, 365-386. 
 
*NRC.  1993.  National Research Council.  Pesticides in the diets of infants and children.  Washington, 
DC:  National Academy Press.   
 
*NTDB.  1994.  The National Trade Data Bank:  import and export data for methylchloroform (1,1,1-tri-
chloroethane).  U.S. Department of Commerce, Economics and Statistics Administration.   
 
NTIS.  1996.  National exposure registry volatile organic compounds registry 1,1,1-trichloroethane (TCA) 
subregistry baseline and follow-up 1 technical report.  National Technical Information Service.  
PB96172101. 
 
*NTP.  1988a.  Final report part 1.  Developmental toxicity evaluation of 1,1,1-trichloroethane (CAS No. 
71-55-6) administered to CD rats.  Research Triangle Park, NC:  National Toxicology Program.  
PB88131321. 
 
*NTP.  1988b.  Developmental toxicity evaluation of 1,1,1-trichloroethane (CAS No. 71-55-6) 
administered to CD rats.  Final report part 2.  Research Triangle Park, NC:  National Toxicology 
Program.  PB88134101. 
 
*NTP.  1989a.  Fifth annual report on carcinogens summary.  NTP 89293.  Research Triangle Park, NC:  
National Toxicology Program.  U.S. Department of Health and Human Services, 115-116, 133-135.   
 
*NTP.  1989b.  Fiscal year 1989 annual plan.  NTP 89167.  National Toxicology Program.  U.S. 
Department of Health and Human Services, 102-104.   
 
*NTP.  1996.  NTP technical report on renal toxicity studies of selected halogenated ethanes administered 
by gavage to F344/N rats.  National Toxicology Program.  (45) NIH 963935. 
 
*NTP.  2000.  NTP technical report on the toxicity studies of 1,1,1-trichloroethane administered in 
microcapsules in feed to F344/N rats and B6C3F1 mice.  National Toxicology Program.  (41) NIH 
004402. 
 



1,1,1-TRICHLOROETHANE  304 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

*Oblas D, Dugger D, Lieberman S.  1980.  The determination of organic species in the telephone central 
office ambient.  Electrical Contacts 25:35-39. 
 
Odkvist LM, Larsby B, Fredrickson MF, et al.  1980.  Vestibular and oculomotor disturbances caused by 
industrial solvents.  J Otolaryngol 9:53-59. 
 
Odkvist LM, Larsby B, Tham R, et al.  1979.  On the mechanism of vestibular disturbances caused by 
industrial solvents.  Adv Otorhinolaryngol 25:167-172. 
 
*Ogata M, Hasegawa T.  1981.  Effects of chlorinated aliphatic hydrocarbons on mitochondrial oxidative 
phosphorylation in the rat with reference to the effects of chlorinated aromatic hydrocarbons.  Ind Health 
19:71-75. 
 
Ohio River Valley Water Sanitation Commission.  1980.  Assessment of water quality Conditions.  Ohio 
River mainstream 1978-9.  Cincinnati, OH:  Ohio River Valley Water Sanitation Commission. 
 
Ohio River Valley Water Sanitation Commission.  1982.  Assessment of water quality conditions.  Ohio 
River mainstream 1980-81.  Cincinnati, OH:  Ohio River Valley Water Sanitation Commission. 
 
*OHM/TADS.  1994.  Oil and Hazardous Materials Technical Assistance Data System.  U.S. 
Environmental Protection Agency/National Institute of Health Computer Data Base. 
 
*Ohno H, Aoyama T.  1991.  Simultaneous determination of volatile chlorinated hydrocarbons by dual 
detection using a semi-wide bore capillary column.  Eisei Kagaku 37:387-394. 
 
*Ohta T, Morita M, Mizoguchi I.  1976.  Local distribution of chlorinated hydrocarbons in the ambient air 
in Tokyo.  Atmos Environ 10:557-560. 
 
Ohta T, Morita M, Mizoguchi I, et al.  1977.  Washout effect and diurnal variation for chlorinated 
hydrocarbons in ambient air.  Atmos Environ 11:985-987. 
 
*Okuda M, Kunitsugu I, Kobayakawa S, et al.  2001a.  Effect of 1,1,1-trichloroethane on calcium current 
of rat dorsal root ganglion neurons.  Bull Environ Contam Toxicol 67:476-482. 
 
*Okuda M, Kunitsugu I, Kobayakawa S, et al.  2001b.  Inhibitory effect of 1,1,1-trichloroethane on 
calcium channels of neurons.  J Toxicol Sci 26:169-176.  
 
Olson MJ, Reidy CA, Johnson JT.  1990.  Modulation of glucose-metabolism in isolated rat hepatocytes 
by 1,1,1,2-tetrafluoroethane.  Fundam Appl Toxicol 15:270-280. 
 
*Ong CN, Koh D, Foo SC, et al.  1993.  Volatile organic solvents in correction fluids:  identification and 
potential hazards.  Bull Environ Contam Toxicol 50:787-793. 
 
*Ono Y, Somiya I, Kawamura M.  1991a.  [Genotoxicity of by-products in the chemical oxidation 
processes.]  Suishitsu Odaku Kenkyu 14:633-641.  (Japanese) 
 
*Ono Y, Somiya I, Kawamura M.  1991b.  The evaluation of genotoxicity using DNA repairing test for 
chemicals produced in chlorination and ozonation processes.  Water Sci Technol 23:329-338. 
 



1,1,1-TRICHLOROETHANE  305 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

*OSHA.  1989.  Occupational Safety and Health Administration.  Permissible exposure limit.  Code of 
Federal Regulations.  29 CFR 1910.1000.   
 
OSHA.  1992.  Occupational Safety and Health Administration.  Air contaminants Part II.  Fed Regist 
57:26002. 
 
*OSHA.  2004a.  Appendix A.  Safety and health regulations for construction:  Gases, vapors, fumes, 
dusts, and mists.  Washington, DC:  Occupational Safety and Health Administration.  Code of Federal 
Regulations.  29CFR192655, App A.  
http://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=10629.  June 
06, 2004. 
 
*OSHA.  2004b.  Air contaminants.  Occupational safety and health standards for shipyard employment 
Washington, DC:  Occupational Safety and Health Administration.  Code of Federal Regulations.  29 
CFR 1915.1000.  
http://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=10286.  June 
06, 2004. 
 
*OSHA.  2004c.  Table Z-1:  Limits for air contaminants.  Occupational safety and health standards.  
Washington, DC:  Occupational Safety and Health Administration.  Code of Federal Regulations 29.  
CFR 1910.1000  
http://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=9992.  June 
06, 2004. 
 
*OTA.  1990.  Neurotoxicity:  Identifying and controlling poisons of the nervous system.  Washington, 
DC:  Office of Technology Assessment, U.S. Congress.  OTA-BA-438.  April 1990. 
 
*Otson R.  1987.  Purgeable organics in Great Lakes raw and treated water.  Int J Environ Anal Chem 
31:41-53. 
 
Otson R, Williams DT.  1984.  Fabric protectors.  I.  Evaluation of a grab-sampling technique for 
determination of organic vapours.  Am Ind Hyg Assoc J 45:24-27. 
 
Otson R, Williams DT, Bothwell PD.  1983.  Charcoal-tube technique for simultaneous determination of 
selected organics in air.  Am Ind Hyg Assoc J 44:489-494. 
 
Otson R, Williams DT, Bothwell PD.  1984.  Fabric protectors.  II.  Propane, 1,1,1-trichloroethane and 
petroleum distillates levels in air after application of fabric protectors.  Am Ind Hyg Assoc J 45:28-33. 
 
*Owen GM, Brozek J.  1966.  Influence of age, sex and nutrition on body composition during childhood 
and adolescence.  In:  Falkner F, ed.  Human development.  Philadelphia, PA:  WB Saunders, 222-238.   
 
Ozonoff D, Colten ME, Cupples A, et al.  1987.  Health problems reported by residents of a neighborhood 
contaminated by a hazardous waste facility.  Am J Ind Med 11:581-597. 
 
*Pacific Environmental Services, Inc.  1987.  Toxic air pollutant/source crosswalk:  a screening tool for 
locating possible sources emitting toxic air pollutants.  Research Triangle Park, NC:  U.S. Environmental 
Protection Agency.  PB88161146. 
 



1,1,1-TRICHLOROETHANE  306 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

*Paez-Martinez N, Cruz SL, Lopez-Rubalcava C.  2003.  Comparative study of the effects of toluene, 
benzene, 1,1,1-trichloroethane, diethyl ether, and flurothyl on anxiety and nociception in mice.  Toxicol 
Appl Pharmacol 193:9-16.  
 
Page BD, Lacroix GM.  1995.  On-line steam distillation/purge and trap analysis of halogenated, 
nonpolar, volatile contaminants in foods.  J AOAC Int 78:1416-1428.  
 
Pagga U.  1987.  Biodegradation of substances at low concentrations.  J Water Wastewater Res 20:101-
107. 
 
*Park JH, Lee HJ.  1993.  Estimation of bioconcentration factor in fish, adsorption coefficient for soils 
and sediments and interfacial tension with water for organic nonelectrolytes based on the linear solvation 
energy relationships.  Chemosphere 26:1905-1916. 
 
Parker JC, Casey GE, Bahlman LJ, et al.  1979.  Chloroethanes:  Review of toxicity.  Am Ind Hyg Assoc 
J 40:A-46, A-48, A-50, A-52 to A-60. 
 
*Parkhurst WJ, Lee NT, Imhoff RE, et al.  1988.  Indoor volatile organic sampling study in Chattanooga, 
Tennessee.  In:  Proceedings of the Air Pollution Control Association Annual Meeting 81:P88/109.7. 
 
*Parraga M, West JM.  1998.  Hydrocarbons.  In:  Viccellio P, ed.  Emergency toxicology.  2nd edition.  
Philadelphia, PA:  Lippincott-Raven Publishers, 299-313. 
 
*Parry JM, Sharp DC.  1981.  Induction of mitotic aneuploidy in the yeast strain D6 by 42 coded 
compounds.  Prog Mutat Res 1:468-480. 
 
*Parsons F, Lage GB.  1985.  Chlorinated organics in simulated groundwater environments.  J Am Water 
Works Assoc 77:52-59. 
 
*Parsons F, Lage GB, Rice R.  1985.  Biotransformation of chlorinated organic solvents in static 
microcosms.  Environ Toxicol Chem 4:739-742. 
 
Paterson S, Mackay D.  1989.  Correlation of tissue blood and air partition coefficients of volatile organic 
chemicals.  Br J Ind Med 46:321-328. 
 
Pearson CR, McConnell G.  1975.  Chlorinated C1 and C2 hydrocarbons in the marine environment.  
Proc R Soc Lond [Biol] 189:305-332. 
 
Pellizzari ED.  1977.  The measurement of carcinogenic vapors in ambient atmospheres.  Gulf Breeze, 
FL:  U.S. Environmental Protection Agency.  EPA600777055. 
 
Pellizzari ED.  1978.  Quantification of chlorinated hydrocarbons in previously collected air samples.  
Research Triangle Park, NC:  U.S. Environmental Protection Agency.  EPA450378112. 
 
*Pellizzari ED.  1982.  Analysis for organic vapor emissions near industrial and chemical waste disposal 
sites.  Environ Sci Technol 16:781-785. 
 
Pellizzari E, Bursey J.  1984.  Gas chromatography/mass spectrometry in water pollution studies.  In:  
Hutzinger O, Karasek FW, Safe S, eds.  Mass spectrometry in environmental sciences.  New York, NY:  
Plenum Publishing Co., 139. 



1,1,1-TRICHLOROETHANE  307 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

 
Pellizzari ED, Erickson MD, Zweidinger RA.  1979.  Formulation of preliminary assessment of 
halogenated organic compounds in man and environmental media.  Research Triangle Park, NC:  U.S. 
Environmental Protection Agency.  EPA5601379006. 
 
*Pellizzari ED, Hartwell TD, Harris BSH, et al.  1982.  Purgeable organic compounds in mother's milk.  
Bull Environ Contam Toxicol 28:322-328. 
 
*Pellizzari ED, Hartwell TD, Perritt RL, et al.  1986.  Comparison of indoor and outdoor residential 
levels of volatile organic chemicals in five US geographical areas.  Environ Int 12:619-624. 
 
Pellizzari ED, Smith DJ, Clayton CA, et al.  2001.  An assessment of the data quality for NHEXAS-Part 
I:  exposure to metals and volatile organic chemicals in Region 5.  J Expo Anal Environ Epidemiol 
11:140-154.  
 
*Pellizzari ED, Wallace LA, Gordon SM.  1992.  Elimination kinetics of volatile organics and humans 
using breath measurements.  J Expo Anal Environ Epidemiol 2:341-355. 
 
*Pellizzari ED, Zelon HS, Bursey JT, et al. 1984b.  Sampling and analysis design for volatile halocarbons 
in indoor and outdoor air.  In:  Indoor air, Proceedings of the International Conference on indoor air 
quality Clim, 3rd 1984.  Stockholm, Sweden:  Swed. Counc., Build Res. 4:203-208. 
 
Pellizzari ED, Zweidinger RA, Sheldon LS.  1985a.  Breath sampling.  In:  Fishbein L, O'Neill I, eds.  
Environmental carcinogens selected methods of analysis.  Vol. 7.  World Health Organization, Lyon, 
France.  IARC Publication No. 68, 399. 
 
Pellizzari ED, Zweidinger RA, Sheldon LS.  1985b.  GC/MS determination of volatile hydrocarbons in 
breath samples.  In:  Fishbein L, O'Neill I, eds.  Environmental carcinogens selected methods of analysis, 
Vol. 7.  Lyon, France:  World Health Organization.  IARC Publication No. 68, 413. 
 
*Pellizzari LS, Sheldon CM, Sparacino JT, et al.  1984a.  Volatile organic levels in indoor air.  Indoor 
Air:  In:  Indoor air, Proceedings of the international conference on indoor air quality clim, 3rd 1984.  
Stockholm, Sweden:  Swed. Counc. Build Res., 4:303-308. 
 
*Pellizzari LS, Sparacino CM, Sheldon CC, et al.  1984c.  Sampling and analysis for volatile organics in 
indoor and outdoor air in New Jersey.  In:  Indoor air, Proceedings of the international conference on 
indoor air quality Clim, 3rd 1984.  Stockholm, Sweden:  Swed. Counc. Build Res., 4:221-225. 
 
Peltola J.  1987.  Biotransformation of 1,1,1-trichloroethane in aquifers.  Ground Water 25:613. 
 
*Penman BW, Crespi CL.  1987.  Analysis of human lymphoblast mutation assays by using historical 
negative control data bases.  Environ Mol Mutagen 10:35-60. 
 
*Perry PE, Thomson EJ.  1981.  Evaluation of the sister chromatid exchange method in mammalian cells 
as a screening system for carcinogens.  Prog Mutat Res 1:560-569. 
 
*Peter D, Edelbrock D.  1980.  Health hazard evaluation:  Determination report HE 79-42-685.  Motion 
Picture Screen Cartoonists Local 841, New York, NY.  Cincinnati, OH:  U.S. Department of Health and 
Human Services, Public Health Service, Centers for Disease Control, National Institute for Occupational 
Safety and Health.  PB80211584. 



1,1,1-TRICHLOROETHANE  308 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

 
*Pezzagno G, Imbriani M, Ghittori S, et al.  1986.  Relationship between urinary and environmental 
concentrations of some solvents:  Effects of the work load.  G Ital Med Lav 8:109-118. 
 
*Pezzagno G, Imbriani M, Ghittori S, et al.  1988.  Urinary concentration environmental concentration 
and respiratory uptake of some solvents:  Effect of the workload.  Am Ind Hyg Assoc J 49:546-552. 
 
Pfaffenberger CD, Peoples AJ, Briggle TV.  1984.  Blood plasma levels of volatile chlorinated solvents 
and metabolites in occupationally exposed workers.  Studies in Environmental Science 25:559-569. 
 
*Pincince AB.  1988.  Of:  Estimating volatile organic compound emissions from publicly owned 
treatment works.  J Water Pollut Control Fed 59:119-121. 
 
Pise VM, Reigle TG, Muralidhara S, et al.  1995.  Neuroendocrine toxicity on acute inhalation exposure 
to 1,1,1-trichloroethane (TRI), reflected as suppression of the hypothalamo-pituitary-adrenal (HPA) axis.  
Neurotoxicology 16:756.  
 
*Pise VM, Reigle TG, Muralidhara S, et al.  1998.  Effects of acute inhalation exposure to 1,1,1-
trichloroethane on the hypothalamo-pituitary-adrenal axis in male Sprague-Dawley rats.  J Toxicol 
Environ Health A 54:193-208. 
 
*Piwoni MD, Wilson JT, Walters DM, et al.  1986.  Behavior of organic pollutants during rapid-
infiltration of wastewater into soil.  I. Processes, definition, and characterization using a microcosm.  Haz 
Waste Haz Mater 3:43-55. 
 
*Plaa GL.  1986.  Toxic responses of the liver.  In:  Klaassen CD, Amdur MO, Doull J, eds.  Casarett and 
Doull's toxicology:  The basic science of poisons.  3rd ed.  New York:  Macmillan Publishing Company, 
236-309. 
 
*Plaa GL.  1988.  Experimental evaluation of haloalkanes and liver injury.  Fundam Appl Toxicol 
10:563-570. 
 
*Plaa GL, Larson RE.  1965.  Relative nephrotoxic properties of chlorinated methane, ethane, and 
ethylene derivatives in mice.  Toxicol Appl Pharmacol 7:37-44. 
 
*Plaa GL, Evans EA, Hine CH.  1958.  Relative hepatotoxicity of seven halogenated hydrocarbons.  J 
Pharmacol Exp Ther 123:224-229. 
 
*Platt DS, Cockrill BL.  1969.  Biochemical changes in rat liver in response to treatment with drugs and 
other agents.  II.  Effects of halothane, DDT, other chlorinated hydrocarbons, dimethylnitrosamine and 
ethionine.  Biochem Pharmacol 18:445-457. 
 
*Pleil JD, Whiton RS.  1990.  Determination of organic emissions from new carpeting.  Appl Occup 
Environ Hyg 5:693-699. 
 
Pleil JD, Oliver KD, McClenny WA.  1988.  Ambient air analyses using nonspecific flame ionization and 
electron capture detection compared to specific detection by mass spec.  J Air Pollut Control Assoc 
38:1006-1010. 
 



1,1,1-TRICHLOROETHANE  309 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

*Pluemacher J, Renner I.  1993.  Determination of volatile chlorinated hydrocarbons and trichloroacetic 
acid in conifer needles by headspace gas chromatography.  Fresenius' J Anal Chem 347:129-135.  
 
*Plumb RH Jr.  1987.  A comparison of ground water monitoring data from CERCLA and RCRA sites.  
Ground Water Monit Rev 7:94-100. 
 
*Poet TS, Thrall KD, Corley RA, et al.  2000.  Utility of real time breath analysis and physiologically 
based pharmacokinetic modeling to determine the percutaneous absorption of methyl chloroform in rats 
and humans.  Toxicol Sci 54:42-51. 
 
Pointer J.  1982.  Typewriter correction fluid inhalation:  New substance of abuse.  J Toxicol Clin Toxicol 
19:493-499. 
 
Pollak JK, Harsas W.  1982.  Effects of organochlorine compounds on lipid catabolism of fetal rat liver 
mitochondria and microsomes.  Bull Environ Contam Toxicol 28:313-318. 
 
Poplawski-Tabarelli S, Uehleke H.  1982.  Inhibition of microsomal drug oxidations by aliphatic 
halohydrocarbons:  Correlation with vapor pressure. Xenobiotica 12:55-61. 
 
Pratt GC, Palmer K, Wu CY, et al.  2000.  An assessment of air toxics in Minnesota.  Environ Health 
Perspect 108:815-825.  
 
*Prendergast JA, Jones RA, Jenkins LJ Jr., et al.  1967.  Effects on experimental animals of long-term 
inhalation of trichloroethylene, carbon tetrachloride, 1,1,1-trichloroethane dichlorodifluoromethane, and 
1,1-dichloroethylene.  Toxicol Appl Pharmacol 10:270-289. 
 
*Price PJ, Hassett CM, Mansfield JI.  1978.  Transforming activities of trichloroethylene and proposed 
industrial alternatives.  In Vitro 14:290-293. 
 
*Priestly BG, Plaa GL.  1976.  Hepatic function after acute or subchronic nicotine administration in 
untreated mice and mice treated with hepatotoxic chemicals.  Arch Int Pharmacodyn Ther 223:132-141. 
 
*Prinn RG, Cunnold D, Rasmussen R, et al.  1987.  Atmospheric trends in methylchloroform and the 
global average for the hydroxyl radical.  Science 238:945-950. 
 
*Prinn RG, Cunnold D, Simmonds P.  1992.  Global average concentration and trend for hydroxyl 
radicals deduced from ale gauge trichloroethane (methyl chloroform) data for 1978-1990.  J Geophys Res 
97:2445-2461. 
 
*Prinn RG, Rasmussen RA, Simmonds PG, et al.  1983.  The atmospheric lifetime experiment.  5. Results 
for 1,1,1-trichloroethane based on three years of data.  J Geophys Res C 88:8415-8426. 
 
*Pryor P.  1987.  Health hazard evaluation:  Report HETA 85-256-1716.  AMF Head Division, Boulder 
CO.  Cincinnati, OH:  U.S. Department of Health and Human Services, Public Health Service, Centers for 
Disease Control, National Institute for Occupational Safety and Health.  PB87161287. 
 
Purchase IFH, Ray V.  1981.  Summary report on the performance of in vivo assays.  Prog Mutat Res 
1:86-95. 
 



1,1,1-TRICHLOROETHANE  310 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

*Quast JF, Calhoun LL, Frauson LE.  1988.  1,1,1-Trichloroethane formulation:  A chronic inhalation 
toxicity and oncogenicity study in Fischer 344 rats and B6C3F1 mice.  Fundam Appl Toxicol 11:611-625. 
 
Quast JF, Calhoun LL, McKenna MJ.  1985.  1,1,1-Trichloroethane formulation:  A chronic inhalation 
toxicity and oncogenicity study in rats and mice. Part 1. Results of findings in mice.  In:  Proceedings of 
the 24th Society of Toxicology Annual Meeting, San Diego, CA, March 18-22, 1985.  Washington, DC:  
Society of Toxicology. 
 
*Quast JF, Rampy LW, Balmer MG, et al.  1978.  Toxicologic carcinogenic evaluation of a 1,1,1-tri-
chloroethane formulation by chronic inhalation in rats.  Midland, MI:  Toxicology Research Laboratory, 
Health and Environmental Research, The Dow Chemical Company.  
 
*Quillardet P, DeBellecombe C, Hofnung M.  1985.  The SOS chromotest, a colorimetric bacterial assay 
for genotoxins:  Validation study with 83 compounds.  Mutat Res 147:79-95. 
 
*Ramanathan V, Cicerone RJ, Singh HB, et al.  1985.  Trace gas trends and their potential role in climate 
change.  J Geophys Res 95:5547-5566. 
 
*Ramsey JC, Andersen ME.  1984.  A physiologically based description of the inhalation 
pharmacokinetics of styrene in rats and humans.  Toxicol Appl Pharmacol 73:159-175. 
 
*Rank J, Nielsen MH.  1994.  Evaluation of the Allium anaphase-telophase test in relation to genotoxicity 
screening of industrial wastewater.  Mutat Res 312:17-24.  
 
*Ranson DL, Berry PJ.  1986.  Death associated with the abuse of typewriter correction fluid.  Med Sci 
Law 26:308-310. 
 
*Rasmussen RA, Khalil MAK, Chang JS.  1982.  Atmospheric trace gases over China.  Environ Sci 
Technol 16:124-126. 
 
*Rasmussen RA, Khalil MAK, Dalluge RW.  1981.  Atmospheric trace gases in Antarctica.  Science 
211:285-287. 
 
*Rasmussen RA, Khalil MAK, Hoyt SD.  1983.  Trace gases in snow and rain.  In:  Pruppacher HR, 
Semonin RG, Slinn WGN, eds.  Precipitation scavenging, dry deposition, and resuspension:  Proceedings 
of the fourth international conference, Santa Monica, California, 29 November-3 December 1982.  Vol 2.  
New York:  Elsevier, 1301-1314. 
 
*Rastogi SC.  1992.  Headspace analysis of chlorinated organic solvents in aerosol cans by gas 
chromatography.  Chromatographia 33:117-121. 
 
*Rastogi SC.  1993.  Organic solvent levels in model and hobby glues.  Bull Environ Contam Toxicol 
51:501-507. 
 
*Rawlings GD, Deangelis DG.  1979.  Toxicity removal in textile plant waste waters.  J Am Leather 
Chem Assoc 74:404-417. 
 
*Raymer JH, Pellizzari ED, Thomas KW, et al.  1991.  Elimination of volatile organic compounds in 
breath after exposure to occupational and environmental microenvironments.  J Exposure Anal Environ 
Epidemiol 1:439-452. 



1,1,1-TRICHLOROETHANE  311 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

 
Raymer JH, Thomas K, Cooper S, et al.  1989.  VOC breath measurement study:  Alveolar breath 
method, final report.  Research Triangle Park, NC:  Research Triangle Institute. 
 
*Raymer JH, Thomas KW, Cooper SD, et al.  1990.  A device for sampling of human alveolar breath for 
the measurement of expired volatile organic compounds.  J Anal Toxicol 14:337-344. 
 
Reding R.  1987.  Chromatographic monitoring methods for organic contaminants under the Safe 
Drinking Water Act.  J Chromatogr Sci 25:338-344. 
 
Redmond MS, Crocker PA, McKenna KM, et al.  1996.  Sediment toxicity testing with the amphipod 
Ampelisca abdita in Calcasieu Estuary, Louisiana.  Arch Environ Contam Toxicol 30:53-61.  
 
*Rees DC, Knisley JS, Balster RL, et al.  1987b.  Pentobarbital-like discriminative stimulus properties of 
halothane, 1,1,1-trichloroethane, isoamyl nitrite, flurothyl and oxazepam in mice.  J Pharmacol Exp Ther 
241:507-515. 
 
*Rees DC, Knisley JS, Breen TJ, et al.  1987a.  Toluene, halothane, 1,1,1-trichloroethane and oxazepam 
produce ethanol-like discriminative stimulus effects in mice.  J Pharmacol Exp Ther 243:931-937. 
 
Reinhard M, Goodman NL, Barker JR.  1984.  Occurrence and distribution of organic chemicals in two 
landfill leachate plumes.  Environ Sci Technol 18:953-961. 
 
Reinhard M, Goodman NL, McCarty PL, et al.  1986.  Removing trace organics by reverse osmosis using 
cellulose acetate and polyamide membranes. J Am Water Works Assoc 78:163-174. 
 
*Reinhardt CF, Azar A, Masfield ME, et al.  1971.  Cardiac arrhythmias and aerosol "sniffing."  Arch 
Environ Health 22:265-279. 
 
*Reinhardt CF, Mullin LS, Maxfield ME.  1973.  Epinephrine-induced cardiac arrhythmia potential of 
some common industrial solvents.  J Occup Med 15:953-955. 
 
*Reist PC, Rex F.  1977.  Odor detection and respirator cartridge replacement.  Am Ind Hyg Assoc J 
38:563-566. 
 
*Reitz RH, McDougal JN, Himmelstein MW, et al.  1988.  Physiologically based pharmacokinetic 
modeling with methylchloroform:  Implications for interspecies, high dose/low dose, and dose route 
extrapolations.  Toxicol Appl Pharmacol 95:185-199. 
 
Reitz RH, Schumann AM, Osborne DW, et al.  1985.  Pharmacokinetics of 1,1,1-trichloroethane (MC) in 
humans rats and mice after inhalation or drinking water administration.  In:  Proceedings of the 24th 
Society of Toxicology Annual Meeting, San Diego, CA, March 18-22, 1985.  Washington, DC:  Society 
of Toxicology.  
 
Rice AJ, Roberts RJ, Plaa GL.  1967.  The effect of carbon tetrachloride, administered in vivo, on the 
hemodynamics of the isolated perfused rat liver.  Toxicol Appl Pharmacol 11:422-431. 
 
Rich CA.  1981.  Geotechnical methods combined with cluster wells to investigate and monitor organic 
and inorganic ground water contamination.  Stud Environ Sci 17:309-314. 
 



1,1,1-TRICHLOROETHANE  312 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

*Richold M, Jones E.  1981.  Mutagenic activity of 42 coded compounds in the Salmonella/microsome 
assay.  In:  Evaluations of short-term tests for carcinogens:  Report of the international collaborative 
program.  Prog Mutat Res 1:314-322. 
 
*Riddick JA, Bunger WB, Sakano TK.  1986.  Organic solvents:  Physical properties and methods of 
purification.  Techniques of chemistry.  Vol. 2.  4th ed. New York, NY:  Wiley-Interscience, 501, 1325. 
 
*RIDH.  1989.  Written communication (June 19) regarding Rhode Island guidelines for 1,1,1-trichloro-
ethane levels in the public water supply and private well water.  Providence, RI:  Rhode Island 
Department of Health.   
 
Riihimaki V.  1986.  Metabolism and excretion or organic solvents.  Prog Clin Biol Res 220:61-72. 
 
*Riihimaki V, Pfaffli P.  1978.  Percutaneous absorption of solvent vapors in man.  Scand J Work 
Environ Health 4:73-85. 
 
Rittmann BE, McCarty PL, Roberts PV.  1980.  Trace-organics biodegradation in aquifer recharge.  
Ground Water 18:236-243. 
 
Roberts PV, Valocchi AJ.  1981.  Principles of organic contaminant behavior during artificial recharge.  
Sci Total Environ 21:161-172. 
 
Roberts PV, Schreiner J, Hopkins GD.  1982. Field study of organic water quality changes during 
groundwater recharge in the Palo Alto baylands.  Water Res 16:1025-1035. 
 
*Robinson SE, Hooker EP, Rzigalinski BA.  2001.  Solvent exposure affects NMDA-induced increases in 
intracellular free calcium ([CA2+]i) in cultured rat cerebellar granule cells.  Neurotoxicol Teratol 23:297.  
 
*Rogers SE, Peterson DL, Lauer WC.  1987.  Organic contaminants removal for potable reuse.  J Water 
Pollut Control Fed 59:722-732. 
 
*Rohr Indus Inc.  1986.  Attachment II. Background information. Tab I. Mortality study of Rohr 
employees final report.  November 4, 1986.  Submitted to the U.S. Environmental Protection Agency 
under TSCA Section 8E.  OTS0535753. 
 
*Rohr Indus Inc.  1987.  Initial submission:  Letter reviewing a mortality study of Rohr Indus Inc. 
employees with attachments and cover letter dated 022692.  Submitted to the U.S. Environmental 
Protection Agency under TSCA Section 8E.  OTS0535753. 
 
*Roldan-Arjona T, Garcia-Pedrajas MD, Luque-Romero FL, et al.  1991.  An association between 
mutagenicity of the Ara test of Salmonella typhimurium and carcinogenicity in rodents for 16 halogenated 
aliphatic hydrocarbons.  Mutagenesis 6:199-206. 
 
Rosenbaum AS, Axelrod DA, Woodruff TJ, et al.  1999.  National estimates of outdoor air toxics 
concentrations.  J Air Waste Manage Assoc 49:1138-1152. 
 
*Rosenberg C, Nylund L, Kontsas AT, et al.  1991.  Volatile organohalogen compounds from the 
bleaching of pulp occurence and genotoxic potential in the work environment. Tenth International 
Symposium on Chlorinated Dioxins and Related Compounds 1990, Part 2, Bayreuth, Germany, Sept 10-
14, 1990.  Chemosphere 23(11-12):1617-1628. 



1,1,1-TRICHLOROETHANE  313 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

 
*Rosengren LE, Aurell A, Kjellstrand P, et al.  1985.  Astrogliosis in the cerebral cortex of gerbils after 
long-term exposure to 1,1,1-trichloroethane.  Scand J Work Environ Health 11:447-456. 
 
*Rosenkranz HS, Hyman J, Leifer Z.  1981.  DNA polymerase deficient assay.  Prog Mutat Res 1:210-
218. 
 
Rostad CE, Martin BS, Barber LB.  2000.  Effect of a constructed wetland on disinfection byproducts:  
removal processes and production of precursors.  Environ Sci Technol 34:2703-2710.  
 
*Rothweiler H, Wager PA, Schlatter C.  1992.  Volatile organic compounds and some very volatile 
organic compounds in new and recently renovated buildings in Switzerland.  Fifth International 
Conference of Indoor Air Quality and Climate (Indoor Air '90):  Characterization of Indoor Air, Toronto, 
Ontario, Canada, July 29-August 3, 1990.  Atmos Environ Part A:  Gen Top 26:2219-2225. 
 
Roux PH, Althoff WF.  1980.  Investigation of organic contamination of ground water in South 
Brunswick Township, New Jersey, USA.  Ground Water 18:464-471. 
 
*Rowland I, Severn B.  1981.  Mutagenicity of carcinogens and noncarcinogens in the 
Salmonella/microsome test.  Prog Mutat Res 1:323-332. 
 
RTECS.  1993.  Registry of Toxic Effects of Chemical Substances.  April 1993. 
 
*RTECS.  2004.  Registry of Toxic Effects of Chemical Substances.  http://hazard.com/msds/.  June 
2004. 
 
*RTI.  1987.  Absorption, disposition, metabolites, and excretion of 1,1,1-trichloroethane (TCEN).  RTI-
213/311T-3662.  Research Triangle Park:  National Institute of Environmental Health by Research 
Triangle Institute.   
 
*Russell JW, Shadoff LA.  1977.  The sampling and determination of halocarbons in ambient air using 
concentration on porous polymer.  J Chromatogr 134:375-384. 
 
Saalwaechter AT, McCammon CS Jr., Roper CP, et al.  1977.  Performance testing of the NIOSH 
charcoal tube technique for the determination of air conditions of organic vapors.  Am Ind Hyg Assoc J 
38:476-486. 
 
*Sabel GV, Clark TP.  1984.  Volatile organic compounds as indicators of municipal solid waste leachate 
contamination.  Waste Manage Res 2:119-130. 
 
*Sack TM, Steele DH, Hammerstrom K, et al.  1992.  A survey of household products for volatile organic 
compounds.  Atmos Environ 26:1063-1070. 
 
Salamone MF.  1981.  Toxicity of 41 carcinogens and noncarcinogenic analogs.  Prog Mutat Res 1:682-
685. 
 
*Salamone MF, Heddle JA, Katz M.  1981.  Mutagenic activity of 41 compounds in the in vivo 
micronucleus assay.  Prog Mutat Res 1:686-697. 
 



1,1,1-TRICHLOROETHANE  314 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

*Salisbury S, McConnell R, Anger K.  1986.  Health hazard evaluation:  Report HETA 83-369-1672.  
Lockheed-Georgia Company, Marietta, GA. Cincinnati, OH:  U.S. Department of Health and Human 
Services, Public Health Service, Centers for Disease Control, National Institute for Occupational Safety 
and Health.  PB86223989. 
 
*Salkinoja-Salonen MS, Jokela JK.  1991.  Measurement of organic halogen compounds in urine as an 
indicator of exposure.  Scand J Work Environ Health 17:75-78. 
 
*Sallmén M, Lindbohm M-L, Anttila A, et al.  1998.  Time to pregnancy among the wives of men 
exposed to organic solvents.  Occup Environ Med 55:24-30.  
 
*Salvini M, Binaschi S, Riva M.  1971.  Evaluation of the psychophysiological functions in humans 
exposed to the threshold limit value of 1,1,1-trichloroethane.  Br J Ind Med 28:286-292. 
 
Sato A, Nakajima T.  1987.  Pharmacokinetics of organic solvent vapors in relation to their toxicity.  
Scand J Work Environ Health 13:81-93. 
 
*Savolainen H, Pfaffli P, Tengen M, et al.  1977.  Trichloroethylene and 1,1,1-trichloroethane:  Effects on 
brain and liver after five days intermittent inhalation.  Arch Toxicol 38:229-237. 
 
*Savolainen K, Riihimaki V, Laine A, et al.  1981.  Short-term exposure of human subjects to m-xylene 
and 1,1,1-trichloroethane.  Int Arch Occup Environ Health 49:89-98. 
 
*Sax NI, Lewis RJSR.  1987.  Hawley's condensed chemical dictionary.  11th ed.  New York, NY, Van 
Nostrand Reinhold Co., 1176. 
 
*Schairer LA, Sautkulis RC, Tempel NR.  1983.  A search for the identity of genotoxic agents in the 
ambient air using the Tradescantia bioassay.  Environ Sci Res 27:211-228. 
 
Schoeler HF, Schmitz R.  1986.  Occurrence and persistence of halogenated organic compounds in the 
Sieg River (West Germany).  Vom Wasser 67:249-256. 
 
*Schumann AM, Fox TR, Watanabe PG.  1982a.  [14C]Methyl chloroform (1,1,1-trichloroethane):  
Pharmacokinetics in rats and mice following inhalation exposure.  Toxicol Appl Pharmacol 62:390-401. 
 
*Schumann AM, Fox TR, Watanabe PG.  1982b.  A comparison of the fate of inhaled methyl chloroform 
(1,1,1-trichloroethane) following single or repeated exposure in rats and mice.  Fundam Appl Toxicol 
2:27-32. 
 
Schwarzenbach RP, Giger W, Hoehn E, et al.  1983.  Behavior of organic compounds during infiltration 
of river water to groundwater.  Field studies.  Environ Sci Technol 17:472-479. 
 
*Schwetz BA, Leong BKJ, Gehring PJ.  1975.  The effect of maternally inhaled trichloroethylene, 
perchloroethylene, methyl chloroform, and methylene chloride on embryonal and fetal development in 
mice and rats.  Toxicol Appl Pharmacol 32:84-96. 
 
Scott DR, Dunn WJ III, Emery SL.  1987.  Classification and identification of hazardous organic 
compounds in ambient air by pattern recognition of mass spectral data.  Environ Sci Technol 21:891-897. 
 



1,1,1-TRICHLOROETHANE  315 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

Scudamore KA.  1987.  Fumigant residues in wheat and other cereal resulting from the use of 1,1,1-tri-
chloroethane and bromomethane as a liquid fumigant mixture.  J Pestic Sci 20:1-18. 
 
*Seki Y, Urashima Y, Aikawa H, et al.  1975.  [Trichloro-compounds in the urine of humans exposed to 
methyl chloroform at sub-threshold levels.]  Arch Arbeitsmedizin-Int Arch Occup Health 34:39-49.  
(German) 
 
*Setchell BP, Waites GMH.  1975.  The blood-testis barrier.  In:  Creep RO, Astwood EB, Geiger SR, 
eds.  Handbook of physiology:  Endocrinology V.  Washington, DC:  American Physiological Society.   
 
Sextib JM, Westberg H.  1980.  Elevated ozone concentrations measured downwind of the Chicago-Gary 
urban complex.  J Air Pollut Control Assoc 30:911-914. 
 
Shah HC, Lal H.  1976.  Effects of 1,1,1-trichloroethane administered by different routes and in different 
solvents on barbiturate hypnosis and metabolism in mice.  J Toxicol Environ Health 1:807-816. 
 
*Sharp DC, Parry JM.  1981a.  Induction of mitotic gene conversion by 41 coded compounds using the 
yeast culture JD1.  Prog Mutat Res 1:491-501. 
 
*Sharp DC, Parry JM.  1981b.  Use of repair-deficient strains of yeast to assay the activity of 40 coded 
compounds.  Prog Mutat Res 1:502-516. 
 
Shaw GM, Swan SH, Harris JA, et al.  1990.  Maternal water consumption during pregnancy and 
congenital cardiac anomalies.  Epidemiology 1:206-211. 
 
Shelley ML, Andersen ME, Fisher JW.  1989.  A risk assessment approach for nursing infants exposed to 
volatile organics through the mother's occupational inhalation exposure.  Appl Ind Hyg 4:21-26. 
 
*Shen TT.  1982.  Estimation of organic compound emissions from waste lagoons.  J Air Pollut Control 
Assoc 32:79-82. 
 
*Shields HC, Weschler CJ.  1992.  Volatile organic compounds measured at a telephone switching center 
from 5/30/85²12/6/88:  A detailed case study. J Air Waste Manage Assoc 42:792-804. 
 
*Shikiya J, Tsou G, Kowalski J, et al.  1984.  Ambient monitoring of selected halogenated hydrocarbons 
and benzene in the California south coast air basin.  Proceedings 77th annual meeting of Air Pollution 
Control Association 1:84-101. 
 
*Shimada Y.  1988.  [Studies on monochlorobenzene poisoning.  III.  Distribution of monochlorobenzene 
in the organs of pregnant mice and its transfer to the fetus through the placenta:  Comparison with 
trichloroethylene and 1,1,1-trichloroethane.]  Okayama Igakkai Zasshi 100:147-153.  (Japanese) 
 
*Shimada T, Swanson A, Leber P, et al.  1983.  The evaluation for genotoxicity of several halogenated 
solvents.  Environ Mutagen 5:447. 
 
Sickles JE II, Wright RS, Sutcliffe CR, et al.  1980.  Smog chamber studies of the reactivity of volatile 
organic compounds.  Proceedings of annual meeting of Air Pollution Control Association 73:80-501. 
 



1,1,1-TRICHLOROETHANE  316 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

Sievers RE, Barkley RM Jr, Denney DW et al.  1980.  Gas chromatographic and mass spectrometric 
analysis of volatile organics in the atmosphere.  American Society for Testing and Materials Special 
Technical Publication 721, 3-21. 
 
*Silverstein MA.  1983.  Letter to the Editor.  Arch Environ Health 38:252. 
 
*Simmon VF, Shepherd GF.  1981.  Mutagenic activity of 42 coded compounds in the 
Salmonella/microsome assay.  Prog Mutat Res 1:333-342. 
 
*Simmon VF, Kauhanen K, Tardiff RG.  1977.  Mutagenic activity of chemicals identified in drinking 
water.  Dev Toxicol Environ Sci 2:249-258. 
 
*Simmonds PG, Kerrin SL, Lovelock JE, et al.  1974.  Distribution of atmospheric halocarbons in the air 
over the Los Angeles basin.  Atmos Environ 8:209-216. 
 
*Singh HB, Salas LJ, Cavanagh LA.  1977.  Distribution sources and sinks of atmospheric halogenated 
compounds.  J Air Pollut Control Assoc 27:332-336. 
 
*Singh HB, Salas LJ, Smith, AJ, et al.  1981.  Measurements of some potentially hazardous organic 
chemicals in urban environments.  Atmos Environ 15:601-612. 
 
*Singh HB, Salas LJ, Stiles RE.  1982.  Distribution of selected gaseous organic mutagens and suspect 
carcinogens in ambient air.  Environ Sci Technol 16:872-880. 
 
*Singh HB, Salas LJ, Viezee W, et al.  1992.  Measurement of volatile organic chemicals at selected sites 
in California.  Atmos Environ Part A:  Gen Top 26:2929-2946. 
 
*Skopek TR, Andon BM, Kaden DA, et al.  1981.  Mutagenic activity of 42 coded compounds using 8-
azaguanine resistance as a genetic marker in Salmonella typhimurium.  Prog Mutat Res 1:371-375. 
 
Smith LR, Dragun J.  1984.  Degradation of volatile aliphatic priority pollutants in groundwater.  Environ 
Int 10:291-298. 
 
*Solomon S, Albritton DL.  1992.  Time-dependant ozone depletion potentials for short- and long-term 
forecasts.  Nature (London) 357:33-37. 
 
Sonnenfeld G, Hudgens RW, Streips UN.  1983.  Effect of environmental carcinogens and other 
chemicals on murine alpha-beta interferon production.  Environ Res 31:355-361. 
 
*Sot RJ, Groff SA, Lebrun AJ, et al.  1975.  1,1,1-Trichloroethane:  Development of a biologic standard 
for the industrial worker by breath analysis.  Cincinnati, OH:  Report to National Institute for 
Occupational Safety and Health.  PB82151879. 
 
Spayd SE.  1985.  Movement of volatile organics through a fractured rock aquifer.  Ground Water 
23:496-502. 
 
Spee T.  1986.  Evaluation of an ISO (International Standards Organization) draft proposal for sampling 
and analysis of chlorinated hydrocarbon solvent vapours in work-place atmospheres.  Am Ind Hyg Assoc 
J 47:27-36. 
 



1,1,1-TRICHLOROETHANE  317 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

*Spence JW, Hanst PL.  1978.  Oxidation of chlorinated ethanes.  J Air Pollut Control Assoc 38:250-253. 
 
*Spencer PJ, Albee RR, Mattsson JL, et al.  1990.  Acute neurophysiologic effects of 1,1,1-trichloro-
ethane via gavage in rats.  Final report.  The Dow Chemical Company.  Submitted to the U.S. 
Environmental Protection Agency under TSCA Section 4.  OTS533134.   
 
*Spicer CW, Holdren MW, Slivon LE, et al.  1987.  Intercomparison of sampling techniques for toxic 
organic compounds in indoor air.  Research Triangle Park, NC:  U.S. Environmental Environmental 
Agency.  PB87165262. 
 
*Spirtas R, Stewart PA, Lee JS, et al.  1991.  Retrospective cohort mortality study of workers at an 
aircraft maintenance facility.  I.  Epidemiological results.  Br J Ind Med 48:515-530.  
 
Sportstoel S, Urdal K, Drangsholt H, et al.  1985.  Description of a method for automated determination 
of organic pollutants in water.  Int J Environ Anal Chem 21:129-138. 
 
Squillace PJ, Moran MJ, Lapman WW, et al.  1999.  Volatile organic compounds in untreated ambient 
groundwater of the United States, 1985-1995.  Environ Sci Technol 33:4176-4187.  
 
*SRI.  1991.  1991 Directory of Chemical Producers:  United States of America.  Menlo Park, CA:  
Stanford Research Institute International, 1048. 
 
*SRI.  1992.  1992 Directory of Chemical Producers:  United States of America.  Menlo Park, CA:  
Stanford Research Institute International, 1032. 
 
*SRI.  1994.  1994 Directory of Chemical Producers.USA.  Menlo Park, CA:  SRI International, 978. 
 
*SRI.  2003.  Products.  2003 Directory of chemical producers in the United States.  Menlo Park, CA:  
SRI International, 922.  
 
Stacey NH.  1989a.  Toxicity of combinations of chlorinated aliphatic hydrocarbons in vitro and in vivo.  
Toxicology In Vitro 3:137-143. 
 
Stacey NH.  1989b.  Toxicity of mixtures of trichloroethylene, tetrachloroethylene and 1,1,1-trichloro-
ethane:  Similarity of in vitro to in vivo responses.  Toxicol Ind Health 5:441-450. 
 
Stachel B, Lahl U, Zeschmar B.  1984.  Pollution of the River Rhine with halogenated organic 
compounds:  An investigation during a "Fliessende Welle."  Sci Total Environ 40:103-113. 
 
Stackelberg PE, Kauffman LJ, Ayers MA, et al.  2004.  Frequently co-occuring pesticides and volatile 
organic compounds in public supply monitoring wells, southern New Jersey, U.S.A. Environ Toxicol 
Chem 20:853-865.  
 
Stadler JC, Kennedy Jr GL.  1996.  Evaluation of the sensory irritation potential of volatile organic 
chemicals from carpets- alone and in combination.  Food Chem Toxicol 34:1125-1130.  
 
*Stahl CJ, Fatteh AV, Dominguez AM.  1969.  Trichloroethane poisoning:  Observations on the 
pathology and toxicology in six fatal cases.  J Forensic Sci 14:393-397. 
 



1,1,1-TRICHLOROETHANE  318 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

*Stanley JS.  1986a.  Broad scan of the FY82 national human adipose tissue survey specimens.  Volume 
1:  Executive Summary.  Washington, DC:  U.S. Environmental Protection Agency. 
 
*Stanley JS.  1986b.  Broad scan analysis of the FY82 national human adipose tissue survey specimens.  
Volume II:  Volatile Organic Compounds. Washington, DC:  U.S. Environmental Protection Agency.  
EPA 560586036. 
 
*Stewart RD.  1971.  Methyl chloroform intoxication:  Diagnosis and treatment.  JAMA 215:1789-1792. 
 
*Stewart RD.  1983.  Trichloroethanes.  Encycl Occup Health Safety 2:2213-2214. 
 
*Stewart RD, Andrews JT.  1966.  Acute intoxication with methylchloroform.  JAMA 195:120-122. 
 
*Stewart RD, Dodd HC.  1964.  Absorption of carbon tetrachloride, trichloroethylene, 
tetrachloroethylene, methylene chloride, and 1,1,1-trichloroethane through the human skin.  Ind Hyg J 
25:439-446. 
 
*Stewart RD, Gay HH, Erley DS, et al.  1961.  Human exposure to 1,1,1-trichloroethane vapor:  
Relationship of expired air and blood concentrations to exposure and toxicity.  Am Ind Hyg Assoc J 
22:252-262. 
 
*Stewart RD, Gay HH, Schaffer AW, et al.  1969.  Experimental human exposure to methyl chloroform 
vapor.  Arch Environ Health 19:467-472. 
 
*Stonebraker RD, Smith JR.  1980.  Containment and treatment of a mixed chemical discharge from "The 
Valley of the Drums" near Louisville, KY.  In:  Control of hazardous material spills:  Proceedings of the 
1980 National Conference of Control Hazardous Material Spills, May 13-15, 1980, Louisville, Kentucky.  
Nashville, TN:  Vanderbilt University, 1-10. 
 
*STORET.  1988.  EPA Storet Water Quality Data Base.  December 12, 1988. 
 
Story DL, Meierhenry EF, Tyson CA, et al.  1986.  Differences in rat liver enzyme-altered foci produced 
by chlorinated aliphatics and phenobarbital.  Toxicol Ind Health 2:351-356. 
 
*Sturges WT, Taylor BE.  1990.  Atmospheric concentrations of chlorinated solvents around a nuclear 
processing plant in Colorado.  Environ Technol 11:1063-1070. 
 
*Stutz DR, Janusz SJ.  1988.  Hazardous materials injuries:  A handbook for pre-hospital care.  2nd ed.  
Beltsville, MD:  Bradford Communications Corporation, Protocol 50. 
 
*Styles JA.  1981.  Activity of 42 coded compounds in the BHK-21 cell transformation test.  Prog Mutat 
Res 1:638-646. 
 
*Su C, Goldberg ED.  1976.  Environmental concentration and fluxes of some halocarbons.  In:  Windom 
HL, Duce RA, eds.  Marine pollutant transfer.  Lexington, MA:  D.C. Heath Co., 353-374. 
 
*Sullivan LJ.  1994.  Construction fatality:  Application of a concrete sealant.  Appl Occup Environ Hyg  
9:681-682.  
 



1,1,1-TRICHLOROETHANE  319 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

Sun B, Griffin BM, Ayala-del-Rio HL, et al.  2002.  Microbial dehalorespiration with 1,1,1-
trichloroethane.  Science 298:1023-1025.  
 
*Suovaniemi O, Ekholm P, Falck K, et al.  1985.  An automated analysis system for bacterial 
mutagenicity assays.  Am Lab 17:122, 124-129. 
 
*Swan SH, Shaw G, Harris JA, et al.  1989.  Congenital cardiac anomalies in relation to water 
contamination, Santa Clara County California 1981-1983.  Am J Epidemiol 129:885-893. 
 
*Swann RL, Laskowski DA, McCall PJ, et al.  1983.  A rapid method for the estimation of the 
environmental parameters octanol/water partition coefficient, soil sorption constant, water to air ratio, and 
water solubility.  Residue Rev 85:17-28. 
 
*Sweet CW, Vermette SJ.  1992.  Toxic volatile organic compounds in urban air in Illinois.  Environ Sci 
Technol.  26:165-173. 
 
*Tabak HH, Quave SA, Maschi CI, Barth EF.  1981.  Biodegradability studies with organic priority 
pollutant compounds.  J Water Pollut Control Fed 53:1503-1518. 
 
Tahti H, Korpela M.  1985.  In-vitro experiments on the effects of organic solvents on red cell membrane 
acetylcholinesterase.  Food Chem Toxicol 24:805-806. 
 
*Takahara K.  1986a.  [Experimental study on toxicity of trichloroethane.  III.  Changes in liver function 
of mice after exposure to 1,1,1- and 1,1,2- trichloroethane.]  Okayama Igakkai Zasshi 98:1099-1110.  
(Japanese) 
 
*Takahara K.  1986b.  [Experimental study on toxicity of trichloroethane.  I.  Organ distribution of 1,1,1- 
and 1,1,2-trichloroethanes in exposed mice.]  Okayama Igakkai Zasshi 98:1079-1089.  (Japanese) 
 
*Takahara K.  1986c.  [Experimental study on toxicity of trichloroethane.  II.  1,1,1- and 1,1,2-
trichloroethane in expired air and in urine of mice.]  Okayama Igakkai Zasshi 98:1091-1097.  (Japanese) 
 
*Takano T, Miyazaki Y.  1982.  Effect of chlorinated ethanes and ethylenes on electron transport in rat 
liver mitochondria.  J Toxicol Sci 7:143-149. 
 
Takano T, Miyazaki Y, Araki R.  1988.  Interaction of 1,1,1-trichloroethane with the mixed-function 
oxidation system in rat liver microsomes.  Xenobiotica 18:1457-1464. 
 
Takano T, Miyazaki Y, Motohashi Y.  1985.  Interaction of trichloroethane isomers with cytochrome P-
450 in the perfused rat liver.  Fundam Appl Toxicol 5:353-360. 
 
*Takeoka GR, Flath RA, Guntert M, et al.  1988.  Nectarine volatiles:  Vacuum steam distillation versus 
headspace sampling.  J Agric Food Chem 36:553-560. 
 
*Taketomo AP, Grimsrud E.  1977.  An analysis of halocarbons in the air of several working and living 
environments.  Proceedings of the Montana Academy of Science 37:128-134. 
 
Talebzadeh VC, Chevrolet JC, Chatelain P, et al.  1990.  Myocardite à éosinophiles et hypertension 
pulmonaire chez une toxicomane:  Etude anatomo-clinique et brève revue de la littérature.  Ann Pathol 
10:40-46.   



1,1,1-TRICHLOROETHANE  320 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

 
*Talukdar RK, Mellouki A, Schmoltner AM, et al.  1992.  Kinetics of the OH reaction with methyl 
chloroform and its atmospheric implications.  Science 257:227-230. 
 
*Taningher M, Parodi S, Grilli S, et al.  1991.  Lack of correlation between alkaline DNA fragmentation 
and DNA covalent binding induced by polychloroethanes after in vivo administration.  Problems related 
to the assessment of a carcinogenic hazard.  Cancer Detect Prev 15:35-39. 
 
*Taskinen H, Anttila A, Lindbohm ML, et al.  1989.  Spontaneous abortions and congenital 
malformations among the wives of men occupationally exposed to organic solvents.  Scand J Work 
Environ Health 15:345-352. 
 
Taylor GJ, Drew RT, Lores EM Jr, et al.  1976.  Cardiac depression by haloalkane propellants, solvents, 
and inhalation anesthetic in rabbits.  Toxicol Appl Pharmacol 38:379-387. 
 
Terrill JB.  1989.  Acute inhalation toxicity studies of 1,1,1-trichloroethane in the rat with cover letter 
032889.  3M Co.  Submitted to the U.S. Environmental Protection Agency under TSCA Section 8E.  
OTS509711-8.   
 
*Texter EC, Grunow WA, Zimmerman HJ.  1979.  Centrizonal necrosis of the liver from alpha 
trichloroethane followed by chronic active liver disease with recovery and Budd-Chiari syndrome.  Clin 
Res 27:684. 
 
Thiele DL, Eigenbrodt EH, Ware AJ.  1982.  Cirrhosis after repeated trichloroethylene and 1,1,1-tri-
chloroethane exposure.  Gastroenterology 83:926-929. 
 
Thom NS, Agg AR.  1975.  The breakdown of synthetic organic compounds in biological processes.  Proc 
R Soc Lond [Biol] 189:347-357. 
 
Thompson JA, Ho B, Mastovich SL.  1984.  Reductive metabolism of 1,1,1,2-tetrachloroethane and 
related chloroethanes by rat liver microsomes.  Chem Biol Interact 51:321-333. 
 
*Thomson JA.  1981.  Mutagenic activity of 42 coded compounds in the lambda induction assay.  Prog 
Mutat Res 1:224-235. 
 
Thomson M, Lucas D, Koshland CP, et al.  1996.  Reducing hazardous waste incinerator emissions 
through blending:  a study of 1,1,1-trichloroethane injection.  Haz Waste Haz Mater 13:387-398.  
 
*Toftgaard R, Nilsen OG, Gustafsson JA.  1981.  Changes in rat liver microsomal cytochrome P-450 and 
enzymatic activities after the inhalation of n-hexane, xylene, methyl ethyl ketone and methylchloroform 
for four weeks.  Scand J Work Environ Health 7:31-37. 
 
Tomasi A, Albano E, Bini A, et al.  1984.  Free radical intermediates under hypoxic conditions in the 
metabolism of halogenated carcinogens.  Toxicol Pathol 12:240-246. 
 
Topham JC.  1980.  Do induced sperm-head abnormalities in mice specifically identify mammalian 
mutagens rather than carcinogens?  Mutat Res 74:379-387. 
 
Topham JC.  1981.  Evaluation of some chemicals by the sperm morphology assay.  Prog Mutat Res 
1:718-720. 



1,1,1-TRICHLOROETHANE  321 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

 
*Toraason M, Breitenstein MJ, Wey HE.  1992.  Reversible inhibition of intercellular communication 
among cardiac myocytes by halogenated hydrocarbons. Fundam Appl Toxicol 18:59-65.   
 
*Toraason M, Krueger JA, Breitenstein MJ, et al.  1990.  Depression of contractility in cultured cardiac 
myocytes from neonatal rat by carbon tetrachloride and 1,1,1-trichloroethane.  Toxicology In Vitro 4:363-
368. 
 
Torkelson TR, Hoyle HR, Rowe VK.  1966.  Toxicological hazards and properties of commonly used 
space, structural and certain other fumigants.  Pest Control 34:13-18, 42-50. 
 
*Torkelson TR, Oyen F, McCollister DD, et al.  1958.  Toxicity of 1,1,1-trichloroethane as determined on 
laboratory animals and human subjects.  Am Ind Hyg Assoc J 19:353-362. 
 
*Traiger GJ, Plaa GL.  1974.  Chlorinated hydrocarbon toxicity:  Potentiation by isopropyl alcohol and 
acetone.  Arch Environ Health 28:276-278. 
 
*Travers H.  1974.  Death from 1,1,1-trichloroethane abuse:  Case report.  Milit Med 139:889-890. 
 
Travis CC, Hattemer-Frey HA, Arms AD.  1988.  Relationships between dietary intake of organic 
chemicals and their concentrations in human adipose tissue and breast milk.  Arch Environ Contam 
Toxicol 17:473-478. 
 
TRI90.  1992.  Toxic Chemical Release Inventory.  National Library of Medicine, National Toxicology 
Information Program, Bethesda, MD. 
 
TRI92.  1994.  Toxic Chemical Release Inventory.  National Library of Medicine, National Toxicology 
Information Program, Bethesda, MD. 
 
*TRI02.  2004.  TRI explorer:  Providing access to EPA’s toxics release inventory data.  Washington, 
DC:  Office of Information Analysis and Access.  Office of Environmental Information.  U.S. 
Environmental Protection Agency.  Toxics Release Inventory.  http://www.epa.gov/triexplorer/.  June 12, 
2004. 
 
*Trocha PJ, Samimi BS.  1993.  Analysis of volatile chemicals in the workplace by Fourier transform 
infrared spectroscopy.  Appl Occup Environ Hyg 8:571-579. 
 
*Trochimowicz HJ, Reinhardt CF, Mullin LS, et al.  1974.  Cardiac sensitization studies in dogs with 
myocardial infarctions.  Proceedings of the Annual Conference of Environmental Toxicology 5:135-144.   
 
*Troutman WG.  1988.  Additional deaths associated with the intentional inhalation of typewriter 
correction fluid.  Vet Hum Toxicol 30:130-132. 
 
*Trueman RW.  1981.  Activity of 42 coded compounds in the Salmonella reverse mutation test.  Prog 
Mutat Res 1:343-350. 
 
*Truffert L, Girard-Wallon C, Emmerich E, et al.  1977.  Early experimental demonstration of the 
hepatotoxicity of some chlorinated solvents by the study of the synthesis of hepatic DNA.  Arch Mal Prof 
38:261-263. 
 



1,1,1-TRICHLOROETHANE  322 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

Truong KN, Blackburn JW.  1984.  The stripping of organic chemicals in biological treatment processes.  
Environ Prog 3:143-152. 
 
*Tse G, Orbey H, Sandler SI.  1992.  Infinite dilution activity coefficients and Henry's law coefficients of 
some priority water pollutants determined by a relative gas chromatographic method.  Environ Sci 
Technol 26:2017-2022. 
 
Tse SYH, Mak IT, Weglicki WB, et al.  1988.  Chlorinated hydrocarbons enhance lipid peroxidation in 
cultured endothelial cells and smooth muscle cells.  J Mol Cell Cardiol 20(Suppl 3):S36. 
 
Tse SYH, Mak IT, Weglicki WB, et al.  1990.  Chlorinated aliphatic hydrocarbons promote lipid 
peroxidation in vascular cells.  J Toxicol Environ Health 31:217-226. 
 
*Tsuchimoto T, Matter BE.  1981.  Activity of coded compounds in the micronucleus test.  Prog Mutat 
Res 1:705-711. 
 
*Tsuruta H.  1975.  Percutaneous absorption of organic solvents.  I.  Comparative study of the in vivo 
percutaneous absorption of chlorinated solvents in mice.  Ind Health 13:227-236. 
 
*Tu AS, Murray TA, Hatch KM, et al.  1985.  In vitro transformation of BALB/c-3T3 cells by chlorinated 
ethanes and ethylenes.  Cancer Lett 28:85-92. 
 
*Turina MP, Colacci A, Grilli S, et al.  1986.  Short-term tests of genotoxicity for 1,1,1-trichloroethane.  
Res Commun Chem Pathol Pharmacol 52:305-320. 
 
*Tweats DJ.  1981.  Activity of 42 coded compounds in a differential killing test using Escherichia coli 
strains WP2, WP67 (uvrA polA), and CM871 (uvrA lexA recA).  Prog Mutat Res 1:199-209. 
 
Tyson CA, Gee SJ, Hawk-Prather K, et al.  1989.  Correlation between in vivo and in vitro toxicity of 
some chlorinated aliphatics.  Toxicol In Vitro 3:145-150. 
 
*Tyson CA, Hawk-Prather K, Story DL, et al.  1983.  Correlations of in vitro and in vivo hepatotoxicity 
for five haloalkanes.  Toxicol Appl Pharmacol 70:289-302. 
 
Tyson CA, Mitoma C, Kalivoda J.  1980.  Evaluation of hepatocytes isolated by a nonperfusion technique 
in a prescreen for cytotoxicity.  J Toxicol Environ Health 6:197-205. 
 
*UDH.  1989.  Written communication (July 20) regarding Utah state groundwater quality standards for 
1,1,1-trichloroethane.  Salt Lake City, UT:  State of Utah Department of Health, Division of 
Environmental Health.   
 
*Uhler AAD, Diachenko GW.  1987.  Volatile halocarbon compounds in process water and processed 
foods.  Bull Environ Contam Toxicol 39:601-607. 
 
*USAF.  1990.  Development and validation of methods for applying pharmacokinetic data in risk 
assessment.  Volume 1:  Executive summary/introduction.  U.S. Air Force.  Wright-Patterson Air Force 
Base, Ohio:  Harry G. Armstrong Aerospace Medical Research Laboratory.  ADA2373652. 
 
USITC.  1986a.  Synthetic organic chemicals:  United States production and sales, 1985.  USITC 
Publication 1892.  Washington, DC:  U.S. International Trade Commission. 



1,1,1-TRICHLOROETHANE  323 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

 
USITC.  1986b.  Synthetic organic chemicals:  United States production and sales, 1986.  USITC 
Publication 2009.  Washington, DC:  U.S. International Trade Commission. 
 
USITC.  1987.  Synthetic organic chemicals:  United States production and sales, 1987.  USITC 
Publication 2118.  Washington, DC:  U.S. International Trade Commission. 
 
USITC.  1989.  Synthetic organic chemicals:  United States production and sales, 1988.  USITC 
Publication 2119.  Washington, DC:  U.S. International Trade Commission, 15-7. 
 
USITC.  1990.  Synthetic organic chemicals:  United States production and sales, 1989.  USITC 
Publication 2338.  Washington, DC:  U.S. International Trade Commission, 15-7. 
 
Ustyugova NV, Ostrovskii YV, Belozerov IM, et al.  1987.  Hydrolysis of methylchloroform during 
recovery at activated carbon AR-A.  Journal of Applied Chemistry USSR 60:2327-2330. 
 
*Vainio HM, Parkki G, Marniemi J.  1976.  Effects of aliphatic chlorohydrocarbons on drug-metabolizing 
enzymes in rat liver in vitro.  Xenobiotica 6:599- 604. 
 
Van Dyke RA.  1977.  Dechlorination mechanisms of chlorinated olefins.  Environ Health Perspect 
21:121-124. 
 
Van Dyke RA, Rikans LE.  1970.  Effect of the volatile anesthetics on aniline hydroxylase and 
aminopyrine demethylase.  Biochem Pharmacol 19:1501- 1502. 
 
*Van Dyke RA, Wineman CG.  1971.  Enzymatic dechlorination:  Dechlorination of chloroethanes and 
propanes in vitro.  Biochem Pharmacol 20:463-470. 
 
*Vancil MA, Parrish CR, Palazzolo MA.  1991.  Emissions of metals and organic from municipal 
wastewater sludge incinerators.  Cincinnati, OH:  U.S. Environmental Protection Agency  
 
Vandemeent D, Denhollander HA, Pool WG, et al.  1986.  Organic micropollutants in Dutch coastal 
waters.  Water Science and Technology 18:73-81. 
 
*Vanlaethem-Meuree N, Wisemberg J, et al.  1979.  Ultraviolet absorption spectrum of methylchloroform 
in the vapor phase.  Geophys Res Lett 6:451-454. 
 
*Vargas C, Ahlert RC.  1987.  Anaerobic degradation of chlorinated solvents.  J Water Pollut Control Fed 
59:964-968. 
 
*Varma MM.  1985.  A case study of Moyer landfilled site, Collegeville, PA.  Proceedings of the 
Pennsylvania Academy of Science 59:67-73. 
 
*Vegella T.  1979.  Mining health hazard evaluation:  HHE 79-101-105.  Weld Shop.  Cincinnati, OH:  
U.S. Department of Health and Human Services, Public Health Service, Centers for Disease Control, 
National Institute for Occupational Safety and Health.  PB80149628. 
 
*Venitt S, Crofton-Sleigh C.  1981.  Mutagenicity of 42 coded compounds in a bacterial assay using 
Escherichia coli and Salmonella typhimurium.  Prog Mutat Res 1:351-360. 
 



1,1,1-TRICHLOROETHANE  324 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

Venkataramani ES, Ahlert RC, Corbo P.  1984.  Biological treatment of landfill leachates.  CRC Critical 
Reviews in Environmental Controls 14:333-376. 
 
Verkoelen PJHD, Nielen MWF.  1988.  Short-term sample loss and sample uptake by Tenax adsorption 
tubes.  HRC CC J High Resolut Chromatogr Chromatogr Commun 11:291-293. 
 
Verschuuren HG, De Rooij CG.  1990.  Health risk assessment of environmental exposure to 1,1,1-tri-
chloroethane.  Regul Toxicol Pharmacol 11:90-99. 
 
Verschuuren HG, Wilmer JW.  1990.  Effects of low-dose inhalation of three chlorinated aliphatic organic 
solvents on deoxyribonucleic acid in gerbil brain.  Scand J Work Environ Health 16:144-145. 
 
Verschuuren HG, Wilmer JW.  1990.  Neurotoxicity of 1,1,1-trichloroethane questioned.  Scand J Work 
Environ Health 16:144-146. 
 
*VIAR.  1987.  Contract Laboratory Program Statistical Database.  April 13, 1987. 
 
*Vieira I, Sonnier M, Cresteil T.  1996.  Developmental expression of CYP2E1 in the human liver:  
Hypermethylation control of gene expression during the neonatal period.  Eur J Biochem 238:476-483.   
 
*Viola A, Sigon M, Pittoni G, et al.  1981.  Serum enzyme activities and histological changes after 
percutaneous application of methylchloroform.  Med Lav 72:410-415. 
 
*Vogel EW, Nivard MJM.  1993.  Performance of 181 chemicals in a Drosophila assay predominantly 
monitoring interchromosomal mitotic recombination.  Mutagenesis 8:57-81.  
 
*Vogel TM, McCarty PL.  1987.  Abiotic and biotic transformations of 1,1,1-trichloroethane under 
methanogenic conditions.  Environ Sci Technol 21:1208-1213. 
 
Vogel TM, Criddle CS, McCarty PL.  1987.  Transformations of halogenated aliphatic compounds.  
Environ Sci Technol 21:722-736. 
 
*Wahlberg JE.  1984a.  [Edema-inducing effects of solvents following topical administration.]  Derm 
Beruf Umwelt 32:91-94.  (German)   
 
*Wahlberg JE.  1984b.  Erythema-inducing effects of solvents following epicutaneous administration to 
man - studied by laser Doppler flowmetry.  Scand J Work Environ Health 10:159-162.   
 
*Wahlberg JE, Boman A.  1979.  Comparative percutaneous toxicity of ten industrial solvents in the 
guinea pig.  Scand J Work Environ Health 5:345-351.   
 
*Wakeham SG, Davis AC, Karas JL.  1983b.  Mesocosm experiments to determine the fate and 
persistence of volatile organic compounds in coastal seawater.  Environ Sci Technol 17:611-617. 
 
*Wakeham SG, Goodwin JT, Davis AC.  1983a.  Distributions and fate of volatile organic compounds in 
Narragansett Bay, RI.  Can J Fish Aquat Sci 40:304-321. 
 
*Walker BL, Cooper CD.  1992.  Air pollution factors for medical waste incinerators.  J Air Waste 
Manage Assoc 42:784-791. 
 



1,1,1-TRICHLOROETHANE  325 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

*Wallace LA.  1986.  Personal exposures, indoor and outdoor air concentrations and exhaled breath 
concentrations of selected volatile organic compounds measured for 600 residents of New Jersey, North 
Dakota, North Carolina and California.  Toxicol Environ Chem 12:215-236. 
 
*Wallace LA.  1987.  Exhaled breath as an indicator of recent exposure to volatile organic compounds.  
Proceedings of the Air Pollution Control Association Annual Meeting 80:16. 
 
*Wallace LA, Hartwell TD, Perritt K, et al.  1987d.  The influence of personal activities on exposure to 
volatile organic compounds.  In:  Proceedings of the 4th International Conference:  Indoor Air Quality 
and Climate, Germany.  Research Triangle Park, NC:  U.S. Environmental Protection Agency, 2-181 to 2-
185. 
 
*Wallace LA, Jungers R, Sheldon L, et al.  1987c.  Volatile organic chemicals in 10 public-access 
buildings.  Washington, DC:  U.S. Environmental Protection Agency.  EPA60038152. 
 
*Wallace LA, Nelson W, Ziegenfus R, et al.  1991.  The Los Angeles team study:  personal exposures, 
indoor-outdoor air concentrations, and breath concentrations of 25 volatile organic compounds.  J Exp 
Anal Environ Epidemiol 1:157-172.   
 
*Wallace LA, Pellizzari E, Hartwell T, et al.  1984a.  Personal exposure to volatile organic compounds.  I.  
Direct measurements in breathing-zone air, drinking water, food, and exhaled breath.  Environ Res 
35:293-319. 
 
*Wallace LA, Pellizzari E, Hartwell T, et al.  1984b.  Analyses of exhaled breath of 355 urban residents 
for volatile organic compounds.  Indoor Air:  Chemical Characterization and Personal Exposure 4:15-20. 
 
*Wallace LA, Pellizzari E, Hartwell T, et al.  1986c.  Concentrations of 20 volatile organic compounds in 
the air and drinking water of 350 residents of New Jersey compared with concentrations in their exhaled 
breath.  J Occup Med 28:603-608. 
 
*Wallace LA, Pellizzari E, Hartwell T, et al.  1987a.  The TEAM study:  Personal exposures to toxic 
substances in air, drinking water, and breath of 400 residents of New Jersey, North Carolina, and North 
Dakota.  Environ Res 43:290-307. 
 
*Wallace LA, Pellizzari E, Hartwell TD, et al.  1985.  Personal exposures, indoor-outdoor relationships, 
and breath levels of toxic air pollutants measured for 335 persons in New Jersey.  Atmos Environ 
19:1651-1661. 
 
*Wallace LA, Pellizzari E, Leaderer B, et al.  1987b.  Emissions of volatile organic compounds for 
building materials and consumer products.  Atmos Environ 21:385-395. 
 
*Wallace LA, Pellizzari E, Sheldon L, et al.  1986a.  The total exposure assessment methodology 
(TEAM) study:  Direct measurement of personal exposures through air and water for 600 residents of 
several U.S. cities.  In:  Cohen Y, ed.  Pollutants in a multimedia environment.  New York, NY:  Plenum 
Press, 289-315. 
 
*Wallace LA, Pellizzari ED, Hartwell TD, et al.  1986b.  Total exposure assessment methodology 
(TEAM) study:  Personal exposures, indoor-outdoor relationships, and breath levels in volatile organic 
compounds in New Jersey.  Environ Int 12:369-387. 
 



1,1,1-TRICHLOROETHANE  326 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

*Wallace LA, Pellizzari ED, Hartwell TD, et al.  1988.  The California team study breath concentrations 
and personal exposures to 26 volatile compounds in air and drinking water of 188 residents of Los 
Angeles, Antioch, and Pittsburg, California, USA.  In:  Proceedings of Human Exposure Assessment. 
 
*Wallace LA, Pellizzari ED, Hartwell TD, et al.  1989.  The influence of personal activities on exposure 
to volatile organic compounds.  Environ Res 50:37-55. 
 
*Wallace LA, Zweidinger R, Erickson M, et al.  1982.  Monitoring individual exposure:  Measurements 
of volatile organic compounds in breathing-zone air, drinking water and exhaled breath.  Environ Int 
8:269-282. 
 
*Walsh JJ, Conrad ET, Stubing HD, et al.  1988.  Control of volatile organic compound emissions at a 
landfill site in New York:  A community perspective. Waste Manage Res 6:23-34. 
 
Walter PA, Craigmill A, Villaume J, et al. 1976.  Chlorinated hydrocarbon toxicity (1,1,1-trichloroethane, 
trichloroethylene and tetrachloroethylene):  A monograph.  Bethesda, MD:  Consumer Product Safety 
Commission, Bureau of Biomedical Science.  PB257185. 
 
Walum E.  1998.  Acute oral toxicity.  Environ Health Perspect 106:497-503.  
 
*Wang R-S, Nakajima T, Tsuruta H, et al.  1996.  Effect of exposure to four organic solvents on hepatic 
cytochrome P450 isozymes in rat.  Chem Biol Interact 99:239-252. 
 
Warner JR, Hughes TJ, Claxton LD.  1988.  Mutagenicity of 16 volatile organic chemicals in a 
vaporization technique with Salmonella typhimurium TA100.  Environ Mol Mutagen 11(Suppl 11):111-
112. 
 
*Warren DA, Reigle TG, Dallas CE.  1997.  Effect of single versus repeated exposure to 1,1,1-
trichloroethane on rat operant behavior.  Int J Toxicol 16:585-598. 
 
*Warren DA, Reigle TG, Muralidhara S, et al.  1998.  Schedule-controlled operant behavior of rats during 
1,1,1-trichloroethane inhalation:  Relationship to blood and brain solvent concentrations.  Neurotoxicol 
Teratol 20:143-153.  
 
Watanabe Y.  1983.  [Studies on biological effects of hydrocarbons.  III.  Chlorinated hydrocarbons.]  
Kanagawa-ken Taiki Osen Chosa Kenkyu Hokoku 25:146-152.  (Japanese) 
 
Watson RT, Machado G, Fischer S, et al.  1977.  A temperature dependent kinetics study of the reaction 
of OH with CH2CLF, CHCL2F, CHCLF2, CH3CCL3, CH3CF2CL, and CF2CLCFCL2.  J Phys Chem 
81:256-262. 
 
*Weast RC, ed.  1988.  CRC handbook of chemistry and physics.  69th ed.  Boca Raton, FL:  CRC Press, 
Inc., C-266. 
 
Weidner J.  1985.  Exploration and disposal of halogenated hydrocarbon contamination of groundwater.  
Water Supply 3:165-172. 
 
*West JR, Smith HW, Chasis H.  1948.  Glomerular filtration rate, effective renal blood flow, and 
maximal tubular excretory capacity in infancy.  J Pediatr 32:10-18.   
 



1,1,1-TRICHLOROETHANE  327 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

Westerberg E, Larsson L.  1982.  Use of automated head-space gas chromatography for determination of 
1,1,1-trichloroethane in rat blood and brain tissue.  Int J Environ Anal Chem 12:3-4. 
 
*Westrick JJ, Mello JW, Thomas RF.  1984.  The groundwater supply survey.  J Am Water Works Assoc 
76:52-59. 
 
Whim BP.  1982.  Halogenated solvents in industry control of solvent exposures.  In:  Collings AJ, Luxon 
SG, eds.  Safe Use of Solvents.  London, UK:  Academic Press, Inc., 239-250. 
 
*Whitehead LW, Ball GL, Fine LJ, et al.  1984.  Solvent vapor exposures in both spray painting and 
spray gluing, and associated operations.  Am Ind Hyg Assoc J 45:767-772. 
 
*Whittaker SG, Zimmermann FK, Dicus B, et al.  1990.  Detection of induced mitotic chromosome loss 
in Saccharomyces cerevisiae an interlaboratory assessment of 12 chemicals.  Mutat Res 241:225-242. 
 
*WHO.  1992.  Environmental health criteria 136:  1,1,1-trichloroethane.  Geneva, Switzerland:  World 
Health Organization, International programme on chemical safety.  
http://www.inchem.org/documents/ehc/ehc/ehc136.htm.  July 09, 2002. 
 
*WHO.  1996.  1,1,1-Trichloroethane.  Guidelines for drinking-water quality.  Volume 2.  Health criteria 
and other supporting information.  Geneva, Switzerland:  World Health Organization.  
http://www.who.int/water_sanitation_health/dwq/en/2edvol2p2c.pdf.  June 06, 2004. 
 
*Widdowson EM, Dickerson JWT.  1964.  Chemical composition of the body.  In:  Comar CL, Bronner 
F, eds.  Mineral metabolism:  An advanced treatise.  Volume II:  The elements Part A.  New York:  
Academic Press. 
 
Wilcosky TC, Simonsen NR.  1991.  Solvent exposure and cardiovascular disease.  Am J Ind Med 
19:569-586. 
 
*Wiley JL, Fagalde RE, Buhler K, et al.  2002.  Evaluation of 1,1,1-trichloroethane and flurothyl 
locomotor effects following diazepam treatment in mice.  Pharmacol Biochem Behav 71:163-169.  
 
*Williams GM, Mori H, McQueen CA.  1989.  Structure-activity relationships in the rat hepatocyte 
DNA-repair test for 300 chemicals.  Mutat Res 221:263-286. 
 
Wilmer JW, Reitz RH, Gilbert JR, et al.  1993.  1,1,1-Trichloroethane:  determination of solvent 
concentrations in rat brain following inhalation exposure.  Neurotoxicology 14:547. 
 
*Wilson BH, Pogue DW.  1987.  Biological removal of trichloroethylene from contaminated ground 
water.  Presented before the Division of Environmental Chemistry, American Chemical Society, New 
Orleans, LA, Aug. 30:Sept. 4, 1987.  Preprint Extended Abstract 194:628-631. 
 
Wilson HK, Ottley TW.  1981.  The use of a transportable mass spectrometer for the direct measurement 
of industrial solvents in breath.  Biomed Mass Spectrom 8:606-610. 
 
*Wilson JT, McNabb JF, Wilson RH, et al.  1983.  Biotransformation of selected organic pollutants in 
ground water.  Dev Ind Microbiol 24:225-233. 
 



1,1,1-TRICHLOROETHANE  328 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

*Wilson SC, Burnett V, Waterhouse KS, et al.  1994.  Volatile organic compounds in digested United 
Kingdom sewage sludges.  Environ Sci Technol 28:259-266. 
 
*Windham GC, Shusterman D, Swan SH, et al.  1991.  Exposure to organic solvents and adverse 
pregnancy outcome.  Am J Ind Med 20:241-259. 
 
*Winek CL, Wahba WW, Huston R, et al.  1997.  Fatal inhalation of 1,1,1-trichloroethane.  Forensic Sci 
Int 87:161-165. 
 
Wing MR.  1997.  Apparent first-order kinetics in the transformation of 1,1,1-trichloroethane in 
groundwater following a transient release.  Chemosphere 34:771-781.  
 
Wise MG, Fisher JG, de la Pena AM.  1983.  Trichloroethane (TCE) and central sleep apnea:  A case 
study.  J Toxicol Environ Health 11:101-104. 
 
Witmer C, Cooper KR, Jowa L, et al.  1990.  Oral toxicity of trans-1,2-dichloroethylene (DCE) and 
1,1,1-trichloroethane (TCE) given alone and in combination to rats.  In:  Proceedings of the 29th Society 
of Toxicology Annual Meeting, Miami Beach, FL, February 12-16, 1990.  Washington DC:  Society of 
Toxicology, 203. 
 
*Wodka RM, Jeong EWS.  1991.  Myocardial injury following the intentional inhalation of typewriter 
correction fluid.  Military Med 156:204-205. 
 
*Wofsy SC, Fan SM, Blake DR, et al.  1994.  Factors influencing atmospheric composition over subarctic 
North America during summer.  J Geophys Res (Atmos) 99(D1):1887-1897. 
 
*Wolf K, Chesnutt TW.  1987.  Chlorinated solvents:  Market interactions and regulation.  J Haz Mater 
15:137-161. 
 
*Wood JA, Porter ML.  1987.  Hazardous pollutants in Class II landfills.  J Air Pollut Control Assoc 
37:609-615. 
 
*Wood PR, Lang RF, Payan IL.  1985.  Anaerobic transformation, transport and removal of volatile 
chlorinated organics in ground water.  In:  Ward CH, Giger W, McCarty PL, eds.  Ground Water Quality.  
New York, NY:  John Wiley and Sons, Inc., 493-511. 
 
*Woolverton WL, Balster RL.  1981.  Behavioral and lethal effects of combinations of oral ethanol and 
inhaled 1,1,1-trichloroethane in mice.  Toxicol Appl Pharmacol 59:1-7. 
 
Woolverton WL, Hassoun JK, Schuster CR.  1982.  Conditioned flavor avoidance in rats induced by 
inhalation of 1,1,1-trichloroethane.  Fed Proc 41:7661. 
 
Woolverton WL, Pross RS, Balster RL.  1980.  Interactions between ethanol and inhaled 1,1,1-trichloro-
ethane in mice.  Fed Proc 39(3):519. 
 
*Wrensch M, Swan S, Lipscomb J, et al.  1990b.  Pregnancy outcomes in women potentially exposed to 
solvent-contaminated drinking water in San Jose, CA.  Am J Epidemiol 131:283-300. 
 



1,1,1-TRICHLOROETHANE  329 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

*Wrensch M, Swan S, Murphy PJ, et al.  1990a.  Hydrogeologic assessment of exposure to solvent-
contaminated drinking water:  Pregnancy outcomes in relation to exposure.  Arch Environ Health 45:210-
216. 
 
*Wright MF, Strobl DJ.  1984.  1,1,1-Trichloroethane cardiac toxicity:  Report of a case.  J Am Osteopath 
Assoc 84:285-288. 
 
Wright PFA, Schlichting LM, Stacey NH.  1994.  Effects of chlorinated solvents on the natural 
lymphocytotoxic activities of human liver immune cells.  Toxicol in Vitro 8:1037-1039.  
 
*WSDHS.  1989.  Written communication (June 8) regarding Wisconsin groundwater quality standards 
for 1,1,1-trichloroethane.  Madison, WI:  State of Wisconsin Department of Health and Social Services, 
Division of Health. 
 
*Xia L, Yu T.  1992.  Study of the relationship between hepatotoxicity and free radical induced by 1,1,2-
trichloroethane and 1,1,1-trichloroethane in rat.  Biomed Environ Sci 5:303-313.   
 
*Xiao H, Levine SP.  1993.  Application of computerized differentiation technique to remote-sensing 
Fourier transform infrared spectrometry for analysis of toxic vapors.  Anal Chem 65:2262-2269. 
 
*Yao CCD, Haag WR.  1991.  Rate constants for direct reactions of ozone with several drinking water 
contaminants. Water Res 25:761-774. 
 
*York RG, Sowry BM, Hastings L, et al.  1982.  Evaluation of teratogenicity and neurotoxicity with 
maternal inhalation exposure to methyl chloroform.  J Toxicol Environ Health 9:251-266. 
 
*You L, Dallas CE.  2000.  Effects of inhaled 1,1,1-trichloroethane on the regional brain cyclic GMP 
levels in mice and rats.  J Toxicol Environ Health A 60:331-341. 
 
*You L, Muralidhara S, Dallas CE.  1994.  Comparisons between operant response and 1,1,1-
trichloroethane toxicokinetics in mouse blood and brain.  Toxicology 93:151-163.  
 
*Young DR.  1978.  Priority pollutants in municipal wastewaters.  Annual Report.  South California 
Coastal Water Project, 103-112. 
 
*Young DR, Gossett RW, Baird RB, et al.  1983.  Wastewater inputs and marine bioaccumulation of 
priority pollutant organics off Southern California.  In:  Jolley RL, ed.  Water chlorination:  
Environmental impact health effects, Volume 4:  Proceedings of the Forth Conference on Water 
Clorination-Environmental Impact and Health Effects, Pacific Grove, California, October 18-23, 1981.  
Ann Arbor, MI:  Ann Arbor Science, 871-884. 
 
Young P, Parker A.  1984.  Vapors, odors, and toxic gases from landfills.  American Society for Testing 
and Materials Special Technical Publication 851, 24-41. 
 
*Zaki MH.  1986.  Groundwater contamination with synthetic organic compounds and pesticides in 
Suffolk County.  Northeastern Environmental Science 5:15-22. 
 
Zarchy TM.  1996.  Chlorinated hydrocarbon solvents and biliary-pancreatic cancer:  Report of three 
cases.  Am J Ind Med 30:341-342.  
 



1,1,1-TRICHLOROETHANE  330 
 

9.  REFERENCES 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

*Ziegler EE, Edwards BB, Jensen RL, et al.  1978.  Absorption and retention of lead by infants.  Pediatr 
Res 12:29-34. 
 
*Zimmermann FK, Scheel I.  1981.  Induction of mitotic gene conversion in strain D7 of Saccharomyces 
cerevisiae by 42 coded chemicals.  Prog Mutat Res 1:481-490. 
 
Zoeteman BCJ, DeGreef E, Brinkman FJJ.  1981.  Persistence of organic contaminants in ground water:  
Lessons from soil pollution incidents in the Netherlands.  Sci Total Environ 21:187-202. 
 
Zoeteman BCJ, Harmsen K, Linders JBHJ, et al.  1980.  Persistent organic pollutants in river water and 
ground water of the Netherlands.  Chemosphere 9:231-249. 
 
*Zweidinger R, Erickson M, Cooper S, et al.  1983.  Direct measurement of volatile organic compounds 
in breathing-zone air, drinking water, breath, blood and urine.  Washington, DC:  U.S. Environmental 
Protection Agency.  EPA600482015. 
 



1,1,1-TRICHLOROETHANE  331 
 
 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

10.  GLOSSARY 
 
Absorption—The taking up of liquids by solids, or of gases by solids or liquids. 
 
Acute Exposure—Exposure to a chemical for a duration of 14 days or less, as specified in the 
Toxicological Profiles. 
 
Adsorption—The adhesion in an extremely thin layer of molecules (as of gases, solutes, or liquids) to the 
surfaces of solid bodies or liquids with which they are in contact. 
 
Adsorption Coefficient (Koc)—The ratio of the amount of a chemical adsorbed per unit weight of 
organic carbon in the soil or sediment to the concentration of the chemical in solution at equilibrium. 
 
Adsorption Ratio (Kd)—The amount of a chemical adsorbed by sediment or soil (i.e., the solid phase) 
divided by the amount of chemical in the solution phase, which is in equilibrium with the solid phase, at a 
fixed solid/solution ratio.  It is generally expressed in micrograms of chemical sorbed per gram of soil or 
sediment. 
 
Benchmark Dose (BMD)—Usually defined as the lower confidence limit on the dose that produces a 
specified magnitude of changes in a specified adverse response.  For example, a BMD10 would be the 
dose at the 95% lower confidence limit on a 10% response, and the benchmark response (BMR) would be 
10%.  The BMD is determined by modeling the dose response curve in the region of the dose response 
relationship where biologically observable data are feasible.    
 
Benchmark Dose Model—A statistical dose-response model applied to either experimental toxicological 
or epidemiological data to calculate a BMD. 
 
Bioconcentration Factor (BCF)—The quotient of the concentration of a chemical in aquatic organisms 
at a specific time or during a discrete time period of exposure divided by the concentration in the 
surrounding water at the same time or during the same period. 
 
Biomarkers—Broadly defined as indicators signaling events in biologic systems or samples.  They have 
been classified as markers of exposure, markers of effect, and markers of susceptibility. 
 
Cancer Effect Level (CEL)—The lowest dose of chemical in a study, or group of studies, that produces 
significant increases in the incidence of cancer (or tumors) between the exposed population and its 
appropriate control. 
 
Carcinogen—A chemical capable of inducing cancer. 
 
Case-Control Study—A type of epidemiological study that examines the relationship between a 
particular outcome (disease or condition) and a variety of potential causative agents (such as toxic 
chemicals).  In a case-controlled study, a group of people with a specified and well-defined outcome is 
identified and compared to a similar group of people without outcome. 
 
Case Report—Describes a single individual with a particular disease or exposure.  These may suggest 
some potential topics for scientific research, but are not actual research studies. 
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Case Series—Describes the experience of a small number of individuals with the same disease or 
exposure.  These may suggest potential topics for scientific research, but are not actual research studies. 
 
Ceiling Value—A concentration of a substance that should not be exceeded, even instantaneously. 
 
Chronic Exposure—Exposure to a chemical for 365 days or more, as specified in the Toxicological 
Profiles. 
 
Cohort Study—A type of epidemiological study of a specific group or groups of people who have had a 
common insult (e.g., exposure to an agent suspected of causing disease or a common disease) and are 
followed forward from exposure to outcome.  At least one exposed group is compared to one unexposed 
group. 
 
Cross-sectional Study—A type of epidemiological study of a group or groups of people that examines 
the relationship between exposure and outcome to a chemical or to chemicals at one point in time. 
 
Data Needs—Substance-specific informational needs that if met would reduce the uncertainties of human 
health assessment. 
 
Developmental Toxicity—The occurrence of adverse effects on the developing organism that may result 
from exposure to a chemical prior to conception (either parent), during prenatal development, or 
postnatally to the time of sexual maturation.  Adverse developmental effects may be detected at any point 
in the life span of the organism. 
 
Dose-Response Relationship—The quantitative relationship between the amount of exposure to a 
toxicant and the incidence of the adverse effects. 
 
Embryotoxicity and Fetotoxicity—Any toxic effect on the conceptus as a result of prenatal exposure to 
a chemical; the distinguishing feature between the two terms is the stage of development during which the 
insult occurs.  The terms, as used here, include malformations and variations, altered growth, and in utero 
death. 
 
Environmental Protection Agency (EPA) Health Advisory—An estimate of acceptable drinking water 
levels for a chemical substance based on health effects information.  A health advisory is not a legally 
enforceable federal standard, but serves as technical guidance to assist federal, state, and local officials. 
 
Epidemiology—Refers to the investigation of factors that determine the frequency and distribution of 
disease or other health-related conditions within a defined human population during a specified period.   
 
Genotoxicity—A specific adverse effect on the genome of living cells that, upon the duplication of 
affected cells, can be expressed as a mutagenic, clastogenic, or carcinogenic event because of specific 
alteration of the molecular structure of the genome. 
 
Half-life—A measure of rate for the time required to eliminate one half of a quantity of a chemical from 
the body or environmental media. 
 
Immediately Dangerous to Life or Health (IDLH)—The maximum environmental concentration of a 
contaminant from which one could escape within 30 minutes without any escape-impairing symptoms or 
irreversible health effects. 
 



1,1,1-TRICHLOROETHANE  333 
 

10.  GLOSSARY 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

Immunologic Toxicity—The occurrence of adverse effects on the immune system that may result from 
exposure to environmental agents such as chemicals. 
 
Immunological Effects—Functional changes in the immune response. 
 
Incidence—The ratio of individuals in a population who develop a specified condition to the total 
number of individuals in that population who could have developed that condition in a specified time 
period.  
 
Intermediate Exposure—Exposure to a chemical for a duration of 15–364 days, as specified in the 
Toxicological Profiles. 
 
In Vitro—Isolated from the living organism and artificially maintained, as in a test tube. 
 
In Vivo—Occurring within the living organism. 
 
Lethal Concentration(Lo) (LCLo)—The lowest concentration of a chemical in air that has been reported 
to have caused death in humans or animals. 
 
Lethal Concentration(50) (LC50)—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. 
 
Lethal Dose(Lo) (LDLo)—The lowest dose of a chemical introduced by a route other than inhalation that 
has been reported to have caused death in humans or animals. 
 
Lethal Dose(50) (LD50)—The dose of a chemical that has been calculated to cause death in 50% of a 
defined experimental animal population. 
 
Lethal Time(50) (LT50)—A calculated period of time within which a specific concentration of a 
chemical is expected to cause death in 50% of a defined experimental animal population. 
 
Lowest-Observed-Adverse-Effect Level (LOAEL)—The lowest exposure level of chemical in a study, 
or group of studies, that produces statistically or biologically significant increases in frequency or severity 
of adverse effects between the exposed population and its appropriate control. 
 
Lymphoreticular Effects—Represent morphological effects involving lymphatic tissues such as the 
lymph nodes, spleen, and thymus. 
 
Malformations—Permanent structural changes that may adversely affect survival, development, or 
function. 
 
Minimal Risk Level (MRL)—An estimate of daily human exposure to a hazardous substance that is 
likely to be without an appreciable risk of adverse noncancer health effects over a specified route and 
duration of exposure. 
 
Modifying Factor (MF)—A value (greater than zero) that is applied to the derivation of a Minimal Risk 
Level (MRL) to reflect additional concerns about the database that are not covered by the uncertainty 
factors.  The default value for a MF is 1. 
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Morbidity—State of being diseased; morbidity rate is the incidence or prevalence of disease in a specific 
population. 
 
Mortality—Death; mortality rate is a measure of the number of deaths in a population during a specified 
interval of time. 
 
Mutagen—A substance that causes mutations.  A mutation is a change in the DNA sequence of a cell’s 
DNA.  Mutations can lead to birth defects, miscarriages, or cancer. 
 
Necropsy—The gross examination of the organs and tissues of a dead body to determine the cause of 
death or pathological conditions. 
 
Neurotoxicity—The occurrence of adverse effects on the nervous system following exposure to a 
chemical. 
 
No-Observed-Adverse-Effect Level (NOAEL)—The dose of a chemical at which there were no 
statistically or biologically significant increases in frequency or severity of adverse effects seen between 
the exposed population and its appropriate control.  Effects may be produced at this dose, but they are not 
considered to be adverse. 
 
Octanol-Water Partition Coefficient (Kow)—The equilibrium ratio of the concentrations of a chemical 
in n-octanol and water, in dilute solution. 
 
Odds Ratio (OR)—A means of measuring the association between an exposure (such as toxic substances 
and a disease or condition) that represents the best estimate of relative risk (risk as a ratio of the incidence 
among subjects exposed to a particular risk factor divided by the incidence among subjects who were not 
exposed to the risk factor).  An OR of greater than 1 is considered to indicate greater risk of disease in the 
exposed group compared to the unexposed group. 
 
Organophosphate or Organophosphorus Compound—A phosphorus-containing organic compound 
and especially a pesticide that acts by inhibiting cholinesterase. 
 
Permissible Exposure Limit (PEL)—An Occupational Safety and Health Administration (OSHA) 
allowable exposure level in workplace air averaged over an 8-hour shift of a 40-hour workweek. 
 
Pesticide—General classification of chemicals specifically developed and produced for use in the control 
of agricultural and public health pests. 
 
Pharmacokinetics—The dynamic behavior of a material in the body, used to predict the fate 
(disposition) of an exogenous substance in an organism.  Utilizing computational techniques, it provides 
the means of studying the absorption, distribution, metabolism, and excretion of chemicals by the body. 
 
Pharmacokinetic Model—A set of equations that can be used to describe the time course of a parent 
chemical or metabolite in an animal system.  There are two types of pharmacokinetic models:  data-based 
and physiologically-based.  A data-based model divides the animal system into a series of compartments, 
which, in general, do not represent real, identifiable anatomic regions of the body, whereas the 
physiologically-based model compartments represent real anatomic regions of the body. 
 
Physiologically Based Pharmacodynamic (PBPD) Model—A type of physiologically based dose-
response model that quantitatively describes the relationship between target tissue dose and toxic end 
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points.  These models advance the importance of physiologically based models in that they clearly 
describe the biological effect (response) produced by the system following exposure to an exogenous 
substance.  
 
Physiologically Based Pharmacokinetic (PBPK) Model—Comprised of a series of compartments 
representing organs or tissue groups with realistic weights and blood flows.  These models require a 
variety of physiological information:  tissue volumes, blood flow rates to tissues, cardiac output, alveolar 
ventilation rates, and possibly membrane permeabilities.  The models also utilize biochemical 
information, such as air/blood partition coefficients, and metabolic parameters.  PBPK models are also 
called biologically based tissue dosimetry models. 
 
Prevalence—The number of cases of a disease or condition in a population at one point in time.  
 
Prospective Study—A type of cohort study in which the pertinent observations are made on events 
occurring after the start of the study.  A group is followed over time. 
 
q1*—The upper-bound estimate of the low-dose slope of the dose-response curve as determined by the 
multistage procedure.  The q1* can be used to calculate an estimate of carcinogenic potency, the 
incremental excess cancer risk per unit of exposure (usually µg/L for water, mg/kg/day for food, and 
µg/m3 for air). 
 
Recommended Exposure Limit (REL)—A National Institute for Occupational Safety and Health 
(NIOSH) time-weighted average (TWA) concentration for up to a 10-hour workday during a 40-hour 
workweek. 
 
Reference Concentration (RfC)—An estimate (with uncertainty spanning perhaps an order of 
magnitude) of a continuous inhalation exposure to the human population (including sensitive subgroups) 
that is likely to be without an appreciable risk of deleterious noncancer health effects during a lifetime.  
The inhalation reference concentration is for continuous inhalation exposures and is appropriately 
expressed in units of mg/m3 or ppm. 
 
Reference Dose (RfD)—An estimate (with uncertainty spanning perhaps an order of magnitude) of the 
daily exposure of the human population to a potential hazard that is likely to be without risk of deleterious 
effects during a lifetime.  The RfD is operationally derived from the no-observed-adverse-effect level 
(NOAEL, from animal and human studies) by a consistent application of uncertainty factors that reflect 
various types of data used to estimate RfDs and an additional modifying factor, which is based on a 
professional judgment of the entire database on the chemical.  The RfDs are not applicable to 
nonthreshold effects such as cancer. 
 
Reportable Quantity (RQ)—The quantity of a hazardous substance that is considered reportable under 
the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA).  Reportable 
quantities are (1) 1 pound or greater or (2) for selected substances, an amount established by regulation 
either under CERCLA or under Section 311 of the Clean Water Act.  Quantities are measured over a 
24-hour period. 
 
Reproductive Toxicity—The occurrence of adverse effects on the reproductive system that may result 
from exposure to a chemical.  The toxicity may be directed to the reproductive organs and/or the related 
endocrine system.  The manifestation of such toxicity may be noted as alterations in sexual behavior, 
fertility, pregnancy outcomes, or modifications in other functions that are dependent on the integrity of 
this system. 
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Retrospective Study—A type of cohort study based on a group of persons known to have been exposed 
at some time in the past.  Data are collected from routinely recorded events, up to the time the study is 
undertaken.  Retrospective studies are limited to causal factors that can be ascertained from existing 
records and/or examining survivors of the cohort. 
 
Risk—The possibility or chance that some adverse effect will result from a given exposure to a chemical. 
 
Risk Factor—An aspect of personal behavior or lifestyle, an environmental exposure, or an inborn or 
inherited characteristic that is associated with an increased occurrence of disease or other health-related 
event or condition. 
 
Risk Ratio—The ratio of the risk among persons with specific risk factors compared to the risk among 
persons without risk factors.  A risk ratio greater than 1 indicates greater risk of disease in the exposed 
group compared to the unexposed group. 
 
Short-Term Exposure Limit (STEL)—The American Conference of Governmental Industrial 
Hygienists (ACGIH) maximum concentration to which workers can be exposed for up to 15 minutes 
continually.  No more than four excursions are allowed per day, and there must be at least 60 minutes 
between exposure periods.  The daily Threshold Limit Value-Time Weighted Average (TLV-TWA) may 
not be exceeded. 
 
Standardized Mortality Ratio (SMR)—A ratio of the observed number of deaths and the expected 
number of deaths in a specific standard population. 
 
Target Organ Toxicity—This term covers a broad range of adverse effects on target organs or 
physiological systems (e.g., renal, cardiovascular) extending from those arising through a single limited 
exposure to those assumed over a lifetime of exposure to a chemical. 
 
Teratogen—A chemical that causes structural defects that affect the development of an organism. 
 
Threshold Limit Value (TLV)—An American Conference of Governmental Industrial Hygienists 
(ACGIH) concentration of a substance to which most workers can be exposed without adverse effect.  
The TLV may be expressed as a Time Weighted Average (TWA), as a Short-Term Exposure Limit 
(STEL), or as a ceiling limit (CL). 
 
Time-Weighted Average (TWA)—An allowable exposure concentration averaged over a normal 8-hour 
workday or 40-hour workweek. 
 
Toxic Dose(50) (TD50)—A calculated dose of a chemical, introduced by a route other than inhalation, 
which is expected to cause a specific toxic effect in 50% of a defined experimental animal population. 
 
Toxicokinetic—The absorption, distribution, and elimination of toxic compounds in the living organism. 
 
Uncertainty Factor (UF)—A factor used in operationally deriving the Minimal Risk Level (MRL) or 
Reference Dose (RfD) or Reference Concentration (RfC) from experimental data.  UFs are intended to 
account for (1) the variation in sensitivity among the members of the human population, (2) the 
uncertainty in extrapolating animal data to the case of human, (3) the uncertainty in extrapolating from 
data obtained in a study that is of less than lifetime exposure, and (4) the uncertainty in using lowest-
observed-adverse-effect level (LOAEL) data rather than no-observed-adverse-effect level (NOAEL) data.  
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A default for each individual UF is 10; if complete certainty in data exists, a value of 1 can be used; 
however, a reduced UF of 3 may be used on a case-by-case basis, 3 being the approximate logarithmic 
average of 10 and 1. 
 
Xenobiotic—Any chemical that is foreign to the biological system. 
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APPENDIX A.  ATSDR MINIMAL RISK LEVELS AND WORKSHEETS 
 

The Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) [42 U.S.C. 

9601 et seq.], as amended by the Superfund Amendments and Reauthorization Act (SARA) [Pub. L. 99–

499], requires that the Agency for Toxic Substances and Disease Registry (ATSDR) develop jointly with 

the U.S. Environmental Protection Agency (EPA), in order of priority, a list of hazardous substances most 

commonly found at facilities on the CERCLA National Priorities List (NPL); prepare toxicological 

profiles for each substance included on the priority list of hazardous substances; and assure the initiation 

of a research program to fill identified data needs associated with the substances. 

 

The toxicological profiles include an examination, summary, and interpretation of available toxicological 

information and epidemiologic evaluations of a hazardous substance.  During the development of 

toxicological profiles, Minimal Risk Levels (MRLs) are derived when reliable and sufficient data exist to 

identify the target organ(s) of effect or the most sensitive health effect(s) for a specific duration for a 

given route of exposure.  An MRL is an estimate of the daily human exposure to a hazardous substance 

that is likely to be without appreciable risk of adverse noncancer health effects over a specified duration 

of exposure.  MRLs are based on noncancer health effects only and are not based on a consideration of 

cancer effects.  These substance-specific estimates, which are intended to serve as screening levels, are 

used by ATSDR health assessors to identify contaminants and potential health effects that may be of 

concern at hazardous waste sites.  It is important to note that MRLs are not intended to define clean-up or 

action levels. 

 

MRLs are derived for hazardous substances using the no-observed-adverse-effect level/uncertainty factor 

approach.  They are below levels that might cause adverse health effects in the people most sensitive to 

such chemical-induced effects.  MRLs are derived for acute (1–14 days), intermediate (15–364 days), and 

chronic (365 days and longer) durations and for the oral and inhalation routes of exposure.  Currently, 

MRLs for the dermal route of exposure are not derived because ATSDR has not yet identified a method 

suitable for this route of exposure.  MRLs are generally based on the most sensitive chemical-induced end 

point considered to be of relevance to humans.  Serious health effects (such as irreparable damage to the 

liver or kidneys, or birth defects) are not used as a basis for establishing MRLs.  Exposure to a level 

above the MRL does not mean that adverse health effects will occur. 

 



1,1,1-TRICHLOROETHANE  A-2 
 

APPENDIX A 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

MRLs are intended only to serve as a screening tool to help public health professionals decide where to 

look more closely.  They may also be viewed as a mechanism to identify those hazardous waste sites that 

are not expected to cause adverse health effects.  Most MRLs contain a degree of uncertainty because of 

the lack of precise toxicological information on the people who might be most sensitive (e.g., infants, 

elderly, nutritionally or immunologically compromised) to the effects of hazardous substances.  ATSDR 

uses a conservative (i.e., protective) approach to address this uncertainty consistent with the public health 

principle of prevention.  Although human data are preferred, MRLs often must be based on animal studies 

because relevant human studies are lacking.  In the absence of evidence to the contrary, ATSDR assumes 

that humans are more sensitive to the effects of hazardous substance than animals and that certain persons 

may be particularly sensitive.  Thus, the resulting MRL may be as much as 100-fold below levels that 

have been shown to be nontoxic in laboratory animals. 

 

Proposed MRLs undergo a rigorous review process:  Health Effects/MRL Workgroup reviews within the 

Division of Toxicology, expert panel peer reviews, and agency-wide MRL Workgroup reviews, with 

participation from other federal agencies and comments from the public.  They are subject to change as 

new information becomes available concomitant with updating the toxicological profiles.  Thus, MRLs in 

the most recent toxicological profiles supersede previously published levels.  For additional information 

regarding MRLs, please contact the Division of Toxicology, Agency for Toxic Substances and Disease 

Registry, 1600 Clifton Road NE, Mailstop F-32, Atlanta, Georgia 30333. 
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MINIMAL RISK LEVEL (MRL) WORKSHEET 
 
Chemical Name: 1,1,1-Trichloroethane 
CAS Number: 71-55-6 
Date: September 3, 2004 
Profile Status: Final Pre-Public Comment 
Route: [X] Inhalation [  ] Oral 
Duration: [X] Acute   [  ] Intermediate   [  ] Chronic 
Graph Key: 35 
Species: Human 
 
Minimal Risk Level:  2 [  ] mg/kg/day   [X] ppm 
 
Reference:  Mackay CJ, Campbell L, Samuel AM, et al.  1987.  Behavioral changes during exposure to 
1,1,1-trichloroethane:  Time-course and relationship to blood solvent levels.  Am J Ind Med 11:223-240. 
 
Experimental design:  Twelve male volunteers participated in the experiment.  Exposures were to 0, 175, 
or 350 ppm of 1,1,1-trichloroethane for 3.5 hours.  Each volunteer was exposed to all three exposure 
concentrations in a balanced design, with a minimum of 2 weeks between exposures for any one 
individual.  Test performance was assessed immediately before entering the exposure chamber and 20, 
60, 120, and 180 minutes after entry.  Tests were conducted for three psychomotor tasks (simple reaction 
time, choice reaction time, and tracking ability) and two cognitive tasks (syntactic reasoning and 
concentration).  Volunteers also completed a stress-arousal checklist as part of the test battery. Blood 
levels of 1,1,1-trichloroethane were measured after 0, 20, 60, 120, and 180 minutes of exposure.  
Statistical analysis of variance to determine the main effects of exposure and duration was performed for 
the various tests, but pairwise statistical comparisons were not made. 
 
Effects noted in study and corresponding doses:  The tests for simple reaction time, choice reaction time 
and tracking ability all showed impaired psychomotor performance in volunteers exposed to 1,1,1-tri-
chloroethane concentrations of 175 and 350 ppm.  Effects were detected as soon as 20 minutes after the 
start of exposure at both concentrations.  The test for simple reaction time appeared to be the most 
sensitive, exhibiting a 10-15% increase over baseline values.  Observed performance changes correlated 
with 1,1,1-trichloroethane absolute blood levels.  Performance in the cognitive tasks was not adversely 
affected by exposure, and neither was the self-reported mood of the volunteers.  None of the subjects 
complained of headache, discomfort, or nausea. 
 
Dose and end point used for MRL derivation:  175 ppm; decreased performance in psychomotor tests. 
 
[  ] NOAEL   [X] LOAEL 
 
Although the LOAEL of 175 ppm in the critical study of Mackay et al. (1987) was associated with only a 
3.5-hour exposure period, the acute-duration inhalation MRL is intended to be protective of a continuous 
acute-duration exposure.  Data reported by Nolan et al. (1984) and Mackay et al. (1987) indicate that 
blood levels of 1,1,1-trichloroethane approach steady state during 2 hours of continuous inhalation 
exposure in humans.  Neurobehavioral performance was correlated with 1,1,1-trichloroethane blood 
levels and there was little additional change in most measures of neurobehavioral performance as 
exposure duration increased from 2 to 3 hours (Mackay et al. 1987).  Therefore, the LOAEL of 175 ppm 
was not adjusted for exposure duration. 
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Uncertainty Factors used in MRL derivation: 
 
 [X]  10 for use of a LOAEL 
 [  ]   10 for extrapolation from animals to humans 
 [X]  10 for human variability 
 
Was a conversion used from ppm in food or water to a mg/body weight dose?  No 
 
If an inhalation study in animals, list the conversion factors used in determining human equivalent dose:  
 
Other additional studies or pertinent information which lend support to this MRL:  Gamberale and 
Hultengren (1973) observed psychophysiological test performance deficits in human subjects exposed to 
250, 350, 450, and 550 ppm of 1,1,1-trichloroethane in consecutive 30-minute periods.  All tasks tested 
were affected, including simple reaction time, choice reaction time, and tests for manual dexterity and 
perceptual speed.  Statistically significant deficits were found as early as exposure period #2, during 
which the exposure concentration was 350 ppm.  Muttray et al. (1999, 2000) found EEG changes 
consistent with increased drowsiness and slight irritant nasal responses in volunteers exposed to 200 ppm.  
In contrast, no psychomotor effects were seen in human volunteers exposed to 1,1,1-trichloroethane 
vapors at concentrations of 400-450 ppm for 4 hours once or twice in a 24-hour period (Salvini et al. 
1971; Savolainen et al. 1981).  Laine et al. (1996) found no consistent, statistically significant effects on 
electroencephalogram, visual evoked potential, or equilibrium in a group of 9 healthy male volunteers 
exposed to a constant 200 ppm of 1,1,1-trichloroethane vapors for 3 hours, followed by a 40-minute lunch 
break and a 40-minute afternoon exposure.  A conservative approach was followed in the selection of 
Mackay et al. (1987) as the critical study for derivation of an acute-duration inhalation MRL because it 
identified the lowest LOAEL for psychomotor effects in humans following acute-duration inhalation 
exposure to 1,1,1-trichloroethane and was supported by results of Gamberale and Hultengren (1973) and 
Muttray et al. (1999, 2000).  The choice of critical effect (neurological changes) is supported by animal 
studies, although exposure levels eliciting neurobehavioral and neurophysiological effects were much 
higher than those eliciting psychomotor effects in humans.  For example, increased motor activity was 
observed in mice exposed to 1,250 ppm of 1,1,1-trichloroethane for 30 minutes (Bowen and Balster 
1996).  A 4-hour exposure of mice to 2,064 ppm resulted in impaired swimming behavior (DeCeaurriz et 
al. 1983).  Albee et al. (1990b) reported 1,1,1-trichloroethane-induced alterations in flash evoked 
potential, somatosensory evoked potential, and electroencephalogram in rats exposed to 1,000 ppm for 
6 hours per day on 4 consecutive days. 
 
Agency Contact (Chemical Manager):  Alfred F. Dorsey, D.V.M. 
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MINIMAL RISK LEVEL (MRL) WORKSHEET 
 
Chemical Name: 1,1,1-Trichloroethane 
CAS Number: 71-55-6 
Date: September 3, 2004 
Profile Status: Final Pre-Public Comment 
Route: [X] Inhalation [  ] Oral 
Duration: [  ] Acute   [X] Intermediate   [  ] Chronic 
Graph Key: 122 
Species: Gerbil 
 
Minimal Risk Level:  0.7 [  ] mg/kg/day   [X] ppm 
 
Reference:  Rosengren LE, Aurell A, Kjellstrand P, et al.  1985.  Astrogliosis in the cerebral cortex of 
gerbils after long-term exposure to 1,1,1-trichloroethane.  Scand J Work Environ Health 11:447-456. 
 
Experimental design:  Groups of Mongolian gerbils (four/sex) were exposed to 70, 210, or 1,000 ppm of 
1,1,1-trichloroethane vapor (cleaning grade, containing 5% dioxane-free stabilizers) continuously for 
3 months.  Each exposure group was paired with a control group consisting of eight sex-matched 
littermates of the test group.  At the end of the exposure period, all animals were held for 4 months prior 
to sacrifice.  Upon sacrifice, brains were weighed and prepared for analyses for the astroglial proteins 
S-100 and glial fibrillary acid (GFA) protein, both of which are biomarkers for astrogliosis. 
 
Effects noted in study and corresponding doses:  Levels of GFA protein in the sensorimotor cerebral 
cortex were significantly increased in gerbils exposed to 210 or 1,000 ppm of 1,1,1-trichloroethane, but 
not those exposed to 70 ppm.  Levels of S-100 were not affected by treatment.  Total protein levels were 
also unaffected by treatment.  Brain weight was significantly reduced in gerbils exposed to 1,000 ppm. 
 
Dose and end point used for MRL derivation:  70 ppm; biochemical changes (increased GFA protein) in 
the brain indicative of neuronal damage. 
 
[X] NOAEL   [  ] LOAEL 
 
Uncertainty Factors used in MRL derivation: 
 
 [  ]   10 for use of a LOAEL 
 [X]  10 for extrapolation from animals to humans 
 [X]  10 for human variability 
 
Was a conversion used from ppm in food or water to a mg/body weight dose?  No 
 
If an inhalation study in animals, list the conversion factors used in determining human equivalent dose:  
 
 NOAEL = 70 ppm 
 
For a continuous exposure study, NOAELADJ = NOAEL: 
 
 NOAELADJ = 70 ppm 
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For a gas:extra respiratory effect, NOAELHEC = NOAELADJ x LA/LH, where LA/LH is the ratio of 
blood/gas partition coefficients in animals and humans.  A blood/gas partition coefficient is not available 
for 1,1,1-trichloroethane in gerbils so the default value of LA/LH = 1 is used: 
 
 NOAELHEC = 70 ppm x 1 = 70 ppm 
 
The final MRL was calculated to be 0.7 ppm by dividing the concentration of 70 ppm by the uncertainty 
factor of 100 (10 for extrapolation from animals to humans and 10 for human variability). 
 
 Intermediate-duration inhalation MRL = 70 ÷ 100 = 0.7 ppm 
 
Other additional studies or pertinent information which lend support to this MRL:  The choice of 
neurological effects as the critical end point of 1,1,1-trichloroethane toxicity is supported by both human 
and animal studies, which identified the nervous system as a particularly sensitive target of 1,1,1-tri-
chloroethane toxicity following short-term exposures.  For example, Gamberale and Hultengren (1973) 
observed psychophysiological test performance deficits in human subjects exposed to 250, 350, 450, and 
550 ppm of 1,1,1-trichloroethane in consecutive 30-minute periods.  Mackay et al. (1987) reported 
psychomotor deficits in human subjects exposed to 175 or 350 ppm of 1,1,1-trichloroethane for 3.5 hours.  
Increased motor activity was observed in mice exposed to 1,250 ppm of 1,1,1-trichloroethane for 
30 minutes (Bowen and Balster 1996).  A 4-hour exposure of mice to 2,064 ppm resulted in impaired 
swimming behavior (DeCeaurriz et al. 1983).  Albee et al. (1990b) reported 1,1,1-trichloroethane-induced 
alterations in flash evoked potential, somatosensory evoked potential, and electroencephalogram in rats 
exposed to 1,000 ppm for 6 hours/day on 4 consecutive days.  Mattsson et al. (1993) noted decreased 
forelimb grip strength in rats exposed to 2,000 ppm of 1,1,1-trichloroethane, 6 hours/day, 5 days/week for 
13 weeks. 
 
Agency Contact (Chemical Manager):  Alfred F. Dorsey, D.V.M. 
 



1,1,1-TRICHLOROETHANE  A-7 
 

APPENDIX A 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

MINIMAL RISK LEVEL (MRL) WORKSHEET 
 
Chemical Name: 1,1,1-Trichloroethane 
CAS Number: 71-55-6 
Date: September 3, 2004 
Profile Status: Final Pre-Public Comment 
Route: [  ] Inhalation [X] Oral 
Duration: [  ] Acute   [X] Intermediate   [  ] Chronic 
Graph Key: 23 
Species: Mouse 
 
Minimal Risk Level:  20 [ X] mg/kg/day   [  ] ppm 
 
Reference:  NTP.  2000.  Technical report on the toxicity studies of 1,1,1-trichloroethane (CAS No. 76-
55-6) administered in microcapsules in feed to F344/N rats and B6C3F1 mice.  National Toxicology 
Program.  (41) NIH 004402. 
 
Experimental design:  Groups of male and female B6C3F1 mice (10 per group) were administered 
microencapsulated 1,1,1-trichloroethane in the diet at concentrations of 0, 5,000, 10,000, 20,000, 40,000, 
or 80,000 ppm, 7 days/week for 13 weeks.  Untreated control groups of 10 males and 10 females were 
included in the study.  Average doses of 1,1,1-trichloroethane calculated by the researchers 850, 1,770, 
3,500, 7,370, and 15,000 mg/kg/day in male mice; and 1,340, 2,820, 5,600, 11,125, and 
22,900 mg/kg/day in female mice, respectively.  Clinical signs and body weights were recorded weekly.  
Food consumption was determined every 3–4 days.  Vaginal cytology and sperm motility evaluations 
were performed on all mice in the vehicle control and the three highest dose groups of mice.  At necropsy, 
all mice were subjected to gross pathological examinations, and the heart, lungs, thymus, liver, right 
kidney, and right testis were weighed.  Mice in untreated and vehicle control and high-dose groups were 
subjected to complete histopathologic examinations. 
 
Effects noted in study and corresponding doses:  There were no exposure-related deaths.  Food 
consumption was slightly greater in 1,1,1-trichloroethane-treated groups, relative to untreated and vehicle 
controls.  However, the final mean body weights of all groups of 1,1,1-trichloroethane-treated male mice 
were significantly lower (9, 9, 12, 10, and 15% lower in the 5,000-, 10,000-, 20,000-, 40,000-, and 
80,000-ppm male groups, respectively) than that of the untreated controls.  Mean body weight gain in all 
treatment groups was also significantly less than that of the untreated controls (12, 16, 23, 22, and 33% 
lower in 5,000-, 10,000-, 20,000-, 40,000-, and 80,000-ppm groups, respectively).  There were no 
indications of treatment-related clinical or histopathological effects.  According to ATSDR policy, a 
treatment-related weight loss or a decrease in body weight gain of 10–19% (relative to controls) may be 
considered to represent a less serious adverse effect. 
 
Dose and end point used for MRL derivation:  1,770 mg/kg/day was a NOAEL for reduced terminal body 
weight in male mice. 
 
[X] NOAEL   [  ] LOAEL 
 
Uncertainty Factors used in MRL derivation: 
 
 [  ]   10 for use of a LOAEL 
 [X]  10 for extrapolation from animals to humans 
 [X]  10 for human variability 



1,1,1-TRICHLOROETHANE  A-8 
 

APPENDIX A 
 
 

 
 
 

***DRAFT FOR PUBLIC COMMENT*** 

 
Was a conversion used from ppm in food or water to a mg/body weight dose?  No, the study authors 
provided the calculated doses. 
 
If an inhalation study in animals, list the conversion factors used in determining human equivalent dose:   
 
Other additional studies or pertinent information which lend support to this MRL:  Decreased body 
weight appears to be a sensitive effect in other subchronic and chronic studies by oral or inhalation routes 
of exposure, either in the absence of other signs of toxicity (Adams et al. 1950; Bruckner et al. 2001; 
Prendergast et al. 1967) or at doses causing minimal liver lesions (Calhoun et al. 1981; Quast et al. 1978, 
1988). 
 
Agency Contact (Chemical Manager):  Alfred F. Dorsey, D.V.M. 
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APPENDIX B.  USER'S GUIDE 
 
Chapter 1 
 
Public Health Statement 
 
This chapter of the profile is a health effects summary written in non-technical language.  Its intended 
audience is the general public, especially people living in the vicinity of a hazardous waste site or 
chemical release.  If the Public Health Statement were removed from the rest of the document, it would 
still communicate to the lay public essential information about the chemical. 
 
The major headings in the Public Health Statement are useful to find specific topics of concern.  The 
topics are written in a question and answer format.  The answer to each question includes a sentence that 
will direct the reader to chapters in the profile that will provide more information on the given topic. 
 
Chapter 2 
 
Relevance to Public Health 
 
This chapter provides a health effects summary based on evaluations of existing toxicologic, 
epidemiologic, and toxicokinetic information.  This summary is designed to present interpretive, weight-
of-evidence discussions for human health end points by addressing the following questions: 
 
 1. What effects are known to occur in humans? 
 
 2. What effects observed in animals are likely to be of concern to humans? 
 
 3. What exposure conditions are likely to be of concern to humans, especially around hazardous 

waste sites? 
 
The chapter covers end points in the same order that they appear within the Discussion of Health Effects 
by Route of Exposure section, by route (inhalation, oral, and dermal) and within route by effect.  Human 
data are presented first, then animal data.  Both are organized by duration (acute, intermediate, chronic).  
In vitro data and data from parenteral routes (intramuscular, intravenous, subcutaneous, etc.) are also 
considered in this chapter.   
 
The carcinogenic potential of the profiled substance is qualitatively evaluated, when appropriate, using 
existing toxicokinetic, genotoxic, and carcinogenic data.  ATSDR does not currently assess cancer 
potency or perform cancer risk assessments.  Minimal Risk Levels (MRLs) for noncancer end points (if 
derived) and the end points from which they were derived are indicated and discussed. 
 
Limitations to existing scientific literature that prevent a satisfactory evaluation of the relevance to public 
health are identified in the Chapter 3 Data Needs section. 
 
Interpretation of Minimal Risk Levels 
 
Where sufficient toxicologic information is available, ATSDR has derived MRLs for inhalation and oral 
routes of entry at each duration of exposure (acute, intermediate, and chronic).  These MRLs are not 
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meant to support regulatory action, but to acquaint health professionals with exposure levels at which 
adverse health effects are not expected to occur in humans. 
 
MRLs should help physicians and public health officials determine the safety of a community living near 
a chemical emission, given the concentration of a contaminant in air or the estimated daily dose in water.  
MRLs are based largely on toxicological studies in animals and on reports of human occupational 
exposure. 
 
MRL users should be familiar with the toxicologic information on which the number is based.  Chapter 2, 
"Relevance to Public Health," contains basic information known about the substance.  Other sections such 
as Chapter 3 Section 3.9, "Interactions with Other Substances,” and Section 3.10, "Populations that are 
Unusually Susceptible" provide important supplemental information. 
 
MRL users should also understand the MRL derivation methodology.  MRLs are derived using a 
modified version of the risk assessment methodology that the Environmental Protection Agency (EPA) 
provides (Barnes and Dourson 1988) to determine reference doses (RfDs) for lifetime exposure.   
 
To derive an MRL, ATSDR generally selects the most sensitive end point which, in its best judgement, 
represents the most sensitive human health effect for a given exposure route and duration.  ATSDR 
cannot make this judgement or derive an MRL unless information (quantitative or qualitative) is available 
for all potential systemic, neurological, and developmental effects.  If this information and reliable 
quantitative data on the chosen end point are available, ATSDR derives an MRL using the most sensitive 
species (when information from multiple species is available) with the highest no-observed-adverse-effect 
level (NOAEL) that does not exceed any adverse effect levels.  When a NOAEL is not available, a 
lowest-observed-adverse-effect level (LOAEL) can be used to derive an MRL, and an uncertainty factor 
(UF) of 10 must be employed.  Additional uncertainty factors of 10 must be used both for human 
variability to protect sensitive subpopulations (people who are most susceptible to the health effects 
caused by the substance) and for interspecies variability (extrapolation from animals to humans).  In 
deriving an MRL, these individual uncertainty factors are multiplied together.  The product is then 
divided into the inhalation concentration or oral dosage selected from the study.  Uncertainty factors used 
in developing a substance-specific MRL are provided in the footnotes of the levels of significant exposure 
(LSE) tables. 
 
Chapter 3 
 
Health Effects 
 
Tables and Figures for Levels of Significant Exposure (LSE) 
 
Tables and figures are used to summarize health effects and illustrate graphically levels of exposure 
associated with those effects.  These levels cover health effects observed at increasing dose 
concentrations and durations, differences in response by species, MRLs to humans for noncancer end 
points, and EPA's estimated range associated with an upper- bound individual lifetime cancer risk of 1 in 
10,000 to 1 in 10,000,000.  Use the LSE tables and figures for a quick review of the health effects and to 
locate data for a specific exposure scenario.  The LSE tables and figures should always be used in 
conjunction with the text.  All entries in these tables and figures represent studies that provide reliable, 
quantitative estimates of NOAELs, LOAELs, or Cancer Effect Levels (CELs). 
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The legends presented below demonstrate the application of these tables and figures.  Representative 
examples of LSE Table 3-1 and Figure 3-1 are shown.  The numbers in the left column of the legends 
correspond to the numbers in the example table and figure. 
 
 
LEGEND 

See Sample LSE Table 3-1 (page B-6) 
 
(1) Route of Exposure.  One of the first considerations when reviewing the toxicity of a substance 

using these tables and figures should be the relevant and appropriate route of exposure.  Typically 
when sufficient data exist, three LSE tables and two LSE figures are presented in the document.  
The three LSE tables present data on the three principal routes of exposure, i.e., inhalation, oral, 
and dermal (LSE Tables 3-1, 3-2, and 3-3, respectively).  LSE figures are limited to the inhalation 
(LSE Figure 3-1) and oral (LSE Figure 3-2) routes.  Not all substances will have data on each 
route of exposure and will not, therefore, have all five of the tables and figures. 

 
(2) Exposure Period.  Three exposure periods—acute (less than 15 days), intermediate (15–

364 days), and chronic (365 days or more)—are presented within each relevant route of exposure.  
In this example, an inhalation study of intermediate exposure duration is reported.  For quick 
reference to health effects occurring from a known length of exposure, locate the applicable 
exposure period within the LSE table and figure. 

 
(3) Health Effect.  The major categories of health effects included in LSE tables and figures are 

death, systemic, immunological, neurological, developmental, reproductive, and cancer.  
NOAELs and LOAELs can be reported in the tables and figures for all effects but cancer.  
Systemic effects are further defined in the "System" column of the LSE table (see key number 
18). 

 
(4) Key to Figure.  Each key number in the LSE table links study information to one or more data 

points using the same key number in the corresponding LSE figure.  In this example, the study 
represented by key number 18 has been used to derive a NOAEL and a Less Serious LOAEL 
(also see the two "18r" data points in sample Figure 3-1). 

 
(5) Species.  The test species, whether animal or human, are identified in this column.  Chapter 2, 

"Relevance to Public Health," covers the relevance of animal data to human toxicity and 
Section 3.4, "Toxicokinetics," contains any available information on comparative toxicokinetics.  
Although NOAELs and LOAELs are species specific, the levels are extrapolated to equivalent 
human doses to derive an MRL. 

 
(6) Exposure Frequency/Duration.  The duration of the study and the weekly and daily exposure 

regimens are provided in this column.  This permits comparison of NOAELs and LOAELs from 
different studies.  In this case (key number 18), rats were exposed to “Chemical x” via inhalation 
for 6 hours/day, 5 days/week, for 13 weeks.  For a more complete review of the dosing regimen, 
refer to the appropriate sections of the text or the original reference paper (i.e., Nitschke et al. 
1981). 

 
(7) System.  This column further defines the systemic effects.  These systems include respiratory, 

cardiovascular, gastrointestinal, hematological, musculoskeletal, hepatic, renal, and 
dermal/ocular.  "Other" refers to any systemic effect (e.g., a decrease in body weight) not covered 
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in these systems.  In the example of key number 18, one systemic effect (respiratory) was 
investigated. 

 
(8) NOAEL.  A NOAEL is the highest exposure level at which no harmful effects were seen in the 

organ system studied.  Key number 18 reports a NOAEL of 3 ppm for the respiratory system, 
which was used to derive an intermediate exposure, inhalation MRL of 0.005 ppm (see 
footnote "b"). 

 
(9) LOAEL.  A LOAEL is the lowest dose used in the study that caused a harmful health effect.  

LOAELs have been classified into "Less Serious" and "Serious" effects.  These distinctions help 
readers identify the levels of exposure at which adverse health effects first appear and the 
gradation of effects with increasing dose.  A brief description of the specific end point used to 
quantify the adverse effect accompanies the LOAEL.  The respiratory effect reported in key 
number 18 (hyperplasia) is a Less Serious LOAEL of 10 ppm.  MRLs are not derived from 
Serious LOAELs. 

 
(10) Reference.  The complete reference citation is given in Chapter 9 of the profile. 
 
(11) CEL.  A CEL is the lowest exposure level associated with the onset of carcinogenesis in 

experimental or epidemiologic studies.  CELs are always considered serious effects.  The LSE 
tables and figures do not contain NOAELs for cancer, but the text may report doses not causing 
measurable cancer increases. 

 
(12) Footnotes.  Explanations of abbreviations or reference notes for data in the LSE tables are found 

in the footnotes.  Footnote "b" indicates that the NOAEL of 3 ppm in key number 18 was used to 
derive an MRL of 0.005 ppm. 

 
 
LEGEND 

See Sample Figure 3-1 (page B-7) 
 
LSE figures graphically illustrate the data presented in the corresponding LSE tables.  Figures help the 
reader quickly compare health effects according to exposure concentrations for particular exposure 
periods. 
 
(13) Exposure Period.  The same exposure periods appear as in the LSE table.  In this example, health 

effects observed within the acute and intermediate exposure periods are illustrated. 
 
(14) Health Effect.  These are the categories of health effects for which reliable quantitative data 

exists.  The same health effects appear in the LSE table. 
 
(15) Levels of Exposure.  Concentrations or doses for each health effect in the LSE tables are 

graphically displayed in the LSE figures.  Exposure concentration or dose is measured on the log 
scale "y" axis.  Inhalation exposure is reported in mg/m3 or ppm and oral exposure is reported in 
mg/kg/day. 

 
(16) NOAEL.  In this example, the open circle designated 18r identifies a NOAEL critical end point in 

the rat upon which an intermediate inhalation exposure MRL is based.  The key number 18 
corresponds to the entry in the LSE table.  The dashed descending arrow indicates the 
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extrapolation from the exposure level of 3 ppm (see entry 18 in the table) to the MRL of 
0.005 ppm (see footnote "b" in the LSE table). 

 
(17) CEL.  Key number 38m is one of three studies for which CELs were derived.  The diamond 

symbol refers to a CEL for the test species-mouse.  The number 38 corresponds to the entry in the 
LSE table. 

 
(18) Estimated Upper-Bound Human Cancer Risk Levels.  This is the range associated with the upper-

bound for lifetime cancer risk of 1 in 10,000 to 1 in 10,000,000.  These risk levels are derived 
from the EPA's Human Health Assessment Group's upper-bound estimates of the slope of the 
cancer dose response curve at low dose levels (q1*). 

 
(19) Key to LSE Figure.  The Key explains the abbreviations and symbols used in the figure. 
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Reference 

10 

   ↓ 

Nitschke et al. 1981 
 

 

Wong et al. 1982 

NTP 1982 

NTP 1982 

Serious (ppm) 

 

 

 

 

(CEL, multiple 
organs) 

(CEL, lung tumors, 
nasal tumors) 

(CEL, lung tumors, 
hemangiosarcomas) 

 

11 

↓ 

20 

10 

10 

 

 

LOAEL (effect) 
Less serious 
(ppm) 

9 

  ↓ 

10 (hyperplasia) 
 
 

 

 

 

 

SAMPLE 

 

NOAEL 
(ppm) 

8 

↓ 

3b 
 
 

 

 

 

 

 

System 

7 

↓ 

Resp 
 
 

 

 

 

 

 

Exposure 
frequency/ 
duration 

6 

↓ 

13 wk 
5 d/wk 
6 hr/d 

 

18 mo 
5 d/wk 
7 hr/d 

89-104 wk 
5 d/wk 
6 hr/d 

79–103 wk 
5 d/wk 
6 hr/d 

 

Species 

5 

  ↓ 

Rat 
 
 

 

Rat 

Rat 

Mouse 

Table 3-1.  Levels of Significant Exposure to [Chemical x] – Inhalation 

Key to 
figurea 
INTERMEDIATE EXPOSURE 

 

Systemic 

18 
 
 
CHRONIC EXPOSURE 

Cancer 

38 

39 

40 

a The number corresponds to entries in Figure 3-1. 
b Used to derive an intermediate inhalation Minimal Risk Level (MRL) of  5x10-3 ppm; dose adjusted for intermittent exposure and divided 
by an uncertainty factor of 100 (10 for extrapolation from animal to humans, 10 for human variability). 
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APPENDIX C.  ACRONYMS, ABBREVIATIONS, AND SYMBOLS 
 
ACGIH American Conference of Governmental Industrial Hygienists 
ACOEM American College of Occupational and Environmental Medicine 
ADI acceptable daily intake 
ADME absorption, distribution, metabolism, and excretion 
AED atomic emission detection 
AFID alkali flame ionization detector 
AFOSH Air Force Office of Safety and Health 
ALT alanine aminotransferase 
AML acute myeloid leukemia 
AOAC Association of Official Analytical Chemists 
AOEC Association of Occupational and Environmental Clinics 
AP alkaline phosphatase 
APHA American Public Health Association 
AST aspartate aminotransferase 
atm atmosphere 
ATSDR Agency for Toxic Substances and Disease Registry 
AWQC Ambient Water Quality Criteria 
BAT best available technology 
BCF bioconcentration factor 
BEI Biological Exposure Index 
BMD benchmark dose 
BMR benchmark response 
BSC Board of Scientific Counselors 
C centigrade 
CAA Clean Air Act 
CAG Cancer Assessment Group of the U.S. Environmental Protection Agency 
CAS Chemical Abstract Services 
CDC Centers for Disease Control and Prevention 
CEL cancer effect level 
CELDS Computer-Environmental Legislative Data System 
CERCLA Comprehensive Environmental Response, Compensation, and Liability Act 
CFR Code of Federal Regulations 
Ci curie 
CI confidence interval 
CL ceiling limit value 
CLP Contract Laboratory Program 
cm centimeter 
CML chronic myeloid leukemia 
CPSC Consumer Products Safety Commission 
CWA Clean Water Act 
DHEW Department of Health, Education, and Welfare 
DHHS Department of Health and Human Services 
DNA deoxyribonucleic acid 
DOD Department of Defense 
DOE Department of Energy 
DOL Department of Labor 
DOT Department of Transportation 
DOT/UN/ Department of Transportation/United Nations/ 
    NA/IMCO     North America/International Maritime Dangerous Goods Code 
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DWEL drinking water exposure level 
ECD electron capture detection 
ECG/EKG electrocardiogram 
EEG electroencephalogram 
EEGL Emergency Exposure Guidance Level 
EPA Environmental Protection Agency 
F Fahrenheit 
F1 first-filial generation 
FAO Food and Agricultural Organization of the United Nations 
FDA Food and Drug Administration 
FEMA Federal Emergency Management Agency 
FIFRA Federal Insecticide, Fungicide, and Rodenticide Act 
FPD flame photometric detection 
fpm feet per minute 
FR Federal Register 
FSH follicle stimulating hormone 
g gram 
GC gas chromatography 
gd gestational day 
GLC gas liquid chromatography 
GPC gel permeation chromatography 
HPLC high-performance liquid chromatography 
HRGC high resolution gas chromatography 
HSDB Hazardous Substance Data Bank  
IARC International Agency for Research on Cancer 
IDLH immediately dangerous to life and health 
ILO International Labor Organization 
IRIS Integrated Risk Information System   
Kd adsorption ratio 
kg kilogram 
kkg metric ton 
Koc organic carbon partition coefficient 
Kow octanol-water partition coefficient 
L liter 
LC liquid chromatography 
LC50 lethal concentration, 50% kill 
LCLo lethal concentration, low 
LD50 lethal dose, 50% kill 
LDLo lethal dose, low 
LDH lactic dehydrogenase 
LH luteinizing hormone 
LOAEL lowest-observed-adverse-effect level 
LSE Levels of Significant Exposure 
LT50 lethal time, 50% kill 
m meter 
MA trans,trans-muconic acid 
MAL maximum allowable level 
mCi millicurie 
MCL maximum contaminant level 
MCLG maximum contaminant level goal 
MF modifying factor 
MFO mixed function oxidase 
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mg milligram 
mL milliliter 
mm millimeter 
mmHg millimeters of mercury 
mmol millimole 
mppcf millions of particles per cubic foot 
MRL Minimal Risk Level 
MS mass spectrometry 
NAAQS National Ambient Air Quality Standard 
NAS National Academy of Science 
NATICH National Air Toxics Information Clearinghouse 
NATO North Atlantic Treaty Organization 
NCE normochromatic erythrocytes 
NCEH National Center for Environmental Health 
NCI National Cancer Institute 
ND not detected 
NFPA National Fire Protection Association 
ng nanogram 
NHANES National Health and Nutrition Examination Survey 
NIEHS National Institute of Environmental Health Sciences 
NIOSH National Institute for Occupational Safety and Health 
NIOSHTIC NIOSH's Computerized Information Retrieval System 
NLM National Library of Medicine 
nm nanometer 
nmol nanomole 
NOAEL no-observed-adverse-effect level 
NOES National Occupational Exposure Survey 
NOHS National Occupational Hazard Survey 
NPD nitrogen phosphorus detection 
NPDES National Pollutant Discharge Elimination System 
NPL National Priorities List 
NR not reported 
NRC National Research Council 
NS not specified 
NSPS New Source Performance Standards 
NTIS National Technical Information Service 
NTP National Toxicology Program 
ODW Office of Drinking Water, EPA 
OERR Office of Emergency and Remedial Response, EPA 
OHM/TADS Oil and Hazardous Materials/Technical Assistance Data System 
OPP Office of Pesticide Programs, EPA 
OPPT Office of Pollution Prevention and Toxics, EPA 
OPPTS Office of Prevention, Pesticides and Toxic Substances, EPA 
OR odds ratio 
OSHA Occupational Safety and Health Administration 
OSW Office of Solid Waste, EPA 
OTS Office of Toxic Substances 
OW Office of Water 
OWRS Office of Water Regulations and Standards, EPA 
PAH polycyclic aromatic hydrocarbon 
PBPD physiologically based pharmacodynamic  
PBPK physiologically based pharmacokinetic  
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PCE polychromatic erythrocytes 
PEL permissible exposure limit 
pg picogram 
PHS Public Health Service 
PID photo ionization detector 
pmol picomole 
PMR proportionate mortality ratio 
ppb parts per billion 
ppm parts per million 
ppt parts per trillion 
PSNS pretreatment standards for new sources 
RBC red blood cell 
REL recommended exposure level/limit 
RfC reference concentration 
RfD reference dose 
RNA ribonucleic acid 
RQ reportable quantity 
RTECS Registry of Toxic Effects of Chemical Substances 
SARA Superfund Amendments and Reauthorization Act 
SCE sister chromatid exchange 
SGOT serum glutamic oxaloacetic transaminase 
SGPT serum glutamic pyruvic transaminase 
SIC standard industrial classification 
SIM selected ion monitoring 
SMCL secondary maximum contaminant level 
SMR standardized mortality ratio 
SNARL suggested no adverse response level 
SPEGL Short-Term Public Emergency Guidance Level 
STEL short term exposure limit 
STORET Storage and Retrieval 
TD50 toxic dose, 50% specific toxic effect 
TLV threshold limit value 
TOC total organic carbon 
TPQ threshold planning quantity 
TRI Toxics Release Inventory 
TSCA Toxic Substances Control Act 
TWA time-weighted average 
UF uncertainty factor 
U.S. United States 
USDA United States Department of Agriculture 
USGS United States Geological Survey 
VOC volatile organic compound 
WBC white blood cell 
WHO World Health Organization 
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> greater than 
≥ greater than or equal to 
= equal to 
< less than 
≤ less than or equal to 
% percent 
α alpha 
β beta 
γ gamma 
δ delta 
µm micrometer 
µg microgram 
q1

* cancer slope factor 
– negative 
+ positive 
(+) weakly positive result 
(–) weakly negative result 
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acetylcholinesterase ...................................................................................................................................................149 
adipose tissue.............................................................................................................................................135, 235, 237 
adrenals................................................................................................................................................................76, 151 
adsorption .................................................................................................................. 190, 198, 228, 235, 236, 237, 240 
aerobic ...............................................................................................................................................189, 200, 201, 202 
ambient air ................................................................................................................... 11, 154, 221, 228, 230, 237, 239 
anaerobic....................................................................................................................................189, 190, 200, 201, 202 
arrhythmias .................................................................................................................. 13, 15, 24, 69, 70, 148, 162, 166 
bilirubin .........................................................................................................................................................15, 73, 104 
bioavailability ............................................................................................................................................................232 
bioconcentration factor ..............................................................................................................................................198 
biodegradation ........................................................................................................... 184, 189, 190, 200, 201, 202, 231 
biomarker..................................................................................................................... 12, 153, 154, 156, 157, 172, 235 
blood cell count ...................................................................................................................................................71, 119 
body weight effects.................................................................................................... 18, 19, 77, 78, 106, 107, 123, 243 
breast milk .........................................................................................................................................................145, 225 
cancer........................................................................................... 2, 5, 6, 16, 20, 87, 111, 112, 125, 152, 164, 168, 171 
carcinogen..................................................................................................................................................................246 
carcinogenic...........................................................................................................................................21, 22, 112, 168 
carcinogenicity .............................................................................................................. 6, 12, 16, 87, 88, 112, 243, 246 
carcinoma ....................................................................................................................................................................87 
cardiac arrhythmia ....................................................................................................... 12, 13, 15, 23, 69, 148, 158, 166 
cardiac failure ..............................................................................................................................................................24 
cardiotoxic .................................................................................................................................................119, 149, 162 
cardiovascular.......................................................................... 69, 70, 71, 103, 110, 111, 119, 156, 159, 163, 166, 174 
cardiovascular effects ...................................................................................................... 14, 69, 71, 103, 119, 156, 159 
catecholamines ............................................................................................................................................................24 
central nervous system depression..................................................... 12, 13, 19, 68, 69, 78, 79, 81, 123, 149, 162, 166 
cholestasis......................................................................................................................................................73, 75, 166 
chromosomal aberrations...........................................................................................................................125, 130, 169 
clearance ..............................................................................................................................................................75, 139 
creatinine .............................................................................................................................................................75, 154 
death ...........................................................5, 13, 14, 19, 21, 23, 24, 68, 69, 74, 79, 80, 82, 83, 89, 113, 148, 166, 170 
deoxyribonucleic acid (see DNA)................................................................................................................74, 126, 129 
dermal effects ..............................................................................................................................77, 106, 121, 122, 123 
DNA (see deoxyribonucleic acid).............................................................. 14, 16, 74, 83, 126, 127, 128, 129, 130, 154 
endocrine .......................................................................................................................................76, 89, 113, 150, 151 
endocrine effects..........................................................................................................................................................76 
epinephrine ............................................................................................................ 13, 15, 23, 69, 70, 71, 148, 158, 162 
erythema ............................................................................................................................................................121, 122 
fetotoxicity...................................................................................................................................................................86 
fetus .......................................................................................................................................................6, 134, 151, 225 
flash-evoked potential..........................................................................................................................................82, 107 
gastrointestinal effects .................................................................................................................................71, 103, 119 
general population .............................................................................................................153, 189, 221, 224, 229, 232 
genotoxic .............................................................................................................................................21, 125, 130, 168 
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groundwater............................................................. 3, 11, 184, 189, 190, 193, 196, 198, 200, 201, 212, 231, 238, 240 
half-life ................................................................................................ 12, 139, 153, 156, 172, 189, 198, 200, 201, 221 
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hepatic effects ...................................................................................... 12, 15, 72, 73, 75, 104, 105, 120, 156, 166, 167 
hydrolysis ..........................................................................................................................................................190, 201 
hydroxyl radical.................................................................................................................................................189, 199 
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immunological .................................................................................................................................21, 78, 79, 107, 123 
immunological effects ...........................................................................................................................78, 79, 107, 123 
intoxication ......................................................................................................................................................75, 80, 82 
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LD50 .............................................................................................................................................................................89 
leukemia ....................................................................................................................................................................112 
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menstrual .....................................................................................................................................................................85 
metabolic effects..................................................................................................................................................89, 113 
milk............................................................................................................................ 140, 161, 217, 218, 219, 221, 225 
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myocardium.................................................................................................................................................................24 
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neurobehavioral ........................................................................................... 14, 16, 17, 80, 86, 111, 151, 157, 159, 160 
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non-Hodgkin’s lymphoma...........................................................................................................................................87 
ocular effects .............................................................................................................................................................123 
oxidative phosphorylation .........................................................................................................................................149 
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pharmacodynamic......................................................................................................................................................141 
pharmacokinetic......................................................................... 131, 141, 142, 143, 150, 152, 156, 168, 169, 170, 174 
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rate constant...............................................................................................................................................144, 145, 199 
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retention.............................................................................................................................................................157, 162 
salivation......................................................................................................................................................................87 
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solubility ............................................................................................................................................................189, 198 
SPGT ...........................................................................................................................................................................73 
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