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FOREWORD 
 
 

The Superfund Amendments and Reauthorization Act (SARA) of 1986 (Public 
Law 99-499) extended and amended the Comprehensive Environmental Response, 
Compensation, and Liability Act of 1980 (CERCLA or Superfund). This public law 
directed the Agency for Toxic Substances and Disease Registry (ATSDR) to 
prepare toxicological profiles for hazardous 
substances which are most commonly found at facilities on the CERCLA National 
Priorities List and which pose the most significant potential threat to human 
health, as determined by ATSDR and the Environmental Protection Agency (EPA). 
The lists of the 250 most significant 
hazardous substances were published in the Federal Register on April 17, 1987; 
on October 20, 1988; on October 26, 1989; and on October 17, 1990. A revised 
list of 275 substances was published on October 17, 1991. 
 

Section 104(i)(3) of CERCLA, as amended, directs the Administrator of 
ATSDR to prepare a toxicological profile for each substance on the lists. Each 
profile must include the following content: 
 

(A) An examination, summary, and interpretation of available toxicological 
information and epidemiological evaluations on the hazardous substance in 
order to ascertain the levels of significant human exposure for the 
substance and the associated acute, subacute, and chronic health effects. 

 
(B) A determination of whether adequate information on the health effects 
of each substance is available or in the process of development to 
determine levels of exposure which present a significant risk to human 
health of acute, subacute, and chronic health effects. 

 
(C) Where appropriate, an identification of toxicological testing 
needed to identify the types or levels of exposure that may present 
ignificant risk of adverse health effects in humans. 

 
This toxicological profile is prepared in accordance with 

guidelines developed by ATSDR and EPA. The original guidelines were 
published in the Federal Register on April 17, 1987. Each profile will 
be revised and republished as necessary. 
 

The ATSDR toxicological profile is intended to characterize 
succinctly the toxicological and adverse health effects information for 
the hazardous substance being described. Each profile identifies and 
reviews the key literature (that has been peer-reviewed) that describes 
a hazardous substance's toxicological properties. Other pertinent 
literature is also presented but described in less detail than the key 
studies. The profile is not intended to be an exhaustive document; 
however, more comprehensive sources of specialty information are 
referenced. 
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1.  PUBLIC HEALTH STATEMENT 
 
 

This Statement was prepared to give you information about mustard "gas" 
(sulfur mustard) and to emphasize the human health effects that may result 
from exposure to it. The Environmental Protection Agency (EPA) has identified 
1,177 sites on its National Priorities List (NPL). However, we do not know 
how many of the 1,177 NPL sites have been evaluated for mustard "gas." 
Mustard "gas" has been found at 4 of these sites. As EPA evaluates more 
sites, the number of sites at which mustard "gas" is found may change. The 
information is important for you because these sites are potential or actual 
sources of human exposure to mustard "gas." Mustard "gas" may cause harmful 
health effects. 
 

When a chemical is released from a large area, such as an industrial 
plant, or from a container, such as a drum or bottle, it enters the 
environment as a chemical emission. This emission, which is also called a 
release, does not always lead to exposure. You can be exposed to a chemical 
only when you come into contact with the chemical. You may be exposed to it 
in the environment by breathing, eating, or drinking substances containing the 
chemical or from skin contact with it. 
 

If you are exposed to a hazardous substance such as mustard "gas," 
several factors will determine whether harmful health effects will occur and 
what the type and severity of those health effects will be. These factors 
include the dose (how much), the duration (how long), the route or pathway by 
which you are exposed (breathing, eating, drinking, or skin contact), the 
other chemicals to which you are exposed, and your individual characteristics 
such as age, sex, nutritional status, family traits, life style, and state of 
health. 
 
1.1.   WHAT IS MUSTARD “GAS”? 
 

The term mustard "gas" refers to several chemicals. In its most common 
sense, it means sulfur mustard, which is the chemical that is stored at NPL 
sites and reviewed in this profile. The term gas is in quotes (") because 
mustard "gas" does not behave as a gas under ordinary conditions. The 
commonly used term mustard "gas" can be confusing, since the compound is 
stored as a liquid and is not likely to change into a gas immediately if it is 
released at ordinary temperatures. As a liquid, it is colorless when pure and 
brown when mixed with other chemicals. It is odorless when pure, but can have 
a slight garlic smell when mixed with other chemicals. It dissolves easily in 
fats, oils, alcohol, and gasoline. It dissolves slowly in water, but when it 
does, it turns into different chemicals. It was made to be used in chemical 
warfare and was used as early as World War I and as late as the Iran-Iraq war 
in 1984-1988. It is not used in the United States, except for laboratory 
testing to determine the causes of cancer. 
 

More information on the physical and chemical properties of mustard 
"gas " can be found in Chapters 3 and 4. 



2 
 

1.  PUBLIC HEALTH STATEMENT 
 
 

1.2 HOW MIGHT I BE EXPOSED TO MUSTARD "GAS"? 
 

Mustard "gas" is not now being produced in the United States. The only 
possibility of exposure of the general public is through accidental release 
from the army bases where it is stored. People who work at these army bases 
are more likely to be exposed. Mustard "gas" changes its form very quickly in 
water, so it is very unlikely that you would ever drink it. Any possibility 
of exposure of the general population by way of water (drinking, cooking, 
bathing, swimming) is therefore very small. Mustard "gas" does not naturally 
occur, and, therefore, there are no background levels in the soil, air, water, 
or food. If it is accidentally released, it will stay in the air or on the 
ground for about a day. For more information on possible exposures, see 
Chapter 5. 
 
1.3 HOW CAN MUSTARD "GAS" ENTER AND LEAVE MY BODY? 
 

Mustard "gas" can enter your body easily and quickly if you breathe the 
gas vapors or if you get it on your skin. It can easily pass through your 
clothing to get onto your skin. It is possible that you could breathe mustard 
" gas " or get it on your skin at hazardous waste sites that contain this 
material. Mustard "gas" changes into other chemicals in your body and these 
chemicals mostly leave your body in the urine within a few weeks. For more 
information, see Chapter 2. 
 
1.4 HOW CAN MUSTARD "GAS" AFFECT MY HEALTH? 
 

Mustard "gas" burns your skin and causes blisters within a few days. 
The parts of your body that are sweaty are the most likely to be harmed. It 
makes your eyes burn, your eyelids swell, and causes you to blink a lot. If 
you breathe it, it can cause coughing, bronchitis, and long-term respiratory 
disease. The Department of Health and Human Services has determined that 
mustard gas is a known carcinogen. Also, the International Agency for 
Research on Cancer has determined that mustard gas is carcinogenic to humans. 
It can cause cancer in your airways and lungs later in life. If you are 
exposed to a very large amount of mustard "gas," you can eventually die from 
it. We do not know whether it can cause birth defects or affect reproduction. 
Some of the chemicals that are formed when mustard "gas" is burned or spilled 
into water can also be irritating to the skin. 
 
1.5 IS THERE A MEDICAL TEST TO DETERMINE WHETHER I HAVE BEEN EXPOSED TO              

MUSTARD " GAS" ? 
 
 

There is no effective medical test to determine if you have been exposed 
to mustard "gas." One of the chemicals it makes in your body can be found by 
a test of your urine, but this chemical can also be found in people who have 
not been exposed to mustard "gas." For more information, see Chapters 2 and 
6. 
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1.6 WHAT RECOMMENDATIONS HAS THE FEDERAL GOVERNMENT MADE TO PROTECT HUMAN       
    HEALTH? 
 

The federal government has recommended a maximum concentration in air to 
which the general public should be exposed. This is 0.0001 milligrams per 
cubic meter of air, averaged over 3 days. Spills of over 1 pound must be 
reported to the National Response Center. For more information, see 
Chapter 7. 
 
1.7 WHERE CAN I GET MORE INFORMATION? 
 
If you have any more questions or concerns not covered here, please 
contact your state health or environmental department or: 

 
Agency for Toxic Substances and Disease Registry 
Division of Toxicology 
1600 Clifton Road, E-29 
Atlanta, Georgia 30333 
 
This agency can also provide you with information on the location of the 

nearest occupational and environmental health clinic. Such clinics specialize 
in recognizing, evaluating, and treating illnesses that result from exposure 
to hazardous substances. 
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2.  HEALTH EFFECTS 
 
 

2.1 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 of the toxicology of mustard gas and a 
depiction of significant exposure levels associated with various adverse 
health effects. It contains descriptions and evaluations of studies and 
presents levels of significant exposure for mustard gas based on toxicological 
studies and epidemiological investigations. 
 

The term mustard gas is used to refer to a variety of compounds. In its 
most common sense, it refers to sulfur mustard (bis[2-chloroethyl]sulfide). 
This is the compound discussed in this profile. The term mustard gas has also 
been occasionally applied to nitrogen mustards, which have not been reported 
at NPL sites and are not evaluated in this profile. Nitrogen mustard is known 
to produce effects that are very similar to sulfur mustard and is also used 
clinically as an anti-cancer agent. 
 
2.2 DISCUSSION OF HEALTH EFFECTS BY ROUTE OF EXPOSURE 
 

To help public health professionals 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, developmental, 
reproductive, genotoxic, and carcinogenic effects. These data are discussed 
in terms of three exposure periods--acute (less than 15 days), 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 
noobserved- 
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. These distinctions are intended to help the users of the document 
identify the levels of exposure at which adverse health effects start to 
appear. These should also help to determine 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 tables and figures 
may differ depending on the user's perspective. For example, physicians 
concerned with the interpretation of clinical findings in exposed persons may 
be interested in levels of exposure associated with "serious" effects. Public 
health officials and project managers concerned with appropriate actions to 
take at hazardous waste sites may want information on levels of exposure 
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associated with more subtle effects in humans or animals (LOAEL) or exposure 
levels below which no adverse effects (NOAEL) have been observed. Estimates 
of levels posing minimal risk to humans (Minimal Risk Levels, MRLs) may be of 
interest to health professionals and citizens alike. 
 

Estimates of exposure levels posing minimal risk to humans (MRLs) have 
been made, where data were believed reliable, for the most sensitive noncancer 
effect for each exposure duration. MRLs include adjustments to reflect human 
variability from laboratory animal data to humans. 
 

Although methods have been established to derive these levels (Barnes et 
al. 1988; EPA 1989), 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. 
 
2.2.1 Inhalation Exposure 
 
2.2.1.1 Death 
 

Mustard gas was used as a chemical warfare agent. Human deaths occurred 
during World War I (an estimated 28,000 deaths), during the Italian attack on 
the Ethiopians in 1936, and during the Iran-Iraq war in 1984-1988. It has 
probably been used in other conflicts as well. Death is often accompanied by 
heavy and painful coughing, vomiting, burning eyes, and shock. Deaths 
occurred in 3%-4% of the soldiers exposed during World War I. Deaths have 
also occurred from secondary infections and from delayed responses (DOA 1988; 
Lohs 1975; Somani and Babu 1989). Further information on delayed death due to 
inhalation of mustard gas by humans is discussed below in the sections on 
respiratory effects in Section 2.2.1.2 and on cancer in Section 2.2.1.8. 
Lethal doses for humans have been reported, but these data cannot be 
considered to be reliable because all elements of exposure were not clearly 
described (Franke 1977; Rosenblatt et al. 1975). 
 

In animals, no deaths attributable to mustard gas were noted in mice, 
rats, guinea pigs, rabbits, or dogs exposed for up to 1 year to 0.1 mg/m3 
(0.015 ppm) (McNamara et al. 1975). Complete experimental details were not 
provided in this report from the Army. 
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2.2.1.2 Systemic Effects 
 

No studies were located regarding cardiovascular, gastrointestinal, 
musculoskeletal, hepatic, renal, or dermal/ocular effects in humans or animals 
after inhalation exposure to mustard gas. 
 

Respiratory Effects. Respiratory effects have been found in humans 
following acute and chronic exposures. In 1984-1988, people involved in the 
Iran-Iraq war were exposed to mustard gas. The duration and level of exposure 
are not known. Many died from this exposure, and survivors had adverse 
respiratory effects including chest tightness, cough, sneezing, rhinorrhea, 
and sore throats (Somani and Babu 1989). Delayed effects after 2 years 
included chronic bronchitis and recurrent pneumonia. British soldiers exposed 
to mustard gas during combat in World War I had a significantly higher 
incidence of death due to bronchitis than the general population (Case and Lea 
1955). 
 

Other studies show that factory workers who were apparently exposed to 
mustard gas for a few years (exact quantity and duration not reported) 
developed acute and chronic respiratory effects. Factory workers in Britain 
who were exposed to mustard gas also showed increased deaths due to acute and 
chronic nonmalignant respiratory disease, including influenza and pneumonia 
(Easton et al. 1988). Workers in a Japanese poison gas factory were more 
likely to have chronic bronchitis, chronic cough, and decreased respiratory 
volume than non-exposed persons (Nishimoto et al. 1970). 
 

Dogs exposed to unspecified levels of mustard gas developed irregular 
respiration 8 hours after exposure (Winternitz and Finney 1920). Those that 
died from the exposure did so within 2-14 days. These animals show epithelial 
damage to the trachea, areas of leucocytic infiltration in the lungs, 
congested blood vessels, and, in some cases, necrotizing pneumonia. 
 

Hematological Effects. No studies were located regarding hematological 
effects in humans after inhalation exposure to mustard gas. 
 

Dogs and rabbits exposed to 0.1 mg/m3 of mustard gas in the air for 
1 year showed no hematological changes in a study which did not report further 
experimental details (McNamara et al. 1975). 
 
2.2.1.3 Immunological Effects 
 

No studies were located regarding immunological effects in humans or 
animals after inhalation exposure to mustard gas. 
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2.2.1.4 Neurological Effects 
 

No studies were located regarding neurological effects in humans after 
inhalation exposure to mustard gas. 
 

Dogs exposed to unspecified levels of mustard gas showed no tremors or 
convulsions (Winternitz and Finney 1920). 
 
2.2.1.5 Developmental Effects 
 

No studies were located regarding developmental effects in humans after 
inhalation exposure to mustard gas. 
 

No excess in fetal abnormalities were noted when rat dams were exposed 
during gestation (McNamara et al. 1975). This study had a number of 
drawbacks, including failure to report humidity in the chamber which made an 
adequate assessment of exposure levels difficult, whole-body exposure of 
animals which made the exposure a combination of inhalation as well as 
ingestion effects, additions of additional animals in the chamber midway 
through the experiment which allowed for entrance of pathological organisms, 
lack of rational for the selection of dosages, lack of details of pathological 
examination which normally includes description of the types of defects the 
investigators were looking for, lack of information about historical controls, 
and lack of statistical evaluations. In particular, the authors stated that 
the fetuses were examined, but they did not indicate whether or not there were 
any fetal abnormalities. 
 
2.2.1.6 Reproductive Effects 
 

No studies were located regarding reproductive effects in humans after 
inhalation exposure to mustard gas. 
 

No excess in fetal mortality was found when adult female and male rats 
were exposed before mating (McNamara et al. 1975). 
 
2.2.1.7 Genotoxic Effects 
 

The offspring of workers exposed to mustard gas in a Japanese factory 
showed no increases in diseases that would be indicative of genetic damage 
(Yamakido et al. 1985). 
 

No animal studies were located regarding genotoxic effects in animals 
after inhalation exposure to mustard gas. 
 

Other genotoxicity studies are discussed in Section 2.4. 
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2.2.1.8 Cancer 
 

Data on cancer in humans after inhalation exposure to mustard gas are 
from two primary sources: inhalation for several years by factory workers and 
inhalation as the result of a few or of single exposures during combat in 
World War I. In no case was the exposure level or duration quantified. 
 

Studies from three countries show elevated incidence of lung cancer 
among factory workers who made mustard gas and other chemical agents. In 
Japanese factory workers, histological examination revealed foci of moderate 
or severe atypical cell lesions or carcinoma in the bronchial epithelium 
(Tokuoka et al. 1986). Another study of workers from this same factory showed 
an increased number of deaths from cancer of the respiratory passages. The 
neoplasms were of either the squamous or undifferentiated type (Wada et al. 
1968). British workers also showed increased deaths from cancers of the 
respiratory passages and from lung cancer (Easton et al. 1988). Similarly, 
German factory workers showed increases in bronchial carcinoma, bladder 
carcinoma, and leukemia (Weiss and Weiss 1975). 
 

Other studies provide epidemiological evidence that World War I veterans 
who were exposed to mustard gas in combat had slight, but statistically 
significant, (p<O.Ol) increased incidences of lung cancer deaths. British 
soldiers who were studied 15 years later showed twice the expected incidence 
of lung cancer when compared to controls and also had excessive deaths from 
bronchitis, as compared to non-exposed soldiers (Case and Lea 1955). The 
authors suggest that the increased lung cancer was due to the bronchitis and 
not directly to the mustard gas. Soldiers who were not exposed to mustard 
gas, but who did have bronchitis also had excess mortality due to lung cancer, 
as compared with controls. A cohort of American soldiers was studied 
l-37 years (Beebe 1960) and 47 years (Norman 1975) postexposure. Deaths from 
respiratory cancer occurred in 2.5% of the mustard gas group, 1.8% of a group 
with pneumonia, and in 1.9% of a control group (Norman 1975). This is 
suggestive evidence of an association of lung cancer with mustard gas 
exposure. These studies found no association of lung cancer with bronchitis, 
in contrast to the findings of Case and Lea (1955). Although an increased 
frequency of lung cancer is associated with exposure to mustard gas, it is 
very difficult to calculate attributable risk of lung cancer due to mustard 
gas as no control was made for cigarette smoking. 
 

Two animal studies showed tumors following inhalation exposure to 
mustard gas. Male and female Strain A mice exposed once for 15 minutes to an 
unquantified level of mustard gas had a significantly higher incidence of 
pulmonary tumors than did their littermate controls (Heston 1953b). The 
significance of this finding for humans is difficult to determine since these 
Strain A mice are used due to their specific genetic tendency to develop lung 
tumors. Guinea pigs, mice, rabbits, and dogs that were exposed to mustard gas 
in the air for 3-12 months did not develop tumors, although rats did develop 
squamous cell carcinoma of the skin (McNamara et al. 1975). This study used 
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insufficient animals and inadequate doses to be considered an adequate 
carcinogenesis assay. 
 
2.2.2 Oral Exposure 
 

No studies were located regarding the following health effects in humans 
or animals after oral exposure to mustard gas: 
 
2.2.2.1 Death 
 
2.2.2.2 Systemic Effects 
 
2.2.2.3 Immunological Effects 
 
2.2.2.4 Neurological Effects 
 
2.2.2.5 Developmental Effects 
 
2.2.2.6 Reproductive Effects 
 
2.2.2.7 Genotoxic Effects 
 

Genotoxicity studies are discussed in Section 2.4. 
 

2.2.2.8 Cancer 
 

No studies were located regarding cancer in humans or animals after oral 
exposure to mustard gas. 
 
2.2.3 Dermal Exposure 
 
2.2.3.1 Death 
 

In France two children died after a 40-year-old mustard gas shell 
accidentally exploded spraying the liquid onto their skin and clothing (Heully 
et al. 1956). Lethal doses have been reported for humans, but the source of 
these data cannot be determined to be reliable because these data were 
incompletely reported and methods were not described (Rosenblatt et al. 1975). 
The LDsO for mustard gas applied to rat skin was reported as 9-12 mg/kg (Young 
1947). Most of the animals died 3-5 days after the exposure. The cause of 
death was not stated. 
 
2.2.3.2 Systemic Effects 
 

No studies were located in humans or animals regarding respiratory, 
cardiovascular, renal, hepatic, or musculoskeletal effects after dermal 
exposure to mustard gas. 
 

Gastrointestinal Effects. Volunteers who were wearing respirators and 
who were exposed to unspecified levels of mustard gas vapors and liquids had 
skin burns, but also complained of nausea, vomiting, anorexia, abdominal pain, 
diarrhea, headache, and lassitude (Sinclair 1948). These signs could have 
been primary effects of the mustard gas on the rapidly dividing cells of the 
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gastrointestinal epithelium, secondary effects from the skin burns, or 
psychological effects not related to the mustard gas exposure at all. 
 

In a study designed to determine lethal doses, rats stopped eating and 
drinking, had diarrhea, and lost weight prior to death (Young 1947). 
 

Dennal/Ocular Effects. Mustard gas was designed to be a skin and eye 
irritant with delayed actions for chemical warfare. It was designed to 
penetrate clothing, and is particularly harmful to the skin around the 
genitals and sweaty parts of the body (Franke 1967). It is more harmful to 
the skin on hot, humid days, or in tropical climates (Sulzberger et al. 1947). 
 

When mustard gas gets on human skin it causes erythema, itching, and 
blisters. These reactions are usually delayed by at least several hours, up 
to 48 hours (Renshaw 1946; Smith et al. 1919). Australian soldiers who were 
wearing respirators volunteered to be exposed to skin contact with mustard 
gas during World War I. They had erythema on the exposed areas, and skin 
burns on the genitalia (Sinclair 1948, 1950). They also suffered from nausea 
and vomiting, but this may be secondary to the skin burns. Other subjective 
complaints, such as headache and lassitude, could be secondary to the burns, 
primary effects of the mustard gas, or due to other causes altogether. Men 
who were exposed to mustard gas from leaking artillery shells picked up by 
fishing vessels off the coast of Denmark showed inflamed skin, blisters, eye 
irritation, and transient blindness (Wulf et al. 1985). Army volunteers 
exposed to mustard gas had skin burns, but no increased incidence of skin 
cancer or other systemic effects (NRC 1985). 
 

A review of the literature prior to 1950 indicates that drops containing 
0.1% or more mustard gas can cause skin blisters on humans (Sulzberger et al. 
1947). The amounts applied during these studies could not be well quantified. 
Humans show varying degrees of sensitivity to mustard gas (Renshaw 1946; 
Sulzberger et al. 1947). In particular, people with fair skin are more 
sensitive than those with dark skin. These reports also indicate that 
individuals with previous exposure are more sensitive to the dermal effects of 
mustard gas. 
 

At high exposures, mustard gas causes eye pain and spasmodic blinking in 
humans, which is sufficient to cause temporary visual incapacity lasting 
2-7 days (McNamara et al. 1975). If the eyes are exposed to mustard gas, 
delayed reactions can also occur which are manifested as delayed relapsing 
keratitis (Amalric et al. 1965; Dahl et al. 1985; Mann 1944). 
 

Mustard gas applied to the skin of rats produced local edema which 
subsided after 3 days (Young 1947). In rabbits and guinea pigs, mustard gas 
produced vascular leakage, leukocytic infiltration, and slow death of basal 
epidermal cells; this damage reached its peak l-3 days after application (Vogt 
et al. 1984). Healing occurred within 10 days. Suckling rats (which had no 
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yet grown hair) developed inflammatory changes and epidermal thickening after 
dermal exposure to mustard gas for l-15 minutes (McAdams 1956). This damage 
was evident l-7 days postexposure. Blisters did not develop, but the basal 
cells were destroyed. 
 

The eyes of dogs that were exposed to mustard gas for 16 weeks showed 
cornea1 opacity, vascularization, and granulation (McNamara et al. 1975). 
Similar results were reported by Winternitz (1920) who exposed dogs acutely. 
 

No studies were located regarding the following health effects in humans 
or animals after dermal exposure to mustard gas: 
 
2.2.3.3 Immunological Effects 
 
2.2.3.4 Neurological Effects 
 
2.2.3.5 Developmental Effects 
 
2.2.3.6 Reproductive Effects 
 
2.2.3.7 Genotoxic Effects 
 

Men who were exposed to mustard gas from leaking shells picked up by 
fishing vessels showed increased sister chromatid exchanges in their 
lymphocytes (Wulf et al. 1985). No studies were located regarding genotoxic 
effects in animals after dermal exposure to mustard gas. Other genotoxicity 
studies are discussed in Section 2.4. 
 
2.2.3.8 Cancer 
 

Five cases of Bowen's disease (a type of skin cancer) were studied among 
488 former workers of a Japanese poison gas factory (Inada et al. 1978). 
Workers were manufacturing mustard gas for 3-15 years and the diagnosis was 
made 31-41 years after exposure. These workers also suffered from acute 
dermatitis, conjunctivitis, bronchitis, and hyperkeratotic skin eruptions. 
 
No studies were located regarding cancer in animals after dermal 
exposure to mustard gas, although animals exposed to mustard gas in the air 
could have also had skin exposure. Cancer in these animals is discussed in 
Section 2.2.1.8 above. 
 
2.3 TOXICOKINETICS 
 
2.3.1 Absorption 
 
2.3.1.1 Inhalation Exposure 
 

 Since mustard gas can be found in human tissues following exposure 
through the air it can apparently be absorbed through the lungs or through the 
skin (Drasch et al. 1987). Further data regarding the rate and extent of 
absorption in humans after inhalation exposure are lacking. 
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2.3.1.2 Oral Exposure 
 

No studies were located regarding absorption in humans or animals after 
oral exposure to mustard gas. 
 
2.3.1.3 Dermal Exposure 
 

Since mustard gas can be found in bodily tissues of humans following 
exposure through the air, it is apparently absorbed through the lungs or 
through the skin (Drasch et al. 1987). When applied to human skin, most of 
the mustard gas evaporates (Smith et al. 1919). Some of the vapors can be 
absorbed into the skin, with the majority of this being absorbed into the 
blood stream (Cullumbine 1946, 1947; Nagy et al. 1946; Renshaw 1946). Some 
authors have suggested that the mustard gas is absorbed into the skin by 
passing into the sweat glands (Smith et al. 1919). The rate of penetration 
into human skin has been estimated to be l-4 µg/cm2/minute (Renshaw 1946). 
 

Rabbits and guinea pigs show no mustard gas in the epidermis 1 hour 
after exposure (Cullumbine 1946), indicating that it may have evaporated or 
been absorbed. Other studies showed guinea .pigs absorbed about 25% and 
rabbits absorbed about 10% after a l-hour exposure (Renshaw 1946). 
 
2.3.2 Distribution 
 
2.3.2.1 Inhalation Exposure 
 

Tissues of an Iranian soldier who died 7 days after exposure to mustard 
gas (by either the inhalation or dermal route) were examined (Drasch et al. 
1987). Mustard gas is highly lipid soluble and was found mostly in the brain 
and fatty body tissue. None was found in the urine of this patient. 
Otherwise, no other studies were located regarding distribution in humans or 
animals after exposure to mustard gas. 
 
2.3.2.2 Oral Exposure 
 

No studies were located regarding distribution in humans or animals 
after oral exposure to mustard gas. 
 
2.3.2.3 Dermal Exposure 
 

Tissues of an Iranian soldier who died after exposure to mustard gas (by 
either the inhalation or dermal route) were examined (Drasch et al. 1987). 
Mustard gas is highly lipid soluble and was found mostly in the brain and 
fatty body tissue. None was found in the urine of this patient. Older 
reports have stated that mustard gas is distributed to most tissues in humans 
(Cullumbine 1947). 
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2.3.3 Metabolism 
 

Rats and mice were injected intraperitoneally with radiolabeled mustard 
gas,.bis-2-chloroethyl-sulfide-35S (Davison et al. 1961). The metabolism of 
this substance is apparently largely due to hydrolysis and glutathione 
reactions, since the major urinary metabolites were glutathione-bis-2- 
chloroethyl sulfide conjugates (45% of total), thiodiglycol and conjugates 
(14% of total), and sulfone products (20%). Slightly different results were 
reported by Roberts and Warwick (1963), who found that at least 50% of the 
urinary metabolites in rats was a conjugated form of bis-
cysteinylethylsulphone. Thiodiglycol accounted for 15%-20% of the urinary 
radioactivity, and l0%-15% was a sulfide. 
 
2.3.4 Excretion 
 
2.3.4.1 Inhalation Exposure 
 

People who were exposed to mustard gas during the Iran-Iraq war could 
have absorbed the material through the lungs or through the skin. One of the 
breakdown products of mustard gas, thiodiglycol, has been detected in the 
urine of these people (Wils et al. 1985). These authors also report that 
thiodiglycol is found in unexposed persons and cannot be used to determine the 
exact level of mustard gas exposure, although it could possibly be used to 
show large exposures. No studies regarding animal excretion data from 
inhalation exposure are available. 
 
2.3.4.2 Oral Exposure 
 

No studies were located regarding excretion in humans or animals after 
oral exposure to mustard gas. 
 
2.3.4.3 Dermal Exposure 
 

People who were exposed to mustard gas during the Iran-Iraq war could 
have absorbed the material through the lungs or through the skin. One of the 
breakdown products of mustard gas, thiodiglycol, has been detected in the 
urine of these people (Wils et al. 1985). These authors also report that 
thiodiglycol is found in unexposed persons, and cannot be used to determine 
level of mustard gas exposure. No studies regarding animal excretion data 
from inhalation exposure are available. 
 
2.3.4.4 Other Routes of Exposure 
 

Two terminal cancer patients were injected intravenously with mustard 
gas and excreted 21% of the radioactivity in the urine within 3 days (Davison 
et al. 1961). The metabolites found in the liver were the same as those in 
the rats, listed in Section 2.3.3. The human data are useful in that they 
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support the concept that human metabolism is similar to rat metabolism for 
this chemical. Further information was not located. 
 

Rats and mice that were injected intraperitoneally with radiolabeled 
mustard gas excreted 78% of the radioactivity within 1 day and 90% within 
3 days in the urine. After 12 hours, 6% was excreted in the feces, and 0.05% 
in the expired air (Davison et al. 1961). Similar results were reported by 
other investigations (Roberts and Warwick 1963; Smith et al. 1958). 
 
2.4 RELEVANCE TO PUBLIC HEALTH 
 

No MRL was derived for inhalation exposure to mustard gas because 
quantitative data were not available to determine NOAELs or LOAELs. No MRL 
was derived for oral exposures to mustard gas because no oral exposure data 
exist for this chemical. No MRL was derived for dermal exposure to mustard 
gas because of a lack of methodology and a lack of quantitative data. 
 

Mustard gas is a chemical warfare agent made to be dangerous to human 
health. It was manufactured and used in World War I and in the Iran-Iraq war. 
Its effects are burning of the skin and eye irritation which begin after a 
delay of several hours. When the vapors are breathed for a prolonged period, 
other respiratory diseases, such as chronic bronchitis or cancer of the 
respiratory passages and lungs, can eventually occur. No information is 
available on its effects by the oral route, although it is unlikely that 
humans would be exposed via this route since the compound hydrolyzes rapidly 
in water. Mustard gas is stored as a liquid, but can change to gas in the 
air. 
 

Death. Mustard gas is a chemical warfare agent made specifically to 
hurt people. Many thousands of people died from mustard gas in World War I, 
and, more recently, in the Iran-Iraq war. It causes skin blistering and 
respiratory damage, but the exact cause of death is not well characterized. 
Animals have also died from large dermal exposures. Exposure to small 
amounts, however, will not cause death. 
 

Systemic Effects. Mustard gas was made to produce skin and respiratory 
tract damage in people. People who have been exposed to it in combat, or 
while manufacturing the substance, have been injured in this way. These 
people also sometimes complain of nausea and vomiting. Animals also develop 
skin and eye irritation, but they do not develop blisters like people do. 
 

The mechanism of the systemic toxicity of mustard gas has been 
postulated (Somani and Babu 1989). Since mustard gas is able to alkylate DNA, 
RNA, and proteins (see genotoxicity below), it can affect a variety of cell 
functions, including causing cell death by inhibition of DNA repair and 
replication, altering proteins that have been coded by alkylated RNA, 
structurally altering cell membranes, or otherwise altering cell proteins. 
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resulting widespread alkylation, it appears that mitigation efforts are best 
directed towards reduction of absorption and enhancement of elimination. 
 
2.9 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 mustard gas 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 mustard gas. 
 

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 or eliminate 
the uncertainties of human health assessment. In the future, the identified 
data needs will be evaluated and prioritized, and a substance-specific 
research agenda will be proposed. 
 
2.9.1 Existing Information on Health Effects of Mustard Gas 
 

The existing data on health effects of inhalation, oral, and dermal 
exposure of humans and animals to mustard gas are summarized in Figure 2-1. 
The purpose of this figure is to illustrate the existing information 
concerning the health effects of mustard gas. Each dot in the figure 
indicates that one or more studies provide information associated with that 
particular effect. The dot does not imply anything about the quality of the 
study or studies. Gaps in this figure should not be interpreted as "data 
needs" information (i.e., data gaps that must necessarily be filled). 
 

Data are available for humans regarding respiratory disease and cancer, 
and the deaths caused by these diseases following acute and chronic inhalation 
exposure. Very limited animal data are available regarding death, 
developmental and reproductive effects, and cancer following inhalation 
exposure. There are no data available on the toxicity of mustard gas from 
oral exposure in animals or humans. Limited data are available in humans and 
animals regarding skin effects from dermal exposure, and cancer in humans from 
dermal exposure. 
 
2.9.2 Data Needs 
 

Acute-Duration Exposure. Sufficient information is available from human 
exposure data to identify the skin (Frank 1967; NRC 1985; Renshaw 1946; 
Sinclair 1948, 1950; Smith et al. 1919; Sulzberger et al. 1947; Wulf et al. 
1985) and respiratory passages (Beebe 1960; Case and Lea 1955; Norman 1975) as 
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target organs from acute exposure to this airborne chemical warfare agent. 
Data from animal studies also suggest that acute exposure to mustard gas is 
harmful to the skin (McAdams 1956; Vogt et al. 1984; Young 1947) and 
respiratory passages (Heston 1953b; Winternitz and Finney 1920). Since 
mustard gas has been used in combat, it is known to be lethal from primary or 
secondary effects (Case and Lea 1955; Sinclair 1948, 1950; Somani and Babu 
1989). Data are presently insufficient to derive an MRL due to the lack of 
quantifiable exposure data. In order to derive an MRL, animal data with 
quantified exposure amounts and durations would be needed for the inhalation 
route. Unless people drink mustard gas directly from the container, they 
would not be exposed to it acutely via the oral route because it hydrolyzes 
quickly in water, so more data in this area is not needed. Since laboratory 
animals have fur and do not have sweat glands on most of their body, they do 
not provide optimal models for dermal exposure. 
 

Intermediate-Duration Exposure. Wartime and occupational studies in 
humans have identified the skin (NRC 1985; Sinclair 1948, 1950; Wulf et al. 
1985) and respiratory passages (Case and Lea 1955; Easton et al. 1988; 
Nishimoto et al. 1970; Somani and Babu 1989) as the target organs for mustard 
gas for intermediate-duration exposure. Intermediate-duration exposure during 
combat has shown that mustard gas can be lethal. These types of studies did 
not provide sufficient exposure data to derive an MRL. In order to derive an 
MRL, animal data with quantified exposure amounts and durations would be 
needed for the inhalation route. Since mustard gas hydrolyzes quickly in 
water, people would not be expected to be exposed from this route for the 
intermediate duration, and further data would not be particularly useful. The 
toxicokinetic data for intermediate-duration exposure are not available, but 
further studies would not be particularly helpful in defining the site or mode 
of action. 
 

Chronic-Duration Exposure and Cancer. Epidemiological studies of 
mustard gas workers have identified the skin (Inada et al. 1978; NRC 1985) and 
respiratory system (Easton et al. 1988: Nishimoto et al. 1970; Somani and Babu 
1989; Tokuoka et al. 1986; Wada et al. 1968; Weiss and Weiss 1975) as the 
target organs. An MRL was not derived due to the lack of quantifiable 
exposure data. In order to derive an MRL, animal data with quantified 
exposure amounts and durations would be needed for the inhalation route. 
Since mustard gas hydrolyzes quickly in water, people would not be expected to 
be exposed from this route, and further data would not be particularly useful. 
Further animal studies may be useful to determine possible effects from 
low-level chronic exposure which have not been previously identified; however, 
it is unlikely that humans would be exposed chronically from hazardous waste 
sites since mustard gas hydrolyzes so readily. 
 

Factory workers who have been exposed to this chemical for a number of 
years have been shown to develop respiratory cancer (Easton et al. 1988; 
Tokuoka et al. 1986; Wada et al. 1968; Weiss and Weiss 1975). In order to 
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develop a cancer effect level for inhalation or dermal exposure, appropriate 
animal studies would be necessary since there are no adequate studies 
currently available. 
 

Genotoxicity. Mustard gas is known to be highly genotoxic in vitro, and 
further studies would probably not alter this conclusion (Auerbach 1946; Ball 
and Roberts 1971/72; Capizzi et al. 1974; Fahmy and Fahmy 1971, 1972; 
Ichinotsubo et al. 1977; Kircher and Brendel 1983; Scott et al. 1974; Venitt 
1968; Walker and Thatcher 1968). 
 

Reproductive Toxicity. Only the most minimal animal data are available 
regarding reproductive toxicity of mustard gas (McNamara et al. 1975). 
Pharmacokinetic data are insufficient to judge the potential for mustard gas 
to affect this system. Since mustard gas quickly causes death, skin burns, 
and respiratory distress, it is unlikely that further studies on reproduction 
would be useful in identifying the most sensitive end point; however, data on 
reproduction would be helpful in determining that the MRL would be protective 
of this system. 
 

Developmental Toxicity. Only the most minimal animal data are available 
regarding developmental toxicity of mustard gas (McNamara et al. 1975). 
Pharmacokinetic data are insufficient to judge the potential for mustard gas 
to affect this system. For the development of an MRL, it is likely that the 
skin or respiratory systems would be affected before the fetus would be; 
however, further studies of the developmental system would be helpful in 
determining that the MRL would be protective of this system. 
 

Immunotoxicity. No human or animal data are available regarding the 
immunotoxicity of mustard gas. Pharmacokinetic data are insufficient to judge 
the potential for mustard gas to affect this system. There is no reason to 
believe that this system is a target for mustard gas, either from empirical 
data or inferences from related substances. For the development of an MRL, it 
is likely that the skin or respiratory systems would be affected before this 
system. There is no reason to suspect that any effects may be route- or 
species-specific. 
 

Neurotoxicity. Only minimal animal data are available regarding the 
neurotoxicity of mustard gas (Winternitz and Finney 1920). Pharmacokinetic 
data are insufficient to judge the potential for mustard gas to affect this 
system. However, there is no reason to believe that this system is a target 
for mustard gas, either from empirical data or inferences from related 
substances. For the development of an MRL, it is likely that the skin or 
respiratory systems would be affected before this system. There is no reason 
to suspect that any effects may be route- or species-specific. 
 

Epidemiological and Human Doaimetry Studies. Two types of human 
epidemiology studies are available: those using men who were exposed briefly 
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during combat in World War I (Beebe 1960; Case and Lea 1955; Norman 1975; 
Sinclair 1948, 1950), and those exposed for a longer period when producing 
mustard gas in Japanese (Nishimoto et al. 1970; Tokuoka et al. 1986; Wada et 
al. 1968), German (Weiss and Weiss 1975), or British factories (Easton et al. 
1988). In these studies, exposure duration and levels were not quantified. 
Mustard gas is not currently being produced in the United States, so there is 
no reason to believe that workers or the general populace may be exposed. 
Unless there is an accidental release from an Army site, there is no 
indication that individuals living near hazardous waste sites would be 
affected by this chemical. More human data may become available as victims of 
the Iran-Iraq war who have been exposed to mustard gas are identified and 
evaluated. Also, a retrospective study on American workers involved in 
production of mustard gas would be very valuable. 
 
Biomarkers of Exposure and Effect. No biomarkers of exposure have been 
identified that could be used to monitor exposure of any duration. The only 
known biomarkers are the level of thiodiglycol (Wils et al. 1985), a 
metabolite of mustard gas, or mustard gas itself, detected in the urine. 
However, the level of thiodiglycol is not specific for mustard gas. Better 
methods of detecting mustard gas exposure are needed. 
 

One new research possibility is to attempt to detect N-alkylated 
purines, such as 7-hydroxyethylguanine, in the urine. These substances may be 
released from cells after mustard gas damages the DNA (Somani and Babu 1989). 
 

No biomarkers of effect are available that are specific for mustard gas. 
Its effects may be caused by a number of different substances that can cause 
skin redness, blistering, or cough. 
 

Absorption, Distribution, Metabolism, and Excretion. Only very limited 
data are available to assess the toxicokinetic properties of mustard gas. 
These data indicate that it can be absorbed (Cullumbine 1946, 1947; Drasch et 
al. 1987; Nagy et al. 1946; Renshaw 1946; Smith et al. 1919) and is excreted 
in the urine (Davison et al. 1961; Roberts and Warwick 1963; Smith et al. 
1958; Wils et al. 1985). The metabolic pathways are known. More studies 
would be helpful in all these areas to adequately characterize the rate and 
extent of mustard gas absorption, distribution, and excretion. 
 

Comparative Toxicokinetics. Both human and animal data are available to 
indicate similar target organs. Since humans do not have the fur that most 
laboratory animals do, and since humans have sweat glands over most of their 
body whereas animals do not, human responses to skin irritants such as mustard 
gas are different from those of animals. It is possible to test mustard gas 
on animal skin which has been shaved of fur. Toxicokinetic studies have not 
been performed in multiple species; however, data from intravenous studies in 
rats, mice (Davison et al. 1961; Roberts and Warwick 1963; Smith et al. 1958), 
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4.1  PRODUCTION 
 

Mustard gas is a synthetic organic compound. It was first manufactured 
in 1822 by the action of ethene on sulfur monochloride or dichloride. Since 
then the methods of manufacture have been refined although they have not been 
changed substantially. Three main processes have been used. The Germans 
produced mustard gas using the Meyer process, which involved treating ethylene 
with hypochlorous acid followed by sodium sulfide, yielding B,B-dihydroxymethyl 
sulfide. This was heated in turn with hydrochloric acid and produced 
mustard gas. In the United States it was formerly made using the Levenstein 
process in which ethylene was reacted with sulphur monochloride at 30"-35°C. 
The most recent process used in the United States involved the formation of 
bis-(2-hydroxyethyl)-thioether from ethylene oxide and hydrogen sulfide, this 
was then reacted with hydrochloric acid to form mustard gas (Franke 1967; IARC 
1975; Rosenblatt et al. 1975). 
 

Mustard gas was manufactured in large quantities during World Wars I and 
II, but apparently has not been manufactured on an industrial basis in the 
United States since then. Stocks still exist on Army bases. It is probably 
still being made for laboratory experiments on a small scale. 
 
4.2   IMPORT/EXPORT 
 

Mustard gas is not known to be imported into or exported from the United 
States. 
 
4.3   USE 
 
The principal use of mustard gas was as a vesicant chemical warfare 
agent. The Germans first used it against the British during World War I 
during the battle of Flanders, near Ypres, Belgium, in 1917 (Franke 1967; 
Rosenblatt et al. 1975). It was used by the Allies in 1918 and by the 
Italians in Ethiopia in 1936. It has also been used recently in the Iran-Iraq 
War in 1984-1988 (Budiansky 1984). 
 

Attempts have been made to use sulfur mustard gas as an antineoplastic 
agent, although this has not met with much success due to its high toxicity. 
A similar product, nitrogen mustard, has been successfully employed as an 
anticancer agent (IARC 1975). Mustard gas has provided a useful model in 
biological studies concerning the behavior of alkylating agents (IARC 1975). 
 
4.4 DISPOSAL 
 

For the past several decades, the United States has stored its stockpile 
of mustard gas at seven Army facilities under a policy of total containment 
(Colburn 1978). Public Law 99-145 as amended by PL loo-456 now requires the 
Secretary of Defense to destroy the U.S. stockpile of lethal unitary chemical 
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agents by April 30, 1997 (DOA 1988). Two options of disposal are possible: 
incineration and detoxification. 
 

The Army's Chemical Stockpile Disposal Program (CSDP) has concluded that 
mustard gas can be destroyed in a safe and environmentally acceptable manner 
using on-site incineration technology. Incineration has been endorsed as the 
method of choice for destroying chemical agents by the National Research 
Council (NRC 1984). This method has been extensively tested at the Army's 
Chemical Agent Munitions Disposal System located in Toole, Utah (DOA 1988). A 
Canadian Army base also disposed of 1,400 gallons per day by incineration at 
1,900"F. Despite the use of a scrubbing tower, visible particulate emissions 
appeared, and the procedure was eventually stopped due to high cost. Mustard 
gas was also incinerated at the Rocky Mountain Arsenal in Colorado from 
1970-1974 (Murphy 1979). The combustion products of incineration include 
sulfur dioxide, hydrogen sulfide, and hydrogen chloride, which are all skin 
irritants themselves. 
 

The chemical methods used to detoxify mustard gas include hydrolysis, 
oxidation, and reactions with chlorine (Whitten 1963). In a Canadian Army 
base, it has been mixed with water so that it hydrolyzes to thiodiglycol and 
hydrochloric acid (Currie et al. 1977). Both of these products are skin 
irritants. 
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5.1 OVERVIEW 
 

The potential for exposure to mustard gas for the general public is 
minimal. It is not a naturally occurring compound and its only application is 
in chemical warfare. The United States has not used it for this purpose since 
World War I. The potential of an accidental release may increase should the 
mustard gas at these sites be transported or destroyed. Persons working at 
Army bases where this material has been stored or produced are at a greater 
risk of exposure. 
 

EPA has identified 1,177 NPL sites. Mustard gas has been found at 4 of 
these sites which are Army bases. We do not know how many of the 1,177 NPL 
sites have been evaluated. As more sites are evaluated by EPA these numbers 
may change (View 1989). The frequency of these sites within the United States 
can be seen in Figure 5-l. Mustard gas is known to be stored at least 7 Army 
bases, some of which are NPL sites (DOA 1988). 
 
5.2   RELEASES TO THE ENVIRONMENT 
 

During World War I when mustard gas was being used, the compound was 
released directly to the atmosphere in countries outside the United States. 
Presently, there are no known sources by which mustard gas is released to the 
environment in the United States. It does not occur naturally, and is no 
longer produced anthropogenically in the United States. Mustard gas which was 
produced for military applications is now being stored in military depots and 
storage facilities. It will be destroyed under the Chemical Stockpile 
Disposal Program initiated by Congress in 1985. Although no mustard gas is 
being released currently, it is possible that it may accidentally be released 
in future clean-up efforts. 
 
5.2.1 Air 
 

There are currently no known releases of mustard gas to the atmosphere. 
 

5.2.2 Water 
 

There are currently no known releases of mustard gas to water. 
 
5.2.3 Soil 
 

There are currently no known releases of mustard gas to soil. 
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5.3 ENVIRONMENTAL FATE 
 
5.3.1 Transport and Partitioning 
 

No information was located in the available literature regarding the 
transport and partitioning of mustard gas. On the basis of its use during 
warfare and its physical/chemical properties, mustard gas should partition to 
and be transported in the atmosphere following release. Because of its low 
solubility in water and ease of hydrolysis once dissolved, mustard gas is not 
transported through the soil by groundwater. 
 

Mustard gas does not bioconcentrate or biomagnify due to its reactivity. 
It is also unlikely that it is transported through the vascular systems of 
plants since it would almost surely undergo hydrolysis in the process 
(Rosenblatt et al. 1975). 
 
5.3.2 Transformation and Degradation 
 
5.3.2.1 Air 
 

The volatility of mustard gas is largely dependent on weather 
conditions. It vaporizes faster when the temperature and humidity are high 
and when the wind is blowing. For example, it vaporizes 2-3 times faster at 
20°C than at 5°C (Franke, 1967). Factors influencing vaporization also 
include the pH, moisture content, porosity of the surface, and physical 
constituents of the soils (Rosenblatt et al. 1975). While vaporization is 
higher with high wind speeds, the downwind hazard distance is sharply reduced 
under these conditions owing to the rapid dilution of the plume associated 
with higher wind speeds. 
 
5.3.2.2 Water 
 

Mustard gas is very insoluble in water, but once mustard gas dissolves 
in water it rapidly hydrolyzes (Clark 1989; Rosenblatt et al. 1974; Stein 
1946). Hydrolysis is primarily through reaction with surface water rather 
than moisture in air. In a study by Price and Wakefield (1947), hydrolysis by 
reaction with atmospheric moisture was studied by determining the amount of 
mustard gas vapor in a chamber of air saturated with water and comparing it 
with the amount in a chamber of dry air. Results showed a faint indication of 
hydrolysis of the moist vapor, although the deviations were probably within 
the limits of experimental error. The breakdown products are primarily 
thiodiglycol and hydrochloric acid; others include intermediates such as 
sulfonium salts. The amount of sulfonium salts formed is decreased as the 
volume of the water is increased (Stein 1946). Sufficient levels of chlorine 
in the water will inhibit the forward reaction; therefore hydrolysis proceeds 
at a much slower rate in salt water (Clark 1989). Water-soluble organic 
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The purpose of this chapter is to describe the analytical methods that 
are available for detecting and/or measuring and monitoring mustard gas in 
environmental media and in biological samples. The intent is not to provide 
an exhaustive list of analytical methods that could be used to detect and 
quantify mustard gas. Rather, the intention is to identify well-established 
methods that are used as the standard methods of analysis. Many of the 
analytical methods used to detect mustard gas in environmental samples are the 
methods approved by federal agencies 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 refine previously 
used methods to obtain lower detection limits, and/or to improve accuracy and 
precision. 
 
6.1  BIOLOGICAL MATERIALS 
 

The most common currently used method of analyzing for the presence of 
mustard gas and its metabolites in biological and environmental samples is gas 
chromatography/mass spectrometry (GC/MS). Prior to 1987, however, thin-layer 
chromatography (TLC) with a calorimetric detection system and gas 
chromatography with either flame ionization detector (FID), electron capture 
detector (ECD), or flame photometric detector (FPD) were the most frequently 
used. Sample preparation consists primarily of extraction with an organic 
solvent. Sodium chloride is sometimes added to improve sample stability and 
prevent mustard gas breakdown to thiodiglycol and other metabolites. 
Depending on the method used, and the possible interfering compounds present, 
further cleanup and preparative steps may be included. No EPA, NIOSH, or AOAC 
methods were found for this chemical. Table 6-l summarizes several 
representative analytical methods for detecting mustard gas and its 
metabolites in biological samples. 
 

Very little information was found on the detection of mustard gas in 
biological tissues or fluids. However, in two cases of suspected exposure, 
sodium chloride was first added to the urine samples to stabilize any mustard 
gas that might be present. A semi-quantitative analysis by GC/MS detected 
low-ppb levels of mustard gas in these samples compared to none detected in a 
control sample of a definitely unexposed person (Vycudilik 1985, 1987). The 
detection limit of the procedure was in the low parts per billion with 
recoveries of about 20%. Mustard gas has also been detected in the body 
tissues and fluids of an alleged victim (Drasch et al. 1987). In this 
analysis, abdominal fat samples were first qualitatively analyzed by GC/MS. A 
quantitative analysis of several more tissues and fluids by electrothermal 
atomic absorption spectroscopy (ET-AAS) detected mustard gas in blood and in 
all tissues examined. Detection limits were 1.1 mg/L in body fluids and 
0.1 mg/kg in body tissues (low-ppm range). 
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Mustard gas is generally metabolized rapidly in biological systems and 
the primary method of analyzing for mustard gas exposure is by detecting the 
presence of its hydrolysis metabolites in urine. GC/MS has been most recently 
used for this purpose. The usual procedure involves conversion of the most 
common hydrolysis metabolite, thiodiglycol, to mustard gas by heating with 
concentrated hydrochloric acid (Wils 1985; Wils et al. 1988). The detection 
limit for this procedure is in the low ppb range (about 1 µg/L) and with 
inclusion of deuterated thiodiglycol as an internal standard, recoveries of 
75% are obtained (Wils et al. 1988). Unfortunately thiodiglycol can exist in 
the urine of both exposed and non-exposed subjects. 
 
6.2 ENVIRONMENTAL SAMPLES 
 

Until recently, GC with FID, ECD, or FPD were the primary methods of 
analysis for mustard gas and its metabolites, with a calorimetric assay 
utilizing 4-(p-nitrobenzyl)pyridine also frequently used. Recently, GC/MS is 
more commonly used for detecting mustard gas and its metabolites in 
environmental samples. Table 6-2 presents a summary of several common 
analytical techniques used to analyze for mustard gas and its metabolites in 
environmental samples. 
 

One new research possibility is to attempt to detect N-alkylated 
purines, such as 7-hydroxyethylguanine, in the urine. These substances may be 
released from cells after mustard gas damages the DNA. 
 

Separation by TLC, followed by detection with a 4-(R-nitrobenzyl) 
pyridine procedure has been used qualitatively and quantitatively to detect 
sulfur mustard in the presence of other vesicant mustards (Sass and Stutz 
1981; Stutz and Sass 1969). This technique has proved useful in detecting 
mustard gas in a variety of complex matrices (water, soil, plants) and has a 
detection limit of 1 µg/sample spot (Sass and Stutz 1981). In addition to 
being relatively sensitive and selective, it can be scaled up for preparative 
work and down for small samples. This gives it continued usefulness despite 
the advent of more sophisticated GC/MS techniques. 
 

GC with either FID, ECD, or FPD was the most common technique of the 1970s 
and early 1980s for determining the presence of mustard gas and its 
metabolites, and is still frequently used. It has been used to detect mustard 
gas in air by passing air through a solvent trap. Aliquots of the solvent are 
directly injected into the gas chromatograph to detect mustard gas (Casselman 
et al. 1973; Gibson et al. 1974). With both ECD and FPD, recoveries were near 
lOO%, and the detection limit was 0.2 µg/pL injected. Advantages of both were 
speed, simplicity, and reliability. However, the solvent producing the best 
results with ECD required ice-bath cooling to prevent solvent and mustard gas 
loss (Casselman et al. 1973). The solvent used with FPD had the advantage of 
allowing room temperature analysis (Gibson et al. 1974). 
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GC was used to detect mustard gas in water (Fisher et al. 1969) and soil 
(D'Agostino and Provost 1988a). Using GC/ECD, a minimum detection limit 
(quantifiable) of 160 µg/L (ppb) for aqueous solutions and 1 µg/L for vapor 
The method used was simple, selective, and precise. The 
authors proposed that with appropriate sample preparation, it could be used 
for a variety of media including soil and biological media (Fisher et al. 
1969). Mustard gas and metabolites were detected in soil by GC/FID 
(D'Agostino and Provost 1988a), who also analyzed a hydrolysate remaining from 
the destruction of munitions grade mustard, but no details on accuracy, 
precision, or sensitivity are given. A comparison of the various detectors 
used to analyze for mustard gas and its metabolites was conducted and showed 
ECD to be the most sensitive for detecting mustard gas in a mixture of mustard 
compounds, followed by FPD, and FID (Sass and Steger 1982). The detection 
limit using ECD and FPD was in the mid-ppb range (about 160 µg/L) for 
solutions and in the low-ppb range (about 1 µg/L) for vapors. 
 

Recently, GC/MS has been used to analyze for the presence of mustard gas 
and its metabolites (D'Agostino and Provost 1988b; D'Agostino et al. 1989; 
Munavalli and Jakubowski 1989; Vycudilik 1985). Tests with pure substances 
have supported the sensitivity, selectivity, and reliability of this 
technique, and analysis of pure samples have proved its usefulness. Inclusion 
of deuterated thiodiglycol as an internal standard increases the accuracy of 
GC/MS and makes the technique quantitative as opposed to simply 
semiquantitative. Both chemical ionization (CI) and electron impact (EI) have 
been used to detect mustard gas and its characteristic metabolites in samples. 
Detection of specific mustard metabolites is important in determining mustard 
gas exposure since the chemical can degrade rapidly under certain 
environmental conditions. Testing of several EI and CI techniques showed that 
MS was a sensitive, reliable, and precise detection method for mustard gas 
(Ali-Mattila et al. 1983). Later studies on sample mixtures of vesicant 
mustards and degradation products, as well as on water and soil samples 
supported this (D'Agostino and Provost 1988b; D'Agostino et al. 1989; 
Munavalli and Jakubowski 1989; Vycudilik 1985). While available information 
indicates this research to date has been qualitative or semi-quantitative, 
techniques encountered for the detection of thiodiglycol in urine suggest that 
it could be made quantitative for environmental samples as well. The 
detection limit for GC/MS, either EI or CI was in the low ppb range 
(D'Agostino and Provost 1988b; D'Agostino et al. 1989; Vycudilik 1985). The 
advantages of GC/MS are that it can separate and detect most vesicant mustards 
and metabolites in a complex mixture of these chemicals, and it is sensitive 
and precise. The sample preparation techniques are simple and usually involve 
either direct injection or single extraction and/or purification steps 
depending on the sample. The disadvantages are that quantification of data 
has not been completely worked out and the instrumentation is not as widely 
available as that for calorimetric or GC analysis due to the expense and more 
complex technical knowledge required. 
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Acute Exposure -- Exposure to a chemical for a duration of 14 days or less, as 
specified in the Toxicological Profiles. 
 
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 a 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. 
 
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. 
 
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. 
 
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. 
 
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. 
 
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 occurred. 
The terms, as used here, include malformations and variations, altered growth, 
and in utero death. 
 
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. 
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Immediately Dangerous to Life or Health [IDLH) -- The maximum environmental 
concentration of a contaminant from which one could escape within 30 min 
without any escape-impairing symptoms or irreversible health effects. 
 
Intermediate Exposure -- Exposure to a chemical for a duration of 15-364 days 
as specified in the Toxicological Profiles. 
 
Immunologic Toxicity -- The occurrence of adverse effects on the immune system 
that may result from exposure to environmental agents such as chemicals. 
 
In Vitro -- Isolated from the living organism and artificially maintained, as 
in a test tube. 
 
In Vivo -- Occurring within the living organism. 
 
Lethal Concentratioq(Lo) (LCLo) -- The lowest concentration of a chemical in 
air which 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 is expected to have caused death in humans or 
animals. 
 
Lethal Dose(50) (LD50) -- The dose of a chemical which 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 dose 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. 
 
Malformations -- Permanent structural changes that may adversely affect 
survival, development, or function. 
 
Minimal Risk Level -- An estimate of daily human exposure to a chemical that 
is likely to be without an appreciable risk of deleterious effects 
(noncancerous) over a specified duration of exposure. 
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Mutagen -- A substance that causes mutations. A mutation is a change in the 
genetic material in a body cell. Mutations can lead to birth defects, 
miscarriages, or cancer. 
 
Neurotoxicity -- The occurrence of adverse effects on the nervous system 
following exposure to chemical. 
 
No-Observed-Adverse-Effect Level (NOAEL) -- The dose of 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. 
 
Permissible Exposure Limit (PEL) -- An allowable exposure level in workplace 
air averaged over an 8-hour shift. 
 
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 
pg/m3 for air). 
 
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 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 CERCLA. Reportable quantities are (1) 1 lb or 
greater or (2) for selected substances, an amount established by regulation 
either under CERCLA or under Sect. 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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Short-Term Exposure Limit (STEL) -- The maximum concentration to which workers 
can be exposed for up to 15 min continually. No more than four excursions are 
allowed per day, and there must be at least 60 min between exposure periods. 
The daily TLV-TWA may not be exceeded. 
 
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) -- A concentration of a substance to which most 
workers can be exposed without adverse effect. The TLV may be expressed as a 
TWA, as a STEL, or as a CL. 
 
Time-Weighted Average (TWA) -- An allowable exposure concentration averaged 
over a normal 8-hour workday or 40-hour workweek. 
 
Toxic Dose (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. 
 
Uncertainty Factor (UF) -- A factor used in operationally deriving the RfD 
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 LOAEL data rather than NOAEL data. 
Usually each of these factors is set equal to 10. 
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USER'S GUIDE 
 
 

Chapter 1 
 
Public Health Statement 
 
This chapter of the profile is a health effects summary written in nontechnical 
language. Its intended audience is the general public especially people living 
in the vicinity of a hazardous waste site or substance 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 substance. 
 
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 
 
Tables and Figures for Levels of Significant Exposure (LSE) 
 
Tables (2-1, 2-2, and 2-3) and figures (2-l and 2-2) are used to summarize health 
effects by duration of exposure and endpoint and to illustrate graphically levels 
of exposure associated with those effects. All entries in these tables and 
figures represent studies that provide reliable, quantitative estimates of 
No-Observed-Adverse-Effect Levels (NOAELs), Lowest-Observed- Adverse-Effect 
Levels (LOAELs) for Less Serious and Serious health effects, or Cancer Effect 
Levels (CELs). In addition, these tables and figures illustrate differences in 
response by species, Minimal Risk Levels (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. The LSE tables and 
figures can be used 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. 
The legends presented below demonstrate the application of these tables and 
figures. A representative example of LSE Table 2-l and Figure 2-l are shown. 
The numbers in the left column of the legends correspond to the numbers in the 
example table and figure. 
 
LEGEND 
 

See LSE Table 2-l 
 
(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. When sufficient data exist, 
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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 Table 2-1, 2-2, and 2-3, 
respectively). LSE figures are limited to the inhalation (LSE Figure 2-l) 
and oral (LSE Figure 2-2) routes. 

 
(2). Exposure Duration Three exposure periods: acute (14 days or less); 

intermediate (15 to 364 days); and chronic (365 days or more) are 
presented within each route of exposure. In this example, an inhalation 
study of intermediate duration exposure is reported. 
 

(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. 
 

(4). Kev 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 define a NOAEL and a Less Serious LOAEL (also see the two 
"18r" data points in Figure 2-l). 
 

(5). Species The test species, whether animal or human, are identified in this 
column. 
 

(6). Explore Frequency/Duration The duration of the study and the weekly and 
daily exposure regimen 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 [substance x] via inhalation for 13 
weeks, 5 days per week, for 6 hours per day. 
 

(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 in these 
systems. In the example of key number 18, one systemic effect 
(respiratory) was investigated in this study. 
 

(8). NOAEL A No-Observed-Adverse-Effect Level (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 "c"). 
 

(9). LOAEL A Lowest-Observed-Adverse-Effect Level (LOAEL) is the lowest 
exposure level 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 
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quantify the adverse effect accompanies the LOAEL. The "Less Serious" 
respiratory effect reported in key number 18 (hyperplasia) occurred at a 
LOAEL of 10 ppm. 
 

(10) Reference The complete reference citation is given in Chapter 8 of the 
profile. 
 

(11) CEL A Cancer Effect Level (CEL) is the lowest exposure level associated 
with the onset of carcinogenesis in experimental or epidemiological 
studies. CELs are always considered serious effects. The LSE tables and 
figures do not contain NOAELs for cancer, but the text may report doses 
which did not cause a measurable increase in cancer. 
 

(12) Footnotes Explanations of abbreviations or reference notes for data in 
the LSE tables are found in the footnotes. Footnote "c" indicates the 
NOAEL of 3 ppm in key number 18 was used to derive an MRL of 0.005 ppm. 
 

LEGEND 
 

See LSE Figure 2-1 
 
LSE figures graphically illustrate the data presented in the corresponding LSE 
tables. Figures help the reader quickly compare health effects according to 
exposure levels for particular exposure duration. 
. 
(13). Exposure Duration The same exposure periods appear as in the LSE table. 

In this example, health effects observed within the intermediate and 
chronic exposure periods are illustrated. 
 

(14). Health Effect These are the categories of health effects for which 
reliable quantitative data exist. The same health effects appear in the 
LSE table. 
 

(15) Levels of Exposure Exposure levels for each health effect in the LSE 
tables are graphically displayed in the LSE figures. Exposure levels are 
reported 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, 18r NOAEL is the critical end point for which an 
intermediate inhalation exposure MRL is based. As you can see from the 
LSE figure key, the open-circle symbol indicates a NOAEL for the test 
species (rat). The key number 18 corresponds to the entry in the LSE 
table. The dashed descending arrow indicates the 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 38r is one of three studies for which Cancer Effect Levels 
(CELs) were derived. The diamond symbol refers to a CEL for the test 
species (rat). The number 38 corresponds to the entry in the LSE table. 
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(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 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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MRL users should be familiar with the toxicological information on which the 
number is based. Section 2.4, "Relevance to Public Health," contains basic 
information known about the substance. Other sections such as 2.6, "Interactions 
with Other Chemicals" and 2.7, "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 used by the 
Environmental Protection Agency (EPA) (Barnes and Dourson, 1988; EPA 1989a) to 
derive reference doses (RfDs) for lifetime exposure. 
 
To derive an MRL, ATSDR generally selects the 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 effects 
(e.g., systemic, neurological, and developmental). In order to compare NOAELs 
and LOAELs for specific end points, all inhalation exposure levels are adjusted 
for 24hr exposures and all intermittent exposures for inhalation and oral routes 
of intermediate and chronic duration are adjusted for continous exposure (i.e., 
7 days/week). If the information and reliable quantitative data on the chosen 
end point are available, ATSDR derives an MRL using the most sensitive species 
(when information frommultiple species is available) with the highest NOAEL that 
does not exceed any adverse effect levels. The NOAEL is the most suitable end 
point for deriving an MRL. When a NOAEL is not available, a Less Serious LOAEL 
can be used to derive an MRL, and an uncertainty factor (UF) of 10 is employed. 
MRLs are not derived from Serious LOAELs. Additional uncertainty factors of 10 
each are used 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 adjusted 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 LSE Tables. 


