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*Legislative Background

The toxicological profiles are developed in response to the Superfund Amendments and
Reauthorization Act (SARA) of 1986 (Public Law 99-499) which amended the Comprehensive
Environmental Response, Compensation, and Liability Act of 1980 (CERCLA or Superfund). Section
211 of SARA also amended Title 10 of the U. S. Code, creating the Defense Environmental
Restoration Program. Section 2704(a) of Title 10 of the U. S. Code directs the Secretary of Defense
to notify the Secretary of Health and Human Services of not less than 25 of the most commonly found
unregulated hazardous substances at defense facilities. Section 2704(b) of Title 10 of the U. S. Code
directs the Administrator of the Agency for Toxic Substances and Disease Registry (ATSDR) to
prepare a toxicological profile for each substance on the list provided by the Secretary of Defense
under subsection (b).
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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,
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databases reviewed and a list of unpublished documents cited are also included in the administrative
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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 Statement was prepared to give you information about HMX and to emphasize the human health

effects that may result from exposure to it. The Environmental Protection Agency (EPA) has

identified 1,416 hazardous waste sites as the most serious in the nation. These sites make up the

National Priorities List (NPL) and are the sites targeted for long-term federal cleanup activities. HMX

has been found in at least 10 of the sites on the NPL. However, the number of NPL sites evaluated

for HMX is not known. As EPA evaluates more sites, the number of sites at which HMX is found

may increase. This information is important because exposure to HMX may cause harmful health

effects and because these sites are potential or actual sources of human exposure to HMX.

When a substance 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. This release does not always lead to exposure. You

can be exposed to a substance only when you come in contact with it. You may be exposed by

breathing, eating, or drinking substances containing the substance or by skin contact with it.

If you are exposed to a substance such as HMX, many 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, gender, nutritional status, family traits, life-style, and state of

health.

1.1 WHAT IS HMX?

HMX, an acronym for High Melting eXplosive, is also known as octogen and cyclotetramethylene-

tetranitramine, as well as by other names. It is a colorless solid that dissolves slightly in water. Only

a very small amount of HMX will evaporate into the air; however, it can occur in air attached to

suspended particles or dust. The taste and smell of HMX are not known.

HMX is a manmade chemical and does not occur naturally in the environment. It is made from other

chemicals known as hexamine, ammonium nitrate, nitric acid, and acetic acid. HMX explodes
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violently at high temperatures (534°F and above). Because of this property, HMX is used in nuclear

devices, plastic explosives, rocket fuels, and burster chargers. A small amount of HMX is also formed

in making cyclotrimethylene-trinitramine (RDX), another explosive similar in structure to HMX. The

amount of HMX made and used in the United States at present is not known, but it is believed to be

greater than 30 million pounds per year.

More information about the chemical names, properties, and uses of HMX is in Chapters 3 and 4.

1.2 WHAT HAPPENS TO HMX WHEN IT ENTERS THE ENVIRONMENT?

Most of the HMX that enters the environment is released into waste water from places that make or

use HMX. A small amount of HMX can be released to the air as dust or ash from facilities that burn

waste contaminated with HMX. Some HMX may be released to soil as a result of accidental spills,

the settling of HMX-containing dust particles from the air, or the disposal of waste that contains HMX

in landfills.

Dust particles containing HMX may be carried by the wind for some distance. The distance depends

on a number of factors, including particle size, wind velocity, and weather conditions. Eventually,

these particles settle to the earth, depositing on soil and surface waters. The length of time that HMX

remains in the air is not known.

In surface water, HMX does not evaporate or bind to sediments to any large extent. Sunlight breaks

down most of the HMX in surface water into other compounds, usually in a matter of days to weeks.

The amount of time HMX remains in surface water depends on how much light-absorbing material is

present. A small amount of HMX may also be broken down by bacteria in the water. Some of the

breakdown products of HMX (nitrite, nitrate, formaldehyde, l,l-dimethylhydrazine) are also harmful to

your health, although the amounts you may be exposed to as a result of HMX in your drinking water

are not expected to be above trace levels.

Laboratory studies show that HMX is likely to move from soil into groundwater, particularly in sandy

soils. For most soils, however, the movement of HMX into groundwater is expected to be slow.

Bacteria in the soil are not expected to break down HMX to any large extent. Exactly how long HMX
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will remain in the environment is not known; however, HMX in soil and groundwater is expected to

stay there for a long time.

It is not known if plants, fish, or animals living in areas contaminated with HMX build up high levels

of the chemical in their tissues.

More information on what happens to HMX when it enters the environment is in Chapters 4 and 5.

1.3 HOW MIGHT I BE EXPOSED TO HMX?

There is no information on how often you might be exposed to HMX in the environment or to how

much. Most people, however, probably won’t be exposed to HMX from the environment. People

who work at facilities that make or use HMX or RDX, such as military personnel, may be exposed.

These workers may be exposed by inhaling dusts that contain HMX or by getting HMX-containing

liquids on their skin. People who live near facilities that make or use HMX, or near hazardous waste

sites that contain HMX, may also be exposed. For these residents, exposure (if any) is most likely to

occur from contaminated groundwater. However, exposures to small amounts of HMX from

contaminated surface water, soil, and air are also possible.

More information on how you can be exposed to HMX is in Chapter 5.

1.4 HOW CAN HMX ENTER AND LEAVE MY BODY?

HMX can enter your body if you breathe contaminated air, swallow contaminated water or soil, or get

substances that contain HMX on your skin. Very little is known about how much and how fast HMX

enters your body after you are exposed.

Limited information from laboratory studies in animals suggests that if you swallow HMX, only a

small amount (less than 5 percent) will be absorbed into your blood. The rest of the HMX that is not

absorbed leaves your body in your feces, usually within a day or two after you are exposed. Your

blood carries the small amount of absorbed HMX to your tissues. Animal studies suggest that the
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resulting concentrations of HMX in your lungs, liver, heart, and kidneys may be slightly higher than

the concentrations in other tissues.

HMX does not remain in any of your tissues for very long. Information from animal studies suggests

that your body can transform HMX into other compounds called metabolites. At present, the identity

and toxicity of these metabolites are not known. Most of these metabolites leave your body in your

urine, usually within a few days after you are exposed. Smaller amounts of these metabolites may be

released in your feces or in the air you breathe out.

More information on how HMX enters and leaves your body is in Chapter 2.

1.5 HOW CAN HMX AFFECT MY HEALTH?

Information on the adverse health effects of HMX is limited. In one human study, no adverse effects

were reported in workers exposed to HMX in air. However, the concentrations of HMX in the

workplace air were not reported in this study, and only a small number of workers and effects were

investigated.

Studies in rats, mice, and rabbits indicate that HMX may be harmful to your liver and central nervous

system if it is swallowed or gets on your skin. The lowest dose producing any effects in animals was

100 milligrams per kilogram of body weight per day (mg/kg/day) orally and 165 mg/kg/day on the

skin. Limited evidence suggests that even a single exposure to these dose levels harmed rabbits. The

mechanism by which HMX causes adverse effects on the liver and nervous system is not understood.

The reproductive and developmental effects of HMX have not been well studied in humans or animals.

At present, the information needed to determine if HMX causes cancer is insufficient. Due to the lack

of information, EPA has determined that HMX is not classifiable as to its human carcinogenicity.

More information on how HMX can affect your health is in Chapter 2.



HMX 5

1. PUBLIC HEALTH STATEMENT

1.6 IS THERE A MEDICAL TEST TO DETERMINE WHETHER I HAVE BEEN

EXPOSED TO HMX?

You can find out if you have been exposed to HMX by having your blood, urine, or feces tested for

HMX. Since HMX is poorly absorbed after it is swallowed, the levels of HMX in your blood and

urine are likely to be lower than those in your feces. For best results, tests for HMX should be done

within a few days after you are exposed. These tests cannot be used to tell how much HMX you have

been exposed to or to predict whether or not you will experience adverse health effects. These tests

are not usually done in a doctor’s office, but require that the samples be sent to a laboratory for

testing.

More information on medical tests to determine whether you have been exposed to HMX is in

Chapters 2 and 6.

1.7 WHAT RECOMMENDATIONS HAS THE FEDERAL GOVERNMENT MADE TO

PROTECT HUMAN HEALTH?

The federal government has made several regulations and guidelines to protect human health. EPA

recommends that the concentration of HMX in an adult’s drinking water be less than 0.40 milligrams

per liter (mg/L) for a lifetime exposure. EPA regulates waste containing HMX as hazardous and has

set restrictions on its disposal in landfills. The Department of State regulates the exportation of HMX,

and the Department of Transportation regulates its transportation. The Bureau of Alcohol, Tobacco,

and Firearms regulates the importation, manufacture, distribution, and storage of HMX.

More information on government regulations and guidelines for HMX is in Chapter 7.

1.8 WHERE CAN I GET MORE INFORMATION?

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

environmental quality department or:
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Agency for Toxic Substances and Disease Registry

Division of Toxicology

1600 Clifton Road NE, E-29

Atlanta, Georgia 30333

(404) 639-6000

This agency can also provide you with information on the location of occupational and environmental

health clinics. These clinics specialize in the recognition, evaluation, and treatment of illness resulting

from exposure to hazardous substances.
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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 on the toxicology of HMX. It

contains descriptions and evaluations of toxicological studies and epidemiological investigations and

provides conclusions, where possible, on the relevance of toxicity and toxokinetic data to public

health.

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

2.2 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 lowestobserved-

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
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these end points. ATSDR believes that there is sufficient merit in this approach to warrant an attempt

at distinguishing between “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 or exposure levels below which no adverse

effects 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 (Minimal Risk Levels or MRLs) have

been made for HMX. 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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2.2.1 Inhalation Exposure

2.2.1.1 Death

No studies were located regarding death in humans or animals after inhalation exposure to HMX.

2.2.1.2 Systemic Effects

No studies were located regarding respiratory, cardiovascular, gastrointestinal, musculoskeletal, dermal,

or ocular effects in humans or animals after inhalation exposure to HMX. Data regarding the

hematological, hepatic, and renal effects of HMX in humans are limited to a single study. This study

is discussed below.

Hematological Effects. A single study investigated the hematological effects of HMX in 24 male

munitions workers who were also exposed to cyclotrimethylenetrinitramine (RDX) (Hathaway and

Buck 1977). Compared to an unexposed control group (237 males), there were no significant

differences in hemoglobin, hematocrit, and reticulocyte count in blood samples from workers exposed

to HMX and RDX. Although levels of RDX in air were measured in this study (mean = 0.28 mg/m3),

the levels of HMX in the air of the munitions plant were not determined.

No studies were located regarding hematological effects in animals after inhalation exposure to HMX.

Hepatic Effects. A single study investigated the hepatic effects of HMX in 24 male munitions

workers who were also exposed to a mean concentration of 0.28 mg/m3 RDX (Hathaway and Buck

1977). Compared to an unexposed control group (237 males), there were no significant differences in

lactate dehydrogenase, alkaline phosphatase, serum glutamic oxaloacetic transaminase, or serum

glutamic pyruvic transaminase activities. Since this study was originally conducted to investigate the

effects of RDX, the levels of HMX in the air of the munitions plant were not determined.

No studies were located regarding hepatic effects in animals after inhalation exposure to HMX.
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Renal Effects. A single study investigated the renal effects of HMX in 24 male munitions workers

who were also exposed to a mean concentration of 0.28 mg/m3 RDX (Hathaway and Buck 1977).

Compared to an unexposed control group (237 males), there were no significant differences in blood

urea nitrogen concentration. Since this study was originally conducted to investigate the effects of

RDX, the levels of HMX in the air of the munitions plant were not determined.

No studies were located regarding renal effects in animals after inhalation exposure to HMX.

2.2.1.3 Immunological and Lymphoreticular Effects

A single study investigated the immunological effects of explosives in a group of 558 male and female

munitions workers (Hathaway and Buck 1977). The study was prompted by the occurrence of three

cases of lupus erythematosus at one munitions plant within a 2-year period. The workers were

exposed to RDX and HMX either alone or in combination with other explosives such as

trinitrotoluene. Compared to an unexposed control group (863 males and females), the prevalence of

antinuclear antibodies (a biomarker for lupus erythematosus) was not significantly different in exposed

workers. Although the levels of RDX were determined to range up to 1.57 mg/m3 (mean =

0.28 mg/m3) in the air of one munitions plant, the levels of HMX in air were not determined.

No studies were located regarding immunological and lymphoreticular effects in animals after

inhalation exposure to HMX.

No studies were located regarding the following effects in humans or animals after inhalation exposure

to HMX:

2.2.1.4 Neurological Effects

2.2.1.5 Reproductive Effects

2.2.1.6 Developmental Effects

2.2.1.7 Genotoxic Effects

Genotoxicity studies are discussed in Section 2.5.
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2.2.1.8 Cancer

No studies were located regarding carcinogenic effects in humans and animals after inhalation

exposure to HMX.

2.2.2 Oral Exposure

2.2.2.1 Death

No studies were located regarding death in humans after oral exposure to HMX.

Several studies in animals indicate that acute and intermediate oral exposure to HMX can be lethal.

For single exposures, LD50 values of 5,500 and 6,400 mg/kg HMX were reported for male and female

rats, respectively (Army 1985h). In mice, the LD50 values were 1,700 and 3,200 mg/kg HMX for

males and females, respectively (Army 1985h). Limited evidence suggests that rabbits may be more

sensitive to the lethal effects of HMX than rodents. Deaths in rabbits were observed following single

oral doses of 100 mg/kg or more (Army 1985h). However, there are several deficiencies in this Army

(1985h) study that preclude establishing a definitive conclusion. For instance, the gavage

administration of the HMX may have contributed to the apparent greater susceptibility of the rabbits as

a result of a bolus effect. Also, only a small number of rabbits were tested (two per group), and no

control group was run concurrently. The authors concluded that HMX was relatively nontoxic to rats,

slightly toxic to mice, and toxic to rabbits. Deaths were observed in rats exposed to

3,055-8,054 mg/kg/day HMX and in mice exposed to 300-800 mg/kg/day for 14 days (Army 1985d,

1985e). In mice, the males appeared to be more sensitive to the lethal effects of HMX since 5/6 males

died following exposure to 300 mg/kg/day, whereas only 2/6 females died following exposure to

800 mg/kg/day. In rats, the females appeared to be more sensitive than male rats to the lethal effects

of HMX, since 6/6 females died following exposure to 3,055 mg/kg/day, compared to 5/6 males

following exposure to 8,504 mg/kg/day. No treatment-related deaths were observed in rats exposed to

up to 4,000 mg/kg/day HMX for 13 weeks (Army 1985b). However in mice, deaths were noted in

13/20 males exposed to 200 mg/kg/day and in 12/20 females exposed to 250 mg/kg/day HMX for

13 weeks (Army 1985b). All LOAEL values from each reliable study for death are recorded in

Table 2-l and plotted in Figure 2-l.
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for neurological effects for all three exposure routes would be helpful in predicting the potential for

neurological effects in humans exposed to HMX in the workplace or at hazardous waste sites.

Epidemiological and Human Dosimetry Studies. A single human study reported no evidence

of adverse health effects in munitions workers exposed to an unspecified concentration of HMX in

workplace air (Hathaway and Buck 1977). Additional studies of munitions workers exposed to HMX

which employ larger study populations, quantify exposure, and determine the resulting levels of HMX

or its metabolites in plasma, urine, and feces may be useful in estimating exposure to humans living

near hazardous waste sites.

Biomarkers of Exposure and Effect

Exposure.  The levels of HMX have been determined in the plasma, tissues, urine, and feces in

animals shortly following oral and parenteral exposure to HMX (Army 1985g, 1986). Additional

studies which identify and quantify the metabolites of HMX in biological samples could lead to the

development of biomarkers which are also specific to HMX exposures and could be used for future

medical surveillance. Such efforts could lead to early detection and possible treatment.

Effect. Measurements can be made for serum enzyme activities (alkaline phosphatase, lactate

dehydrogenase, serum glutamic oxaloacetic transaminase, serum glutamic pyruvic transaminase) or for

brain wave alterations (electroencephalograph) to determine the magnitude of the hepatic and

neurological effects of HMX. However, these biomarkers are not specific for exposures to HMX.

Studies which provide insight into the mechanism of action of HMX could lead to the development of

biomarkers of effect that are specific to HMX.

Absorption, Distribution, Metabolism, and Excretion. There are no data regarding the

toxicokinetics of HMX in humans. Studies in animals exposed to HMX by the oral and parenteral

route suggest that HMX is poorly absorbed from the gastrointestinal tract (Army 1985g,--1986), and

may preferentially distribute to the lungs, liver, heart, and kidney, and that most of an absorbed dose

of HMX is excreted in the urine (Army 1986). The data regarding the metabolism of HMX are

extremely limited, and data regarding the mechanism of action of HMX are purely speculative.

Studies in animals which investigate the toxicokinetics of HMX following inhalation and dermal

exposure would be useful in predicting the risk of adverse health effects following exposure to HMX
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by these routes. Studies which provide insight into the metabolism and mechanism of action of HMX

could lead to the development of sensitive biomarkers and effective treatments for the toxic effects of

HMX.

Studies that investigate the absorption, distribution, metabolism, and excretion of HMX in animals

(particularly rabbits) following single and repeated exposures to HMX for a wide range of doses by all

three routes may provide important information regarding the time- and dose-dependency of the

toxicokinetics of HMX.

Comparative Toxicokinetics. There are no human data regarding the toxicokinetics of HMX.

Animal studies regarding the toxicokinetics of HMX are too limited to indicate any species

differences. However, species differences have been observed for the toxic effects of HMX (Army

1985h). Additional animal studies which investigate potential species differences in absorption,

distribution, metabolism, and/or excretion of HMX would be useful in understanding the mechanism

underlying the species differences in sensitivity to the adverse health effects of HMX. Studies of

humans following occupational or accidental exposure to HMX would be useful in determining which

animal species are good models. In vitro studies which investigate the metabolism of HMX using

microsomal fractions from human and animal tissues may indicate important species differences and/or

similarities across species.

Methods for Reducing Toxic Effects. There are no data regarding the reduction of toxic effects

of HMX in humans or animals. Although standard methods exist for reducing the absorption of

chemicals such as HMX following oral or dermal exposure, studies which investigate the mechanism

by which HMX is absorbed could lead to the development of methods which are specific for exposure

to HMX. Data regarding the toxicokinetics of HMX are limited. Additional studies which better

define the metabolism and mechanism of action of HMX could lead to the development of methods

for reducing body burden and interfering with the mechanism of action of HMX.

2.10.3 On-going Studies

No information was located regarding on-going studies on HMX.
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3. CHEMICAL AND PHYSICAL INFORMATION

3.1 CHEMICAL IDENTITY

Table 3-l lists common synonyms, trade names, and other pertinent identification information for

HMX.

3.2 PHYSICAL AND CHEMICAL PROPERTIES

Table 3-2 lists important physical and chemical properties of HMX.
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5.4 LEVELS MONITORED OR ESTIMATED IN THE ENVIRONMENT

5.4.1 Air

No monitoring data for HMX in ambient air were located.

5.4.2 Water

HMX has been detected in groundwater samples at the northern facility boundary of the Milan Army

Ammunition Plant in Milan, Tennessee (EPA 1994). Concentrations of 0.53-821.0 µg/L HMX were

detected in monitoring well groundwater samples. HMX has also been detected in surface waters

receiving effluents from HMX manufacturing and processing facilities. HMX was detected at a

concentration of 67 µg/L in the Holston River, one mile downstream of the last plant effluent (Army

1984a).

5.4.3 Sediment and Soil

At the Joliet Army Ammunition Plant located in Joliet, Illinois, HMX has been detected in soil

samples at concentrations of 5-3,054 µg/g (Phillips et al. 1994). HMX, at a concentration of 13 µg/g,

was detected by high-performance liquid chromatography (HPLC) in soil obtained from the Milan

Army Ammunition Plant, Milan, Tennessee (Phillips et al. 1993). High levels could be present in

limited areas as a result of releases from manufacture and processing as well as from waste disposal in

landfills (Army 1984a).

5.4.4 Other Environmental Media

No data were located regarding HMX in foods or other environmental media.

5.5 GENERAL POPULATION AND OCCUPATIONAL EXPOSURE

Exposure of the general population to HMX is expected to be extremely low, but data are insufficient

for exposure estimates. The chemical has only been detected in environmental media in the vicinity of
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manufacturing or processing facilities or hazardous waste sites. If exposure of the general population

to HMX occurred, water would be the most likely source (Army 1989).

Workers in military facilities manufacturing or processing HMX may be exposed to the chemical.

Plant personnel may handle HMX dissolved in various solvents (Army 1984a). The National

Occupational Exposure Survey (NOES) estimated that six technicians for research and development

laboratories were potentially exposed to HMX in the United States between 1981-1983 (Sieber et al.

1991). The NOES database does not contain data on the frequency, duration, concentration, or route

of exposure of workers to chemicals.

5.6 POPULATIONS WITH POTENTIALLY HIGH EXPOSURES

Residents or workers near hazardous waste sites containing HMX wastes or manufacturing or

processing facilities handling explosives are at greater risk of exposure to HMX than the general

population.

5.7 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 HMX is available. Where adequate information is not

available, ATSDR, in conjunction with the 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 HMX.

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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5. POTENTIAL FOR HUMAN EXPOSURE

5.7.1 Identification of Data Needs

Physical and Chemical Properties. The physical and chemical properties of HMX are

sufficiently well characterized to allow estimation of its environmental fate (see Table 3-2) (Army

1989; EPA 1988; HSDB 1995). On this basis, it does not appear that further research in this area is

required.

Production, Import/Export, Use, Release, and Disposal. HMX is manufactured by only one

facility in the United States (Army 1984a, 1989; EPA 1986). Current production volumes, both as a

primary product and as a by-product in RDX, and import and export information are not available.

Current amounts of this chemical consumed by each use were not located. Current information on the

amounts of HMX released to the environment and disposed by various treatment methods are also not

available. This information would be helpful in assessing potential exposure to workers and the

general population.

According to the Emergency Planning and Community Right-to-Know Act of 1986, 42 U.S.C. Section

11023, industries are required to submit substance release and off-site transfer information to the EPA.

The Toxics Release Inventory (TRI), which contains this information for 1992, became available in

May of 1994. This database will be updated yearly and should provide a list of industrial production

facilities and emissions. However, HMX is currently not listed in the TRI database.

Environmental Fate. The environmental fate of HMX has been investigated in several studies

(Army 1982b, 1983, 1984b, 1984d). The chemical is relatively unreactive and degrades slowly in

environmental media. It is not likely that exposure to the general population is of concern.

Nevertheless, because it appears to be persistent in aquatic and terrestrial environments and may

migrate to groundwater (Army 1982b, 1984b), additional studies might be useful to assess the potential

for transport of this chemical from hazardous waste sites. In addition, determining the effect of

chlorination on HMX degradation rates would be useful in predicting potential exposure via drinking

water.
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Bioavailability from Environmental Media. No studies were located regarding the bioavailability

of HMX from environmental media. However, studies in rodents indicate that HMX is not well

absorbed (<5%) in the gastrointestinal tract following exposure by gavage or in the diet (Army 1985g,

1986). Based on a log Koc value of 0.54 (Army 1989), interactions between HMX and soil may

decrease bioavailability to some extent, but this is not expected to be significant. Studies which

investigate the bioavailability of HMX from environmental media would be useful in estimating

exposure to persons who live near hazardous waste sites contaminated with HMX.

Food Chain Bioaccumulation. No data on bioconcentration of HMX by aquatic organisms were

located. Based on data for RDX, food chain bioaccumulation is unlikely, but information on the

bioconcentration potential of this chemical would be useful to confirm this assumption.

Exposure Levels in Environmental Media. Reliable monitoring data for the levels of HMX in

contaminated media at hazardous waste sites are needed so that the information obtained on levels of

HMX in the environment can be used in combination with the known body burden of HMX to assess

the potential risk of adverse health effects in populations living in the vicinity of hazardous waste

sites. Monitoring data were not located for HMX in ambient air or soil. The chemical has been

detected in surface waters receiving effluents from HMX manufacturing and processing facilities.

Since this chemical is not expected to be prevalent in the environment and exposure of the general

population is not expected to be of concern, monitoring of ambient environmental media does not

appear to be required. However, monitoring of environmental media (particularly tap water from

surface water sources) in the vicinity of HMX manufacturing and processing facilities, and at

hazardous waste sites at which HMX has been detected, would help determine potential sources and

magnitude of exposure.

Exposure Levels in Humans. No data were located regarding exposure levels of HMX to

humans. This information is necessary for assessing the need to conduct health studies on these

populations. Since HMX does not appear to be well absorbed, analyzing blood or urine of workers

potentially exposed to the chemical is unlikely to provide useful information unless the exposure levels

are very large. Analysis of feces, although impractical for large scale monitoring, might provide

documentation of oral exposure.
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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.

6.3.1 Identification of Data Needs

Methods for Determining Biomarkers of Exposure and Effect

Exposure. Methods exist for determining the levels of HMX in plasma, tissues, urine, and feces in

animals (Army 1985g, 1986), which are presumably applicable to human exposures, as well. These

methods are reasonably accurate, reliable, and specific for determining exposures to HMX. Since

HMX is poorly absorbed in the gastrointestinal tract, the levels in plasma, tissues, and urine are likely

to be lower than those detected in the feces following oral exposure. The data are too limited to

determine if these methods are sufficiently sensitive for measuring the levels at which biological

effects are expected to occur. Most people are not exposed to HMX; therefore the background levels

of HMX in the general population are not expected to be detectable. Since HMX is metabolized to

polar intermediates in the body, studies which identify these intermediates, in conjunction with studies

which develop sensitive and reliable methods for detecting and quantifying these intermediates, would

be useful for medical surveillance in the future.

Effect. Methods exist for measuring serum enzyme activities and brain wave alterations which could

be used as biomarkers of the hepatic and neurological effects of HMX. These methods are sufficiently

sensitive for measuring background levels in unexposed populations and could be used to determine

the levels at which biological effects occur. However, these types of effects are common to exposures

to a large number of exogenous compounds and endogenous diseases and illnesses and, therefore, are

not specific biomarkers of effect for HMX exposure. Studies which identify specific biomarkers of

effect for HMX, in conjunction with studies that develop sensitive and reliable methods for detecting

these biomarkers, would be useful in determining if significant exposure to HMX has occurred.
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Methods for Determining Parent Compounds and Degradation Products in

Environmental Media. Analytical methods are available to detect and quantify HMX in water and

soil (Army 1984c, 1985i, 1991c; Bauer et al. 1986, 1990; Bongiovanni et al. 1984; EPA 1992; Glover

and Hoffsommer 1973; Hable et al. 1991; Jenkins et al. 1986, 1989, 1992; Major 1992; Maskarinec

et al. 1984). Water is the medium of most concern for human exposure to this chemical. Exposure

may also occur from soil or sediments in the vicinity of hazardous waste sites or from manufacturing

or processing sources. The existing analytical methods can provide determinations for HMX at levels

sufficiently low to meet water quality guidelines and below which health effects may occur (Army

1991c; Hable et al. 1991). However, improved methods of extraction and analysis that minimize

interferences and decomposition would enhance recovery of lower levels of HMX that may be present

in soil and in drinking water at hazardous waste sites and at military manufacturing and processing

facilities. Research to improve the available methods is in progress (see Section 6.3.2). No

information was located on specific analytical methodology for HMX in air samples. Development of

a simple method for sampling and analyzing workplace air would be helpful in assessing the potential

for human exposure from this source.

Methods are also available to measure degradation products of HMX in environmental samples (Army

1983), but these products (mainly nitrate, nitrite, and formaldehyde) are released to the environment

from many other sources and are therefore not useful determinants of the environmental impact of this

chemical.

6.3.2 On-going Studies

On-going research to improve analytical methods for HMX and related compounds includes studies to

facilitate efficient elution of HMX using mobile phase modifiers and/or more inert capillary columns,

thus enabling detection and quantitation of HMX by these methods. Research continues on developing

improved techniques for extraction, concentration, and elution of HMX (Army 1991c; Bauer et al.

1990; Berberich et al. 1988; Hable et al. 1991). These improvements are designed to oVercome

problems with sample preparation and increase sensitivity and reliability of the analyses.
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7. REGULATIONS AND ADVISORIES

Because of its potential to cause adverse health effects in exposed people, numerous regulations and

advisories have been established for HMX by various national agencies. Major regulations and

advisories pertaining to HMX are summarized in Table 7- 1.

ATSDR has derived an acute oral MRL of 0.1 mg/kg/day for HMX. The MRL is based on a LOAEL

of 100 mg/kg/day for neurological effects in mice exposed for 14 days (Army 1985d). The LOAEL

value was divided by an uncertainty factor of 1,000 (10 for use of a LOAEL, 10 for extrapolation

from animal to humans, and 10 for human variability).

ATSDR has derived an intermediate oral MRL of 0.05 mg/kg/day for HMX. The MRL is based on a

NOAEL of 50 mg/kg/day for hepatic effects in rats exposed for 13 weeks (Army 1985c). The

NOAEL value was divided by an uncertainty factor of 100 (10 for extrapolation from animal to

humans 10 for human variability) and a modifying factor of 10 for use of a “limited database” and

data indicating that mice may be more sensitive than rats.

EPA has derived a chronic oral RfD of 0.05 mg/kg/day for HMX (IRIS 1995; EPA 1995). This value

is based on a NOAEL of 50 mg/kg/day for liver lesions in rats exposed for 13 weeks (Army 1985c).

The NOAEL was divided by an uncertainty factor of 1,000 to account for extrapolation from animals

to humans, uncertainty in the threshold for sensitive humans, and extrapolation from subchronic

exposure to chronic exposure.
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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.

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.
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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 Concentration(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 dose of a chemical that is likely to be
without an appreciable risk of adverse noncancerous effects over a specified duration of exposure.

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.
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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 q,* 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).

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 pound 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.

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.
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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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MINIMAL RISK LEVEL WORKSHEETS
Chemical Name: HMX
CAS Number: 2691-41-0
Date: June 6, 1997
Profile Status: Final (Post-Public Comment)
Route: [ ] Inhalation [xl Oral
Duration: [xl Acute [ ] Intermediate [ ] Chronic
Graph Key: 13
Species: Mouse

Minimal Risk Level:

0.1 [X] mg/kg/day [ ] ppm

Reference:

Army. 1985d. HMX: 14-day toxicity study in mice by dietary administration. Ft. Detrick, MD:
Research and Development Command, U.S. Army Medical Bioengineering Research and Development
Laboratory. AD-A171 597 (authored by Greenough RJ, McDonald P).

Experimental design:

Groups of 6 male and 6 female B6C3Fl mice were administered HMX in the feed for 14 days at the
following doses: 0 , 100, 300, 900, and 2700 mg/kg/day for males; and 0 , 320, 800, 2000, and 5000
mg/kg/day for females.

Effects noted in studv and corresponding doses:

HMX-treated animals exhibited hyperkinesia when aroused at doses of 100 mg/kg/day. Convulsions
were observed in two males exposed to 300 mg/kg/day. Other effects including piloerection, hunched
posture, and increased sensitivity to auditory stimuli were also noted in animals exposed to this dose.
No mention was made by the authors whether or not convulsions were observed in animals given
higher doses. Necropsy of the brain did not reveal any abnormalities.

Dose and end point used for MRL derivation: 100 mg/kg/day hyperkinesia

[ ] NOAEL [x ] LOAEL

Uncertaintv factors used in MRL derivation:

[XI 10 for use of a LOAEL
[X] 10 for extrapolation from animals to humans
[X] 10 for human variability

Was a conversion used from npm in food or water to a mg/bodv weight dose? If so explain:

NA
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If an inhalation studv in animals. list the conversion factors used in determining human equivalent dose:

NA

MRL Calculation:

LOAEL: 100 mg/kg/day
MRL = LOAEL/UF = 100/1000 = 0.1 mg/kg/day
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Chemical Name: HMX
CAS Number: 2691-41-0
Date: June 6, 1997
Profile Status: Final (Post-Public Comment)
Route: [ ] Inhalation [X] Oral
Duration: [ ] Acute [X] Intermediate [ ] Chronic
Graph Key: 16
Species: Rat

Minimal Risk Level:

0.05 [X] mg/kg/day [ ] ppm

Reference:

Army. 1985c. HMX: 13 week toxicity study in rats by dietary administration. Ft. Detrick, MD:
US. Army Medical Research and Development Command, U.S. Army Medical Bioengineering
Research and Development Laboratory. (authored by Everett et al.)

Experimental design:

Groups of 20 male and 20 female Fischer rats were administered HMX in the feed for 13 weeks at the
following doses: 0 , 50, 150, 450, 1,350, and 4,000 mg/kg/day for males; 0 , 50, 115, 270, 620, and
1,500 mg/kg/day for females.

Effects noted in studv and corresponding doses:

A NOAEL was established for hepatic effects at 50 mg/kg/day. Hepatic effects including enlarged
centrilobular cells with pale nuclei and dark cytoplasm were observed in males exposed to 150
mglkgiday or more. In females administered 270 mg/kg/day or more, focal atrophy of the kidney
tubules and dilatation was observed. Only high-dose animals (1,500 mg/kg/day for females, 4,000
mg/kg/day for males) were evaluated for serum chemistry parameters. Decreases in hemoglobin,
packed cell volume, and blood urea nitrogen, and an increase in methemoglobin were observed in
both males and females, although the elevation in methemoglobin levels was significant in males only.
In addition, urinary pH was decreased while urinary volume was increased in females administered the
highest dose. Crystals were observed in the urine of males administered the highest dose. Significant
body weights were decreased in a dose-dependent manner, and many organ weights (adrenal, brain,
heart, kidney, spleen, liver, lungs, and ovaries) were affected in a dose-dependent manner, however,
the dose at which these changes became significant could not be determined. Histological effects were
seen only in the liver and the kidneys. The results of this study indicate the liver and the kidneys as
target organs. Ophthalmoscopic examination did not reveal any significant effects on the eyes that
could be attributed to HMX treatment. Food intake did not show a consistent dose-related trend, but
was reduced in treated animals as compared to controls.

Dose and end point used for MRL derivation: 50 mg/kg/day- Hepatic

[Xl NOAEL [ ] LOAEL
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Uncertainy factors used in MRL derivation:

[X] 10 for extrapolation from animals to humans
[X] 10 for human variability

Modifving factors used in MRL derivation:

[X] 10 for use of a “limited database” and of data indicating that mice may be more sensitive
than rats

Supporting studies:

Hepatocyte hyperplasia and cytoplasmic eosinophilia were noted in rats and mice exposed to 1,280 and
300 mg/kg/day HMX, respectively, for 14 days (Army 1985d, 1985e). No hepatic effects were
observed in mice exposed to 90 mg/kg/day HMX (Army 1985b).

Was a conversion used from ppm in food or water to a mg/bodv weight dose? If so explain:

NA

If an inhalation study in animals, list the conversion factors used in determining human equivalent dose:

NA

MRL Calculation:

NOAEL: 50 mg/kg/day

MRL = (NOAEL/UF)/ MF = (50/100)/10 = 0.05 mg/kg/day
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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

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 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, minimal risk levels
(MRLs) to humans for noncancer end points, and EPA’s estimated range associated with an upperbound
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 No-Observed-Adverse- Effect
Levels (NOAELs), Lowest-Observed-Adverse-Effect Levels (LOAELs), or Cancer Effect Levels (CELs).

The legends presented below demonstrate the application of these tables and figures. Representative
examples 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 2-1

(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 exists, 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. 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
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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 2 “18r” data points in Figure 2-l).

(5) Species The test species, whether animal or human, are identified in this column. Section 2.5,
“Relevance to Public Health,” covers the relevance of animal data to human toxicity and Section
2.3, “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
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 1,1,2,2-tetrachloroethane via
inhalation for 6 hours per day, 5 days per week, for 3 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 in these
systems. In the example of key number 18, 1 systemic effect (respiratory) was investigated.

(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 “b”).

(9) LOAEL A Lowest-Observed-Adverse-Effect Level (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 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 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.
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(12)  Footnotes Explanations of abbreviations or reference notes for data in the LSE tables are found in
the footnotes. Footnote “b” indicates the NOAEL of 3 ppm in key number 18 was used to derive
an MRL of 0.005 ppm.

LEGEND
See 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 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 intermediate and chronic 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, 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 to 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 1 of 3 studies for which Cancer Effect Levels were derived. The
diamond symbol refers to a Cancer Effect Level 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.




