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FOREWORD

The purpose of the Occupational Safety and Health Act of 1970 (Public Law 91-596) is to
assure safe and healthful working conditions for every working person and to preserve our
human resources. The Act authorizes the National Institute for Occupational Safety and
Health (NIOSH) to develop and recommend occupational safety and health standards and
to develop criteria that will ensure that no worker will suffer diminished health, functional
capacity, or life expectancy as a result of his or her work experience.

Through criteria documents, NIOSH communicates recommended standards to regulatory
agencies, including the Qccupational Safety and Health Administration (OSHA) and the
Mine Safety and Health Administration (MSHA). In addition, NIOSH distributes these
documents to health professionals in academia, industry, organized labor, public interest
groups, and other appropriate government agencies. Criteria documents provide the scien-
tific basis for the occupational safety and health standards. These documents generally
contain a critical review of the scientific and technical information available on the
prevalence of hazards, the existence of safety and health risks, and the adequacy of control
methods.

This criteria document reviews available information about the health risks for workers
engaged in the manufacture and use of ethylene glycol monomethyl ether (EGME), ethylene
glycol monoethyl ether (EGEE), and their acetates, ethylene glycol monomethyl ether
acetate (EGMEA) and ethylene glycol monoethyl ether acetate (EGEEA). Evidence from
case reports clearly establishes the risk of adverse effects on the blood, central nervous and
hematopoietic systems, liver, and kidneys. The results of studies in animals have demonstrated
dose-related embryotoxicity and other reproductive effects in several species of animals
exposed to EGME, EGEE, and their acetates by different routes of administration. Of
particular concern are studies in which exposure of pregnant animals to airbotne concentra-
tions of EGME or EGEE at or below their current OSHA permissible exposure limits (PELs)
led to increased incidences of malformations, growth retardation, and embryonic death.
Concern was also caused by testicular atrophy and infertility resulting from exposure of
male animals to airborne concentrations of EGME or EGEE at or below their PELs.

A known metabolism precedes the reproductive and developmental toxicity of EGME and
EGEE in animals. Because the same metabolic pathways exist in humans, NIOSH considers
it prudent to assume that humans and animals are similarly subject to the reproductive and
developmental effects of these chemicals. EGMEA and EGEEA have the same potential
for reproductive and developmental effects as the parent compounds because they ate
metabolized to EGME and EGEE, respectively.

Because limited data are available from studies in humans, NIOSH bases its recommended
exposure limits (RELs) for EGME, EGEE, and their acetates on data from studies in animals.
The data were adjusted to allow for uncertainties in the extrapolation from animals to
humans. NIOSH recommends that worker exposure to EGME and EGMEA in the workplace
be limited to 0.1 part per million parts of air (0.1 ppm) (0.3 mg BGME)'m3 and 0.5 mg



EGMBA/m ) as atime-weighted average for up to 10 hr/day during a 40-hr wotkweek (10-hr
TWA) Exposure to EGEE and EGEEA in the workplace shall be limited to 0.5 ppm (1.8
mg/m for EGEE and 2.7 mg/m for EGEEA) as a 10-hr TWA. Exposure to these glycol
ethers shall be reduced using state-of-the-art engineering controls and work practices.
Dermal contact is prohibited because EGME, EGEE, and their acetates are readily absorbed
through the skin.

The Institute takes sole responsibility for the conclusions and recommendations presented
in this document. All reviewers’ comments are being sent with this document to OSHA and
MSHA for consideration in standard setting.

y . -y

Assitant Surgeon General

Director, National Institute for
Occupational Safety and Health

Centers for Disease Control

iv



ABSTRACT

This document examines the occupational health risks associated with exposure to ethylene
glycol monomethyl ether (EGME), ethylene glycol monoethy! ether (EGEE}, and their
acetates, ethylene glycol monomethyl ether acetate (EGMEA) and ethylene glycol monoethyl
ether acetate (EGEEA). Criteria are also provided for eliminating or minimizing the risks
encountered by workers during the manufacture and use of these glycol ethers.

These glycol ethers adversely affect the blood, central nervous and hematopoietic systems,
liver, and kidneys. Studies in animals have demonstrated dose-related malformations, growth
retardation, and embryonic death in the offspring of pregnant animals exposed to airborne
concentrations of EGME or EGEE at or below their current Occupational Safety and Health
Administration (OSHA) permissible exposure limits (PELs). In addition, testicular attophy
and infertility occurred in male animals exposed to airborne concentrations of EGME or
EGEE at or below their current PELs. EGMEA and EGEEA have the same potential for
reproductive and developmental effects as the parent compounds because they are metabo-
lized to EGME and EGEE, respectively.

The National Institute for Occupational Safety and Health (NIOSH) therefore recommends
that exposure to EGME and EGMEA in the workplace be limited to 0.1 part per million
parts of air (0.1 ppm) (0.3 mg EGME/m and 0.5 mg EGMEA/m } as a time-weighted
average for up to 10 hr/day during a 40-hr workweek (10-hr TWA).

NIOSH also recommends that exposure to EGEE and EGEEA be limited to 0.5 ppm (1.8 mg
EGEE/m and 2.7 mg EGEEA/m Yas a 10-hr TWA. Exposure to these glycol ethers shall
be reduced using state-of-the-art engineering controls and work practices. Dermal contact
is prohibited because EGME, EGEE, and their acetates are readily absorbed through the
skin.
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GLOSSARY

Biological monitoring: The measurement and evaluation of hazardous substances or their
metabolites in the body tissues, fluids, or exhaled air of exposed workets.

Developmental toxicity: Any adverse effects on normal growth, development, or acquisi-
tion of organ function in (1) the conceptus of a pregnant woman exposed to a chemical or
physical agent, or (2) an immature (prepubertal) individual exposed to a chemical or physical
agent.

Lowest observable adverse effect level (LOAEL): The lowest concentration of a chemical
or physical agent that produces an observable adverse health effect in exposed animals or
workers.

No observable adverse effect level (NOAEL): The concentration of a chemical or physical
agent that produces no observable adverse health effect in exposed animals or workers.

Recommended exposure Iimit (REL): An occupational exposure limit recommended by
NIOSH as being protective of worker health and safety over a working lifetime; the REL is
used in combination with engineering and work practice controls, exposure and medical
monitoring, labeling, posting, worker training, and personal protective equipment. The REL
is frequently expressed as a time-weighted average (TWA) exposure for up to 10 hr/day
during a 40-hr workweek. The REL may also be expressed as (1) a short-term exposure
limit (STEL) that should never be exceeded and is to be determined in a specified sampling
time (usually 1S min), or (2) a ceiling limit (C) that should never be exceeded even
instantaneously unless specified over a given time period.

Reproductive hazard: Any chemical or physical agent capable of causing an adverse effect
on reproduction.

Reproductive toxicity: Any adverse effects on gametogenesis, fecundity, or sexual func-
tions (e.g., libido, menstrual cyclicity, potency) that result when a postpubertal individual

of either sex is exposed to certain chemical or physical agents.

Skin: The notation “skin” indicates that airbotne or direct exposure by the cutaneous route
(including mucous membranes and eyes) contributes to overall exposure.

Time-weighted average (10-hr TWA): Anairborne concentration of a chemical or physical
agent in the worker’s breathing zone for up to 10 ht/day during a 40-hr workweek.

Xiv
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1 RECOMMENDATIONS FOR STANDARDS

The National Institute for Occupational Safety and Health (NIOSH) recommends that
worker exposure to ethylene glycol monomethyl ether (EGME), ethylene glycol monoethyl
ether (EGEE), and their acetates, ethylene glycol monomethyl ether acetate (EGMEA) and
ethylene glycol monoethyl ether acetate (EGEEA), be controlled in the workplace by
complying with the recommendations presented in this Chapter. These recommendations
are designed to protect the health and provide for the safety of workers for up to a 10-hr
workshift and a 40-hr workweek over a working lifetime. Compliance with all sections of
the recommended standard, including the recommended exposure limits {(RELs), should
prevent or greatly reduce the risk of adverse effects on exposed workers.

SECTION 1.1 RECOMMENDED EXPOSURE LIMITS FOR EGME, EGEE,
AND THEIR ACETATES

1.1.1 Exposure

Exposure to EGME and EGMEA in the workplace shall be limited to 0.1 part per million
parts of air (0.1 ppm, or 0.3 mg EGME/m® and 0.5 mg EGMEA/m>) as a time-weighted
average for up to 10 hr/day during a 40-hr workweek (10-hr TWA). Exposure to EGEE and
EGEEA in the workplace shall be limited to 0.5 ppm (1.8 mg EGEE/m?® and 2.7 mg
EGEEAJm ) as a 10-hr TWA. Exposure to these glycol ethers shall be reduced using
state-of-the-art engineering controls and work practices.

Dermal contact shall be prohibited because EGME, EGEE, and their acetates are readily
absorbed through the skin.

1.1.2 Sampling and Analysis

Workplace air samples shall be collected and analyzed for EGME, EGEE, and their acetates
as described by Occupational Safety and Health Administration (OSHA) Method No. 79
[OSHA 1990] (discussed in Section 5.2 and Appendix A) ot by any other methods with at
least equal accuracy, precision, and sensitivity. The NIOSH Occupational Exposure Sam-
pling Strategy Manual [Leidel et al. 1977) provides guidance for the number of samples to
be collected and is discussed in Section 8.8.

SECTION 1.2 EXPOSURE MONITORING

Exposure monitoring shall be conducted as specified in Sections 1.2.1 and 1.2.2. Results
of all exposure monitoring shall be recorded and maintained as specified in Section 1.9.
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1.2.1 Industrial Hygiene Surveys

In work areas where airborne exposures to EGME, EGEE, or their acetates may occut, the
employer shall conduct initial industrial hygiene surveys to determine the magnitude of
exposure by using personal sampling techniques for an entire workshift. The employer shall
keep records of these surveys. If the employer concludes that exposure concentrations for
all glycol ethers are less than one-half the REL, the records must show the basis for this
conclusion. Surveys shall be repeated at least annually and whenever any process change
is likely to increase concentrations of airborne EGEE, EGME, EGEEA, and EGMEA. The
employer shall also look for, evaluate, and record the potential for dermal exposure.

1.2.2 Personal Monitoring

If workers are exposed to any glycol ether at or above one-half the REL, a program of
personal monitoring shall be instituted to identify and to measure or calculate the exposure
of each worker (see Section 8.8). Source and area monitoring may be a useful supplement
to personal monitoring. In all personal monitoring, samples representative of the TWA
exposures to aitborne glycol ethers shall be collected in the breathing zone of the worker.
Procedures for sampling and analysis shall be in accordance with Section 1.1.2. For each
determination of an occupational exposure concentration, a sufficient nuraber of samples
(as determined in Leidel et al. [1977]), shall be collected to characterize each worker’s
exposure during each workshift. Although not all workers must be monitored, a sufficient
number of samples must be collected to characterize the exposure of all workers. Variations
in work and production schedules as well as worker locations and job functions shall be
considered when determining sampling locations, times, and frequencies.

If a worker is exposed to EGME, EGEE, or their acetates at concentrations below the REL
but at or above one-half the REL, the exposure of that worker shall be monitored at least
once every 6 months or more frequently, as indicated by a professional industrial hygienist.
If a worker is exposed to one of these glycol ethers at concentrations exceeding the REL,
the worker must wear a respirator until adequate engineering controls andfor work practices
are instituted. Controls shall then be initiated, the worker shall be notified of the exposure
and of the control measures being implemented, and the worker’s exposure shall be
evaluated at least once a week. Such monitoring shall continue until two consecutive
determinations at least ] week apart indicate that the worker's exposure no longer exceeds
the REL. At that time, semiannual monitoring can be resumed; if concentrations of the
glycol ethers are less than one-half the REL after two consecutive semiannual surveys,
sampling can be conducted annually.

All episodes of skin contact shall be reported to a supervisor. These reports and the results
of any investigation or corrective action are to be retained with other records.

1.2.3 Biological Monitoring

Measurement of two glycol ether metabolites—ethoxyacetic acid (EAA, the metabolite of
EGEE and EGEEA) and methoxyacetic acid (MAA, the metabolite of EGME and EGMEA)—
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may help charactetize occupational exposure to EGEE, EGME, and their acetates when the
potential exists for aitborne concentrations at or above one-half the REL, or for dermal
contact from accidental exposure ot breakdown of chemical protective clothing (see Section 5).
Guidelines for biological monitoring are presented in Appendix G.

SECTION 1.3 MEDICAL MONITORING

The employer shall provide the following information to the physician performing or
responsible for the medical monitoring program:

The requitements of the applicable standard

An estimate of the worker’s potential exposure to glycol ethers, including any
available results from workplace sampling

A description of the worker’s duties as they relate to exposure

A description of any protective equipment the worker may be required to use

1.3.1 General

The employer shall institute a medical monitoring program for all workers who are
exposed to airborne concentrations of EGEE, EGME, or their acetates at or above
one-half the REL, or who have the potential for dermal exposure.

If a worker has had a dermal exposure, the employer shall provide this information
to the physician responsible for or performing the medical monitoring program.

The employer shall ensure that all medical examinations and procedures are
performed by or under the direction of a licensed physician.

The employer shall provide the required medical monitoring at a reasonable time
and place without loss of pay or other cost to the workers.

The employer shall institute a biological monitoring program for all workers who
ate exposed to airborne concentrations of EGME, EGEE, or their acetates at or
above one-half the REL, or who have the potential for dermal exposure. Guidelines
for biological monitoring are presented in Appendix G.

1.3.2 Preplacement Medical Examinations

Preplacement medical examinations shall include at least the following:

A comprehensive medical, work, and reproductive history that emphasizes iden-
tification of existing medical conditions (e.g., those affecting the reproductive,
hematopoietic, and central nervous systems, skin, liver, and kidneys) and previous
occupational exposure to chemical or physical agents
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e A medical examination giving special attention to the reproductive, hematopoietic, and
central nervous systetns, skin, liver, and kidneys

»  Routine urinary monitoring for MAA and EAA before job placement, which may
be a useful adjunct to environmental monitoring because it indicates both airborne
and dermal exposures

s A judgment of the worker’s ability to use positive- and negative-pressure respirators
1.3.3 Periodic Medical Examinations

Periodic medical examinations shall be provided at least annually to all workers occupation-
ally exposed to airbomne concentrations of EGME, EGEE, and their acetates at or above
one-half the REL, and to workers with the potential for dermal exposure. These examina-
tions shall include at least the following:

e An update of medical and work histories

s A medical examination and tests as outlined above

1.3.4 Medical Consultation

Workers who have a dermal exposure or who are exposed to concentrations of EGME,
EGEE, or their acetates above the REL should be given the opportunity to consult with a
physician regarding possible adverse health effects, including reproductive and develop-
mental effects. OSHA Form 200 shall be modified to include any reports of dermal
exposure,

SECTION 1.4 LABELING AND POSTING

All labels and warning signs shall be printed both in English and the predominant language
of workers who do not read English. Workers unable to read the labels and warning signs
shall be informed verbally regarding the instructions printed on labels and signs in the
hazardous work areas of the plant.

1.4.1 Labeling

Containers of EGME, EGMEA, EGEE, or EGEEA used or stored in the workplace shall
carry a permanently attached label that is readily visible. The label shall identify the glycol
ether and give information regarding its effects on human health and emergency procedures
(see Figure 1-1).

1.4.2 Posting

Signs bearing information about the health effects of EGME, EGMEA, EGEE, or EGEEA
shall be posted in readily visible positions in work areas and at entrances to work areas or
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building enclosures where the potential exists for exposures at or above the REL or where
skin exposures may occur (see Figure 1-2).

If respirators and petsonal protective clothing are needed during the manufacturing or
handling of these glycol ethers or during the installation or implementation of required
engineering controls, the following statement shall be added in large letters to the signs
required in this section:

Respirators and protective clothing are required in this area.

In any area where emergency situations may atise, the required signs shall be supplemented
with emergency first-aid procedures and the locations of emergency showers and eyewash
fountains.

SECTION 1.5 PROTECTIVE CLOTHING AND EQUIPMENT

Engineering controls and good work practices shall be used to keep the airborne concentra-
tions of EGME, EGEE, and their acetates below the REL and to prevent skin and eye contact.
When protective clothing and equipment are needed, they shall be provided by the employer
at no cost to the worker.

1.5.1 Eye and Face Protection

The employer shall provide chemical splash-proof safety goggles or face shields (20-cm
minimum) with goggles and shall ensure that workers wear the protective equipment during
any operation in which splashes of these glycol ethers are likely to occur. Devices for eye
and face protection shall be selected, used, and maintained in accordance with 29 CFR
1910.133 and 30 CFR 56.150004, and 57.150004.

1.5.2 SKkin Protection

¢  Workers at risk of dermal exposure to these glycol ethers shall be provided with
appropriate protective clothing such as gloves and disposable clothing. Informa-
tion presented in Section 8.6.1 provides guidance in the selection of appropriate
materials for gloves and clothing.

¢ Clothing contaminated with these glycol ethers shall be cleaned before reuse.
Anyone who handles contaminated clothing or is responsible for its cleaning shall
be informed of the hazards of these glycol ethers and the proper precautions for
their safe handling and use.

* Code of Federal Regulations. See CFR in references.
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EGME
WARNING! Exposure may be harmful to the reproductive system and blood.

CAUTIONI Combustible

Harmtul It ingested, inhaled, or absorbed through sldn,
_to skin, eyes, nose, throat, mouth, and lungs.

® In case of skin contact, immediately wash the affected area with soap and water; wash clothing before
reuse,

® In case of eye contact, immediately flush the eyes with large amounts of water for 15 min. If irvitation
persists, seek medical attention.

® Keep containers closed when not being used.

® Use only with adequate ventilation.

® Keep away fromn heat, sparks, and open flame. Place cleaning rags in fireproof containers.
® In case of fire, use water spray, carbon dioxide, dry chemical, or “alcohol-type™ foam.

® Use appropriate chemical protective clothing to avoid skin contact when handling.

Figure 1-1. Example of a container label identifying the glycol ether and listing information
about its effects of human health and emergency procedures.

EGME
WARNING! Exposure may be harmtul to the reproductive system and blood.

| S cmmom Combustible
: Harmful lf Ingested inhaled, or absorbed through the cld

- to.skin oyes, nose, throat, mouth, and lungs.

Figure 1-2. Example of a sign containing information about the health effects of a glycol
ether.
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® The employer shall ensure that all personal protective clothing and equipment is
inspected regularly and maintained in a clean and satisfactory working condition.

¢ Protective clothing or gloves shall be evaluated on a routine basis to ensure that
they are in good condition and no breakthrough has occurred.

1.5.3 Respiratory Protection

Engineering controls and good work practices shall be used to control respiratory exposure
to airborne contaminants. The use of respirators is the least desirable method of controlling
worker exposures and should not be used as the primary control method during routine
operations. However, NIOSH recognizes that respirators may be required to provide
protection in certain situations such as implementation of engineering controls, short-duration
maintenance procedures, and emergencies. Respirator selection guides for protection
against EGEE, EGME, and their acetates are presented in Tables 1-1 through 1-3.

¢  Respirators shall be provided by the employer when such equipment is necessary
to protect the health of the worker. The worker shall use the provided respiratory
protection in accordance with instructions and training received.

¢ The employer shall ensure that respirators are properly fitted and that workers are
instructed at least annually in the proper use and testing for leakage of respirators
assigned to them.

¢  Workers should not be assigned to tasks requiring the use of respirators unless it
has been determined that they are physically able to perform the work and use the
equipment. The respirator user's medical status should be reviewed at least
annually or more frequently as recommended by the physician responsible for the
physical examination. See Appendix H for additional infotmation about the
medical aspects of wearing respirators.

* The employer shall be responsible for establishing and maintaining a respiratory
protection program as follows:

1. Written standard operating procedures governing selection and use of respirators
shall be established.

2. The worker shall be instructed and trained in the proper use of respirators and
their limitations.

3. Where practicable, the respirators should be assigned to individual workers for
their exclusive use.

“The OSHA minimum requirements for a respiratory protection program for general industry may be found
in 29 CFR 1910.134, and the minimum Mine Safety and Health Administration (MSHA) requirements for the
mining industry may be found in 30 CFR 56.50085, 57.5005, 70.305, and 70.305-~1.
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Table 1-1.—NIOSH-recommended respiratory protection for workers

exposed to EGME and EGMEA
Condition Minimum respiratory protection'
1 ppm or less Any supplied-air respirator equipped with a half-mask’
(10 x REL)
2.5 ppin or less Any supplied-air respirator equipped with a hood or helmet and operated
(25 x REL) in a continuous-flow mode
5.0 ppmor less Any supplied-air respirator with a full facepiece, or
(50 x REL)
Any self-contained breathing apparatus with a full facepiece
100 ppm or less Any supplied-air respirator equipped with a half-mask' and operated in
{1,000 x REL) a pressure-demand or other positive-pressure mode
200 ppm or less Any supplied-air respirator equipped with a full facepiece and operated
(2,000 x REL) in a pressure-demand or other positive-pressure mode
Greater than 200 ppm Any self-contained breathing apparatus equipped with a full facepiece
and operated in a pressure-demand or other positive-pressure mode, or
Any supplied-air respirator equipped with a full facepiece and operated
in a pressure-demand or other positive-pressure mode in combination
with an auxiliary self-contained breathing apparatus operated in a
pressure-demand or other positive-pressure mode
Fire fighting Any self-contained breathing apparatus equipped with a full facepiece
and operated in a pressure-demand or other positive-pressure mode
Escape Any air-purifyingf full-facepiece respirator (gas mask) with a chin-style

or front- or back-mounted organic vapor canister, or

Any appropriate escape-type, self-contained breathing apparatus

*Only NIOSH/MSHA-approved equipment shall be used.
TIf eye irritation occurs, a respirator equipped with full facepiece, helmmet, or hood shall be used.
Axr-punfymg respirators are used for escape only because EGME and EGMEA do not have good

odot-warning properties.
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Table 1-2.—NIOSH-recommended respiratory protection for workers

exposed to EGEE
Condition Minimum respiratory protection'
5 ppm ot less Any supplied-air respirator equipped with a half-mask’
(10 x REL)
12.5 ppm or less Any supplied-air respirator equipped with a hood or helmet and operated
(25 x REL) in a continuous-flow mode
25 ppm or less Any supplied-air respirator with a full facepiece, or
(50 x REL)
Any self-contained breathing apparatus with a full facepiece
500 ppm or less Any supplied-air respirator equipped with a half-mask’ and operated in
(1,000 x REL) a pressure-demand or other positive-pressure mode
1,000 ppm or less Any supplied-air respirator equipped with a full facepiece and operated
(2,000 x REL) in a pressure-demand or other positive-pressire mode
Greater than 1,000 ppm Any self-contained breathing apparatus equipped with a full facepiece
operated in a pressure-demand or other positive-pressure mode, or
Any supplied-air respirator equipped with a full facepiece and operated
in a pressurc-demand or other positive-pressure mode ih combination
with an auxiliary self-contained breathing apparatus operated in a
pressure-demand or other positive-pressure mode
Fire fighting Any self-contained breathing apparatus with a full facepiece and
operated in a pressure-demand or other positive-pressure mode
Escape Any air-purifying,? full-facepiece respirator (gas mask) with a chin-style

or front- or back-mounted organic vapor canister, or

Any appropriate escape-type, self-contained breathing apparatus

Only NIOSH/MSHA-approved equipment shall be used.
If eye imritation occurs, a respirator equipped with full facepiece, helmet, or hood shall be used.
An-punfymg respirators are used for escape only because EGEE does not have good odor-watning

pmpen.Iw
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Table 1-3.—NIOSH-recommended respiratory protection for workers

exposed to EGEEA
Condition Minimum respiratory protection'
5.0 ppm or less Any air-purifying r&spiralorf equipped with organic vapor cam'idg&s,* or
(10 x REL)
Any supplied-air respirator equipped with a half-mask?
12.5 ppm or less Any supplied-air respirator operated in a contituous flow modc,* or
(25 x REL)
Any powered, air-purifying respirator! equipped with a loose-fitting hood
or helmet and an organic vapor cartridge or canister
25 ppm or less Any powered, ait-purifying respirator! equipped with a tight-fitting
(50 x REL) facepiece and organic vapor cattridges, or
Any air-purifying, full-facepiece r&spiratorY equipped with organic vapor
cartridges or canisters, or
Any supplied-air respirator with a full facepiece, or
Any self-contained breathing apparatus with a full facepiece
500 ppm or less Any supplied-air respirator equipped with a half-mask® and operated in
(1,000 x REL) a pressure-demand or other positive-pressure mode
1,000 ppm or less Any supplied-air respirator equipped with a full facepiece and operated
(2,000 x REL) in a pressure-demand or other positive-pressure mode
Greater than 1,000 ppm Any self-contained breathing apparatus equipped with a full facepiece and
operated in a pressure-demand or other positive-pressure mode, ot
Any supplied-air respirator equipped with a full facepiece and operated in a
pressure-demand or other positive-pressure mode in combination with an
auxiliary self-contained breathing apparatus operated in a pressure-demand
or other positive-pressure mode
Fire fighting Any self-contained breathing apparatus equipped with a full facepiece and
operated in a pressure-demand or other positive-pressure mode
Escape Any air-purifying, full-facepiece n:(;pimtor1> {(gas mask) with a chin-style

or front- or back-mounted organic vapor canister, or

Any appropriate escape-type, self-contained breathing apparatus

Onl}' NIOSH/MSHA -approved equipment shall be used.

Au'-punfynng respirators should be used with EGEEA (which has good odor-warning properties) only
whcn the other glycol ethers (which have poor odor-warmning properties} are not present in the workplace.
e eye irritation occurs, a respirator equipped with a full facepiece, helmet, or hood shall be used.

10
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4. Respirators shall be regularly cleaned and disinfected.
5. Respirators shall be stored in a convenient, clean, and sanitary location.

6. Respiratots used routinely shall be inspected during cleaning. Worn or deteriorated
" parts shall be replaced. Respirators for emergency use (e.g., self-contained devices)
shall be thoroughly inspected at least once a month and after each use.

7. Therespitatory protection program shall be regularly evaluated by the employer
to determine its continued effectiveness.

8. Additional information about the selection, maintenance, and use of respirators
can be found in the NIOSH Respirator Decision Logic [NIOSH 1987b] and the
NIOSH Guide to Industrial Respiratory Protection [NIOSH 1987a].

SECTION 1.6 INFORMING WORKERS ABOUT THE HAZARDS OF GLYCOL
ETHERS

1.6.1 Hazard Communication

If workers have the potential for dermal exposure or are assigned to areas where airborne
exposures to EGME, EGEE, EGMEA, and EGEEA are one-half or more of the REL, they
shall be kept informed of the hazards, relevant signs and symptoms of toxicity, and proper
conditions and precautions for the safe use and handling of these glycol ethers. Workers
shall be made aware of possible reproductive, developmental, and hematologic effects of
exposure to these glycol ethers.

The employer shall notify the worker when exposure exceeds the REL in the work area to
which he is assigned.

1.6.2 Training

The employer shall institute a continuing education program conducted by persons qualified
by experience or training in occupational safety and health. The program shall ensure that
all workers exposed to EGME, EGEE, or their acetates have current knowledge of glycol
ether hazards, proper maintenance, cleanup methods, and proper use of protective clothing
and equipment, including respirators. The instructional program shall include oral and
written descriptions of the environmental and medical monitoring progtams and of their
advantages to the wotker. The employer shall maintain a written plan of these training and
monitoring programs. In addition, employers shall follow the OSHA regulations in 29 CFR
1910.1200, Hazard Communication.

Workers shall also be instructed about their responsibilities for following proper work

practices and sanitation procedures to help protect their health and provide for their safety
and that of their fellow workers.

11
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All workers in areas where exposure to EGME, EGEE, or their acetates may occur during
spills or emergencies shall be trained in proper emergency and evacuation procedures.

1.6.3 File of Written Hazard Communication

Required information shall be recorded on the material safety data sheet (see example in
Appendix D) or on a similar OSHA form that describes the relevant toxic, physical, and
chemical propetties of the glycol ethers and mixtures of glycol ethers that are used ot
otherwise handled in the workplace. This information shall be kept on file and shall be
readily available to workers for examination and copying.

SECTION 1.7 ENGINEERING CONTROLS AND WORK PRACTICES
1.7.1 Engineering Controls

Engineering controls shall be used as needed to maintain exposure to airborne glycol ethers
within the limits prescribed in Chapter 1.

1.7.1.1 Local Exhaust Ventilation

Local exhaust ventilation may be effective when used alone or in combination with process
enclosure. When a local exhaust ventilation system is used, it shall be designed and operated
to prevent accumulation ot recirculation of airbome glycol ethers in the workplace. Exhaust
ventilation systems dischatging to outside air shall conform with applicable local, State, and
Federal air pollution regulations and shall not constitute a hazard to workers or to the general
population. Before maintenance work on control equipment begins, the generation of
airborne glycol ethers shall be eliminated to the greatest extent feasible.

1.7.1.2 Maintaining Design Airflow

Enclosures, exhaust hoods, and ductwork shall be kept in good repair to maintain designed
airflows. Measurements such as capture velocity, duct velocity, or static pressure shall be
made at least semiannually, and preferably monthly, to demonstrate the effectiveness
(quantitatively, the ability of the control system to maintain exposures below the REL) of
the mechanical ventilation system. NIOSH recommends the use of continuous airflow
indicators such as water or oil manometers marked to indicate acceptable airflow. A recotd
shall be kept showing design airflow and the results of all airflow measurements. Measure-
ments of the effectiveness of the system in controlling exposures shall also be made as soon
as possible after any change in production, process, or control devices that may increase
airborne concentrations of EGME, EGEE, and their acetates.

1.7.1.3 Forced-draft Ventilation

Forced-draft ventilation systems shall be equipped with remote manual controls and should
be designed to shut off automatically in the event of a fire.

12
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1.7.2 General Work Practices

Operating instructions for all equipment shall be developed and posted where
EGME, EGEE, and their acetates are handled or used.

Transportation, use, and disposal of these glycol ethers shall comply with all
applicable local, State, and Federal regulations.

These glycol ethers shall be stored in tightly closed containers and in well-ventilated
areas. '

Containers shall be moved only with the proper equipment and shall be secured to
prevent loss of control or dropping during transport.

Storage facilities shall be designed to prevent contamination of workroom air and
to contain spills completely within surrounding dikes.

Ventilation switches and emergency respiratory equipment shall be located outside
storage areas in readily accessible locations.

Process valves and pumps shall be readily accessible and shall not be located in
pits or congested areas.

Glycol ether containers and systems shall be handled and opened with care.
Approved protective clothing and equipment as specified in Section 1.5 shall be
wormn by workers who open, connect, and disconnect glycol ether containers and
systems. Adequate ventilation shall be provided to minimize exposures of such
workers to airborne glycol ethers.

Glycol ether storage equipment and systems shall be inspected daily for signs of
leakage. All equipment, including valves, fittings, and connections, shall be
checked for leaks immediately after glycol ethers are introduced therein.

When a leak is found, it shall be repaired promptly. Work shall resume normally
only after necessary repair or replacement has been completed and the area has
been well ventilated.

1.7.3 Confined or Enclosed Spaces

A permit system shall be used to control entry into confined or enclosed spaces
holding containers of glycol ethers (e.g., tanks, pits, tank cars, and process vessels)
where egress is limited. Permits shall be signed by an authorized representative of
the employer and shall certify that preparation of the confined space, precautionary
measures, and personal protective equipment are adequate and that precautions
have been taken to ensure that prescribed procedures will be followed.

Confined spaces that hold containers of EGME, EGEE, and their acetates shall be
thoroughly ventilated, inspected, and tested for oxygen deficiency and for airborne
concentrations of these glycol ethers. Every effort shall be made to prevent the

13



EGME, EGEE, and Their Acetates

inadvertent release of hazardous amounts of these glycol ethers into confined
spaces in which work is in progress. Glycol ether supply lines shall be discon-
nected or blocked off before such work begins.

No worker shall enter a confined space holding containers of glycol ethers without
an entry large enough to admit a worker wearing a safety hamess, lifeline, and
appropriate personal protective equipment as specified in Section 1.5.

Confined spaces shal] be ventilated while work is in progress to keep the concentra-
tion of glycol ethers below the RELs, to keep the concentration of other con-
taminants below toxic or dangerous levels, and to prevent oxygen deficiency.

If the concentrations of these glycol ethers in the confined space exceed the RELs,
respiratory protective equipment is required for entry.

Anyone entering a confined space shall be observed from the outside by another
propetly trained and protected worker. An additional supplied-air or self-contained
breathing apparatus with safety hamess and lifeline shall be located outside the
confined space for emergency use. The person entering the confined space shall
maintain continuous communication with the standby worker.

1.7.4 Emergency Procedures

Emergency plans and procedures shall be developed for all work areas where there is a
potential for exposure to EGME, EGEE, and their acetates. These plans and procedures
shall include those specified below and any others considered appropriate for a specific
operation or process. Workers shall be instructed in the effective implementation of these
plans and procedures.

14

The following steps shall be taken in the event of a leak or spill of these glycol
ethers:

— All nonessential personnel shall be evacuated from the leak or spill area.

— Persons not wearing the appropriate protective equipment and clothing shall
be restricted from the leak or spill area until cleanup has been completed.

— All ignition sources shall be removed.

— The area where the leak or spill occurs shall be adequately ventilated to prevent
the accumulation of vapor.

- EGME, EGEE, EGMEA and EGEEA shall be contained and absorbed with
vermiculite, sand, paper towels, or equivalent materials.

— Small quantities of absorbed material shall be placed under a fume hood and
sufficient time shall be allowed for the liquid to evaporate and for the vapors
to clear the ductwork in the hood.
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— Large quantities of absorbed material shall be burned in a suitable combustion
chamber.

— Absorbed materials shall be disposed of as hazardous waste.
— The spill area shall be cleaned with water.

*  Only personnel trained in the emergency procedures and protected against the
attendant glycol ether hazards shall clean up spills and control and repair leaks.

s  Personnel entering the spill or leak area shall be furnished with appropriate personal
protective clothing and equipment. Other personnel shall be prohibited from
entering the area.

e Safety showers, eyewash fountains, and washroom facilities shall be provided,
maintained in working condition, and made readily accessible to workers in all
areas where skin or eye contact with EGME, EGEE, EGMEA, or EGEEA is likely.
If one of these glycol ethers is splashed or spilled on a worker, contaminated
clothing shall be removed promptly, and the skin shall be washed thoroughly with
soap and water. Eyes splashed by these glycol ethers shall be irrigated immediately
with a copious flow of water for 15 min. If irritation persists, the worker should
seek medical attention.

1.7.5 Storage

EGME, EGEE, and their acetates shall be stored in cool, well-ventilated areas and kept away
from acids, bases, and oxidizing agents.

1.7.6 Waste Disposal
All waste material shall be securely packaged in double bags, labeled, and incinerated. The

incinerator residue shall be disposed of in a manner consistent with Federal (EPA), State,
and local regulations, or it shall be disposed of in a licensed hazardous waste landfill.

1.8 SANITATION AND HYGIENE

1.8.1 Food, Cosmetics, and Tobacco

The following shall be prohibited in areas where EGME, EGEE, EGMEA, or EGEEA is
produced or used: the storage, preparation, dispensing, ot consumption of food or beverages;

the storage or application of cosmetics; and the storage or use of all tobacco products.

1.8.2 Handwashing

The employer shall provide handwashing facilities and encourage workers to use them
before eating, smoking, using the toilet, or leaving the worksite.

15
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1.8.3 Laundering
s Protective clothing, equipment, and tools shall be cleaned periodically.

» The employer shall provide for the cleaning, laundering, or disposal of con-
taminated work clothing and equipment.

s Any person who cleans or launders this work clothing or equipment must be
informed by the employer that it may be contaminated with EGME, EGEE,
EGMEA, or EGEEA—chemicals that may cause adverse reproductive, develop-
mental, hematologic (blood), and central nervous system (CNS) effects.

1.8.4 Cleanup of Work Area

The work area shall be cleaned at the end of each shift (or more frequently if needed) using
vacuum pickup. Collected wastes shall be placed in sealed containers with labels that
indicate the contents. Cleanup and disposal shall be conducted in a manner that prevents
worker contact with wastes and complies with all applicable Federal, State, and local
regulations.

1.8.5 Showering and Changing Facilities

Workers shall be provided with quick-drench shower facilities and with facilities for
showering and changing clothes at the end of each workshift.

1.9 RECORDKEEPING

1.9.1 Exposure Monitoring

The employer shall establish and maintain an accurate record of all exposure measurements
required in Section 1.2. These records shall include the name of the worker being monitored,
social security number, duties performed and job locations, dates and times of measure-
ments, sampling and analytical methods used, type of personal protection used (if any), and
number, duration, and results of samples taken.

1.9.2 Medical Monitoring

The employer shall establish and maintain an accurate record for each worker subject to the
medical monitoring specified in Section 1.3. Pertinent medical records (i.e., the physician’s
written statement, the results of medical examinations and tests, medical complaints, reports
of skin exposure, etc.) shall be retained in the medical files of all workers subject to airborne
concentrations of EGME, EGEE, EGMEA, or EGEEA in the workplace at or above one-half
the REL. Copies of applicable environmental monitoring data shall also be included in the
worker’s medical file.
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1.9.3 Record Retention

In accordance with the requirements of 29 CFR 1910.20(d) (Preservation of Records), the
employer shall retain the records described in Sections 1.2, 1.3, and 1.6 for at least the
following periods:

® 30 years for exposure monitoring records, and

* the duration of employment plus 30 years for medical surveillance records

1.9.4 Availability of Records

¢ In accordance with 29 CFR 1910.20 (Access to Employee Exposure and Medical
Recotds), the employer shall allow examination and copying of exposure monitor-
ing records by the subject worker, the former worker, or anyone having the specific
written consent of the subject or former worker.

¢ Any medical recotds required by this recommended standard shall be provided
upon request for examination and copying to the subject worker, the former worker,
or anyone having the specific written consent of the subject or former worker.

1.9.5 Transfer of Records

If the employer ceases to do business and no successor is available to receive and retain the
records for the prescribed period, the employer shall notify the Director of NIOSH at least
3 months before record disposal and transmit them to the Director if instructed to do so
[29 CFR 1910.1028].
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2 INTRODUCTION

2.1 PURPOSE

This document presents the criteria and recommended standards necessary to prevent health
impairment from exposure to ethylene glycol monomethyl ether (EGME), ethylene glycol
monomethyl ether acetate (EGMEA), ethylene glycol monoethyl ether (EGEE), and ethylene
glycol monoethyl ether acetate (EGEEA). The document was developed in accordance with
Section 20(a)(3) of the Occupational Safety and Health (OSH) Act of 1970. In this Act, the
National Institute for Occupational Safety and Health (NIOSH) is charged with developing
criteria for toxic materials and harmful physical agents, and describing exposure concentra-
tions at which no worker will suffer impaired health ot functional capacities or diminished
life expectancy as a result of work experience. This document also responds to Section
2.2(c)(1) of the OSH Act, which authorizes NIOSH to develop and establish recommended
occupational safety and health standards.

NIOSH has formalized a system for developing criteria on which to base standards for
ensuring the health and safety of workers exposed to hazardous chemical and physical
agents. Simple compliance with these standards is not the only goal. The criteria and
recommended standards are intended to help management and labor develop better engineer-
ing controls and more healthful work practices.

Recommended standards for EGEE, EGME, EGEEA, and EGMEA apply only to wotkplace
exposures arising from the processing, manufacturing, handling, and use of these glycol
ethers. The recommendations are not designed for the population at large, and any extrapolation
beyond the occupational environment may not be warranted. The recommended standards
are intended to protect workers from the acute and chronic effects of EGEE, EGME,
EGEEA, and EGMEA. Exposure concentrations are measurable by techniques that are
valid, reproducible, and available to industry and government agencies.

2.2 SCOPE

The information in this document assessed the hazards associated with occupational ex-
posure to EGEE, EGME, EGEEA, and EGMEA. Chapter 1 presents the recommended
standards and describes their requirements. Chapter 3 gives information about the chemical
and physical properties of EGEE, EGME, EGEEA, and EGMEA, production methods, uses,
and the extent of worker exposure. Chapter 4 discusses and summarizes the effects of
exposure to these glycol ethers on humans and animals. Subsequent chapters describe
environmental sampling and analytical methods, medical monitoring, biological monitor-
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ing, existing occupational health standards, and a correlation of exposure and effect. In
addition, methods for worker protection are discussed, including suggested work practices,
engineering controls, personal protective clothing and equipment, and exposure monitoring
and recordkeeping.
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3 PROPERTIES, PRODUCTION, AND POTENTIAL
FOR EXPOSURE

3.1 CHEMICAL AND PHYSICAL PROPERTIES

EGME, EGMEA, EGEE, and EGEEA are part of a family of ethylene glycol monoalkyl
ethers represented by the general formula R;OCH,CH,0R, where R represents the alkyl
moiety and R, either H or acetate. In this document, unless otherwise specified, the term
“glycol ethers™ will refer to EGME, EGEE, and their acetates.

EGME (ethylene glycol monomethyl ether), also known as methyl Cellosolve®,
2-methoxyethanol (2-ME), or Jeffersol EM® [NIOSH 1987¢], is an organic compound with
the chemical formula CH;OCH,CH,OH. It is a colotless liquid with a mild, nonresidual
odor; the odor threshold is 2.3 ppm [Amoore and Hautala 1983]. EGME is miscible with
water and many organic solvents.

EGMEA (ethylene glycol monomethyl ether acetate), also known as methyl Cellosolve®
acetate or 2-methoxyethyl acetate (2-MEA), is the acetate ester of EGME with the chemical
formula CH30CH,CH,0COCH; and is prepared by esterifying EGME with acetic acid. It
is a colorless liquid with a mild, ether-like odor; no data are available on the odor thteshold
of EGMEA. It is miscible in water and with many ofganic solvents.

EGEE (ethylene glycol monoethy! ether), also known as Cellosolve®, 2-ethoxyethanol (2-EE),
or Jeffersol EEg [NIOSH 1987c], is an organic compound with the chemical formula
C,H;OCH,CH,OH. 1t is a colorless liquid with a sweetish odor; the odor threshold is 2.7 ppm
{Amoore and Hautala 1983]. EGEE is miscible with water and many organic solvents.

EGEEA (ethylene glycol monoethyl ether acetate), the acetate ester of EGEE, is also known
as Cellosolve® acetate, 2-ethoxyethyl acetate (2-EEA), and has the chemical formula
C,HsOCH,CH,OCOCH;. It is a colotless liquid with a mild, nonresidual odor; the odor
threshold is 0.056 ppm [Amoore and Hautala 1983]. EGEEA has a low solubility in water,
but is miscible with many organic solvents.

Other chemical and physical properties are listed in Table 3-1.

3.2 PRODUCTION METHODS AND USES

The ethylene glycol monoalkyl ethers EGME and EGEE are usually produced by a reaction
of ethylene oxide with methyl or ethyl alcohol, but may also be made by the direct alkylation
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Table 3-1.—Chemical and physical properties of EGME, EGEE, and their acetates’

Property EGME EGMEA EGEE EGEEA
RTECST number KL5775000 KL5950000 KK8050000 KK8225000
CAS?* number 109-86-4 110-49-6 110-80-5 111-15-9
Molecular formula C3Hy0, CsHy,y04 C4H;60, CeH1,04
Molecular weight 76.1 118.1 50.1 1322
Specific gravity 25° /4°C 1.962 1.007 0.926 0.975
Evaporation rate 0.62 0.30 641 0.2
(butyl acetate = 1.00)
Boiling point {(°C) 1242 144.5 1350 156.3
Freezing point (°C) -85 -65.1 -100 -617
Vapor pressure (mm Hg 25°C) 97 2.0-3.7 575 28
Refractive index 1.400 1.402 1.406 1.406
Flash point (°C), closed cup 39 49 43 52
Autoignition temperature {®C) 285 392 235 379
Flammability limits (vol, % in air) 1.8-14.0 1.5-123 1.70-156 17
Water solubility (% by weight) Miscible Miscible Miscible 23
Vapor density {air = 1) 26 4.1 31 46
ppm in saturated air (25°C) 12,800 2,600-4,900 7,600 3,700
mg/m3 at 25°C, 760 mm Hg = 1 ppm 3.11 4.83 3.69 541
ppm at 25°C, 760 mm Hg = 1 mg/m? 0.32 0.21 027 0.19

"Adapted from Rowe and Wolf (1982], UCC (1983}, NFPA [1987].
TRegistry of Toxic Effects of Chemical Substances [NIOSH 1987c¢}.

¥Chemical Abstract Services.
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of ethylene glycol with an alkylating agent such as dimethyl or diethyl sulfate [Rowe and
Wolf 1982). Temperature, pressure, reactant molar ratios, and catalysts are selected to give
the product mix desired. Ethylene glycol monoalkyl ethers are not formed as pure com-
pounds, but must be separated from the diethers of diethylene glycol, triethylene glycol, and
the higher glycols. Ethylene glycol monoalkyl ether acetates are prepared by esterifying the
particular glycol ether with acetic acid, acetic acid anhydride, or acetic acid chloride.

Glycol ethers and their acetates are widely distributed and have been used commercially for
more than 50 years. Table 3-2 presents production figures for these glycol ethers. The most
important single use of EGME is as a jet fuel deicer [Meridian Research, Inc. 1987]. Because
military jets lack the inline deicers found on commercial jets, all JP-4 jet fuel contains 0.1%
to 0.2% EGME as a deicing agent. JP-5, a new jet fuel, uses 0.15% diethylene glycol
monomethyl ether (DEGME) in place of EGME as a deicer [Meridian Research, Inc. 1987].
EGME is also used in the manufacture of printed circuit boards, as an intermediate in the
manufacture of plasticizers, in inks and coatings, and in phctography and dyeing applica-
tions. EGMEA is a low production chemical that is used as an intermediate for plasticizers
and also in specialty solvent applications. Approximately 50% of EGEE produced is utilized
as a chemical intermediate for EGEEA production; it is also used as a solvent for surface
coatings (especially those based on epoxy resins) and as a solvent in cleaning and printing
ink formulations, EGEEA is used as a solvent in coating applications for automobiles, coils,
machinery and equipment, and metal furhiture and appliances.

3.3 PROCESS AND WORKER JOB DESCRIPTIONS

The usefulness of glycol ethers and their acetate derivatives can be attributed to their physical
properties, particularly their miscibility or high solubility in water and other organic
solvents, and their low vapor pressures. These properties allow them to serve a number of
functions in a variety of products. The following information was obtained during surveys
conducted in various industries to determine occupational exposures to glycol ethers [Cal
OSHA 1983; Meridian Research, Inc. 1987].

3.3.1 Paints and Coatings

Although frequently comprising less than 10% of the final product, glycol ethers serve a
variety of important functions in paints and coatings. One function is as a solvent to keep

Table 3-2.—U.S. production of EGME, EGEE, and their acetates

Production

Compound (b}
EGME 79,849,000
EGMEA 1,000,000
EGEE 121,808,000
EGEEA 84,028,000

*Sources: TSCAPP [1977], Industrial Economics, Inc. {1985], and USITC [1986].
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the various paint components in solution. Latex coatings contain glycol ethers or their
acetate derivatives to enhance the coalescing properties of the product when applied. By
slowing the evaporation rate, glycol ethers reduce moisture condensation or “blush.” They
also improve the penetration and bonding qualities of paints and coatings. Specialty
products, such as aircraft or electrostatic paints, may contain 18% to 35% glycol ethers [Cal
OSHA 1583).

The manufacture of paints and coatings is a batch process. Components are added manually
or through a closed piping system to the mixing tank. Because glycol ethers generally
constitute a small percentage of the total formulation, they are often added manually. After
mixing, the product is packaged according to customer specifications. Maximum exposures
occur during weighing, mixing, and filling operations. During the compounding and mixing
of a batch, exposures to the glycol ethers are low, mainly due to low vapor pressures and
short exposure times. If ventilation is required to control other more volatile components,
glycol ether exposures will be coincidentally reduced. During filling operations, exposures
depend on whether the process is manual or automated and vary with the size of the
containers {Cal OSHA 1983].

A variety of industries use paints and coatings, but as previously noted, these products
usually contain a small percentage of glycol ethers (i.e., less than 10%). Lacquer containing
less than 1% glycol ethers is used to coat wood products. Howevet, electrostatic paints used
in a spraying process for metal parts may contain 20% to 30% glycol ethers. Glycol ethers
are also used in the manufacture of coated fabrics. These fabrics pass through a dip pan to
pick up the coating and then rise through a ventilated drying tower [Cal OSHA 1983].

The use of EGEE and EGME in protective coatings declined by mote than 80% and 50%,
respectively, between 1980 and 1984. Reformulation has virtually eliminated the use of
EGEE, EGME, EGEEA, and EGMEA in consumer paints [Meridian Reseatch, Inc. 1987].

3.3.2 Inks

Printing inks and solutions are formulated in batch-type operations and hence exposutes are
similar to those found in the manufacture of paints and coatings. Glycol ethers modify the
drying rate, viscosity, fluidity, and penetrative ability of inks. Flexographic inks, such as
alcohol-dilutable inks, acrylic inks, and water-based inks, contain glycol ethers in low
concentrations, usually 5% to 10%. Ballpoint and marker inks may contain as much as 40%
glycol ethers. Glycol ethers are also found in printing chemicals (e.g., “fountain solutions”).

Printing press operators can receive exposure to glycol ethets through inhalation as well as
skin contact because of their intimate contact with printing materials and machinery. Glycol
ethers are used in several phases of printing and silkscreening operations. A few ounces
used as a retarding agent may be added directly to the ink tray or pan, which is often left
uncovered. Press and plate cleaning solvents may also contain glycol ethers. The most
extensive dermal contact occurs when trays and other parts of the press are cleaned [Cal
OSHA 1983].
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In recent years, ink companies have reformulated away from glycol ethers. The use of EGEE
in printing inks declined by 60% between 1977 and 1984 [Meridian Research, Inc. 1987].

3.3.3 Cleaners and Cleaning Solvents

Cleaning agents that contain glycol ethers are spot removers, carburetor cleaners, metal
cleaners, and glass cleaners. In these products, glycol ethers function as surface active
agents, enhancing the penetration of the product, clarifying the appearance, and in glass
cleaners, increasing the viscosity. The percentage of glycol ethers in these products is less
than 5% [Cal OSHA 1983].

3.4 NUMBER OF WORKERS POTENTIALLY EXPOSED

Based on information from the National Occupational Exposure Survey (NOES) [NIOSH
1983c¢], the estimated number of workers potentially exposed to glycol ethers in the
workplace during the period 1981 to 1983 is as shown in Table 3-3. Among industries
labeled by the 4-digit Standard Industrial Code (SIC}, 34 were identified as having workers
potentially exposed to EGEE, 26 to EGEEA, 24 to EGME, and 10 to EGMEA. NOES
identified 102 occupations in which workers were potentially exposed to EGEE, 99 to
EGEEA, 80 to EGME, and 27 to EGMEA. Table 3-4 presents the six industries and six
occupations with the most workers potentially exposed to EGEE, EGME, and their acetates.

Appendix C presents representative information about the occutrence of airborne EGEE,
EGME, and their acetates in the workplace.

Table 3-3.—Estimated number of U.S. workers potgntially exposed to
EGME, EGEE, and their acetates

Number of
Compound workers
EGME 130,608
EGMEA 9,892
EGEE 247,691
EGEEA 244,639

*Source: NIOSH [1983¢].
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Table 3-4.—Six industries and six occupations with the most workers potentially exposed
to EGEE, EGME, and their acetates’

Workers exposed Workers exposed
% of % of
Compound and industry Number  total Compound and occupation Number total
EGEEY EGEE:t
Health services 40,893 16.5 Janitors and cleaners 40,086 16.2
Business services 26,476 10.7 Printing machine opcrators 19,321 78
Printing and publishing 23,634 9.5 Assemblers . 15,747 6.4
Instruments and related products 19,419 7.8 Miscellaneous machine operators, N.E.C. 11,513 4.6
Rubber and miscellaneous Registered nurses 10,988 44
lastic products 16,781 6.8 Engineers, N.E.C. 8,805 36
Chemicals and allied products 14,251 58
EGEEA:* _ EGEEA:*
Printing and publishing 37,431 153 Painting and paint spraying
Transportation equipment 30,256 124 machine operator 21,924 11.4
Transportation by air 16,143 6.6 Printing machine operators 23,191 9.5
%}l)eaa_l trade contractors 11,934 4.9 Assemblers 17,412 7.1
ectric and electronic equipment 11,892 48 Laborers, cxcept construction 9,823 4.1
Machinery, except electrica 11,702 47 Machine operators, not specified 9,783 40
Hand packers and packagers 9,190 38
EGME:} _ EGME:}
Chemicals and allied products 29,014 22 Assemblers 2184 16.7
Business services 22,537 17.3 Janitors and cleaners 20,379 15.9
Printing and publishing 16,619 12.7 Printing machine operators 10,874 83
Machinery, except electrical 11,047 8.5 Machinists . 7,325 5.6
Fabricated metal products 10,697 8.2 setters and compositors 5,416 4.1
Paper and allied products 6,934 53 emists, except biochemists 5,267 4.
(Continued)

See footnotes at end of table.
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Table 3—4 (Continued).—Six industries and six occupations with the most workers potentially exposed to
EGEE, EGME, and their acetates

Workers exposed Workers exposed

0 of % of

Compound and industry Number  total Compound and occupation Number total

EGMEA: EGMEA:"

Fabricated metal products 3,142 31.8 Assemblers 2,775 28.1

Electric and electronic equipment 1,743 17.6 Janitors and cleancrs . 1,160 11.7

Miscellaneous manufacturing Packaging and filling machine operators 783 79

industries . 1,605 16.2 Metal plating machine operators 638 6.4

Chemicals and allied products 1,276 12.9 Miscellaneous machine operators, NE.C. 592 6.0

Machinery, except electrical 938 9.5 Hand engraving and printing 526 53

Rubber and miscellaneous

plastics products 465

$210120y N3y [ puv JIOH TWOA
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1‘Sourc::: NIOSH [1983b].
Tota] workers exposed to EGEE = 247,691,
*Total workers exposed to EGEEA = 244,639,
STotal workers exposed to EGME = 130,608.
Total workers exposed to EGMEA = 9,892,



4 EFFECTS OF EXPOSURE

4.1 EFFECTS ON HUMANS

4.1.1 Case Studies and Miscellaneous Reports

The first known case study involving occupational exposure to EGME was reported in 1936
[Donley 1936]. A female worker was employed in a shirt factory where she “fused” collars
by dipping them into a solvent mixture, followed by application of pressure to dry and stiffen
them. The solvent mixture used in the collar fusing contained EGME (<3%), dimethyl
phthalate (<3%), isopropyl alcohol (74%), and water (20%). The patient had worked at this
Jjob for six months without ventilation or respiratory protection when she was admitted to
the hospital with symptoms of encephalopathy (i.e., headache, drowsiness, forgetfulness,
and general apathy), signs of respiratory infection with coughing and sneezing, and blurred
vision. Blood tests for erythrocytes, leukocytes, and hemoglobin were within normal ranges.
Her diagnosis included psychosis, encephalopathy, acute rhinitis (inflammation of the nasal
mucosa), bronchitis, and phlegmasia alba dolens (extreme edematous swelling of the leg)
caused by occupational exposure to vapors from the solvent. An inquiry three months after
the patient’s discharge from the hospital revealed that she had fully recovered.

Parsons and Parsons [1938] reported case studies of two brothers, ages 22 and 20, who fused
collars in the “dipping room” of a New York shirt factory. Rubber gloves were worn during
this operation. The dipping fluid at the shirt factory contained two substances, EGME and
“Solox” which contained ethyl alcohol (90%), methyl alcohol (4.4%), ethyl acetate (4.7%),
and petroleum naphtha (0.9%). Both men were admitted to the hospital with symptoms of
toxic encephalopathy (including personality change, dizziness, sleepiness, and apathy),
nausea, weakness, burning eyes, and headache. An examination in the hospital revealed
moderately severe anemia with leukopenia and lymphocytosis. A neurologic examination
revealed general hypertonicity of all skeletal muscles, transitory right ankle clonus, moderate
ataxia, and persistent dilation of pupils. The patients completely recovered one month after
they were removed from exposure and treated for anemia. When followup blood tests were
conducted about one year later the older brother, who was exposed to the dipping fluid for
about one year, had an abnormal differential count (i.e., a relative lymphocytosis). The
younger brother, who was exposed for only three months, had a normal differential count.

All ten workers in a small printing shop in Germany experienced discomfort when a printing
press that used aniline-dye-based inks containing EGME was placed in operation [Groetschel
and Schuermann 1959]. After one month of exposure, the workers experienced vomiting,
intoxication, and deterioration of vision, hearing, and sense of taste. Attending physicians
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also reported exhaustion, slowed reactions, irritability, vertigo, and disturbance of sleep
patterns in the workers. Anemia and lymphopenia were found in the one individual whose
blood was tested.

Zavon [1963] described case histories for five workers exposed to EGME in the printing
department of a plant where plastic materials were made. EGME was used as a cleaning
agent for the printing machines and the floor, and as a solvent in the printing ink, which also
contained diethylene glycol monomethyl ether (DEGME). Few of the workers wore gloves
while working and they were not required to wear clean work clothes or wash their hands
before leaving work. Each worker saw a different private physician when symptoms
developed and Zavon [1963] summarized the case reports. All five workers had worked in
the printing department for the five months that EGME had been in use. The signs and
symptoms reported were consistent with those reported previously inh workers exposed to
EGME, including drowsiness, personality change, memory loss, ataxic gait, tremors, slurred
speech, hearing loss, loss of appetite, and apathy. All workers had low erythrocyte (RBC)
counts and low hemoglobin (Hb) values. White blood cell (WBC) counts ranged from low
to high. Two workers had abnormal differential counts and a third worker’s differential
count was slightly outside normal limits, but his bone marrow smear showed a hypocellular
marrow with a decrease in the percentage of erythroid elements. Breathing zone samples
taken under simulated conditions using EGME to clean the floor and equipment ranged from
61 to 3,960 ppm. Process changes and safe-handling requirements resulted in a reduction
of EGME concentrations to below 40 ppm and the elimination of any reported health effects.

Nitter-Hauge [1970] reported the accidental poisoning of two men who each ingested about
0.1 liter of pure EGME that they believed was ethyl alcohol. They were admitted to the
hospital with general weakness, disorientation, muscular restlessness, nausea, and vomiting,
Clinical signs and symptoms appeared from 8 to 18 hr after ingestion and included cerebral
confusion, pronounced hyperventilation, and profound metabolic acidosis {teduced alkali
reserve in the blood and body fluids). Moderate renal failure developed in the older of the
patients, along with a marked oxaluria {abnormally large amounts of oxalates in the urine).
Both patients were treated intravenously with sodium bicarbonate and ethyl alcohol, and
fully recovered over a period of approximately 4 weeks. The author [Nitter-Hauge 1970]
concluded from this information that EGME hydrolyzed to methanol and ethylene glycol,
which are metabolized to formic acid and oxalic acid, respectively.

Dermal absorption of EGME has caused a range of adverse health effects similar to those
produced by the inhalation or ingestion of it [Ohi and Wegman 1978]. Two male workers
were employed in an electroplating operation whete they washed equipment by hand without
protective gloves. EGME was substituted for acetone in the solvent bath. Air samples
collected during the washing operation averaged 8 ppm; no estimate was made of the
magnitude of skin absorption. The fitst worker, who was 48 years old, was hospitalized
following 6 months exposure to EGME in the workplace. His symptoms included con-
fusion, lethargy, sleepiness, impaired hearing, anorexia, weight loss, and personality change.
On admission to the hospital, he had tremors of both upper extremities and reduced RBC
and WBC counts. Bone marrow aspiration showed marrow depression consistent with a
marrow toxin. His condition was diagnosed as metabolic encephalopathy and pancytopenia
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(a reduction in the numbess of all formed elements of blood). Recovery was slow but
uncomplicated, and within several weeks his blood count returned to normal. The second
worker was a 45-year-old man who was admitted with similar symptoms following one
month of using EGME on the job. His neurologic examination revealed poor concentration,
orientation, reasoning, and memory. In addition, he had bone marrow depression. His
symptoms disappeared within one week [Ohi and Wegman 1978].

Cohen [1984] described subacute hematopoietic effects in a male worker exposed to EGME
in the microfilm production industry. The subject was a 32-year-old microfilm coating and
mixing operator. His job entailed mixing chemicals and often standing directly over open
1,500-gallon kettles that contained 33% EGME. Methyl ethyl ketone (MEK) and propylene
glycol monomethyl ether (PGME) were also present in small quantities. EGME was also
used as a solvent in the manual cleaning of the kettles, usually done without gloves.
Breathing zone samples revealed time-weighted average (TWA) concentrations of 18 to
58 ppm EGME (average, 35 ppm), 1 to 5 ppm MEK, and 4 to 13 ppm PGME. The wotker
had been employed for less than one year when signs and symptoms of EGME exposure
appeared. His WBC and RBC counts, Hb, hematocrit (Hct), and platelets dropped to
abnormally low levels. He also slept more, gained weight, had a decrease in appetite, felt
fatigued, and was apathetic. The worker was removed from skin and inhalation exposure
to EGME after 20 months on the job. Blood counts 1 and 3 months later revealed a return
to normal limits. This case illustrates the development of reversible macrocytic anemia and
subjective central nervous system (CNS) complaints (i.e., increased sleep needs, decreased
appetite, fatigue, and apathy}.

Bolt and Golka [1990] reported the occurrence of hypospadias at birth in two young boys
whose mother had been occupationally exposed to EGMEA during her pregnancies. The
woman had worked since 1974 in an industrial laboratory that produced lacquers and
enameled wire. During her first pregnancy in 1980 to 1981, she cleaned the glassware 4 hrs
a day using EGMEA as a solvent. Gloves were usually, but not always, wom. She cleaned
the surfaces of laboratory desks by spreading EGMEA on a cloth and rubbing the desk
surfaces with it. This was frequently done without the use of gloves. During her second
pregnancy in 1983 to 1984, she cleaned the glassware for about an hour a day, generally
under a laboratory hood. As before, EGMEA was used to clean the surfaces in the
laboratory.

In 1981, the woman delivered a boy of normal birth weight with the following malforma-
tions: perineal hypospadia, mictopenis, and pronounced bifid type of scrotum. The sex
could not be determined without chromosomal analysis. Analysis of the chromosomes did
reveal a normal male karyotype. Clinical examinations showed no further malformations.
In 1984, the woman delivered a boy of normal birth weight with penile hypospadia and a
bifid type of scrotum. Chromosomal analysis revealed a normal male karyotype.

Both children underwent surgery in the following years. The perineal and the penile
hypospadias were corrected, chordee was removed in both children, and the undescended
testes were removed to the scrotum. The older child was treated with chronic gonadotrophin,
which led to normal-sized testes.
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The authors stated that the risk of isolated hypospadia was between 1 in 300 and 1 in 1,800,
while the risk for a boy whose brother has hypospadia was 1 in 24. They indicated that both
the family history and medical examinations showed no overt risks other than the pronounced
exposure of the mother to EGMEA during fetal development. The authors concluded that
the hypospadias were actually caused by exposure to EGMEA.

There is only one case repott that describes the effects of EGEE [Fucik 1969]. A 44-year-old
womnan who mistakenly ingested 40 ml of EGEE experienced adverse effects on the CNS,
liver, and kidneys. After ingesting the EGEE, she suffered chest pains and vertigo, and lost
consciousness. Upon hospitalization, signs and symptoms of EGEE exposure included
restlessness, tachycardia, cyanosis, swelling of the lungs, tonoclonic spastus, and breath that
smelled like acetone. Oxygen and chemical therapy were administered; 6 hr later the woman
regained consciousness but was confused and markedly agitated. Her urine was positive
for protein, acetone, and RBCs; liver enlargement and jaundice developed. After 44 days
her condition improved. However, insomnia, fatigue, and patesthesia of the extremities
persisted for one year.

4.1.2 Clinical and Industrial Hygiene Studies
4.1.2.1 Groenburg et al, [1938]

Greenburg et al. [1938] described a cross-sectional study of 19 workers exposed to EGME
during the manufacture of fused shirt collars at the same factory studied by Parsons and
Parsons [1938]. Greenburg et al. undertook this study following reports to the U.S.
Department of Labor that two brothers employed in a collar fusing plant were hospitalized
with aplastic anemia [Parsons and Parsons 1938]. The Greenburg et al. study included (1) a
clinical examination with occupational history and (2) an environmental assessment of the
loft area where EGME exposure tock place during the collar fusing process. In the fused
collar processing area, workers wearing rubber gloves rinsed shirts by hand in large open
vats of the solvent containing EGME.

Air sampling was done after improvements were made to the exhaust and ventilation
systems. EGME concentrations were 25 ppm with the windows open and 76 ppm with the
windows partially closed. The authors stated that previous worker exposures were undoubt-
edly higher than the concentrations they measured. The occupational histories showed that
the duration of exposure for the 19 workers ranged from 1 to 112 weeks prior to the
examinations. Four of the 19 were exposed longer than 75 weeks; the other 15 workers
were exposed fewer than 15 weeks. Sixteen of the 19 workers were employed in the collar
fusing area when the medical examination was conducted.

Two clinical examinations of the exposed workers were conducted about 2 months apart.
During the first exam, 11 exposed workers were examined. About 2 months later, 8 of the
11 original workers were reexamined and 8 additional workers were examined for the first
time. Social, medical, and occupational histories were taken. Then the workers were given
a complete medical examination with special attention to funduscopic tests, capillary
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fragility tests, detailed hematologic studies, and neurologic findings. The results were
normal for the funduscopic tests, capillary fragility tests, blood pressutes, temperatures,
pulse rates, and general physical status.

All 19 workers had abnormal hematology results, including low blood platelet counts. Nine
of the workers’ blood tests showed disturbed production of RBCs (erythropoiesis) including
six subnormal RBC counts. The anemias were thought to be caused by a bone marrow toxin
rather than hemolysis or peripheral toxicity. All 19 blood tests showed immature neutrophilic
granulocytes indicative of bone marrow toxicity. Other results were normal, including Het,
bleeding time, coagulation time, erythrocyte sedimentation rate, and erythrocyte fragility.

Physical examinations of the workers revealed severe neurologic abnormalities. Two
workers who were hospitalized for severe anemia and one who filed workman’s compen-
sation for multiple neuritis were not included in the physical findings. Four of the remaining
16 workers had symptoms of drowsiness or fatigue and the following neurologic abnor-
malities: clonus (rapid muscular contractions and relaxations) in one worker, mental
retardation in two workers, exaggerated reflexes in four workers, and tremors of the hands
in four workers. Four other workers did not complain of any symptoms; however, at
examination two of these workers had abnormal reflexes, one had exaggerated knee and
ankle reflexes, one had decreased knee jerks, and four had tremors of the hands. The
remaining eight workers exhibited no abnormal symptoms.

4.1.2.2 Cook et al. [1982]

Cook et al. [1982] conducted a cross-sectional study of 65 male workets (40 with potential
exposure to EGME during its manufacture and packaging) to determine if anemia, leukopenia,
or infertility were present, and if these conditions were more prevalent among the exposed
workers. The unrestricted, concurrent, nonexposed population consisted of 25 wotkers from
plants where alkanolamines and salicylic acids were produced. In the EGME plant, the
chemical was manufactured by a continuous enclosed process along with related products
such as EGEE, polyols, polyoxy propylene glycols, brake fluids, butylene oxide, and
polyglycols. In a separate packaging and distribution facility, EGME was loaded into drums,
tank trucks, or rail cars; although drums were filled automatically, they were capped
manually. Because of the potential for skin contact and absorption, continued use of rubber
gloves was recommended during sampling and maintenance. There was also potential for
exposure to ethylene, propylene, and butylene oxides, chlorobenzenes, and other ethylene
glycol ethers. The control population had the potential for exposure to phenol, sodium
phenate, potassium hydroxide, ammonia, propylene ethers of ethylene glycol, ethylene
oxide, and propylene oxide. Industrial hygiene measurements taken in the production area
indicated personal 8-hr TWA exposures of 0.4 ppm EGME or less. TWA air samples
collected in the packaging and distribution facility for EGME indicated personal exposures
of 5 to 9 ppm EGME and area concentrations of 4 to 20 ppm.

The clinical measures included Hb, WBC, RBC, mean corpuscular volume (MCV), mean

corpuscular hemoglobin (MCHDb), mean cell hemoglobin concentration (MCHC), hormone
levels [i.e., luteinizing hormone (LH), follicle-stimulating hormone (FSH), testosterone] and
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sperm counts. Semen samples were available from six EGME-exposed workets and nine
controls. Hematology results revealed no anemia or leukopenia in the EGME-exposed
workers. No statistically significant differences were found in hematology test results,
hotmone levels, or sperm counts between the exposed workers and the controls. The
investigators suggested that testicular size may have been reduced; however, the decrease
in size approached but did not reach statistical significance (P<0.05) in either length
(P=0.19) or width (P=0.08).

4.1.2.3 Markel and Moody [1382]

In a Health Hazatrd Evaluation [Markel and Moody 1982], NIOSH investigators evaluated
exposure of workers to surfactant and emulsifier products used in a wet scrubbing system of a
newspaper pressroom and reel room. The nonionic surfactant used in the air washer/demisting
system was nonylphenoxy polyethylene oxyethanol and contained ethylene oxide and EGME.
Although the surfactant was not used per se in the demisting system, it could have been
present in pressroom air as a result of aerosolization of the surfactant solutions. Twenty
workers were interviewed; half of them were asymptomatic. Five workers reported inter-
mittent runny nose, nasal congestion andjor eye irritation at work. Of these five workers,
three had histories of allergies or “sinusitis™; one of the five workers attributed his episodes
of burning eyes to exposure to the mist produced by the de-mist system. The remaining five
all complained of a “peculiar taste” in the mouth following exposure to the mist system.
During splashing or siphoning by mouth of the surfactant solution, two workers noted an
anesthetic effect on their lips. One worker experienced progressive ill health over a
10-month period. His symptoms consisted of headaches, fatigue, sores in the mouth, chronic
eye irritation, shortness of breath, nausea, vomiting, trembling, and staggering. However,
he stated that following termination of his work with the de-mist system, these symptoms
abated. Environmental monitoring (five breathing zone and three general area measure-
ments) indicated that the concentrations of EGME ranged from 0.3 to 0.5 ppm for six of the
samples and were below the lower limit of detection (0.003 ppm) of the analytical method
for the remaining two. The authors concluded that there was no evidence of EGME
concentrations exceeding recommended levels and no evidence of ethylene oxide exposure.

4.1.2.4 Boiano [1583]

NIOSH conducted a health hazard evaluation in 1983 to evaluate worker exposure to two
solvent cleaners, an image remover, and the paint remover used in a silk screening process
[Boiano 1983]. The silk screener using the image remover was monitored for exposure to
EGEEA and cyclohexanone, while the worker using the paint remover was monitored for
a variety of organic solvents, one of which was EGEEA. Although the workers were
primarily exposed by inhalation, they may have also been exposed by skin absorption
because personal protective clothing was not always worn, The workers complained of
headaches, lethargy, sinus problems, nausea, and heartbumn. When they were away from
work, their symptoms improved. The silk screener using image remover had TWA ex-
posures to EGEEA ranging from 1.3 to 3.3 ppm, with short-term excursions to 3.8 ppm.
The silk screener using paint remover had TWA exposures to EGEEA ranging from 0.5 to
3.9 ppm, with a short-term excursion to 4.0 ppm. Measured airbome exposutes thus were
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below occupational standards, but absorption through the skin may have contributed to the
workers’ overall exposure [Boiano 1983].

4.1.2.5 Gunter [1985]

In 1985, NIOSH conducted a health hazard evaluation of production areas at a plant that
manufactured solid-state electronic circuits [Gunter 1985]. Soldering, degreasing, and
circuit-board coating areas were evaluated. Workers in these areas had previously com-
plained of narcosis, burning eyes, and dermatitis. Personal and area air samples were
collected on charcoal tubes and analyzed for EGEE, EGEEA, Freon 113, toluene, MEK,
xylene, petroleum distillates, methyl isobutyl ketone (MIBK), and methyl chloroform.
Samples were also collected and analyzed for lead, zinc, and toluene diisocyanate (TDI).
Six personal air samples taken for EGEE averaged 1.7 ppm; 14 personal air samples for
EGEEA averaged 0.15 ppm. Samples taken for lead, zinc, and TDI were found to contain
concentrations below even the lowest of the established limits (the NIOSH REL, the OSHA
PEL, or the ACGIH TLV® ).

4.1.2.6 Ratclitfe et al. [1986]

NIOSH conducted an evaluation for possible adverse effects on testicular function in male
workers potentially exposed to EGEE during the preparation of ceramic shells used to cast
metal parts [Ratcliffe et al. 1986). The binder slurry included 56% EGEE and 50% ethanol.
About 80 workers were employed in the investing departments at each of the sites where
these ceramic shells were prepared. The potentially exposed male workers included those
engaged in the preparation of binder slurry, hand dippers and grabbers who dipped molds
into the slurry, shell processors who prepared and handled ceramic shells, supervisors, and
process engineets. Although gloves were womn by some workers, no other chemical
protective clothing or respirators were used. The comparison group consisted of men who
worked elsewhere in the plant and who wete not exposed to EGEE. Air samples, most of
which were from the breathing zone, were collected. Because the potential for skin exposure
existed, spot urine samples were taken and sent frozen to a laboratory to analyze for the
presence of ethoxyacetic acid (EAA); blood samples were also drawn and analyzed. An
evaluation of semen quality (pH, sperm concentration, and viability, motility, velocity, and
morphology) was conducted. Brief examinations of the urogenital tract were also done. In
addition, questionnaires were administered to determine personal habits and medical and
work histories.

The NIOSH survey showed full-shift, breathing-zone exposures of EGEE ranging from
nondetectable to 24 ppm. Collection of general area air samples at two sites revealed higher
concentrations of EGEE (10 to 17 ppm) in the investment rooms, which contained open tanks
of slurry, than in the mixing and storage rooms (5 to 7 ppm). However, analysis of quality
control samples indicated that the measured airborne concentrations could be underes-
timated; recovery of analyte from field samples was below 100%, and as low as 60%.
Analysis of blood samples collected at the end of the work shift from nine EGEE-exposed
and four nonexposed workers revealed no detectable levels of EGEE in any of the samples.
The concentrations of EAA in the urine of EGEE-exposed workers ranged from 16 to
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163 mg/g creatinine for individual voids. No statistical testing was attempted because of
the few data points.

A cross-sectional evaluation of semen quality was conducted among 37 men exposed to
EGEE and a group of 38 men who were not exposed to EGEE. The average sperm count
of the EGEE-exposed group was considerably lower than that of the nonexposed group (113
vs. 154 million per ejaculate, P<0.05). The mean sperm concentration of the unexposed
group {60 million/ml) and that of the exposed group (48 million/ml) did not differ statistically
from each other. It should be noted however, that the average sperm concentration for both
groups was considerably lower (P<0.001) than the 70 million/ml these investigators had
observed in similar studies of other working populations. No differences were observed
with respect to other characteristics of semen quality or testicular size. It was concluded
from this study that there was a possible effect of EGEE on semen quality.

4.1.2.7 Welch et al. [1988], Sparer et al. [1988], and Welch and Cullen [1988]

The effect of combined EGME and EGEE exposure on the reproductive potential of men
who worked in a large shipbuilding facility was recently studied [Welch et al. 1988]. This
site was selected for study because of a previous health hazard evaluation [Love and
Donohue 1983] in which evidence of glycol ether exposure had been obtained. The shipyard
employed 900 painters, 600 of whomn were men. The painters were divided into four crews
that included the shop men who mixed the paint formulations, interior and exterior painters,
and the tank crew that painted interiors of ballast tanks and other confined spaces. The
interior painting crew members were involved in a variety of jobs, using spray and brush
painting; half-face cartridge respirators were available to these men, but their use was at the
discretion of the individual painters. The tank crew applied paint primarily in spray form
and wore supplied-air respirators. Cotton gloves were available for use. In the course of a
year, many painters rotated from crew to crew. At the completion of a boat’s construction,
exterior painting was done; often all the painters wete assigned to this job for a brief period
of time. Prior to painting, exterior painters wearing air-supplied respirators sandblasted the
boats. The entire study population for the semen, hematologic, and male reproductive
studies consisted of 94 painters and 55 nonexposed controls, but only 73 of the 94 painters
and 40 of the 55 nonexposed controls participated in the semen study. Urine was collected
for the determination of EAA and methoxyacetic acid (MAA), the principal metabolites of
EGEE and EGME (Section 4.2), respectively. At the clinic site, participants filled out
questionnaires revealing personal habits and medical and work histories; a medical examina-
tion was performed at the same time.

Personal air samples were collected over six workshifts for three consecutive days and analyzed
for EGME and EGEE {Sparer et al. 1988]. Because no tanks were being painted at the time
of the study, sampling was performed only for the interior work. The industrial hygiene
survey revealed that the painters were exposed to EGME at a TWA concentration of 0 to
5.6 ppm with 2 mean of 0.8 ppm and 2 median of 0.44 ppm, and to EGEE at 0 to 21.5 ppm
with a2 mean of 2.6 ppm and a median of 1.2 ppm. Urine samples were obtained from each
participant during the medical examination and when the participant brought his semen
sample. Measurement of the urinary metabolites MAA and EAA [Smallwood et al. 1988]
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confirmed that the painters had been exposed to EGME and EGEE; none of the controls’
specimens had detectable MAA or EAA. Two other reproductive toxins, lead and epichloro-
hydrin, were present in the work environment. Epichlorohydrin was not detected in the air
sampling. Exposure to lead was limited to sandblasting operations. Although there wete
significant air lead levels during blasting, the painters wore air-supplied respirators during this
operation. A review of the shipyard biological monitoring data revealed that most blood
lead levels were below 20 microgram (ug)%, with the highest single level being 40 ug%
[Welch et al. 1988].

Serum samples were analyzed for testosterone, FSH, and LH. It was concluded that there
was no pituitary or hypothalamic dysfunction in the exposed group relative to controls.
Semen samples were analyzed for pH, sperm density, viability, count, motility, and mot-
phology. The authors reported that although the semen of the exposed group had a
significantly lower pH, no significant differences were found in measures of sperm motility,
viability, and morphology (no statistics presented). They compared mean sperm density
and count using analysis of variance. Sperm counts per ejaculate and per cubic centimeter
{cc) of semen were lower (but not statistically significant) in the painters. The proportion
of men with a sperm density <20 million/ml was higher in the exposed gtoup than in the
unexposed group {13.5% vs. 5%, P=0.12). The authors also compared the proportion of
each group with oligospermia (defined as a count per ejaculate <100 million). Eight of the
controls (20%) and 24 of the painters (32%) had oligospermia (P=0.2). The authors
concluded that exposure to EGME and EGEE caused functional impairment by lowering
sperm counts in this group of painters. In addition, when the authors controlled the analysis
for the effects of smoking, they concluded that there was an increased odds ratio for a lower
sperm count per ejaculate {Welch et al. 1988].

The effect of combined EGME and EGEE exposure on hematologic parameters was also
assessed in these 94 painters and 55 controls [Welch and Cullen 1988]. Mean values for
Hb, Het, total and differential WBC count, and platelet count were assessed for painters and
controls. Statistical analysis revealed no difference between exposed and nonexposed
groups in mean Hb and Hct levels, and polymorphonuclear leukocyte and platelet counts.
However, nine painters, and no controls were anemic. Similarly, five painters and no
controls had mild to moderate granulocytopenia. A review of company medical recotds
indicated that these abnormalities were acquired during employment. Analysis of blood
lead levels appeared to eliminate lead as the cause of the abnormalities. Exposure to EGME
and EGEE was suspected as being the cause of the hematologic disorders. However, because
of the authors’ inability to establish an exposure-effect relationship, they concluded that
further investigation was necessary.

4.2 METABOLISM, UPTAKE, AND ELIMINATION

4.2.1 Studies in Animals

Studies have been conducted in animals to determine the metabolites of EGME and EGEE.
Investigations by Tsai [1968] and Blair and Vallee [1966] demonstrated that EGME is a
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possible substrate for alcohol dehydrogenase (ADH). Miller et al. [1982, 1983b] concluded
that EGME was oxidized via ADH to methoxyacetaldehyde and via aldehyde dehydrogenase
to MAA. In studies using radio-labeled EGME, MAA was identified as the major metabo-
lite, and the urine as the major route of elimination [Miller et al. 1983b; Moss et al. 1985].

The metabolism of EGME to MAA has been evaluated as a bioactivation mechanism for
EGME [Miller et al. 1982, 1983b; Foster et al. 1983; Brown et al. 1984]. Oral administration
of MAA caused testicular changes; increases in embryo-fetal death; decreased fetal weights;
increases in structural malformations; and urogenital abnormalities; and heart, tail, and limb
defects [Miller et al. 1982; Foster et al. 1983; Brown et al. 1984; Ritter et al. 1985]. The
preceding effects were similar to those caused by corresponding EGME doses.

Pretreatment of rats with pyrazole, an ADH inhibitor, inhibited the metabolism of EGME
to MAA; however, pretreatment of rats with disulfiram, an aldehyde dehydrogenase in-
hibitor, had no significant effect on plasma or urinary me:abolic profiles [Moss et al. 1985].
Administration of EGME by i.p. injection demonstrated extensive degeneration and necrosis
of rat primary spermatocytes in the early and late pachytene stages of development.
Pretreatment of rats with pyrazole appeared to protect against spermatocyte damage, while
pretreatment with disulfiram had no effect on the degree of spermatocyte damage.

The role of EGME metabolism in the induction of paw malformations was also examined
[Sleet et al. 1988]. Single oral exposures of nrice to EGME or MAA produced comparable
digit anomalies. The incidence of digit malformations was lower in i.v.-treated mice than in
gavage-treated mice. When orally administered 1 hr before EGME, 4-methylpyrazole (4-MP),
a potent ADH inhibitor, reduced the incidence of paw malformations in a dose-dependent
manner. Oral administration of ethanol with and after EGME also caused reduced incidences
of digit anomalies [Sleet et al. 1988]. These data are compatible with those of Romer et al.
[1985], which demonstrated that ADH has a higher affinity for ethanol than for the glycol
ethers [Sleet et al. 1988].

Administration of EGEE by gastric intubation or inhalation resulted in two major urinary
metabolites in rats, EAA and N-ethoxyacetyl glycine [Jonsson et al. 1982; Cheever et al.
1984]. In rats, the metabolism of EGEE proceeded chiefly through oxidation via ADH to
EAA, with some subsequent conjugation of the acid metabolite with glycine [Jonsson et al.
1982; Cheever et al. 1984). EAA was found in rat testes 2 hr after oral administration of
EGEE. The data suggested that adverse testicular effects exerted by EGEE may be caused
by its active metabolite EAA [Cheever et al. 1984)].

Foster et al. [1987] examined the toxicity of MAA and EAA. Oral administration of
equimolar doses of MAA or EAA in rats determined the initial target for testicular toxicity.
Histologic examination of testes revealed testicular damage in all MA A-treatment groups,
while EAA exerted testicular damage only at the highest dose. Pachytene spermatocytes
were targets for reversible MAA and EAA toxicity. The addition of MAA or EAA toin vitro
Sertoli cell and germ cell cultures caused depletion of pachytene spermatocytes within 24 hr
[Foster et al. 1387].

36



4 Effects of Exposure

An in vitro culture system utilizing rat embryos was used to assess potential adverse effects
of MAA and EAA on fetal development [Rawlings et al. 1985]. At the highest dose used,
both metabolites exerted adverse effects on fetal development in vitro. These effects
included significant reductions in crown-rump length, head length, yolk sac diameter, and
protein content of the embryo.

4.2.2 Studies in Humans

Recently EAA has been identified in the urine of workers exposed to EGEE vapor during
physical exercise and at rest [Groeseneken et al. 1986a; Groeseneken et al. 1986¢]. These
findings are consistent with the previously described biotransformation studies in animals
which identified EAA as the major metabolite of EGEE [Jonsson et al. 1982; Cheever et al.
1984]. The total amount of urinary EAA was related to the EGEE concentration in inspired
air, uptake rate, pulmonary ventilation rate, oxygen consumption during exposure, and heart
rate during and after exposure {Groeseneken et al. 1986¢]. After the end of a 4-hr EGEE
exposure period, maximal EAA excretion was achieved within 3 to 4 hr. EAA excretion
then declined slowly with a biological half-life of 21 to 24 hr [Groeseneken et al. 1986¢].
On the average, 23 % of the absorbed EGEE was recovered as EAA within 42 hr. Respiratory
frequency was also a contributing factor in urinary EAA concentration. About 64% of
inhaled EGEE vapor was retained at rest, and retention increased as physical exercise was
petformed during exposure. The rate of EGEE uptake increased as exposure concentration
or pulmonary ventilation rate, or both, increased. Individual uptake of EGEE appeared to
depend on pulmonary ventilation or cardiac output, or both and not on anthropometric
factors [Groeseneken et al. 1986b].

Groeseneken et al. [1988] compared urinary EAA excretion in man and rats after EGEE
exposure (oral in rats and by inhalation in man). The human data were taken from
Groeseneken et al. [1986¢]. In rats the mean elimination half-life was determined to be
7.2 £ 1.5 hr; in man the half-life mean was 42 1 4.7 hr. (This half-life of 42 hr differs from
23 hr reported in Groeseneken et al. [1986¢].) The authors [Groeseneken et al. 1988]
attributed the difference in half-lives to the averaging effect of pooling urine collections
{Groeseneken et al. 1986¢], especially during the first 12 hr,

EAA has also been identified in man as a metabolite of EGEEA [Groeseneken et al. 1987b)].
EGEEA is believed to pass through the same metabolic pathway as EGEE after hydrolysis
of the ester moiety. EAA excretion in workers exposed to EGEEA vapot was similar to
EAA excretion in workers exposed to EGEE [Groeseneken et al. 1986¢]. The maximal EAA
excretion rate was achieved 3 to 4 hr after the end of the EGEEA exposure period; however,
unlike EGEE exposure, a second peak EAA excretion appeared 3 hr later. On average,
within 42 hr, 22.2% of absorbed EGEEA was metabolized and excreted as EAA [Groeseneken
et al. 1987b). In beagle dogs exposed to 50 ppm EGEEA for 5 hr, 80% of EGEEA was
absorbed in 10 min and reached a platean in 3 hr [Guest et al. 1984]. The pharmacokinetics
of respiratory uptake were more complicated for EGEEA than for EGEE. Individual uptake
of EGEEA was determined by pulmonary ventilation, cardiac output, height, and body fat.
During exposure to EGEEA vapor, partial respiratory elimination of EGEE was observed.
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This finding confirmed the hypothesis that EGEEA is first converted to EGEE by esterases
[Groeseneken et al. 1987a].

MAA was detected in the urine of seven male volunteers exposed at rest to 5 ppm EGME
[Groeseneken et al. 1989a]. MAA was present in the urine during and up to 120 hr after the
beginning of exposure. The elimination half-life of MAA was estimated to be 77 hr. By
extrapolation the total amount of MAA was estimated to be 85.5% of inhaled EGME.

No studies are available on the metabolistn of EGMEA. However, based on the metabolism
of EGEEA to EAA [Groeseneken et al. 1987a,b], EGMEA would be expected to act similarly
and be metabolized to MAA.

A detailed description of the preceding studies may be found in Appendix B.

4.3 EFFECTS ON ANIMALS

Although kidney and liver damage, hematologic, CNS, reproductive, and teratogenic effects
have been observed in experimental animals exposed to glycol ethers and their acetates, the
type and severity of the response induced by each glycol ether are not identical. Therefore,
each glycol ether and its corresponding acetate will be discussed separately following
Section 4.3.1.

4.3.1 Acute Toxicity

Many experiments investigating the acute toxicity of glycol ethers to animals have been
performed. These investigations led to the establishment of a lethal concentration or lethal
dose for 50% of the exposed animals (LCqq or LDsg) in a variety of species by a variety of
routes (inhalation, oral, dermal, injection). A summary of the available data by animal
species is presented in Table 4-1.

4.3.1.1 Oral Administration

The toxicity of glycol ethers has been studied more extensively by oral administration than
by any other route. Hematuria, narcosis, and digestive tract irritation wete reported after
oral administration of near-lethal or lethal concentrations of EGEE, EGEEA, EGME, or
EGMEA in rats, mice, rabbits, and guinea pigs [Laug et al. 1939; Smyth et al. 1941]}.
However, the principal effect exerted by these glycol ethers in animals that did not die
immediately was damage to the kidneys. Pathological examination revealed extreme tubular
degeneration along with almost complete necrosis of the cortical tubules.

4.3.1.2 Inhalation Exposure
Waite et al. [1930] examined the effect on guinea pigs of a single inhalation exposure to

EGEE vapotr. The EGEE concentrations and periods of exposure tanged from those that
produced death to those that caused no apparent effect after 24 hr of exposure. EGEE
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Table 4-1.-Lethal doses or concentrations of glycol ethers

LDg, LDy LDy, LDy, LCsp
oral i.p. iv. dermal inhalation
(mg/ke) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (ppm)
Species
and
sex EGME EGMEA EGEE EGEEA EGME EGEE EGEE EGME EGEEA EGME EGEE
Rat;
Male 2,460 3,930 3,000 3,900 -— ee- e e -eee —eee
3,250 - 5,000 5,100 - - -~ -— — - -
Female 3,400 ene 2,300 2,900 -—-- -— ee- e ee- ven
Not stated  ---- - 3,204 - - 2,691 — - —
Rabbit:
Male 890 3,100 ---- -—-- -— -ae- 1,300 - ee- e
Not stated = ---- —- - --e- - e 840 -— 10,500 — --e-
Guinea pig:
Male and
Female 950 1,250 1,400 1910 e ceen ---- —ae e - -
Not stated -~ - 2,584 - e e -ae- — - --- -
Mouse:
Female - - — e 2,150 1,709 o -— - 1,480 1,820
(7 hr)
Not stated - -— 3,991 - — . 3,600 3,600 -—— -— e

* Abbreviations: i.p. = intraperitoneal; i.v.=intravenous; LDsy=median lethal dose; LCgy=median lethal concentration.
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concentrations ranged from 500 to 6,000 ppm and were administered over a period of 1 to
24 hr. Guinea pigs exposed to 6,000 ppm for 24 hr exhibited inactivity, weakness, and
dyspnea, and died by the end of the exposure; 3,000 ppm for 24 hr caused death within 24 hr
following exposure; and exposure to 6,000 ppm for 10 hr, and 3,000 ppm or 1,000 ppm for
18 hr, caused death 1 to 8 days following exposure. Exposure to 6,000 ppm for 1 hr,
3,000 ppm for 4 hr, and 500 ppm for 14 hr caused no apparent harm. Gross pathological
examinations of animals that died during and up to two days after exposure revealed
congestion and edema of the lungs, distended and hemorrhagic stomachs, and congested
kidneys.

Werner et al. [1943c] demonstrated an adverse effect of EGME and EGEE on the hematopoietic
system. Groups of 14 or 16 white Swiss mice were subjected to single, 7-hr, inhalation
exposures to EGME (930 to 6,800 ppm) and to EGEE (1,130to 6,000 ppm). Although these
vapors produced no typical narcotic action in mice, there was marked dyspnea. His-
topathological examinations revealed slight damage to the lungs. The spleen consistently
showed marked follicular phagocytosis, which indicated toxic action on the WBC [Wermner
et al. 1943c].

Groups of female rats developed increased osmotic fragility of erythrocytes when exposed
by inhalation to EGEE, EGEEA, EGME, or EGMEA for 4-hr periods [Carpenter et al. 1956].
Of the four compounds, EGMEA (32 ppm) was the most toxic in terms of erythrocyte
fragility, followed by EGEEA (62 ppm), and EGEE (125 ppm); EGME at 2,000 ppm only
slightly affected erythrocyte fragility.

Ten male and ten female rats and two male and two female rabbits wete exposed to
2,000 ppm EGEEA for 4 hr [Truhaut et al. 1979]. Only in rabbits was there a slight and
transient hemoglobinuria or hematuria; no gross pathological lesions were noted in either
species.

4.3.1.3 Dermal Exposure

A modified Draize “sleeve” technique was used to study the acute dermal toxicity of EGEEA
in rabbits [Truhaut et al. 1979]. Death generally occurred 24 to 48 hr after the application
of 10,500 mg EGEEA/kg. Although hemoglobinuria andfor hematuria were observed, there
was little variation in Hb concentration and the number of RBCs (less than 15% to 20%) in
blood; however, there was a considerable decrease in the number of WBCs (50% to 70%).
In surviving animals, the WBC counts gradually returned to normal. Necropsy revealed
bloody kidneys and blood in the bladder. When survivors were examined after the 2-week
observation period, no gross lesions were noted.

4.3.1.4 Intraperitoneal, intravenous, and Subculaneous Administration
Karel et al. [1947] conducted the first toxicity study of the glycol ethers administered by
intraperitoneal (i.p.) injection. Female albino Carsworth Farms mice (9 to 10 animals/dose)

were injected intraperitoneally with varying doses of either EGEE or EGME and were
observed for 7 days following injection. Gross and microscopic pathological studies were
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conducted on animals that died during the first 7 days after injection or were sacrificed
at the end of the 7-day observation period. The LD, for EGME was 2,150 mg/kg and
the LDy, for EGEE was 1,709 mg/kg. During the first 72 hr after injection of either
EGME ot EGEE, toxic reactions in the lymph nodes and spleen (lymphocyte degenera-
tion followed by reticulum cell proliferation and phagocytosis of cellular debris) and
mild renal glomerular and tubular degeneration were noted. During the fifth through seventh
day, lymphoid regeneration occurred while renal tubular damage continued. Pulmonary
congestion and atelectasis (collapse of the alveoli or a portion of the lung) were also observed
in EGEE-treated mice.

Dogs and rabbits were given three 7.1-g injections (unspecified as to type or site) of EGME
[Wiley et al. 1938]. At necropsy (2 to 3 days after last injection) histological examination
of the dogs’ organs revealed damage to the kidney, bladder, liver, and spleen. Multiple
organs of the rabbits also demonstrated tissue damage—the lungs showed multiple hemor-
rhages, the spleen and liver were damaged, and the kidneys had various degrees of tubular
degeneration.

Another group of investigators [Stenger et al. 1971] determined the acute LDg, for EGEE
in the mouse, rat, and rabbit by intravenous (i.v.) administration of 3,600, 2,691, or
840 mg/kg, respectively. The following symptoms were observed: dyspnea, somnolence,
ataxia, stomach distending to the side, and convulsions.

The acute toxic effects of EGME, EGMEA, EGEE, and EGEEA are summarized in
Table 4-2.

4.3.1.5 Summary of Acute Toxicity

The acute toxicity of EGEE, EGEEA, EGME, and EGMEA has been investigated in a
number of experiments with a variety of species and routes of exposure. Animals exhibited
inactivity, weakness, and dyspnea. Necropsies revealed congested lungs, hemorrhagic
stomachs, congested kidneys, and damage to the bladder, liver, and spleen [Waite et al. 1930;
Wiley et al. 1938; Karel et al. 1946; Carpenter et al. 1956; Truhautetal. 1979]. The principal
toxic effect of these compounds was damage to the kidneys [Waite et al. 1930; Laug et al.
1939; Smyth et al. 1941; Gross 1943), which included extreme tubular necrosis and
degeneration. Additional adverse effects included increased erythrocyte osmotic fragility
and damaged spleens [Werner et al. 1943c; Carpenter et al. 1956; Truhaut et al. 1979].

4.3.2 Male Reproductive Effects

A number of experimental animal studies have demonstrated the adverse effects of glycol
ethers on the male reproductive system. These effects include testicular atrophy, decrease
in fertility, germ cell depletion, decrease in sperm motility, and an increase in the number
of abnormal sperm cells. Although a brief summary of these studies follows, a detailed
description of them may be found in Appendix B.
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Table 4-2.—Acute toxicity of EGEE, EGEEA, EGME, and EGMEA

Route of
Compound Species adgxniﬁisdtorsa:ion Observed effects Reference
EGEE Mouse ip.: LDSO' 1,709 mg/kg D:ﬁatggbﬁalryrggh nodes and sgl:en, renal glomerular Karel et al. 1947
generation, pulmonary congestion
Mouse Lv.: LDgg 3,600 mg/kg Dyspnea, somnolence, ataxia, distended stomach Stenger et al. 1971
Mouse Oral: LDy, 3,991 mg/kg Hematuria, renal tubular degeneration and cortical necrosis  Laug et al. 1939
Mouse Inf}(l)z;lz_lltiﬁ)rn: 1,130-6,000 ppm Dyspnea, damaged lung, toxic effect on white blood cells Werner et al. 1943¢
Mouse (F)  Inhalation: LCSO‘ 1,820 ppm Death Werner et al. 1943a
for 7 hr
Rat iv.: LDgg 2,691 mg/kg Dyspnea, somnolence, ataxia, distended stomach Stenger et al, 1971
Rat Oral: LDg, 3,204 mg/kg Hematuria, renal tubular degeneration and cortical necrosis ~ Laug et al. 1939
Rat (M) Oral: LDgg 3,000 mg/kg Narcosis, digestive tract irritation, kidney damage Smyth et al. 1941
Rat (M) Oral: LDg; 5,000 mg/kg Narcosis, lung and kidney damage Carpenter et al. 1956
Rat (F) Oral: LDg; 5,400 mg/kg Narcosis, lung and kidney damage Carpenter et al. 1956
Rat (M) Oral: LDgq 2,300 mg/kg Death Cheever et al. 1984
Rat (F) Ir}l‘l)::}%tié)rn: 125 ppm Increase in osmotic fragility Carpenter et al. 1956
Rabbit iv.: LDg, 840 mg/kg Dyspnea, somnolence, ataxia, distended stomach Stenger et al. 1971
Rabbit (M)  Oral: LDg, 3,100 mg/kg Narcosis, lung and kidney damage Carpenter et al, 1956
Rabbit (M) Dermal: LD, 3,296 mg/kg Death Carpenter et al. 1956
Guinea pig  Oral: LD, 2,584 mg/kg Hematuria, renal tubular degeneration and cortical necrosis  Laug et al. 1939
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EGEE

EGEEA

EGME

Guinea pi
M,F) 8
Guines pi
MEB

Guinea pig

Rat (M)
Rat (F)
Rat (M)
Rat (F)
Rat
MF)

Rabbit
(M,F)

Rabbit
(M,F)

Guinea pi
B

Mouse (F)

Mouse

Oral: LD, 1,400 mg/kg

Inhalation: 0.05%, 0.3%,
for 1-24 hr or 0.06%

Oral: LD, 5,100 mg/kg
Oral: LDy, 2,900 mg/kg
Oral: LD, 3,900 mg/kg

Inhalation: 62 ppm
for 4 br PP

Inhalation: 2,000 ppm
for 4 hr & PP

Inbalation: 2,000 ppm

for 4 hr PP
Dermal: LDgq 10,500 mg/kg
Oral: LDy, 1,910 mg/kg
i.p.: LDg, 2,150 mg/kg

Inhalation: 930 to 6,800 ppm
for 7 hr

" Abbreviations: LCs, = median lethal concentration; LDg,



Narcosis, digestive tract irritation, kidney damage

Narcosis, lung and kidney damage.

No effect (0.05% for 14 hr; 0.3% for 4 br; 0.6% for 1 hr),

death (0.6% for 24 hr; 0.3% for 24 hr); inactivity,

weakness, dyspnea (0.6% for 18-24 hr); congestion and
edema of the lungs hernorrhaglc and distended stomachs
~24 hr; 0.3% for 18-24 hr}

congested kidneys (0.6% for 1
Narcosis, digestive tract irritation, damaged kidneys
Hemoglobinuria, hematuria, renal lesions
Hemoglobinuria, hematuria, renal lesions

Increased osmotic fragility

No effect

Slight, transient hemoglobinuria and/or hematuria

Hemoglobinuria, hematuria, decreased white blood cell
count, blood in kidneys and bladder

Narcosis, digestive tract irritation, damaged kidneys

Damage to lymph nodes and spleen, renal glomerular

and tubular degeneration

Dyspnea, damage to lungs and white blood cells

= median lethal dose.

Smyth et al. 1941
Carpenter et al. 1956

Waite et al. 1930

Sruyth et al. 1941
Trubaut et al. 1979
Truhaut et al. 1979
Carpenter et al. 1956

Trukaut et al. 1979
Truhaut et al. 1979
Truhaut et al. 1979
Stayth et al. 1941
Kare] et al. 1947
Werner et al. 1943¢

{Continued)
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Table 4-2 (Continued).—Acute toxicity of EGEE, EGEEA, EGME, and EGMEA

Compound Species

Route of
administration
and dose

Observed effects

Reference

EGME

EGMEA

Mouse (F)

Rat (M)
Rat (M)
Rat (F)
Rat (F)

Rabbit

Rabbit (M)

Rabbit (M)

Guinea pi
M, P'g

Guinea pj
705

Dog

Rat (M)

Rat (F)

Guinea pi
o™ ng

»

Inhalation: LCq to
1,480 ppm

Oral: LDg, 246 mg/kg
Oral: LDq, 3,250 mg/kg

Inhalation: 2,000 ppm
for 7 hr

Injection: 2,130 mg

Oral: LDy, 890 mg/kg
Dermal: LDg, 1,289 mg/kg

Oral: LDg, 950 mg/kg

Injection: 2,130 mg
Oral: LD, 3,930 mg/kg
Inhalation: 32 ppm

for 4 br

Death

Digestive tract irritation, damaged kidneys

Narcosis, lung and kidney damage

Narcosis, [ung and kidney damage

Slight increase in osmotic fragility

Damage to tissues of kidney, bladder, liver, and spleen
degeneration of testes

Narcosis, lung and kidney damage

Death

Digestive tract irritation, damaged kidneys

Narcosis, lung and kidney damage

Damage to tissues of kidney, bladder, liver, and spleen
Narcosis, digestive tract irritation, damaged kidneys

Increased osmotic fragility

Narcosis, digestive tract irritation, damaged kidneys

Werner et al. 1943¢

Smyth et al. 1941

Carpenter et al. 1956
Carpenter et al. 1956
Carpenter et al. 1956

Wiley et al. 1938

Carpenter et al, 1956
Carpenter et al. 1956
Smyth et al. 1941

Carpenter et al. 1956

Wiley et al. 1938
Smyth et al. 1941
Carpenter et al. 1956

Smyth et al. 1941
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4 Effects of Exposure

4.3.2.1 EGEE and EGEEA

EGEE administered by a variety of routes (subcutaneous, intravenous, oral, and inhalation)
produced a marked toxic effect on the testes of many animal species. The testicular effects
included edema [Mortis et al. 1942; Stenger et al. 1971], an absence of testicular germ cells
[Stenger et al. 1971; Nagano et al. 1979], and testicular atrophy [Morris et al. 1942; Nagano
et al. 1979; Barbee et al. 1984; Tertill and Daly 1983a; Melnick 1984]. EGEEA has also
caused testicular atrophy and depletion of spermatocytes in mice [Nagano et al. 1979].
Testicular degeneration in rats treated orally with EGEE or EGEEA was restricted to the
later stages of primary spermatocyte development and secondary spermatocytes [Foster et
al. 1983]. In detailed toxicologic studies, Creasy and Foster [1984] and Oudiz and Zenick
[1986] concluded that primary spermatocytes in the pachytene stage of meiosis were the
initial and major sites of morphologic damage from EGEE. Exposure of rats to EGEE has
also resulted in reversible impairment of testicular function that was reflected in significantly
decteased sperm counts (P<0.01) and increased abnormal forms (P<0.05) in the semen
[Oudizetal. 1984]. EGEE treatment has also resulted in lowered epididymal weights [Oudiz
et al. 1984). Oral treatment of rats with single duses of EAA affected diplotene, diakinetic,
and secondary and early pachytene spermatocytes [Foster et al. 1987].

4.3.2.2 EGME and EGMEA

The testicular toxicity of EGME has been demonstrated in 2 number of species by a variety
of routes. Adverse effects on the testes included the degeneration of germinal epithelium
[Wiley et al. 1938; Miller et al. 1981; Foster et al. 1983; Chapin and Lamb 1984; Hobson
et al. 1986], testicular atrophy [Nagano et al. 1979; Miller et al. 1981; Chapin and Lamb
1984; Hobson et al. 1986; Anderson et al. 1987; Exon et al. 1991; Smialowicz et al. 1991],
and depletion of germ cells [Nagano et al. 1979; Miller et al. 1981; Foster et al. 1983; Hobson
et al. 1986; Anderson et al. 1987]. In one inhalation study, microscopic testicular lesions
were observed in rats only at the highest exposure level (300 ppm), but concentration-related
testicular lesions were observed in rabbits at 30, 100, and 300 ppm [Miller et al. 1983a].
Miller et al. [1983a] concluded from this study that male rabbits were more sensitive than
male rats to EGME vapor. A single 4-hr inhalation exposure to 625 ppm EGME damaged
spermatids [Samuels et al. 1984].

Oral administration of 500 mg EGME/kg/day for 4 days caused maturation depletion of
middle and late stage spermatids and maturation arrest of pachytene spermatocytes; partial
recovery occurred four weeks after treatment and full recovery was achieved at 8 weeks
[Foster et al. 1983]. A definite order of spermatocyte sensitivity to EGME has been
demonstrated: dividing spermatocytes > early pachytene spermatocytes > late pachytene
spermatocytes > midpachytene spermatocytes > leptotene/zygotene spermatocytes [Creasy
and Foster 1984]. Anderson et al. [1987] concluded that testicular degeneration was
restricted to later stages of primary spermatocyte development and secondary spermatocytes.

A partially reversible decrease in fertility was observed in male rats exposed to EGME by
inhalation [Rao et al. 1983] or ingestion [Chapin et al. 1985a; Anderson et al. 1987].
Changes in fertility were correlated with changes in testicular histology and sperm morphol-
ogy [Chapin et al. 1985b].
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EGME, EGEE, and Their Acetates

Nagano et al. [1979] demonstrated testicular toxicity of EGMEA administered orally to
mice. Adverse effects included decreased testes weights and varying dose-related degrees
of testicular seminiferous tubule atrophy.

The effects of EGEE, EGME, and their acetates on the male reproductive system are
summarized in Tables 4-3 and 4-4.

4.3.3 Effects on the Female Reproductive System and the Developing
Embryo

A number of experimental animal studies have investigated the effects of the glycol ethers
on the female reproductive system and the developing embryo. Adverse maternal effects
include prolonged gestation, reduced body weight, and reduced body weight gain. Adverse
developmental effects include lethality, skeletal and visceral malformations, cardiovascular
defects, and altered behavioral test responses.

4.3.3.1 EGEE and EGEEA

Treating pregnant females of various species with EGEE has caused adverse maternal and
developmental effects. Effects on the dams included death [Schuler et al. 1984], reduced
food consumption [Andrew et al. 1981; Hardin et al. 1981}, reduced body weight and body
weight gain [Andrew et al. 1981; Hardin et al. 1981], and prolonged gestation periods
[Nelson et al. 1981]. Effects on the offspring included embtyolethality [Stenger et al. 1971;
Tinston 1983); fetal skeletal, renal, cardiovascular, and ventral body wall defects [Stenger
et al. 1971; Andrew et al. 1981; Hardin et al. 1981; Doe 1984a]; and reduced body weights
[Andrew et al. 1981; Hardin et al. 1981; Hardin et al. 1982]. Altered behavioral test
responses and altered neurochemical concentrations in the brain were also observed in the
offspring of dams exposed by inhalation to EGEE [Nelson et al. 1982a].

Pregnant rabbits exposed by inhalation to EGEEA exhibited reduced body weight gain and
food consumption and an increase in fetal resorptions [Doe 1984a; Tyl et al. 1988].
Embryolethality, visceral and skeletal abnormalities, and reduced fetal weights were ob-
served in the offspring of dams treated with EGEEA [Doe 1984a; Nelson et al. 1984a; Hardin
et al. 1984; Tyl et al. 1988].

4.3.3.2 EGME and EGMEA

Treating pregnant females of various animal species with EGME by various routes has
caused adverse maternal and developmental effects. Effects on the dams included lethality,
increased gestation period, decreased food consumption, and decreased body weight gain
[Doe et al. 1983; Hanley et al. 1984a; Wickramaratne 1986]. Effects on the offspring
included lethality, decreased fetal weights, decreased litter sizes, skeletal and visceral
malformations, digit anomalies, and cardiovascular defects [Nagano et al. 1981; Doe et al.
1983; Hanley et al. 1984a; Horton et al. 1985; Totaason et al. 1985; Wickramaratne 1986,
Greene et al. 1987; Hardin and Eisenmann 1987; Scott et al. 1989]. Although rabbits
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Table 4-3.—Reproductive effects of EGEE and EGEEA

Route of
administration
Compound Species and dose Observed effects Reference
EGEE Mouse (M)"  Oral: 500, 1,000, 2,000, or Testicular atrophy (1,000 and 2,000 mg/kg per day); death Nagaro et al. 1979

4,000 m ke per da A
5 days/\%é orp 5 wky

for

Mouse (M) Oral 20.5, 1, or 2 g/kg per day
yr

Rat (M) s.c.; 93, 186, 372, or 744
mg/kg per day for 4 wk
Rat (M) Oral: 1.45% 1n diet for
2yt
Rat (M) Oral: 46.5, 93, 186, 372
or 744 mg/kg per day for
13 wk
Rat (M) Oral: 250, 500, or 1,600
mg/kg per day for 11 days
Rat (M) Oral: 250, 500, or 1,000
mg/kg per day for 11 days
Rat (M)

Oral: 8.5, 1, or 2 g/kg per
day for 2 yr

*Abbreviations: M =male; F=female.

(4,000 mg/kg per day)

High mortality rate {2 gm/kg); testicular atrophy at
Tor2g/kg

Microscopic testicular changes (372 and 744 mg/kg per day)

Testicular enlargement, edema, and fubular atrophy

Microscopic testicular changes (186 and 744 mg/kg per day)

Decreased testes weights, spermatocyte depletion
and degeneration (300, 1,000 mg/kg per day)

Microscopic testicular lesions (500 and 1,000 mg/kg per day)

High mortality rate (2 gm/kg); testicular atrophy
at all doses

Melnick 1984
Stenger et al. 1971
Morris et al. 1942

Stenger et al. 1971

Foster et al. 1983
Creasy and Foster
1984

Melnick 1984

(Continued)
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Table 4-3 {Continued).—Reproductive effects of EGEE and EGEEA

Routfe of
administration
Compound Species and dose Observed effects Reference
EGEE Rat (M) Oral; 936, 1,972, or 2,808 Increased abnormal forms of sperms and decreased sperm Qudiz et al. 1984
{cont’d) mg/kg per day for 5 days count (936 mg((kg); azoospermia and oligozoospermia
decreased epididymal wts (1,972, 2,808 mg/kg per days
Rat (M) Oral: 0 or 936 még/kg per day Decreased sperm count and gercent normal morpholo Qudiz and Zenick
5 days/wk for 6 wk at weeks 5 and 6; decreased sperm motility at week 1986
{pachytene spermatocyte the most sensitive target)
Rat (FM Inhalation: 25, 100, or No biologically significant effects. Terrill and Daly
(FM) 400 ppm, 6 fir /day, 1983b:
5 days/wk for 13 wk Barbee et al. 1984
Rabbit (F,M) Inhalation: 25, 100, or Testes weight was decreased (400 ppm) and Terrill and Daly
400 ppm, 6 fxr/day, microscopic testicular changes (males 1983a;
5 days/wk for 13 wk Barbee et al. 1984
Dog (M) Oral: 46.5, 93, or 186 Microscopic testicular changes (186 mg/kg per day) Stenger et al. 1971
mg/kg per tiay for 13 wk
EGEEA Mouse (M)  Oral; 500, 1,000, 2,000, or Testicular atrophy, depletion of spermatocytes Nagano et al. 1979
4,000 mgﬁi{ per day, (1,000, 2,000, or 4,000 mg/kg per day)
5 days/wk for 5 wk

Rat (M) Oral: 726 mg/kg per day for
11 days

Testicular atrophy, spermatocyte depletion and
degeneration

Foster et al. 1984
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Table 4—4.—Reproductive effects of EGME and EGMEA

Route of
administration

Compound Species and dose Observed effects Reference
EGME Mouse (M)* Oral: 62.5, 125, 250, 500, Testicular atrophfr &2)30—2,000 mg/kg per day); Nagano et al. 1979

1,000, or 2,000 mg{kg per day, no germ cells (1,000-2,000 mg/kg per day}

5 days/wk for 5w

Mouse (M)  Oral: 500, 750, 1,000, or Reduced testes weight at wk 2-5 (500-1,500 m§/ ; Anderson et al. 1987
1,500 mg/kg increased abnormal sperm morphology (500-1,500 mg/kg);
degeneration of late spermatocytes and spermatids

{1,000-1,500 mg/kg)

Mouse (F)  Inhalation: 10 or 50 ppm on Decreased maternal body weight gain
g.g. ?gIS; sacrifice on
gd.

Rat (M) Oral: 50, 100, 250, or 500 Decreased testicular weight at days 2,4, 7, and 11
mg/kg per day for 11 days (500 mg/kg per day group); decreased testicular weight
at days 7 and 11 (250 mg/kg per day group)

Rat (M) Oral: 50, 100, 250, or 500 Degeneration of pachytene spermatocytes at 24 hr
mg/kg per day for 11 days ﬁ)O, 250, 500 mf/kg r day); no tésticular effects
50 mg/kg for 11 da g;edcgencration in spermatid
g(a)pulatton {500 mg/Eg per day for 4 days; 250 mg/kg per

y for 7 days); absence of s&cormagd and late spermatocyte
an

populations after 11 days of 500 mg/kg per day;
pax?tial depletion and degencration of spermatlfﬁs and
spermatocytes with 100 mg/kg per day for 11 days

Rat (M) Oral: 500 mg/kg per day for ~ Maturation depletion of middle and late stage spermatids,
4 days, then sacrificed maturation arrest of l;(:bachytent’: spermatocytes (2 wk);
at 2-wk intervals partial recovery (4 wk); full spermatogenesis in
majority of tubules from all animalis (8 wk)

*Abbreviations: M =male; F=female.

Haunley et al. 19842

Foster et al. 1983

Foster et al. 1983

Foster et al. 1983

{Continued)
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Table 4—4 (Continued).—Reproductive effects of EGME and EGMEA

Route of
administration
Compound Species and dose Observed effects Reference
EGME Rat (M) Oral: 500 mg/kg per day for  Decreased testicular weights at 0, 2, and 4 wk; return Foster et al. 1983
{cont’d) 4 days; animals sacrificed to normal size in 8th wk; increased seminal vesicle
at 0, 2, 4, and 8 wk post- weights at wk 8
exposure
Rat (M Oral: 150 mg/kg per day for ~ Spermatocyte degeneration at day 1; no significant Chapin and
™M) 5 days; am%nzg sacrificed Plgcreasgcljg pro&uctzon of testis )illu;d andg:lgfdrogen- Lamb 1984
ongd. 1,2,4,7 and 10 binding protein at day 2, 4, 7, and 10; reduced
after initial dosing testes weight at day 2 and after
Rat (M Oral: 50, 100, or 200 mg/k Decreased pregnancies at wk 4 (200 mg/ r day); reduced Chapin et al, 1985a
™ per day for 5 days thc%l/ 8 fertility atpwlcgtszl 100 m 4155 pe(r day);gdggrggscd zzlmbcr of P
mated ‘with 2 female rats/wk  live fetuses at wk 4-16

: i mﬁz{k per day); fewer pups/

for 8 wk. After 8-wk interval, litter at wk 5 {100 mg/ k% per yﬁ mcreased numbers of

mated again for 5 days resorptions at wk S and 6, and at ‘wk 3-16 increase in pre-
implantation loss (200 ng/kﬁ gcr day); increase in pre-
implantation loss at wk 2 and 5 (100" mg/kg per day

Rat (M) Oral: 50, 100, or 200 mﬂkg per Decreased Sperm&§ caunda epididymis at wk 2 and remained  Chapin et al. 19852
day for 5 days at weekly low for 8 wk {100, 200 mg/kg per day); lower counts only at
intervals, for 8 w% efferent wk 5 {50 mg/kg per day); decreased sperm motility at w
duct ligations, and following 3-8 (200 mg/kg per day} and wk 4~8 {100 mg/kg per day);
day animal was sacrified recovery began at wk 6. Increased abnormal sperm
morpho og at wk 3 (200 mg/kg per day} and wk 5

(106 mg/kg per day) and remained so
Rat (M) Oral: 50, 100 or 200 mi{kg per Abpormal sperm morphology at wk 4 with recovery by wk 8  Chapin et al. 1985b
day for 5 days at weekly (50 msﬁ/kg per day); abnormal sperm morphology at wk 1
intervals, for 8 wk, efferent with 50% recovery by wk 8 (100 mg/kg per day}; severe
duct Jigations, and animals testicular effects at wk 1, with 50% recovery by wk 7
sacrificed 16 hr later (200 mg/kg per day)

At wk 2 decreased numbers of sperm and increased numbers
of immature germ cells (100, 200 mg/kg per day); transient
mild increase in numbers of immature germ cells and
decreased sperm density; elevated amount of protein in rete
testis fluid at wk 2-5 (200 mg/kg per day) and wk 46
{100 mg/kg per day)
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EGME
{cont’d)

Rat (M)

Rat (M)
Rat (M)

Rat (M)

Rat (M,F)

Rat (M)

Rat (F)

Rat (M)

Oral: 500, 756, 1,000,
or 1,500 mg/kg

Oral: 2,000 or 6,000 ppm in
drinking water for YS days

Oral: 50, 100, or 200 mg/kg
per day for 10 days

Inhalation: 160, 300, or
1,000 ppm, 6 in'/day for 9
days

Inhalation: 34, 100, or 300
pm, 6 hr/day, 5 days/wk
or 13 wk

Inhalation: 30, 100, or 300
ppm, 6 hr/day, 5 days/wk
or 13 wk, then paired with
unexposed females for
breeding

Inhalation: 30, 100, or 300
Ppm, 6 hr/day, 5 days/wk

or 13 wkathen paired with
unexposed males for breeding

Inhalation: 100 or 300 ppm,
6 hr/day for 10 days

Reduced testes weight (500-1,500 mg/ l;g) at wks 3, 4, and 5;
reduced sperm counts at wks 4, 5, 6, 7 (500-1,500 mg/kg};
increased abnormal sperm morphology (500-1,500 rag/kg);
100% sterility (750-1,500 m%lag); dg,&) etion of early
pachytene spermatocytes (1,000-1,500 mg/kg)

Reduction in testes weights (6,000 ppm)

Reduction in testes weights and elevated serum testosterone
levels (200 mg/kg per day)

Microscopic testicular changes (1,000 ppm}

Reduced testicular weight and microscopic lesions
300 ppm) in males. Reduced body and thymus weights at
ppm in males and females

Decreased male fertility (300 ppm), partiall
reversed when bred lt% (and fg)wi ar.’ftcr lasyt exposure

No effect on female fertility

No effect at 100 ppm; testicular atrophy at 300 ppm

Anderson et aj. 1987

Exon et al. 1991
Smialowicz et al. 1991

Miller et al. 1981

Miller et al. 1983a

Rao et al. 1983

Rao et al. 1983

Doc et al. 1983

{Continued)
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Table 4-4 (Continued).—Reproductive effects of EGME and EGMEA

Route of
administration
Compound Species and dose Observed effects Reference
EGME Rat (M) Inhalation: 150, 300, 625, Microscopic testicular changes and atrophy (1,250, Samucls et al. 1984
{cont’d) 1,250, 2,500, or 5,000 ppm 2,500, 5,000 ppm); damaged spermatids {625 ppm)
for 4 hr; sacrificed on
day 14
Rat (M) Inhalation: 1,600 or Reduced testes weight at 48 hr 61,000, 2,500 ppm) and Samuels et al. 1984
ppm for 4 hr; sacrificed testicular atrophy on days 1-1
onday 1 23, 4,5 8 10
15, and 19 post exposure
Rabbit (M) Injection: (route and dose Microscopic testicular changes Wiley et al. 1938
not specified)
Rabbit (M,F) Inhalation: 30, 100, or 300 Reduced testicular weight and microscopic lesions Miller et al. 1983a
pm, 6 hr/day, 5 days/wk (300 ppm}; dose-related increase in incidence and
or 13 wk severity of testicular lesions (30, 100, 300 ppm};
reduced thymus and body weights at 300 ppm (M,F)
Guinea Dermal: 1 g/kg {)er day, Decreased testicular weights, severe testicular Hobson et al. 1986
pig (M) 5 days/wk for 13 wk atrophy, degeneration of seminiferous tubules with
complete loss of spermatogenic cells
EGMEA Mouse (M) Oral: 62.5, 125, 250, 500, Testicular atrophy (500-2,000 mg/kg per day); no germ cells Nagano et al. 1979

1,000, or 2,000 mg/kg per
day, 3 dayzs’ /wk fogr/Sgw

(2,000 mg/kg per day)
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4 Effects of Exposure

demonstrated a greater sensitivity to EGME vapor than rats ot mice, the results established
no-observed-effect levels of 10 ppm EGME in these three species [Hanley et al. 1984a].
Oral EGME treatment of mice on different days of gestation caused exencephaly and digit
anomalies [Horton et al. 1985]. The authors concluded that 100 mg/kg of EGME was the
no-observed-effect level for digit malformations after a single oral dose of EGMEon g.d. 11.
Oral EGME treatment of nonhuman primates during gestation resulted in a missing digit
on each forelimb of one dead embryo [Scott et al. 1989]. An altered response in avoidance
conditioning and altered neurochemical levels in the brain were observed in the offspring
of dams treated with EGME vapor [Nelson et al. 1984a]. Feuston et al. [1990] demonstrated
that treatment of pregnant rats with a single dermal application of EGME caused statistically
significant increases (P<0.05) in both the mean number of resorptions and the mean
percentage of resorptions, as well as in visceral, external, and skeletal malformations. In
this study, the authors established a NOAEL of 250 mg/kg on g.d. 12 for developmental
effects. No studies have been reported using EGMEA,; it would, however, be expected to
have the same effects as EGME (see Section 4.2).

The effects of EGEE, EGEEA, and EGME on the female reproductive system and the
embryo are summarized in Tables 4-5, 4-6, and 4-7.

4.3.4 Hematology

EGEE, EGEEA, EGME, and EGMEA exert adverse hematologic effects. These effects
include increased osmotic fragility and decreased levels of Hb, Het, platelets, RBCs, WBCs,
and MCV. The following studies, which show these effects, are described in detail in
Appendix B.

4.3.4.1 EGEE and EGEEA

Adverse hematological effects were observed in a number of species following administra-
tion of EGEE or EGEEA by oral, inhalation, and dermal routes. These effects included
hemolysis [von Oettingen and Jirouch 1931] and increased osmotic fragility [Carpenter et al.
1956). Other investigations demonstrated that EGEE and EGEEA caused decreased Hb
concentrations, decreased numbers of RBCs, WBCs, and platelets, reduced Het levels, and
decreased MCVs [Werner et al. 1943a,b; Stenger et al. 1971; Nagano et al. 1979; Truhaut
et al. 1979; Terrill and Daly 1983a; Barbee et al. 1984; Doe 1984a; Tyl et al. 1988). These
effects were shown to be reversible in only one study [Werner et al. 1943b]. In another
study [Tyl et al. 1988], EGEEA caused an increase in WBC levels.

4.3.4.2 EGME and EGMEA

The effect of EGME and EGMEA treatment on the blood and the hematopoietic system has
been investigated in a variety of species by a variety of routes. Adverse effects of EGME
and EGMEA include decreased Hb, Het, RBC, and WBC levels, and altered MCVs [Werner
et al. 1943a,b; Miller et al. 1981, 1983a; Nagano et al. 1979; Grant et al. 1985; Hobson et
al. 1986]. Carpenter et al. [1956] showed that EGME (2,000 ppm) and EGMEA (32 ppm)
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Table 4-5.—Developmental effects of EGEE

Species

Route of
administration
and dose

Observed effects

Reference

Mouse (F)"
Mouse (F)
Rat (F)

Rat (F)

Rat (F)

Rat (F)

Rat (F)

s.c.: 46.5 or 93 mg/kg per day
on gd. 1-18

Oral: 3.6 er day on
gd. 7-15/ kg per day

s.c: 23, 46.5, 93 mg/kg per da
on gd. 1-21 8/kg per day

Oral: 11.5, 23, 46.5, 93, 186
or 372 mg/kg per day on g.d.
1-21

Inhalation: before pregnancy,
15G or 650 Ppm hr/day,
5 days/wk for 3 wk; then
200 or 765 ppm, 7 [’n/day
on gd. 1-1

Inhalation: 50 ppm, 7 hr/day
on g.d. 14-20;

Inhalation: 100 ppm, 7 hr/day
on gd. 7-13 or 14-20

No embryotoxic or teratogenic effects
Maternal death (10%); embryonic death (1009%)
Fetal skeletal defects (93 mg/kg per day)

Complete resorption of all Litters (372 mg/kg per day);
cmgryonic death increased (46.5-186 mg/kg per day);
fetal skeletal defects and lower body weight
(93-186 mg/kg per day)

No effect on fertility; slight maternal toxici?
{765 ppm); embryonic death (100% at 765 ppm); fetal
cardiovascular and skeletal defects and reduction
in growth (203 ppm)

Extended gestation duration by 48 hr

Prolonged gestation (0.7 day); altered behavioral test
results; altered neurochemical concentrations in brain

Stenger et al. 1971
Schuler et al. 1984
Stenger et al. 1971
Stenger et al. 1971
A

Nelson et al. 1981

Nelson et al. 1982a
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Rat (F Inhalation: 200 ppm, 7 hr/da
® ongd. 7-13 PP fday
Rat (F) Inhalation: 10, 50, or 250 ppm,
6 hr/day on g.d. 6~15
Rat Dermal: 1.0 or 2.0 ml/day on
" gt /day
Rat (F) Dermal: 1.0 ml/day on g.d. 7-16
Rabbit s.c:23m er day on
(F) R 1g/kg per day
Rabbit Inhalation: 160 or 615 ppm,
® 7 br/day on g.d. 1-—18p P
Rabbit (F) Inhalation: 10, 50, or 175 ppm,
6 hr/day on g.d. 6-18
Rabbit (F) Inhalation: 50, 150, or 400
ppm on gd. 6-18
"F = female.



Increased dopamine levels in cerebrum; increased
norepinephrine levels in cerebrum and cerebellum

Fetotoxic, reduced ossification, skeletal variants
(250 ppm)

Reduced maternal we glht gain (2.0 mi/da i&) cmbryomc
death (100% at 2.0 ml/day and 76% at 1.0 ml/day);
fetal cardiovascular defects and skeletal vanations
and reduced fetal body weight (1.0 ml/day)

Increase of visceral malformations

No embryotoxic or teratogenic effects

Embryonic death (100% at 615 ppm and 22% at 160 ppm};
fetal renal, cardiovascular, andP ventral body wall
defects and skeletal variations (160 5pn::) rcduced
maternal food consumption {160, 615 ppm); maternal
death {615 ppm)

Skeletal variations in fetus (175 ppm)

Decreased number of live fetuses, gravid uterus
weights and litter weights, increased post
lﬁl&antanon loss, early and late fetal deaths

ppm)

Nelson et al. 1982b
Doe 1984a

Hardin et al. 1982

Hardin et al. 1984
Stenger et al. 1971

Andrew et al. 1981
Hardin et al. 1981
Doe 1984a

Tinston 1983
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Table 4-6.—Developmental effects of EGEEA

Route of
administration
Species and dose Observed effects Reference
Rat (F). Inhalation: 130, 390, or 690 ppm, Embryonic death {100% at 690 ppm and 56% at 390 ppm); Nelson et al. 1984b
7 hr/day on gd. 7-15 reduced fetal weights and increased visceral
malformations {130 and 390 ppm)
Rat (F) Inhalation: 50, 100, 200, or 304 Reduced weight gain and food consumption, clevated Tyl et al. 1988
ppm, 6 hr/day on g.d. 6-15 liver weight (100300 ]:;Hm;(;ﬁ:mbryo /tetotoxicity
(100-30G ppm), extern m}, visceral, and
skeletal malformations (200-3(X) ppm)
Rat (F) Dermal: 1.4 ml/day on g.d. 7-16 Reduced maternal body weight; embryonic death (100%); Hardin et al. 1984
reduced fetal body weights and visceral malformations
and skeletal variations
Rabbit (F) Inhalation: 25, 100, or 400 ppm, Reduced maternal body weight gain and food consug(x{ption Doe 1984a
6 hr/day on g.d. 6-18 400 ppm); increased resorptions (400 ];iam) and reduced
etal Eody wt (I%&)pm); major vertebral column
malformations (400 ppm)
Rabbit (F) Inhalation: 50, 100, 200, or 300 Decreased wci%ht gain, reduced gravid uterine wt; Tyl et al. 1988
ppm, 6 hr/day on g.d. 6-18 clevated absolute liver wt (100 pm}; embryotoxicity
200-300 ppm}; fetotoxicity (100~ m); external,
visceral, and skeletal malformations { ppm)

°F = female.
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Table

Species

Route of
administration
and dose

Mouse (F)"

Mouse (F)

Mouse (F)

Mouse (F)

Mouse (F)

Oral: 31 25, 62,5, 125, 250, 500
gr Y mg/kg per day on g.d.

0‘17'311:41,400 mg/kg per day on g.d.

Oral: 250 mg/kg on g.d. 7-14

07% 8-10, orkg "iw'r day on g.d.

O;alm or 1(§ /kf on g.d.7°8,

Oral: ésoorscx)m k%?erda
ongd, 10, 11, lz,gér Y

Oral: 100, 175, 250, 300, 350
400, or SOmg/kg on gd 11

Oral: 250 m: er day on g.d.
7-14; sacri%/ce It)m gdyl &

Ora125500r100m kg per
dayongd -13 e/ke p

F = female.



4-7.—Developmental effects of EGME,

Observved effects

Reference

Em omc death (250-1,000 mg/
per day) 1 ahvc (5
250 mg/kg

rcduccd ]:%

kgoper day); 100% dead

kot

anomahcs and skcIct malformanons
increased skeletal malformations

retarded fetal ossification (31.25-

r day
R

ay);

bifurcated or split cervical vertcbrae

100% embryonic death

Exencephaly and paw lesions; reduced fetal weights,
increased embryolethality in all dosage groups except
single 500 mg/ke on g.d 12 or 13; increase cxencephahc
d. 7-9, or 8-10); increased

fetuses (250 mg 25%
malformahons

mg/kg ongd 8-10, or 9-11, or 1 and

11); increased paw m ormatxons (500 mg/kg on d 9 10
1%; or 12}; forepaw anomalics (500 mg/kg on d
11} hindpaw syndactyly (500 mg/kg on g.d

Increased dﬁ%z;nomahcs {250-450 mg 1f1g) prcsent

at 175

NOAEL mg/kg

but not statistically sign

Gross malformations (exencephaly and paw lesions)

cardiovascular defects
numbers of fetuses wit!
(25-50 mg/kg per day)

100% resorption {100 mig

0 mg/kg
aberrant

5

kg per day) increased

¢r day); increased
RS complcxcs

Nagano et al. 1981

Schuler et al. 1984

Horton et al. 1985

Horton et al. 1985

Horton et al. 1985

Toraason et al. 1985

(Continued)
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Table 4-7 (Continued).—Developmental effects of EGME
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Route of
administration
Species and dose Observed effects Reference
Mouse (F) Oral: 100, 250, or 350 m, /I? on No maternal toxici?' forelimb bud cytotoxicity as early Greene ct al. 1987
%d. 11, then sacnﬁced%, s as 2 hr post EGME treatment, with maximum effect at
4, or 48 hr later and embryos 6 hr {350 mg/kg)
removed
Mouse (F) Oral: 100, 175, 250, 300, 350 Paw malformations induced in dose-dependent manner Greene et al. 1987
400, 450, or 500 mg/kg on (all dose levels except 100 mg/kg)
.d. 11 and embryos removed
§ or 24 hr later
Mouse {F) Oral: 304 mg/kg on g.d. 11, No maternal toxicity; paw malformations Hardin and
sacrificed on gd. 1 Eisenmann 1987
Mouse (F) Inhalation: 0, 10, or 50 gpm Slight fetotoxicity (50 ppm): minor skeletal Hanley et al, 19842
on gd. 6-15; sacrifice variations
on gd. 18
Rat (F) Inhalation: 100 or 300 ppm, Reduced maternal bod wcigaht gain and 100% embryonic Doe et al. 1983
6 hr/day on gd. 6-17, death (300 ppm), prolonged gestation and reduced
then litters delivered number of pups and live pups (100 ppm)
Rat (F) Inhglaéiol:g 3, 10, or 50 ppm on Minor skeletal variations (50 ppm) Hanley et al. 1984a
od. 6-
Rat (F) Inhalation: 25 B{)m, 7hr/day on Significant differences in avoidance conditioni Nelson et al. 1984a
gd. 7-13 or 14-20 of offspring from mothers exposed on g.d. 7-13;
neurobehavioral deviations in offspring
Rat (F) Dermal: 3%, 10%, 30%, or 100%  100% maternal deaths (100% soln); 100% fetal Wickramaratne 1986

solutions at 10 ml/kg, 6 hr/da
on gd. 6-17 s /day

death (30%); reduced litter sizes (10%)



6<

Rat (F) Dermal; 250, 500, 1,000 or 2,000
mg EGME'/kg ongd. 12

2,000 mg EGME/kg on g.d. 10,
11 12, 13, or 14

Rabbit (F) Inhalation: 3, 10, or 50 ppm on
g.d. 6~18

Monke Oral: 12, 24, or 36 mg/kg on
y (F) o Sas g/kg




Reduced maternal body weight gain day after EGME Feuston et al. 1990
application (all EGME exposures and times except
for 250 mg on gd. 12)

Increase in mean number of resorptions, mean percentage
resorptions (2,000 mg/% on g.d. 10); decrease in fetal
body weights (1,000 or 2,000 mg/kg on gd. 10 and 12).
Increases in external,visceral, or skeletal malformations
(500, 1,000, or 2,000 mg/kg on g.d. 12)

Reduced maternal body weight gain, increased absolute Hanley et al. 1984a
liver weight, increased resorption rate, reduced
mean fetal f)ody weights (50 ppm); increased incidence
of skeletal and visceral malformations (50 ppmy);
10 ppm = no effect level

Embryonic death — 3 of 13 or 23% at 12 mg/keg, 3 of Scott et al. 1989
10 or 30% at 24 mg/kg, 8 of 8 or 100% at 36 mg/kg;
1 embryo (36 mg/ group) was missing one digit
on each forelim

amsodxq fo s1affg ¢



EGME, EGEE, and Their Acetates

caused increased osmotic fragility of RBCs. Histopathology of EGME- and EGMEA-exposed
animals revealed reduced bone marrow cellularity, lymphoid atrophy of the thymus and
gut-associated lymphoid organs, decreased hepatocyte size, and reduced thymus weights
[Miller et al. 1981, 1983a; House et al. 1985]. In addition, serum total protein, albumin, and
globulin levels were reduced [Miller et al. 1981, 1983a], while serum creatinine kinase and
lactate dehydrogenase activity were increased [Hobson et al. 1986].

The hematologic effects of EGEE, EGME, and their acetates are summarized in Tables 4-8
and 4-9.

4.3.5 Immunology of EGME and MAA

Houchens et al. [1984] examined the effect of EGME and EGEE on cell-mediated immunity
using an allograft rejection assay. In this model, mice that are allogenic in relation to the
leukemic cell tumor used survive when challenged with the tumor unless they have been
immunosuppressed; the tumor will grow in syngeneic mice unless chemical treatment has
a direct cytotoxic effect on the tumor cells. Day zero was the tumor implantation day.
Allogeneic B6C3F; mice were given 600, 1,200, or 2,400 mg EGEE/kg or 300, 600, or
1,200 mg EGME/kg orally on days -12 to -0, or 100 mg/kg cyclophosphamide (Cy) i.p.

on day -1. Sham-treated controls were given oral doses of water on days -12 to -0 and -5
to -1 respectlvely The mice were then challenged with 100 ( 10° }, 3,000 (3% 10° ), 300,000
(3><10 ), or 3,000,000 (3x 106) L1210 cells i.p. on day zero. Syngeneic CD2F, mice were
challenged with 100,000 { 105) L1210 cells on day zero and were treated on days 1 to 5 and
8 to 12 with the same doses of EGME and EGEE used for the B6C3F; mice. Water-treated
syngeneic mice died with a median survival titme of 8 days. In the syngeneic mice there was
no direct antitumor activity of EGME or EGEE against the L1210 tumor at the doses tested
because there was no effect on the median survival time. Neither EGME nor EGEE were
toxic to the syngeneic mice, as determined by weight loss or early death. The authors
[Houchens et al. 1984] suggested that higher doses might be tolerated and have some direct
cytotoxic effect on the tumor.

The results for the allogeneic mice were more complex. All allogeneic mice receiving either
water or Cy and challenged with 3x10° tumor cells died with ascites. However, no more
than one animal per group died when the mice were treated with EGME or EGEE and
challenged with 3x10” tumor cells. Houchens et al. [1984] suggested that the compounds
may in some way stimulate the immune system and provide a prophylactic action. Blood
smeats of allogeneic mice were made for differential counts the last day of dosing, the day
of death when possible, and on survivors at day 43 after tumor implantation. In those mice
not surviving until the day of sacrifice, differential counts showed evidence of monocytosis,
which is indicative of monocytic leukemia. All surviving allogeneic mice wete sacrificed
and necropsied on day 43. Cholecystitis was present in 7% of the mice that had received EGEE
and in 58% of the mice that had received EGME. The authors did not refer to the conttrol group.

Exposure of laboratory animals to glycol ethets has been associated with thymus atrophy

and leukopenia [Nagano et al. 1979; Truhaut et al. 1979; Miller et al. 1981, 1983a; Grant
et al. 1985]. Because these effects could involve depletion of immunoresponsive cells,
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Table 4-8.—Hematologic effects of EGEE and EGEEA

Route of
administration
Compound Species and dose QObserved effects Reference
EGEE Dog and in vitro (1 cc) Hemolysis von QOettingen
beef blood and Jirouch 1931
Mouse Oral: 0, 500, 1,000, or 2,000 Reduced WBC counts {2,000 ppm) Nagano et al. 1979
mg/kg per day, 5 days/wk for
Rat Inhalation: 370 ppm 7 hr/day, Increase in_hemosiderin; fat replacement in bone marrow; ~ Werner et al. 1943z
5 days/wk for 5 wk decrease in myeloid ce
Rat Inhalation: 125 ppm for 4 br Increased erythrocyte osmotic fragility Carpenter et al. 1956
Rat Inhalation: 0, 25, 100 or 400 ppm, Decreased WBC in females {400 ppm) Terrill and Daly
(M,F) 6 hr/day, 5 days/wk for 13 wk 1983b;
Barbee et al. 1984
Rat (F) Inhalat(iio%: fl),s 10, 50 or 250 ppm Decreased Hb, Het, and MCV (250 ppm) Doe 1984a
on g.d. 6~
Rabbit Oral; 186, 372, or 744 mg/kg per  Decreased Hb and Hct; increased hemosiderin; Stenger et al. 1971
day, 7 hr/ day for 13 wk hematopotetic foci in spiccns
Rabbit Inhalation: Q, 25, 100, or 400 pgm, Decreased Hb, Het, 2nd RBC in males and Temll and Daly
(MF) 6 hr/day, 5 days/wk for 13 females (400 "ppm) 198
Barbcc et al. 1984
Rabbit Inhalatmn 0, 10, 50, or 175 ppm No effects Doe 1984z
(F) on gd 6-18
Dog QOral; 186 mg/kg per day, 7 hr/day Decreased Hb and Hct; increased hemosiderin; Stenger et al. 1971
for 13 hematopoietic foci in spleens
Dog Inhalation: 840 F{m 7 hr/day, Increased circulating immature granulocytes; increased Werner et al. 1943b
5 day/wk for wk hemosiderin

* Abbreviations: M =male; F =female.

(Continued)
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Table 4-8 (Continued).—Hematologic effects of EGEE and EGEEA

Sam120y sy pup ‘JINT FNOT

Route of
administration
Compound Species and dose Observed effects Reference
EGEEA Dog and i vitro {1 cc) Hemolysis von Oettingen
beef blood and Jirouch 1931
Mouse Oral; 0, 500, 1,000, 2,000, or Reduced white blood cell counts (2,000 gx&{kg per day); Nagano et al. 1979
1@, ; mkg/kg per day, 5 days/wk, reduced packed ervthrocyte volume (4,000 mg/kg per day)
or 5w
Rat Inhalation: 62 ppm for 4 hr Increased erythrocyte osmotic fragility Carpenter et al. 1956
e
Rat Inhalation: 2,000 ppm for 4 hr No effect Trubaut et al. 1979
Rat (F) Inhalation: 0, 50, 100, 200 or Increased WBC (200 and 300 ppm); reduced Tyl et al. 1988
300 ppm for 6 hr/day on g.d. RBC, Hb, Hctﬁgthrocyte size (100, 200, and
~ 300G ppm); red platélet counts (200 and 300 ppm)
Rabbit Inhalation: 2,000 ppm for 4 hr No effect Truhaut et al. 1979
Rabbit Inhalation: 0, 25, 100, or 400 Reduced Hb; 4%%ght reduction in Het, RBC, Doe 1984a
(F ppm, 6 hr/day on g.d. 6-18 and MCV ( ppm)
Rabbit Dermal: 10.5 g/kg Decreased white blood cell count Truhaut et al. 1979
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Table 4-9.—Hematologic effects of EGME and EGMEA

Route of
administration
Compound Species and dose Observed effects Reference
EGME Decreased WBC counts (500 mg); decreased RBCs and Nagano et al. 1979

Mouse (M) Oral: 500, 1,000, or 2,000 mg/kg,
*) S times/wk for 5 wk e/ke

Mouse Oral: 250, 500, or 1,000
() 10 times during 2 wk 8/t

Mouse (M) Oral: 500, 1,000, or 2,000 mg/ke,
™ 5 times/wk for 5 wk &

Mouse Inhalation: 100, 304, or 1,000 ppm

(M, F) 6 hr/day for 9 days
Rat (M Oral: 100 or 500 m er da
™) for 4 days; animalgs/:agcr%ﬁccdy
on day {, 4, 8, and 22 after
last treatment
Rat Inhalation: 310 ppm, 7 hr/day,
5 days/wk forp wk /day
Rat Inhalation: 32 ppm for 4 hr
Rat (F) Inhalation: 2,000 ppm for 4 hr
Rat (M, F) Inhalation: 100, 300, or 1,000 ppm

6 hr/day for 9 days

*Abbreviations: M =male; F=female.

Hb (1,000 mg)
Reduced thymus wts (500 and 1,000 ug/g)

Decreased WBC and RBC counts (1,000 mg/kg);
decreased Hb (2,000 mg/ke)

Decreased WBC counts, packed cell volume, and RBC
counts (1,000 ppm); similar but less severe effects
at 300 ppm

Day 1: (500 mg/kg per day) hemorrhagic bone marrow
and sinus endothelial damage, return to normal on day 4;
splenic medullary hemaopoiesis abolished, partial recovery

by day 4, return to normal on day 22; mild anemia; reduced

<t and Hb &day 4} and reduced RBC counts (day 8);
reduced WBC counts and no return to normal; (100 mg/kg
per day) reduced WBC on day 1

Increased levels of hemosiderin and immature
granulocytes

Increased osmotic fragility (hemolysis})

Increased osmotic fragility

Decreased WBC counts, packed cell volume, and RBC
counts {1,000 ppm); similar but less severe effects at

300 ppm; decreased Hb (300 ppm in F&;)é'educcgi total
serum protein, albumin, and giobin (1,000 ppm in M)

House et al. 1985
Nagano et al. 1979

Miller et al. 1981

Grant et al. 1985

Werner et al. 1943a

Carpenter et al. 1956
Carpenter et al. 1956
Miller et al. 1981

{Continued)
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Table 4-9 (Continued).—Hematologic effects of EGME and EGMEA

Compound Species

Route of
administration
and dose

Observed effects

Reference

EGME Rat

Rabbit

Guinea
pig(M)

Deog

EGMEA Rat

Inhalation: 30, 100, or 300 ppm
6 hr/day, 5 days/wk for 13 wk

Inhalation: 30, 100, or 300 Ippm
6 br/day, 5 days/wk for 13 wk

Dermal: 1 r day, 5 days/wk
ermal Wkg/kg per day, 5 days/

Inhalation: 750 ppm, 7 hr/day,
5 days/wk forpI% wk /day

Inhalation: 62 ppm for 4 hr

After 4 and 12 wks, decreased WBC counts, platelet
counts, and HB, reduced total protein, albumin, and
globin; thymic atrophy (300 ppm)

After 4 and 12 wks, decreased WBC counts, platelet
counts, Hb, and RBC counts; thymic atrophy (300 ppm)

Decreased RBC counts, increased MCV,

lymphopenia, ncutro(fﬁilia, and increased serum
creatinine kinase and lactate dehydrogenase activity

Microcytic anemia; decreased Hb and Het (at 4-6 wks);
increased osmotic fragility (at 11-12 wks)

Increased osmeotic fragility (hemolysis)

Miller et al. 1983a

Miller et al. 1983a

Hobson et al. 1986

Werner et al. 1943b

Carpenter et al. 1956
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4 Effects of Exposure

House et al. [1985] studied possible alterations in immune function and host resistance of
mice following exposure to EGME or its metabolite MAA. Specific pathogen-free female
B6C3F | mice were treated orally 10 times over a 2-week period with EGME or MAA to
yield total doses of 0, 250, 500, or 1,000 mg/kg. A statistically significant reduction in
thymus weights was seen in the 500 mg/kg groups of both compounds (P<0.01}. How-
ever, no reduction was found in bone marrow cellularity or leukocyte counts. No significant
alterations in immunopathology, humoral immunity, celi-mediated immunity, macrophage
function, and host resistance to Listeria monocytogenes challenge were found in mice
exposed to EGME or MAA. The authors concluded that care must be taken in interpreting
thymus atrophy as evidence of functional immunotoxicity because EGME and MAA
produced thymic atrophy without a concomitant decrease in immune function or host
resistance [House et al. 1985].

Exon et al. [1991] investigated the effects of EGME on the immune function of male and
female Sprague-Dawley rats. The animals {six per group) were exposed to EGME (2,000
or 6,000 ppm for males and 1,600 or 4,800 ppm for females} in deionized drinking water
for 21 days; the unexposed group received only deionized drinking water. All rats were
injected s.c. at the base of the tail vein with 1 mg of aqueous keyhole limpet hemocyanin
(KLH) 7 days after beginning treatment with EGME; a second injection of KXLH was
administered on day 13 to initiate the production of immunoglobulin G (IgG) antibody. To
determine the effect on delayed type hypersensitivity (DTH), the right footpad of each
animal was injected with 100 ul of heat-aggregated KLH on day 20; the left footpad was
injected with 100 pl of sterile saline.

On day 21, all animals were sacrificed by CO, asphyxiation. Serum was then collected by
cardiac puncture, and the thymus, spleen, liver, right kidney, and right testis were removed.
The mean dose of glycol ethers actually consumed was calculated on the basis of mean body
weight and water consumed during the entire study. The actual exposure concentrations of
EGME for male rats were determined to be 161 mg/kg per day (2,000 ppm) and 486 mg/kg
per day {6,000 ppm). The actual exposure concentrations of EGME for female rats were
determined to be 200 mg/kg per day (1,600 ppm) and 531 mg/kg per day (4,800 ppm).

The authors [Exon et al. 1991] reported the following results. The body and testis weights
of male rats exposed to 6,000 ppm EGME were significantly reduced (P<0.05). Male and
female rats exposed to either concentration of EGME had a dose-dependent reducticn in
thymus weights (P<0.05). Spleen weights were reduced (P<0.05) in female rats treated with
4,800 ppm EGME. Liver weights expressed as a percentage of body weight were sig-
nificantly increased (P<0.05) in male rats treated with 2,000 ppm EGME; however, this
effect was not apparent when the actual weights of the livers were compared. EGME
exposure did not affect kidney weights in either sex.

Natural killer cytotoxic responses were enhanced (P<0.05) in male and female rats at either
concentration of EGME, but specific [gG production to KLH was suppressed (P<0.05) in a
dose-dependent manner in both sexes. Gamma interferon (yIF) production was decreased
(P<0.05) in all EGME-treated male rats and in female rats exposed to 4,800 ppm EGME.
Spleen cell numbers were reduced (P<0.05) in female rats exposed to both doses of EGME
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EGME, EGEE, and Their Acetates

and in male rats exposed to 6,000 ppm EGME. Interleukin-2 (IL2) production by spleen
cells was decreased (P<0.05) in female rats treated with 4,800 ppm EGME. No significant
effects were observed on DTH reactions of either sex. EGME appears to exert immuno-
modulatory effects.

Smialowicz et al. [1991] studied the effects of EGME on the immune function of another
strain of rat, the Fischer 344 (F344) rat. Adult male or female rats (six per group) were
exposed by oral gavage to 25, 50, 100, or 200 mg/kg per day in a volume of 0.25 m[/100 g
EGME in water for 2 or 10 consecutive days, depending on the experiments performed.
Control rats were given 0.25 ml of watet/100 g of body weight by oral gavage. Additional
rats were treated by oral gavage with MAA (25 to 200 mg/kg per day) for 2 or 10 days. To
generate an antibody response, the F344 rats were immunized in vivo on treatment day 9 or
4 hr before two treatments (separated by 24 hr) with either the sheep erythrocyte (SRBC)
antigen or the trinitrophenyl-lipopolysaccharide (TNP-LPS)} antigen. Forty-eight hours
after the last treatment of EGME or MAA, the animals were sacrificed by asphyxiation with
CO,. Blood samples were obtained from the abdominal aorta, and the spleen, thymus, and
mesenteric lymph nodes were removed.

Smialowicz et al. [1991] reported the following observations for male rats only (unless
otherwise specified). EGME (50, 100, or 200 mg/kg per day for 10 days) caused a
statistically significant (P<0.05) dose-dependent decrease in thymus weights with no change
in body or spleen weights. In rats immunized on day 9 of EGME treatment, the antibody
response to SRBC antigen was enhanced (P<0.05) at 50 mg EGME/kg per day; in contrast,
the antibody response to TNP-LPS antigen was inhibited (P<0.05) in a dose-dependent
manner at 50, 100, or 200 mg EGME/kg per day.

When rats were immunized with either SRBC or TNP-LPS antigens and then treated with
EGME 4 and 28 hr later (2 doses of EGME), the antibody response to both antigens was
inhibited (P<0.01). At 400 mg/kg per day, EGME inhibited the antibody response to SRBC;
and at 100, 200, or 400 mg/kg per day inhibited the antibody response to TNP-LPS. The
authors [Smialowicz et al. 1991] then compared the effect of 10 daily doses of EGME (25,
50, 100, or 200 mg/kg per day) on the antibody response to TNP-LPS in male and female
rats immunized on day 9 of EGME treatment. The antibody response of both sexes was
inhibited (P<0.05), but male rats were more sensitive than female rats to the immunosup-
pressive effects of EGME. At concentrations of 50, 100, and 200 mg/kg per day, EGME
inhibited the antibody response in the male rats. Although 50 mg EGME/kg per day had no
effect on the antibody response in female rats, 100 and 200 mg EGME/kg per day inhibited
the response in a dose-dependent manner.

No alterations were observed in natural killer cell activity, mixed lymphocyte reaction, or
cytotoxic T lymphocyte responses. Lymphoproliferative responses to concanavalin A and
phytohemagglutinin were reduced at 50 to 200 mg EGME/kg per day, and the mitogen
responses of pokeweed and Salmonella typhimurium were teduced at 200 mg EGME/kg per
day {(P<0.05). Interleukin-2 production was reduced (P<0.05) in rats exposed to 50, 100,
or 200 mg EGME/kg per day. Expulsion of adult Trichinella spiralis worms was reduced
in rats treated with 200 mg EGME/kg per day and infected with T. spiralis larvae.
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4 Effects of Exposure

The authors then demonstrated that MAA (the metabolite of EGME) plays a role in
EGME-induced immunosuppression. MAA administered by gavage (50, 100, or 200 mg
EGME/kg per day) to male rats suppressed (P<0.01) the antibody response to TNP-LPS in
ahimals immunized on day 9 of MAA treatment. Concomitant exposure of rats to EGME
(100 or 200 mg/kg per day) and the alcohol dehydrogenase inhibitor 4-methylpyrazole
(4-MP) blocked EGME-induced supptession of the TNP-LPS antibody response observed
in rats treated with EGME only.

In this study [Smialowicz et al. 1991}, the authors also examined the effect of EGME on
male reproductive parameters. The results are presented in Section 4.3.2.2 and Table 4-4.

4.3.6 Carcinogenicity

The National Toxicology Program (NTP) of the U.S. Department of Health and Human
Services tested EGEE for carcinogenicity in male and female rats and mice at 500, 1,000,
and 2,000 mg/kg/day administered by gavage [Melnick 1982]. Because mortality was high
in the 2,000 mg/kg/day groups, survivors were sacrificed after 16 weeks; males had testicular
lesions. The final report of this study has not been published. Currently, prechronic
carcinogenicity studies are in progress for EGEE and EGME [NTP 1988].

4.3.7 Mutagenicity

A limited number of studies of the potential mutagenicity of EGEE and EGME have been
performed. Most of these were in vitro tests with microorganisms or mammalian cell
cultures. EGME did not appear to be mutagenic, and EGEE was positive in one test system.
No data are available concerning the mutagenicity of EGEEA and EGMEA.

4.3.7.1 EGEE

EGEE was not mutagenic in the Ames test using S. typhimurium TA1538, with or without
metabolic activation [Kawalek and Andrews 1980], or E. coli scl-4-73 [Szybalski 1958].
EGEE was not mutagenic (up to 23 mg/plate) [Ong 1980] when tested in S. typhimurium
strains TA 1535, TA1537, TA98, and TA100 with and without Aroclor-induced rat liver S9
supernatant. NTP reported that EGEE was not mutagenic at concentrations up to 10 mg/plate
in the same four Salmonella strains with and without microsomal fractions prepared from
Aroclor-induced rat and hamster livers [Melnick 1982].

EGEE was also tested in an NTP study at concentrations up to 9 mg/ml and was found to
induce sister chromatid exchange in Chinese hamster ovary (CHO) cells in both the presence
and absence of rat S9 mix. The response was weaker in the presence of rat S9 mix than in
its absence. EGEE induced chromosomal aberrations in CHO cells in the absence of rat S9
mix, but failed to do so in its presence. EGEE was not mutagenic in the Drosophila,
sex-linked, recessive lethal test [McGregor 1984].
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4.3.7.2 EGME

Abbondandolo et al. [ 1980] assayed five organic solvents, including EGME, for their ability
to induce forward mutations in the fission yeast, Schizosaccharomyces pombe, both with
and without metabolic activation. An S10 post-mitochondrial fraction from phenobarbital-
induced mouse liver was used for metabolic activation. EGME gave negative results in all
forward mutation experiments.

EGME was not mutagenic {up to 200 mg/plate) to S. typhimurium strains TA1535, TA1537,
TA98, and TA100 with and without $9 mix [Ong 1980].

McGregor et al. [1983] tested EGME in various in vitro systems (i.e., bacterial and human
embryonal intestinal fibroblasts) for mutagenic potential. In the bacterial mutation tests
incubations were conducted both in the presence and absence of an adult male rat liver’s
post-mitochondrial supernatant fluid and NADPH-generating system (89 mix). There was
no evidence of mutagenicity in the Ames plate incorporation assay at levels up to 3 mg
EGME/plate. In another experiment, alcohol metabolism was mediated by yeast B NAD+-
dependent alcohol dehydrogenase, and no mutagenic effect was observed. Human embryonic
intestinal fibroblasts in the presence of 3H-thymidine were incubated with EGME both in
the presence and absence of $9 mix. There was no indication of increased unscheduled
DNA synthesis (UDS) in cells exposed to concentrations up to 10 mg EGME/ml. EGME
had no effect on bone marrow cytogenetics and did not induce point mutations in the L5178Y
mouse lymphoma TK */-cell assay in the presence of rat $9 mix [McGregor 1984]. In the
sex-linked, recessive lethal test with Drosophila, results were inconsistent and reinvestiga-
tion was suggested. EGME was positive in both the mouse sperm abnormality test and the
male rat dominant lethal test.

Mutagenic effects of EGEE and EGME are summarized in Table 4-10.

4.3.8 In Vitro Toxicity

The effects of EGME and MAA on lactate production and protein synthesis by cultured
Sertoli cells were studied by Beattie et al. [1984], who suggested that alterations in Settoli
cell function induced by EGME or MAA could critically affect spermatocyte viability and
maintenance of spermatogenesm Sertoli cells were isolated from Sprague-Dawley CD rats
and incubated with >H-labeled leucine. EGME or MAA was then added at 0-, 3-, or 10-mM
concentrations, and spectrophotometric lactate detertminations were made after 0, 1, 3,6, 9,
and 12 hr of incubation. EGME had no effect on lactate concentrations or rates of
accumulation at any time point compared to controls. However, lactate concentration and
rate of accumulation were both significantly decreased (P<0.01) by both 3 and 10 mM
MAA at 6, 9, and 12 hr of incubation. No significant differences were seen between
experimental and control plates in protein synthesis as measured by the incorporation of
H-labeled leucine into acid insoluble material at the end of 12 hr of incubation.
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Table 4-10.—Mutagenic effects

Type of test Compound Fest species and exposure Results’ References
Bacterial, mutation EGEE S. typhimurium TA1538, with and without - Kawalek and Andrews 1980
Sg mix
QT%MJJ% TA1535, TA1537, TA93, - Ong 1980; Mclnick 1982
, with and without rat 89 mix, a
bamster S9 mix
E, coli scl-4-73 - Szybalski 1958
EGME S. typhimurium TA1535, TA1537, TA9S, - Ong 1980
an—‘alm-, with and without S§ mix &
S. typhimurivm TA1535, TA1537, TA1538, - MeGregor et al. 1983
TAS8, TA100, with and without rat $9 mix &
and with alcohol dehydrogenase
Yeast, mutation EGME ,Schiz?saccharomgces pombe, with and - Abbondandalo et al. 1980
without mouse §9 mix
Mammaliap, in vitro, EGME Human embryonic intestinal fibroblast - McGregor et al. 1983
unscheduled DNA cells, with and without rat $9 mix
synthesis
Mammalian, in vitro, EGEE CHO cells with S9 mix - McGregor 1984
chromosomal CHO cells without S9 mix +

aberrations
Drosophila, sex-linked EGEE
recessive lethal EGME

*Abbreviations: - =no significant response; + =significant response; ? =unclear, further testing recommended.

3—day-old males
3—-day-old males

McGregor et al. 1983
McGregor et al. 1983

(Continued)
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Table 4-10 (Continued).—Mutagenic effects

Type of test Compound Test species and exposure Results References
Mammalian, in vitro, = EGME L5178Y mouse lymphoma TK+ /- cells - McGregor 1984
point mutations with rat $9 mix
Rat bone marrow EGME Rats (M,F) exposed to 25 or 500 ppm - McGregor et al. 1983
cytogenetics 7 hr/day, for 1 or 5 days
Mouse sperm EGME Mice exposed to 25 or 500 ppm, 7 hr/day + McGregor et al. 1983
abnormality for 5 days (at 500 ppm)
Male rat dominant EGME Male rats sed to 30, 100, or 300 ppm, Male sterility McGregor et al. 1983
lethal 6 hr/day, 5 days/wk, for 13 wk at 300 % m
reversible
Male rats exposed to 30, 100, or 300 ppm, Male sterility McGregor et al. 1983
7 hr/day, for 5 days, followed by 10 successive at week 5
weekly matings {500 ppm),

reversible

510132y 4] puv ‘GIOY ‘AWOT



4 Effects of Exposure

4.3.9 Cytotoxicity

The in vitro cytotoxicities of EGME, EGEE, and their corresponding alkoxyacetic acids
(MAA and EAA) were studied using CHO cells [Jackh et al. 1985]. CHO cells were seeded
into culture flasks, and after 4 to 5 hr test material was added to the medium. After 16 hr
the medium was renewed and the cells were allowed to grow in colonies for 6 to 7 days prior
to counting. Cloning efficiency was used as an indication of cytotoxicity. Concentrations
that aliowed approximately 50% of the seeded cells to form colonies (ECgg) were calculated.
The ECs for EGEE was 0.22 mmol/ml or 21.5 mg/ml and for EGME the ECs4 was
0.49 mmol/ml or 37.5 mg/ml. EAA and MAA were more cytotoxic (ECsq = 0.04 to
0.05 mmol/ml or 4.6 mg/ml for both) than their parent compounds. The authors concluded
that gross cytotoxicity to dividing cells is not the predominant mechanism for the reproduc-
tive, developmental, and myelotoxic effects of these glycol ethers [Jackh et al. 1985].

Chinese hamster V79 cells display a specific form of cell-to-cell communication called
metabolic cooperation, which is characterized by the exchange of molecules between cells
through permeable junctions formed at sites of cell contact [Hooper and Subak-Sharpe
1681]. Blockage of metabolic cooperation has been proposed as a mechanism of action of
some teratogens [Trosko et al. 1982]. The effects of EGME and EGEE on cell-to-cell
communication in Chinese hamster V79 cells were demonstrated in two separate studies
[Welsch and Stedman 1984; Loch-Caruso et al. 1984]. In both studies, EGME and EGEE
were able to block metabolic cooperation in vitro. The potencies were inversely related to
the length of the aliphatic chain; in general, cytotoxicity incteased with increasing aliphatic
chain length. Loch-Caruso et al. [1984] concluded that because EGME was effective in
blocking metabolic cooperation over a broad noncytotoxic range, blockage of intercellular
communication may be its teratogenic mechanism. However, EGEE was more cytotoxic
and interrupted cell communication over a narrower range of concentrations. The authors
therefore concluded that interrupted intercellular communication may be mixed with
cytotoxicity in the embryo and the dam, and thus is less specific as a mechanism of
teratogenesis for EGEE.

Gray et al. [1985] also investigated the response of primary mixed cultures of Sertoli and
germ cells prepared from testes of immatute rats that had been exposed to EGEE and its
alkoxyacetic acid metabolite, EAA. EGEE had no effect when added to the culture medium
at concentrations up to 50 mM (4.505 mg) for up to 72 hr. In contrast, the following changes
were induced when 2 to 10 mM of MAA, the major in vivo metabolite of EGME, was added
for 24 to 72 hr. After 24 hr incubation of cultures with 5 mM MAA, pachytene
spermatocytes were reduced in number and many of those remaining showed degenerative
changes consisting of rounding up, increased cytoplasmic eosinophilia, and nuclear pyknosis.
The number of pachytene spermatocytes was further reduced after 48 hr of incubation, and
after 72 hr the cultures consisted of earlier spermatocytes, spermatogonia, and Sertoli cells
with only occasional degenerate pachytene spermatocytes. At 10 mM MAA, pachytene
spermatocytes were lost more rapidly, and cell debris in the Sertoli cells was observed mote
frequently. While no effect was observed at | mM MAA, 2 mM MAA caused a slightly
increased frequency of pachytene spermatocyte degeneration. EAA, the major metabolite
of EGEE in vivo, produced similar changes but was less potent than MAA. Although
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cultures treated with 5 mM EAA showed some loss of pachytene spermatocytes, even after
72 hr frequent foci of these cells were still present and many appeared morphologically
normal.

In view of the differences in the toxicity of MAA and EAA in cell culture, they were
administered orally to rats at equimolar doses of 6.6 mM (592 mg MAA/kg and 684 mg
EAA/kg, respectively) to characterize their relative testicular toxicity in vivo. Only MAA
reduced testis weight. The effects of MAA were found mainly on the pachytene sper-
matocyte population; maturation depletion of the early round spermatid population was also
evident, while leptotene and zygotene spermatocytes appeared unaffected. EAA had less
severe effects, with only focal depletion of early pachytene spermatocytes and early round
spermatids, while mid- and late-pachytene spermatocytes appeared normal. The authors
concluded that the close correspondence between the testicular toxicity of MAA and EAA
in vitro and in vivo suggests a similar mode of action in both cases.
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5 RECOGNITION OF THE HAZARD

Each employer who manufactures, transports, packages, stores, or uses EGME, EGEE, or
their acetates in any capacity should determine the potential for occupational exposure of
any worker at or above the action level (one-half the REL).

5.1 ENVIRONMENTAL SAMPLING

Exposure monitoring and environmental sampling for EGME, EGEE, and their acetates can
be performed according to OSHA Method No. 79 [OSHA 1990). The sampling procedure
involves the use of activated coconut shell charcoal sampling tubes connected by flexible
tubing to a sampling pump. A total air volume of 48 liters is drawn by the pump through
the charcoal tube at a flow rate of 0.1 liter/min.

5.2 ANALYTICAL METHODS

Laboratory analyses for EGME, EGEE, and their acetates can be performed by OSHA
Method No. 79 [OSHA 1990], which is based on OSHA Method No. 53 [OSHA 1985].
Prior knowledge of certain types of interfering compounds will help the analyst select the
appropriate analytical conditions for sample analysis. This list of compounds can be
compiled from the material safety data sheets for the compounds that are used in or around
the process where the sampling will occur. The principles of the method are as follows:

e The charcoal in the sampling tube is transferred to a small, stoppered sample
container, and the analyte is desorbed. EGME, EGEE, EGMEA, and EGEEA may
be desorbed from the charcoal with methylene chloride and 5% (v/v) methanol.

e Analiquot of the desorbed sample is injected into a gas chromatograph with a flame
ionization detector.

e The area of the resulting peak is determined and compared with areas obtained
from the injection of standards.

The detailed analytical method is desctibed in Appendix A. Table 5-1 lists the quantitation
limits of this analytical procedure for a 48-liter air sample.

5.3 MEDICAL MONITORING

EGME, EGMEA, EGEE, and EGEEA exert adverse effects on the blood and the reproduc-
tive, central nervous, hematopoietic, and renal systems in humans and animals; furthermore,
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Table 5-1.—Quantitation limits of OSHA Method No. 79"

Limits of
Compound qusntitation (ppm)
EGME 0.0067
EGMEA 0.0017
EGEE 0.0021
EGEEA 0.0012

"Source: OSHA [1990].
Y48-liter air sample.

exposure to these glycol ethers may impair liver function. Workers who may be exposed
to them should therefore receive preplacement and periodic medical examinations. Medical
monitoring should include the following:
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An initial medical examination. A complete medical history and examination will
establish a baseline for further monitoring and detect any pre-existing conditions
that may place the exposed worker at increased risk. Special attention should be
given to tests of the following systems and organs:

—Blood and hematopoietic system. A complete blood count should be done.
Because of adverse effects of glycol ethers on the blood and the hematopoietic
system, workers with blood diseases may be at increased risk from exposure to
these glycol ethers.

—Skin. These glycol ethers are readily absorbed through the skin, but workers
with chronic skin disease characterized by eczema or fissures may be at increased
risk of absorbing them.

—Liver. Although these glycol ethers are not known as liver toxins in humans,
they are metabolized primarily in this organ, and workers with impaired liver
function should receive special consideration.

—XKidneys. A urinalysis should be done to ascertain whether renal function is
impaired. Because of the importance of the kidneys in the elimination of toxic
substances, special consideration should be given to workers with impaired renal
function who may be exposed to glycol ethers.

—Central nervous system. The need for examinations of the central nervous
system should be emphasized because of the adverse effects of glycol ethers on
this system:.

— Reproductive system. The need for examinations of the reproductive system
should be stressed (i.e., semen quality, sperm count).



5 Recognition of the Hazard

s  Periodic medical examinations. The aforementioned medical examinations should
be performed annually for all workers occupationally exposed to EGEE, EGME,
or their acetates at or above the action levels, and for all who have the potential for
significant skin exposure.

5.4 BIOLOGICAL MONITORING

Biological monitoring may be a useful adjunct to environmental monitoring in assessing
worker exposure to EGME, EGEE, and their acetates. Biological monitoring includes the
influence of workload and percutaneous absorption.

5.4.1 Justification for Biological Monitoring

Hurman experimental inhalation studies have demonstrated the uptake of EGEE [Groeseneken
et al. 1986b], EGEEA [Groeseneken et al. 1987a], and EGME [Groeseneken et al. 1989a].
Studies that included different workloads in the experimental design [Groeseneken et al.
1986b, 1987a] demonstrated a linear relationship between the workload and uptake of each
glycol ether; a linear relationship was also found for the exposure concentration and uptake.
Table 5-2 illustrates the effects of a 4-hr inhalation exposure to EGEE under a variety of
exposure and exercise conditions. Each group consisted of five subjects; experimental
details are provided in Appendix B of this document [Groeseneken et al. 1986b].

Data presented in Table 5-2 show that an exposure to EGEE at 5.4 ppm (20 mg/ms) with
exercise at 30 W is comparable to an exposure of 10.8 ppm (40 mg/m~) at rest. Johanson
[1988] concluded that the uptake of glycol ethers by inhalation is directly related to
pulmonary ventilation.

EGME, EGEE, and their acetates exhibit high solubilities in both lipids and in water. These
characteristics make them candidates for significant absorption through the skin. In vitro
dermal absorption of EGME, EGEE, and EGEEA has been shown in human abdominal skin
[Dugard et al. 1984]. Relative absorption rates are shown in Table 5-3.

Table 5-2.—Absorption of EGEE at various workloads

EGEE exposure Workload Total EGEE sbsorbed
Group ppm mg/m’ 43)] (mg)

1 2.7 10 0 16.7+42

5.4 20 0 35.1+7.6
10.8 40 0 64.1 £ 14.5

2 54 20 0 33383
54 20 30 570+ 118
5.4 20 60 9441139

*0 watts is defined as “at rest.”
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Table 5-3.—In vitro skin absorption of selected glycol ethers in humans

Rate of absorptlon Relative rate
Compound (mg/cm per hr) (EGBE=1)
EGME 282 £2.63 142
EGEE 0.796 £ 0.460 4.02
EGEEA 0.800 £ 0.430 4.04

Nakaaki et al. [1980] demonstrated that 10 times more EGME was absorbed through the
forearm than acetone or methanol.

Johanson [1988] described the relative importance of the inhalation of EGME, EGEE, and
EGEEA at S ppm or at 1% of the saturation concentration at room temperatute compated
with the dermal route of absorption. Uptake rates were calculated by assuming a pulmonary
ventilation of 10 liters/min and a relative respiratory uptake of 60% for inhalation exposure,
and by extrapolation of in vitro human skin penetration rates to an area of 50 cm? (an area
of about 4 x 2 in.) for dermal exposure.

407

M Exposure at TLV

&= Exposure at 1 % of saturation
30 O Dermal exposure

204

Uptake rate (umol/min)

i04

il afl,

EGME EGEE EGEEA

Figure 5-1. Relative uptake rates of glycol ethers under different exposure routes. Source:
Johanson [1988].

Examination of Figure 5-1 shows that, based on uptake rates, absorption through the skin
is amajor route of absorption of EGME, EGEE, and EGEEA. The rate of absorption through
this small 8-in2 area of skin would be far greater than pulmonary absorption in an
atmosphere containing 5 ppm of these glycol ethers.

Metabolism studies in animals (described in Section 4.2) demonstrated that EGEE and
EGME are metabolized to their corresponding alkoxyacetic acids, EAA and MAA, which
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are excreted in the urine. These metabolites produced reproductive and hematologic toxicity
in a variety of animal species. Thus measurement of these metabolites can be viewed as an
indicator of potential health effects as well as an assessment of total uptake through
inhalation and dermal absorption.

Assessment of worker exposure to EGEE, EGME, and their acetates should include
biological monitoring. Industrial hygiene measurements are used to assess the workroom
concentrations, and the inhalation exposutes may be measured with personal breathing zone
samples. However, dermal absorption may be the principal route of exposure, and workload
can dramatically affect the actual inhalation uptake of EGEE, EGME, and their acetates.
Therefote biological monitoring should be considered an additional technique to assess the
total exposure of the worker.

5.4.2 Selection of Monitoring Medium

A variety of biological monitoring media can be used to assess uptake (e.g., expired air,
blood, urine). Groeseneken et al. [1986b, 1987a, 1989a] studied the respiratory elimination
of EGEE, EGEEA, and EGME, and concluded that less than 0.5% of the dose was
eliminated by the lungs. Respiratory elimination half-lives were short and the expired air
concentrations low. These glycol ethers were not found in the blood.

According to Johanson [1988], the concentrations of alkoxyacetic acids (EAA and MAA)
in urine are the best indicators of exposure by all routes. The advantages of using urinary
alkoxyacetic acids for biological monitoring of EGEE, EGME, and their acetates are:

¢ The acid metabolites EAA and MAA are not normally present in human urine.

* Expected concentrations for these metabolites at the proposed RELs can also be
measured by the recommended analytical method {see Appendix F}.

¢ Theacid metabolites are associated with the reproductive and hematologic toxicity
of EGEE, EGME, and their acetates, and may teflect the concentration of the
“active agent” at the target sites.

¢  The half-lives of the acid metabolites in urine are suitable for exposure monitoring
and can reflect integrated exposures over a workweek [Groeseneken et al. 1589a,
1988). The half-life for MAA is 77 hr and for EAA is 42 to 48 hr.

¢ Collection of urine samples is a noninvasive procedure.

5.4.3 Limitations of Biological Monitoring

Limitations and possible sources of error exist in the biological monitoring of the acid
metabolites of these glycol ethers. Biological monitoring assesses uptake and not exposure
concentration. In addition to the lack of well-designed field evaluations of workers exposed
to EGME, EGEE, and their acetates, the following factors limit the use of biological
monitoting to assess exposure [Johanson 1988]:
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®  Variability in uptake through inhalation caused by workload-dependent uptake
¢  Variability in extent of skin exposure

¢ Intraindividual variations in excretion rates of the metabolites, possibly caused by
fluid intake or the effects of alcohol consumption

¢ Interindividual variations in excretion rates of the acid metabolites, possibly caused
by differences in body fat, sex, personal habits (e.g., smoking, dietary factors,
ethanol consumption), and coexposure to other chemicals

Johanson [1988] concluded that monitoring acid metabolites in the urine is appropriate even
if the uptake or metabolism is influenced by other factors. The concentration of the acid
metabolite in the urine may not be linearly correlated to the absorbed dose, but it may be
well correlated to the concentration at the target sites and thus related to the potential toxicity.

5.4.4 Correlation of Glycol Ethers’ Uptake with Acid Metabolite Excretion

Urinary EAA excretion in subjects exposed to EGEE at rest and during physical exercise
was described in Section 4.2 [Groeseneken et al. 1986c]. The relationship between total
uptake of EGEE (pulmonary ventilation x concentration of retained EGEE x exposure time)
and urinary excretion of EAA is shown in Figure 5-2.

209
O--A-Y = 0.152x -0.75
‘§ 1 =0792 p<C.001Y A
£ o—d ¥ = 0.094x -0.43
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Figure 5-2. Relationship between uptake of EGEE and EAA excretion. Correlation
between time-weighted individual uptake of EGEE at rest (o, ) and during physical exercise
(A, A), and urinary excretion of ethoxyacetic acid at maximal excretion (open symbols) and
next morning (closed symbols). Source: Groeseneken et al. [1986¢].
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Figure 5-2 shows the linear relationship between the uptake of EGEE during rest and
physical exercise and the concentration of EAA, exptessed as mg/g creatinine, in urine
samples collected 4 hr after exposure and 18 hr after exposure (prior to the next shift). Good
correlations between EAA excretion and EGEE uptake were found 4 hr postexposure
(r=0.792, P<0.001), and 18 hr postexposure (1=0.848, P<0.001). A better correlation was
shown 18 hr postexposure (corresponding to a preshift urine sample collected the next day),
based on the observed correlation coefficients. Biological monitoring using the preshift
specimen the next day may be preferred because of the long elimination half-time of EAA
in the urine. In addition, as a result of its long biological half-life, EAA will not be cleared
from the urine before the next shift and accumulation can be expected through repetitive
exposures [Groeseneken et al. 1986c].

Groeseneken et al. [1986¢] also showed the relationship between exposure, workload,
uptake, and urinary EAA (expressed as mg/g creatinine) for urine samples collected at the
end of the exposure petiod and 18 hr after the end of the exposure period (Table 5-4). The
5.4-ppm exposure group at 0 W represents the combined data from both groups, n=10
[Groeseneken et al. 1986¢). This table reveals the impact of physical exercise on the uptake
of EGEE and the amount of EAA excreted in the urine. Note that volunteers exposed to
5.4 ppm EGEE at 30 W exercise excreted slightly more EAA in urine samples than subjects
exposed to twice the concentration of EGEE while at rest.

Urinary EAA excretion in subjects exposed to EGEEA both at rest and during physical
exercise was described in Section 4.2 [Groeseneken et al. 1987a]. Figure 5-3 shows the
linear relationship between uptake of EGEEA during rest and physical exercise, and the
concentration of EAA, expressed as mg/g creatinine, in urine samples collected 4 hr and
18 hr postexposure. Good correlations were found between EAA excretion and EGEEA
uptake 4 hr after exposure (r=0.82, P<0.001) and 18 hr postexposure (r=0.77, P<0.001).
Similar correlations were seen with EGEE [Groeseneken et al. 1986¢]. Although the
correlation is slightly lower for urine specimens collected 18 hr after exposure, collection
at this time may be preferred for biological monitoring because of the long EAA elimination
half-life. As with EGEE, EAA would be expected to accumulate with repeated daily exposures.

Table 5-4.—Relationship between exposure to EGEE, workload,

uptake, and EAA in urine
EGEE EGEE EAA (mg/g creatinine)
exposure Workload uptake End of 18 hr
{ppm) W) (mg) exposure postexposure

2.7 0 16.714.2 1.72 + 0.58 1.12£0.34
5.4 ¢ 35176 385+1.73 261 £0.50
108 0 64.11 14.5 523+1.67 454+ 1.36
54 4] 333+83 3852173 2.61 £ 0.50
54 30 570+ 11.8 742 +2.84 6.261 1.92
54 60 9441139 1049+ 4.18 8.64 £ 3.05
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20r

o—a y =0.095x + 0.29
} r =082 p<0.001
i o—g ¥ =0.057x + 0.13
) r = 0.77 p<0.001 -

pury
(94}
T

EAA excretion {mg/g creatinine)
» o

EGEEA uptake {mg)

Figure 5-3. Relationship between EGEEA uptake and urinary excretion of EAA. Soutce:
Groeseneken et al. [1987b].

Groeseneken et al. [1987b] also showed the relationship between exposure, workload,
uptake, and urinary EAA (expressed as mg/g creatinine) for urine samples collected at the
end of exposure and 18 hr after exposure (Table 5-5). The 5.2-ppm exposure group at 0 W
represents the combined data from both groups, n=10.

The data in Table 5-5 show the influence of exercise on EGEEA uptake and EAA excretion
in the urine. Note that subjects exposed to 5.2 ppm EGEEA at a 30-W workload produce
about the same amount of EAA as subjects exposed to almost twice the concentration
(9.3 ppm) at rest.

Table 5-5.—Relationship between exposure to EGEEA, workload, uptake,
and EAA in urine

EGEEA EGEEA EAA (mg/fg creatinine)
exposure Workload uptake End of 18 hr
{(ppm) (W) {mg) exposure postexposure

2.6 ] 23321 23512050 1.81 £ 0.60
52 ] 449113 3201035 2.12£0.20
9.3 o 85.1+£5.5 5.87 £ 0.57 4.15+0.52
52 ] 37.1£24 3201035 2,12 +0.20
52 30 84425 6.04 + 1.45 53212062
52 60 121.5+£54 982£223 778 £ 1.21
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In spite of the differences in respiratory uptake and elimination between EGEE [Groeseneken
et al. 1986b] and EGEEA [Groeseneken et al. 1987a], the same relationships existed
between EAA excretion and time-weighted uptake of EGEE or EGEEA (expressed as
EGEE equivalents, abbreviated as EGEEeq below) [Groeseneken et al. 1987b]. These
relationships for urine samples collected 4 hr after the cessation of exposure were
expressed by the following equations:

EAA (mg/g creatinine) = —0.75 + 0.152 mg EGEE uptake
[Groeseneken et al. 1986¢] (1)

EAA (mg/g creatinine) = 0.29 + 0.140 mg EGEEeq
[Groeseneken et al. 1987b] (2)

EAA (mg/g creatinine) = 0.29 + 0.095 mg EGEEA
[Groeseneken et al. 1987b] 3)

Equation 3 was taken from Figure 5-3 and demonstrates the relationship between EAA
excretion and EGEEA uptake, expressed as EGEEA. The similarity of the slopes and
intercepts for equations 1 and 2, which are expressed in equivalent units, supports the
authors’ conclusions that EAA can be used as an index of exposure to both EGEE and
EGEEA, and that the same relationship exists when EGEEA uptake is calculated as EGEE
equivalents. The authors suggested that these relationships are probably valid only for single
exposures to EGEE and EGEEA because of the long elimination half-lives for EAA and the
likelihood of accumulation of EAA during repeated exposutes.

MAA was found in the urine of male volunteers exposed at rest to 5 ppm EGME [Groeseneken
et al. 1989a). This study was described in Appendix B, Section B.4.1, and is discussed in
Section 5.4.5.2.

5.4.5 Assessment of Biological Monitoring Results in Various Studies

5.4.5.1 EGEE and EGEEA

Urinary EAA excretion was examined in female silk-screen printing operators exposed to
a mixture of EGEE and EGEEA [Veulemans et al. 1987a]. Veulemans et al. [1987a] stated
that the half-life of elimination of EAA was longer (42 hr) than previously determined (21
to 24 hr) by Groeseneken et al. [1986¢, 1987b]. In a subsequent publication, Groeseneken
et al. [1988] reported that the half-life in this occupational exposure study was up to 48 hr,
which is in agreement with the average 42-hr half-life recalculated by Groeseneken et al.
[1988]. Veulemans et al. [1987a] concluded that the increasing EAA concentrations seen
during the workweek were caused by accumulation of EAA. The higher preshift EAA
concentrations seen in the majority of week-1 specimens may have been due to the slow
release of EAA from a fat compartment caused by buildup from exposure in previous weeks.
The lack of such a pattern in the second observation period, after 12 days with no exposure,
suppotts this hypothesis.
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Few details are included about the level of work activity by the females working in the silk
screen operation [Veulemans et al. 1987a]. Based on the assumption that silk screening
operations involve standing and moderate work with both hands, this activity can be
classified as light to moderate work and is approximately equivalent to the expenditure of
4 kilocalories (kcal)/min [ACGIH 1988]. Groeseneken et al. [1986b, 1987a] reported that
males exercising at 30 W had an average oxygen uptake of 0.6 liter/min, while those
exercising at 60 W had an average of 0.82 liter/min, approximately equivalent to 3 and
4 kcal/min, respectively [McArdle et al. 1981]. Therefore, one can assume that the women
working on the silk screening process were working at the equivalent of 60 W,

The experimental studies in males exposed to EGEE [Groeseneken et al. 1986¢] or
EGEEA [Groeseneken et al. 1987b] demonstrated end-of-exposure concentrations of EAA
that were much lower than those seen in the occupational study with women [Veulemans et
al. 1987a). For example, the mean concentration of EAA was 10.5 mg/g creatinine in
urine specimens from male subjects exposed once to 5.2 ppm (20 mg{m3) for 4 hr at 60 W of
exercise [Groeseneken et al. 1986¢]. Silk screen operators exposed to 3.9 ppm (14.4 mg}ms)
for 5 workdays showed an average end-of-week urine EAA concentration of 105.7 mg/g
creatinine. In order to reconcile the apparent discrepancies between the experimental data
developed for males and the workplace data for females, the following assumptions were
made:

* Women working in the silk screen process wete exposed to EGEE and EGEEA
levels, as EGEE equivalents, of 14.4 mg/m3 (3.9 ppm), and exerted the equivalent
of 60 W of energy.

* The only EAA data that were comparable with experimental exposure data were
EAA concentrations in urine samples collected after the 12-day break. The 42 to
48 hr half-life of EAA elimination resulted in significant EAA accumulation
during the week and possibly from week to week. Preshift urine samples on the
first day following the 12-day break were the lowest observed during the entire
study (1.2 to 2.6 mg/g creatinine). Data from these days thus were suitable for
comparison to the experimental exposure data for males.

* The metabolism of EGEE and EGEEA was linear at occupationally relevant
exposures. Groeseneken et al. [1988] demonstrated linear kinetics with EGEE at
exposures expected in the workplace.

* The EAA elimination half-lives of females were similar to those of males.
Groeseneken et al. [1988] stated that the EAA elimination half-life for males was
42 ht, and that the estimate of EAA half-life for females in the silk screening
operation was about 48 hr.

*  Skin absorption by the female employees was not significantly different from skin
absorption by the male subjects exposed under experimental conditious.

Using these assumptions, one can extrapolate the expected EAA concentration in urine from
experimental exposure data for males exposed to 5.4 ppm (20 mg/ms) EGEE for 4 hr at
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5 Recognition of the Hazard

60 W of exercise, to exposure for 8 hr by using the principle of superposition [Gibaldi and
Perrier 1982]. This principle assumes that the kinetics of EAA excretion do not change with
EAA concentration. Using this extrapolation technique, the estimated EAA urinary con-
centration following an 8-hr exposure is equal to the utinary concentration 4 hr after the end
of a 4-hr exposure, plus the urinary concentration at the end of the second 4-hr exposute.
Actual data from Groeseneken et al. [1986¢] are 14.38 and 10.49 mg EAA/g creatinine,
respectively, for a total of 24.87 mg EAA/g creatinine.

A pharmacokinetic approach can be used to extrapolate the 4-hr exposure data to a full-shift
exposure. If simple first-order EAA kinetics are assumed following a 4-hr EGEE exposute,
the estimated EAA urinary half-life can be used to project urinary EAA concentrations at
time points later than the peak urinary EAA concentration (which occurred 8 hr after the
start of a 4-hr exposure period). Estimated EAA urine concentrations (see Table 5-6) were
determined by using a 42-hr half-life [Groeseneken et al. 1988] to extrapolate the urinary
EAA concentration following a 4-hr EGEE exposure, and then applying the principle of
superposition [Gibaldi and Perrier 1982] to combine two extrapolated 4-hr exposures into
one extrapolated 8-hr exposure. {An 8-hr workday beginning at 8:00 a.m. and ending at
4:00 p.m. was assumed.) Under these conditions, the projected maximal EAA urinary
concentration would occur at approximately 8:00 p.m., reaching 27.84 mg/g creatinine. The
estimated urinary EA A concentration 16 hr after an 8-hr work exposure is 22.84 mg/g creatinine.

Data from the occupational study by Veulemans et al. [1987a] were for the first Thursday.
The average EAA concentration was 22 mg/g creatinine (range of 10to 39.5) and the average

Table 5-6.—Estimated EAA urine concentrations from 8-hr EGEE exposures*

EAA concentration (mg/g creatinine)

Total EAA'
Elapsed First 4-hr Second 4-hr from 8-hr
Time hours exposure exposure exposure
8am. 0 0 0.00
10a.m. 2 5.25 5.25
Noon 4 10.49 0.00 10.49
2 p.m, 6 12.44 5.25 17.68
4 p.m. 8 14.38 10.49 24.87
6 p.m. 10 13.91 12.44 26.35
8 p.m. 12 13.46 14.38 27.84
10 p.m. 14 13.02 13.91 26.94
Midnight 16 12.60 13.46 26.06
2am. 18 12.19 13.02 2522
4am. 20 11.80 12.60 24.40
6am. 22 11.41 12.19 23.61
8 am. 24 11.04 11.80 22.84

“Source: Groeseneken et al. [1986¢].
110- to 24-hr EAA concentrations were estimated using 42 hr as the EAA half-life.
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exposure concentration (expressed as EGEE) was 14.1 rng/m3 (range of 11t0 18.9 mgjm3).
The estimated value of 22.84 mg EAA/g creatinine is consistent with the workplace
measurements of Veulemans et al. [1987a]. Furthermore, this estimate suggests that the
urinary EAA concentration would be expected to drop very little from the end of 1 8-hr
workday to the start of the next (i.e., from 24.87 to 22.84 mg/g creatinine, under the test
conditions), and that EAA would be expected to accumulate from day to day. This is also
consistent with the observation of Veulemans et al. [1987a] that urinary EAA levels in
occupationally exposed workers tended to rise throughout the workweek. Although there
is some general similarity between EAA concentrations found in the urine of workers
exposed to EGEE [Veulemans et al. 1987a] and EAA concentrations extrapolated from
single 4-hr experimental exposures, one should not infer that these results are in agreement.
Extrapolations of experimental data are based on assumptions that have not been expetimen-
tally verified. Data for EAA concentrations in preshift urine samples collected on the
following day (Friday morning) were approximately 42 mg/g creatinine (range of 13 to 66),
compared with the extrapolated concentration of approximately 23 mg/g creatine from the
same experimental studies.

Veulemans [ 1989] presents the following explanation for the lack of agreement between the
field study data and experimental data. The high urinary concentrations in the field study
compared with the expetiments can largely be explained by the combination of repeated
exposures and the long biological half-life of excretion. A rough approximation by a single
compartment model with a half-life of 42 hr already gives an agreement within 70% of the
observed results. To explain all the observed facts (e.g., delayed excretion maxima,
circadian variations) a motre complex model is needed. The design and testing of such a
model, however, requires data on the plasma concentrations of the metabolite and its parent
compound. At the time of the experiments the available analytical methods were not
sensitive enough to measure the plasma concentrations at low exposure concentrations.

The following exposure assessments at two worksites were conducted by NIOSH during
two health hazard evaluations.

1. A study of worker exposure to EGEE was conducted at a plant where precision cast metal
parts were produced using the “lost-wax” process [Ratcliffe et al. 1986; Clapp et al. 1987].

2. A study was conducted of the potential exposure to EGEE and EGME for workers
associated with various types of painting operations in a shipyard. This study included a
health hazard evaluation [McManus et al. 1989] and a separate research study [Sparer et
al. 1988; Welch et al. 1988]. Preliminary biological monitoring results wete published

separately [Lowry 1987].

NIOSH conducted a health hazard evaluation (desctibed in Section 4.1) to determine
possible adverse reproductive effects in male workers potentially exposed to EGEE in the
preparation of ceramic shells used to cast metal parts (“lost-wax”™ process) [Ratcliffe et al.
1986]. The binder slurry included 50% EGEE and 50% ethanol. About 80 workers were
employed in the investing departments at each of the two sites where these ceramic shells
were prepared. The potentially exposed male workers included those engaged in the preparation
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of binder slurry, hand dippers and grabbers who dipped molds into the slurry, shell
processors who prepated and handled ceramic shells, supervisors, and process engineets.
Although gloves were worn by some workers, no other chemical protective clothing or
tespirators were used. Air samples, most of which were breathing zone, were collected.
Because the potential for skin exposure existed, spot urine samples wete taken at intervals
and analyzed for EAA [Smallwood et al. 1984]. Surveys were conducted in April 1984 and
June 1984 [Clapp et al. 1987].

In the April survey, general atea air samples revealed higher concentrations of EGEE (10
to 17 ppm) in the investment rooms, which contained open tanks of slurry, compared with
the mixing and storage rooms {5 to 7 ppm). Full-shift personal breathing zone exposutes
of EGEE ranged from 3 to 14.5 ppm for workers in the investing areas. Ratcliffe et al. [1586]
reported that recoveries of EGEE in three quality control samples were as low as 69%
indicating that the measured airborne concentrations could have been underestimated.

Urine samples were collected as voided during a 24-hr period from three EGEE-exposed
workers and two controls (unexposed workers). Table 5-7 presents personal breathing zone
EGEE data and urinary EAA concentrations. Environmental data represent the mean value
for all workers in the specific job classification; urinary EAA data present the average and
range found in each subject [Ratcliffe et al. 1986; Clapp et al. 1987]. No EAA was detected
in the urine of the two control subjects.

In the June survey, area samples averaged 2.4 to 14.9 ppm. Personal breathing zone
samples averaged 8.1 ppm for grabber operators, 4.5 ppm for shell processors, and 5.0 ppm
for investment room supervisors. In this case, spot urine samples were collected at random
over a 7-day period. Table 5-8 summarizes the findings. EGEE values represent the
geometric mean values for a job classification, while the urinary EAA results represent the
average of all urine specimens collected during the 7-day period for one worker [Ratcliffe
et al. 1986; Clapp et al. 1987].

This study {Ratcliffe et al. 1986; Clapp et al. 1987] is not well-designed for biological
monitoring because it provides no appropriate match of environmental samples with urine
samples and no information on the time of urine collection in relationship to exposure. In
addition, it includes no documentation concerning the extent of skin exposure or the
assessment of work practices. The potentially low recovery of EGEE from personal
samples,

Table 5-7.—Comparison of EGEE exposure concentrations and urinary EAA

EAA
Job EGEE (mng/g creatinine)
classification (ppm, geometric mean) Mean Range over 24 hr
Hand dipper A 14.5 40.8 26-66
Hand dipper B 14.5 30.2 21-40
Investment supervisor 6.0 28.0 18-35
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Table 5-8.—Comparison of worker exposure to EGEE and urinary EAA

EAA
Job classification EGEE (mg/g creatinine)
and worker ID (ppm, geometric mean) Mean Range over 7 days

(Grabber operator 1 8.1 88 59-108
Grabber operator 2 8.1 95 52-163
Grabber operator 8.1 58 52-121

Shell processor 1 4.5 79

Shell processor 2 4.5 83 78-87

Shall processor 3 4.5 60

Investment supervisor 5.0 25 16-40

identified through a quality control problem with “spiked” EGEE samples, placed the environ-
mental data in question. Nevertheless, this study does indicate that EAA in urine reflects exposure
to EGEE in the workplace at full-shift exposure concentrations in the range of 4 to 14.5 ppm.

Studies were recently conducted to determine the effects of combined EGME and EGEE
exposure on the reproductive potential of 60C men who worked in a large shipbuilding facility
[Sparer et al. 1988; Welch et al. 1988]. NIOSH also conducted a health hazard evaluation of 36
male painters at the same site using environmental and biological monitoring to assess their
potential exposure to EGEE and EGME [McManus et al. 1989; Lowry 1987].

Work conditions and practices described in the health hazard evaluation varied consider-
ably among painters. Some painters worked in confined spaces below deck, while othets
worked in the open. The study was conducted in the winter, and the temperatures varied
depending on the painters’ work areas. Information on work practices, such as the number
of hours spent painting, the type of paint used, the work area locations, the use of respirators,
and the potential for skin contact, was gathered from questionnaires. Personal environmen-
ta] breathing zone samples were collected for each worker for 3 days and expressed as 8-hr
TWAs. Table 5-9 provides a summary of the environmental exposure data. Urine samples
were collected for 1 week at the beginning and end of each workday [McManus et al. 1989;
Lowry 1987]. EAA concentrations were determined using the method devised by Smallwood
etal. [1988]. Approximately six urine specimens were collected from each worker. Table 5-10
presents the highest concentration of EAA recovered. MA A was detected in only one specimen:.

Table 5-9.—Summary of environmental data

Type of EGEE EGME
data (ppm) (ppm)
Mean 26142 68+1.0
Median 1.2 0.44
Range 0-21.5 0-5.6
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Table 5~10.—Summary of urinary EAA data

Worker Number of Maximum EAA
group workers {mg/g creatinine)
Controls, shipyard werkers 20 Not detected
Painters not using EGEE 5 6.6 £ 3.91
Painters using EGEE 27 2501207

A wide range of EAA concentrations was noted in workers using EGEE-containing paints;
this was probably caused by variation in work assignments, work areas, work practices, and
in the use of personal protective equipment. The author concluded that there appeared to
be a relationship between urinary EAA excretion and the use of paints containing EGEE

[Lowry 1987].

The health hazard evaluation demonstrated that the potential existed for exposure of
painters to EGEE and EGME. Because of the complexity of the work environment and the
variable use of personal protective equipment, no dose-response relationship could be
developed. However, at the exposure concentrations measured, painters who used paints with
EGEE did excrete more EAA in the urine than painters who did not use EGEE-containing
paints.

Sparer et al. [1988] and Welch et al. [1988] examined some of the same workers from the
health hazard evaluation. (These studies are discussed in detail in Section 4.1.) The authors
concluded that exposure to EGEE and EGME lowered sperm counts in the painters. In
addition, they concluded that when smoking was controlled the painters had an increased
odds ratio for a lower sperm count per ejaculate [Welch et al. 1988],

However, it would be inappropriate to conclude that the EGEE and EGME exposure
concentrations presented in the health hazard evaluation [McManus et al. 1989] were
representative of the chronic exposute of shipyard workers who participated in the semen
study [Welch et al. 1988]. In addition, it cannot be concluded that matginally (but not
statistically significant) lowered sperm counts were caused by exposure concentrations
measured in the health hazard evaluation [McManus et al. 1989].

545.2 EGME

No studies have evaluated the relationship between EGME exposute in the workplace and
urinary MAA concentration. Results of the study by Groeseneken et al. [1989a] have
provided the following information regarding MAA excretion in utine.

* Therelatively long urinary elimination half-life of MAA (77 hr) suggests that MAA
would be expected to accumulate during the workweek. If biological monitoring
were done, urine specimens collected at the end of the week, or possibly prior to
the first shift of the week, would be appropriate.
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» Sixty percent of the urine specimens from this study contained MAA at concentra-
tions below 2 mg/liter. If 4-hr exposures are extrapolated to 8-hr exposures, based
on linear kinetics, then subjects exposed to 5.1 ppm at rest would be expected to
have 60% of their urine samples with MAA concentrations below 4 mg/liter. If
exposures were 1/10 of those from this study (i.e., 0.5 ppm) then 60% of the urine
specimens would be expected to have less than 0.4 mg/liter of MAA [Groeseneken
et al. 1989a], The limit of quantitation for MAA was reported to be 0.1 mg/liter
[Groeseneken et al. 1989b]. Higher concentrations of MAA would be expected
with exercise.

Although dermal absorption was not studied, dermal uptake of EGME is a potential route
of exposure. Dugard et al. [1984] demonstrated in vitro absorption of EGME through human
abdominal skin. Nakaaki et al. [1980] also demonstrated dermal penetration of EGME
through the forearm of human volunteers. Johanson [1988] suggested that dermal uptake
of EGME is possibly the major route of exposure.

Thus, in spite of the lack of quantitative relationships between EGME exposure and MAA
excretion in urine, measurement of MAA in urine is warranted. The potential for extensive
skin absorption, and the potential buildup of the active urinary metabolite MAA during the
workweek, are reasons to measure MAA in urine as an exposure index. In addition,
measurement of MAA in urine may be useful as an indicator of the potential for adverse
reproductive effects.

5.4.6 Methods for Analyzing Urinary EAA and MAA

A variety of methods have been developed for the analysis of EAA and MAA in human
urine. Gas chromatographic procedures are based on either fluoranhydride derivatization
following the extraction of the acid tetrabutylammonium ion-pair [Smallwood et al. 1984,
1988] or diazomethane derivatization following lyophilization of the urine [Groeseneken et
al. 1986a]. Groeseneken et al. [1989b] developed a method that combined the best attributes
of the two basic existing models. Detailed descriptions of the above methods are presented
in Appendix H.

5.4.7 Summary

EGEE, EGME, and their acetates are metabolized to their respective alkoxyacetic acid
metabolites, EAA and MA A, which are excreted in the urine. EAA and MAA have produced
reproductive and hematotoxic effects noted for glycol ethers. These glycol ethers can also
be absorbed through the skin. In fact, the major route of exposure to EGME and EGEE may
be through the skin [Johanson 1988]. Thus, monitoring of these acids may serve not only
as a measure of exposure or uptake, but also as a measure of potential adverse health effects.

The alkoxyacetic acid metabolites may be analyzed by a variety of sensitive and specific

methods. The recently developed method of Groeseneken et al. {1989b] has sufficient
sensitivity to monitor excretion of these metabolites at the recommended RELs.
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Results from human laboratory inhalation exposure studies indicated that EAA in urine
could be used to monitor uptake of EGEE and EGEEA [Groeseneken et al. 1986¢, 1987b].
The total amount of urinary EAA was related to EGEE and EGEEA uptake, and was
influenced by pulmonary ventilation and the concentration of EGEE and EGEEA in
inspired air. EAA excretion in urine peaked about 4 hr after cessation of exposure and was
eliminated in the urine with a half-life of 42 hr {Groeseneken et al. 1988].

Investigations of occupational exposure also revealed a correlation between urinary EAA
excretion and repeated daily inhalation exposure of workers to a mixture of EGEE and
EGEEA [Veulemans et al. 1987a]. Data showed the accumulation of EAA following repeated
daily exposures to EGEE and EGEEA. The estimated elimination half-life of EAA was 48 hr.

Two other worksite investigations of occupational exposure to EGEE demonstrated the
utility of EAA in urine to assess uptake of EGEE regardless of the route of exposure [Ratcliffe
et al. 1986; Clapp et al. 1987; Lowry 1987; McManus et al. 1989; Sparer et al. 1988; Welch et
al. 1988].

Experimental studies were conducted in which humans were exposed to EGME. Results of
these studies indicated that measurement of urinary MAA could be used to assess uptake of
EGME. The concentration of MA A peaked several hr after exposure ended, and MAA was
eliminated with a half-life of 77 hr. Examination of the elimination kinetics showed that
MAA would accumulate following repeated daily exposures, and could also accumulate
over extended exposure periods.

Insufficient information is available at present to construct a dose-response plot that would
provide statistically sound guidelines for the concentration of alkoxyacetic acid metabolites
in urine that would correspond to an airborne exposure to glycol ethers. Table 5-11 presents
a summary of the laboratory and occupational dose-response data.
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Table 5-11.—Summary of EGEE, EGEEA, and EGME exposure studies

Total Total
Type No. of Concen- glycol ether metaholite
Glycol of subjects tration Workload Time uptake excretion
ether exposure and sex {ppm} w) {hr) (mg) {mg/g creatinine)  Reference

EGEE Face mask 10 males 2.7 0 4 167+ 42 1.12+0.34° Groeseneken
inhalation 54 0 4 351+ 76 261+0.50 ct al. 1986¢

108 0 4 64.1+14.5 454+1.36

54 0 4 333+ 83 2.61+0.50

54 30 4 570+118 6.26+192

54 60 4 944+139 8.64+3.05
EGEEA  Face mask 10 males 2.6 0 4 233% 2.1 1.81+0.601 Groeseneken
inhalation 52 0 4 449+ 13 2.12+0.20 ct al. 1987b

93 0 4 85.1+ 5.5 4.15+0.52

52 0 4 37.1+ 24 2.12+0.20

52 30 4 844+ 25 5.32%0.62

52 60 4 121.5+ 54 7.78+1.21

EGEE/ Occupational 5 females 39 60 g* — 42 Veulemans

EGEEA 39 60 1 week® —_ 106 et al. 1987a
EGME'~  Face mask 7 males 51 ¢ 4 194+ 2.1 — Groesencken
inhalation et al. 1989a

"Urine EAA data are from 18 hr postexposure {before next shift).

TUrine EAA data are from 18 hr postexposure (before next shift).

*Data represent 8-hr exposure to EGEE and EGEEA by female silk screen workers on the first day following 12 days without exposure. Workloads
were estimated. Urine EAA data were estimated from samples collected before the shift on the second day of exposure following 12 days without
exposure.

$Data represent 1-week exposure to EGEE and EGEEA after regular weekly exposure in previous weeks. Urine EAA data were stated by the author
as the average end-of-the-week concentrations.

""Urine MAA (2.4 ug/min) was estimated from the plot in the cited reference and represents a urine sample collected 18 hr after the end of exposure.
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6 OTHER STANDARDS AND RECOMMENDATIONS

In 1971, OSHA adopted the current Federal standards for worker exposure to EGME,
EGMEA, EGEE, and EGEEA, which are based on the American Conference of Govermnen-
tal Industrial Hygienists (ACGIH) 1968 Threshold Limit Values (TLVs ). These TLVs®
were based on the hematotoxic and neurotoxic effects and exposure concentrations reported
in the early case reports of human health effects [Donley 1936; Parsons and Parsons 1938;
Greenburg et al. 1938]. The OSHA PELs include a “skin” notation, indicating the potential
for skin absorption of toxic amounts of these glycol ethets.

The OSHA PELs for occupational exposure to the glycol ethers are as follows 25 ppm
{80 mg/m ) for EGME, 25 ppm for EGMEA (120 mg/m ),200 ppm (740 mg/m ) for EGEE,

100 ppm (540 mg/m?’) for EGEEA, as TWAs for an 8-hr workshift [29 CFR 1910.1000].

OSHA is considering a revision of these PELs.

NIOSH has previously recommended that EGME and EGEE be regarded in the workplace
as having the potential to cause adverse reproductive effects in male and female workers
and embryotoxic effects, including teratogenesis, in the offspring of the exposed pregnant
female, and that occupational exposure to them should be reduced to the lowest extent
possible [NIOSH 1983a]. These recommendations were based on the results of animal
studies that demonstrated dose-related embryotoxicity and other reproductive effects in
several species of antmals exposed by different routes of administration [Stenger et al. 1971;
Nagano etal. 1979; Nagano et al. 1981; Andrew et al. 1981; Miller et al. 1981, 1983a; Nelson
et al. 1981, 1984b; Hardin et al. 1982; McGregor et al. 1983; Rao et al. 1983; Hanley et al.
1984a).

In 1946, ACGIH established maximum allowable concentrations {(m.a.c.s) of 100 ppm for
EGME, EGMEA, and EGEEA, and 200 ppm for EGEE {ACGIH 1984]. In 1947, the m.a.c.s
for EGME and EGMEA were lowered to 25 ppm because of the Greenburg et al. [1938]
study in which neurologic and hematologic changes were observed in men exposed to
EGME at concentrations estimated to be as low as 25 ppm. The m.a.c. for EGMEA was
lowered because the toxic effects caused by it were likely to be similar to those caused by
EGME as a result of EGMEA’s metabolism to EGME and then to the active metabolite
[ACGIH 1962, 1984]. Although the values remained unchanged, the term “threshold limit
value™ was substituted for m.a.c. in 1948.

In 1968, the notation “skin™ (indicating the potential for skin absorption of toxic amounts
of a compound) was added to the TLVs® for EGME, EGEE, EGMEA, and EGEEA. In
1971, ACGIH lowered the TLV® for EGEE from 200 to 100 ppm to prevcnt irritation of
the nose and eyes [ACGIH 1980]. In 1981, the ACGIH adopted TLVs® of 50 ppm for
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EGEE and EGEEA, each with a short-term exposure hrmt (STEL) of 100 ppm; in 1387-88,
the STELs were deleted [ACGIH 1991]. The TLVs® were lowered because of adverse
hematologic effects observed in laboratory animals [Carpenter et al. 1956]. Changes in rat
erythrocyte fragility were produced by 125 ppm EGEE but not by 62 ppm. ACGIH deemed
it prudent to maintain chemical exposures below levels found to cause blood changes in
experimental animals. Because the TLV® of 100 ppm for EGEEA was based on analogy
with EGEE, it was logical to establish a similar TLV® of 50 ppm for its acetate [ACGIH
1980].

Reports of adverse testicular effects in experimental animals trcatcd with EGME, EGEE,
and their acetates [Nagano et al. 1979] led ACGIH to lower the TLVs® for these compounds.
The 5-ppm TLV ™ for EGME, EGMEA, EGEE, and EGEEA as an 8-hr TWA was adopted
in 1984, and the “skin” notation was retained.

Table 6-1 presents a compilation of occupational exposure limits of various countries for
these glycol ethers.
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Table 6-1.—Occupational exposure limits for EGME, EGEE, and their acetates in various countries '

EGME EGMEA EGEE EGEEA
Type
Country of standard ppm  mg/m3 ppm  mg/ m> ppm mg/ m3 ppm  mg/m’
USA
OSHA PEL TWA 25t 80 25+ 120 200* 740 100% 540
[skin]
ACGIH TLV®.TWA 5 16 5 24 5 19 5 27
{skin]
Belgium 25 80 — -_— 50 185 25 135
GRF (Germany) mak [skin] 5 15 5 25 20 75 20 110
Denmark 25 80 25 120 100 370 50 270
s0¥ 185% 50 270
Finland 25 80 25 120 100 370 25 135
5 16 5 24 5 19 5 27
Holland mac 5+ 15* — —_ s¥ 19% - —
Ttaly — — — — — —_ —_ -
Japan 25 80 25 120 100 370 —_— —
Norway [skin) 25 80 — -_ 50 185 -— —
Swedent LLV {skin] 5 16 5 25 5 19 5 30
STV [skin] 10 30 10 50 10 40 10 50
Switzerland mak [skin] s* 15% — — 20% 75+ 100 540
United kingdom TWA [skin] 25(57) 80(1ST) 25(5) 120(257) 100(107) 370(37) 10F  s5*
STEL [skin} 35(157) 120(45°)  35(157) 170(757) 150(307) S60(115°) 175%

"Data from ECETOC {1985}.
tAbbreviations: PEL = Permissible exposure limit; STEL = Short term exposure limit; LLV = Level limit value;

STV = Short term value; TWA = Time weighted average; mak, mac = Maximum allowable concentration,

*Value is subject to be changed.

) fNBOSH [1989].
Intended change.
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7 ASSESSMENT OF EFFECTS

The principal health effects documented in humans exposed to EGEE, EGME, and their
acetates involve the blood, central nervous and hematopoietic systems, liver, and kidneys.
These effects include headache, drowsiness, dizziness, forgetfulness, personality change,
loss of appetite, tremors, hearing loss, slurred speech, hematuria, hemoglobinuria, anemia,
and leukopenia.

Only limited direct evidence indicates that exposure to EGEE, EGME, or their acetates
causes adverse reproductive effects in humans. However, experimental studies in animals
ptovide strong evidence of adverse reproductive and developmental effects related to these
exposures. Summaries of the developmental and reproductive toxicity of EGEE, EGEEA,
and EGME are presented in Tables 7-1 through 7-3. Because humans and the animal
species studied metabolize these glycol ethers in the same way, the animal data are
considered to be highly predictive of the hazard for humans.

7.1 CORRELATION OF EXPOSURE AND EFFECTS

7.11 EGEE

7.1.1.1 Studies in Humans

No epidemiologic studies describe the effects of EGEE in humans, and only one case report
exists. A 44-year-old woman who mistakenly drank 40 ml of EGEE (Section 4.1.1)
experienced chest pains and vertigo, and lost consciousness shortly after the ingestion [Fucik
1969]. Upon hospitalization, the following signs and symptoms were observed: restless-
ness, cyanosis, tachycardia, swelling of the lungs, tonoclonic spasms, and breath smelling
of acetone. The urine tested positive for protein, acetone, and RBCs; the liver became<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>