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PREFACE

The Occupational Safety and Health Act of 1970 emphasizes the need
for standards to protect the health and provide for the safety of workers
occupationally exposed to an ever-increasing number of potential hazards.
The National Institute for Occupational Safety and Health (NIOSH) evaluates
all available research data and criteria and recommends standards for
occupational exposure. The Secretary of Labor will weigh these
recommendations along with other considerations, such as feasibility and
means of implementation, in promulgating regulatory standards.

NIOSH will periodically review the recommended standards to ensure
continuing protection of workers and will make successive reports as new
research and epidemiologic studies are completed and as sampling and
analytical methods are developed.

The contributions to this document on nitroglycerin (NG) and ethylene
glycol dinitrate (EGDN) by NIOSH staff, other Federal agencies or
departments, the review consultants, the reviewers selected by the American
Industrial Hygiene Association, and by Robert B. 0'Connor, M.D., NIOSH
consultant in occupational medicine, are gratefully acknowledged.

The views and conclusions expressed in this document, together with
the recommendations for a standard, are those of NIOSH. They are not
necessarily those of the consultants, the reviewers selected by
professional societies, or other Federal agencies. However, all comments,
whether or not incorporated, have been sent with the criteria document to
the Occupational Safety and Health Administration for consideration in
setting the standard. The review consultants and the Federal agencies
which received the document for review appear on pages v and vi.

v, M

J. Michael Larte, M.D.
Acting Director, National Institute
for Occupational Safety and Health
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The Division of Criteria  Documentation and Standards
Development, National Institute for Occupational Safety and
Health, had primary responsibility for the development of the
criteria and recommended standard for Nitroglycerin and
Ethylene Glycol Dinitrate. Anthony E. Romero of this Division
served as criteria manager. SRI International developed the
basic information for consideration by NIOSH staff and
consultants under contract CDC-99-74-31.

The Division review of this document was provided by J. Henry

Wills, Ph.D. (Chairman), Jon R. May, Ph.D., and Richard A.
Rhoden, Ph.D.
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I. RECOMMENDATIONS FOR A NITROGLYCERIN:ETHYLENE GLYCOL

DINITRATE STANDARD

NIOSH recommends that employee exposure to nitroglycerin (NG) or
ethylene glycol dinitrate (EGDN) in the workplace be controlled by
adherence to the following sections. The recommended standard is designed
to protect the health and provide for the safety of employees for up to a
10~hour workshift, 40-hour workweek, throughout a working lifetime.
Compliance with all sections of the recommendation should prevent adverse
effects of NG or EGDN on the health of employees and provide for their
safety. Techniques recommended in the standard are wvalid, reproducible,
and available to industry and government agencies., Sufficient technology
exists to permit compliance with the recommended standard. Although NIOSH
considers the recommended workplace environmental limit to be a safe level
based on current information, the employer should regard it as the wupper
boundary of exposure and make evefy effort to maintain the exposure as low
as is technically feasible. It should be noted that toxicity can be
produced as readily through the skin, and therefore the recommended
environmental limit is protective only if skin contact is prevented. The
criteria and recommended standard will be subject to review and revision as
necessary.

These criteria and the recommended standard apply to exposure of
employees in the workplace to NG (1,2,3-trinitropropanetriol;
C3H503(N02)3), to EGDN (l,2-dinitroethanediol, C2H402(NO2)2), or to

mixtures of these compounds. Workers employed where NG:EGDN explosives are



used may also be exposed to byproducts from explosions of these compounds,
including oxides of carbon, hydrogen, and nitrogen. Applicable health and
safety standards for these compounds should also be observed.

Both safety and health hazards are present in work areas where NG or
EGDN are present, but the criteria and recommended standard in this
document are concerned primarily with the prevention of adverse effects on
the health of workers exposed to these compounds. A manual on safe
practices for nomnmilitary explosives and pyrotechnics, including NG and
EGDN, is being prepared currently by NIOSH.

Like other compounds with nitroester groups, NG and EGDN are potent
vasodilators. NG has found extensive pharmaceutical use, primarily in the
treatment of angina pectoris, Both substances are absorbed readily by
inhalation and through the skin, but the available evidence indicates that
the greatest danger to employees who directly handle these compounds is
from skin contact. The health effects of short-term or intermittent
exposure to NG or EGDN in the workplace include headache, dizziness,
nausea, palpitations, and decreases in systolic, diastolic, and pulse
pressures. All these symptoms are associated with vasodilation. Most
workers do not experience these symptoms after repeated daily exposures to
NG or EGDN, ie, they develop tolerance. The disappearance of these
symptoms in workers exposed on successive days of the workweek indicates
that the vasodilatory activity of NG or EGDN has been counteracted by
compensatory vasoconstriction., Withdrawal from long-term exposure to NG or
to NG:EGDN mixtures has been associated with angina pectoris and with

sudden death in workers, particularly after weekends or holidays. The



compensatory vasoconstriction in workers who have developed tolerance to
nitroesters continues in the absence of exposure to a vasodilating agent.
It has been postulated that this vasoconstriction leads to spasms of the
coronary arteries and that these spasms are related to the angina pectoris
and sudden deaths that occur during periods when workers are not exposed to
nitroesters. Although this mechanism has not been conclusively proven,
exposed workers may have an increased risk of death from heart disease.
Skin sensitization (dermatitis) can result from dermal contact with NG or
EGDN.

"Occupational exposure" is defined as exposure to airborne NG, EGDN,
or a mixture of these compounds at a concentration above the action level
or as any dermal contact with these compounds. The "action level" is
defined as a concentration in the air of the workplace equal to one-half
the recommended environmental limit for NG, EGDN, or a mixture of these
compounds (see Section 1). 1If there is no skin contact, and if exposures
are below the action level, adherence to the recommended standard will not
be required except for sections 2, 3, 4(a), 5, 6(a,b,f,h), 7, and 8.
Workers occupationally exposed to NG or EGDN include those who make
dynamite, propellants, and pharmaceuticals and those who use NG:EGDN
dynamite in blasting operations. Workers  who sell prepackaged
pharmaceuticals containing NG are not considered to be occupationally
exposed. '"Overexposure' to NG or EGDN is defined as exposure above the
recommended environmental 1limit or as any exposure, including dermal
contact with these substances, resulting in throbbing headache, substantial

decreases in blood pressure, or other observed effects on health.



Section 1 - Environmental (Workplace Air)

(a) Concentration

Occupational exposure to NG and EGDN shall be controlled so that
employees are not exposed to NG, EGDN, or a mixture of these two substances
at concentrations greater than 0.1 milligram per cubic meter of air (0.1
mg/cu m) measured as a ceiling concentration during any 20-minute sampling
period.

(b) Sampling and Analysis

Procedures for the collection and analysis of workroom air samples
for compliance with the recommended standard shall be as provided in
Appendix I or by any method shown to be at least equivalent in precision,

sensitivity, accuracy, and safety to those specified.

Section 2 - Medical

Medical surveillance shall be made available as outlined below to all
workers subject to occupational exposure to NG or EGDN.

(a) Preplacement examinations shall include at least:

@) Comprehensive medical and work histories with special
emphasis directed to disorders of the cardiovascular system.

(2) Physical examination giving particular attention to the
heart and circulatory systems, the central and peripheral nervous systems,
and the skin. Recording of pulse rate, blood pressures, and
electrocardiograms (ECG's) at rest and during and after exercise (Master's

Test) is the minimal requirement.



(3) A judgment of the worker's ability to use positive
pressure respirators.

(b) Periodic examinations shall be made available at least
semiannually and more often if indicated by the responsible physician.
These examinations shall include at least:

¢)) Interim medical and work histories.
(2) Physical examination as outlined in paragraph (a) (2)
above.

(c) During examinations, applicants or employees found to have
medical conditions, such as cardiovascular disease, that would be directly
or inéirectly aggravated by exposure to NG or EGDN shall be counseled on
the increased risk of impairment of their health from working with these
substances.

(d) In the event of an illness known or suspected to be due to NG
or EGDN, a physical examination as described in paragraph (a)(2) above
shall be made available.

(e) Employees who may be occupationally exposed to NG or EGDN
shall be counseled by the physician so that each is aware that headache,
dizziness, palpitations, and nausea are symptoms of overexposure, that
these symptoms usually become worse when alcohol is used, and that some of
these symptoms may disappear with continued exposure as tolerance develops.
Employees shall be warned that symptoms, such as headache, palpitations,
and chest pain, can occur, particularly on weekends, on holidays, or at the
beginning of the workweek, as a result of interruption of exposure to NG or
EGDN. They shall be advised to consult a physician promptly if they

experience such symptoms.



() Since a change in pulse rate is an early indicator of NG or
EGDN exposure, pulse rate, ideally, should be taken and recorded daily.

€:9) Pertinent medical records shall be maintained for all
employees occupationally exposed to NG or EGDN. Such records shall be kept
for at 1least 30 years after termination of employment. Records of
environmental exposures applicable to an employee shall be included in the
employee's medical records. These records shall be made available to
designated medical representatives of the Secretary of Health, Education,
and Welfare, of the Secretary of Labor, of the employer, and of the

employee or former employee.

Section 3 - Labeling and Posting

All 1labels and warning signs shall be printed both in English and in
the predominant language of non-English-reading workers. Workers unable to
read the 1labels and signs provided shall be informed verbally about
hazardous areas and the instructions printed on labels and signs.

(a) Containers

Shipping and storage containers of NG, EGDN, or explosives containing
these substances shall bear the following label in addition to 1labels
required by other statutes, regulations, or ordinances:

NITROGLYCERIN (NG)
(and/or)
ETHYLENE GLYCOL DINITRATE (EGDN)
HIGHLY EXPLOSIVE
DANGEROUS TO HEALTH IF INHALED, SWALLOWED, OR

ABSORBED THROUGH SKIN
CAUSES HEADACHE, WEAKNESS, AND DIZZINESS

6



Avoid contact with eyes, skin, and clothing.

Avoid breathing vapor.

Keep away from heat, sparks, and open flames.

Keep from freezing.

Keep container closed.

Use only with adequate ventilation.

Consult a physician if persistent headaches or chest pains develop.

First aid: In case of skin contact, wash affected area with
soap and water or with a waterless skin cleanser.

(b) Work Areas
Areas where airborne NG or EGDN is likely to be generated or where
skin contact with these compounds is likely to occur shall be designated

with clearly visible warning signs bearing the following information:

HAZARDOUS AREA
NITROGLYCERIN (NG)
(and/or)

ETHYLENE GLYCOL DINITRATE (EGDN)

HIGHLY EXPLOSIVE
SMOKING FORBIDDEN

DANGEROUS TO HEALTH IF INHALED, SWALLOWED, OR ABSORBED THROUGH THE SKIN
CAUSES HEADACHE, WEAKNESS, AND DIZZINESS

Do not use heat, sparks, or open flame.

Avoid contact with skin, eyes, and clothing.

Consult a physician if persistent headaches or chest pains develop.
If respiratory protection is required in accordance with Section 4,

the following statement in large letters shall be added to the required

sign:

RESPIRATORY PROTECTION REQUIRED IN THIS AREA

For buildings in which 1liquid NG, EGDN, or explosive mixtures of

these substances are manufactured or processed, limits for the number of



persons who are authorized to be present and the amount of NG or EGDN that

may be on the premises shall be posted outside the building.

Section 4 - Personal Protective Equipment and Clothing

(a) Respiratory Protection

Engineering controls shall be used when needed to keep concentrations
of airborne NG or EGDN at or below the recommended environmental 1limit.
Compliance with this 1limit by the use of respirators is permitted only
during installation and testing of engineering controls, during performance
of nonroutine maintenance or repair, or during emergencies. When the use
of a respirator is permitted, it shall be selected and used in accordance
with the following requirements:

¢9)] To determine the type of respirator to be used, the
employer shall measure the concentration of airborne NG or EGDN in the
workplace 1initially and thereafter whenever control, process, operation,
worksite, or climatic changes occur that are 1likely to increase the
concentration of these compounds in the air of the workplace.

(2) The employer shall ensure that no employee is exposed
to NG or EGDN at concentrations above the recommended 1limit because of
improper respirator selection, fit, use, or maintenance.

3 The employer shall establish and enforce a respiratory
protection program. The requirements for such a program are listed in 29
CFR 1910.134.

4 The employer shall provide respirators in accordance
with Table I-1 and shall ensure that the employees use the respirators

properly when they are required. The respiratory protective devices



provided in conformance with Table I-1 shall be those approved by NIOSH and
the Mining Enforcement and Safety Administration (MESA) or its successor,
as specified under the provisions of 30 CFR 11. Nonsparking parts, such as
those made of bronze, brass, or plastic, shall be used where steel or iron

is normally used on any respiratory protective device.

TABLE I-1

RESPIRATOR SELECTION GUIDE FOR NG AND EGDN

Respirator Type Approved

Concentration under Provisions of 30 CFR 11
Less than or equal (1) Supplied-air respirator operated
to 10.0 mg/cu m in continuous-flow mode with half-mask,

full facepiece, hood, helmet, or suit
(2) Supplied-air respirator with full
facepiece operated in the positive
pressure mode

(3) Self-contained breathing apparatus
with full facepiece operated in the
positive pressure mode

Greater than (1) Self-contained breathing apparatus
10 mg/cu m with full facepiece operated in pres-
sure~demand or other positive pressure

mode

(2) Combination Type C supplied-air
respirator with full facepiece operated
in pressure~demand mode and auxiliary
self-contained air supply

Emergency (entry Self-contained breathing apparatus with
into area of unknown full facepiece operated in pressure-
concentration for demand or other positive pressure mode

emergency purposes)




(5) Respirators specified for use in higher concentrations
of airborne NG or EGDN may be wused in atmospheres with 1lower
concentrations.

(b) Protective Clothing

(1) The employer shall provide a daily change of clean work
clothing intended to minimize access of dust to the skin of employees in
areas where NG or EGDN are present. Work clothing shall be changed
immediately when soiled with liquid NG or EGDN.

(2) Rubber or plastic gloves with a cotton lining or plain
cotton gloves shall be provided for employees who may have skin contact
with NG or EGDN. The gloves shall be changed at least daily. Cotton
gloves shall be changed immediately if they become contaminated with liquid
NG or EGDN. Since mnatural and synthetic rubber are pervious to NG and

EGDN, unlined gloves made of these materials should not be used.

Section 5 ~ Informing Employees of Hazards from NG and EGDN

(a) All new and present employees subject to occupational exposure
to NG or EGDN shall be informed orally and in writing of the hazards,
relevant signs and symptoms of exposure and withdrawal from exposure,
appropriate emergency procedures, including first-aid procedures, and the
proper conditions and precautions conducive to the safe use and handling of
these compounds. Special care should be exercised to ensure that employees
unable to read the informational material provided understand the hazards
of working with the nitroesters, the symptoms of intoxication by these
materials, and the equipment and procedures that can be used to minimize

the hazard from exposure to these compounds.
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Employees shall be made aware that headache is a warning symptom and that
tolerance to these compounds and withdrawal symptoms may develop as
outlined 1in Section 2(f). This Information shall be readily available to
all employees involved in the manufacture, use, transport, or storage of
NG, EGDN, or explosives containing these compounds, and it shall be posted
in prominent positions within the workplace.

(b) The employer shall institute a continuing education program,
conducted by persons qualified by experience or training, to ensure that
all employees have current knowledge of job hazards, proper maintenance and
cleanup methods, and proper respirator usage. The instructional program
shall include a description of the general nature of the envirommental and
medical surveillance procedures and of the advantages to the employee of
participating 1in these surveillance procedures. As a minimum, instruction
shall include the information in Appendix II, which shall be on file and
readily accessible to employees at all places of employment where exposure
to NG or EGDN may occur.

(c) Information required shall be recorded on the '""Material Safety
Data Sheet'" shown in Appendix II, or on a similar form approved by the

Occupational Safety and Health Administration, US Department of Labor.

Section 6 - Work Practices

(a) Control of Airborne NG or EGDN
Engineering controls, such as process enclosure or non-sparking local
exhaust ventilation, shall be used when needed to keep exposures to

airborne NG or EGDN at or below the recommended envirommental limit.
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Ventilation systems, if used, shall be designed to prevent accumulation or
recirculation of NG or EGDN in the workplace environment and to remove them
effectively from the breathing zone of employees. Exhaust ventilation
systems discharging to outside air must conform to applicable local, state,
and Federal air pollution regulations and must not constitute a hazard to
employees or to the general population. Ventilation systems shall be
subject to regular preventive maintenance and cleaning to ensure
effectiveness, which shall be verified by airflow measurements taken at
least every 3 months. These engineering control systems shall be
constructed of nonsparking materials.
(b) Ignition Sources and Detonation Hazards
The danger of explosion in buildings where NG or EGDN is manufactured

or handled shall be minimized by compliance with the following provisions:

(1) Facilities should consist of detached units, with
explosion-venting systems if possible.

(2) Each unit shall be subdivided by fire- and pressure-
resistant walls to restrict hazardous areas.

(3) The amount of NG or EGDN present in any building shall
not exceed the amount being processed at any one time.

(4) To prevent accumulation of explosive dust, equipment

shall be dust-tight.

(5) All electrical equipment shall have explosion-proof

fixtures and wiring.

(6) Static electricity shall be minimized by

humidification, bonding, grounding, and the use of conductive materials.

12



(7) Motor-driven portable equipment, internal combustion
engines, and vehicles shall not be used unless they have been approved for
use in an explosive atmosphere.

(c) Regulated Areas

Access to buildings in which NG or EGDN is manufactured or handled in
liquid form or in explosive mixtures such as dynamite shall be regulated to
comply with the following provisions:

1) Access shall be restricted to authorized persomns.

(2) For each such building, a limit shall be established
for the number of persons who may be present, based on the minimum number
necessary for efficient performance of the operation. This limit shall be
posted outside the building. A log of persons entering the building should
be kept in some secure location outside the building.

(3) Before maintenance or repair work is undertaken in
these buildings, operations should be shut down and the work area cleaned
and inspected.

(4) A permit system shall be established for such
maintenance and repair work. Permits shall be signed by an authorized
representative of the employer to ensure that necessary precautionary steps
have been taken.

(d) Confined Spaces

N Entry into confined spaces, such as tanks, pits, or
vessels, that may contain NG or EGDN shall be controlled by a permit
system. Permits shall be signed by an authorized representative of the
employer certifying that preventive and protective measures have been
followed.

13



(2) Confined spaces that have contained NG or EGDN shall be
cleaned with water and purged with air. They shall be tested for NG or
EGDN and other contaminants and for oxygen and inspected for compliance
with these requirements prior to each entry. Adequate ventilation shall be
maintained while workers are within the confined space.

(3) Employees entering confined spaces shall wear the
appropriate personal protective equipment and suitable harnesses with
lifelines tended by an employee outside the confined space who shall also
be equipped with the appropriate personal protective equipment. The two
workers shall be in constant communication by some appropriate means and
shall be under the surveillance of a third person equipped to take any
action to rescue them if necessary.

(e) Storage and Handling

(D Buildings used for storage of NG or EGDN shall be
separated by at least the minimum distances for magazines required by the
American Table of Distances [1].

(2) Containers of NG or EGDN shall be kept tightly closed
at all times when not in use and shall be stored in a manner that will
minimize the risk of spills.

3 Only properly informed, trained, and equipped personmel
shall be involved in storing, loading and unloading, or processing 1liquid
NG, EGDN, or explosive mixtures containing these compounds.

(4) Storage areas for NG or EGDN shall be clean, dry, and
well ventilated. Storage areas for explosive forms of NG or EGDN shall be
in a structure that is bullet resistant, weather resistant, and ventilated.

Specific requirements for magazines, including those for construction and

14



bullet resistance, are listed in the National Fire Codes (Volume 3) [2].

(5) Floors of storage areas shall be swept and washed
regularly and kept free of dust.

(6) Transporting of NG, EGDN, or explosive mixtures
containing these compounds must conform to the regulations of the
Department of Transportation in Title 49 CFR, Parts 171-178 and Title 33
CFR, Parts 6 and 126 (guidelines for transportation over waterways). Any
applicable state or local regulations on the transporting or use of such
explosive materials shall also be adhered to.

() General Work Practices

(0 Smoking, matches, open flames, and spark-producing
devices shall be prohibited in areas where NG or EGDN is handled.

(2) Employers shall ensure that workers do not carry
smoking materials into regulated areas and should provide smoking areas
located at a safe distance from NG or EGDN work and storage areas.

(g) Cleanup and Waste Disposal

1) All equipment shall be cleaned or washed at the end of
each workshift or when significant accumulation of explosive material on
equipment occurs.

(2) Small 1liquid spills shall be wiped up promptly, using
sponges or other suitable absorbent materials. These should be kept
readily available in a sodium carbonate solution. Large liquid spills
should be washed with water and piped into tanks where the compounds can be
separated and recovered.

(3) Waste material contaminated with NG or EGDN shall be

disposed of in a manner not hazardous to employees and conforming to all
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applicable local, state, and Federal regulatiomns.

4) Clothing grossly contaminated with NG or EGDN shall be
discarded into waste containers kept outside of regulated areas and
disposed of at the end of each operation.

(h) Emergency Procedures

¢y The employer shall formulate emergency evacuation and
medical procedures and shall ensure that employees are instructed in these
procedures and that they are posted in all work areas where emergencies
involving NG or EGDN might occur. Emergency procedures shall include
prearranged plans for immediate evacuation, transportation, and medical
assistance for affected employees, including alerting designated medical
treatment facilities of the impending arrival of affected workers.

2) Necessary emergency equipment, including respirators,
shall be available in readily accessible locations, and employees shall be
instructed in its use.

(3) Nonessential employees shall be evacuated from
hazardous areas during emergencies. Perimeters of these areas shall be
delineated, posted, and secured. Only personnel trained in emergency
procedures and protected against the attendant hazards shall shut off
sources of NG or EGDN, clean up spills, and control and repair leaks in NG
or EGDN areas.

(4) Showers and washroom facilities shall be provided and
shall be readily accessible to workers in all areas where skin contact with
NG or EGDN 1is 1likely. If NG or EGDN is spilled on clothing or skin,
contaminated clothing shall be promptly removed and the skin washed

thoroughly with socap and water or a waterless skin cleanser.
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(5) The employer shall ensure that all emergency equipment,
including washing facilities, is in proper working order through regularly

scheduled inspections and maintenance.

Section 7 - Sanitation

(a) The employer shall develop and maintain a program for plant
sanitation., The requirements for such a program are listed in 29 CFR
1910.141.

(b) Employees occupationally exposed to NG or EGDN shall shower
and change clothing daily at the end of the workshift.

(c) The employer shall provide appropriate changing and shower
facilities. Requirements for washing and change rooms are listed in 29 CFR
1910.141 (d and e).

(d) The employer shall be responsible for laundering work clothing
worn during each workshift and shall ensure that employees do not remove
work clothing from the premises.

(e) The employer shall ensure that personnel who launder and clean
clothing or equipment contaminated with NG or EGDN are aware of the
potential hazards of exposure to NG or EGDN and that the managers of
commercial laundries understand the need for adequate ventilation of
laundry areas and for personal protective equipment to prevent overexposure
of their employees.

£) Employers shall ensure that employees who handle NG or EGDN
wash their hands thoroughly with soap and water or with a ‘waterless
cleanser before eating, smoking, or using toilet facilities.

(2) The storage, dispensing, preparation, consumption of food and
17



beverages, and the carrying of materials such as tobacco and chewing gum,

within NG or EGDN work areas shall be prohibited.

Section 8 - Monitoring and Recordkeeping

Each employer with a place of employment where NG, EGDN, or
explosives containing these compounds are manufactured, processed, handled,
stored, or otherwise used shall determine by an industrial hygiene survey
whether occupational exposure to NG or EGDN may occur. Records of these
surveys, including the basis for concluding that there is no occupational
exposure to NG or EGDN, shall be maintained. Surveys shall be repeated at
least annually and within 30 days of any process or engineering change.

(a) Personal Monitoring

If it is determined that there is occupational exposure to NG or
EGDN, the employer shall institute a program of personal monitoring to
measure or permit calculation of the exposure of each employee. Source and
area monitoring may be used to supplement personal monitoring.

(D In all personal monitoring, samples representative of
the breathing zones of the employees shall be collected.

(2) For each determination of the concentration of NG or
EGDN in workplace air, a sufficient number of samples shall be taken to
characterize the employees' exposures during each workshift. Variations in
work and production schedules and in employees' locations and job functions
shall be considered in choosing sampling times, locations, and frequencies.

(3) Each operation in each work area shall be evaluated at

least every 3 months for conditions that might be conducive to skin contact
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in addition to air sampling, if considered necessary.

(4) If an employee is found to be exposed to NG or EGDN in
excess of the recommended environmental limit, control measures shall be
initiated immediately, the exposure of that employee shall be measured at
least weekly, and the employee shall be mnotified of the extent of the
exposure and of the control measures being implemented. Such monitoring
shall continue until two consecutive determminations, 1 week apart, indicate
that the employee's exposure no longer exceeds the recommended
environmental limit. Routine monitoring may then be resumed.

(b) Recordkeeping

Envirommental 'monitoring records shall be retained for at least 30
years after the employee's last occupational exposure to NG or EGDN. These
records shall include the dates and times of measurements, job function and
location of the employee within the worksite, methods of sampling and
analysis used, types of respiratory protection in use at the time of
sampling, environmental concentrations found, and identification of the
exposed employee. Employees shall be able to obtain information on their
own envirommental exposures. Envirommental monitoring records shall be
made available to designated representatives of the Secretary of Labor and

of the Secretary of Health, Education, and Welfare.
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IT. INTRODUCTION

This report presents the criteria and the recommended standard based
thereon which were prepared to meet the need for preventing impairment of
health from occupational exposure to nitroglycerin (NG) or ethylene glycol
dinitrate (EGDN). The criteria document fulfills the responsibility of the
Secretary of Health, Education, and Welfare under Section 20(a)(3) of the
Occupational Safety and Health Act of 1970 to "...develop criteria dealing
with toxic materials and harmful physical agents and substances which will
describe...exposure levels at which no employee will suffer impaired health
or functional capacities or diminished life expectancy as a result of his
work experience."

After reviewing data and consulting with others, NIOSH formalized a
system for the development of criteria upon which standards can be
established to protect the health and provide for the safety of employees
exposed to hazardous chemical and physical agents. Criteria for a
recommended standard should enable management and labor to develop better
engineering controls resulting in more healthful work environments, and
simply complying with the recommended standard should not be regarded as a
final goal.

These criteria for a standard for NG or EGDN are part of a continuing
series of criteria developed by NIOSH. The proposed standard applies to
the processing, manufacture, and use of NG and/or EGDN. The standard was
not designed for the population-at-large, and any application to situations
other than occupational exposures is not warranted. The standard is
intended to (1) protect against the hazards to safety posed by NG or EGDN,
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(2) protect against the toxic effects of exposure to NG or EGDN, (3) be
measurable by techniques that are valid, reproducible, and available to
industry and government agencies, and (4) be attainable with existing
technology.

NG is wused to make dynamite, gun powder, and rocket propellants and
as a therapeutic agent, primarily to alleviate angina pectoris. EGDN is
used only in the manufacture of dynamite. EGDN is mixed with NG, currently
in a ratio of about 8:2, to lower the freezing point of the dynamite
mixture and increase its stability, making it safer to manufacture and use.

The byproducts of explosion of NG or EGDN include the oxides of
carbon, hydrogen, and nitrogen. In this document, NIOSH recommends a
standard to control workplace exposure to NG and EGDN but not to byproducts
of explosion of these compounds. Information on the health effects and
control of exposure to oxides of carbon and nitrogen may be found in NIOSH
Criteria and Recommended Standards for Carbon Monoxide, Carbon Dioxide, and
the Oxides of Nitrogen (Nitrogen Dioxide and Nitric Oxide).

NG and EGDN are absorbed through the lungs and the skin. Absorption
through the skin is usually the major route of exposure for workers who
have direct dermal contact with NG or EGDN. Thus, work practices designed
to limit skin absorption of these compounds should be followed carefully.

The recommended standard for NG, EGDN, or a mixture of these two
compounds is based on their effects on the cardiovascular system. The
initial physiologic effect of exposure to these compounds is dilatation of
the blood vessels, and the initial signs and symptoms of exposure include
headache, dizziness, nausea, palpitations, and decreasés in systolic,
diastolic, and pulse pressures. These signs and symptoms tend to disappear
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after 3-4 days of repeated exposure, probably as the result of compensatory
vasoconstriction. After a brief period of withdrawal from exposure, eg, a
weekend, workers may develop angina pectoris. Some workers exposed to
NG:EGDN mixtures or to nitroglycerin alone have died suddenly, often on
Monday or Tuesday mornings, from no apparent cause. The mechanisms
producing posthiatal precordial distress (angina pectoris) and sudden death
are not clearly understood, but these effects may be related to spasms of
the coronary arteries that tend to occur during periods when workers are
not exposed to vasodilatory actions of these compounds but still have
compensatory vasoconstrictive mechanisms in operation. A recent
epidemiologic study also suggests that men who once manufactured NG:EGDN
dynamite were at increased risk of death from heart disease, even though
most of them had not worked at the plant for months or years.

Not all workers develop headaches or changes in blood pressure during
initial exposure to NG or EGDN, but the available data indicate that these
are wusually the first and most consistent effects of initial exposure.
Compensatory vasoconstriction following prolonged exposure may promote more
serious effects, 1including angina pectoris, heart disease, and sudden
death. The recommended standard for workplace exposure to NG or EGDN is
designed to prevent significant changes in the diameters of cerebral blood
vessels during initial exposure, as indicated by the development of
throbbing headaches or by decreases in blood pressure, thereby preventing
the development of the compensatory vasoconstrictive mechanisms that may
eventually result in more serious effects.

Further research is needed in several areas. The concentration below

which exposure to NG or EGDN will not cause significant changes in blood
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vessel diameters, as indicated by throbbing headaches or definite changes
in blood pressure, is not known. Diagnostic methods that are reliable and
easy to use are needed to determine whether workers are overexposed to NG
or EGDN. It appears that workers with prolonged exposure to NG or EGDN can
develop spasms of the coronary arteries that may lead to angina or to
sudden death, but further information on the mechanisms responsible for
these effects should be developed. Epidemiologic studies are needed to
assess the effect of prolonged exposure to these compounds on the risk of
developing heart disease or precursors of heart disease. Potential effects
on reproduction and the potential mutagenicity and carcinogenicity of these
compounds and their metabolites should be explored more thoroughly.
Additional information on the toxicity of NG and EGDN 1is provided in
two other reviews., The available literature was reviewed by Von Oettingen
{3] of the US Public Health Service in 1946. Dacre and Tew [4] reviewed
literature on the toxicity of NG and EGDN for the Army Medical Research and

Development Command in 1973,
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IIT. BIOLOGIC EFFECTS OF EXPOSURE

Nitroglycerin (NG; trinitropropanetriol) is an oily liquid at room
temperature that is colorless in pure form and pale yellow or pale brown in
commercial form [5)]. The chemical formula for NG is C3H503(N02)3 and the
molecular weight is 227. It has a bittersweet or burning taste and a
slightly sweet smell at temperatures above 50 C [5]. Reported measurements
of the vapor pressure of NG at 20 C range from 0.00012 to 0.011 mmHg {5-7].
Local overheating of 1large or confined quantities of NG may cause an
explosion, although small, unconfined quantities will burn without
exploding [6]. The two isomeric forms of NG differ in freezing point and
in crystalline form. The stable isomer of NG freezes at 12.4-13.2 C [5,6]
to form orthorhombic dipyramidal crystals. The 1labile isomer forms
triclinic crystals at 1.9-2.2 C and is converted to the stable isomer after
some 1-2 weeks of storage [5]. NG 1is sensitive to impact, and its
sensitivity increases as the temperature increases [6]. Frozen NG is less
easily detonated than the liquid form, but it becomes extremely sensitive
to impact while it is thawing or when it contains minute bubbles of air.

Ethylene glycol dinitrate (EGDN; dinitroethanediol) is a colorless
[6] or yellow [8] liquid at room temperature. The chemical formula for
EGDN 1is C2H402(N02)2 and its molecular weight is 152. It freezes at 22.3
or 22.8 C and measurements of the vapor pressure of EGDN at 20 C range from
0.038 to 0.050 mmHg [5,6]. EGDN is less likely than NG to explode when it
burns, but the other burning and explosion characteristics of EGDN are
similar to those of NG. EGDN is less sensitive to heat and to impact than
NG. Other physical and chemical properties of these compounds are given in

24



Table XI-1 [5-9]. Numerous synonyms for NG, EGDN, and NG:EGDN mixtures are
listed in Table XI-2 [10].

Most of the concentrations of NG and EGDN reported in this chapter
were determined by colorimetric analysis of the amount of inorganic nitrite
produced after hydrolysis of organic mnitroesters. These colorimetric
methods cannot differentiate between NG and EGDN or any other nitroester.
However, hydrolysis of 1 mole of NG theoretically releases 3 moles of
nitrite ion, whereas that of 1 mole of EGDN would free 2 moles of that ion.
This means that 1 g of nitrite ion corresponds to 165 g of NG or 1.64 g of
EGDN. Calculations by Einert et al [11] indicate that 1 g of nitrite ion
is equivalent to 2.56 g of NG or 2.60 g of EGDN under usual laboratory
conditions. The amounts of nitroesters calculated from the latter set of
equivalents are sufficiently close to the theoretical values and to each
other to render immaterial the nitroester chosen for expression of the
analytical results. For ease of comparison, concentrations expressed by
the authors in ppm have been converted in this document to mg/cu m, using
the conversion factor appropriate to the compound stated by the original

author or authors.

Extent of Exposure

NG was discovered in 1847 by the Italian scientist Ascanio Sobrero,
when he was attempting to produce explosives from sugars and inorganic
acids [12]. He synthesized NG by running dehydrated glycerin into a cooled
mixture of nitric and sulfuric acids. After Sobrero's discovery, both the
Italian and the Russian governments became interested in the potential
military uses of NG, but the inherent danger of spontaneous explosion
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caused the Italians to abandon experimentation. It was not until Alfred
Nobel invented dynamite in 1867 that practical wuse was found for this
compound.

Nobel, who had learned of the explosive properties of NG from Zinin,
a Russian scientist, used diatomaceous earth to absorb the NG. The
resulting mixture was a dry, less sensitive material that was safer to

T

handle and transport than liquid NG alone [6]. Nobel created "straight" or
"active dope" dynamite 2 years later by replacing the diatomaceous eatth
with a mixture of sodium nitrate and an absorbent, combustible material
such as wood pulp. Gelatin dynamites, mixtures of NG and nitrocellulose
forming a gel, were invented by Nobel in 1875. Dynamites in this form,
which are wused primarily to blast hard rock, are less sensitive to
initiation than straight dynamite. By 1879, Nobel had established several
dynamite plants throughout Europe [12].

EGDN was synthesized by Henry in 1870 but was not used commercially
until the 1930's {6]. At first, small amounts of EGDN were added to NG
dynamites and gelatins to lower the freezing points of the mixtures to make
them safer to use, particularly during the winter months. EGDN is a good
explosive 1in its own right and it has gradually become the major component
of dynamite mixtures. This is the only commercial use for EGDN. The
EGDN:NG ratio has varied over the years, but currently it is about 8:2 [11}
or 9:1 [13].

Although the NG :EGDN dynamites were less likely to explode
unexpectedly than straight NG dynamites, the available literature indicates
that the effects of coxposure to NG:EGDN dynamites on health were apparently
more severe than those associated with exposure to dynamites containing NG
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“tire Since the vapor pressure of EGDN is greater than that of NG, the
ratio of airborne EGDN to NG is much greater than that of the dynamite
mixture itself.

in the United States, NG is manufactured either by the Biazzi process
[141, which is a continuous, closed process, or by an open batch process
[137. The raw materials are glycerin and a mixture of concentrated nitric
and sulfuric acids {14]. After the glycerin is nitrated, the spent acid is
remcved and the resulting NG is neutralized and washed. Dynamite is formed

" mixtures that have contained sodium nitrate, sulfur,

by adding "dope,
antacids, and carbonaceous combustible material, usually nitrocellulose, to
the NG. To make NG:EGDN dynamites and gelatins, NG and EGDN are
synthesized together by nitrating a mixture of glycerin and ethylene glycol
in the presence of sulfuric acid. 'Dope'" is then added to the NG:EGDN
mixture.

In 1976, about 250 million pounds of dynamite, containing 5-507
NG:EGDN, were produced by US manufacturers (Bureau of Mines, written
communication, November 1977). The use of NG:EGDN dynamite, however, is
decreasing. At present, only 10%Z of the blasting agents used in the United
States are dynamites containing NG:EGDN.

NG 1is wused 1in gun powder and rocket propellants in addition to its
use in dynamite [15]. Gun powders are also known as smokeless powders
1137, Single-base propellants contain nitrocellulose alone, double-base
propellants contain nitrocellulose and small amounts of NG, and triple-base
propellants contain nitrocellulose, NG, and other combustible compounds
{i%]. NC is also used for therapeutic purposes, primarily to alleviate

angina pectoris or to treat other circulatory disorders.
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NIOSH estimates that about 8,000 persons in the United States are
exposed to NG alone or to NG:EGDN mixtures. Occupations with potential
exposure to these compounds are listed in Table XI-3 [16].

The effects on the health of workers exposed to NG and EGDN will be
stressed in this document. In the workplace, NG and NG:EGDN mixtures are
absorbed both by inhalation and directly through the skin. The health
effects of exposure to the explosion byproducts of NG or EGDN, ie, the
oxides of carbon, hydrogen, and nitrogen are not considered in this
document. Regulations for the safe manufacture, handling, and use of NG or

EGDN are listed in Chapter V.

Historical Reports

According to Holmes and DiCarlo [12], the physiologic effects of
exposure to NG were noted soon after it was first synthesized. Sobrero
himself tasted a minute amount of the compound and found that it produced
severe headaches. Hering, Davis, and Jeanes began, according to Holmes and
Dicarlo [12], in about 1853 to conduct experiments on the effects of NG on
humans. They dissolved the compound in alcohol, absorbed the solution on
sugar, and administered it orally to themselves and to others. They found
that amounts ranging from 1/10 to 1/30 of a drop caused such diverse
symptoms as headache, facial pain, stimulation of nerves in the neck,
tremors, a sensation of warmth, and extreme thirst. Although the other
effects wvaried, all individuals' who ingested the substance developed
changes in pulse rate and other cardiovascular effects. Hefing proposed
using NG in the treatment of a wide variety of ailments, ranging from
sunstroke to epilepsy. About 1867, Brunton, a British scientist searching
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for a remedy for angina pectoris, found that amyl nitrite relieved chest
pains [17]. 1In 1879, when NG was becoming widely used as the active
ingredient in dynamite, Murrell [18] reported that it had effects similar
to those of amyl nitrite on the cardiovascular system.

Early 1literature mentioning NG as a health hazard focused on towis
side effects, overdoses, and accidental poisonings associated primayily
with its use as a drug [3]. In 1859, Field [19] reported the use of X o
treat headaches and noted that it relieved them in some patients but caused
them in others. Hay [20], a physician studying the mechanism of actiun ut
NG, reported in 1883 that two drops of a 17 alcoholic solution of thi:
compound lowered his blood pressure considerably, produced throbbing of liis
temporal arteries, and caused facial flushing.

The suggestion that NG might be an occupational health hazard firsr
appeared in the US medical literature of the 1890's. In 1890, parlirgron
[21] described several cases of illness in miners and tunnel weorkers w!..
handled dynamite and inhaled both unexploded NG and its explosgion
byproducts. As a physician on an aqueduct project from 1885-lvc’,
Darlington treated 1,300 workers who had complained of headache, nausca,
and dizziness when they worked with dynamite. He attributed the headaches
and nausea to exposure to NG and the dizziness to exposure to byproducts of
explosions and to asphyxiation. The effects were particularly severe wher
a stick of dynamite burned but did not explode, causing some of the NG in
the dynamite to vaporize. Darlington distinguished two levels of slfecc,
which he termed "acute'" and ‘''chronic." He said that the symptoms of
"acute" illness included loss of consciousness, severe headache, diffic.t:

in breathing, weak pulse, and pallor and occurred after exposure to large
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amounts of NG. Almost all workers thus affected recovered after passing
through a phase of drowsiness, languor, excessive perspiration, nausea, and
vomiting. Symptoms  of ‘''chronic'" illness included cough, headache,
indigestion, and central nervous system (CNS) disturbances. These symptoms
occurred after repeated inhalation of smaller amounts of NG or of larger
amounts in the presence of ample fresh air. The author also reported that
similar but milder symptoms were produced by ingestion of very small
quantities of NG or by skin contact with dynamite.

In 1898, Laws [22] described the effects of exposure to NG on the
health of workers at a dynamite plant. Since NG was produced in an open
system, workers were exposed by both inhalation and skin contact. Laws
noted that the most striking and most frequent symptom was ''powder
headache,' of which he said:

All suffered from it who had anything to do with NG in any way.

The head is generally sore; this has to be experienced to be

appreciated. The workmen's wives, who do the laundry work,

suffer severely every wash day. Not only the wunderclothing

worn by the men, but any clothing, even the bed clothes will

cause this feeling. In time they become inured, but all

complain of the ironing. Inhaling the steam from the hot

clothes makes them very sick [22].

Laws believed that NG affected the wvasomotor centers, causing
dilation of the left side of the heart and of the entire arterial system
[22]. Associated symptoms included flushing, increased pulse rate,
palpitations, nausea and vomiting, weakness, prostration, and languor. One
worker developed a rash similar to that caused by contact with poison ivy.
Laws observed that, after a week of exposure, workers became "accustomed"

to NG. Their headaches disappeared, but recurred when they returned to

work after 2 or more days' absence. After the workers developed tolerance

30



to NG and no longer experienced headaches and other acute symptoms during
exposure, they often developed a condition that Laws termed ''glonoinism."
The signs and symptoms included a soft and weak pulse, heart murmurs and
palpitations, poor appetite, mental sluggishness, and drowsiness during
work. |

Laws [22] reported that mixtures of alcohol and NG were '"guaranteed
to produce a more violent and serious form of intoxication than any other

combination known to man.' He mentioned that some had become addicted to
"Gibbstown punch,' the practice of drinking whiskey while rubbing NG into
the skin.

The wives of NG dynamite workers often had similar symptoms, although
in milder forms [22]. In addition, the wives often experienced heavy
menstrual bleeding and had fewer children, often born prematurely. Infants
were often cyanotic at birth, were considered to be weaker and less
vigorous than others, and were thought to be especially susceptible to
disease. Laws noted that infants could become sick when handled by their
fathers and indicated that one child had died after being handled. Laws
also mentioned that sportsmen who used smokeless powder containing NG
experienced headaches similar to those experienced by dynamite workers.

In 1903, Jennings {23}, a British military physician, noted that
those who ate cordite, a type of dynamite containing 587% NG, and then drank
beer would often hallucinate and display aberrant behavior. Jennings
indicated that he experienced hammering and ringing sensations in the ears

and a '"most vracking, splitting headache" that lasted 36 hours after he

sucked on a small piece of cordite for only 2 minutes.
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In 1910, Laws [24] noted that NG workers were "soomer or later
troubled with dyspnea and tachycardia on exertion,'" and that there was an
increase in the ''area of heart dullness" in workers employed for many
years. In this report, Laws indicated that some have a "natural immunity"
to the effects of NG but that others become '"'maniacal' when they have this
headache. Since many dynamite workers had large families, despite the
tendency of their wives to have fewer successful pregnancies than other
women, Laws believed that NG was an aphrodisiac. An extensive description
of the symptoms associated with workplace exposure to NG published by

Ebright [25] in 1914 is described in Effects on Humans.

The toxic effects of NG and EGDN in animals were studied by Bradbury
[26] in 1895. He reported that intragastric administration of NG or EGDN
to rabbits caused a rapid decrease in blood pressure and pulse. Haldane et
al [27] reported in 1897 that the signs associated with subcutaneous (sc)
administration of NG in mjce and rabbits were related to the amoﬁnt of
methemoglobin produced,

In 1931, Oltman and Crandall [28) administered NG intravenously (iv)
to 23 rabbits as a 10% solution in alcohol diluted with physiologic saline
in doses of 40-70 mg/kg in 5-15 seconds. The initial signs of toxicity
were immediate respiratory stimulation and slowing of the heart rate.
Convulsions appeared within 15-20 seconds after injection and were
initially of the tonic type but later became clonic. Between convulsions,
the heart rate increased and the respiratory rate decreased. All but two
of the animals that died from respiratory depression did so within 20
minutes after NG injection, and the authors stated that recovery was
assured if an animal survived 5 hours. The authors noted that the signs
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that occurred before death were similar to those associated with sudden
asphyxia, such as that produced by a lethal dose of hydrogen cyanide. They
concluded that the lethal dose of NG administered iv was about 45 mg/kg in
rabbits and suggested that a dose-dependent lethal effect was associated
with asphyxia caused by a decrease in blood pressure or by the formation of
methemoglobin. Oltman and Crandall were apparently the first to determine

the lethal dose of NG in animals.

Effects on Humans

Many reports describing occupational exposure to NG and EGDN in
workers in the explosives and pharmaceutical industries have confirmed the
clinical effects first noted in the 19th century. Several authors have
investigated the effects of exposure to these substancgs on the
cardiovascular system. Effects that have been reported most frequently
include. headache, dizziness, nausea, palpitation, angina pectoris, and
sudden death without any apparent cause. In this document, angina
pectoris, precordial pain, stenocardia, or posthiatal distress will be
referred to as angina or as chest pain.

In 1914, Ebright [25] published aﬁ extensive description of the
headaches and other symptoms associated with "acute" exposure to NG and
reviewed his findings from examinations of about 20 men who manufactured NG
dynamite. Ebright noted that the throbbing headaches usually began in the
forehead and moved to the occipital region, where they remained for periods
ranging from 1 hour to 4 days. Associated symptoms included depression,
restlessness, and sleeplessness. In some cases, headaches were first
associated with a sense of exhilaration. The affected workers often
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experienced mnausea and vomiting, and, in severe instances, diarrhea.
Exposures causing these headaches varied from handling large quantities of
%G to shaking hands with those who had handled the compound. Headaches
were more frequent apd more severe in warm weather than in cool weather.
The author noted that workers were very susceptible to headaches when first
exposed to NG, but that they did not complain of this effect after 3-4 days

of

exposure. Since tolerance to NG might be lost after a couple of days
without exposure, workers often tried to maintain fheir tolerance by
placing some material containing NG underneath their hatbands when they
were away from work. Alcohol reportedly enhanced the symptoms associated
with exposure to NG and sometimes precipitated severe headaches in workers
who had been exposed to NG but had not developed any symptoms.

Ebright [25] examined about 20 dynamite workers to determine whether
exposure to NG had effects on health other than the headaches and
associated symptoms reported by the workers. Blood pressure was reported
to have been within normal limits, and no abnormalities of the heart or
radial artery were found. The men's complexions were normal, suggesting
that there had not been appreciable methemoglobin formation, and no glucose
was found in their urines. At the time of examination, one of the workers
had a headache from exposure to NG, but no evidence of flushing of the skin
or relaxation of the radial artery was found. The author concluded that
examinations of these workers had not revealed any permanent ill effects
from exposure to NG. The clinical picture of the specific type of headache
caused by exposure to NG has not changed appreciably since Ebright's
extensive description. In addition, Ebright [25] 1like Laws [23],

considered NG to be an aphrodisiac.
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Since Ebright's work was published, many investigators have studied
headaches in workers exposed to NG or to NG:EGDN mixtures, but little
information is available which specifically relates the extent of exposure
with the development of headaches. In 1966, Hanlon and Fredrick [29]
briefly reviewed findings from the 1961 Annual Report of the Bureau of
Industrial Hygiene, Detroit Department of Health, indicating that workers
who made NG tablets developed headaches and "irritation." Concentrations
of airborne NG in the breathing zones of the workers ranged from 0.28 to
1.02 mg/cu m. Tablets were manufactured 2-3 times a week rather than
continuously and, according to the authors, the intermittence of exposure
prevented the workers from developing tolerance to the vasodilatory effect
of NG. Concentrations of NG in the urines of these workers were below 0.2
mg/liter, the 1limit of sensitivity of the analytical method used. Hanlon
and Fredrick indicated that the workers no longer complained of headaches
after changes were made in operations that reduced the concentration of
airborne NG to 0.09 mg/cu m. Supporting data were not provided, however.
Bresler [30], Martimor et al [31], and Heimlich (written communication,
September 1977) have also indicated that workers who make NG
pharmaceuticals can develop headaches.

In 1946, Schwartz [32] conducted several studies on military
personnel who handled dynamite sticks and who had experienced intense,
throbbing headaches, vomiting, and occasional tremors of the arms about 3-4
hours after starting work. He measured blood pressures, performed blood
and urine studies, recorded ECG's, and observed the retinal vessels of 10

workers who had developed headaches. Dilation of the retinal vessels was
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found in all 10 workers, but no other abnormalities except decreases in
blood pressure were identified.

To determine whether exposure to NG dynamite caused these symptoms, a
dime-sized patch of dynamite was applied to the left scapular area of 15
men who had reported for morning sick call with unrelated complaints [32],
Another 15 men were patch-tested with 'C2," ‘a substance similar to
trinitrotoluene, in an oily base. Schwartz wanted to control for the
possible effects of psychogenic factors, and apparently the subjects were
not informed of the identities of these substances. Fourteen of the 15 men
treated with dynamite developed severe, throbbing headaches, a feeling of
warmth in the face, and nausea within 3 hours of application. One subject
reported seeing scintillating bodies in his right wvisual field. The
symptoms increased in severity in some subjects during an unspecified
period. None of the 15 subjects treated with C2 developed headaches within
the same 3-hour period.

Schwartz [32] believed that headaches induced by NG were similar to
those induced by histamine and that both were caused by dilatation of
intracerebral rather than of extracerebral blood vessels. After testing
many agents that cause vasoconstriction, he concluded that pretreatment
with amphetamine sulfate or prostigmine bromide taken orally would minimize
or prevent NG-induced headaches in workers who handled dynamite.

The headaches characteristic of exposure to such vasodilating agents
as histamine and NG are thought to be produced by distention of the
cerebral arteries [33]. The extracranial vessels recover more rapidly from
the general vasodilatation than do the intracranial vessels, so that each

systole distends the passive intracranial vessels, producing a severe,
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throbbing headache. The intensity of the headache diminishes as the
vascular tone of the intracranial vessels is restored.

The development of these headaches appears to be the most
characteristic symptom of initial exposure to NG or EGDN. Headaches have
also been reported in workers who make NG rocket propellants [34-36], who
make or handle NG:EGDN dynamite [11,37-46], and who detonate NG:EGDN
dynamite [47,48, and Bureau of Mines, written communication, November
1977]. Decreases in systolic, diastolic, and pulse pressures are the
initial signs of exposure to NG or EGDN.

In 1966, Trainor and Jones [49] reported a study conducted in
Australia of the relationship of headache and changes in blood - pressure
with concentrations of NG:EGDN vapor from dynamite. The study was
initiated when workers complained of headaches. The magazines were
ventilated by draft vents in the roof and walls, and additional ventilation
could be supplied through the entrance door and three windows. Standard
operating procedures provided that the buildings should be opened 1 hour
before the workers entered, but this procedure usually was not followed. A
preliminary evaluation indicated that concentrations of airborne NG:EGDN in
six magazines ranged from 0.10 to 0.53 mg/cu m and averaged 0.36 mg/cu m as
NG. The authors measured the blood pressures of eight men who worked in
these magazines on a Thursday afternoon during work and on the following
Monday before work. Seven of the eight men had headaches of varying
severity when at work. Data were not presented, but the authors reported
that there were no 'significant" differences between the blood pressure
measurements made on Thursday during work and those made on Monday before

work. These findings suggest, however, that workers can develop headaches
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when exposed to NG:EGDN vapor at concentrations as low as 0.10 mg/cu m even
in the absence of skin contact.

Using volunteers, Trainor and Jones [49] assessed the effects of
exposure to airborne NG:EGDN dynamite on blood pressure and on symptoms
such as headache or feelings of dullness in the head. Concentrations of
airborne NG:EGDN in the magazine were measured on Monday morning after
various quantities of dynamite had been placed on a table the previous
Friday afternoon. The effects of exposure were assessed at three different
concentrations of airbornme nitroester: 2.0, 0.7, and 0.5 mg/cu m expressed
as NG. Blood pressure was measured before and after a 25-minute exposure,
or after a shorter period if severe symptoms developed. Pulse pressure
(systolic minus diastolic pressure) was calculated from the authors' data.
Changes in the systolic, diastolic, and pulse pressures after exposure were
determined for each subject, and the statistical significance of these
changes for each exposure group was determined using a paired t-test. The
results are shown in Table TII-1.

Four volunteer workmen and the two authors were exposed to vapor from
NG:EGDN dynamite at concentrations of 2.0 mg/cu m as NG (range not
specified). The maximum allowable concentration in Australia in 1966 was 2
mg/cu m [49]. Three of the six subjects developed headaches 1-3 minutes
after entering the magazine. Systolic pressure decreased in five subjects
and diastolic pressure decreased in four subjects. Blood pressure readings
were the same before and after exposure for the one subject who did not

develop a headache.
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susceptible to the headaches associated with exposure to dynamite, although
both his systolic and diastolic pressures decreased by 10 mmHg after
exposure., Systolic and diastolic blood pressures were the same before and
after exposure for one worker, although he developed a slight sensation of
dullness in his head. The average decrease in blood pressure was 11.0 mmHg
for systolic pressure, 6.5 mmHg for diastolic pressure, and 4.5 mmHg for
pulse pressure.

Although it was not explicitly stated in the report, the experiments
involving exposures at airborne concentrations of 0.5 and 0.7 mg/cu m as NG
were apparently performed on Mondays, since air concentrations were
achieved by leaving dynamite on a table in the magazine over the weekend
[49]. By Monday morning, the volunteer workmen had probably lost most of
the tolerance to NG:EGDN that they had acquired during the previous week.
The responses of those not exposed to NG:EGDN in the workplace might be
greater than the responses of dynamite workers. For instance, the blood
pressure of one of the authors decreased from 150/90 to 120/70 within 3
minutes of exposure to the dynamite mixture at 2.0 mg/cu m expressed as NG,
The author's systolic pressure decreased by 30 mmHg, compared with the
group average of 12.5 mmHg, and his diastolic pressure decreased by 20
mmHg, compared with the group average of 1.4 mmHg.

Although such symptoms are difficult to evaluate objectively, the
authors [49) concluded that the headaches were ''marked," ‘'slight," - and
"mild" at concentrations of 2.0, 0.7, and 0.5 mg/cu m expressed as NG,
respectively. The mean systolic, diastolic, and pulse preséures‘ for each
group decreased after exposure at the three concéntrations, but the large

standard deviations indicated that there was considerable variation in the
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response of individuals. Only the mean difference between pulse pressures
measured before and after exposure appeared to be dose-related.

This study [49] showed that, in most workers, initial exposure to
NG:EGDN vapor from dynamite is consistently associated with headache or
similar symptoms and with decreases in systolic, diastolic, and pulse
pressures. These signs and symptoms can be considered to be indicative of
changes in blood flow associated with vasodilation. The study conclusively
shows that exposure to NG:EGDN vapor at an average concentration of 0.5
mg/cu m as NG, even in the absence of direct skin contact, is associated
with the development of headache and decreases in blood pressure. From
their preliminary study, inhalation of airborne NG:EGDN at concentrations
as low as 0.1 mg/cu m as NG may have been associated with the development
of headaches.

Decreases in systolic, diastolic, and pulse pressures during initial
exposure are suggestive of vasodilation, and increases in diastolic
pressure from the 1levels during initial exposure are indicative of
compensatory vasoconstricﬁion. However, other factors, including activity
level, use of stimulant beverages such as coffee or tea, and underlying
diseases can affect measurments of blood pressure in workers exposed to NG
or EGDN.

The monitoring of blood pressure in dynamite workers began in the US
in 1937 [50], and scoring procedures similar to those developed by Foulger
[51,52] have often been used. Workers were usually removed from exposure
if their scores indicated that their blood pressures were not within normal
limits, ie, if the extent of compensatory vasoconstriction during exposure

to NG or EGDN was not sufficient to maintain normal blood pressure. Some

41



US dynamite manufacturers are currently measuring the blood pressures of
workers exposed to NG:EGDN [13].

Although most of the monitoring data has not been published, a few
authors [11,46,53,54] have reported blood pressure measurments in dynamite
workers. Einert et al [11] measured the blood pressures before and after
work and found that, during each workshift, systolic pressures decreased,
diastolic pressures increased, and pulse pressures decreased in dynamite
workers. However, Hasegawa et al [53] did not find any significant
differences in the systolic, diastolic, or pulse pressures of 29 NG:EGDN
dynamite workers compared with those of 8 controls. The results of these

studies are discussed in further detail in Epidemiologic Studies.

In 1957, Forssman et al {[54] reported findings from medical
examinations of 276 workers (174 men and 102 women) employed at three
dynamite plants in Sweden. At the first plant, EGDN was mixed with NG only
during the winter months; the ratio of EGDN:NG was 1:1 at the other two
plants throughout the vyear. Concentrations of airborne NG:EGDN from
various operations were measured at all three plants. The samples were
taken at face level as close to the work areas as possible, and the results
were expressed in mg/cu m as NG. Using a colorimetric method, airborne
cohcentrations ranged from undetectable in the packing and the washing and
drying operations at the first plant to 11 mg/cu m as NG in the
"gelatinating"  operation at the second plant. Average airborne
concentrations were 2.3 mg/cu m as NG at the first plant (10 operations),
3.7 mg/cu m at the second plant (7 operations), 3.4 mg/cu m at the third

plant (i cperacivn: o, and 3.1 mg/cu v Lor &ll three plants combined.
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Information on the potential for dermal absorption of NG:EGDN was not
provided.

Blood pressure was measured for each of the 276 workers at the
beginning of a workweek, after a holiday, and at the end of the week [54].
Twenty-four per cent of the men and 30% of the women were less than 30
years old, 54% of the men and 60% of the women were 30-49 years old, and
22% of the men and 10% of the women were 50 or more years old. Information
on duration of employment was not available for the third plant. At the
other two, the average length of employment was about 6 years for men and
about 5 years for women.

The authors [54] reported average blood pressure readings in each of
the three age groups at each of the three plants. Since airborne
concentrations of NG:EGDN at the three plants were in the same range, the
data for each age group at the three plants were averaged by NIOSH,
weighted by the number of workers in each group, so that blood pressure
measurements could be compared easily. At the beginning of the week,
average blood pressure measurements for the 174 men were 123 mmHg for
systolic pressure, 75 mmHg for diastolic pressure, and 47 mmHg for pulse
pressure. At the end of the week, average blood pressure measurements for
these workers had increased to 129 mmHg for systolic pressure, 79 mmHg for
diastolic pressure, and 51 mmHg for pulse pressure. For the 102 women,
average blood pressure measurements at the beginning of the week were 145
mmHg for systolic pressure, 77 mmHg for diastolic pressure, and 47 mmHg for
pulse pressure. At the end of the week, average Dblood pressure
measurements for these women were 132 mmHg for systolic pressure, 82 mmHg

for diastolic pressure, and 55 mmHg for pulse pressure.

43



Forssman et al [54] stated that initial exposure to NG or to EGDN was
associated with rapid decreases in both systolic and diastolic blood
pressures. They also believed that long-term exposure to EGDN tended to
raise diastolic pressure and reduce systolic pressure but that long-term
exposure to NG had no known effects on blood pressure. References were not
cited, however. During the week, average diastolic and pulse pressures
increased in both men and women, but systolic pressure decreased by an
average of 13 mmHg in women, whereas that in men increased by an average of
6 mmHg. The increase in diastolic pressure in both men and women suggests,
however, that there is some compensatory vasoconstriction during exposure
to these compounds. Information was not provided on the circumstances
during which the workers' blood pressures were measured, but if physical
activity is required by the job, particularly for the men's jobs, the
measurements taken after a week of work probably reflect a combination of
the effect of exposure to NG:EGDN and compensatory vasoconstriction as well
as differences in level of activity and other factors.

Forssman et al [54] reported that 31 of the 276 dynamite workers
(11%) had "light'" ECG changes which were associated with increased blood
pressure, or ''moderate' changes which were associated with organic heart
disease, but they did not attribute these changes to exposure to NG:EGDN.
The extent or degree of these changes was not specified. Pulse rates and
respiratory rates were measured as indicators of physical capacity.
Fifteen workers had readings indicative of "reduced capacity', but the
authors reported that 14 of these 15 (93%) also had symptoms (not
specified) that could have contributed to reductions in physical capacity.

They also indicated that the absence records of workers exposed to NG:EGDN
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were generally similar to those of workers who were not exposed.

Forssman et al [54] concluded that permanent symptoms of impaired
health that could be attributed to exposure to ''nitrocompounds' were not
found in medical examinations of this group of dynamite workers. With the
exception of the blood pressure measurements, the authors reported their
conclusions without citing supporting data.

A comparison of pulse pressure measurements in workers employed at an
NG:EGDN dynamite plant in Tamaqua, Pennsylvania, was reported by Keogh et
al [46] din 1977. The 46 workers, all volunteers, were divided by the
authors into four exposure groups based on the jobs they performed when the
study was conducted. The cleanup crew was in the heavy exposure group,
mixing and packing workers were in the moderate exposure group, locomotive
operators and laundry workers were in the minimal exposure group, and
nitrocellulose and dope house workers were in the no exposure group. The
pulse pressures of workers determined after work on Friday and before work
on a Tuesday after a long weekend are shown in Table III-2 [46].

All the workers ﬁad been engaged in strenuous physical activity
before pulse pressures were determined on Friday, but they had been at rest
before the determinations on Tuesday [46]. On Friday after work, average
pulse pressures were lower in workers in the minimal, moderate, and heavy
exposure groups than in those in the no exposure group. On the following
Tuesday, after 3 days without exposure, average pulse pressures of the
three exposed groups were somewhat higher than that of the unexposed group.
In workers not exposed to NG:EGDN, the average pulse pressure was 6 mmig
higher (20%) on Friday after work than on Tuesday before work, suggesting

that physical activity in the absence of exposure to NG:EGDN can cause an
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TABLE III-2

PULSE PRESSURES* IN NG:EGDN DYNAMITE WORKERS

Difference

Exposure Workers Pulse Pressure (mmHg) Friday-Tuesday

Av Friday after Tuesday before

No. Age Exposure Exposure
(Mean) (SD) (Mean) (SD)

Heavy 5 39 28 23 36 10 -8
Moderate 22 36 30 8 35 10 -5
Minimal 4 38 33 12 35 12 -2
None 2 36 39 10 33 14 +6
*Determined while workers were standing
Adapted from Keogh et al [46]
increase in pulse pressure. In contrast, average pulse pressures were

lower on Friday after work than on Tuesday before work in those with
minimal, moderate, or heavy exposure to NG:EGDN. Measurements of pulse
rates would have been useful in determining whether differences in pulse
pressures were affected by differences in 1level of activity. A
quantitative index of exposure was not available, but in the three exposure
groups, decreases in average pulse pressures at the end of work on Friday
below the presumably normal pulse pressures determined on Tuesday before
work appear to be related to the estimated intensities of the exposures.
These findings suggest that the vasodilating activity of NG:EGDN causes

decreases in pulse pressures of exposed workers even during activity that
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would normally be associated with increases in pulse pressure.

In another study, Keogh et al [46] attempted to identify an adequate
biologic index of exposure to NG:EGDN. Blood pressure, pulse rate, pulse
wave changes in the fingertips, heart chamber volume, and concentrations of
NG and EGDN in the blood and on the skin surface were measured in volunteer
workers after work on Friday and before work on Monday. The analysis of
this information, however, is not yet complete.

Kubota [55], im 1975, reviewed findings from studies on workers
exposed to NG:EGDN at a dynamite plant in Japan. He indicated that the
amount of EGDN absorbed through bare hands was about twice the amount
absorbed through rubber gloves. The study design, however, was not
presented. Kubota noted that the surface of "sticky" dynamite contained a
surface activating agent that accelerated EGDN absorption through the skin,
but the agent was not identified. The author listed the methods that he
considered to be useful for the early detection of EGDN poisoning, based on
a study during 1963 of workers at a Japanese dynamite plant. Postural
hypotension, a decrease in blood pressure of more than 10 mmHg upon
standing, was found in about 15% (12 of 81) of the workers exposed to
NG:EGDN and in about 47 (2 of 50) of the wunexposed workers. 0f the 22
former dynamite workers with a history of "EGDN poisoning,' 327 (7) also
had postural hypotension. Kubota also indicated that another useful
indicator of early intoxication by NG:EGDN was found in the concentrations
of fatty acids in the workers' sera: decreases in those of free fatty
acids and of linoleic acid and an increase in that of oleic acid. Liver
function disorders were apparently more common in workers with a history of

EGDN poisoning but, again, details were not reported. Kubota's findings
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suggest that the effects of exposure to NG:EGDN dynamite are not completely
reversed when exposure is terminated.

Laws [24] noted in 1910 that some dynamite workers employed for many
years developed an enlarged 'area of heart dullness.'" The first reports of
what have become known as ''Monday morning angina or sudden death" were
published in the 1950's [37,56]. 1In 1952, Symanski [56] described three
cases of sudden death without any apparent cause in men who made or filled
cartridges with NG:EGDN dynamite in the Saar (West Germany). One worker
was 42 and the other two were 50 years old at the time of death. All died
suddenly on Monday or Tuesday morning. Distension of the cerebral blood
vessels was the only autopsy finding in the two cases examined shortly
after death. In the third case, no evidence of heart disease, cerebral
hemorrhage, or hypertensive disease was found in an autopsy performed 1
year later on the exhumed body. Symanski [56] concluded that the deaths
were associated primarily with exposure to EGDN although he suggested that
alcohol ingestion or physical exertion over the weekend may have been
contributing factors.

Symanski [56] 1learned through personal communication that 6-8
dynamite workers from Scotland and 1 from West Germany had died suddenly
and that 37 sudden deaths had occurred in dynamite workers in the United
States between 1927 and 1936. Apparently these deaths were more frequent
in the United States in 1935-1936 than in earlier years [56]. The workers
who died had presumably developed tolerance to NG:EGDN, since they had not
complained of headaches. The deaths seemed to occur shortly after slight
physical exertion, and some of the workers had complained of weakness

shortly before death. All 37 dynamite workers in the United States
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apparently died suddenly from heart attacks, most of which occurred during
summers. Symanski [56] did not learn of any sudden deaths in US dynamite
workers that occurred after it had become the practice to circulate fresh
air in the breathing zone of workers in the homogenizing and cartridge-
filling areas. According to a personal communication from Naoum cited by
Symanski [56], this procedure apparently helped to keep the concentration
of NG:EGDN in the mixing and cartridge-filling areas below 2 mg/cu m, as
measured by a colorimetric method using sulfuric acid.

Symanski's report [56] was the first to mention that sudden deaths
had occurred in dynamite workers in the United States, yet further details
on the circumstances of these deaths have apparently not been published.
In an oral deposition taken in 1975 [50], Foulger said that Symanski's
report of 37 sudden deaths in US dynamite workers was only a rumor,
although he indicated that an unspecified number of sudden deaths in this
group had occurred when they were away from work.

In 1954, Barsotti [37] described symptoms of angina in 14 workers who
manufactured NG:EGDN dynamite in Italy. Medical histories and interviews
with  workers were used to identify workers with symptoms and to
characterize these symptoms. Seven of the 14 workers had frequent and
severe attacks of angina, and the other 7 had had mild and occasional
attacks. These symptoms were more severe in the summer than in the winter
months. In most instances, the workers suddenly developed angina on Sunday
night or Monday morning, about 48-60 hours after their last workplace
exposure to the dynamite mixture. The pain usually began in the chest and
spread to the 1left side of the neck. Associated palpitations and

difficulty in breathing were sometimes so severe that the workers were
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immobilized. The attacks usually lasted for several minutes; shorter, less
severe episodes often continued to occur for several hours and for up to 3-
4 days in severe cases. The workers experienced relief from mild attacks
immediately after they returned to the same workplace. Angina attacks were
equally prevalent in men and women and were reported only in workers over
40 years old.

Barsotti [37] noted that other symptoms, including severe headache,
weakness, loss of appetite, hot flashes, palpitations, and intolerance to
alcohol, occurred more frequently and were more severe when dynamite
workers were exposed during production of dynamite containing NG and EGDN
than when they were exposed to dynamite containing NG alone. Medical
examinations indicated that bradycardia and hypotension also were more
frequent and severe when workers were exposed to the NG:EGDN mixture.
There was no evidence of production of methemoglobin or Heinz bodies, and
no ECG changes were found regardless of the time of examination.

The types of work engaged in by some of the workers who developed
angina were described. Two worked in the nitration operation, one in
solidification, two in forming, and two in cartridging [37]. Barsotti
indicated that the ventilation in work areas was being increased in an
attempt to keep the concentration of airborne NG:EGDN below 2 mg/cu m and
that the plants were eliminating EGDN from the dynamite mixture during the
summer months. Environmental concentrations of NG:EGDN were not given.
The author reported that the frequency and severity of angina attacks and
other symptoms in  workers progressively declined and then mnearly
disappeared after ventilation was increased and the use of EGDN was

restricted to the cooler months, but supporting data were not provided.
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Barsotti [37] believed that exposure to EGDN aggravated the symptoms,
such as headache, associated with exposure to NG, and that angina and
similar symptoms were associated with exposure to and withdrawal from EGDN
alone. He based these inferences on the observation that angina was first
reported in dynamite workers after the practice of adding EGDN to the
mixture began in the 1930's. Barsotti suggested that angina was a symptom
of deficiency in blood flow caused by reflex vasospasms in the heart
mediated by the CNS during a period when the worker was not exposed to the
vasodilating effect of EGDN,

In 1963, Bille and Sivertssen {57] reported the circumstances of the
death of a 34-year-old man who had been employed for 6 years in a Norwegian
dynamite plant, where his most recent duty had been to mix NG and EGDN by
hand with other substances, such as nitrocellulose. A mixture of 407 NG
and 607 EGDN was used in the winter, and the reverse mixture was used in
the summer. The authors reported that air samples taken during recent
years revealed concentrations of airborne explosives, expressed as NG, of
0.3-1.4 mg/cu m in the winter and 1.4-3.8 mg/cu m in the summer. The
authors noted that these concentrations were well below the MAC in Norway
at that time (4.7 mg/cu m). The extent of skin exposure was not
determined.

The worker, a very heavy smoker, complained of chest pains for 3
weeks in January 1959, but no other signs or symptoms were detected in a
medical examination [57}. Later in the same year, during a 60-hour
vacation period, he went outside after smoking a few cigarettes and eating
breakfast, but returned immediately because he was feeling 1l1ll. He

developed chest pains and died within 10 minutes of returning to the house.

51



An autopsy revealed enlarged lungs with the alveoli containing bloody
edema fluid [57]. The heart was flabby, blood vessels were dilated, and
the coronary arteries were atherosclerotic to varying degrees. The
worker's death was considered to have been job-related, although heavy
smoking was regarded as a contributory factor. This is one of the few
reports describing sudden deaths in workers exposed to NG or EGDN in which
information on airborne concentrations of these compounds is included.

In 1963, Carmichael and Lieben [58] investigated six deaths at one
dynamite plant, four at a second plant, and three at a third plant. These
deaths occurred between 1956 and 1961 1in a group of some 125 workers
employed in NG:EGDN dynamite mixing or cartridge-filling operations at
plants in Pennsylvania. The authors summarized the available occupational,
clinical, and autopsy information on these cases and compared the estimated
death rates in dynamite workers with expected values for all coronary
artery diseases combined and for sudden unexpected death. They also
discussed several theories of the toxicity of EGDN and NG.

From 1957 through 1960, 6 deaths occurred among 75 workers employed
in the nitrating, mixing, and packing and shoveling operations at one
plant. Four of the six workers died suddenly, one a few hours after the
initial heart attack and one 8 days after an attack. In all cases,
coronary artery disease was considered the cause of death. All but one of
the workers in the plant were under 55, and the six workers who died were
between 32 and 50 years old. The authors estimated that the expected
number of deaths from coronary artery disease (ICD No. 420.1, including
coronary artery disease, sclerosis, and myocardial infarction) for the 75

dynamite workers was 0.084/year, based on Pennsylvania statistics for 1957-
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60, and 0.1/year, based on statistics for the county in which the plant was
located. Thus, the risk of death from coronary artery disease among the 75
dynamite workers was 15-18 times greater than expected in the 4-year
period.

Carmichael and Lieben [58] also compared the risk of sudden death
from heart disease in these workers with estimates available for men aged
30-62 from the Framingham (Massachusetts) Heart Study [59]. The incidence
of sudden death in Framingham men was 10.5/1,000 for a 6-year period. At
one of the dynamite plants in Pennsylvania, 5 of 65 men aged 30-62 died
suddenly within 4 years. Compared with the Framingham men, these dynamite
workers were about 11 times as likely to die suddenly from heart disease.
Carmichael and Lieben acknowledged that these estimates were crude but
thought that the estimates did give some indication of the extent of the
increase in deaths from heart disease in dynamite workers at one plant in
Pennsylvania.

Complete information was not available for any of the six workers
from the first plant who &ied suddenly [58]. Autopsy information was given
for five workers, and some information about work histories and clinical
findings was given for all six workers. Five of the six who died suddenly
had packed dynamite into cartridges by hand for periods ranging from 3 to
more than 13 years. The five died on a Saturday morning, a Sunday evening,
a Monday morning, or a morning after a holiday. Three of the five had not
complained of chest pain, one had complained for 10 years, and one had had
chest pains shortly before his death. Blood pressure measurements were
variable, but they generally showed decreased systolic and diastolic

pressures and increased pulse rates after workshifts. ECG recordings were
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described for four of the five handpackers. The recordings were considered
to be normal for three of the workers; an inverted T wave (V3 and V4 leads)
was noted in the recording of the fourth worker, in whom a healed infarct
was found at the autopsy. Autopsies of four of the five handpackers showed
that all organs except the heart were normal. Sclerosis of the coronary
arteries was moderate to severe, and the vessels were often thickened with
hyaline or connective tissue. A thrombus was found in the coronary artery
of one worker, and an atherosclerotic plaque that almost completely
occluded a coronary artery was found in another worker, but no anatomic
anomalies or accumulation of 1lipids that could cause sudden death were
found in the other two workers.

The sixth death reported from the first dynamite plant was that of a
man in his mid-40's who had been employed in the mix house and who was
admitted to the hospital on Sunday evening with severe epigastric pain
[58]. Acute myocardial infarction was diagnosed and he died 8 days later.
Moderately severe coronary arteriosclerosis, a thrombus of the right
coronary artery, and an arteriosclerotic occlusion of the 1left coronary
artery were found at autopsy. The man reportedly drank large amounts of
alcohol.

In a small plant in Pennsylvania employing fewer than 25 people, 4
men who had worked as dynamite packers for 1 year or more died suddenly
during a  period of 5 years [58]. The authors stated that the
concentrations of airborne ''mitrates'" in the areas where cartridges were
filled by hand were elevated, but the concentrations were not given.
Review of the plant personnel records indicated that many workers had left

the plant after less than 2 months' employment, apparently because they had
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developed severe headaches. The four workers who died suddenly at this
plant were 34-43 years old. Three of these had experienced chest pain
before death. One of the workers had worked as a dynamite cartridge-filler
for 3 years and had passed a comprehensive physical examination 2 weeks
before his death at age 37. The cause of death was diagnosed as acute
myocardial infarction secondary to coronary occlusion. The walls of the
coronary arteries were thickened, and arteriosclerotic plaques almost
completely occluded the 1lumen in some areas. A previous infarction was
indicated by the extensive replacement of myocardial tissue with fibrous
tissue.

The authors [58] were able to provide even less complete information
on workers from the third plant, where four workers had died suddenly on
Monday mornings over a l2-year period. At autopsy, a worker who died at
the age of 32 was found to have had severe sclerosis of the coronary
arteries. The authors reviewed the medical records from one of the plants
(unspecified) and found that many workers had complained of indigestion,
chest pain, and shortness of breath, although indications of cardiac
ischemia had rarely been found in their ECG's. Blood  pressure
measurements, apparently made at regular intervals, indicated that there
was no consistent rise 1in diastolic pressure, although pulse pressure
measurements had decreased considerably from preemployment measurements in
many exposed workers.

Information given by Carmichael and Lieben [58] indicated that there
were many similarities between the cases of sudden death in workers at
these three dynamite plants. All the workers died suddenly at a relatively

early age during a period of up to 48 hours when they were not exposed to
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NG or EGDN in the workplace. In most of the autopsies, the walls of the
coronary arteries were found to be thickened with 1ibrous and hyalinized
connective tissue, and the lumina were restricted with moderate to severe
arteriosclerosis. Howéver, the arteriosclerosis appeared to be limited to
the coronary vessels. The cause of death appeared to be acute myocardial
infarction, but in only a few cases was there evidence that an occlusion
had occurred shortly before death. About half the workers had experienced
angina or similar symptoms before death, but at least two of them had not
reported having any pain.

The authors [58] were unable to determine the toxic mechanism that
caused sudden deaths in dynamite workers, but they suggested two theories.
One possibility was that the deaths were associated with a spasm in a
coronary artery that occurred when the worker was not exposed to the
vasodilatory effects of the dynamite mixture. The other was that death was
related to peripheral vasodilatation consequent to reexposure to
nitroesters after withdrawal from repeated exposures on workdays. The
expansion of the peripheral circulatory bed in conjunction with sclerosis
of the coronary arteries would require the heart, through barostatic
reflexes, to pump extra blood, a requirement it could not meet because of
deficient venous return and insufficient supply of oxygen to its own
muscles. If the subsequent peripheral hypoxemia resulted in release of
catecholamines from the adrenals and chromaffin tissue, these
sympathomimetic amines would tend to further increase demands on the heart
without increasing either the venous return or the intramural supply of
oxygen. Carmichael and Lieben indicated that they favored the second

theory, since they had found 1little pathologic evidence of coronary
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vasospasm in the autopsied workers. It is unlikely, however, that a spasm
of a coronary artery would result in findings that could be identified in
an autopsy. It is possible that both mechanisms were associated with these
sudden deaths.

According to Carmichael and Lieben [58], Hueper [60,61] had suggested
that the nutrient arterioles in the heart might have been damaged by
repeated dilation and constriction, promoting the deposition of hyaline
connective tissue. This tissue could then have resulted in sclerosis that
could not be distinguished at autopsy from arteriosclerosis associated with
other factors. However, these data do not indicate whether
arteriosclerosis was more or less severe in the hearts of the dynamite
workers than in those of others, since the coronary arteries from these
autopsies were not compared with those from autopsies of unexposed men of
similar age.

In conversations with medical personnel from other US explosives
manufacturers, Carmichael and Lieben [58] learned that sudden deaths had
occurred in US dynamite workers some 20-25 years previously, but that they
could not be directly attributed to exposure to either NG or EGDN.
Apparently on the basis of these conversations, the authors indicated that
there had been a nearly tenfold increase in sudden deaths in workers since
EGDN had been introduced into the dynamite manufacturing process.
Therefore, they implicated EGDN as the agent responsible for angina and for
sudden deaths in dynamite workers. Carmichael and Lieben were the first to
describe cases of sudden death in workers employed in the manufacture of

NG:EGDN dynamite in the United States.
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Yamagawa [62] reported in 1965 that eight workers aged 35~51 who had
been employed at a NG:EGDN dynamite plant in Japan for 12-26 years had died
suddenly without any apparent cause. Six of the eight died on Sunday or
Monday. An unspecified number of workers had angina and numbness in the
fingers. Both symptoms disappeared when the workers changed jobs,
suggesting that at least some effects of exposure to NG:EGDN are
reversible.

Lund et al [63], in 1968, described nine cases of toxic effects in
workers after they were withdrawn from exposure to NG, The exposures
occurred at an explosives factory in Sweden during 8 years when workers
were handling NG directly. Although the workers wore protective clothing
and gloves, the authors indicated that some NG might have been absorbed
through the skin.

A  35-year-old worker who died had been exposed to NG for 9 years
[63]. He had consulted a physician about 5 months before his death about
severe attacks of chest pain. These attacks occurred on Sundays, during
either the evening or the night, but disaﬁpeared shortly after he returned
to work on Monday. Physical examination and an ECG recording at that time
revealed no abnormalities. At a routine physical examination 1 month
later, the patient indicated that the chest pains had not returned. He
died 4 months later on a day after a mnational holiday. Myocardial
infarction was the clinical diagnosis of the cause of death, but an autopsy
did not reveal any signs of atherosclerosis in the coronary arteries or any
other pathologic condition except lung congestion. It was learned later

that the worker nad experienced chest pains before his death.
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Eight cases of nonfatal symptoms associated with withdrawal from
exposure to NG were described in this report [63]. Seven of the subjects
were men aged 38-55 who had worked with NG for 2-27 years; one of these men
had also been exposed to EGDN, but only for 24 hours. The eighth subject
was a &45-year-old woman who had worked with NG for 11 years. In most of
these cases, the workers suffered from headaches and chest pains that
developed 30-65 hours after their last contact with NG, in several cases
when the employees returned to work on Monday. Physical examination of
these workers did not reveal any pathologic conditions, and ECG recordings
contained no abnormalities. None of the workers reported having continued
chest pains after they were no longer exposed to NG in the workplace.

Lund et al [63] concluded that withdrawal from exposure to NG was the
cause of the chest pains in all these workers, since they could find no
other reason for their occurrence. This was the first report to indicate
that workers exposed to NG alone as well as to NG:EGDN mixtures could
experience angina or die suddenly without any apparent cause. The authors
suggested that the symptoms associated with withdrawal from NG were
qualitatively similar to those associated with withdrawal from EGDN. They
also suggested that angina would probably occur less frequently in dynamite
workers exposed to NG alone than in those exposed to NG:EGDN mixtures,
since they believed that both the vapor pressure and the toxicity of NG
were lower than those of EGDN.

In 1977, the US Army Environmental Hygiene Agency (AEHA) provided
NIOSH with information on work practices, engineering controls, and
environmental concentrations of NG at 11 installations [35]. This

information, apparently collated from industrial hygiene surveys conducted
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by the AEHA, 1s reviewed in Chapter IV. The AEHA also provided some
information on the health of workers at two of the installations.

At "Installation H," about 120 workers engaged in the manufacture of
double-base rocket propellant were exposed to airborne NG at concentrations
ranging from 1.3-2.0 mg/cu m for 4-8 hours a day [35]. Workers were
provided with neoprene gloves or cloth gloves with leather palms. The
teport indicated that workers complained of occasional headaches, but no
further details were provided.

The 1977 AEHA report [35] included a summary of an industrial hygiene
survey and a review of medical records conducted in 1971 at a plant listed
as "Installation K." A 1971 report from the AEHA [36] indicated that
Installation K was the Badger Army Ammunition Plant in Baraboo, Wisconsin.
Double-base rocket and small arms propellants containing NG were
manufactured at this plant, which had operated during World War II and the
Korean War and had been reopened in 1966 to make ammunition for the Vietnam
War. The plant is no longer in operation.

There was concern, beginning in 1968, that exposure to NG might be
affecting the health of some workers. The AEHA was asked to perform this
study after the appearance of magazine and newspaper reports of chest pain
in workers exposed to NG. A total of 8,836 workers were employed at the
Badger plant at the time of the AEHA survey in 1971 [36]. Of these, 266
workers (136 men and 130 women) were employed in areas where there was a
potential for exposure to NG.

The AEHA first reviewed the medical records of 40 workers from this
plant alleged to have had illnesses or diseases associated with exposure to

NG between January 1968 and August 1971 [36]. The AEHA decided that there
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was no potential for exposure to NG in the jobs of 7 of the 40 workers. A
table in the report indicates that three of these seven people worked in
the smokeless powder or the nitrocellulose (nitrocotton) areas where there
probably was little or no exposure to NG, but the other four operated
transport carts or were supervisors in areas where NG was present.

The AEHA found that 5 of the 40 workers (13%) alleged to have had
conditions related to exposure to NG had not reported having heart problems
or other illnesses to the plant medical department [36]. Four workers had
reported rashes and four others, all employed in the roll and press area,
had reported headaches but no other symptoms. The AEHA concluded that 12
of the 40 (30%) had '"heart conditions,' based on ECG evidence of myocardial
infarction or coronary occlusion, or on complaints of angina, burning in
the chest, or chest pain. Eight of the 40 workers (207%) were considered to
have had '"chest pains', which were described as coronary spasms, gas pains,
or dull pains in the chest. The criteria used to distinguish "chest pains”
from "heart conditions" were not discussed.

Seven of the 40 workers (187%7) employed at the plant had died between
January 1968 and August 1971 [36]. 1In 1968, a 49-year-old man who had
worked in the paste area died on a Tuesday, and a 40-year-~old woman who had
worked in the roll and press area died on a Monday. The cause of death was
not listed in the plant medical records of either worker. The AEHA
classified both of these deaths as '"sudden." A 60-year-old man who worked
in the roll and press area died on a Thursday and a man (age not specified)
who was a supervisor in the rocket area died on a Monday. No cause of
death was 1listed for either worker, but both of them were considered to

have had heart conditions when they were first employed at the plant. The
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AEHA had stated that there was no potential for chronic exposure to NG for
supervisors in the rocket area, although it had indicated that supervisors
in rocket manufacturing areas would occasionally handle propellant paste or
chips with their bare hands.

The fifth worker, a 50-year-old man who was also a supervisor in the
rocket area, died on a Thursday. Again, no cause of death was listed, but

' since "minimal'' ECG

he was considered to have had a "heart condition,'
changes had been found previously in a periodic examination. The sixth
worker, a 53-year-old woman employed in the roll and press area, died on a
Thursday in 1969, No cause of death was given, although she had been
referred to a private physician on the morning of her death. The AEHA
indicated that she also had a previous heart condition, since she had
complained of ‘"shortness of breath" and '"burning in the chest." The
seventh worker, a 40-year-old woman employed in the finishing area, died in
1968. The death was attributed to a cause other than cardiovascular
disease (not specified). The AEHA concluded that only two of the seven
deaths that occurred in workers empléyed at the Badger plant should be
classified as '"sudden," but their criteria may have been too stringent.
Concentrations of airborne NG in the Badger plant were measured in
August 1971 [36]. The rocket propellant manufactured at that time
contained 50% nitrocellulose, 35%Z NG, 10% diethylphthalate, 27 2-
nitrodiphenylamine, 1.5% lead 2-ethyl hexanoate, 1.3% lead salicylate, and
a trace of candelilla wax. The small-arms propellant contained 847
nitrocellulose, 10% NG, and 6% other compounds. A total of 118 samples
were taken: 84 breathing-zone samples and 34 area samples. Concentrations

of NG were measured by a colorimetric method described by Yagoda and
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Goldman [64]. The average and highest concentrations of airborne NG were
0.5 and 1.7 mg/cu m in the NG manufacturing area (8 breathing-zone samples,
no area samples), 2.7 and 12.5 mg/cu m in the rocket paste manufacturing
area (30 breathing-zone samples, 2 area samples), 1.7 and 9.2 mg/cu m in
the rocket roll and press area (31 breathing-zone samples, 26 area
samples), and 1.6 and 7.1 mg/cu m in the rocket finish area (l4 breathing-
zone samples, 7 area samples). The lowest concentrations of NG measured in
all four areas were said to have been below the unspecified 1limit of
sensitivity of the analytical method used. These findings suggest that the
average concentrations of airborne NG were lowest in the NG manufacturing
area (0.5 mg/cu m), higher in the rocket roll and press and the rocket
finish areas (1.6-1.7 mg/cu m), and highest in the rocket paste
manufacturing area (2.7 mg/cu m).

The AEHA interviewed 83 of the 266 workers (31%) employed in these
four areas at the Badger plant in August 1971 [36]. In addition, the plant
medical records of these 83 workers from September 1966 to August 1971 were
reviewed, Details of the methods used to select workers, conduct
interviews, and analyze results were not provided. Thé results of the
survey are shown in Table III-3.

In general, headaches, chest pain, and ECG changes appeared to be
more prevalent in workers employed in the rocket paste, roll and press, and
finishing areas than in those employed in the NG manufacturing area.
Headaches were reported most frequently on hot, humid days, particularly
late in the afternoon [36]. A few workers reported having headaches after
a weekend away from work, but most of those who reported headaches

complained when they returned to work after an absence of a week or more.
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TABLE III-3

SIGNS AND SYMPTOMS IN WORKERS WHO MADE
ROCKET PROPELLANT CONTAINING NG*

Rocket Paste

NG Manufacturing,
Manufacturing Roll and Press,

Area and Finishing
Men Women Men Women

No. % No. % No. % No. %

Signs and Symptoms

Headaches 3 27 - - 8 22 12 33
Chest Pain 1 9 - - 0 - 5 14
ECG Changes o - - - 5 14 5 14
Hypertension*#* 6o - - - 3 8 7 19
Rash 6o - - - 7 19 4 11
Number of Workers 11 - 36 36
Average Concentra- 0.5 0.5 2.7 2.7
tions of Airbormne 1.7 1.7
NG (mg/cu m) 1.6 1.6

*Information from interviews in August 1971 and from
medical records (September 1966-August 1971) of work-

ers at Badger plant in Baraboo, Wisconsin

**Hypertension diagnosed if systolic pressure was greater
than 160 mmHg, diastolic pressure was greater than 90
mmHg, or both. (Three had a history of hypertension, fou
hypertension on examination.)

Adapted from a report of the Army Environmental
Hygiene Agency [36]
Based on three to five blood pressure readings, the AEHA conclu

there were no consistent changes in blood pressure or pulse rate,
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the data were not included in the report. The AEHA concluded that
"withdrawal from chronic NG exposure could precipitate chest pain and in
some instances sudden death." The report stated that the findings from
this study were not sufficient to show, however, that workplace exposure to
NG can cause, or contribute to, the development of coronary artery disease.

The AEHA survey of the health of workers exposed to NG at the Badger
plant [36] is difficult to evaluate, since the criteria used to select
workers, classify signs and symptoms, and analyze the findings were not
explicitly stated. However, this study and that in 1968 by Lund et al [63]
suggest that there is an association between chest pain or sudden death and
withdrawal from workplace exposure to NG in the absence of EGDN. The plant
medical records of seven deceased workers were reviewed, but the AEHA
considered that only two of these were cases of ''sudden death."” One of
these two workers who died suddenly was employed in the rocket paste area,
where the average concentration of airborne NG was 2.7 mg/cu m and the
highest was 12.5 mg/cu m. The other worked in the rocket roll and paste
area, where the average concentration of airborne NG was 1.7 mg/cu m and
the highest was 7.1 mg/cu m. Both people died during the early part of the
week, one on Monday and the other on Tuesday. Only one of the other five
deaths occurred during these 2 days. The AEHA study found that sudden
deaths have occurred after reexposure following a weekend of no exposure in
workers exposed to NG in the range of the current Federal standard of 2
mg/cu m.

In 1972, Lange et al [34] reported on 9 cases of nonatheromatous
heart disease in a group of about 200 workers exposed to NG at a munitions

plant in Wisconsin. This was probably the Badger Army Ammunitions Plant in
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Baraboo. Rocket propellant containing wnitrocellulose and 37% NG was
produced at the plant. The authors estimated that about 200 workers, about
160 female process workers and 40 male supervisory or maintenance workers,
were subject to exposure to NG between 1967 and 1971. Rubber gloves and
protective aprons were provided, but apparently there were instances in
which NG contacted the skin directly. Although the work areas were
ventilated, many workers developed headaches, weakness, dizziness, and
nausea soon after beginning the workshift. Lange et al indicated that a
"significant" fraction of those hired quit working at the plant during the
first few weeks, but that those who continued to work developed tolerance
to NG and took measures to maintain this tolerance.

Lange et al [34] described cases of heart disease in eight women and
one man between 35 and 54 years of age who had been employed at the plant
for 11-48 months. All had experienced angina during the weekend or on
Monday morning and two had died suddenly. A 40-year-old woman who had
worked with the NG:nitrocellulose mixture for 11 months died early on a
Monday morning about 62 hours after her last workplace exposure. A routine
ECG, taken 5 days before her death, was normal. Death was preceded by
angina, shortness of breath, pallor, excessive perspiration, hypotension,
and bradycardia. A clinical diagnosis of coronary occlusion with
myocardial infarction was made, but an autopsy was not performed.

The second case was that of a 54-year-old man who died suddenly in
November 1971 [34]. He had been employed at the munitions plant for 4
years but had not returned to work after having an acute myocardial
infarction 6 months before his death. About 1.5 years earlier, arterial

hypertension and a pattern of incomplete left bundle branch block had been
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noted, although they had not been found at the time of first employment.
The worker experienced diffuse chest pain on a Sunday evening about 6
months before his death. 