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PREFACE

The Occupational Safety and Health Act of 1970 (Public Law 91-596)
states that the purpose of Congress expressed in the Act is '"to assure so
far as possible every working man and woman in the Nation safe and healthful
working conditions and to preserve our human resources...by," among other
things, "providing medical criteria which will assure insofar as practicable
that no employee will suffer diminished health, functional capacity, or life
expectancy as a result of his work experience." Later in the Act, the
National Institute for Occupational Safety and Health (NIOSH) s
specifically authorized to '"develop and establish recommended occupational
safety and health standards" and to "conduct such research and experimental
programs as....are necessary for the development of criteria for new and
improved occupational safety and health standards."

The Institute responds to these mandates by means of the Criteria
Document. The essential and distinguishing feature of a Criteria Document
is that it recommends a standard for promulgation by an appropriate
regulatory body, usually the Occupational Safety and Health Administration
or the Mine Safety and Health Administration of the U, S. Department of
Labor.

The development of a Criteria Document entails a critical evaluation of
all available scientific data pertinent to the subject, the writing of a
draft Criteria Document, a systematic external review of the draft by
acknowledged experts in the field, the incorporation of their relevant
comments and suggestions, a review by the Office of the Director of NIOSH,
the printing of a final version, and the delivery of the Criteria Document
to the appropriate regulatory body. This process is lengthy and the typical
Criteria Document is usually two to three years in the making.

Because they encompass thorough systematic reviews of available
information, Criteria Documents generally prove to be of considerable
interest and wutility far beyond the regulatory process. Information
contained in them is useful to both labor and management, and to official
health agencies in reducing the hazards of work. Moreover, they have proven
useful to voluntary agencies seeking to assist these efforts, and to
academicians instructing students in principles of occupational safety and
health. It is our intention that the information contained 1in these
documents be disseminated as widely as possible among those with a need to
know, in order to protect the health and safety of workers.

I am pleased to acknowledge the many contributions to this Criteria
Document on styrene made by external consultants; representatives of the
United Rubber Workers International Union and the 0il, Chemical, and Atomic
Workers International Union; reviewers selected by The Society of
Occupational and Environmental Health, the American Occupational Medical
Association, the Society of the Plastics Industry, Inc., and the Chemical
Manufacturers Association; representatives of other federal agencies; and,
of course, the staff of the Institute (a list of consultants and agencies
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PREFACE (CONTINUED)

receiving the draft Document for review, appears on pages vi-viii).
However, responsibility for the conclusions reached and the recommendations
made, belongs solely to the Institute. All comments by reviewers, whether
or not incorporated into the final version, are being sent with the Criteria
Document to the Occupational Safety and Health Administration (OSHA) for
consideration in standard setting.

~,

Jy D 14 lar, M.D., D.T,

Assistant Surgeon General

Director, National Institute for
Occupational Safety and Health

.H. (Lond.)
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I. RECOMMENDATIONS FOR A STYRENE STANDARD

The National Institute for Occupational Safety and Health (NIOSH)
recommends that worker exposure to styrene in the workplace be controlled by
compliance with the following sections. These recommendations are designed
to protect the health and provide for the safety of workers for up to a
10-hour workshift, 40-hour workweek, over a working lifetime. Compliance
with all sections of the recommended standard should prevent or greatly
reduce the risk to exposed workers of adverse effects. NIOSH considers the
recommended environmental 1limits for styrene to be wupper boundaries of
exposure, Thus, employers should make every effort to maintain exposure
concentrations as low as possible. This recommended standard will be
subject to review and revision as necessary.

Occupational injury and illness attributed to styrenme results from
inhalation of the vapor or from skin contact with the readily absorbed
liquid. The NIOSH recommended standard is primarily based on reports of
effects on the human nervous system, and on irritation of the eyes and
respiratory system.

Central nervous system (CNS) effects have been observed among
experimental subjects as well as workers exposed to styrene at time-weighted
average (TWA) concentrations of about 100 parts per million (ppm). In
addition, some investigators have reported observing these effects at
concentrations less than 100 ppm, both experimentally and clinically,
However, the experimental studies are of limited value in establishing a
recommended exposure limit because of the small numbers of subjects
studied. Similarly, the clinical studies are difficult to interpret because
the exposures occurred over a wide range of concentrations, occasionally in
excess of 100 ppm, The most frequently reported effects of exposures at
about 100 ppm are subjective symptoms such as fatigue, dizziness, headache,
nausea, poor memory, and drowsiness. These subjective symptoms of CNS
depression have been substantiated experimentally in human subjects and in
clinical studies of workers exposed to styrene who demonstrated slower
reaction times and impaired balance; abnormal EEGs have also been noted.

It has been reported in a number of clinical studies that chromosome
changes occurred with greater frequency in the lymphocytes of workers
exposed to styrene at about 100 ppm than among workers not exposed to
styrene. Other investigators have reported an increase in the rate of
sister chromatid exchanges among styrene-exposed workers. However, the
long-term significance of these effects is not clear and requires further
elucidation.

Although the evidence is not strong, exposure to styrene has also been
implicated with other adverse health effects such as peripheral neuropathy,
abnormal pulmonary function, liver toxicity, teratogenicity, and



carcinogenicity. These health effects need further investigation, and would
provide additional evidence for a reduction in the current occupational
exposure standard if they were found to be styrene-related.

Although additional research is needed to clarify some of the reported
effects, worker exposure to styrene should not exceed 50 ppm as a TWA
concentration for up to a 10-hour workshift, 40-hour workweek. To prevent
CNS depression and irritation of the eyes and respiratory tract, exposures
should not exceed 100 ppm, determined as a ceiling concentration by a
15-minute sample.

The "action level" for styreme is defined as one-half the TWA
concentration 1limit for styrene. Due to interday variability of
environmental levels, a worker's single TWA exposure measurement over the
workshift that 1is below the recommended standard does not mnecessarily
indicate that exposures on other days would also be below the recommended
standard. If a worker's TWA exposure during a workshift is at or above
one-half the recommended standard, a sufficient probability exists that on
other days exposures could exceed the recommended TWA standard. As such,
the concept of an "action level” is needed to ensure adequate protection of
the workers. Exposure to styrene below the "action level"” will require
adherence to all sections of the recommended standard except Sections 2(b),
8(a)(2), and the monitoring provisions of 8(b).

Section 1 - Environmental (Workplace Air)

(a) Concentration (Recommended Environmental Limits)

Exposure to styrene in the workplace shall be controlled so that workers
are not exposed to styrene at concentrations greater than 50 parts per
million (ppm), determined as a time-weighted average (TWA) exposure
concentration for up to a 10-hour workshift, 40-hour workweek. A ceiling
concentration of 100 ppm, as determined during any 1l5-minute sampling
period, is also recommended.

(b) Sampling and Analysis

Workroom air samples shall be collected and analyzed as described in
Appendix I, or by any other methods at least equivalent in accuracy,
precision, and sensitivity.

Section 2 - Medical

The employer shall provide the following information to the physician
performing or responsible for the medical surveillance program: the
requirements of the applicable standard; an estimate of the worker's
potential exposure to styrene, including any available workplace sampling
results; a description of the worker's duties as they relate to the



workers's exposure; and a description of any protective equipment the worker
may be required to use.

(a) Preplacement medical examinations shall include at least:

(1) Comprehensive medical and work histories with special emphasis
on the nervous system, skin, respiratory tract, liver, and eyes.

(2) A physical examination giving special attention to the nervous
system, skin, respiratory tract, liver, and eyes. Additional testing, such
as clinical tests of liver function and enzymes, should be considered by the
physician responsible for the examination.

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

(b) Periodic medical examinations shall be made available at least
annually to all workers occupationally exposed to styrene at airborne
concentrations at or above the action level, or who have the potential for
significant skin exposure (see paragraph (b)(3) of this section). These
examinations shall include at least:

(1) An update of medical and work histories.

(2) A physical examination and tests as outlined in paragraph
(a)(2) of this section.

(3) In those instances where there is a potential for elevated or
widely varying styrene exposures through inhalation and/or skin absorption,
measurement of urinary mandelic acid (a styrene metabolite) may serve as a
useful adjunct for characterization of workplace styrene exposures (see
Appendix 1II). If the measurement of a worker's urinary mandelic acid
suggests possible overexposure to styrene, an effort should be made to
ascertain the cause, such as failure of engineering controls, poor work
practices, or nonoccupational exposures.

(¢c) Monitoring of urinary mandelic acid and a physical examination as
outlined in paragraph (a)(2) of this section shall be made available to any
worker exposed to unknown concentrations of styrene during a spill or
emergency.

(d) Workers and potential workers having medical conditions, such as
disorders of the nervous or respiratory systems, or a liver disease that
could be directly or indirectly aggravated by exposure to styrene, shall be
counseled on the possibility of increased risk of impairment to their health
from working with styrene.

(e) Following completion of the examination, the physician shall give
to the employer a written statement about whether the worker has any
detected medical conditions which would place the worker at increased risk



of health impairment from exposure to styrene. The written statement shall
include any recommended limitations upon the worker's exposure to styrene or
upon the use of respirators. A copy of this written statement obtained by
the employer shall not reveal specific findings or diagnoses and shall be
provided to the worker.

(f) Pertinent medical records (i.e., the physician's written statement,
the results of medical examinations and tests, medical complaints, etc.) for
all workers subject to exposure to styrene in the workplace shall be
retained for at least 30 years after termination of employment. Copies of
environmental monitoring data applicable to a worker shall also be included
in that worker's medical records. These records shall be made available to
the designated medical representatives of the Secretary of Labor, the
Secretary of Health and Human Services, the employer, and the worker or
former worker.

(g) The relationship of styrene exposure to adverse reproductive

effects has not been thoroughly investigated. Workers shall be made aware
of the possibility of such adverse effects.

Section 3 - Labeling and Posting

All labels 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 posted signs shall be informed verbally regarding the
hazardous areas of the plant or worksite and the instructions printed on
labels and signs.

(a) Labeling

Containers of styrene used or stored in the workplace shall carry a
permanently attached 1label that is readily wvisible. The label shall
identify the presence of styrene and give information regarding its effects
on human health. The information may be arranged as follows.

STYRENE
CAUTION!

HARMFUL IF INHALED OR IF ABSORBED THROUGH SKIN
IRRITATING TO SKIN, EYES, NOSE, THROAT, MOUTH, AND LUNGS
FLAMMABLE
In case of eye contact, immediately flush eyes
with large amounts of water for 15 minutes.

If irritation persists, get medical attention.

Keep containers closed when not in use.

Use only with adequate ventilation.
Keep away from heat, sparks, and open flame.



(b) Posting

Readily visible signs containing information on the effects of styrene
on human health and emergency measures shall be posted in work areas and at
entrances to work areas or building enclosures where there is the likelihood
of styrene concentrations above the action level or where the possibility of

appreciable spills or skin contact with styrene exist. This information may
be arranged as follows.

STYRENE
CAUTION!
HARMFUL IF INHALED OR IF ABSORBED THROUGH SKIN
IRRITATING TO SKIN, EYES, NOSE, THROAT, MOUTH, AND LUNGS
FLAMMABLE
Place cleaning rags and soiled clothing in
fireproof containers.
Use chemical fire extinguisher,
(¢) Respirators
If respirators are needed during the installation or implementation
of required engineering controls, the following statement shall be added in
large letters to the sign required in paragraph (b) of this section:
RESPIRATORY PROTECTION REQUIRED IN THIS AREA
(d) Emergency Situations
In any area where there is a likelihood of emergency situations
arising, signs required by paragraph (b) of this section shall be
supplemented with signs giving emergency and first-aid instructions and

procedures, the location of first-aid supplies and emergency equipment, and
the locations of emergency showers and eyewash fountains.

Section 4 - Protective Clothing and Equipment

Engineering controls and safe work practices shall be used to keep the
concentration of airborne styrene at or below the limits specified 1in
Section 1(a) and to minimize skin and eye contact. In addition, protective
clothing and equipment shall be provided by the employer to the workers when
necessary.



(a) Eye Protection

The employer shall provide safety glasses, chemical safety goggles, or
face shields (20-cm minimum) with goggles and shall ensure that workers wear
the protective equipment during any operation in which splashes of liquid
styrene are likely to occur. Devices for eye and face protection shall be
selected, used, and maintained in accordance with 29 CFR 1910,133 (U.S.
Department of Labor, Occupational Safety and Health Administration,
Occupational Safety and Health Standards, Eye and Face Protection).

(b) Skin Protection

(1) Workers at risk of skin contact with styrene shall be provided
with protective clothing such as gloves, boots, overshoes, and bib-type
aprons (at least knee-length). The clothing shall be both impervious and
resistant to styrene. Materials made of polyvinyl alcohol or polyethylene
afford good protection.

(2) Clothing contaminated with styrene shall be cleaned before
reuse. Anyone who handles contaminated clothing or is responsible for its
cleaning shall be informed of the hazards of styrene and the proper
precautions for its safe handling and use.

(3) The employer shall ensure that all personal protective
clothing and equipment is inspected regularly and maintained in a clean and
satisfactory working condition.

(c) Respiratory Protection

(1) The use of a respirator to achieve compliance with the
recommended exposure limits is permitted only during the time necessary to
install and test required engineering controls, for nonroutine operations
such as maintenance or repair activities causing brief exposures at
concentrations in excess of the recommended environmental limits, during
work in confined spaces, or during emergencies when concentrations of
airborne styrene may exceed the recommended environmental limit.

(2) Respirators shall be provided in accordance with Table I-1 by
the employer when such equipment is necessary to protect the health of the
worker. The worker shall use the provided respiratory protection in
accordance with instructions and training received.

(3) The respiratory protective devices provided in conformance
with Table I-1 shall comply with the standards jointly approved by NIOSH and
the Mine Safety and Health Administration (MSHA) as specified under the
provisions of the U.S. Department of the Interior, Bureau of Mines
(Respiratory Protective Devices and Tests for Permissibility, 30 CFR Part
11).



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

(5) The employer shall be responsible for the establishment and
maintenance of a respiratory protection program meeting or exceeding the
requirements established by the Occupational Safety and Health
Administration (Respiratory Protection, 29 CFR 1910.134) as summarized below:

(A) Written standard operating procedures governing use of
respirators shall be established.

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

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

(D) Respirators shall be regularly cleaned and disinfected.

(E) Respirators shall be stored in a convenient, clean, and
sanitary location.

(F) Respirators used routinely shall be inspected during
cleaning. Worn or deteriorated parts shall be replaced. Respirators for
emergency use such as self-contained devices shall be thoroughly inspected
at least once a month and after each use.

(G) Workers should not be assigned to tasks requiring use of
respirators unless it has been determined that they are physically able to
perform the work and use the equipment. The respirator user's medical
status should be reviewed periodically (for instance, annually) as
recommended by the physician responsible for the physical examination,

(H) Appropriate surveillance of work area conditions and
degree of worker exposure or stress shall be maintained.

(I) There shall be regular inspection and evaluation by the
employer to determine the continued effectiveness of the program.,

Section 5 - Informing Workers of the Hazards of Styrene

(a) All new and current workers in areas where airborne exposures to
styrene are at or above the action level, or who have the potential for
significant skin exposure, shall be kept informed of the hazards, relevant
prenarcotic symptoms, effects of overexposure, and proper conditions and
precautions for the safe use and handling of styrene.



TABLE 1-1

RESPIRATOR SELECTION GUIDE
FOR PROTECTION AGAINST STYRENE

Vapor Concentration

Respirator Type Approved Under
Provisions of 30 CFR l1¥

400 ppm or less

1000 ppm or less

5000 ppm or less

Greater than 5000 ppm
or during entry and
escape from unknown
concentrations.

Fire Fighting

Escape

Any chemical cartridge respirator with organic vapor cartridge(s).**
Any supplied-air respirator.**
Any self-contained breathing apparatus.**

A chemlcal cartridge respirator with a full faceplece and organic vapor
cartridge(s).

A gas mask with a chin-style or front- or back-mounted organic vapor
canister.

Any supplied-air respirator with a full faceplece, helmet, or hood.
Any self-contained breathing apparatus with a full facepiece.

Self-contained breathing apparatus with a full facepiece operated In
pressure-demand or other positive pressure mode.

A combination respirator which includes a Type C supplied-alr respirator
with a full faceplece operated in pressure-demand or other positive
pressure or continuous-flow mode and an auxiliary self-contained breathing
apparatus operated in pressure-demand or other positive pressure mode.

Self-contained breathing apparatus with a full faceplece operated in
pressure-demand or other positive pressure mode.

Any gas mask providing protection against organic vapors.

Any escape self-contained breathing apparatus.

*Only N10SH-approved or MSHA-approved equipment should be used.
**If eye irritation occurs, full-faceplece respiratory protective equipment should be used.



(b) The employer shall institute a continuing education program,
conducted by persons qualified by experience or training in occupational
safety and health, to ensure that all workers exposed to styrene above the
action level have current knowledge of styrene hazards, proper maintenance,
cleanup methods, and proper use of protective clothing and equipment,
including respirators. The 1instructional program shall include oral and
written descriptions of the environmental and medical surveillance programs
and of the advantages to the worker of participating in these surveillance
programs. The employer shall maintain a written plan of these training and
surveillance programs.

(¢) Workers shall also be instructed on their responsibilities for
following proper work practices and sanitation procedures to help protect
the health and provide for the safety of themselves and their fellow workers.

(d) All new and current workers in areas where exposure to styrene may
reasonably be expected to occur during spills or emergencies shall be
trained in proper emergency and/or evacuation procedures.

(e) Required information shall be recorded on the "Material Safety Data
Sheet" shown in Appendix III, or on a similar form specified by the
Occupational Safety and Health Administration (OSHA) describing the relevant
toxic, physical, and chemical properties of styrene and of mixtures of
styrene that are used or otherwise handled 1in the workplace. This
information shall be kept on file and shall be readily available to workers
for examination and copying.

Section 6 - Work Practices

(a) Handling and General Work Practices

(1) Operating instructions for all equipment shall be developed
and posted where styrene is handled or used.

(2) Transportation and use of styrene shall comply with all
applicable local, State, and Federal regulatioms.

(3) Styrene shall be stored in tightly closed containers in
well-ventilated areas.

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

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



(6) Ventilation switches and emergency respiratory equipment shall
be located outside storage areas in readily accessible locations that will
remain only minimally contaminated with styrene in an emergency.

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

(8) Styrene containers and systems shall be handled and opened
with care. Approved protective clothing and equipment as specified in
Section 4 shall be worn by workers who open, connect, and disconnect styrene
containers and systems. Adequate ventilation shall be provided to minimize
exposures of such workers to airborne styrene.

(9) Styrene storage equipment and systems shall be inspected daily
for signs of leakage. All equipment, including valves, fittings, and
connections, shall be checked for leaks immediately after styrene is
introduced therein,

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

(b) Engineering Controls

(1) Engineering controls shall be used when needed to maintain
exposure to airborne styrene within the limits prescribed in Section 1(a).
Complete containment of the vapor is the recommended method for control of
styrene exposure. Local exhaust ventilation may also be effective when used
alone or in combination with process enclosure. When a 1local exhaust
ventilation system is used, it shall be designed and operated so as to
prevent accumulation or recirculation of airborne styrene into the workplace
environment and to effectively maintain safe levels of styrene in the
breathing zones of workers. Exhaust ventilation systems discharging to
outside air shall conform with applicable local, State, and Federal air
pollution regulations and shall not constitute a hazard to workers or to the
general population. Before maintenance work on control equipment begins,
the generation of airborne styrene shall be eliminated to the extent
feasible.

Enclosures, exhaust hoods, and ductwork shall be kept in good repair so
that designed airflows are maintained. Measurements such as capture
velocity, duct velocity, or static pressure shall be made at least
semiannually, and preferably monthly, to demonstrate the effectiveness of
the mechanical ventilation system. The wuse of continuous airflow
indicators, such as water or oil manometers marked to indicate acceptable
airflow, is recommended. A log shall be kept showing design airflow and the
results of all airflow measurements. Measurements of the effectiveness of
the system to control exposures shall also be made as soon as possible after
any change in production, process, or control which may result in any
increase in airborne concentrations of styrene.
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(2) Forced-draft ventilation systems shall be equipped with remote
manual controls and should be designed to shut off automatically in the
event of a fire in the styrene work area.

(c) Confined or Enclosed Spaces

(1) Entry into confined or enclosed spaces, such as tanks, pits,
tank cars, and process vessels, where there is limited egress, shall be
controlled by a permit system. Permits shall be signed by an authorized
employer representative and shall certify that preparation of the confined
space, precautionary measures, and personal protective equipment are
adequate and that precautions have been taken to ensure that prescribed
procedures will be followed.

(2) Confined spaces that have <contained styreme shall be
thoroughly ventilated, inspected, and tested for oxygen deficiency and for
the presence of styreme and any other known or suspected contaminants.
Every effort shall be made to prevent inadvertent release of hazardous
amounts of styrene into confined spaces in which work is in progress.
Styrene supply lines shall be disconnected or blocked off before and while
such work is in progress.

(3) No worker shall enter any confined space that does not have an
entryway large enough to admit a worker wearing safety harness, lifeline,
and appropriate respiratory equipment as specified in Section 4(c).

(4) Confined spaces shall be ventilated while work is in progress
to keep the concentration of styrene at or below the recommended limits, to
keep the concentration of other contaminants below dangerous levels, and to
prevent oxygen deficiency.

(5) 1If the concentration of styrene in the confined space exceeds
the recommended environmental limit, respiratory protective equipment is
required for entry.

(6) Anyone entering a confined space shall be kept wunder
observation from the outside by another properly trained and protected
worker. An additional supplied-air or self-contained breathing apparatus
with safety harness and lifeline shall be located outside the confined space
for emergency use. The person entering the confined space shall maintain
continuous communication with the standby worker.

(d) Emergency Procedures

Emergency plans and procedures shall be developed for all work areas
where there is a potential for exposure to styrene. They shall include
those procedures specified below as well as any others considered
appropriate for a specific operation or process. Workers shall Dbe
instructed in the effective implementation of these plans and procedures.
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(1) If styrene leaks or spills, the following steps shall be taken:

(A) All nonessential personnel shall be evacuated from the
leak or spill area.

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

(C) The styrene shall be collected for reclamation or be
absorbed on vermiculite, dry sand, earth, or similar nonreactive material
and be disposed of properly.

{2) Only personnel trained in the emergency procedures and
protected against the attendant hazards shall clean up spills, control and
repair leaks, and fight fires in areas where styrene is present.

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

(4) Safety showers, eyewash fountains, and washroom facilities
shall be provided, maintained in working condition, and located so as to be
readily accessible to workers in all areas where skin or eye contact with
styrene 1is likely. If styrene is splashed or spilled on a worker,
contaminated clothing shall be removed promptly and the skin washed
thoroughly with soap and water. Eyes splashed by styrene shall be irrigated
immediately with a copious flow of water for 15 minutes. If irritation
persists, get medical attention.

(e) Storage

Styrene shall be stored in well-ventilated areas and kept away from
ignition sources such as heat or sparks and from oxidizing agents,
catalysts, and strong acids. If styrene is stored more than 30 days at 32°C
(about 90°F) or above, the inhibitor concentration shall be checked
periodically. Large styrene storage containers should be installed with a
temperature alarm system to signal interior temperature increases that may
result in runaway polymerization, a special concern in hot climates. The
rate of polymer formation in storage tanks can be reduced by cooling the
tank by means of a water spray, refrigeration, insulation, or reflective
painting. In a laboratory, samples of styreme may be stored in
refrigerators or cold boxes.

Section 7 - Sanitation
(a) The preparation, storage, dispensing (including vending machines),

or consumption of food shall be prohibited in areas where styremne |is
manufactured, formulated, processed, stored, or otherwise used.
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(b) Smoking shall be prohibited in areas where styrene is manufactured,
formulated, processed, stored, or otherwise used.

(c) Workers who handle styrene or equipment contaminated with styrene
shall be instructed to wash their hands thoroughly with soap or mild
detergent and water before eating, smoking, or using toilet facilities.

(d) Facilities such as double lockers should be provided for workers so

soiled clothing can be stored separately from clean clothing.

Section 8 - Exposure Monitoring and Recordkeeping Requirements

(a) Exposure Monitoring

(1) The employer shall conduct an industrial hygiene survey to
determine whether exposures to airborne concentrations of styreme are in
excess of the action level (i.e., 25 ppm determined as a TWA over the
workshift). The employer shall keep records of these surveys. If the
employer concludes that exposures are below the action level, the records
must show the basis for this conclusion. Surveys shall be repeated at least
annually and within 30 days of any process change likely to result in an
increased concentration of airborne styrene.

(2) 1If there is exposure to styrene at or above the action level,
a program of personal monitoring shall be instituted to identify and
measure, or to permit calculation of, the exposure of each worker
occupationally exposed to airborne styreme. Source and area monitoring may
be a useful supplement to personal monitoring. In all personal monitoring,
samples representative of the TWA and ceiling exposures to airborne styrene
shall be collected in the breathing zone of the worker. Procedures for
sampling and analysis shall be in accordance with Section 1(b). For each
determination of an occupational exposure concentration, a sufficient number
of samples shall be collected to characterize each worker's exposure during
each workshift. While all workers do not have to be monitored, sufficient
samples should be collected to characterize the exposure of all workers.
Variations in work and production schedules, as well as worker locations and
job functions, shall be considered in decisions on sampling locatioms,
times, and frequencies.

If a worker is found to be exposed to styrene at or above the action
level but below the recommended environmental limits, the exposure of that
worker shall be monitored at least once every 6 months or as otherwise
indicated by a professional industrial hygienist. If a worker is found to
be exposed to styrene in excess of the recommended environmental limits,
controls shall be initiated, the worker shall be notified of the exposure
and of the control measures being implemented, and the exposure of that
worker shall be evaluated at least once a week. Such monitoring shall
continue until two consecutive determinations, at least 1 week apart,
indicate that the worker's exposure no longer exceeds the recommended
limits. At that point, semiannual monitoring shall then be resumed.
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(b) Recordkeeping

Records of the monitoring wused to characterize the environmental
exposures for each worker shall be retained for at least 30 years after the
individual's employment has ended. These records shall include the name of
the worker being monitored; Social Security number; duties performed and job
locations within the worksite; dates and times of measurements; sampling and
analytical methods used; number, duration, and results of samples taken; and
the type of personal protection used, if any. Workers shall be able to
obtain information on their own environmental exposures. Workplace
environmental monitoring records shall be made available to designated
representatives of the Secretary of Labor, the Secretary of Health and Human
Services, and the worker or former worker.

Pertinent medical records (i.e., results of medical examination results,
the physician's written opinion, medical complaints, medical and work
histories, etc.) for all workers subject to exposure to styrene in the
workplace shall be retained by the employer for at least 30 years after
termination of employment. Copies of environmental monitoring data
applicable to a worker shall be included in that worker's medical records.
These medical records shall be made available to the designated medical
representatives of the Secretary of Labor, the Secretary of Health and Human
Services, the employer, and the worker or former worker.
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II. INTRODUCTION

This report presents the criteria and recommended standards that have
been prepared to meet the need for preventing impairment of health arising
from exposure to styrene. The c¢riteria document 1is developed by the
Secretary of Health and Human Services, in response to 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 worker will suffer impaired health or
functional capacities or diminished life expectancy as a result of his work
experience.”

NIOSH has formalized a system for the development of criteria on which
standards could be established to protect the health and provide for the
safety of workers from exposure to hazardous chemical and physical agents.
The criteria and recommended standard are intended to enable management and
labor to develop better engineering controls and more healthful work
practices, and to comply with the recommended environmental 1limits should
not be the final goal.

These criteria for a recommended standard for styrene are part of a
continuing series of recommendations developed by NIOSH, The proposed
standard applies only to workplace exposure arising from the processing,
manufacturing, handling, and use of styrene. The standard is not designed
for the population-at-large, and any extrapolation beyond the occupational
environment is not warranted. It is intended to: (1) provide protection
against the development of systemic effects and local effects on the skin
and eyes of workers, and (2) be measurable by techniques that are valid,
reproducible, and available to industry and govermment agencies. ‘

Styrene is used extensively in the manufacture of plastics and rubber.
The principal acute hazards from worker exposure to styrene are central
nervous system (CNS) depression and irritation of the skin, eyes, and upper
respiratory tract. The possibility of styrene-related adverse health
effects such as damage to the central and peripheral nervous systems, birth
defects, chromosomal aberrations, sister chromatid exchanges, unscheduled
DNA synthesis, impaired pulmonary function, liver injury, and
carcinogenicity has also been suggested. TFurther study of these latter
effects will help to elucidate their etiology.
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IIT. SCOPE OF THE DOCUMENT

This document assesses the hazards of occupational exposure to styrene,
a commercially important compound. This chapter gives information on the
physical and chemical properties of styrene, its production methods and
uses, and the extent of worker exposure. Chapter IV discusses and
summarizes the effects of styrene exposure on humans and animals.
Subsequent chapters describe environmental sampling and analytical methods
for styrene, biological monitoring techniques, existing occupational health
standards, and a correlation of exposure and effect. In addition, methods
for worker protection are discussed and include suggested work practices,
engineering controls, personal protective clothing and equipment, and
monitoring and recordkeeping.

Most of the clinical studies cited in Chapter IV, Effects of Exposure
are based on the evaluation of workers in the reinforced plastics industry,
along with a number of studies of workers who produce styrene and
polystyrene. Since the formulation of styrene-butadiene rubber (SBR)
involves numerous substances besides styrene and butadiene, and also since
many other substances are emitted during vulcanization and curing, the
likelihood of any effects being due to styrene alone are quite small,
although styrene could be a contributing factor. For example, among workers
who produce SBR, adrenocortical insufficiency [1], enlarged liver and spleen
[2], inflammation of the gall bladder [2,3], and degeneration of the
capillaries [4], have been reported. These effects are different from those
reported to have occurred among workers in other occupational settings where
styrene is made or used. A detailed discussion of the SBR industry is
beyond the scope of this document.

Physical and Chemical Properties

Styrene, also known as vinylbenzene or phenylethylene, is an aromatic
organic compound with the chemical formula CgHsCH=CHj. Styrene is a
volatile liquid with a low vapor pressure [5]. The odor threshold is below
1 ppm [6,7,8]. 1Identifiers for styrene include the Chemical Abstracts
Service Registry No, 100-42-5 and the Registry of Toxic Effects of Chemical
Substances WNo. WL3675000. Standard specifications for styrene have been
issued by the American Society for Testing and Materials [9]. Styrene is
soluble in many organic solvents, but only slightly soluble in water
[10,11]. Other information about styrene, including some of its chemical
and physical properties is given in Table III-1,

16



TABLE III-1

STYRENE PROPERTIES

Synonyms

Molecular formula
Formula weight

Boiling point (760 mm Hg)
Freezing point

Density

Solubility

Flammable (explosive) limits
Flashpoint

Autoignition temperature
Vapor Pressure

Concentration in saturated air
Conversion factors
(25°C, 760 mm Hg)

Cinnamene, cinnamenol, cinnamol,
ethenylbenzene, monos tyrene,

phenethylene, phenylethene,
phenylethylene, stirolo (Italian),
styreen (Dutch), styren (Czech),
styrol(German), styrole, styrolene,
styron, styropol, styropor,
vinylbenzen (Czech), vinylbenzene,
vinylbenzol

CgH5CH=CH

104.16

145.2°C (293.4°F)

-30.6°C (-23.1°F)

0.9018 g/cu cm (25°C)

Soluble in ethyl ether, benzene,

me thanol, toluene, ethanol, acetone,
n-heptane, carbon tetrachloride, carbon
disulfide; slightly soluble in water
(about 25 mg/l00 g water at 25°C)
1.1-6.1% by volume in air

34,4°C (94°F) Tag closed cup

36.7°C (98°F) Tag open cup

490°C (914°F)

Temperature

°F °C mm Hg kPa
50 10 2,34 0.31
68 20 4,50 0.60
77 25 6.45 0.86
86 30 8.21 1.09
104 40 14,30 1.91

8,500 ppm (25°C)
1l ppm = 4,26 mg/cu m
! mg/cu m = 0,235 ppm

Adapted from references (5,10,12,13,14,15]

Discovery of Styrene, Production Methods, and Uses

Styrene was isolated and described in 1831 by Bonastre who distilled a
fragrant natural balsamic resin called 1liquid amber [16]; the reaction
forming styrene was later shown to be the decarboxylation of cinnamic acid,
a constituent of the natural resin [17]. Mention of a similar investigation

by Neumann was made in 1795 by Nicholson [18].

A procedure for the

synthesis of styrene was published in 1866 by Berthelot et al. [19], in
which benzene and ethylene mixtures were passed through a heated porcelain

tube.
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Although styrene was known for many years to polymerize, the first
successful production of high purity styrene was begun in 1925 by I.G.
Farbenindustrie of Germany [20]. The first successful production of styrene
in the United States (U.S.) was begun in 1930 by the Dow Chemical Company
[17]. Today, most styrene continues to be produced by the catalytic
dehydrogenation of ethylbenzene [21,22,23]. Recently, styrene has also been
produced as a coproduct with propylene oxide. In this latter process,
ethylbenzene is first oxidized to its peroxide and is then reacted with
propylene to yield propylene oxide and alpha-methylphenyl carbinol; the
carbinol is dehydrated to styrene [21,22,23], Almost all of the
ethylbenzene used in styrene production in the U.S. is obtained by on-site
alkylation of benzene with ethylene [23]. A small amount (10-15 ppm) of
p-tert-butylcatechol is added to the styrene monomer to prevent spontaneous
polymerization [21].

The U,S. production of styrene grew from 2,4 million pounds in 1940 to
1,745 million pounds in 1960, to a peak of 7,473 million pounds in 1979
[23]. U.S. styrene production was 6,612 million pounds in 1981 [24]; in
1984, 62Z is expected to be gonsumed in polystyrene production, 22% in
copolymers such as styrene-acrylonitrile (SAN) and acrylonitrile-butadiene-
styrene (ABS), 7% in styrene-butadiene rubber (SBR), 7% in unsaturated
polyester resins, and 2% in miscellaneous uses [23]. Many consumer products
are made from styrene-containing compounds 1including packaging and
insulation from polystyrene, pipes and automotive components such as
instrument panels and consoles from ABS, drinking tumblers and battery cases
from SAN, carpet backcoatings from styrene-butadiene latexes, passenger car
tires and industrial hoses from SBR, and boats and open storage tanks from
unsaturated polyester resins. Some other end-uses of styrene are shown in
Table XIII-1,

Worker Exposure

The number of workers in the U.S. potentially exposed to styreme is
difficult to estimate. Currently, there are 13 facilities producing styrene
monomer [23] which is mainly used as a constituent in a variety of different
plastic and rubber items. Polystyrene is made at over 40 locations; other
styrene-containing polymer resins such as ABS and SAN are also produced at
about 40 locations with some facilities producing both types of resins
[25,26,27]. About 20 facilities produce SBR and SBR latexes with 66%
utilized in the tire and tire products industry [26,28]. Many plants are
involved with the fabrication of reinforced plastics/composites, including
hundreds of boat producers [26,29]. There are also hundreds of plastic
fabrication facilities where polystyrene, ABS, SAN, etc., are custom molded,
extruded, formed, or cast into thousands of finished products [26]. 1In
these operations, styrene exposure is due to the unreacted residual monomer
or the thermal degradation of the plastics. In addition, exposures to
styrene may occur during the wuse of miscellaneous products containing
styrene such as floor waxes and polishes, paints, adhesives, putty, metal
cleaners, autobody fillers, and varnishes. NIOSH estimates that at least
30,000 workers in 1,000 plants are potentially exposed in the U.S. on a
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full~time basis to styrene [30]. It is also estimated that compounds
containing styrene are utilized in over 20,000 facilities with more than
300,000 workers potentially exposed [30]. In most of these latter
facilities, the potentially exposed workers may not work directly with
styrene or may only periodically come in contact with it. Tables XIII-2 and
XI11-3 summarize styrene exposure levels found during industrial hygiene
surveys in various industries.

In the past, workers 1involved in the production of styrene and
polystyrene may have been significantly exposed to styrene and other toxic
chemicals such as benzene and ethylbenzene [31]. The current use of closed
systems in styrene monomer and copolymer resin production (i.e.,
polystyrene, ABS, SAN, SBR, etc.) limits exposures (for the most part) to
spills, sample collections, the cleaning of vessels, and fugitive emissions
from valves, pump seals, etc. [32,33]; full-shift TWA styrene exposures are
generally less than 10 ppm. Usually, styrene exposures are also less than
10 ppm during the fabrication (i.e., molding, extruding, casting, etc.) of
items from polystyrene or styrene copolymers which contain low residual
levels of styrene monomer. The most substantial exposures to styrene occur
when it is used as a solvent-reactant for unsaturated polyester products
that have been reinforced with fibrous glass. For these reinforced plastic
items such as boats, open storage tanks, wall panels, tub and shower units,
and truck camper tops, The Society of the Plastics Industry, Inc. has given
the formal designation of "reinforced plastics/composites” (RP/C) [34]. The
very nature of many of these operations subjects workers to intimate contact
with materials used in the process; workers may be exposed to high
concentrations of styrene vapor and have skin contact with liquid styrene or
resin. Average styrene exposures in RP/C plants can range from 40-100 ppm
with individual TWA exposures often found as high as 150-300 ppm (see
Table XIII-3)., Short-term exposures (i.e., 5-15 minutes) of styrene in the
1,000-1,500 ppm range have also been reported in some RP/C plants [35,36].

In the fabrication of RP/C, after the surface of the mold is treated
with a release agent (usually a wax) and the initial layer of resin (gel
coat) is applied, hand lay-up or spray-up is done which consists of putting
a layer of chopped fibers or woven mats of fibrous glass in place and then
applying resin. Following disposition of fiber reinforcement and resin, it
is necessary to roll-out or squeegee-out by hand the structure to saturate
the fibrous glass with resin and to remove entrapped air. Other layers of
glass fiber and resin are added and rolled out until the desired thickness
is obtained. The styrene content in the resin is approximately 40 percent
by weight [37,38]. High exposure levels of styrene (especially in building
large items such as boats) occur during the manual spray-up or lay-up
operations, since about 10 percent of the styrene evaporates into the
workplace air as the resin cures [37,38]; the remainder of the styrene is
consumed in the chemical reaction with the unsaturated polyester. The
amount of styrene evolved is dependent on the surface area being fabricated,
thickness of the laminate, ratio of resin to reinforcement, workshop
temperature, and duration of each step in the process [39].
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Workers exposed to styrene are usually also exposed to other chemicals
as well. These potential exposures are to substances utilized as raw
materials, solvents, catalysts, accelerators, or inhibitors; exposures are
also possible to chemical intermediates, thermal degradation products, and
resin-curing emissions. Table XIII~-4 lists other substances that have been
found (usually at 1low levels) in processes wutilizing styrene or
styrene-derivatives.

The Standard Industrial Classifications (SICs) of some of the industries
with potential exposures to styrene are listed in Table XIII-5. In addition
to occupational exposure to styrene, exposure may occur from styrene in
community air [40,41,42], drinking water [43,44,45], fermented grains [46],
food [47,48], toys [49], building panels, and floor coverings [50], and in
the domestic usage of certain floor polishes, metal cleaners, or adhesives
containing styrene.
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IV. EFFECTS OF EXPOSURE

EFFECTS ON HUMANS

Historical Reports

As mentioned in the Scope of the Document, the first published reference

to styrene was by Bonastre in 1831 who wrote: "Its odor is sharp,
penetrating....Its taste 1is bitter, burning and caustic; an unpleasant
sensation remains after tasting [16]." 1In a literature review published in

the United States in 1940, Von Oettingen [51] reported that the toxicity of
styrene had not been studied. However, according to a 1960 report [52],
data on the acute animal toxicity of styrene had been published in Russia in
1936 by Larionov indicating changes in the 1lungs and bronchi, fat
accumulation in the liver, and slight degenerative changes in the kidneys,
as well as decomposition of leukocytes in the spleen, lymph nodes, and blood.

The first U.S. report of the effects of styrene was written by Spencer
et al. [53] in 1942 who, based on animal studies, estimated that repeated
exposure of workers to styrene at 650 ppm would produce no serious
disturbances. However, it was noted that this concentration was definitely
irritating to the eyes and nose and, therefore, the investigators [53]
suggested 400 ppm as a tentative permissible limit for occupational exposure
to styreme, a level producing a disagreeable odor bdut only slightly
irritating.

Based on his experiences in the synthetic rubber industry, in 1943,
Mallette [54] described styrene as a lung and skin irritant that produced
light narcosis and possible liver and kidney injury. He noted that in a
series of several hundred periodic examinations of the blood of workers in
the rubber industry who were exposed to styrene, no traces of the ''blood
damage so characteristic of benzol" were found. Mallette [54] suggested
that a styrene limit of 400 ppm was too high to prevent skin irritation
among workers in synthetic rubber producing factories, and he stated that
200 ppm, which was not irritating to the eyes or nose, was preferable.

Case Studies and Miscellaneous Reports

Few cases of styrene intoxication as such have come to the attention of
physicians because of obscure etiologies associated with styrene exposure,
and there have been no reports of fatalities.

In 1946, McLaughlin [55] reported that among 458 chemical burns of the
human cornea treated by him over a three-year period, thirty cases were
caused by styrene. In the styrene cases there were only superficial
transient disturbances of the eye, with return to normal within 48 hours in
all but one case in which healing took three to ten days.
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In 1952, Barsotti et al. [56] studied seven workers from a polystyrene
manufacturing facility in Italy. The styrene concentration in the work area
where styrene was loaded into the polymerization tower was reported as
188 ppm. Traces of styrene were found in the pumproom air, but no styrene
was detected in any other area of the factory. Methods of sampling and
analysis were not given. The workers had been employed in this factory for
18 months, and most had conjunctival and pharyngeal congestion. Two workers
had an erythematopapular dermatitis localized on the back of the arms, with
increasingly intense itching. Another had suffered for 3 months with a
pruriginous dermatitis. Three workers had hyperactive deep reflexes.
Complete blood counts and urinary hippuric acid concentrations were normal.
None of 20 workers who handled the polymerized product had disturbances of
any consequence. Atmospheric concentrations of polystyrene dust were not
reported [56].

In 1964, Pratt-Johnson [57] described a case of retrobulbar neuritis in
a 48-year-old self-employed Canadian who had worked for five years making
reinforced plastics., The individual admitted that he had handled styrene
carelessly, and had frequently come into contact with it with his bare
hands. Initially, painless deterioration of vision to 20/400 and
centrocecal scotomata were noted in each eye. Upon treatment with vitamin B
compound and nicotinic acid for six months, visual acuity and visual fields
improved slowly, recovery being complete within a year. The author [57]
noted that circumstantial evidence alone incriminated styrene as the toxic
agent. Kohn [58], in reviewing this study, stated "the likelihood of
nutritional amblyopia could not be excluded."

In 1968, Matsushita et al. [59] described the case of a 35-year-old
Japanese worker who developed symptoms of both central and peripheral
nervous system poisoning while employed in a resin coating operation for 3.5
years. As a result of falling at work, he was examined by a physician who
diagnosed his condition as organic solvent poisoning on the basis of
progressive symptoms of peripheral numbness, fatigue, and dizziness, and
work conditions. During a subsequent neurologic examination, a slight
decrease in the muscular strength of the legs and arms, and the grasping
strength of the right hand were found. Most reflexes were normal except for
muscular reflexes of the upper limbs. Decreased sensation in the forearms
and lower 1limbs was indicated by objective pain and vibration tests.
Abnormal electromyograms (EMGs) of the arm and leg muscles were recorded and
interpreted as indicating peripheral neuromyogenic nervous disorders.
However, findings of normal motor nerve conduction velocities for ulnar,
median, peroneal, and tibial nerves may not support this hypothesis. A
slight contraction of the visual fields and a slight expansion of Mariott's
dark point without eye fundus changes were found during ophthalmologic
examination. No electroencephalographic abnormalities, indications of
impaired liver function, or blood dyscrasias were found. The man was
removed from work, treated as an outpatient, and slowly began to recover;
however, about 22 months after treatment had begun, he was still
hypersensitive to cold in his arms and legs. As a result of this case, the
investigators [59] subsequently studied other workers in the factory and
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determined that exposures were due primarily to styreme (up to 600 ppm) and
occasionally to traces of toluene, ethyl acetate, and methanol. The results
of this subsequent study are discussed in the Clinical Studies Section.

In 1971, a case of accidental exposure was reported by Schwarzmann and
Kutscha [60]. In this incident a student inhaled some styrene vapor and
spilled a "small" amount on his hand. Thirty minutes later the student
noticed central bdlind spots in both eyes, and, 30 minutes after this, a
headache developed. The blind spots had almost disappeared 1.5 hours after
the initial contact, but the headache persisted and he was visibly shaking.
He experienced hot and cold spells, had periodic sensations of numbness on
the hand where styrene was spilled, and was extremely restless. For 7 hours
following the accident, he felt very weak. After eating dinner he noticed
the headache was gone. Other reports of this type of reaction to styrene
have not been found, and many of the symptoms described could also be
explained as hysteria or anxiety on the part of the student.

In 1971, Araki et al. [61] provided information of an ll-year history of
lacrimation, nasal irritation, muscle soreness, headache, insomnia, general
malaise, and anxiety, which led to the hospitalization of a 55-year-old
man, The man had worked for l4 years in a Japanese factory where polyester
resin tubs were manufactured. Although no information about airborne
concentrations of styreme was given, the authors reported that the man
typically handled styrene with his bare hands. As a result of this work
practice, the skin on the man's hands was generally thin and atrophic.
Biopsy revealed thinning of the prickle cell layer, flattening of the
papillary layer, and marked edema with mild perivascular infiltration of the
round cells throughout the dermis.

This case also had signs of neuropathy. Although pathologic reflexes
were not found, he did have generally exaggerated deep tendon reflexes,
paresthesia (tingling sensation) of the extremities, and bilaterally
decreased cold sensation of the legs and feet. An electromyogram indicated
a reduced number of motor units during maximal voluntary effort, and larger
polyphasic action potentials of long duration. Biopsy of the biceps humeri
and the gastrocnemius muscles revealed degeneration of the fibers with an
increase of the sarcolemmal nuclei in some places. Biopsy of a peripheral
nerve, n. suralis, showed no remarkable changes. The man's visual field and
acuity were intact and an electroencephalogram (EEG) was normal. Since
Raynaud's syndrome was absent and the man's symptoms were not consistent
with scleroderma, Araki et al. [61] thought that the skin, muscle, and nerve
changes were the result of the direct action of styrene and suggested,
without explanation, that effects on the autonomic and central nervous
systems were due to the action of styrene on the man's brain stem.

A chest roentgenogram of the man revealed pulmonary emphysema, but it
was noted that the man smoked about 20 cigarettes a day. Hippuric acid
excretion and results of tests of liver competence and blood counts were all
normal, but creatinuria (0.187 g/24 hours) was noted. Araki et al. [61]
also reported that about the time of the onset of symptoms (1l years prior
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to hospitalization) the man was admitted to a hospital because of jaundice,
but its cause was not established.

In 1973, Stepien [62] described the case of a 33-year-old female who
suffered from thrombosis of the central retinal vein. She had worked over a
year in a Polish experimental chemical laboratory and had been exposed
mainly to styrene and solvents (not specified) in testing polyester
laminates and epoxide films. Stepien [62] concluded that the interview,
type of work, increased red blood cell count (RBC), toxic changes in the
bone marrow, increased mandelic acid levels to 980 mgZ ten days after last
workplace exposure, and a 1lack of other reasons pointed to a toxic
background for the disease, caused mainly by styrene.

In 1975, Hruba et al. [63] reported a study of two groups of workers
from four Czechoslovakian plants; the styrene exposures were unspecified.
The first group consisted of 10l workers who had been exposed to styrene for
2 months to 6 years; the other group, called a "control" group, included 21
workers just beginning employment. The most common subjective complaints of
the 122 workers (95 women, 27 men, average age 35) were drowsiness (34%),
headaches (28%), fatigue (25%), and increased irritability (l4%).
Examinations revealed signs of vegetative imbalance (64%), lowered tendon
and periostal reflexes (19%), and slight signs of cerebellar nerve
disturbances (14%). Normal EEGs were found in 13 of the exposed workers,
borderline EEGs (including flat graph and conspicuous sleep activity) were
found in 42, and mildly abnormal EEGs (including synchronous rhythms and
centralized predominance of dispersed changes) were found in 46 of the 101
workers, Of the 21 workers in the "control" group just starting employment,
7 had normal EEGs, 7 had borderline readings (including mildly disturbed
rhythm, increased beta, or flat graph), and 7 had slightly abnormal EEGs
because of increased slow activity. After 3 years of employment, only 1 of
the 21 "controls" had an EEG that the investigators [63] considered normal,
12 had borderline EEGs (including flat graphs and mildly increased sleep
rhythms), and 8 workers had abnormal EEGs (not defined).

In 1974, Axelson et al. [64] described two men who were engaged in
plastic boat production and had chronic emotional insufficiency with
symptoms suggesting cerebral lesions around the time they started to work
with styrene. TWA styrene concentrations measured at some worksites at one
of the plants about a year after the men became ill were 200-292 ppm;
instantaneous styrene peaks were sometimes higher than 1,500 ppm. There
were some complicating factors, such as alcohol and drug abuse by one man,
but these did not seem to the authors [64] to be of sufficient degree to
have been likely causes. Axelson et al. [64] thought styrene might have
contributed to the conditions, but believed the evidence was inadequate for
a definite conclusion.

In 1976, Dowty et al. [65] reported qualitative analyses by gas
chromatography and mass spectrometry of 11 paired maternal blood and
umbilical cord blood samples obtained at birth. Styrene was identified in
blood from both sources. The mothers were all healthy and 10 of the babies
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normal. One 1infant with a lumbosacral meningomyelocele had numerous
volatile organic compounds (apparently including styrene, acetone, and
butylated hydroxytoluene) identified in the cord blood. The concentrations
in these blood samples were not reported and are apparently not known.
There were no known occupational exposures to styreme, and its sources were
not determined.

In 1977, Holmberg [66] described CNS birth defects in children born to
two women who were employed in factories in Finland where reinforced
plastics were made. These two women were in a group of 43 women who
responded to questionnaires sent to all women, without regard to their
occupation, who had borne children with CNS defects in the previous year.

In the first case, the mother was a 19-year-old woman (first pregnancy,
first birth). She and her 26-year-old husband, a carpenter, worked in a
factory where reinforced plastics were made; her regular job was grinding,
polishing, and mending reinforced plastic products. She was potentially
exposed to styrene, polyester resin, organic peroxides, acetone, and
polishes. At one point in her pregnancy (about the 4th month), she was
"heavily exposed" to styrene for 3 days when she cleaned a mold. Her
pregnancy was generally unremarkable, except for bronchitis during the 3rd
month. The mother worked until 2 weeks before delivery. The baby, born in
the 9th month, was 54 cm long and weighed 3,900 g. It had congenital
hydrocephalus, anomaly of the right ear, and bilateral malformations of the
thoracic vertebral column and ribs [66].

The other case involved a 24-year-old woman (first pregnancy, first
birth) who also worked in the reinforced plastics industry. She was married
to a 24-year-old welder-plater and gave birth to a 47-cm, 2,200-g girl. The
child died during delivery and was anencephalic. The 7-month pregnancy was
essentially uncomplicated although contractions that occurred in the 2nd
month were controlled with 10 mg of isoxsuprine three times daily for 1
week. In the 7th month, the mother was treated for slight edema with 500 mg
of chlorothiazide once daily for 1 week [66]. 1In the 3rd month, the woman
was exposed to styrene, acetone, organic peroxides, and polyester resin
while performing a hand-rolling operation for about 3 weeks with no
respiratory protection. Afterwards, she was assigned to needlework in the
same shop with occasional assignments in the hand-rolling operation.

Holmberg [66] reported still another case, not involving occupationmal
exposure; it involved a 20-year-old woman (first pregnancy) who gave birth
in the 7th month to a stillborn, anencephalic child. The mother was exposed
to styrene on six occasions when her husband did repair work with reinforced
plastics at home. The materials used were styrene, polyester resin, and
organic peroxides. This case was complicated by a history of juvenile
diabetes in the mother.

Based on information from the Finnish Register of Congenital

Malformations, Holmberg [66] reported that the combined incidence of
hydrocephaly and anencephaly among Finnish women of child-bearing age was
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0.5/1,000 1live births. He predicted 12 live births among women in the
reinforced plastics industry during the 9-month study period, based on
estimates of the number of women of child-bearing age employed in the
Finnish reinforced plastics industry in 1974 (i.e., 250) and on Finnish
fertility data, Thus, the mnormal combined rate of anencephaly and
hydrocephaly (0.5/1,000 live births) was exceeded more than 300-fold.

Melgaard et al. [67] described chronic CNS changes in seven Danish
workers, all males aged 42-65 years with a mean time of exposure to styrene
of 15 years, ranging from 6 to 28 years. Exposure concentrations were not
known, but the workers were all employed in small workshops with what were
described as poor hygienic conditions. Details of the examinations were not
provided except that neuroradiologic examinations were performed either with
pneumoencephalography or computerized tomography.

The men had often experienced acute CNS effects (symptoms of acute
intoxication with headache, dizziness, and a sense of drunkenness toward the
end of the workday). At the time of examination in the hospital, they had
complaints of fatigue, memory loss, difficulty in concentrating, unstated
emotional complaints, and headache. In one man who had for several years
imbibed alcohol excessively, there was biochemical evidence of liver damage
and signs of polyneuropathy. Based on wundescribed mneuropsychological
examinations, there was intellectual impairment in 6 men, 5 showed a
moderate degree, and 1 was severe. Cerebral atrophy was found in 4 men by
computerized tomography scan and in 1 man by pneumoencephalography.

Experimental Exposures

In 1944, Carpenter et al. [68] reported the results of an experimental
study of two men exposed to styrene in a chamber at 800 ppm for 4 hours.
The two men experienced eye and throat irritation immediately after entering
the chamber. Increased nasal mucous secretion, a pronounced and persistent
metallic taste, listlessness, drowsiness, and impairmen& of balance also
occurred during this exposure. Af ter exposure, symptoms of weakness,
unsteadiness, inertia, and depression were reported. Urine collected over a
24-hour period from both subjects was analyzed for hippuric acid and neutral
sulfur. In one subject, hippuric acid excretion was considerably
increased. Neutral sulfur in the two subjects was increased by 17% and 487,
respectively.,

In 1968, the effects of inhalation of styrene vapor at 51-376 ppm on
human subjects were reported by Stewart et al. [69] . Nine healthy men were
studied, some several times, in five experiments according to the design in
Table 1IV-1,
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TABLE IV-1

STYRENE EXPOSURE SCHEDULE

Exper- No. of Exposure Styrene Concentration
iment Subjects Duration (ppm)

(h) Mean Range

1 1 2 117 112-121

2 6 7% 99 95-107
3 3 1 51 50-55

4 3 1 216 203-236

5 5 1 376 368-403

*Two 3.5-hour sessions with an intervening 30-minute lunch period
Taken from Stewart et al. [69]

The styrene was 99.67% pure as determined by infrared (IR) analysis and
contained 2 ppm of p-tert-butylcatechol to inhibit polymerization [69].
Styrene concentrations in the 12,5.x1.8x2.3-m (52.2-cu m) chamber were
measured continuously with an IR spectrometer. The minimum detectable
styrene concentration in the chamber using this method was about 11 ppm.
Breathing zone samples, collected in 50-ml glass pipets every 10 minutes in
experiments 1, 3, 4, and 5, and every hour in experiment 2, were analyzed by
gas chromatography with a hydrogen flame detector. The minimum detectable
styrene concentration by their method of sampling and analysis was 0.05
ppm. Total expired air samples were collected every 15 minutes and
similarly analyzed during experiments 1, 3, 4, and 5 and every hour during
experiment 2 by having the subjects breathe through a tube connected to a
bag outside of the chamber. Urine samples were collected for 24 hours
before the exposures and up to 2 days after the exposures for hippuric acid
determination; urine samples from nine laboratory workers were used for
comparison. Venous blood was collected in experiments 1, 2, and 3 during
the final 10 minutes of exposure, and, in experiment 1, after 1 hour of
exposure. Tests administered during exposure included a modified Romberg
test (balancing on one foot with eyes closed and hands at side), heel and
toe, finger to nose, the Crawford manual dexterity collar and pin test, and
the Flanagan coordination test. Subjective and objective responses were
recorded every 15 minutes during the exposures [69].

Two of five subjects exposed to styrene for 1 hour at 376 ppm reported
eye irritation within 3 minutes; two more reported eye irritation within 15
minutes, All five subjects noted nasal irritation at this concentration.
After 20 minutes, a burning sensation of the face was reported by one
subject. After 25 minutes of exposure, one subject was unable to perform
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the modified Romberg test mnormally. After 50 minutes of exposure to
376 ppm, two subjects exhibited decrements of 20%Z and 33%, respectively, in
the Crawford manual dexterity collar and pin test, and three subjects
dropped to a 10 percentile below their pre-exposure performance omn the
Flanagan coordination test. Nausea that occurred in one subject after 45
minutes of exposure persisted for 1 hour after the exposure. At the end of
the exposure, two subjects reported feeling slightly inebriated; omne of
these subjects and one other individual who complained of headache performed
the Romberg test abnormally [69].

After 20 minutes of a l-hour exposure at 216 ppm, nasal irritation was
noted by one of three subjects. Coordination and balance were not affected
by this exposure [69].

During the 7-hour exposure at 99 ppm, two of six subjects noted mild eye
irritation, and one noted mild throat irritation within 20 minutes after the
exposure began. Eye irritation persisted for 30 minutes before subsiding,
and the throat irritation subsided after drinking coffee. The Romberg test
was performed eight times by each of the six subjects during this
experiment. Two subjects perceived themselves as having difficulty
performing the test on one occasion, and one subject perceived having
difficulty on two occasions. The perceived difficulty was not reflected in
the actual performance of the Romberg test, however, since Stewart et al.
[69] stated there were no objective signs of impairment of balance during
the seven hours. Performances on the Crawford dexterity and Flanagan
coordination tests were also unaffected. Two subjects noted that the odor
of styrene was faint, while the other four barely perceived it at the end of
the experiment [69].

Although the odor of styrene was reported to be moderately strong by the
subject in the 2-hour exposure at 117 ppm and by the three subjects in the
l-hour exposure at 51 ppm, no untoward subjective symptoms or objective
signs of illness were reported [69].

Clinical laboratory test results that remained normal following each of
the exposure sessions included complete blood count (CBC), sedimentation
rate, reticulocyte count, serum glutamic-pyruvic transaminase (SGPT), lactic
dehydrogenase, alkaline phosphatase, blood urea nitrogen (BUN), creatinine,
and blood glucose. Urinary hippuric acid excretion was not significantly
altered by the styrene exposures; pre-exposure values were 0.8-3.0 g/24
hours and the postexposure values were 1.0-2.9 g/24 hours. Styrene
concentrations in exhaled breath samples during the exposures were 25% of
the concentration present in the exposure chamber, which indicated about 75%
retention. Concentrations of styrene found in the blood and postexposure
alveolar air at the end of various periods are presented in Table IV-2,
Percentages of absorbed styrene exhaled during various periods after removal
from exposure are also given. After the exposure, only small amounts of
styrene were eliminated in the breath; for example, 1.2% of the absorbed
styrene was eliminated during the 4 hours after the end of exposure at 117
ppm [69].
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TABLE 1V-2

CONCENTRATIONS OF STYRENE IN CHAMBER AIR, POSTEXPOSURE VENOUS BLOOD,
AND ALVEOLAR AIR

Styrene Concentration

Exposure Chamber Blood Alveolar Absorbed Styrene
(h) air (mg/liter) Air Exhaled in
(ppm (ppm) Postexposure Periods
1 51 0.2-0.7 1.0 0.72 in 7 h
7 99 0.9-1.4 1.3 0.7%2 in 2 h
1 117 1.7 - -
2 117 2.7 1.8 1.2 in 4 h

Taken from Stewart et al, [69]

Hake et al. [70] exposed 10 men in groups of 2-4 for 1, 3, or 7.5 hours
a day to 0, 20, 100, or 125 ppm styrene vapor. Eight women in groups of 1l-4
were exposed at 0 or 100 ppm. Each subject was part of more then one group,
but nonexposure weekends or control exposures (i.e., O ppm) were
interspersed with the styrene exposures. For the men there were 3 days of
exposure at 20 ppm, 4 days at 100 ppm, 4 days at 100 ppm with the
concentration fluctuating between 75 and 125 to simulate workroom exposures,
5 days at 125 ppm, and 7 days at O ppm. The women were exposed to 100 ppm
on 4 days and to O ppm on 2 days. The exposure chamber for control
exposures was initially odorized by the introduction of styrene vapor at 10
ppm upon entry of the subjects, then reduced within 10 minutes to O ppm.

Daily check of the temperature and blood pressure, urinalysis, and
continual medical surveillance during the study by a physician revealed no
unusual abnormalities that could be attributed to exposures to styrene
vapor; neither did the weekly battery of clinical chemistry tests. The
weekly CBC did reveal that eight of the ten male subjects, after three
consecutive days of exposure to 125 ppm, had elevated basophils in the
differential analysis of blood samples drawn on the morning of the fourth
day. The abnormal values ranged from 3 to 5%, the normal laboratory value
being 0 to 1% [70].

No deleterious effect on equilibrium was found as measured by modified
Romberg and heel-to-toe tests. There were some changes in 3 of 6 subjects
in both visual evoked response and EEG amplitude over the course of the
study deemed by the investigators [70] as consistent with CNS depression.
However, the changes were mneither uniform iIn all subjects identically
exposed to styrene, nor were they consistent in magnitude within subjects.
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Pulmonary ventilation (VE) values, forced vital capacity (FVC), fraction
of FVC exhaled in one second (FEV]/FVC), peak expiratory flow-rate (PEFR),
and maximal mid-expiratory flow-rate (MMEF) in general showed no effects of
styrene exposure. The investigators [70] stated that decrements in maximal
expiration values, found in subjects repeatedly exposed for 7 1/2 hours to
100 ppm styrene, indicated a potential effect on pulmonary mechanics that
needed further study.

There was no significant variance in cognitive testing scores because of
styrene exposures. Electrically evoked electromyogram (EMG) configuration
and latency between stimulus and response were found to be consistent
throughout the period of study. The subjects were also asked to note on a
checklist subjective symptoms during the experiment. The overall data
indicated a dose-response relationship between two subjective symptoms, eye,
nose, and throat (EyNT) irritation and headache. For the men, the incidence
of EyNT irritation was 13% at O ppm, 17% at 20 ppm, 20%Z at 100 ppm, 33% at
exposures fluctuating between 75 and 125 ppm that averaged 100 ppm, and 45%
at 125 ppm; the incidence of headache was 3% at 0 and 10 ppm, 0% at 100 ppm,
13% at 100 ppm (fluctuating exposures), and 12% at 125 ppm [70]. There was
no specific indication as to which exposure time (i.e., 1, 3, or 7 1/2
hours) the various subjective responses were elicited at a given exposure
concentration. For the women, the incidence of EyNT irritation was 8% at 0
ppm and 32% at 100 ppm; the incidence of headache was 0% at O ppm and 35% at
100 ppm.

In 1974, changes in psychomotor function during styrene exposure were
examined by Gamberale and Hultengren [71]. Twelve healthy men, 21-31 years
old, were assigned to either of two groups of six. Each group was
sequentially exposed to styrene vapor for four consecutive 30-minute periods
at 50, 150, 250, and 350 ppm. The subjects, while at rest, inhaled
styrene-air mixtures through a mouthpiece with very 1little breathing
resistance. During the final 20 minutes of each 30-minute exposure period,
tests of perceptual speed (numerical recognition and numerical sequence),
simple reaction time, choice reaction time, and manual dexterity were
given. At some point during each of the five tests, each subject's heart
rate was recorded.

These same tasks were also performed under control conditions. To
disguise the introduction of styrene into the exposure chamber and the
changing concentrations of styrene, the authors [71] began the control
experiments with a strong smell of styreme still in the mouthpiece, and
ended with a 3-minute exposure to styrene. Upon completion of each 2-hour
session, the volunteers evaluated their own conditions. Six pairs of
contrasting . condition descriptions were used: calm/hurried, active/passive,
relaxed/ tense, well disposed/ill disposed, unaffected/affected, and
spry/tired. These were evaluated on 7-point scales in which point 4
described normal feelings and points 1 and 7 the extremes. At the end of
the exposure, the subjects felt generally more tense and affected than under
control conditions. None of the subjects believed that his performance on
any test during exposure had been impaired [71].
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There were no significant changes from control values in the manual
dexterity or perceptual tests. However, there were changes in results of
the reaction time tests. The differences between experimental and control
values for simple reaction time increased throughout the exposure and with
the 1increasing of the styreme concentrations. These differences were
statistically significant only during exposure at 350 ppm styrene after
consecutive 30 minute exposures each to 30, 150, and 250 ppm. The
investigators did not employ an experimental design that allowed them to
distinguish the effects of both exposure time and concentration [71].

In 1974, Oltramare et al. [72] reported their study of the toxicity of
styrene in man. The study included experiments with six volunteers, three
of whom had previous occupational exposure to styrene. None of the
occupationally exposed group had worked with styrene during the 15 days
prior to experimental exposure. Comprehensive physical examinations were
given before the studies began.

The results of these examinations were within normal limits except for
one case of slight anemia. The exposures were conducted in a chamber that
was 2.6x2x3 m (15.6 cu m); styrene was introduced by blowing air from
outside the chamber across a styrene vaporizer. The chamber was designed
with an air intake vent in the ceiling that provided a slight air change in
the chamber during exposure [72].

Forty-three exposure sessions (1-3 hours each) were held, using omne to
two subjects at a time. Two subjects were exposed to styrene once at
300 ppm, all six subjects were exposed omne or two times at concentrations of
100 and 200 ppm, and most were exposed at 3~5 ppm and 50 ppm. For
comparison, five of the six participants were exposed to toluene at 200 ppm,
and two were each exposed to 1,1,2-trichloro-1l,2,2-~trifluoroethane at 300
and 600 ppm.

Psychomotor functions of the three subjects who had been occupationally
exposed were studied with simple visual, audiovisual, and multiple stimuli
reaction time tests. The subjects were individually exposed in sessions
that lasted 90 minutes. All subjects were first exposed at 3-5 ppm of
styrene to obtain control data. In other exposure sessions at least 1 week
apart, the subjects were exposed in random order to styrene at 50, 100, and
200 ppm, and to toluene at 200 ppm. A final exposure session at 3-5 ppm
styrene was conducted to obtain additional control data. One subject was
not exposed to styrene at 50 ppm, and data from another subject were not
obtained for toluenme or the final 3-5 ppm session. At each session reaction
times were determined before, 1 hour after start, and then 30 minutes after
the exposures [72].

Simple visual reaction times measured during, and 30 minutes after
exposure at 3-5 ppm were about the same as pre-exposure values. At 50, 100,
and 200 ppm of styrene, reaction times lengthened by 12-37% during exposure
as compared with pre-exposure values; half an hour after removal from
exposure, reaction times in subjects exposed at 200 ppm were still increased
11-35% compared with pre-exposure values [72].
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The audiovisual reaction time test required the subjects to push a
button in response to either a green light or a sound. Results obtained
during exposure were similar to those of the simple visual reaction time
test, i.e., a drop in performance at exposures to styrene at 50, 100, and
200 ppm.

The multiple stimulus reaction time test consisted of three visual and
two auditory stimuli. The 50 ppm styrene concentration had no effect on
performance. The ability of the subjects to perform this diffuse attention
test improved with repeated trials, both during each session and from the
first session to the last. Thus, as the authors [72] commented, an effect
of styrene at 50 ppm, if present, might have been masked by learning
effects. However, decrements of about 2% were found during and after
exposure to styrene at 100 ppm and of about 10%Z during and after exposures
to styrene at 200 ppm., The functional significance of the decreases in
performance found in any of the three tests was not discussed [72].

The authors [72] concluded that measurement of reaction time was a more
sensitive method than vigilance tests for revealing slight effects of
styrene on higher nervous system functions, and that styrene inhalation
leads to narcosis. It is not evident whether the same conclusions on the
relative merits of the two types of tests would have been reached had the
investigators [72] controlled for the effect of learning rate or the order
of presentation of tasks.

Equilibrium disorders (loss of balance) during styrene exposure were
also investigated by Oltramare et al. [72] in three of the six subjects
using a special platform for quantitative assessment of each subject's
movements during performance of a modified Romberg test. In each 4-minute
period, the number of movements was recorded. Statistically significant
differences between results obtained from l-hour exposures at 3~5 and 200
ppm and between 100 and 200 ppm were found, but no differences were found
between results obtained at 3-5 ppm and those obtained at 100 ppm,
suggesting a threshold between 100 ppm and 200 ppm at which performance of
this test was impaired. However, due to the small sample size and the large
dispersion of data, the authors [72] stated that the results should be
confirmed with other experiments before drawing any definite conclusions.

Styrene in exhaled and alveolar air was measured in a series of
experiments with a hydrogen flame ionization hydrocarbon analyzer, and the
percentage of retained styrene was calculated. Usually two subjects were
exposed together. To determine alveolar styrene concentrations, the
subjects were asked to exhale normally into a plastic bag and then make a
forced exhalation into a tube connected to a hydrocarbon analyzer. The
average retention was about 64% of the inhaled styrene. A correlation
coefficient of 0.88 was found between the styrene concentration in alveolar
air during exposure and that in inspired air. Alveolar air concentrations
were monitored for several hours after the exposures. At a given exposure
concentration, the removal of styrene from alveolar air depended on duration
of exposure, The fat content of the subjects was estimated from
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anthropometric measurements; persons with the greatest estimated amount of
fat had lower styrene concentrations in alveolar air and longer retention of
styrene [72].

Urinary mandelate/creatinine ratios were elevated by statistically
significant amounts (p<0.05) over control values in the two subjects studied
after 90-minute styrene exposures. However, exposures for 90 minutes at
100, 200, and 300 ppm did not produce differences in mandelic acid
concentrations that were large enough to distinguish between the exposures
[72]. The six subjects were asked to note the occurrence of 12 symptoms
during and after the exposures. From all of the experimental exposure
sessions, a total of 55 reports of individual responses were available for
analysis (Table IV-3). For each of the 12 symptoms in the table, the number
of positive responses 1is presented as the numerator of a ratio. The
denominator is the total number of individual reports for the exposure
concentration. A given subject could have been tested more than once at a
given concentratiom. For example, at 100 ppm there were 13
subject-exposures(denominator), gastralgia was experienced 3 times
(numerator). It was not evident from the report whether one subject
experienced gastralgia on three occasions or whether three different
subjects experienced gastralgia [72].
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TABLE 1IV-3

NUMBER OF TIMES SYMPTOMS REPORTED/NUMBER OF SUBJECT-EXPOSURES

S tyrene
ppm

Symp tom 3-5 50 100 200 300
Irritation

Lips D 0/10 0/6 1/13 2/12 0/2

P 0/10 0/6 0/13 1/12 0/2

Eyes D 1/10 4/6 4/13 7/12 2/2

P 0/10 0/6 1/13 2/12 0/2

Nose D 4/10 3/6 7/13 5/12 1/2

P 2/10 1/6 3/13 2/12 0/2

Gastralgia D 0/10 0/6 3/13 5/12 1/2

P 0/10 0/10 1/13 2/12 0/2

Nausea D 0/10 0/6 5/13 4712 2/2

P 0/10 0/6 1/13 2/12 0/2

Dizziness D 1/10 1/6 0/13 3/12 0/2

P 0/10 1/6 0/13 2/12 0/2

Headaches D 1/10 3/6 10/13 10/12 2/2

P 0/10 2/6 8/13 9/12 0/2

Sleepiness D 3/10 2/6 12/13 12/12 2/2

P 1/10 1/6 4/13 11/12 2/2

Poor concen- D 1/10 476 9/13 11/12 2/2

tration P 0/10 2/6 4/13 9/12 2/2

Intoxication D 0/10 1/6 2/13 6/12 1/2

P 0/10 1/6 1/13 3/12 0/2

Fatigue D 2/10 4/6 10/13 9/12 2/2

P 2/10 4/6 9/13 9/12 2/2

Malaise D 0/10 1/6 7/13 7/12 2/2

P 0/10 0/6 1/13 0/12 0/2

D = occurrences during exposure
P = persistence after exposure

Taken from Oltramare et al. [72]
34



Symptoms indicative of narcosis and those referable to the digestive
tract increased with increasing styrene concentrations, At 50 ppm, the
investigators [72] reported that about half of the subjects experienced what
was described as prenarcotic discomfort. The frequency of eye irritation
generally increased with styrene concentration, but the other symptoms of
irritation did not.

When subjects who had worked with styrene were compared with those
without occupational exposure, it appeared that the styrene workers had
become accustomed to some styrene effects, With the exception of symptoms
of irritation, the symptoms noted were consistently fewer for the subjects
with previous styrene exposures than for the other subjects. The workers
previously exposed to styrene reported irritation at 3-5 ppm, and Oltramare
et al. [72] considered that the greater degree of discomfort of the eyes,
nose, and mouth may have been due to chronic inflammation from working with
styrene. Oltramare et al. [72] also concluded that the nervous systems of
the subjects with previous styrene exposure were either less sensitive than
those of other subjects or that the subjects occupationally exposed to
styrene in the past had become accustomed to the effects of styrene.

Subjects who had not been previously exposed to styrene complained of
eye irritation, headaches, sleepiness, difficulty in concentrating, and
fatigue when exposed at 50 ppm. When exposed at 100 ppm, they also
complained of gastralgia, nausea, and malaise. The authors [72] cautioned
that their studies were preliminary and based on an insufficient number of
subjects.

In 1979, Odkvist et al. [73] reported the experimental study of five
men, 22-34 years old, exposed to styrene at 300 ppm for 1 hour. The
volunteers had no history that indicated disease of the nervous system,
eyes, or ears. The exposure took place via a breathing valve during light
exercise (50 Watts) on a bicycle ergometer with no significant
electrocardiogram (ECG) changes recorded. The ability of the eyes to follow
a stripe pattern (passing at a rate of 40 angular degrees per second) in an
optokinetic test, immediately after styrene exposure, deteriorated in all
five test subjects, although not significantly more so than in controlled
experiments with no styrene exposure. No positional nystagmus, fixation
nystagmus, or balance disturbance (standing on one leg with eyes closed and
walking on a line with eyes closed) was observed in any of the test
subjects. The mean concentration of styrene in the blood after 1 hour of
exposure was 8,7 mg/kg. The authors [73] interpreted the deterioration of
the eye's capability to follow an object as a styrene effect that decreased
the inhibitory effect of the cerebellum on the motor function of the eyes.

Clinical Studies

Clinical studies of workers exposed to styrene can be classified by the
relative extent to which effects are likely to be due to styrene, In the
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production of polystyrene, occupational exposures are almost entirely to
styrene., In plants that produce styrene monomer, there may also be exposure
to benzene and ethylbenzene. 1In plastics applications such as reinforced
plastics/composites (RP/C) where styreme is a solvent-reactant for
copolymerization, styrene is the major air contaminant; however, there are
concomitant exposures to fibrous glass, catalysts, accelerators, cleaning
solvents, and other chemicals. In many of the RP/C applications, the
operations involve potential contact of the skin with liquid styrene. During
SBR production, workers are exposed to numerous ingredients and emissions
(during vulcanization and curing) besides low levels of styrene. Thus, the
likelihood that observed toxic effects are due to styrene exposure alone is
greatest in the production of polystyrene, less in the production of styrene
and reinforced plastics, and even less in SBR production.

(a) The Production of Styrene and Polystyrene

In 1963, an industry-wide retrospective study of morbidity with
temporary loss of work among 1,240 workers from five Russian factories was
conducted by Troshina {74]. Styrene, styrene-containing latex, polystyrene,
and synthetic rubber were produced in four of the factories; styrene
concentrations were not reported. In the fifth factory, products were made
from polystyrene, which resulted in exposures to only "traces" of styrene.
A comparison group consisted of workers with no styrene exposure from
auxiliary shops in one factory. Only data from workers employed for at
least a year were considered.

In general, liver and gall bladder illness were the main diseases
recorded; Troshina [74] found that the morbidity rate among women was about
twice that of the men. Details are presented in Table IV-4, Morbidity due
to liver and gall bladder illness increased with increasing length of
employment. However, due to the lack of exposure data, the cause of the
reported effects is unknown.
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TABLE 1IV-4

MORBIDITY DUE TO LIVER AND GALL BLADDER ILLNESS
IN WORKERS WITH EXPOSURE TO STYRENE

Percentage of Workers with Illness

Factory Men Women Total
Styrene production 3.0 5.7 4.7
Production of styrene-containing 3.2 6.7 4.8
latex
Polystyrene production 5.4 11.9 10.5
Fabrication of polystyrene products 0.0 0.7 0.5
Rubber production 2.6 4.0 3.3
Auxiliary shops (control) 1.3 2.0 1.5

Taken from Troshina [74]

In 1978, several clinical studies of workers in a styremne and
polystyrene production plant in the Federal Republic of Germany were
published by Theiss and Friedheim [75], Fleig and Theiss [76], and Theiss
and Fleig [77]; Frentzel-Beyme et al. [78] also reported in 1978 on a
retrospective cohort mortality study (which will be discussed in the
Epidemiological Studies Section) at this same facility. Operations in the
plant began in 1931, but what were described as comsiderable improvements in
equipment and safety precautions were made about 1960. Only closed systems
were in use at the time of the report. It is assumed that these changes led
to a significant decrease in the styrene concentration, but comparative data
were not given. Concentrations of styrene as high as about 50 ppm were
found around some equipment. However, workers were seldom present in these
areas. In areas where workers were frequently present, styrene
concentrations in excess of 1 ppm were seldom found and were always less
than 10 ppm. Styrene concentrations were determined in 1975 and 1976 by gas
chromatography, and the techniques used had a lower limit of detection of
0.01 ppm styrene.

Mandelic acid concentrations in wurine of the styrene-exposed workers
were determined by the gas chromatographic method of Engstrom and Rantanen
[79], as described by Schaller et al. [80]. Concentrations of mandelic acid
in urine were less than 50 mg/l in 61 of 67 styrene and polystyrene
production workers, and greater than 100 mg/l in 3 of the remaining 6. The
data were presented only in bar graph form, and the maximum value was not
reported. However, as will be discussed in a later section (see Figure V-1,
p. 1l41), mandelic acid concentrations of 200 mg/l correspond to 8-hour TWA
exposures of about 10 ppm.
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In the morbidity study at this plant [75] there were 84 workers who had
been engaged in styrene production for 1-36 years, 93 workers who had been
engaged in polystyrene production for 1-38 years, and 62 control subjects
with similar ages. In 1975-1976, the numbers of days lost through sickness
were no greater for styrene and polystyrene workers than for all workers at
the factory, and accident rates were no greater than for all production
workers. There were no significant findings from examination of medical
records or from physical examinations that included chest roentgenograms and
measurements of vital capacity. Laboratory tests included CBC, thrombocyte
count, measurement of activities of serum glutamic-oxaloacetic transaminase
(sGor), gamma-glutamyltranspeptidase (GGTP) (also known as
gamma-glutamyltransferase), lactic dehydrogenase, SGPT, and alkaline
phosphatase, measurement  of total bilirubin, albumin, erythrocyte
sedimentation Tate, thymol turbidity, and creatinine and urea
concentrations. Although unusual values were occasionally found among the
test results, there were no statistically significant differences in the
frequencies of their occurrence between the exposed workers and the
unexposed controls.

Studies of chromosomes from lymphocytes of workers exposed to styrene at
this German plant were reported in 1978 by Fleig and Thiess [76] and Theiss
and Fleig [77]. A reference group of 20 men from the same factory, but not
exposed to styrene, was used for comparison with each group of workers
studied. Five workers engaged in the production of styrene had a slightly
lower frequency of aberrant cells than the reference group (1.6% vs. 2.1%).
Twelve workers who had spent 19-39 years in the production of polystyrene
also had a lower rate of aberrations than the reference group (1.9% vs.
2.1%).

There have been a number of reports [58,81,82,83,84,85,86,87] on studies
of workers in omne U.S. plant that manufactured styrene and polystyrene.
Sixty-five personal charcoal tube samples for organic vapors were collected
during surveys in 1973 by Maier et al. [84]. All but 10 of the styrene
concentrations were less than 5 ppm, and all but one were less than 20 ppm.
Six benzene samples were in the range of 10-50 ppm, two were between 5 and
10 ppm, and 43 were less than 1 ppm with 34 of those being below the limit
of detection. The highest concentration of ethylbenzene was 4 ppm. Except
for 3 of 65 toluene samples being 212-262 ppm, toluene was present at less
than 10 ppm. Acetone was present in 8 samples at 3-10 ppm. There were
traces of pentane (used as a blowing agent) in 15 samples. The highest
concentrations of styrene, benzene, and toluene resulted from spills and
leaks. Of 34 detector tube samples, one indicated a high benzene
concentration (30-60 ppm) and one indicated a high toluene concentration
(300-400 ppm) after a spill of a benzene-toluene solution in the benzene
building; the benzene concentration determined by a detector tube sample in
this building the next day was 15 ppm [84].

One of the five samples of respirable dust (7.6 mg/cu m) measured in the

polystyrene screening area was above the OSHA 1limit of 5 mg/cu m,
Tricalcium phosphate personal respirable dust samples taken in the
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polystyrene screening area contained 8.3 and 4.5 mg/cu m, respectively.
Coal dust concentrations in the power house were 1.2, 1.8, 5,0, and 11.9
mg/cu m, The highest dust concentration occurred when fly ash was loaded
into a truck. The sample of cadmium sulfide dust collected from the
breathing zone of a worker who weighed cadmium sulfide pigments was 0.023
mg/cu m [84].

When the workers in this factory were studied in 1975
[58,81,82,83,85,86,87], environmental measurements were not made. However,
environmental samples collected in early 1976 by the company and reported by
Wolff et al. [85] indicated that exposures of styrene polymerization workers
were similar to those found in 1973 by Maier et al. [84], and that exposures
to styrene during copolymer production and styrene purification may have
increased.

Styrene was not detected by spectrophotofluorometry (lower detection
limit of 2 ng/l) in the blood of 244 of the 364 workers; the highest
concentration found was 90 ng/ml [86]. By comparison, Stewart et al. [69]
found 910 ng styrene/ml of blood in test subjects exposed for 7 hours at 99
ppm styrene, and Astrand et al. [88] found 300 ng styrene/ml of blood in
test subjects exposed to styrene for 30 minutes at 50 ppm,

Various hydrocarbons in fat samples taken by needle aspiration were
determined by gas-liquid chromatography and gas-liquid chromatography/mass
spectrophotometry [87]. Styrene concentrations of 0.1-1.2 ug/g of fat were
found in 13 of 25 workers, all 13 whose last exposure to styrene was 3 days
or less before the fat samples were taken. No styrene was found in fat
samples taken from the remaining workers whose exposure to styrene was
either low or had occurred more than 3 days before the fat sampling.

Urinary mandelic acid was determined by the gas chromatographic method
of Buchet et al. [89]. Mandelic acid concentrations were below the limit of
detection (10 mg/g of creatinine) in 341 of 477 urine samples [86]. The
highest mandelic acid concentration was 140 mg/g of creatinine. By
comparison, Philippe et al. [90], using the same method, found mandelic acid
at about 250 mg/g of creatinine in urine collected at the end of the
workshift from workers exposed at 7-26 ppm. Other investigators [91,92]
using other gas chromatographic methods found that a mandelic acid
concentration of 140 mg/g of creatinine was associated with TWA exposures of
workers to styrene at 7.5~15 ppm. In summary, the mandelic acid, and blood
and fat styrene data [85,86,87] indicated that TWA exposures to styrene were
probably less than 10 ppm.

Toluene was detected in 16 of 25 workers, but in measurable amounts of
0.2-0.3 ug/g of fat in only 3. Benzene was detected in three workers, but
not in measurable amounts. Ethylbenzene was found in fat samples from 21 of
25 workers at concentrations of 0.1-0.7 ug/g. Although the workers were
never exposed to ethylbenzene at airborne concentrations greater than 4 ppm,
ethylbenzene was found in 84% of the fat samples, and traces were found as
long as 90 days after exposure. A gas-liquid chromatographic peak that had
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a retention time identical to that of l-phenylethanol, a possible metabolite
of both styrene and ethylbenzene, was found in the analysis of fat from all
seven polymerization workers. However, the presence of l-phenylethanol was
not confirmed by other methods [87].

According to Maier et al. [84], company policy required that white blood
cell counts (WBC) and hemoglobin and hematocrit determinations be made every
6 months for each worker in areas where benzene exposure was possible.
Reports from the previous year were examined, and on eight occasions
abnormal results consistent with benzene poisoning were found. However,
when the individuals were retested, elther these results were not confirmed
or a cause other than benzene exposure was found. Based on their evaluation
of the available medical information, Maier et al. [84] concluded that there
was no evidence of chronic benzene effects among the workers.

Other investigators [81,82] conducted clinical studies on 494 workers
from this plant. Styrene exposures were classified as high or low on the
basis of job information and environmental data obtained from the employer
[85] and environmental data reported by Maier et al. [84]. Hemoglobin
concentrations in 14% of the workers were below 14 g/100 ml of blood; 3% had
a WBC below 4,800 [82]. The low values were randomly distributed with
respect to duration and extent of exposure. Activities of serum alkaline
phosphatase, SGPT, GGTP, and SGOT, and the concentrations of serum bilirubin
were determined. Only GGTP activity demonstrated a significant relationship
to styrene exposure with about 3% of the values greater than 45
international units in low exposure workers and 7% in high exposure workers.

Lilis et al. [8l1] and Lorimer et al. [82] also studied effects on the
nervous system. Prenarcotic symptoms had been experienced by about 10% of
the workers in the low styrene exposure group and 197 of those in the high
exXposure group. Prenarcotic symptoms were reported most frequently by
workers exposed more than 7 years. Among 412 workers who had no history of
diabetes, back injury, or significant alcohol consumption, distal
hypoesthesia (decreased sensitivity to touch) of the lower extremities and
hypoactive deep tendon reflexes were found more frequently as duration of
exposure increased., Distal hypoesthesia of the lower extremities was found
in 4,1Z of those who had worked 0.1-7.0 years, in 5.4%Z of those who had
worked 7-20 years, and in 8.5% of those who had worked more than 20 years.
Lilis et al. [81] did not differentiate between high and low exposure groups
and did not say whether an effect of the workers' ages was considered.
Because duration of exposure probably correlated with age, the effect might
have been age-related rather than exposure-related.

Radial nerve conduction velocities were studied in 80 of the workers,
and peroneal nerve conduction in 73 workers; workers with a history of
diabetes, back injury, or significant alcohol consumption were excluded.
Radial nerve conduction velocities of less than 55 meters per second (m/s)
were found in 15 workers, but there was no relation to the duration or
intensity of exposure to styrene, Peroneal nerve conduction velocities were
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less than 40 m/s in 12 of 63 workers with more than 7 years of exposure and
in none of 10 workers with less than 7 years. The mean peroneal nerve
conduction velocities decreased with duration of exposure, but the decreases
were not statistically significant and were not related to the intensity of
exposure. Lilis et al. {8l1] did not give data concerning normal nerve
conduction velocities, although it appears that neither 55 m/s for the
radial nerve nor 40 m/s for the peroneal nerve is an abnormally low value,
at least without making adjustment for age. The mean age of those with
slower nerve conduction velocities was greater than that of those with
velocities described as normal, but the age difference was not statistically
significant.

Kohn [58] reported the results of a screening ophthalmological
examination of 345 of the styrene-exposed workers. Styrene exposures
averaged approximately 5 ppm. No evidence of optic neuritis or retrobulbar
neuritis was found. Several workers gave a history of having had styrene
beads embedded in their corneas, and one worker complained of beads embedded
in the eyelid after a valve had burst. Conjunctival irritation related to
styrene exposure occurred in 22% of the workers. The irritation was noted
commonly at styrene concentrations above 50 ppm.

In respiratory system studies of these workers by Lorimer et al. [82],
it was found that 19% of the high exposure group had experienced wheezing or
tightness of the chest, compared with 7%Z of those in the low exposure
group. These symptoms occurred weekly or monthly in about 12% of the high
exposure group compared with symptoms occurring in about 5% of the 1low
exposure group. However, splrometric studies of airway effects did not
suggest significant changes, nor was there any radiologic evidence of
significant lung change observed.

In 1971, Ponomareva and Zlobina [93] reported on workers in a Russian
factory engaged in the production of block and emulsion polystyrene and
styrene-acrylonitrile (SAN). The investigators examined 236 workers; 120
were engaged in the production of block polystyrene, 56 in emulsion
polystyrene production, and 60 in copolymer production. Eighty percent of
the workers were women, and most workers were 30-49 years of age.

The 120 block polystyrene production workers were divided into three
groups: (I) those involved with the polymerization of styrene, where
concentrations of styrene were occasionally as high as 5 ppm; (II) workers
involved with polystyrene film and filament production, where they were
exposed to styrene only 25-50% of the time at concentrations below 1 ppm,
but at temperatures of 30°to 40°C; and (III) auxiliary and technical workers
who had short, intermittent exposures to styrene (concentrations were not
specified) [93].

The 56 workers involved in the emulsion production of polystyrene were
also divided into three groups. Because styrene concentrations were usually
below 1 ppm but polystyrene dust concentrations of 8-12 mg/cu m were
frequent in the drying and packaging rooms, the groupings were based on
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concentrations of polystyrene dust. The groups were: (I) workers engaged
in polymerization, sedimentation, and centrifugation; (II) drying and
packaging workers; and (III) a group of miscellaneous workers who
experienced only brief contact with styreme vapor and polystyrene dust.
Workers in Group I (polymerization) were occasionally exposed to styrene
concentrations above 1 ppm. For the other groups, styrene concentrations
were generally less than 1 ppm [93].

The 60 workers engaged in SAN manufacture were exposed to styrene at
concentrations below 1 ppm. In certain operations the concentration of
acrylonitrile exceeded 0.2 ppm [93].

In each case within the individual production units, it was those
workers in the groups engaged in the polymerization process, i.e., groups
designated I, who were exposed at the highest styrene concentrations, No
additional information was presented about exposures, such as sampling and
analytical methods, frequency of sampling, number of samples taken, or the
number of workers in each subgroup.

Upon examination of the workers who complained of frequent sore throats,
Ponomareva and Zlobina [93] found that most workers had a history of sore
throats before employment at the facility. However, the frequency of this
complaint increased after employment. About 29%Z of the workers from Groups
I and II of the block polystyrene production unit and 21% of the workers
from Group I of the emulsion polystyrene unit had tonsillitis with a high
fever 4-8 times a year.

Workers involved in block polystyrene production had a significantly
higher incidence of upper respiratory tract complaints than those workers
who had only intermittent contact with either styrene vapor or polystyrene
dust. Those workers with only occasional exposure to styrene vapor and
polystyrene dust had a frequency of respiratory complaints no different from
that of the population of the adjacent town. However, the incidence of
respiratory complaints among the residents of the adjacent town was not
reported, nor was the time of year when the study was conducted [93].

In the workers engaged in block polystyrene production for more tham 5
years, there was a high frequency of dry, pale mucosa in the nose, the
pharynx, and occasionally the larynx, which the investigators [93] thought
might make these workers more susceptible to respiratory infection. These
mucosal changes were found in 78% of those workers who had been exposed to
styrene at 5 ppm periodically during their workshift (Group 1), and among
those workers exposed at less than 1 ppm for 25-50% of their workshift for
more than 5 years (Group II). Ponomareva and Zlobina [93] speculated that
high temperatures (30°to 40°C) contributed to the effects observed in the
Group II workers. In some cases the mucosa was covered with a viscous
muco-purulent secretion, and nosebleeds were TrTeported. Ponomareva and
Zlobina [93] diagnosed chronic inflammation of the nasal mucosa with atrophy
of the mucous membranes in about 68% and chronic tonsillitis in about 39% of
these workers.
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Dystrophic upper respiratory changes similar to those found in the block
polystyrene workers were found in about 45% of the workers in Group II of
the emulsion polystyrene unit workers. Workers in the emulsion polystyrene
production unit were found to have the mucosa of their noses and throats
covered with polystyrene dust. However, there were fewer complaints in the
emulsion polystyrene department, and fewer diagnoses of upper respiratory
disease. The exception were workers of Group I where styrene concentratiomns
were occasionally above 1 ppm {93].

High concentrations of polystyrene dust and elevated envirommental
temperatures may have been responsible for some of the health effects noted
in the workers. In addition, the absence of any description of how the
investigators assessed the working environment makes impossible an
evaluation of this report in terms of the effect of styrene at various
concentrations. The investigators [93] concluded that the workers who had
the lowest exposure to styrene, heat, and polystyrene dust had a lower
incidence of upper respiratory complaints.

In 1963, Zlobina [94] reported a study of 40 workers selected at random
from two departments of a Russian polystyrene production facility. Styrene
was the only contaminant present in significant amounts. In the block
polystyrene production department, the styrene concentration (measured in
the winter and summer of 1962) ranged from 0,5-2 ppm, The second
department, emulsion polystyrene production, had styrene concentrations of
1-2 ppm; during the cleaning of process equipment, styrene concentrations
frequently exceeded 12 ppm.

The morbidity rates, based on illnesses with absence from work, showed
an increase in conditions ascribed to the liver and bile duct among workers
in the two departments responsible for polystyrene production, compared with
the rate for the entire factory (see Table IV-5). The lack of the
diagnostic criteria used for determining liver and bile duct morbidity or
information concerning the workers' personal habits, such as alcohol
consump tion, makes it difficult to interpret these results.
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TABLE 1IV-5

MORBIDITY OF POLYSTYRENE PRODUCTION WORKERS
COMPARED WITH REST OF FACTORY

Morbidity* (per 100 Workers)

1959 1960 1961
Total factory 1.7 2.7 2.1
Block polystyrene
production 6.7 9.7 7.5
Emulsion polystyrene
production 2.9 6.4 5.5

*Based on indicators of liver and bile duct disease
Taken from Zlobina [94]

The average blood pressure of twenty workers in the block polystyrene
department was found to drop continually during the workweek from 105/65.7
to 93/57.5 mm Hg, while workers from the emulsion polystyrene production
department exhibited a blood pressure decrease from 104.4/64.4 mm Hg to
92.8/57.2 mm Hg. Such changes were not seen in an undefined comparison
group of workers similarly observed. When the workers returned to work
after a day off, their blood pressures had returned to the initial values.
However, the initial values were not reported, and it is not known why the
systolic and diastolic pressures were so low. In addition, Zlobina [94]
reported that 38% of the 40 workers had frequent headaches and subcostal
(below a rib) pain on the right side, 44% expressed symptoms of irritation
of the mucous membranes of the upper respiratory tract, and about 207% had
pains in the epigastric and heart regioms.

In 1975, Zlobina et al. [95] reported the results of a study of 110
women workers at a Russian polystyrene plant where the concentrations of
styrene were about 1 ppm. Other volatile components were present in only
trace amounts. The sampling and analytical methods used were not given.
The investigation included a questionnaire, in-depth gynecological
examinations, and inspection of individual <c¢linic <cards and birth

histories. The control group was composed of 231 female workers in the
plant management and children's group who had no previous industrial contact
with chemical substances. To ascertain group comparability, the

social-domestic factor was investigated by means of a questionnaire which
included education, income, length of holidays, number of children, use of
pre-school nurseries, time spent on housework, and time spent traveling to
work. There were no significant differences between the groups of workers
and controls on the criteria selected. Both groups were divided according
to work experience and age.
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An analysis of extragenital disease revealed a high incidence of
gastrointestinal diseases (not specified) in the workers as compared to the
control group. Gynecological examinations were given and there were no
significant differences with respect to inflammatory diseases of the cervix
or vagina, infertility, benign tumors, or deviation of internal sex organs.
The styrene workers' incidence of inflammatory diseases of the uterus and
appendages (12.7% vs. 4.7%) and the incidence of disorders in menstrual
function (29.1% vs. 9.1%) significantly differed from the controls. Ten
women complaining of disorders in menstrual function were examined by the
colpocytological method which showed moderate estrogen insufficiency in five
and pronounced insufficiency in two of them. No disorders in estrogen
saturation were found in the other three women examined, although a
hypermenstrual syndrome was observed in one of them [95].

The reproductive function of 67 female workers and 70 women in the
control group was evaluated. There were no significant differences between
the groups in the number of pregnancies, births, or induced or spontaneous
abortions. Toxemias were more frequent in the first half of pregnancy in the
experimental group (49.2% vs. 18.5%). Of the toxemias, nephropathy was
observed significantly more often in the second half of pregnancy in the
experimental group (10.4% vs. 1.4%).

In 1978, Veretinskaya et al. [96] examined hepatic function in 370
workers in three Russian polystyrene production plants. Industrial hygiene
surveys at one of these plants 3 years after work began there showed that
styrene concentrations varied considerably, but on the average did not
exceed 1 ppm. Other workroom air <contaminants were isopentane,
benzaldehyde, ©benzene peroxide, and formaldehyde; all were within
recommended concentration limits. The second plant had airborne
concentrations of styrene stated as ''mot significantly exceeding 1 ppm."
There were 20 workers examined from a third plant. This plant, since
closed, had work conditions stated to be "unfavorable."

In the first plant, 22% of the workers had elevated bilirubin, caused in
507% of the cases by the free bilirubin fraction, in 30% by the conjugated
fraction, and in 20% by an increase in both fractions. In a few cases (8%),
beta-lipoprotein concentrations in blood serum were elevated. Studies of
SGPT activities were unrevealing. Workers known to have hepatobiliary
disease or to be alcoholic were excluded from testing. In the second plant,
there were increases in beta-lipoprotein and SGPT, but not in bilirubin.
However, while these changes were significant in terms of comparison with
the control group, they did not exceed the physiological 1limits of
variability [96].

In one shop in the third plant, 29% of the workers had bilirubin levels
above normal limits and there was a slight and apparently insignificant
number of workers with elevated levels of beta-lipoproteins. Enlarged
livers were found in 6 workers, and pain in the area of the gall bladder was
noted in 20% of those examined. In another shop in this plant, styrene
concentrations had at one time exceeded the maximum permissible
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concentration (MPC) of 1 ppm several hundredfold, but more recently styrene
concentrations had been reduced in most places to less than the MPC. 1In
this shop, there were elevated serum bilirubin concentrations in 20% of the
examinees, elevated beta-lipoproteins in an unstated number (but not beyond
physiologic limits), and an increase in SGPT in 13%. Leukopenia, stated to
be a characteristic effect of styrene exposure, was found in 30% of these
workers and in 187% of the controls; almost identical incidences of moderate
leukopenia had been found in workers inm the first plant and in their
controls,

There were various effects attributed to functional changes in the
liver. These changes did not reach pathological proportions in the majority
of the cases; however, the changes suggested to Veretinskaya et al. [96]
definite metabolic disturbances in the liver cells., The relationship of
styrene to these effects is difficult to evaluate in this study because of
the similarity in responses in areas with airborne styrene exposures
believed almost always to be below the MPC (1 ppm) and in other areas with
styrene exposures exceeding the MPC several hundredfold.

(b) Plastics Applications (Mainly Production of RP/C)

A clinical study of two factories in Czechoslovakia where reinforced
plastics were made was reported in 1960 by Bardodej et al. [97]. In both
facilities the styrene polyester resin was applied to wooden molds by hand;
in one factory, however, the resin was sometimes sprayed on. Regular
medical examinations (not specified) were given to the workers for a 3-year
period.

Apparently, area rather than breathing zone air samples for the
determination of styrene were collected on numerous occasions during an
entire workshift in various work areas and analyzed by UV spectrophotometry
{98], spectrophotometry after mnitration [98], and polarography after
formation of alpha-nitroso-beta-nitroethylbenzene [99]. The method of
collection was mnot specified. The styrene concentrations found averaged
about 50 ppm.

The investigators [97] measured benzoic acid and phenol in wurine
collected at the end of the workshifts from 58 workers and 23 controls.
Elevated concentrations of substances measured as benzoic acid were
demonstrated (800 vs. 400 mg/l). 1In a later publication, Bardodej and
Bardodejova [100] stated that, with the analysis method used, both hippuric
acid and mandelic acid were oxidized to benzoic acid. No increases in
urinary phenols were found. There were no major medical findings in the
RP/C workers except for four cases of dermatitis that were attributed to
other agents. All but five of the workers reported developing increased
fatigue and drowsiness toward the end of the workshift.

In 1972, Dzyuba [101l] published the results of an investigation of a

Russian reinforced plastics plant. Three groups of workers were evaluated
over a 3-year period for neurological dysfunctions. Group I consisted of 70
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workers whose primary exposure was to styrene; Group II comprised 30 workers
exposed primarily to phenol and aniline. Occupational exposure levels were
not given. Fifty workers from an instrument manufacturing facility served
as a control group. Results of these mneurological examinations are
presented in Table IV-6,
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TABLE 1IV-6

RESULTS OF NEUROLOGIC EXAMINATION OF WORKERS EXPOSED TO STYRENE

Percent With Positive Findings

Group 1 Group II
Type of Findings Styrene Phenol/Aniline Controls

Subjective findings
Constant headache increasing 97 30 8
throughout the day with fatigue
and sleepiness increasing after
workshift
Nausea, dizziness, heart pain 66 20 2

Objective findings

Emotional instability 91 60 10
Asthenia (weakness) 23 * 4
Cerebral nerve insufficiency 26 10 *
Unsteadiness in Romberg test 69 * *
Finger tremors of extended hand 61 20 4
Increased tendon reflexes 100 33 16
Anisoreflexia 11 * *
Sympathetic nervous system suppression 100 * *

*Data was not given
Taken from Dzyuba [101]

Among Group I workers, a so-called asthenic-vegetative syndrome was
observed in 227 in the first year, 64% in the second year, and 92% in the
third year [101]. This neurasthenic syndrome was found in 52% of Group II
(workers exposed to phenol and aniline) and in 5% of the controls. When the
workers in Group I returned to work after having several days off, only a
slight decrease in the manifestation of this condition was noticed, but it
substantially decreased or disappeared in Group II workers.

In a factory in France where electronic filters for washing machines
were produced, Bernard [102] in 1966 found evidence of blood abnormalities
and CNS disturbances in workers. The filters were made by placing a
resistor and a capacitor in a flexible plastic mold filled with a solution
of polyester in styrene monomer. No information was presented concerning
airborne concentrations at the time of the study, but after the introduction
of ventilation equipment that changed the room air 50 times per hour,
breathing zone concentrations of styrene were 40 ppm for workers who molded
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parts and 100 ppm for those who removed the mold. Sampling and analytical
me thods were not described, nor were concentrations of trichloroethylene
used as a cleaning solvent reported [102].

The workers encountered few skin problems, but used a skin cream to
prevent skin dryness. There were, however, frequent reports of anorexia,
asthenia (weakness), and headache. One worker also complained of nausea,
vomiting, gastralgia, and vertigo. Subicteric conjunctivitis, slight
leukopenia, neutropenia, lymphocytosis, and a slight anemia were found in
this worker. Three other workers had severe anemia (red blood cell count
(RBC) was about 3,000,000) that disappeared rapidly after the workers were
given jobs away from possible styrene exposure [102]. Whether these effects
preceded or followed installation of controls was not reported, though it
seems likely that they were the motivation for the changes. Because of the
absence of precise information concerning this sequence of events, this
study cannot be used to help establish a recommended exposure limit.

Studies of four workshops in Sweden where reinforced plastics were
produced were reported in 1972 by Gotell et al. [35] and by Axelson and
Gustavson [103] in 1978, The 17 male workers studied had a median age of 28
years (range, 21-57 years) and duration of styrene exposure ranging from a
few days to 12 years. Procedures used to manufacture reinforced plastic
products involved coating wooden molds with wax, covering the molds with
fibrous glass, and applying the styrene-modified polyester resin by either
hand rolling or a combination of spraying and hand rolling. Based on their
observations, Gotell et al. [35] judged the skin absorption of styrene under
these conditions to be fairly low. The studies were conducted in the spring
and fall so that the workers could be examined during moderate climatic
conditions. Measurements were taken on a day in the middle of the week.

Styrene concentrations in the workers' breathing zones were determined
by several methods. In two factories, the samples were collected for
30-minute periods in impingers containing ethanol and analyzed by gas
chromatography; in another factory, air was sampled simultaneously by
absorption in ethanol and analyzed by gas chromatography, by colorimetric
indicator tubes, and by a combustible gas indicator. In the other factory,
samples were collected for 24-66 minutes on charcoal and analyzed by gas
chromatography. Although Gotell et al. [35] reported that some workers were
exposed at 500-800 ppm for certain l-hour periods, the 8-hour TWA exposure
concentrations calculated for each worker ranged from 17-292 ppm, However,
due to the nature of these processes, high concentrations of styrene vapor
were often briefly encountered; in this study, concentrations of about 1,500
ppm were found for periods of 5-10 minutes. The workers were divided into
three groups based on TWA exposures to styrene: (I) 235-292 ppm, (II) 89-139
ppm, and (III) 17-32 ppm.

All workers were given a brief neurological examination that included an
evaluation of the knee and Achilles tendon reflexes, pupillary light
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reflexes, and vibration sensibility; results of these tests were all
normal. A modified Romberg test (one foot in front of the other) was given
before and after work. Two workers showed a slightly unsteady Romberg test
in the morning before work but not after exposure. A comparison group of 17
men from a motor workshop matched in age to the study group was used for the
reaction time test. Reaction times of workers exposed to styrene at
concentrations greater than 235 ppm were longer than those of workers
exposed at less than 139 ppm and those of the age-matched control subjects,
but statistical treatment of these data was not described. Differences
between pre- and post-shift reaction time measurements were not significant
in any group [35].

Lung function tests consisting of forced expiratory volume in one second
(FEV;) and vital capacity were mnormal in the morning and did not change
during the day [35,103]. Blood samples were taken from 35 male workers in
one plant, who had been exposed to less than about 100 ppm styrene. When
compared with a group of 12 healthy males in a manufacturing industry,
elevated levels of the liver enzymes aspartate-amino-tranferase (ASAT) and
alanine-amino-tranferase (ALAT) were found in the styrene workers [103],

Complaints of irritation of the eyes and nasopharynx were common [35].
The concentration of styrene giving rise to these complaints varied from
person to person. The tolerance to the irritant effects of styreme vapor
may increase with exposure time, because workers complained of only minor to
moderate irritation during exposures at 500-800 ppm for several hours, while
the investigators [35] who were in the plant only during the study could not
tolerate such concentrations for more than 1 or 2 minutes. It was also
mentioned that several workers had quit their jobs because of dermatosis.
Gotell et al. [35] speculated that the agents causing the dermatosis could
have been the peroxide or cobalt compounds used as accelerators and
catalysts.

In 1973, Bodner et al. [104] conducted a health hazard survey of a U.S.
factory where reinforced plastic bathtubs were manufactured. The work
involved spraying a fibrous glass-polyester resin mixture onto molds and
then hand-rolling, laminating, and shaping. Although local exhaust
ventilation was used in some of the operations, the makeup air was
insufficient; thus, some workers wore respirators. Workers were exposed to
styrene at 45-550 ppm as determined by breathing zone samples collected on
charcoal for unspecified periods. 1In one operation where a foaming agent
was sprayed, workers were exposed to methylene bisphenyl isocyanate (MDI) at
0.02-0.27 mg/cu m., The OSHA ceiling standard for MDI is 0.2 mg/cu m (CFR
1910.1000). Exposure to airborne fibrous glass was not measured.

Thirty-five workers (21 women, 14 men) were interviewed; their average
age was 34 years. The average length of employment with the company was 3.7
years; however, this particular facility had only been operating for about 2
years. Sixteen of the workers (46%) smoked at least 1/2 pack of cigarettes
a day. Four of the office workers, one man and three women, were used as a
comparison group for the investigation. Complaints of some form of eye,
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nose, or throat irritation were made by 34 of the 35 workers (97%) examined;
17 (49%) complained of wheezing, shortness of breath, or chest tightness,
and 14 (40%) complained of skin rashes, hives, darkening skin color, or skin
sores. Other complaints included nose bleeds, anorexia, excessive thirst,
numbness of extremities, frequent headaches, occasional vomiting, and upset
stomachs. None of these complaints were made by the four office workers who
were interviewed for comparison. Since MDI was also present and is known to
cause irritant effects similar to those observed among these workers, a
direct attribution to styrene cannot be made.

In 1966, Simko et al. [105] reported the effects of styrene on 128
workers (101 women, 27 men) in three Czechoslovakian factories where
reinforced plastics (chairs, small parts) were made. Average work
experience was 1.8 years, with 20 of the workers having had more than 3
years of exposure. Operations were essentially the same in all three
factories, and no respiratory protection was used. Styrene exposures in the
three factories ranged from 4-195 ppm; methods of sampling and analysis were
not reported. Table IV-7 presents the environmental styrene and urinary
mandelic acid concentrations found.

TABLE IV-7

ENVIRONMENTAL STYRENE AND URINARY MANDELIC ACID CONCENTRATIONS

Year(s) of Year(s) Styrene Mandelic Acid
Factory Exposure Measured ppm mg/1l
1 5 1960-65 8-195 72-2,620
II 1 1965 5-165 80-2,100
IIL 1 1965 4-41 36-1,215

Taken from Simko et al. [105]

Clinical and neurological examinations of the workers at the beginning
of the study included gynecologic examinations of the women and
determinations of SGOT, SGPT, serum cholesterol, albumin, bilirubin, and
urinary creatinine in all the workers. In factories I and II, where worker
exposure to styrene was the greatest, all results from measurements of blood
serum components were within normal limits; no signs of liver or gall
bladder injury were found. The subjective symptoms reported included
headache (20%), tiredness (15%), and drowsiness at work (13%). Hypertension
was found in 23%Z of the workers. Simko et al. [105] concluded that the
primary health hazard of styrene exposure was development of the

51



neurasthenic syndrome (a term not defined by the investigators), which was
found in 33% of the 20 workers exposed to styreme for more tham 3 years, and
in 13% of the workers overall,

In 1962, Klimkova-Deutschova [106] reported neurological studies of 35
styrene-exposed workers (30 women, 5 men) in two Czechoslovakian RP/C
plants. The workers had an average age of 38.5 years and an average
exposure duration of 1.9 years. Styrene exposures in the two facilities
were 43-131 ppm and 19-98 ppm. Dibutyl phthalate, trichloroethylene, and
cobalt naphthenate were also present in the work environment. A catalyst,
which was translated as being cyclohexyl peroxide, was also present.
Methods of sampling and analysis were not reported. Workers were excluded
in which earlier diseases such as hepatitis or working with other solvents
could have played a role [107]. Each worker was given a clinical
examination, and 17 had EEGs recorded.

The most £frequent complaints were fatigue (41% of the workers),
headaches (51%), and drowsiness with increased need for sleep (34%).
Neurological effects reported included cranial nerve disturbances (91% of
the workers), diminished reflexes (86%), and autonomic mnervous system
disorders (34%). Performance of a Romberg test (maintaining balance with
eyes closed) and a Hautant test (walking with eyes closed) was impaired in
83% of the styrene workers. Of the 18 EEGs of 17 workers, 5 EEGs were
judged to be normal [106].

A subsequent report in 1973 by Klimkova-Deutschova et al. [108]
described findings in 21 workers examined for a period of three years from
the start of exposure. The age distribution showed a marked predominance in
the range of 40-49 years. The authors [108] found an increase in reports of
fatigue, drowsiness, headaches, symptoms indicative of autonomic mnervous
system disorders, and hyporeflexia. Also, some workers had abnormal EEGs
after 3 years of styrene exposure, whereas no abnormal EEGs were found
during the pre-exposure examinations [108]. These effects were manifested
in those workers with mandelic acid levels greater than 600 mg/l. Workplace
exposure levels to styrene or other substances were not reported.

In 1967, Huzl et al. [109] reported an investigation of five separate
RP/C facilities in Czechoslovakia. The average age of the 55 workers (34
women, 21 men) was 38.4 years; average exposure duration was 1 year. In
four of the five facilities investigated, styrene polyester resin was
applied by hand; the material was sprayed in the fifth facility. Only
"primitive" engineering controls were in use in the four areas where the
resin was spread by hand; gloves were used only occasionally. In addition
to styrene, the workers were also exposed to cyclohexene peroxide, a resin
catalyst, and to cobalt naphthenate, an accelerator. Styrene concentrations
in the four hand lay-up facilities were found to be 47-94 ppm. In the fifth
facility (spray-up), the ventilation was much Dbetter, and styrene
concentrations were about 6 ppm. A comparison group examined in an
outpatient clinic had previous occupational exposure to a variety of
substances, including organic solvents, but not styrene. Medical histories
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were taken and liver function tests performed. Based on urine specimens
collected at the end of the workweek, Huzl et al. [109] found no simple
statistical correlation between urinary mandelic acid levels and styrene
exposure., However, Huzl et al. [109] believed that a urinary mandelic acid
concentration greater than 300 mg/l indicated high occupational exposure to
styrene. Mandelic acid values greater than 300 mg/l were found in 24% of
the workers examined. The subjective complaints and objective findings of
workers from the hand lay-up sites are presented in Table IV-8.

TABLE IV-8

SUBJECTIVE COMPLAINTS AND OBJECTIVE FINDINGS IN STYRENE-EXPOSED
RP/C WORKERS FROM FOUR HAND LAY-UP SITES

Complaint or Finding Percent of Percent of
Workers Controls
Headaches 36.4 21.8
Drowsiness, fatigue 23.6 20.0
Dyspeptic problems 10.9 *
Occupational eczema 7.3 *
Prolonged Weltman's reaction 48,1 23.6
Hyperbilirubinemia 17.1 *

*Data was not given
Taken from Huzl et al., [109]

Medical histories of the workers, according to Huzl et al. [109],
revealed no cause other than styrene exposure for the prolonged Weltman's
reactions noted, a nonspecific test which the investigators considered not
necessarily indicative of 1liver disease. However, Huzl et al. [109]
recommended that prospective workers with a history of liver disease and
hepatitis not be allowed to work in areas with potential exposure to styrene.

In 1964, Zielhuis et al. [110] described a clinical study of workers in
three factories in the Netherlands where reinforced plastic items (including
boats, automobile bodies, and small objects) were manufactured. Boats were
constructed wusing techniques in which layers of fibrous glass were
impregnated by hand with a styrene-polyester mixture. The authors [110]
noted that as the boats reached the final stages of construction, and the
work area became more enclosed, the ventilation decreased. Workers had been
exposed to styrene for 2-5 years. Breathing zone concentrations of styrene
found during various operations in the factories, together with the authors'
[110] classification of workers by job description, are listed in
Table IV-9., However, precise information concerning methods of sampling was
not provided by the investigators. Three groups of unexposed workers served
as controls,
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TABLE IV-9

AVERAGE STYRENE CONCENTRATIONS AT THREE FACTORIES

Number of Styrene
Factory Group Workers Worksite ppm
A Aa 5 Pilot plant
Boat construction 24-94
Ab 6 Pilot plant
Laboratory worker 7
Ac 5 Pilot plant
Maintenance Negligible
B Ba 8 Steel Works
Boat Construction 24-94
Bb 8 Steel Works
Car body construction 24-94
Be 22 Steel Works
Small object con-
struction 7
Bd 21 Steel Works
Upholsterers and
steel workers Negligible
c Ca 6 Ship Wharf
Boat construction 24-94
Cb 5 Ship Wharf
Carpenters Negligible

Taken from Zielhuis et al. [110]

Although physical examinations (including blood counts, organ function
tests, and urinalysis) revealed no abnormalities that could be attributed to
the work situation, many of the workers in factories B and C reported having
symptoms during their work with styrene. Workers' symptoms in factories B
and C are presented in Table IV-10. Data reported in Table IV-10 were
obtained through the use of a questionnaire given at the end of the shift on
the days that the air samples were taken. The number of symptoms noted by
the workers decreased with decreasing exposure. The authors [110]
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concluded that a relationship existed between the workers' feelings of
discomfort and styrene exposure. The most striking symptoms of discomfort
were mucosal irritation and drowsiness. The workers reported that symptoms
disappeared rapidly when they left the work area.

TABLE 1IV-10

SYMPTOMS OF WORKERS AT TWO PLASTICS PLANTS

Symp toms Percentage* of Workers Reporting Symptoms
Factory and Group

Ba Bb Bc Ca Cb

N=8 N=8 N=22 N=6 N=5
Drowsiness 90 90 70 50 0
Apathy 70 70 50 10 0
Mental fatigue 50 90 30 0 0
Anorexia 70 30 10 50 0
Dizziness 30 70 10 50 10
Headache 70 30 50 30 30
Feeling groggy 10 50 10 30 0
Nervousness 30 10 10 10 10
Agitation 30 30 10 0 10
Nervous tension 50 30 50 0 10
Gastric pain 10 10 10 10 0
Tearflow 90 70 50 0 10
Eye irritation 90 90 50 90 0
Sneezing/coughing 70 30 30 70 10

*Actual value is the range of the tabulated value +10; e.g., 90 means that
the percentage of workers reporting symptoms was between 80 and 100.
Taken from Zielhuis et al. [110]

In 1975, Gamberale et al. [111] studied 106 workers in four Swedish RP/C
boat plants. Styrene-exposed workers included plastics workers and
mechanics. The comparison group consisted of 36 workers in the same
locality as two of the boat plants, not exposed to styrene, Styrene
exposures varied from 10-120 ppm for the plastics workers and from 6-60 for
the mechanics who were exposed at levels up to 312 ppm for 24 minutes, while
working in narrow spaces.

Reaction time was measured by having the subject rest his wrist and
forearm on a table, with his fingertips in contact with a pressure plate.
The time between seeing a light signal and pressing the plate with the
fingertips was the reaction time, expressed as the mean of 160 responses
over a 10-minute period. Workers exposed to styrene had significantly
longer reaction times than age-matched controls. This difference
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was evident before work started in the morning, and showed a tendency to
increase during the workday [111]. The data were not collected in a manner
to allow inferences on concentration-response relationships to be made.

In 1977, Bergman and Lindberg [112] conducted industrial hygiene and
medical studies at four Swedish factories where boats were made of fibrous
glass~reinforced plastics, TWA styrene exposures ranged from 3-312 ppm for
39 of the workers with 29 of the workers having TWA exposures less than 100
ppm. Samples were collected with charcoal tubes or glass syringes and
analyzed with a gas chromatograph. Interviews and medical examinations were
given to 81 workers exposed to styrene and 32 workers with no styrene
exposures. The 32 controls included some workers from other industries.
Subjective symptoms elicited from the 81 styrene workers included fatigue
that was not attributed to the heaviness or intensity of the work (60%),
confusion or dizziness (38%), nausea (14%), headache (25%), and poor memory
(21%). Only one of the controls mentioned any of the above subjective
symptoms in connection with their work.

Rosensteel and Meyer [113] evaluated health hazards in a U.S. facility
where reinforced plastic boats were manufactured., An initial survey in 1975
demonstrated that some exposure concentrations of styrene were greater than
100 ppm and that the workers were also exposed to acetone, methylene
chloride, methyl ethyl ketone, naphtha, toluene, xylene, and asbestos.
Twenty-one personal air samples in the lamination area were obtained in 1976
by the collection on charcoal for about 7 hours. TWA styrene exposures
averaged 69 ppm and ranged from 9-111 ppm. These same workers also had
average TWA exposures of 56 ppm acetone and 2 ppm methylene chloride (OSHA
standards are 1,000 ppm and 500 ppm, respectively).

During one of the surveys, 9 of 14 workers interviewed reported symptoms
of styrene exposure on the day of the interview, and all 14 stated that they
had, at some time in this factory, experienced symptoms of styrene exposure
such as eye and respiratory irritation [113]. These data are presented in
Table IV-11,
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TABLE IV-11

WORKERS WHO EXPERIENCED EFFECTS WHILE MANUFACTURING
REINFORCED PLASTICS

Symp tom No. of Workers Percent
Eye irritation 13 93
Skin rash 8 57
Nose irritation 7 50
Headache 7 50
Throat irritation 4 29
Chest pain 4 29
Dizziness 2 14
Fatigue/drowsiness 2 14
Cracked hands 2 14
Irritability/nervousness 1 7
Cough 1 7

Adapted from Rosensteel and Meyer [113]

During the last survey in 1976, serial detector tube sampling procedures
were used by Rosensteel and Meyer [113] to determine 5-minute peak
concentrations of styrene in workers' breathing zones; concentrations of
50-400 pPpm were found. Analyses of samples collected during
hull-stiffening, hull spraying, fibrous glass application, and hull roll-out

areas, showed that styrene concentrations for 5-minute periods ranged from
200-400 ppm.

During the medical study, 41 workers were examined; 22 workers (16 men
and 6 women with average ages of 28.7 years and 35.2 years, respectively)
were from the lamination area. The other 19 examined for comparison were
from other areas of the factory with little or no styrene exposure (13 men,
average age 29.6 years; 6 women, average age 24,0 years). Workers from the
lamination areas were matched with the control group on the basis of age,
sex, and smoking history. However, because of the frequency of complaints
of upper respiratory and eye irritation expressed by this group, perhaps
from exposure to other irritants, their use as a comparison group may have
been inappropriate. Air samples obtained over 6-7.5 hours from 10 of the 19
controls indicated TWA exposures to styrene below the level of detection for
6, 9-14 ppm for 3, and 62 ppm for 1. A medical history was obtained from
each worker, and a physical and clinical examination of each worker was
made. All results from blood analyses were within normal limits. Although
the lamination workers had significantly- elevated concentrations (p<0.05) of
serum uric acid with respect to the comparison group, the levels were within
normal limits [113].
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At the time of the evaluation, all 22 lamination workers had
work-related symptoms as did 55% of the comparison group. Subjective
complaints that the workers reported occurring during their work with
styrene and objective findings at the time of the study are presented in
Table IV-12.

TABLE IV-12

SUBJECTIVE COMPLAINTS AND OBJECTIVE FINDINGS OF WORKERS WHO MADE
REINFORCED PLASTICS

Percentage of Workers With Complaints

Exposed Control
Subjective complaints
Eye irritation 45 26
Nose irritation 95 37
Nasal congestion 82 37
Cough 23 21
Chest tightness 23 16
Wheezing 18 9
Shortness of breath 54 11
Nausea and vomiting 0 0
Muscle weakness 4 ‘ 5
Fatigue 36 5
Headache 14 5
Objective findings
Skin rash 14 0
Conjunctival erythema 41 5
Nasal erythema 86 63
Mouth and throat erythema 45 32
Abnormal thyroid size 14 5
Rales and wheezes 9 0

Taken from Rosensteel and Meyer [113]

The average maximal mid-expiratory flow-rate (MMEF) of lamination
workers that smoked was significantly less (p<0.05) at the end of the shift
than at the beginning when compared with the smokers in the control group.
Pulmonary function tests (FVC, FEV]) did not reveal any other significant
differences between styrene-exposed workers and those used for comparison. A
number of suggestions were made concerning improvement of work practices and
engineering controls; one recommendation made was that the workers in the
high exposure areas be discouraged from smoking [113].
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In 1968, Matsushita et al. [59] reported on 14 male production workers
and 10 male office workers used as controls from a factory where plywood was
laminated with a styrene-polyester resin. The men had been employed for 3-6
years; their average age was 29.8 years. Concentrations of styrene
associated with different operations in the coating process ranged from
50-600 ppm; in other areas, no styrene was detected. Other substances
including toluene normally were detected only in trace amounts. Toluene
(50-550 ppm), ethyl acetate (3-160 ppm), and methanol (100-1,000 ppm) were
present in the air when the equipment was cleaned daily during a 30-40
minute period; the workers took turns cleaning the equipment. The method of
sampling and the number of samples taken were not reported. However, the
substances were analyzed by gas chromatography.

Using questionnaires and interviews, it was found that all 14 of the
styrene-exposed workers experienced throat pain, that 12 of them (86%) tired
easily, and that 11 (79%) caught colds easily. Eye pain, bad breath during
work, heaviness of the head, and feeling unwell during work were each
reported by 10 workers (71%). Nose pain, headache, dizziness, palpitation
and an oppressive sensation of the chest, anorexia, drowsiness during work,
loss of weight, and severe forgetfulness were reported by 6-9 of the
styrene-exposed workers (43-64%). Heaviness of the head (three complaints)
was the most common complaint of the comparison group of 10 office workers;
all other complaints were reported by only 1 or 2 of this group. While 8 of
the styrene-exposed workers (57%) complained of decreased vision,
ophthalmologic examinations confirmed this in only 4. Contracted fields of
vision without fundus changes were found in 7. Twelve of the styrene
workers were examined by a neurologist; increased knee jerk reflexes were
found in 9, hyperreflexia of the Achilles tendon in 5, hyperreflexia of the
upper limbs in 3, and sensation disorders in 4. Four styrene workers with
severe symptoms were given EEG examinations; there were no abnormal
findings. Three workers with severe symptoms had EMG abnormalities.
Matsushita et al. [59] concluded that styreme had a major role in causing
the effects found in these workers [59].

A series of reports by a group of Polish investigators
(114,115,116,117,118,119,120] discussed results of studies of workers
exposed to styrene during production of reinforced plastics. One group of
101 workers from two factories had been exposed for about a year; their
styrene exposures in 1972 were about 25-75 ppm [115]. Twenty-one workers in
another group had been exposed to styrene for about 10 years at
concentrations that were about 75 ppm. Methods of sampling were not
reported; analysis, however, was by colorimetric methods.

Urine samples were collected for determination of mandelic acid by the
nonspecific, colorimetric method of Ohtsuji and Ikeda [121] for the same
period during which the air samples were collected. Mandelic acid
concentrations of up to 150 mg/l were considered normal, and concentrations
greater than 400 mg/l were considered as definite indications of exposure to
styrene. Urinary mandelic acid concentrations of the 101 workers who had
been exposed for about 1 year (short-term workers) averaged 287 mg/l, with
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concentrations of about 150 mg/l being found in 50 workers, 150-300 mg/l in
8 workers, and 300-494 mg/l in the remaining 43 workers [l14], The average
concentration of mandelic acid in the urine of the 21 workers who had been
exposed about 10 years (long-term workers) was 504 mg/l (range, 325-625
mg/1l) [114,116]. Hippuric acid concentrations in the urine did not exceed
the normal range [116].

In the 101 short-term workers, four cases of upper respiratory catarrh
were noted by Chmielewski and Renke [114]. 1In 26 workers there were signs
that the investigators classified as vegetative nervous system disturbances,
which included skin marbleization, asymmetric body warming, prolonged blood
vessel filling time, diaphoresis, excitability, hypoesthesia, whitening of
fingers, trembling of hands, weakened reactions, cat's eye pupils, and
nystagmus [115].

Clinical studies of these workers were performed that included blood
cell and platelet counts [117]; examination of serum proteins, lipids,
enzymes, bilirubin, and cholesterol [119]; glucose tolerance [116,120]; and
24-hour excretion of 17-ketosteroids [115,116,120]. Pulmonary function
[114], blood clotting [117], and EEGs [118] were also studied in the
long-term workers, and EEGs were studied in 43 of the short-term workers
[118].

In the short-term workers, the significant clinical finding was that
abnormal EEGs were noted in 31 of 43 examinations [118]. The abnormal EEGs
showed discharges of sharp waves and high-voltage slow waves in the temporal
regions that intensified with hyperventilation. Almost all short-term
workers complained of 'neurotic troubles." Signs such as intensified or
abated deep reflexes, vestigial nystagmus, and tremors were interpreted by
Dolmierski et al. [118] as being minor symptoms indicating that the nervous
system was affected.

Average blood glucose in 53 short-term workers in one of the factories
studied was lower than in a control group of 20 individuals [115,120].
Subsequently, blood glucose concentrations were studied in 40 workers in the
other factory and in 18 controls using 50 g of glucose taken orally,
followed by another 50 g of glucose taken orally 90 minutes later
[115,120]. The results showed a heightened glucose tolerance in persons
exposed to styrene, There was an indication that a tendency toward
increased glucose tolerance was greater among 20 of the workers with
concentrations of urinary mandelic acid greater than 400 mg/l and among 27
workers with a reduced 24-hour excretion of 17-ketosteroids (i.e., 5.78
mg/24 h on the average).

In another investigation of these same workers, Chmielewski [116]
obtained somewhat different glucose tolerance test results from 21 long-term
workers as compared to 40 short-term workers. The maximum concentration of
blood glucose in the long-term workers occurred half an hour later omn the
average after administering glucose and did not rise after the second dose.
The average response was due to three classes of blood glucose curves:
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hypoglycemic, normal, and hyperglycemic. However, only the hypoglycemic
workers responded to the second dose of glucose or to cortisone administered
before the test. All workers had glucose assimilation coefficients below
control values [116].

Other aberrant clinical findings in the 1long-term workers included
reduced FEV(/FVC in 4 of 21 workers examined [114], as well as reduced
amounts of serum alpha- and beta-lipoproteins [119]. Twelve of the
long-term workers had normal EEG patterns, two had borderline patterns, and
four had abnormal patterns that were symmetrical in the temporal regions and
characterized by low to medium voltage theta waves [118]. Most complaints
by workers with abnormal EEGs were of fatigue, a sensation of weakness, and
drowsiness. Compared with a nonexposed control group, the long-term group
had a reduced number of blood platelets, an increased coagulation time, a
reduction in prothrombin ratio, a shorter euglobulin fibrinolysis time, and
an increase in blood platelet adhesion that was significantly correlated
with beta-lipoprotein concentrations [l117]. It was not mentioned whether
the comparison group was age-matched to the exposure group, an important
point in 1light of the comparison of serum lipoprotein levels between
short-term and long-term workers; thus, the effect of age on these
comparisons is not clear.

Occupational dermatoses were reported in 1975 by Golebiowska-Podgorczyk
[122] among 70 workers in a Polish factory where boats were built from
fibrous glass-reinforced plastic. The workers ranged from 20-64 years of
age and had worked at this factory for 1-15 years. The group studied was
composed of 15 carpenters, 37 molder-artists, 13 iron workers, and 5
unskilled laborers., The workers were exposed to a variety of polyester
resins dissolved in styrene, epoxide resins dissolved in acetone or ether,
hardeners that included cyclohexanone hyperoxide, dibutyl phthalate, methyl
ethyl glycol hydroxide, and triethylenetetramine, cobalt mnaphthenate,
organic dyes, and various glues. No industrial hygiene monitoring was
conducted. None of the workers had a history of, or a predisposition to,
any allergic disease, but 18 experienced some type of dermal trauma as a
result of their employment. Three of these 18 worked with fibrous glass.
No positive reactions to styrene or polyester resins were found by patch
testing, although positive reactions were found to the epoxide resins and
some of the hardeners. Golebiowska-Podgorczyk [122] found four cases of
excessively dry, chapped, and cracked hands and suggested this might have
been caused by the defatting action of styrene.

In 1978, Rosen et al. [123] reported, in what was described as a pilot
study, the results of neurological examinations of 33 workers from 3
different worksites in Sweden. Thirteen of the workers (aged 24-66 years)
had been employed for 1-21 years in the polyester resin boat industry (Group
1). Exposures to styrene had been measured the previous year and averaged
125 ppm (range 74-175 ppm), but Rosen et al., [123] stated that during
previous years the exposures were significantly higher. Ten of the workers
(aged 23-54) had been involved in the production of polyester resin cisterns
for 2-14 years (Group Il); their average exposure based on measurements
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taken 2 years earlier was 47 ppm styrene. The remaining ten workers studied
(aged 29-65) were exposed to less than 5 ppm styrene while producing
polystyrene for 5-15 years (Group III).

Results of the study were compared with two "control" groups. One group
(called the '"normal" group) consisted of six men from a hospital
transportation service never significantly exposed to organic solvents; the
other group (called the "reference" group) consisted of 17 men, many of whom
were former painters, reported to have signs of chronic intoxication due to
exposure to a mixture of organic solvents. All examinations of styrene
workers were performed at least 48 hours after the last exposure, to avoid
possible acute effects of styrene on the results. The reported incidences
of unusual tiredness, reduced short-term memory, giddiness, headache,
paresthesia in fingers or toes, conjunctivitis, throat irritation, and a
minor decrease of muscle stretch reflexes were higher in the styrene-exposed
workers than in the '"normal" group. These results were Troughly
dose-dependent with the reported effects occurring most among the workers in
the higher exposure group (I), but also frequently occurring in the medium
exposure group (II), and occasionally among the polystyrene workers, who had
the lowest styrene exposures (Group III).

Signs of polyneuropathy or CNS lesions were mnot found in the
styrene-exposed workers. Motor conduction velocities of median, ulnar,
fibular, and posterior tibial nerves were recorded, as well as sensory
action potential of the median and ulnar nerves. An EEG examination was
made while the subjects were awake, and included studies of the effects of
arousal, hyperventilation, and intermittent light [123]. No differences in
motor conduction velocities were found between the groups. Ten of the 33
styrene-exposed workers had evidence of a mild sensory neuropathy with
polyphasic sensory responses of a low amplitude; a similar pattern was found
in many of the workers in the solvent-exposed 'reference" group. The 10
affected styrene workers were more heavily exposed than those not having
signs of neuropathy, but they were also older and had more years of
exposure. Based on corrections for age ©published by others, the
investigators [123] believed that age alone could not have accounted for the
effects, but speculated that the effects of age and styrene exposure may
have been synergistic. Eight of these ten workers had EEG changes
consisting of fast activity within the rostral and central parts of the
hemispheres; similar changes were common in the solvent-exposed '"reference"
group, but were seen in only one of the other 23 styrene-exposed workers.
Unexpectedly, the highest frequency of diffuse slow activity over both
hemispheres was seen in those workers (Group III) exposed at the lowest
styrene concentrations. The investigators [123] suggested that the
additional exposure of Group III to isopentane might be relevant, but no
isopentane determinations were made.

In 1976-1978, a series of reports [124,125,126,127,128) were written by
a group of Finnish investigators who examined the results of psychological
and neurophysiological tests of 96 workers from 24 different factories where
reinforced plastics were made. The workers were 16-54 years old
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(mean age, 29.6) and had been exposed to styreme for as little as 6 months
or as long as 14 years (mean duration, 5 years). Styrene exposures of these
workers who used their hands to spread polyester resin, were evaluated from
urinary mandelic acid concentrations determined by the colorimetric method
of Ohtsuji and Ikeda ([121] in about half of the workers, and by the gas
chromatographic method of Engstrom and Rantanen [77] in the remainder.
Results from the two methods were transformed to a common scale [79,127].
Urine specimens from each worker were collected at the end of an 8-hour
workday, once a week, on a different day each week for 5 weeks. The mean of
the five determinations of mandelic acid was used as an index of exposure
for each individual. The range of the individual means was 7-4,715 mg/l;
the group median was 808 mg/l.

Neurophysiological findings of these workers were reported by
Seppalainen and Harkonen [124], psychological functions and data relating to
alcohol consumption were reported by Lindstrom et al. [127,128], and effects
on the nervous system were reported by Harkonen [126] and Harkonen et al.
[125]. EEGs were recorded for all 96 of the workers at least 20 hours after
the last exposure to styrene. The recording period lasted 30 minutes, and a
3-minute hyperventilation and a photic stimulator were used as EEG pattern
activators. All EEGs were interpreted by one investigator who had no
knowledge of the subjects' exposure histories. The findings were normal in
73 of the workers. Abnormal EEG patterns were found in 23 workers with l4
having local slow activity, 8 with diffuse theta activity, and 2 with
bilateral spike and wave discharges (1 worker had 2 abnormalities). Based on
the available literature on EEGs, about 107 abnormal patterns were expected
by the investigators [124] for a normal population. The incidence of
abnormal EEGs found (24%) was significantly greater (p<0.01) than expected.
Of the 23 workers who had abnormal EEGs, 19 had urinary mandelic acid
concentrations greater than 700 mg/l. 1In a subsequent analysis of the data,
Harkonen et al. [125] presented evidence that this concentration of mandelic
acid corresponded on the average to an 8-hour TWA styrene exposure of 31 ppm.

7>

Possible peripheral nerve dysfunction in 40 of the workers (average age
29.6 years) in the study group with the most severe complaints was also
investigated by Seppalainen and Harkonen [124] wusing nerve conduction
velocity measurements. Thirty healthy, age-matched men with no history of
occupational exposure to toxic chemicals were used for comparison. An
electromyograph was used to measure maximal motor conduction velocity of the
median, ulnar, deep peroneal, and posterior tibial nerves; conduction
velocity of slower motor fibers of the ulnar and deep peroneal nerves; and
the sensory conduction velocity of the median and ulnar nerves. There were
no statistically significant differences between the styrene-exposed workers
and the comparison group in average nerve conduction velocities. However,
slightly abnormal conduction velocities were found in 9 of the 40 workers;
the criteria used for judgment were not stated. Five of these workers
displayed mononeuropathy, and the other four exhibited polyneuropathy. 1In
four of the workers with mononeuropathy there were possible causes other
than styrene exposure; in the fifth worker, no other cause for the
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neuropathy could be found. In three of the workers with polyneuropathy, no
cause other than styrene exposure could be found. There was no association
between urinary mandelic acid concentration and nerve conduction velocity in
the four subjects with unexplained abnormalities.

To study psychological functions in these workers, Lindstrom et al.
[127] selected a comparison group of 43 men who worked with reinforced
concrete. The comparison group was similar to the styrene-exposed group in
age distribution, educational level, and geographic location. Psychological
functions which were measured by 30 tests included general intelligence (5
tests), visuomotor speed (8 tests), visuomotor accuracy (3 tests), memory (5
tests), vigilance (2 tests), psychomotor performance (3 tests), and
personality (4 tests). Comparisons were made between averages of RP/C
workers and the comparison group scores. When comparing these two groups,
performances on two tests, one a measure of visuomotor accuracy and the
other a measure of response time in Rorschach inkblot tests, were
significantly impaired (p<0.05) in the RP/C workers. When the 19
styrene-exposed workers with urinary mandelic acid concentrations greater
than 1,762 mg/l were compared with the 36 workers who had urinary mandelic
acid concentrations less than 674 mg/l, greater visuomotor inaccuracy and
poorer psychomotor performance were found in the workers with the higher
mandelic acid concentrations. Step-wise multiple regression analyses were
used to study relationships of variables to wurinary mandelic acid
concentrations, duration of exposures, and the combination of mandelic acid
concentration and duration of exposure. Duration of exposure had only a
slight relationship to disturbances in psychological functions. One measure
of visuomotor speed and one measure of visual memory correlated with the
duration of exposure; their joint partial correlation with duration of
exposure, when the effect of age was eliminated, was 0.28 (p<0.05). High
urinary mandelic acid concentration was related to visuomotor inaccuracy
(p<0.01), and it had a slight relationship to vigilance and psychomotor
performance (p<0.13)., The product of duration of exposure and urinary
mandelic acid concentration was related to visuomotor inaccuracy and one
Rorschach variable, long latency time in answering.

For the study of subjective symptoms experienced by these workers,
Harkonen [126] selected a comparison group of male postal workers and
electricians (mean age, 29.3 years) with no reported previous exposure to
styrene. Both the workers and the comparison group were requested to
complete questionnaires dealing with subjective symptoms felt during the
workday. In contrast to the comparison group, the styrene-exposed workers
felt tired more often in the morning and excessively tired after work, and
they also reported more difficulties in concentrating and more frequent loss
of appetite. During the workday, the RP/C workers frequently experienced
irritation of the eyes, nose, and skin, and many felt nauseated and
intoxicated. No correlation was found between wurinary mandelic acid
concentrations and the magnitudes of the symptoms scored on a scale of 1-3.
Harkonen [126] suggested that no correlation was found because acute
symptoms may be associated with peak exposures, whereas mandelic acid
concentrations reflect the average exposure of the day.
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In 1978, Harkonen et al. [125] summarized these studies [124,126,127]
and extended some of the analyses. By plotting the log of the urinary
mandelic acid concentration against the log of the 8-hour TWA styrene
concentration, a significant correlation (r=0.92, p<0.001) was found. A
urinary mandelic acid concentration of 700 mg/l corresponded to 31 ppm of
styrene, 800 mg/l to 36 ppm, 1,200 mg/l to 55 ppm, and 1,600 mg/l to 74
ppm. Urinary mandelic acid concentrations were related to the percentage of
EEG abnormalities in the group. Repeated slow wave activity and bilateral
spike and wave discharges were used to indicate EEG abnormalities. 1In 38
workers whose urinary mandelic acid concentration was less than 700 mg/1l,
the percentage with abnormal EEGs was comparable with the general population
(about 10%). Of 58 workers with mandelic acid concentrations greater than
700 mg/l, about a third exhibited EEG abnormalities. There was a
significant degree of visuomotor inaccuracy with the symmetry of drawing
test in workers whose mean urinary mandelic acid concentration was 800
mg/l. However, using the Bourdon-Wiersman test, visuomotor inaccuracy was
statistically significant (p<0.05) only when the mean mandelic acid
concentration was greater than 2,000 mg/l. A statistically significant
decline in psychomotor performance (Mira Test) was found at mandelic acid
concentrations greater than 1,200 mg/l (equivalent to about 55 ppm
styrene). Harkonen et al. [125] concluded that although visuomotor accuracy
and unimpaired psychomotor performance may be important in certain demanding
operations and a prerequisite for safety at work, impairment may not
necessarily affect a worker's performance under normal conditions, but may
have an indirect impact by demanding more adaptation and more energy for
compensation.

Lindstrom et al. [128] interviewed these same styrene-exposed workers
about their alcohol consumption. A quantity of alcohol sufficient to
produce a slightly intoxicated state was consumed daily by 1 worker, twice
weekly by 22, once or twice a month by 56, and less frequently by the other
19 workers. Frequency of alcohol consumption for the group was about the
same both before and after styrene exposure began. Decreased tolerance to
alcohol was reported by 32% of the workers, about the same as in a
comparison group of painters exposed to other solvents, but greater than in
a group of railroad workers having no reported solvent or styrene exposure.

The amount of, and changes 1in, alcohol consumption and decreased
tolerance to alcohol were not statistically related to the duration of
exposure to styrene or to the concentration of urinary mandelic acid [128].
Overtime work, another index of styrene exposure, was related to alcohol
consumption. The workers with high alcohol consumption were characterized
as having straying thoughts and difficulties in staying asleep. Hand
tremors and tiredness were related (p<0.05) to both the amount and frequency
of alcohol consumption. Of all psychological functions, only lowered
visuomotor speed was related to the amount of alcohol consumed [128].
Visuomotor 1naccuracy was not the function that was previously related to
high styrene exposure by Lindstrom et al. [127]; thus, Lindstrom et al,
[128] concluded that the psychologic symptoms and signs related to alcohol
behavioral variables were not related to styrene exposure.
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In 1977, Meretoja et al. [129] reported an increase in the rate of
chromosomal aberrations of the lymphocytes in peripheral blood. The ten men
studied were 20-41 years old and from a Finnish factory where polyester
plastic laminates were made. These workers had been exposed to styrene for
0.6-8.5 years. Before testing began, a complete health history was taken
from each worker, followed by clinical and psychological examinations. No
previous or present evidence of diabetes, epilepsy, or periods of
unconsciousness lasting more than 30 minutes was found in any worker. Five
healthy men with no known exposure to styrene or to any agent with known
clastogenic activity were used as a comparison group.

No industrial hygiene sampling was conducted, but urinary mandelic acid
concentrations were determined from specimens obtained at the end of an
8-hour shift to evaluate styrene exposure. A record was made of past
exposures to any known clastogen, and a CBC was also performed [129]. The
chromosomes of lymphocytes from peripheral blood of the styrene-exposed
workers and the comparison group were studied. At the time of study all the
workers were reported to be in good health. Results are presented in Table
Iv-13.
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TABLE IV-13

ANEUPLOIDY AND CHROMOSOMAL ABERRATIONS
IN THE LYMPHOCYTES OF STYRENE-EXPOSED WORKERS

Interphase Cells

Subject Years of Mandelic Micro- Nuclear Aneu- Poly- Chromosomal
No. Age Styrene Acid nuclel Bridges ploidy ploidy Aberrations
Yrs. Exposure * *k *k *dek Tk *kk

Plant 1
1 24 0.7 833 8 5 2 - 11
2 20 0.6 229 7 2 4 - 11
Plant 2
3 21 1.5 3,257 14 8 2 - 26
4 37 8 23 9 3 3 - 25
5 41 2.5 219 12 0 5 - 13
6 27 2 1,452 6 3 7 - 15
7 21 1 422 6 4 6 1 lé
Plant 3
8 32 8.5 75 7 3 1 17
9 23 3 645 12 6 5 2 17
10 26 4 55 7 11 4 - 15

Comparison Group

11 32 0 0 2 0 1 - 2
12 35 0 0 0 0 3 - 4
13 33 0 0 0 2 3 - 1
14 30 0 0 2 2 1 2 1
15 30 0 0 0 0 2 - 1

*mg/g creatinine in urine
**Aberrations/1,000 interphase cells
***No./100 metaphase cells
Taken from Meretoja et al. [129]

There was a statistically greater incidence (p<0.001) of cells with
chromosomal aberrations in lymphocytes of workers who had been exposed to
styrene than in the comparison group (16.7 vs. 1.8 cells, on the average),
but the biological significance of this difference is not known. An
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increase in the frequency of micronuclei and nuclear bridges between cells
was also observed. The incidence of aberrant cells ranged from 11-267 in
the lymphocytes of the styrene-exposed workers and was only 1-4%Z in the
lymphocytes of the umexposed comparison group [129].

In a related study in 1978, Meretoja et al. [130] examined the
lymphocytes from the peripheral blood of 16 workers (which included 8
workers from the previous study [131]) exposed to styrene in two reinforced
plastics factories., No data was given regarding occupational exposures.
The subjects, all men 21-51 years of age, had been employed mainly in
laminating work for 1-15 years. A statistically significant increase
(p<0.001) in the incidence of chromosomal aberrations, mainly breaks, was
found when compared to the comparison group (15.1 vs. 2.0%), and this was
confirmed when 10 of these 16 workers were reexamined a year later and the
incidence was 16.2%. The comparison group consisted of six men from outside
the factory environment. However, the frequency of sister chromatid
exchanges (SCE) was not significantly increased in these styrene workers
(5.3 vs. 4.4 SCE/cell in the comparison group). SCE reflect intrachromosome
rearrangements of the DNA helices, and as such are a sensitive indicator of
damage to the DNA,

In 1979, Hogstedt et al. [131] also found an increased frequency of
chromosomal aberrations among reinforced plastics workers in Sweden. Six
male workers from a plant manufacturing polyester resin boats, aged 21-56
years with a mean age of 33, were matched by age and sex with 6 workers from
a nearby paper factory without exposure to chemicals, In the plastics
workers, there was an average of 10.8 aberrations per 100 cells in
chromosomes from venous lymphocytes, a statistically significant increase
(p<0.001) over that in the reference group, 5.2/100 cells. There was also
an excess in gaps (3.2 vs. 2.4/100 cells, not significant), isochromatid and
chromatid breaks (6.9 vs. 2.5/100 cells, p=0.008), and hyperdiploidy (0.7
vs, 0.3/100 cells, not significant). Airborne TWA styrene concentrations
measured in previous years ranged from 14-73 ppm, with occasional
concentrations as high as 188 ppm, for short periods of time. The
investigators [131] speculated that, although styrene was the probable cause
of the changes, exposure to other chemicals might have contributed;
information was not given on these "other" chemicals.

In 1980, Andersson et al. [132] studied 39 men occupationally exposed to
styrene in a plastic boat factory. The total exposures of these workers
over a b-year period were measured with personal TWA samples analyzed by gas
chromatography and expressed as a concentration multiplied by the number of
years of employment. A low-dose group (average 32 ppm-yr) and a high-dose
group (average 283 ppm-yr) were identified. TWA styrene exposures for the
various spraying, rolling, and casting operations ranged from 39-71 ppm (on
the average), with exposures during assembly being about 8 ppm. TWA styrene
exposure during spraying were sometimes as high as 158 ppm. Blood samples
were taken from 36 of the styrene-exposed workers and from 37 age-matched
workers (i.e., controls) in the same factory who were not exposed to
styrene. Lymphocytes in peripheral blood were cultured and examined for
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chromosome aberrations and SCE. The styrene-exposed workers had a
significantly higher (p<0.001) number of chromosomal aberrations compared
with the controls (7.9 vs. 3.2 aberrations/100 cells). There was no
significant difference Dbetween the average numbers of chromosomal
aberrations of the highly exposed and the less exposed styrene workers.
There was a significant increase (p<0.05) in the average frequency of SCE in
cells originating from 20 styrene-exposed workers in comparison with 21
controls (8.4 vs. 7.5 SCE/cell). Again there was no difference between the
highly and less exposed groups. Interviews were performed when the blood
samples were taken. Multiple regression analysis showed that among 9
factors introduced into the analysis (frequency of chromosomal aberrations,
age, duration of employment, exposure to styrene, smoking habits, alcohol
consump tion, exposure to diagnostic X-rays, other solvents, use of breathing
mask), only exposure to styrene showed a high positive correlation to the
frequency of chromosomal aberrations [132].

In 1978, Fleig and Thiess [76] and Thiess and Friedheim [75] studied 14
workers employed for 2-24 years in three plants processing unsaturated
polyester resins., At the time of the study, styrene concentrations as
measured by colorimetric indicator tubes ranged from less than 50 to 300 ppm
[75]. Mandelic acid concentrations in urine samples from the workers ranged
from 100 to 1,500 mg/l [76]. Five of the 14 workers had increased GGTP (>28
units/ml) [75]. The investigators [76] found a significant excess (level of
significance was not given) of chromosomal aberrations in the lymphocytes of
peripheral blood from the styrene workers as compared to a control group of
20 workers from the same plant not exposed to styrene (9.2 vs. 5.5%). Fleig
and Theiss [76] suggested that the chromosomal changes in these workers were
probably due to styrene oxide or other exposures such as methylene chloride,
rather than to styrene. Mention was made of a finding that styrene oxide
was generated due to the use of peroxides, but data was not given on styrene
oxide exposures.

However, there have been studies showing no significant increases in
chromosome aberrations among styrene-exposed workers., An investigation of
24 styrene-exposed workers (20 men, 4 women) assigned to laboratory and
technical service operations in a German polyester processing plant was
reported in 1979 by Theiss and Friedheim [133] and in 1980 by Theiss et al.
[134]., Their age range was 23-59 years, and they had been working with
styrene for 4-27 years. The average styrene exposure was 6 ppm (range 1-12
ppm) in the laboratory and 58 ppm (range 1-178 ppm) in the technical service
operation. Samples were collected with a "Personal Air Sampler" and
analyzed with a gas chromatograph. The workers were given thorough clinical
examinations that included personal history, chest X-rays, a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>