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Introduction

Asbestos is a widely used, mineral-based material that is resistant to heat and corrosive
chemicals. Depending on the chemical composition, fibers may range in texture from coarse to
silky. The properties that make asbestos fibers so valuable to industry are its high-tensile strength,
flexibility, heat and chemical resistance, and good frictional properties.

Asbestos fibers enter the body by inhalation of airborne particles or by ingestion and can
become embedded in the tissues of the respiratory or digestive systems. Years of exposure to
asbestos can cause numerous disabling or fatal diseases. Among these diseases are asbestosis, an
emphysemalike condition; lung cancer; mesothelioma, a cancerous tumor that spreads rapidly in
the cells of membranes covering the lungs and body organs; and gastrointestinal cancer.

Since 1972, however, OSHA has regulated asbestos exposure in general industry thereby
causing a significant decline in the use of asbestos-containing materials. The revised standard
continues to protect workers, in general, who are exposed to asbestos-containing materials but now
includes provisions that apply to workers performing brake and clutch repair and to those doing
housekeeping in buildings and facilities where asbestos-containing materials exist.

This booklet contains ail overview of tile Occupational Safety and Health Administration's
(OSHA's) worker protection requirements for exposure to asbestos in general industry and
describes the steps an employer must take to reduce the levels of asbestos in the workplace. The
revised rule lowers the permissible exposure limit (PEL ), contains mandatory methods of control
for brake and clutch repairs, and provides training provisions for maintenance and custodial
workers. (OSHA has developed a separate standard and a separate pamphlet for asbestos in the
construction industry. See Related Publications at the end of this publication for details

on how to order.)



Scope and Application

OSHA's revised standards for asbestos were developed in recognition of the vastly different
conditions prevailing in the workplaces for general industry (29 Code of Federal Regulations
(CFR) Part 1910.1001), for the shipyard industry (29 CFR Part 1915), and for the construction
industry (29 CFR Part 1926-1101) The information in this pamphlet applies to all occupational
exposure to asbestos in general industry.

More than 685,000 workers in general industry, mostly in auto repair, are affected by the
new standard. OSHA estimates, conservatively, that about 42 additional cancer deaths per year will
be avoided in all industries, in addition to the lives saved of those peripherally exposed to asbestos
and the lives saved by earlier OSHA standards.

Provisions of the Standard

OSHA sets out several provisions employers must follow to comply with the asbestos
standard. The agency has established strict exposure limits and guidelines for exposure monitoring,
medical surveillance, record keeping, regulated areas, and communication of hazards.

Permissible Exposure Limits (PELSs)

Time- Weighted Average (TWA) - The employer shall ensure that no employee is exposed to
an airborne concentration of asbestos in excess of 0.1 fiber per cubic centimeter of (1 f/cc) as
averaged over an 8-hour TWA day.

Excursion Limit (ELT) - The employer shall ensure that no employee is exposed to an
airborne concentration of asbestos in excess of 1.0 fiber per cubic centimeter of air (0.1 f/cc) as
averaged over a sampling period of 30 minutes.

OSHA has adopted the term "excursion limit" to refer to the short-term permissible exposure
limit to be consistent with the terminology used by the American Conference of Governmental
Industrial Hygienists (ACGIH).



Exposure Monitoring

Except for brake and clutch repair where a "preferred" control method is used, each employer who
has a workplace or work operation covered by this standard must assess all asbestos operations for
their potential to generate airborne fibers. Where exposure may exceed the PEL, employee
exposure measurements must be made from breathing zone air samples representing the 8-hour
TWA and 30-minute EL for each employee.

Initial monitoring also must be performed for all employees who are, or may reasonably be
expected to be, exposed to airborne concentrations of asbestos at or above the PEL and/or EL
unless: (1) monitoring results conducted after March 31, 1992, meet all other standard-related
requirements; and (2) the collected data demonstrate that asbestos is not capable of being released
in airborne concentrations at or above the PEL and/or EL when materials are being processed, used,
or handled. If initial monitoring indicates that exposures are above the PEL and/or EL, periodic
monitoring must be conducted at intervals no greater than every 6 months. If either initial or
periodic monitoring statistically indicates that employee exposures are below the PEL and/or EL,
the employer may discontinue monitoring for those employees whose exposures are represented by
such monitoring.

The employer must reinitiate monitoring whenever there has been a change in the production,
process, control equipment, personnel or work practices that may result in new or additional
exposures to asbestos above the PEL and/or EL, or when the employer has reason to suspect that a
change may result in new or additional exposures above the PEL and/or EL.

Affected employees and their representatives must be allowed to observe monitoring and must be
notified in writing, either individually or by posting results in an accessible location within 15
working days after the receipt of the results of monitoring. This written notification must contain
the corrective action being taken by the employer to reduce employee exposure to asbestos on or
below the PEL and/or EL wherever monitoring results indicate that the PEL and/or EL has been
exceeded. If monitoring is being observed in a regulated area, the observer must be provided proper
protective clothing and equipment.



Medical Surveillance

The employer must institute a medical surveillance program for all employees who are or will be
exposed to airborne concentrations of asbestos at or above the PEL and/or EL. All medical
examinations and procedures must be performed by or under the supervision of a licensed
physician. Such exams must occur at a reasonable time and place and shall be provided at no cost
to the employee. At a minimum, such examinations must include a medical and work history; a
complete physical examination with emphasis on the respiratory system, the cardiovascular system,
and the digestive tract; a chest X-ray; pulmonary function tests; respiratory disease standardized
questionnaire as set forth in 29 CFR 1910.100l Appendix D, Part I of the standard; and any
additional tests deemed appropriate by the examining physician. These examinations must be made
available annually. Chest roentgenogram must be conducted in accordance with the following
table:

Table - Frequency of Chest Roentgenogram

Years since
first exposure Age of employee
15 to 35 35+ to 45 45+
0to 10 Every 5 years Every 5 years  Every 5 years
10+ Every 5 years Every 2 years  Every 1 year

Also, an abbreviated standardized questionnaire (see 2 9 CFR Part 1 910.1001 Appendix D Part
2 of the standard) also must be administered to the employee. Upon termination of employment, the
employer must provide a termination of employment medical exam to the employee within 30
calendar days before or after the date of termination.

If adequate records exist that show the employee has been examined in accordance with the
standard within the past year, no additional medical examination is required. A preemployment
medical examination may not be used unless the employer pays for it.

The employer must provide the examining physician with a copy of the standard and Appendices
D and E; a description of the affected employee's duties as they relate to his or her asbestos



exposure; the employee's actual or anticipated exposure level; a description of any personal
protective and respiratory equipment used or to be used; and information from previous medical
examinations. Once the physician has completed the exam, the employer must obtain a written
signed opinion from the physician. It must contain the results of the medical examination and the
physician's opinion as to whether the employee has any detailed medical conditions that would
place the employee at an increased risk from exposure to asbestos; any recommended limitations on
the employee or upon the use of personal protective equipment such as respirators, a statement that
the employee has been informed by the physician of the results of the examination, and a statement
that the employee has been informed by the physician of the increased risk of lung cancer
attributable to the combined effect of smoking and asbestos exposure.

The physician is not to reveal in the written opinion given to the employer specific findings or
diagnoses unrelated to occupational exposure to asbestos.

The employer must provide a copy of the physician's written opinion to the affected employee
within 30 days of its receipt.

Rcecordkeeping

The employer must keep an accurate record of all exposure measurements taken to monitor
employee exposure to asbestos. This record must be kept for 30 years.

The employer also must maintain an accurate record for each employee subject to medical
surveillance. This record must be maintained for the duration of employment plus 30 years.

In addition, the employer must maintain all employee training records for 1 year beyond the last
date of employment by the employee.

All records must be made available to the OSHA Assistant Secretary, the Director of the National
Institute for Occupational Safety and Health (NIOSH), affected employees, former employees, and
designated representatives in accordance with 29 CFR Part 1910.20. When the employer ceases to
do business and there is no successor to receive the records for the prescribed period, the employer
must notify the Director of NIOSH at least 90 days prior to the disposal of records.



Also, if handling, using, or processing any products made from or containing asbestos are
exempted, the employer must establish and maintain accurate records of objective data that exempt
these products. These records must be kept for the duration of products. These be kept for way
duration vu of the employer's reliance upon the data.

Building and facility owners also are required to maintain records about the presence, quantity of
asbestos-containing material and presumed asbestos-containing material in the building and/or
facility. These records must be kept for duration of ownership and must be transferred to the
successive owners.

Regulated Areas

The employer must establish and set apart a regulated area wherever airborne concentrations of
asbestos and/or presumed asbestos-containing material exceed the PEL and/or EL. Only authorized
personnel may enter regulated areas. All persons entering a regulated area must be supplied with
and are required to an appropriate respirator.

No smoking, eating, drinking, chewing tobacco or gum, or applying cosmetics is permitted in
regulated areas.

Warning signs must be provided and displayed at each regulated area and must be posted at all
approaches to all regulated areas. Where necessary, signs must bear pictures or graphics, or be
written in appropriate language so that all employees understand them. These signs must bear the
following information:

Danger
Asbestos
Cancer And Lung Disease Hazard
Authorized Personnel Only
Respirators And Protective
Clothing
Are Required In This Area

In addition, warning labels must be affixed to all asbestos products (raw materials, mixtures, scrap)
and to all containers of asbestos products, including waste containers, that may be in the
workplace. The labels must comply with the requirements of 29 CFR 1910.1200(f) of OSHA's
Hazard Communication standard and must include the following information:



Danger
Contains Asbestos Fibers
Avoid Creating Dust
Cancer And Lung Disease Hazard

Labels or Material Safety Data Sheets (MSDSs) are not required where asbestos fibers have been
modified by a bonding agent, coating, binder, or other materials, if the manufacturer can demon-
strate that during handling, storing, disposing, processing, or transporting no airborne
concentrations of fibers of asbestos in excess of PEL and/or EL will be released or if asbestos is
present in a product in a concentration of less than 1.0 percent.

Communication of Hazards

Building/Facility Owners Duties

The communication of asbestos hazards is vital. Employees engaged in housekeeping activities
in public and commercial buildings with installed asbestos-containing materials may be exposed to
asbestos fibers. Building owners are often the only and/or best source of information concerning
that presence of previously installed asbestos-containing building materials. The standard requires
building owners and employers or potentially exposed employees to institute the following
practices:

* In buildings built before 1980, treat thermal system insulation and sprayed-on and troweled-on
surfacing materials as asbestos-containing materials, unless properly analyzed! and found not
to contain more than 1 percent asbestos.

* Train employees who may me in contact with asbestos-containing materials to deal safely with
them.

 Treat asphalt and vinyl flooring materials installed no later than 1980 as asbestos-containing,
unless properly analyzed and found to contain no more than 1 percent asbestos.

 Inform employers of employees performing housekeeping activities of the presence and
location of asbestos-containing materials and presumed asbestos-containing materials that may
have contaminated the area.



» Keep records of the presence, location, and quantity of asbestos-containing materials and
presumed asbestos-containing materials present in the building for the duration of ownership
and transfer these records to a successive owner.

Information and Training

Employers must develop a training program for all employees who are exposed to airborne
concentrations of asbestos at or above the PEL and/or EL. Training must be provided prior to or at
the thereafter. The time of initial assignment and at least yearly thereafter. The training program
must inform employees about ways in which they can safeguard their health.

In addition, employers must provide an awareness training course for employees who do
housekeeping operations in facilities where asbestos-containing materials or presumed
asbestos-containing materials are present. The elements of the course must include
the health effects of asbestos; locations, signs of damage and deterioration of asbestos-containing
materials and presumed asbestos-containing materials; the proper response to fiber release
episodes; and where the housekeeping requirements are found in the standard. This training must
be held annually and conducted so that all employees understand it.

Also, all training materials must be available to the employees without cost and, upon request, to
the Assistant 'Secretary for OSHA and the Director of NIOSH.

Methods of Compliance

Control Methods

To the extent feasible, engineering gild work practice controls must be used to reduce and
maintain employee exposure at or below the PEL and/or EL. The standard, therefore, requires the
employer to institute the following measures:

* Design, construct, install, and maintain local exhaust ventilation and dust collection systems
according to the American National Standard Fundamentals Governing the Design and
Operation of Local Exhaust Systems, ANSIZ9.2-1979.

* Provide a local exhaust ventilation system for all hand-operated and power-operated tools such
as saws, scorers, abrasive wheels, and drills that produce or release fibers of asbestos.



* Handle, mix, apply, remove, cut, score, or work asbestos in a wet state to prevent employee
exposure.

* Do not remove cement, mortar, coating, grout, plaster, or similar materials containing asbestos
from bags, cartons, or other containers that are being shipped without wetting, enclosing, or
ventilating them.

* Do not sand floors containing asbestos.

* Do not use compressed air to remove asbestos or materials containing asbestos unless the
compressed air is used in conjunction with a ventilation system designed to capture the dust
cloud created by tile compressed air.

« Use a negative-pressure enclosure/HEPA' vacuum system or a low-pressure/wet cleaning
method during automotive brake and clutch inspection, disassembly, repair, and assembly
operations. An equivalent method also can be used if the employer demonstrates that the
method being used achieves the required exposure reductions. (See 29 Part 1910.1001
Appendix F, Part C to the standard.)

* Where no more than five pairs of brakes or five clutches are inspected, disassembled, repaired,
or assembled weekly, use the control methods or work practices as set forth in 29 CFR Part
1910.1001 Appendix F to the standard.

Where engineering and work practice controls have been insufficient to reduce exposure to the
required level the employer must supplement them by using respiratory protection.

Where the PEL and/or EL is exceeded the employer must establish and implement a written
program to reduce employee below the engineering and work practice controls and by the use of
respirators where required and permitted.

Written plans for the program must he available upon request to the Assistant Secretary for OSHA,
the Director of NIOSH, and employees and their representatives. These plans must be reviewed and

updated, as necessary, to reflect significant changes in the compliance program.

Employee rotation can be used as a means of compliance the PEL and/or the EL.

'High-efficiency particulate air means a filter capable of trapping and retaining at least 99.97
percent of 0.3-micrometer diameter mono-disperse particles.



Respiratory Protection
Respirators must be selected, provided, and used in the following circumstances:

* While feasible engineering and work practice controls are being installed or implemented:

* During maintenance and repair activities, or other activities where engineering and work
practice controls are not feasible;

* In work situations where feasible engineering and work practice controls are not yet sufficient
to reduce exposure to or below the PEL and/or EL; and

* In emergencies.

Respirators must be selected from among those jointly approved by the Mine Safety and Health
Administration (MSHA) and NIOSH under the provisions of Title 30, CFR Part 11. The employer
also must provide a powered, air-purifying respirator in lieu of any negative-pressure respirator
when the employee chooses it and when the respirator provides adequate protection. And, where
respiratory protection is required, the employer must develop a respiratory program in accordance
with 29 CFR 1910.134 (b),(d),(e), and (f). The respirators and the respiratory protection
program must he provided to employees free of charge.

Employees who use a filter respirator must use a high-efficiency filter and must change filters
whenever an increase in breathing resistance is detected. Employees who wear respirators must be
allowed to wash their faces and respirator face pieces whenever necessary to prevent skin irritation
associated with respirator use. An employee must not be assigned to tasks requiring the use of
respirators if a physician determines that the employee is unable to function normally wearing a
respirator or that the employee's safety and health or that of others would be affected by the
employee's use of a respirator. In this case, the employer must assign the employee to another job
or give the employee the opportunity to transfer to a different job that does not require the
use of a respirator. The job must be with the same employer, in the same geographical area, and
with the same seniority, status, rate of pay, if such a position is available.

The employer must ensure that a respirator issued to an employee fits properly exhibits and
minimum facepiece leakage. Employers also must perform quantitative or qualitative fit tests.
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whichever are appropriate, at the time of initial fitting and at least every 6 months for each
employee wearing negative-pressure respirators. Protocols for fit tests are set forth in 29 CFR
1910.1001 Appendix C of the standard. Tests must be used to select facepieces that provides
required protection.

Protective Clothing

For any employee exposed to airborne concentrations of asbestos that exceed the PEL and/or EL,
employer must provide at no cost to the employee, and require the use of, protective clothing,
such as coveralls or similar full-body clothing, head coverings, gloves, and foot coverings. In
addition, wherever the possibility of eye irritation exists, face shields, vented goggles, or other
appropriate protective equipment must be provided and worn. Asbestos-contaminated work
clothing must be removed in change rooms and placed and stored in closed, labeled containers
that prevent dispersion of the asbestos into the ambient environment. Protective clothing and
equipment must be cleaned, laundered. repaired, or replaced to maintain effectiveness.

The employer must provide clean protective clothing and equipment at least weekly to each
affected employee. The employer must inform any person who launders or cleans asbestos-
contaminated clothing or equipment of the potentially harmful effects of exposure to asbestos. In
addition, the employer must be certain that the person doing the cleaning or laundering has been
properly instructed on how to effectively prevent the release of airborne fibers in excess of the
permissible exposure limits. For example, asbestos must never be removed from protective clothing
by means of blowing or shaking.

Contaminated clothing and equipment taken out of change rooms or the workplace for cleaning,
must be transported in sealed impermeable bags, or other closed impermeable containers and must
be appropriately labeled.

Hygiene Facilities and Practices
Employees who are required to work in regulated areas must be provided with clean

change rooms, shower facilities, and lunch rooms. Change rooms must have two separate lockers or
storage facilities -- one for contaminated clothing, the other for street clothing.
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They must be far enough apart to prevent accidental contamination of the employee's street clothes.
Employees must shower at the end of the shift and cannot leave the workplace wearing any
clothing or equipment worn during the work shift. Lunchroom facilities must have a
positive-pressure filtered air supply and must be readily accessible to employees.

The employer must ensure that employees do not enter lunch room facilities with protective
work clothing or equipment unless surface asbestos fibers have been removed by vacuuming or
some other method that removes dust without causing the asbestos to become airborne. The
employer also must ensure that employees wash their hands prior to eating, drinking, or smoking.
Smoking is prohibited in regulated areas.

Housekeeping

All surfaces must be maintained as free as possible of accumulations of waste containing
asbestos and/or asbestos dust. The preferred methods of cleanup are wet cleaning and/or vacuuming
with HEPA filtered vacuuming equipment. Compressed air may not be used to clean surfaces
contaminated by asbestos at any time. Whichever cleanup method is chosen, the equipment shall be
used and a emptied in a manner that minimizes the reentry of asbestos into the workplace.

The employer also must ensure that all spills and sudden releases of asbestos-containing
materials are immediately cleaned up, that sanding asbestos-containing floors is prohibited; and
that low abrasion pads at speeds lower than 300 rpm and wet methods are used. If floor has
sufficient finish, brushing or dry buffing is permissible. If workers are required to buff or wax
asbestos containing resilient floors, building and facility owners must identify the installed material
and inform employees and employers of employees doing such housekeeping work.

Asbestos waste, scrap, debris, bags, containers, equipment, and asbestos-contaminated clothing

consigned for disposal must be collected and disposed of in sealed, labeled, impermeable bags or
other closed, labeled impermeable containers.
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Other Sources of OSHA Assistance

Safety and Health Program Management Guidelines

Effective management of worker safety and health protection is a decisive factor in reducing the
extent and severity of work-related injuries and illnesses and their related costs. To assist
employers and employees in developing effective safety and health programs, OSHA published
recommended. Safety and Health Program Management Guidelines (Federal Register 54 (18):
3908-3916, January 26, 1989). These voluntary guidelines apply to all places of employment
covered by OSHA.

The guidelines identify four general elements that are critical to the development of a successful
safety and health management program:

* Management commitment and employee involvement,
* Worksite analysis,

* Hazard prevention and control, and

» Safety and health training.

The guidelines recommend specific actions, under each of these general elements to achieve an
effective safety and health program. A single free copy of the guidelines can be obtained from the
OSHA Publications Office, U.S. Department of Labor, 200 Constitution Avenue, N.W., Room
N3101, Washington, DC 20210, by sending a self-addressed mail label with your request.

State Programs

The Occupational Safety and Health Act of 1970 encourages states to develop and operate their
own job safety and health plans. States with plans approved under section 18(b) of the Act must
adopt standards and enforce requirements that are at least as effective as federal requirements.
There are currently 25 state plan states: 23 of these states administer plans covering both private
and public (state and local government) employees; the other 2 states; Connecticut and New York,
cover public employees only. Plan states must adopt standards at least as effective as federal
requirements within 6 months of a federal standard's promulgation. Until such time as a state
standard is promulgated, federal OSHA provides interim enforcement assistance, as appropriate, in
these states. A listing of approved state plans appears at the end of this publication.
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Consultation Services

Consultation assistance is available on request to employers who want help in establishing and
maintaining a safe and healthful workplace. Largely funded by OSHA, the service is provided at no
cost to the employer. Primarily developed for smaller employers with more hazardous operations,
the consultation service is delivered by state government agencies or universities employing
professional safety consultants and health consultants. Comprehensive assistance includes an
appraisal of all mechanical, physical work practices, and environmental hazards of the workplace
and all aspects of the employer's present job safety and health program.

The program is separate from OSHA's inspection efforts. No penalties are proposed or citations
issued for any safety or health problems identified by the consultant. The service is confidential.

For more information concerning consultation assistance, see the list of consultation projects at
the end of this publication.

Voluntary Protection Programs (VPPs)

Voluntary Protection Programs and onsite consultation services, when coupled with an effective
enforcement program, expand worker protection to help meet the goals of the OSH Act. The three
VPPs -- Star, Merit, and Demonstration -- are designed to recognize outstanding achievement by
companies that have successfully incorporated comprehensive safety and health programs into their
total management system. They motivate others to achieve excellent safety and health results in the
same outstanding way as they establish a cooperative relationship among employers, employees,
and OSHA.

For additional information on VPPs and how to apply, contact the OSHA area or regional offices
listed at the end of this publication.

Training and Education
OSHA area offices offer a variety of information services, such as publications, audiovisual aids,

technical advice, and speakers for special engagements. OSHA Training Institute in Des Plaines,
IL, provides basic and advanced courses in safety and health for federal and state compliance
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officers, state consultants, federal agency personnel, and private sector employers, employees, and
their representatives.

OSHA also provides funds to nonprofit organizations, through grants, to conduct workplace
training and education in subjects where OSHA believes there is a lack of workplace training.
Grants are awarded annually. Grant recipients are expected to contribute 20 percent of the total
grant cost.

For more information on grants, training and education, contact the OSHA Training institute,
Office of Training and Education, 1555 Times Drive, Des Plaines, IL 60018, (708) 297-4810.

For further information on any OSHA program, contact your nearest OSHA area or regional
office listed at the end of this publication.
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OSHA Related Publications

A single free copy of the following materials may be obtained from the OSHA area or regional
offices or contact the OSHA Publications Office, 200 Constitution Avenue, N.W., Room
N3101, Washington, DC 20210, (202) 219-4667; or (202) 219-9266 (fax). Please send a
self-addressed label with your written request.

All About OSHA - OSHA 2056

Asbestos Standard for Construction Industry - OSHA 3096
Asbestos Standard for Shipyards - OSHA 3145

Chemical Hazard Communication - OSHA 3084

Consultation Services for the Employer - OSHA 3047
How to Prepare for Workplace Emergencies- OSHA 3088

Job Safety and Health Protection (Poster) - OSHA 2203
OSHA: Employee Workplace Rights - OSHA 3021
OSHA Inspections - OSHA 2098

Personal Protective Equipment - OSHA 3077
Respiratory Protection - OSHA 3079
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The following publications are available from the U.S. Government Printing Office, Superintendent
of Documents, Washington, DC 20402, (202)512-1800. Include GPO Order No. and make checks
payable to Superintendent of Documents.

Hazard Communication-A Compliance Kit - OSHA 3104
OSHA Order No. 029-010-00147-6. Cost $18.00 domestic; $22.50 foreign.

Hazard Communication Guidelines for Compliance - OSHA 3111
Order No0.029-016-00127-1. Cost $1.00

Job Hazard Analysis - OSHA 3071
Order No. 029-016-00142-5. Cost: $1.00

Training Requirements in OSHA Standards and Training Guidelines - OSHA 2254
Order No. 029-016-00137-9. Cost $4.25
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States with Approved Plans

Commissioner

Alaska Department of Labor
1111 West 8th Street

Room 306

Juneau AK 99801

(907) 465-2700

Director

Industrial Commission of
Arizona

800 W. Washington

Phoenix, AZ 85007

(602) 542-5795

Director
California Department

of Industrial Relations
455 Golden Gate Avenue
4th Floor
S. San Francisco, CA 94102
(415) 703-4590

Commissioner
Connecticut Department

of Labor
200 Folly Brook Boulevard
Wethersfield, CT 06109
(203) 566-5123

Director

Hawaii Department of Labor
and Industrial Relations

830 Punchbowl Street

Honolulu, HI 96813

(808) 586-8844
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Commissioner

Indiana Department of Labor
State Office Building

402 West Washington Street
Room W195

Indianapolis, IN 46204

(307) 232-2378

Commissioner

Iowa Division of Labor Services
1000 E. Grand Avenue

Des Moines, IA 50319

(515) 281-3447

Secretary

Kentucky Labor Cabinet

1049 U.S. Highway, 127 South
Frankfort, KY 40601

(502) 564-3070

Commissioner
Maryland Division of Labor
and industry
Department of Licensing
and Regulation
501 St. Paul Place, 2nd Floor
Baltimore, MD 21202-2272
(410) 333-4179

Director

Michigan Department of Labor
Victor Office Center

201 N. Washington Square
P.O. Box 30015

Lansing, MI 48933

(517) 373-9600



Director

Michigan Department of
Public Health

3423 North Logan Street

Box 30195

Lansing, MI 48909

(517) 335-8022

Commissioner

Minnesota Department
of Labor and industry

443 Lafayette Road

St. Paul, MN 55155

(612) 296-2342

Director

Division of industrial
Relations

400 West King Street

Carson City, NV 89710

(702) 687-3032

Secretary

New Mexico Environmental
Department

Occupational Health
and Safety Bureau

1190 St. Francis Drive

P.O. Box 26110

Santa Fe, NM 87502

(505) 827-7850

Commissioner

New York Department
of Labor

State Office Building —
Campus 12

Room 457

Albany, NY 12240

(518) 457-2741

Commissioner

North Carolina Department
of Labor

319 Chapanoke Road

Raleigh, NC 27603

(919) 662-4585

Administrator
Oregon Occupational Safety
and Health Division
Department of Consumer
and Business Services,
Room 430
Labor and Industries Building
350 Winter Street, NE
Salem, OR 97310
(503) 378-272

Secretary
Puerto Rico Department
of Labor and Human Resources
Prudencio Rivera Martinez.
Building
505 Munoz Rivera A-venue
Hato Rey, PR 00918
(809) 754-2119

Commissioner

South Carolina Department
of Labor

3600 Forest Drive

P.O. Box 11329

Columbia, SC 29211-1329

(803) 734-9594
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Commissioner
Tennessee Department

of Labor
Attention: Robert Taylor
710 James Robertson Parkway
Gateway Plaza
Suite “A”- 2nd Floor
Nashville, TN 37243-0655
(615) 741-2582

Commissioner

Industrial Commission of Utah
160 East 300 South, 3rd Floor
P.O. Box 146600

Salt Lake City, UT 84114-6600
(801) 530-6880

Commissioner

Vermont Department of Labor
and Industry

120 State Street

Montpelier, VT 05620

(802) 828-2788

Commissioner
Virgin Islands Department

of Labor
2131 Hospital Street, Box 890
Christiansted
St. Croix, VI 00840-4666
(809) 773-1994
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Commissioner

Virginia Department Department of Labor

and industry
Powers-Taylor Building
13 South 13th Street
Richmond, VA 23219
(804) 786-9873

Director

Washington Department
of Labor and Industries

P.O. Box 44000

Olympia, WA 98504-4000

(206) 956-4200

Administrator
Occupational Safety

and Health Administration
Herschler Building,

2nd Floor East
122 West 25th Street
Cheyenne, WY 82002
(307) 777-7786



OSHA Consultation Project Directory

State Telephone
Alabama .........ccccceeeeeiiiiieeeeee e, (205) 348 - 3033
Alaska ....coooeeieeiiiii e (907) 269 - 4939
ATIZONA ..ovvviiiieiiieeeeeeee e (602) 542 - 5795
PaN & 1 1Y TR (501) 682 - 4522
California .............cceeeeiiiiiiiiieee, (415) 703 - 4441
Colorado .....ccceeeeeeeivieeeeeiieeeeeee e, (303) 491 - 6151
Connecticut .........ccceeeeveiiiiiiiiiiieeeeeeennn, (203) 566 - 4550
Delaware ........cccoovvvvveeeeeiieieiiciieeeeeee. (302) 577 - 3908
District of Columbia ..........ccccvvveeeeeee.. (202) 576 - 6339
Florida ........ccoovveeiiiiiiiiieeiiee e (904) 488 - 3044
GEOTZIA .eveveniiieeiieeeiee e (404) 894 - 8274
GUAM ..oeeiiiiieecceee e e (671) 647 - 4202
Hawaii .....cooovveeiieiiieeiceieecceeeeeee (808) 586 - 9116
Ida O wevveeiieieeeeee e, (208) 385 - 3283
INOIS vveieiiiiee e (312) 814 - 2337
Indiana ........ccccooeeviviieeeiiiiieceeee e, (317) 232 - 2688
LOWA v, (515) 281 - 5352
Kansas ....cccovveeeeeeeiiiieieeeeeeeeeee (913) 296 - 4386
Kentucky .....ccoceeveiiiviiiiiiieeeiieeeies (502) 564 - 6895
Louisiana .........cccceeeeevvvveieeeeeeeeeecne, (504) 342 - 9601
Maine ....ccoovvveeeeieeeeeeeeee e (207) 624 - 6460
Maryland ........cccooevveeviiieeiieeeeeeeen, (410) 333 - 4218
Massachusetts .........cccoceeveeeeeeeeeccnnnnnen. (617)969 - 7177
Michigan ........cccccevveeeciieniiienieeeeeen, (517) 332 - 8250 (H)
.............................................................. (517) 322 - 1809 (S)
MINNEsota .......cccccuvvvveeeeeeeeeeeciiieeeeene. (612) 297 - 2393
MISSISSIPPI «eeveeereeniieenireeniieeniieenieeenieenns (601) 987 - 3981
MISSOUTT ceeeeeeeeeeeiiiieeeeee e (314) 751 - 3403
J\Y (0311721 o - (406) 444 - 6418
Nebraska ......cccvvvvvvvviiiiiiiiiiiiiiieieee, (402) 471 - 4717
Nevada ....ooooovvveeviiiiiieeeeeeeeeeeeee, (702) 486 - 5016
New Hampshire ........cccceeeevveeviiiennnnnnn. (603) 271 - 2024
NEeW Jersey ...ccovcueeernieenniieeeiieeeieeeene (609) 292 - 3923
NeWw MEXICO ..ccovvvrrreieeeeeeeeccieeeeeeeeeeen, (505) 827 - 2877
New YOrK ...cccovvveiiiiieieeeieeeeeeee, (518) 457- 2481
North Carolina ..........cooovvveeeeveeeeeeennnne... (919) 733 - 2360
North Dakota .......cccceeeeeeeeeieeciiiieenne.. (701) 221 - 5188
(H) - Health

(S) - Safety
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OhI0....oiiiiiiiiiiiici (614) 644 - 2631

OKIahoma .......cceeeeeeeieeeeeeieee e, (405) 528 - 1500
OregON ....evvveeiiieeiieeeiieeeiee e (503) 378 - 3272
Pennsylvania ........ccccocooevvvniiieninnnnnn. (412) 357 - 2396
Puerto RiCO .....ooooiiiiiiiie (809) 754 - 2171
Rhode Island .........ccccoouvvveeenveeniinininnnnnns (401) 277 - 2438
South Carolina ...........ccccevvveeeecneeeennne. (803) 734 - 9599
South Dakota .......cccceeeevvvieeeecinieeceee, (605) 688 - 4101
TEeNNESSEE ...coovvvvvvieieiiiiiiiiiieeeeeeeeeeee (615) 741 - 7036
TEXAS « cevvveeeeecriee e (512) 440 - 3834
Utah .o (801) 530 - 6868
Vermont .......ccccevvvvvvevevieiiieeiiieieeeeeeeeenn, (802) 828 - 2765
ViIrginia ......cccceeeeveeeniieeniieeeciee e (804) 786 - 8707
Virgin Islands .......cccocoveeveiieeniiieennin. (809) 772 - 1315
Washington .......ccccceevvieeviiienniiennen. (206) 956 - 4249
West Virginia .......ccceeeeveeeeeieeenneeeennen. (304) 558 - 7890
WISCONSIN .oeeeeeeeiiiieeeeeeeeeeeereeeeeeen (608) 266 - 8579(H)
.............................................................. (414) 521 - 5188(S)
Wyoming ......cccceeeveveeinieeeniiieenieeeen. (307) 777 - 7786
(H)-Health

(S)- Safety
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OSHA Area Offices

Area Telephone
Albany, NY ..o, (518) 464 - 6742
Albuquerque, NM ......ccceevvviieineennnen. (505) 766 - 3411
Allentown, PA ..., (215) 776 - 0592
Anchorage, AK .......ccoeviiviiiiiiiiieen. (907) 271 - 5152
Appleton, WI ......cccoviiiiiiiiieee, (414) 734 - 4521
Augusta, ME .......ccccoiiiiiiii, (207) 622 - 8417
Austin, TX ..o, (512) 482 - 5783
Avenel, NJ ..o, (908) 750 - 3270
Baltimore, MD .........cccoovvvviiiiiiinne, (410) 962 - 2840
Baton Rouge, LA ..., (504) 389 - 0474
Bayside, NY ...coooovviiiiieeeeeeeeen, (718) 279 - 9060
Bellevue, WA ..., (206) 553 - 7520
Billings, MT .....cccovvviiiiiieeieeeeeeeee, (406) 657 - 6649
Birmingham, AL .........ccccooeiiiniennen. (205) 731 - 1534
Bismarck, ND .......ccoovvviiiiiiiiiiiinne, (701) 250 - 4521
Boise, ID ....oooovvivieiieeeeeeee e (208) 334 - 1867
Bowmansville, NY .......cccccceeviiiennnnne. (716) 684 - 3891
Braintree, MA ........coooiviiiiiiieieee (617) 565 - 6924
Bridgeport, CT ...oooovvviviiiiiiieieeen, (203) 579 - 5579
Calumet City, IT ....ccooveiiieiieeeeeee, (708) 841 - 3800
Carson City, NV ....cocvviiiiiiiieieeeen, (702) 885 - 6063
Charleston, WV ......ccooovvvevrnreeieirinnnnnnnns (304) 347 - 5937
Cincinnati, OH .........ccocoeeeiiiiieiiennnn. (513) 841 - 4132
Cleveland, OH .........cccovvieviniieeenee. (216) 522 - 3818
Columbia, SC .........cooevvieeeeeieeeeee. (803) 765 - 5904
Columbus, OH .........cccovveeeeireeeene. (614) 469 - 5582
Concord, NH ........cooovvviiiiiieeee, (603) 225 - 1629
Corpus Christi, TX ..cccooveriieeiieieee, (512) 884 - 2694
Dallas, TX ...ocoooviiieiiieeeeeeeeeee e, (214) 320 - 2 400
Denver, CO .....ccovvvieeieeeeeeee e, (303) 844 - 5285
Des Plaines IT ........vvveeveeveeiiiiiiniiinnnnns (708) 803 - 4800
Des Moines, I A .....oovveeeeeveeiiieiirininnnnns (515) 284 - 4794
Englewood, CO ......ccccocvvvveviiieniieenen. (303) 843 - 4500
Erie, PA ..o, (814) 833 - 5758
Fort Lauderdale, FLL .............covvvvnnnne. (305) 424 - 0242
Fort Worth, TX .....ccccoooviiiiiiieieeee. (817) 885 - 7025
Frankfort, KY ....cccccovviiiiiiiiieie. (502) 227 - 7024
Harrisburg, PA ..., (717) 782 - 3902
Hartford, CT ....ccovveiieiieeeeeeeeee, (203) 240 - 3152
Hasbrouck Heights, NJ ....................... (201) 288 - 1700
Hato Rey, PR ..o, (809) 766 - 5 457
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Honolulu, HI ... (808) 541 - 2685

Houston, TX ......ccccoevviiiiiiiiiiii, (713) 286 - 0583
Houston; TX ...........cooo. (713) 591 - 2438
Indianapolis, IN........cccoeeviiiirriiieenee, (317) 226 - 7290
Jackson, MS ... (601) 965 - 4606
Jacksonville, FL .............ccoeeiinnnnnnnn. (904) 232 - 2895
Kansas City, MO ......ccccceevveeeciveeenenne (816) 426 - 2756
Lansing, MI ......ccccooeviiiiiiiiieeeeee, (517) 377 - 1892
Little Rock, AR ......cccoovvviiiiiiiieennee. (501) 324 - 6291
Lubbock, TX ...cccceevieiiieeeieee e, (806) 743 - 7681
Madison, WI .......ccooeviiiiiiiieeeeee, (608) 264 - 5388
Marlton, NJ ..., (609) 757 - 5181
Methuen, MA ..., (617) 565 - 8110
Milwaukee, WI .......cooovvviiiiiiiienee. (414) 297 - 3315
Minneapolis, MN .......ccccooeiireniiennnnen. (612) 348 - 1994
Mobile, AL ......oooevieiieieeeeee e (205) 441 - 6131
Nashville, TN ......cccooviiiiieiieeeenee. (615) 781 - 5423
New York, NY ..o, (212) 264 - 9840
Norfolk, VA ..o (804) 441 - 3820
North Aurora, IL ............ooovveeinnnne. (708) 896 - 8700
Oklahoma City, OK .......cccceooveeiiennnne (405) 231 - 5351
Omaha, NE ........cooviiiiiieee (402) 221 - 3182
Parsippany, NJ .....ccccoeviiiiiiiiiieeee, (201) 263 - 1003
Peoria, IL ....coooovviiiiiieeiieeeeeeeeee, (309) 671 - 7033
Philadelphia, PA ........ccccoviiiniiine (215) 597 - 4955
Phoenix, AZ .....ccccceeeevvveeeeeiiee e, (602) 640 - 2007
Pittsburgh, PA ......ccooviiiiee, (412) 644 - 2903
Portland, OR .........ccooovvviiieiieeeee. (503) 326 - 2251
Providence, RI .........ccccuvvvveeiiiiiinnnne. (401) 528 - 4669
Raleigh, NC ......coooovviiiiiieieeeeeeeee, (919) 856 - 4770
Salt Lake City, UT .....cccevevveviieienen, (801) 524 - 5080
San Francisco, CA .......cccoovvvevieieeieeennn, (415) 744 - 7120
Savannah, GA .........ccccevvviivvviieeeeeen, (912) 652 - 4393
Smyrna, GA ....cccoevievieeeeeee e (404) 984 - 8700
Springfield, MA ........cccoeeviiiieeeiee (413) 785 - 0123
St. Louis, MO .....ccceeeeeiieeieieeeee, (314) 425 - 4249
Syracuse, NY ...ccccoovvviiiniiiieeeeeiee (315) 451 - 0808
Tampa, FL ..o, (813) 626 - 1177
Tarrytown, NY ...ccoovvvviienieeeiieeeen, (914) 682 - 6151
Toledo, OH ......ccooevveiiieeieeeeeee. (419) 259 - 7542
Tucker, GA ....coovveeeeeeeeeeeceee e (404) 493 - 6644
Westbury, NY oo, (516) 334 - 3344
Wichita, KS ... (316) 269 - 6644
Wilkes-Barre, PA ........oovvvvvvvvvieeieienn (717) 826 — 6538
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U.S. Department of Labor
Occupational Safety and Health Administration
Regional Offices

Region I

(CT,* MA, ME, NH, RI, VT#*)
133 Portland Street

1* Floor

Boston, MA 02114

Telephone: (617) 565-7164

Region 11

(NJ, NY, * PR,* VI¥#)
201Varick Street

Room 670

New York, 10014
Telephone: (212) 337-2378

Region II1

(DC, DE,MD,* PA, VA,* WV)
Gateway Building, Suite 2100
3535 AM Street

Philadelphia, PA 19104
Telephone:(215) 596-1201

Region IV

(AL, FL, GA, KY,*MS, NC,
SC,* TN*)

1375 Peachtree Street, N.E.
Suite 587

Atlanta, GA 30367
Telephone: (404) 347-3573

Region V

(IL, IN,* ML* OH, WI)
230 South Dearborn Street
Room 3244

Chicago, IL 60604
Telephone: (312) 353-2220

Region VI

(AR, ILA, NM,*OK, TX)
525 Griffin Street

Room 602

Dallas, TX 75202
Telephone: (214) 767-4731

Region VII

(IA,* KS, MO, NE)

City Center Square

110 Main Street, Suite 8 00
Kansas City, MO 64105
Telephone: (816)426-5861

Region VIII

(CO, MT,ND,SD,UT,* WY*)
Federal Building, Room 1576
1999 Broadway

Denver, CO 8002-5716
Telephone: (303) 391-5858

Region IX

American Samoa, AZ,* CA*

Guam, HI,*NV,*Trust Territories of the Pacific)
71 Stevenson Street, Room 420

San Francisco, CA 94105

Atlanta, GA 30367

Telephone: (415) 744-6670

Region X

(AK, * ID, OR,* WA¥)
1111 Third Avenue

Suite 715

Seattle, WA 98101-3212
Telephone: (206) 553-5930

* These states and territories operate their own OSHA-approved job safety and health programs (Connecticut and New
York plans cover public employees only). States with approved programs must have a standard that is identical to, or at

least as effective, as the federal standard.
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I. INTRODUCTION

When the asbestos criteria document was first published in 1972, the
National Institute for Occupational Safety and Health (NIOSH) recommended a
standard of 2.0 asbestos fibers/cubic centimeter (cc) of air based on a
count of fibers greater than 5 micrometers (um) in length. This standard
was recommended with the stated belief that it would "prevent" asbestosis
and with the open recognition that it would not "prevent" asbestos-induced
neoplasms. Furthermore, data were presented which supported the fact that
technology was available to achieve that standard and that the criteria
would be subject to review and revision as necessary. Since the time that
the asbestos criteria were published in 1972, sufficient additional data
regarding  asbestos-related disease have been developed to warrant
reevaluation.

On June 7, 1972, the Occupational Safety and Health Administration
(OSHA) promulgated a standard for occupational exposure to asbestos
containing an 8-hour time-weighted average (TWA) concentration exposure
limit of 5 fibers longer than 5 um/cc of air, with a ceiling 1limitation
against any exposure in excess of 10 such fibers/cc. The standard further
provided that the 8-hour TWA was to be reduced to 2 fibers/cc on July 1,
1976.

As the result of a court case, OSHA decided that to achieve the most
feasible occupational health protection, a reexamination of the standard's
general premises and general structure was necessary. To this end, on
October 9, 1975, OSHA announced a proposed rule-making to lower the

exposure limit to an 8-hour TWA concentration of 0.5 asbestos fibers longer



than 5 wmm/cc of air with a ceiling concentration of 5 fibers/cc of air
determined by a sampling period of up to 15 minutes. On December 2, 1975,
OSHA requested NIOSH to reevaluate the information available on the health
effects of occupational exposure to asbestos fibers and to advise OSHA on
the results of this study.

This document contains an updated review of the available information
on the health effects of exposure to asbestos. In addition, NIOSH's

proposal for a new numerical exposure limit is included.

. gDl

'John F. Finklea, M.D.
Director, National Institute for
Occupational Safety and Health



II. BIOLOGIC EFFECTS OF EXPOSURE ON ANIMALS

Carcinogenicity

The carcinogenicity of asbestos was studied through various routes of
exposure
(a) Instillation

(1 Intratracheal Injection

This technique has been used to study co-~carcinogenesis of
chrysotile asbestos with benzo(a)pyrene in hamsters (Miller et al, 1965)
and rats (Vosamae, 1972; Pylev, 1972; Pylev and Shabad, 1973; Shabad et al,
1974). 1In both species, it was demonstrated that the effect of chrysotile
was additive to that of benzo(a)pyrene for tumors of the respiratory tract.

Shabad et al (1974) showed that intratracheal injection of 2
mg of Russian chrysotile on which 0.144 mg benzo(a)pyrene was absorbed (3
times at monthly intervals), or 2 mg of Russian chrysotile together with 5
mg benzo(a)pyrene (single injection) produced lung papillomas, epidermoid
carcinomas, reticulosarcomas, or pleural mesotheliomas in 6/21 and 6/11
rats, respectively, within 9-28 months. No lung tumors or mesotheliomas
occurred 1in 49 rats given 3 doses of 2 mg chrysotile alone or in 19 rats
given a single dose of 5 mg benzo(a)pyrene alone during or up to 28 months
of observation.

(2) Intraperitoneal (ip) Administration

Reeves et-al (1971) gave ip injections of 0.3, 0.5, or 1.0 ml
of a solution of 20 mg/ml amosite, crocidolite or chrysotile to groups of
11, 13, and 13 Charles River CD rats, respectively. Three peritoneal

mesotheliomas were observed with chrysotile, three with crocidolite, and



none with amosite after 7-17 months. No data oun control animals were
reported.

Maltoni and Annoscia (1973) injected 25 mg of crocidolite into
50 male and 50 female Sprague-Dawley rats, 18 weeks old, and later observed
65 mesotheliomas-31 in males and 34 in females.

Pott and Friedrichs (1972) and Pott et al (1974) injected
fibrous and granular dusts into the peritoneal cavities of Wistar rats.
The dosage, number of inoculations, and results are shown in Tables II-1
and II-2,

After injection of powdered chrysotile, the latent period for
the induction of tumors was found to be longer than that after injection of
standard chrysotile. The rate of tumor occurrence was about 40% in both
groups and was not distinctly influenced by the addition of benzo(a)pyrene.
In another group, benzo(a)pyrene without asbestos induced tumors in 10% of
the animals. Histologically, the types of tumors observed were connected
with structures of the abdominal wall, 1including the serosa, and in
isolated cases with those of the intestinal wall (Pott et al, 1972).

(3 Intrapleural Administration

All commercial types of asbestos have produced mesotheliomas
in CD Wistar rats. A dose of 20 mg of the 5 UICC standard reference
samples produced mesotheliomas in varying numbers - crocidolite, (61%);
amosite, (36%); anthophyllite, (34%); Canadian chrysotile, (30%); Rhodesian
chrysotile, (19%) (Wagner et al, 1974). The lowest dose used (0.5 mg
chrysotile or crocidolite) produced mesotheliomas (Wagner et al, 1973).
Stanton and Wrench (1972), using a dose of 40 mg asbestos dust on gelatin-

coated fiber glass pledgets, found that three of the UICC samples,



crocidolite, amosite and Rhodesian chrysotile, all produced mesotheliomas
in about 60% of the Osborne-Mendel rats. Pylev and Shabad (1973) induced
mesotheliomas with 60 mg of Russian chrysotile. 1In all these studies there
was a long latent period between inoculation and appearance of the tumors.
Evidence that the response was dose-related was provided by Wagner et al
(1973) and by Stanton (1973). Mesotheliomas have also been produced by
other workers: in rats (Donna, 1970; Reeves et al, 1971), in hamsters
(Smith et al, 1965) and in rabbits (Reeves et al, 1971). Groth et al
(1975) reported no mesotheliomas or other neoplasms from chrysotile in 45
female discard-breeder albino rats, approximately 10 months old. However,
all surviving tumor-free animals were killed at 90 or 150 days after
injection-~a time period insufficient for the development of mesotheliomas
as demonstrated by the experiments of Wagner and Berry (1969).

The suggestion has been made that natural oils and waxes
(Harrington, 1962) and contaminant oils from milling of the asbestos fiber
(Harrington and Roe, 1965; Roe et al, 1966) or from plastic storage bags
(Commins and Gibbs, 1969) contributed to the incidence of pleural tumors,
However, samples from which the oils had been removed gave very similar
results to untreated fiber (Wagner and Berry, 1969; Wagner et al, 1973).

Morgan and Holmes (1970) and Morgan et al (1971) showed that
when asbestos was injected intrapleurally, the majority of the fibers were
cleared from the 1lungs during the first 10 days; subsequently there was
also a very slow elimination through the gut. In feeding experiments
almost all of the fibers were eliminated. After intrapleural or
subcutaneous inoculation, only a minute fraction of the finer fibers were

translocated through the tissues. This finding was supported by the



studies of Kanazawa et al (1970).

The fiber diameter, length, and shape may be important in
disease production. All of the eight separate sub-samples which were
pooled in the UICC Canadian chrysotile reference sample (Timbrell and
Rendall, 1972), when ground separately to a finer powder, produced a higher
incidence of mesothelioma than the pooled sample. The highest incidence
(66%) was produced by a separate superfine chrysotile sample (20 mg dose)
fractionated from fine grade asbestos by water sedimentation (Wagner et al,
1973). Using UICC crocidolite, Stanton and Wrench (1972) found that
partially pulverized material gave fewer mesotheliomas than did the
standard unpulverized fiber. Prolonged fine grinding is known to destroy
fiber and crystalline structure (Occella and Maddalon, 1963). Stanton
(1973) showed that fibers of other materials, including glass, could induce
mesotheliomas, but only when the diameter was of the same order as that of
asbestos when measured by light microscopy.

In addition to the UICC standard reference samples, other
fibers were injected intrapleurally into rats by Wagner et al (1973). Out
of a group of 32 rats, mestheliomas occurred in 18 animals injected with a
sample of brucite, 3 injected with a ceramic fiber, 1 each with barium
sulphate, glass powder, and aluminum oxide. None occurred with a coarse
glass fiber.

Wagner et al (1976) conducted a series of experiments
comparing the biologic effects of a pure asbestos~free cosmetic talc with
the superfine chrysotile asbestos used in previous experiments. Imn an
intrapleural inoculation experiment, 48 rats were inoculated with each

dust. Eighteen rats of the chrysotile group developed mesotheliomas, but



no tumors were seen in those given talc.

Further evidence on the importance of fiber diameter was
provided by Wagner et al (1976), who reported on rats injected
intrapleurally with glass fiber (Table II-3). Two samples of glass fiber
were used, one with a median fiber diameter of 0.12 um and the other with a
median diameter of 1.8 um. Four mesotheliomas were observed in 32 rats
injected with the finer fiber and none with the coarser fiber, Also, the
degree of mesothelial cell hyperplasia was more pronounced in the rats
injected with the finer fiber. These results were comparable with those of
the previous experiment.

Shabad et al (1974) reported that when 20 mg of Russian
chrysotile was injected intrapleurally 3 times into 67 rats, 31 developed
mesotheliomas within 2 years.

(b) Ingestion

Gross et al (1974) reported the results of a series of feeding
experiments with chrysotile and crocidolite fed to rats of various origins.
In groups of rats varying in number from 10 through 35, no significant
differences in tumor incidence were observed in comparison with controls.
Survival rates were not reported, sample sizes were small (from 10 through
35) and no pathologic details were given.

In another experiment, Wagner et al (1976) fed 100 mg/day of talc (5
days/week) or chrysotile in malted milk powder for 100 days over a 6-month
period to groups of 32 Wistar SPF rats; 16 controls were fed only malted
milk. The mean survival from the start of feeding was 614 days for talc,
618 for chrysotile, and 641 days for the controls. The only tumors which

may have been associated with ingestion were two gastric leiomyosarcomas;



one in an animal fed talc and the other in one fed chrysotile. None
occurred in the controls.

() Inhalation

Lynch et al (1957) exposed AC/Fl hybrid mice by inhalation to a
commercial preparation of chrysotile asbestos and observed a higher
incidence of multiple pulmonary adenomas in the exposed group of animals,
45.7% (58/127), as compared with the 36.0% (80/222) in controls. These
results were reported as not statistically significant.

Reeves et al (1974) exposed groups of 30 Swiss mice to dusts of
crocidolite, amosite, and chrysotile for 4 hours/day, 4 days/week, for 2
years at a mean concentration of about 50 mg/m3. Two of the animals
exposed to crocidolite developed papillary carcinomas of the bronchus, as
did one of the nonexposed controls.

Gross et al (1967) observed carcinomas of the lung in rats repeatedly
exposed to chrysotile dust with a mean concentration of 86 mg/m3 for 30
hours/week. Twenty of 72 rats surviving for 16 months or longer developed
adenocarcinomas and 4 developed squamous-cell carcinomas, whereas no tumors
occurred 1in 39 controls. The authors suggested that the presence of trace
metals from the hammers of the mill used to prepare the fiber was a factor
in causing these tumors. However, this suggestion was not confirmed by
subsequent experiments (Reeves et al, 1974; Wagner et al, 1974), thus
leading Gross et al (1974) to retract the trace metal hypothesis for
asbestos-induced neoplasia.

Reeves et al (1971) found squamous carcinomas of the bronchus in 2 of
31 rats which survived exposure to crocidolite for 2 years at a

concentration of 49 mg/m3 for 16 hours/week. Five rats in a group of 40



exposed to chrysotile developed pulmonary adenomatosis, but no malignant
tumors were observed in rats exposed to either chrysotile or amosite.

In a subsequent experiment, Reeves et al (1974) exposed groups of 69
Charles River CD rats to crocidolite, amosite, and chrysotile for 4
hours/day, & days/week, for 2 years, at mean concentrations of about 50
mg/m3 (Table II-4). 1In addition, groups of 20 rabbits, 32 guinea pigs, and
68 gerbils were exposed for 18 months to the same three asbestos dusts as
the rats mentioned above. No tumors were observed, but mean survival times
were not stated.

Wagner et al (1974) exposed groups of C/D Wistar rats to the five
UICC asbestos samples at concentrations of about 12 mg/m3 of dust for 7
hours/day, 5 days/week, for several lengths of exposure: 1 day, 3 months,
12 months, and 24 months. At the end of the periods of exposure, the
amount of dust in the 1lungs of animals exposed to the two chrysotile
samples was much less than in the animals exposed to the three amphibole
samples. However, all types of fiber produced asbestosis which was
rrogressive after removal from the dust. Furthermore, whereas no tumors
were found 1in the control group, carcinogenicity was demonstrated in the
groups .exposed to chrysotile (Canadian or Rhodesian) and the amphiboles
(Table 1I-5). An 1increasing incidence of neoplasms was observed with
increasing exposures to each form of asbestos. Even as little as 1 day of
exposure =~ when the animals were allowed to survive and were observed -
produced neoplasia (Table II-6). One-day exposures to Canadian chrysotile
produced lung tumors. Mesotheliomas were observed in 11 rats, 2 of which
were exposed for only 1l day, one to amosite, and one to crocidolite.

Wagner et al (1976) compared rats exposed for a 2-year period to a



pure nonfibrous cosmetic talc, with another group of rats exposed to
superfine chrysotile. Similar degrees of fibrosis were found in each group
while one adenocarcinoma was found in an animal exposed to the chrysotile.

(d) Fiber Analysis in Tissue

Following inhalation, asbestos fibers found in sections of lung
tissue were usually <3 um in diameter and <100 um in length. Thicker or
longer fibers were either not 1inhaled or were rapidly cleared from the
respiratory tract. On a weight basis, only a very small proportion of
inhaled fiber was retained. An account of the inhalation of fibers is
given by Timbrell (1965, 1972). Electron-microscopy 1s essential for
studies of asbestos in tissue as many of the fibers of chrysotile and
amphiboles are too small in diameter to be seen with the 1light microscope
(Langer and Pooley, 1973).

The retention of different types of asbestos in animals following
exposure to the same concentrations of respirable dust was described by
Wagner et al (1974). For the amphiboles, there was a similar pattern with
an almost proportional increase of lung dust with the dose. Much less dust
was found for the chrysotiles and no increase of dust content in the lungs
was shown. Dust in the lungs of animals exposed for 6 months had been
partially cleared 18 months after the inhalation period. About 747 of the
amosite and crocidolite and 417 of the anthophyllite were eliminated. The
elimination rate of chrysotiles could not be exactly determined because of
their low content in the lung (Figure II-1) (Wagner et al, 1974).

The penetration and clearance of radioactive UICC crocidolite has

been studied in rats. After 30 days, the lung content of crocidolite was
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reduced to 75% of the initial value (Evans et al, 1973).

In early experiments, guinea pigs-and monkeys exposed to the four
commercial types of asbestos developed fibrotic lesions of the lung and
pleura similar to those seen in human cases of asbestosis (Vorwald et al,
1951; Wagner, 1963; Holt et al, 1965). In more recent experiments, this
finding has been confirmed in rats (Wagner et al, 1973).

The question whether asbestos fibers can move from their site of
primary deposition in the body and induce cancer in other sites is still a
vexing one. Volkheimer (1973) and Schreiber (1974) have reported that
particles and plant fibers ingested by experimental animals and man can
penetrate the wall of the gastrointestinal tract and be transported
throughout the body, possibly appearing in the urine. Westlake et al
(1965) fed a diet containing 6% of chrysotile to rats and reported that the
animals had fibers in the wall of the <colon. Cunningham and Pontefract
(1973) performed a similar experiment and reported that asbestos fibers
appeared in the blood and various tissues. A more recent report by Gross
et al (1974) concluded, however, that there was no satisfactory evidence
from their study of transmigration of fibers outside the gastrointestinal
tract.

In studies in which chrysotile labelled intrinsically with
radioactive trace metals by neutron irradiation was injected intrapleurally
into rats, Holmes and Morgan (1967) found evidence of where a small amount
of the fiber passed from the pleural cavity and 1lungs 1into such other
organs as the liver. In a later, similar experiment, Morgan et al (1971)
reported that a population of radionuclides, consistent with that expected

on the basis of the labelled chrysotile, was found in the heart, the lungs,

11



the diaphragm, and the chest muscles.

Karacharova et al (1969) and Friedrichs et al (1970) found some
evidence of movement of asbestos fibers from an ip site of injection into
various tissues 1in rats. The latter group of investigators reported that
movement was inversely related to the length of the fiber, becoming
essentially zero for fibers 20 or more um long.

Roe et al (1967) and Kanazawa et al (1970) found evidence of
transport of asbestos fibers from subcutaneous sites of deposition to such
organs as the spleen, the 1liver, kidneys, and the brain of mice,.
Cunningham and Pontefract (1973, 1974) reported that iv-injected asbestos
localized mostly in the liver and the lungs. The later paper found further
that chrysotile injected iv into pregnant rats crossed the placenta and

appeared in the livers and lungs of the fetuses.

Mutagenicity

Sincock and Seabright (1975) found that chrysotile and crocidolite
asbestos dust in a concentration of 0.0l mg/ml in culture medium induced
chromosomal aberrations in Chinese hamster cells. However, these changes

were not observed with glass fiber or glass powder.
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SUMMARY TABLE OF ASBESTOS-INDUCED CARCINOGENICITY IN ANIMALS

Author Date Finding Type of Animal Dosage Type of Fiber
INTRATRACHEAL INSTILLATION
Miller 1965 Tumors of respiratory tract Hamster Unknown Chrysotile with
benzo (a) pyrene
Vosamae 1972 " Rats " "
Pylev 1972 (1] " " "
Pylev & Shabad 1973 " " " "
Shabad et al 1974 Lung papillomas, epidermoid " 2 mg Russian Russian chrysotile
carcinomas reticulosarcomas, chrysotile
pleural mesotheliomas 6/21 5 mg benzo
and 6/11 rats within 9-28 (a) pyrene
mon
INTRAPERITONEAL ADMINISTRATION
Reeves et al 1971 3/13 peritoneal " 0.3, 0.5 or Amosite
mesotheliomas with 1.0 ml of Crocidolite
chrysotile solution of Chrysotile
3/13 peritoneal 20 mg/ml.
mesotheliomas with
crociodolite
0/11 peritoneal
mesotheliomas with amosite
After 7-17 mon
Maltoni 1973 31/50 mesothelioma in males Sprague-Dawley rats 25 mg cro- Crocidolite
34/50 mesothelioma in fe- (18 wk old) cidolite
males
Potts and Friedrichs 1972 407 tumor occurrence Wistar rats 2, 6.25, 25, Chrysotile A
75, 100 mg
Pott 1974 " " 2, 10, 50 mg "



SUMMARY TABLE OF ASBESTOS-INDUCED CARCINOGENICITY IN ANIMALS (CONTINUED)

1=

»
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Author Date Finding Type of Animal Dosage Type of Fiber
INTRAPLEURAL ADMINISTRATION
Wagner 1973 612 tumors with crucidolite Rats 20 mg Crocidolite
361 tumors with amosite Amosite
342 tumors with anthophyllite Anthophyllite
30Z tumors with Canadian Canadian
chrysotile chrysotile
192 tumors with Rhodesian Rhodesian
chrysotile chrysotile
Stanton and Wrench 1972 Mesotheliomas in 60X rats " 40 mg Crocidolite
Amosite and
Rhodesian
chrysotile
Pylev and Shabad 1973 Mesotheliomas " 60 mg Russian
chrysotile
Groth et al 1975 No mesotheliomas~but animals Albino rats Unknown
killed 90-150 4 after
injection-insufficient
latent period
Wagner 1976 18/48 mesotheliomas- Rats Chrysotile
0/48 mesotheliomas~talc Talc
Reeves et al 1971 1/15 mesothelioma with " 5 ml Amosite
crocidolite
2/12 mesothelioma with Crocidolite
chrysotile Chrysotile
Reeves et sl 1971 2/13 mesothelioma with Rabbit .8 ml Chrysotile
chrysotile
Shabad et al 1974 31/67 wesotheliomas within Rats 20 mg Russian
2 yr chrysotile
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SUMMARY TABLE OF ASBESTOS-INDUCED CARCINOGENICITY IN ANIMALS (CONTINUED)

Author Date Finding Type of Animal Dosage Type of Fiber
INGESTION
Gross et a) 1974 No significant difference Ratse 5X fiber by Chrysotile and
in tumor incidence observed; wveight in Crocidolite
survival rates not reported food
sample sizes were small
Wagner ot al 1976 2 gastric leiomyosarcomas, 32 Vistar SPF rats 100 mg/d/ Chrysotile or
1 in animal fed talc and 5 d/wk Talc
1 fad chrysotile 100 d over
a8 6-mon
period
INHALATION
Lynch et al 19%7 45,7 (58/127) pulmonary AC/¥ hybrid mice Dust concen- Chrysotile
adenomas in exposed group trations
36.0% (80/222) pulmonary ranged from
adenomas in controls 150,000,000 to
300,000,000
particles per
cc.
Reavss ot al 1974 2/30 bronchiogenic carci-~ Swise nice 50 mg/wd Crocidolite
noma with chrysotile 4 hr/a, Amosite
4 d/wk Chrysotile
for 2 yr
Gross st sl 1967 20/72 rats surviving 16 Rats 86 mg/m3 for Chrysotile dust
mon or longsr developed 30 hr/wk
adeno~carcinomas
4/72 rats developed
squamous~cell carcinomas
0/39 tumors in controls
Reaves st al 1971 2/31 rats developed " 49 mg/w’ for Crocidolite
carcinoma of the bronchus 16 hr/wk Chrysotile
with crocidolite exposure for 2 yr Amosite

$/40 rats developed adenc-
matosis with chrysotile
exposure
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SUMMARY TABLE OF ASBESTOS~INDUCED CARCINOGENICITY IN ANIMALS (CONTINUED)

Author Date Finding Type of Animal Dosage Type of Fiber
INHALATION
Wagner et al 1974 Asbestosis produced with C/D Wistar rats 12 mg dust Chrysotile
all types of fibers hr/d -- Amosite
d/wk for
Lung geveral lengths
Cancer Mesothelioma  Fiber of exposure
{1 d, 3 won,
11/146 1/146 amosite 12 mon, 24 mon)
16/145 2/145 anthophyllite
16/141 4/141 crocidolite
17/137 4/137 chrysotile
(Canadian)
30/144 0/144 chrysotile
(Rhodesian)
Sincock and Seabright 1975 Chromosal asbberation Hamster 0.01 mg/ml Chrysotile
in Chinese hamster cells Crocidolite



TABLE II-1

TUMORS IN ABDOMEN AND/OR THORAX AFTER INTRAPERITONEAL
INJECTION OF DIFFERENT FIBROUS AND GRANULAR DUSTS

Dust Form* Dose Ef fective First Average Rats
i.p. Number of Tumor Survival Time with
(mg) Dissected After of Rats with Tumor

Rats ... Days Tumors (%)

(days after inj.)

Chrysotile A £ 2 37 431 651 16.2
UICcC
" f 6.25 35 343 501 77.1
" f 25 31 276 419 80.6
" f 4 x 25 33 323 361 54.5
" f 3 x 25 33 449 449 3.0
" milled £ 4 x 25 37 400 509 32.4
Palygorscite f 3 x 25 34 257 348 76.5
Glass fibers f 2 34 692 692 2.9
S+ S 106
" f 10 36 350 530 11.1
" f 4 x 25 32 197 325 71.9
Gypsum f 4 x 25 35 579 583 5.7
Nemalite f 4 x 25 34 249 315 73.5
Actinolite g 4 x 25 39 - - -
Biotite g 4 x 25 37 - - -
Haematite
(precipit.) g 4 x 25 34 - - -
Haematite
(mineral) g 4 x 25 38 - - -
Pectolite g 4 x 25 40 569 569 2.5
Sanidine g 4 x 25 39 579 579 2.6
Talc g 4 x 25 36 587 587 2.8
NaCl-Control - 4 X 2m 72 - - -

*f = fibrous
g = granular
From Potts and Friedrichs (1972)
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TABLE II-2

TUMORS IN ABDOMEN AND/OR THORAX AFTER INTRAPERITONEAL INJECTION
OF GLASS FIBERS, CROCIDOLITE AND CORUNDUM

Dust Form* Dose Effective First Average Rats
i.p. Number of Tumor Survival Time with
(mg) Dissected After of Rats with Tumor
Rats ... Days Tumors (%)

(days after inj.)

Glass fibers

MN 104 f 2 73 421 703 27 .4

" f 10 77 210 632 53.2

" f 2 x 25 77 194 367 71.4
Glass fibers

MN 112 f 20 37 390 615 37.8
Crocidolite f 2 39 452 761 38.5
Corundum g 2 x 25 37 545 799 8.1

*f = fibrous
g = granular
From Pott et al (1974)

22



TABLE 1I-3

PERCENTAGE OF RATS DEVELOPING MESOTHELIOMAS AFTER INTRAPLEURAL
INOCULATION OF VARIOUS MATERIALS

Material

Percentage of rats with mesotheliomas

SFA Chrysotile

UICC
UIiccC
UICC
UICC
UICC
Fine

crocidolite

amosite

anthopyllite
chrysotile (Canadian)
chrysotile (Rhodesian)
Glass Fibre (code 100)

Ceramic fibre
Glass powder
Coarse glass fiber (code 110)

66
61
36
34
30
19
12
10

3

0

From

Wagner et al (1976)

TABLE

1I-4

INHALATION CARCINOGENESIS FROM VARIOUS FORMS OF ASBESTOS

Form of Asbestos

Number of Tumors

Controls
Amcsite
Crocidolite

Crysotile

no tumors
2 pleural mesotheliomas
3 squamous-cell carcinoma,
1 papillary carcinoma and
1 adenocarcinoma, all of lungs.
l papillary carcinoma, 1
squamous—~cell carcinoma of
lungs, and 1 pleural mesothelioma.

From Reeves et al (1974)
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TABLE II-5

NUMBER OF ANIMALS WITH LUNG TUMORS OR MESOTHELIOMA ACCORDING
TO TYPE OF ASBESTOS

Dust No. of Tumor Type
Animals
Adenocarcinoma Sq. Carcinoma Mesotheliomas

Controls 126 0 0 0
Amosite 146 5 6 1
Anthopyllite 145 8 8 2
Crocidolite 141 7 9 4
Chrysotile

(Canadian) 137 11 6 4
Chrysotile

(Rhodesian) 144 19 11 0
From Wagner et al (1974)

TABLE II-6
NUMBER OF ANIMALS WITH LUNG TUMORS OR MESOTHELIOMA
ACCORDING TO LENGTH OF EXPOSURE

Length of No. of No. with No. with Pleural % of Animals
Exposure Animals Lung CA Mesotheliomas with Tumors
Controls 126 0 0 0.0
1d 219 3 2 2.3
3 mon 180 8 1 5.0
6 mon 90 7 0 7.8
12 mon 129 35 6 31.8
24 mon 95 37 2 41.0

From Wagner et al (1974)
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Effects of Inhalation of Asbestos in Rats
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Mean weight of dust in lungs of rats in relation to dose and time.
from Wagner et al (1974)

FIGURE TI-1
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IIT. EFFECTS ON HUMANS

Nonmalignant Respiratory Diseases

(a) Historical Studies

The wuse of asbestos dates back thousands of years; however, the
modern industry dates from about 1880, when it was used to make heat and
acid resistant fabrics, (Hendry, 1965; Hueper, 1966). With the increasing
use of asbestos materials, reports of asbestos-related disease emerged.

The first record of a case of asbestosis was reported in England by
Montague Murray in 1906. Hoffman (1918) reported that it was the practice
of American and Canadian insurance companies not to insure asbestos workers
due to unhealthful conditions in that industry. Pancoast et al (1917)
commented on x-ray changes resembling pneumoconiosis in 15 individuals
exposed to asbestos. The first complete description of asbestosis and of
the ''curious bodies'" seen 1n lung tissue appeared when Cooke (1927)
reported on a case of asbestosis, and McDonald (1927) reported on the same
and another case. Each author gave reasons for believing that these
"curious bodies" originated from asbestos fibers that had reached the
lungs. Mills (1930) reported the first case of asbestosis in the United
States, and in the same year, Lynch and Smith (1930) reported on
"asbestosis bodies"* found in the sputum of asbestos workers. Early

studies led many investigators to conclude that people exposed to asbestos

*'"Ferruginous bodies'" is a more descriptive term, as other inhaled
fibers, eg, fibrous glass, may also become iron coated.
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dust developed the disease "asbestosis' if the dust concentration was high
or their exposure was long (Merewether and Price, 1930; Merewether, 1934;
Fulton et al 1935; Dreessen et al, 1938).

(b) Epidemiologic Studies

Harries (1968) reported that although first impressions would lead
one to believe that only workers continuously exposed to asbestos are at
risk of developing asbestosis, further consideration of the industry and
processes should have suggested that many other workers were also at risk.
For example, some trades worked in confined spaces where asbestos was used.
Work in shipboard trades was accepted by the Pneumoconiosis Panel of the
United Kingdom as associated with asbestosis.

Murphy et al (1971a) found that asbestosis was 11 times more common
among pipe insulators involved in new ship construction than among a
control group. Asbestosis first appeared 13 years after exposure or at
about 60 mppcf-years. The prevalence was 38% after 20 years. They also
reported a case of extensive pleural calcification in a worker whose only
known asbestos exposure was during sanding asphalt and vinyl tile floors
(Murphy et al, 1971b).

Lorimer et al (1976), 1in a study of brake repair and maintenance
workers exposed to asbestos, found that 25% of the workers showed evidence
of x-ray abnormalities consistent with asbestosis. One quarter also had
restrictive pulmonary function test findings.

Meurman et al (1973) found a three-fold risk of dyspnea and a two-
fold risk of cough for asbestos workers as compared with controls, after
adjusting for smoking.

Weill et al (1975) reported a decreased lung function in relatfion to

27



increasing cumulative dust exposure in a group of asbestos cement
manufacturing workers. Ayer and Burg (1976) reported a decrease in
pulmonary function in asbestos textile workers with less than ten years of
exposure.

In a study of 232 former insulation plant employees, Selikoff (1976a)
reported positive x-ray findings among individuals having exposures to
asbestos known to be as short as 1 day. More recently, Anderson et al
(1976) reported x-ray findings consistent with asbestosis in household and
family members having no known exposure to asbestos other than residing
with a known asbestos worker. These two studies demonstrate the presence
of asbestos disease in the absence of continuing new known exposures.

Wagoner et al (1973) demonstrated a significantly increased risk of
death from nonmalignant respiratory disease and for diseases of the heart,
which 1in part were secondary to pulmonary disease, among a cohort of
workers in a major manufacturing complex using predominately chrysotile.
Among those workers observed 20 or more years after onset of employment, a
four-fold increased risk of death due to nonmalignant respiratory disease
was observed. Further evaluation of these deaths revealed that the
majority occurred within 1 year after termination of employment and at an
average age of 53.8 years.

Newhouse (1969) reported an increased risk of death from nonmalignant
respiratory disease in male asbestos textile and insulation workers with
low to moderate exposure.

Enterline and Henderson (1973) reported that for all ages, only 18
deaths from asbestosis occurred in several asbestos plants studied from

1941 to 1969. It is significant to note, however, that the state of New
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Jersey alone, in the years 1969-1970, had awarded workman's compensation
for asbestosis to 455 workers from one of the plants in the study.
(Heymann, 1971; Serraino, 1970)

Selikoff (1976a) reported a significant excess of deaths due to
asbestosis among a group of workers in the US and Canada. Out of 17,800
asbestos 1insulation workers, there were 119 observed deaths attributed to
asbestosis. Although it was not reported, the expected death rates from
asbestosis in the general population would be virtually zero.

(c) Description of Asbestosis

Asbestosis 1is a chronic 1lung disease due to the inhalation of
asbestos fibers and is characterized by diffuse interstitial fibrosis,
frequently associated with pleural fibrosis (thickening) or pleural
calcification.

The characteristic x-ray changes of asbestosis are small irregular
opacities in the lower and middle lung fields, often accompanied by pleural
thickening and pleural calcifications.

The pulmonary fibrotic changes develop slowly over the years--often
progressively even without further exposure--and their radiographic
detection 1is a direct correlate of their extent and profusion. In some
cases, minor fibrosis with considerable respiratory impairment and
disability can be present without equivalent x-ray changes. Conversely,
extensive radiographic findings may be present with 1little functional
impairment.

Commonly found in asbestosis are pulmonary rales, dyspnea, finger
clubbing and cyanosis, but any or all can be absent in any one case.

Pulmonary hypertension is frequently associated with advanced
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asbestosis and the resultant cor pulmonale (right-sided heart failure) may
be the cause of death.

Carcinogenicity

(a) Occupational Exposure

(1) Historical Studies

In 1935, 55 years after the start of large-scale usage of
asbestos in industry, suspicion of an association between asbestosis and
lung cancer was reported by Lynch and Smith (1935) in the USA and by Gloyne
(1935) in the UK. About 10 years later, case reports of pleural and
peritoneal tumors associated with asbestos appeared (Wedler, 1943, a,b;
Wyers, 1946). Epidemiologic evidence from Doll (1955) showed a ten-fold
excess risk of 1lung cancers in those UK asbestos textile workers who had
been employed before 1930, before regulations produced improved dust
conditions in factories. Similar findings were reported in the USA in
1961. Mesotheliomas were also detected but this fact was not published
until later (Mancuso and Coulter, 1963; Selikoff et al, 1964). Possible
variations in risk with different types of fiber were rarely considered in
the early reports. Since 1964, following the recommendations of the UICC
Working Group on Asbestos Cancers (UICC 1965) for new studies, there has
been an expansion of epidemiologic studies in many parts of the world.

(2) Epidemiologic Studies

(A) Lung Cancer, Pleural and Peritoneal Mesotheliomas
(i) Mixed Types of Fiber
In most industrial processes different types of

fiber are mixed, so that pure exposures to a single asbestos type are rare.

Mortality studies of defined populations of asbestos-manufacturing,
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insulating, and shipyard workers have provided the most concrete evidence
concerning the association between bronchial cancer, pleural, and
peritoneal mesotheliomas and exposure to asbestos. Reports have come from
several countries: (UK) Newhouse, 1969; (FRG) Bohlig et al, 1970; (USA)
Selikoff et al, 1970; (UK) Elmes and Simpson 1971; (The Netherlands)
Stumphius, 1971; (Italy) Rubino et al, 1972.

A seven-fold excess of lung cancer was found in
a group of insulation workers whose exposures had been to chrysotile and
amosite but not crocidolite (Selikoff et al, 1971). Enterline and
Henderson (1973) reported a 4.4 times increased risk of respiratory cancer
mortality among retired men who had worked as production or maintenance
employees in the asbestos industry and who had been exposed to mixed
fibers. Among men with mixed exposure to crocidolite and chrysotile in the
asbestos cement industry, the rate was 6.1 times the expected rate. In a
British naval dockyard population, Harries (1976) showed that there had
been a steep rise in mesotheliomas since 1964. However, the full biologic
effects of asbestos in shipyard workers would not have been expected to be
detected until the 1970's and thereafter (Selikoff, 1976a).

Edge (1976) reported that shipyard workers with
mixed asbestos. exposure and pleural plaques (without evidence of pulmonary
fibrosis) had a 2.5 times increased risk of developing carcinoma of the
bronchus, when compared with matched controls without plaques. In a study
of sheet metal workers (Cooper et al, 1975) with measurable and mixed
asbestos exposure, an excess of deaths from malignant neoplasms (24.7% of
deaths for two cohorts selected for 5 or more years worked in the trade,

19.1% of deaths for a group with death claims where 14.5% was expected) was
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largely attributed to an excess of malignant tumors of the respiratory
tract. Of the 307 deaths in the first cohort, 32 lung cancer deaths were
significantly in excess (1.7 times the expected). One pleural mesothelioma
was observed.

Additional confirmatory evidence of the
association between mesotheliomas and past exposure to asbestos comes from
many institutes and departments of pathology and cancer registers, eg,
(France) DelLarjarte et al, 1973; (Italy) Gobbato and Ferri, 1973; (South
Africa) Webster, 1973; (UK) Greenberg and Llovd Davies 1974; (FRG) Hain et
al, 1974; (Finland) Nurminen and Markku), (German Democratic Republic)
Sturm, 1975; (The Netherlands) Zielhuis et al, 1975). These studies have
shown an association between asbestos and mesothelioma even with exposures
as brief as 1 day; however, approximately 15% of the mesotheliomas are not
known to be related to exposure to asbestos. Three studies (McDonald et
al, 1973; Greenberg and Lloyd Davies, 1974; Newhouse et al, 1972) showed a
poor correlation between certified cause of death and histologic diagnosis
of mesothelioma. There 1is still a need to reduce the inter-observer
variation in the diagnosis of these rare and pleomorphic tumors (McCaughey
and Oldham, 1973).

The ratio of pleural to peritoneal tumors appear
to be associated with heavier exposures (Newhouse et al, 1973). Among a
number of occupationally exposed groups studied, approximately 5 - 7% of
deaths have been from mesotheliomas (Gilson, 1973; Hammond and Selikoff,
1973; Selikoff, 1976b). More recently however, an estimate has projected

that 11% of asbestos workers' deaths in England will be from mesotheliomas
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(Newhouse and Berry, 1975).

(ii) Individual Types of Fibers

Crocidolite - 1In 1956, Wagner started
investigating the occurrence of pleural and peritoneal mesotheliomas in the
crocidolite mining areas of the Northwest Cape Province in South Africa.
It was shown that these tumors occurred in the nonmining population 1living
in the vicinity as well as among men working in the mines and mills and in
the transportation and handling of the fiber (Wagner, 1960). Asbestosis
was not invariably present. The latent period between first exposure and
clinical recognition of the tumor was long - a mean of 40 vyears.
Subsequent surveillance of the mining population in all the asbestos~-
producing areas in South Africa has added support for a major difference in
the 1incidence of mesotheliomas within the crocidolite mining areas of that
country. (Harrington et al, 1971; Webster, 1973). The mining of
crocidolite 1in northwest Australia has been associated with mesotheliomas
(McNulty 1962). Jones et al (1976) have reported a high incidence of
mesotheliomas among women who worked with crocidolite in a factory
producing gas mask canisters during World War II.

Chrysotile - McDonald et al (1973, 1974)
reported that the overall death rate among 11,500 workers born between 1891
and 1920 and employed in the chrysotile mines and mills of Quebec was lower
than for Quebec Province as a whole. An increased 1lung cancer risk was
found and considered to be dose-related, and those who had been most
heavily exposed to the dust showed about a five-fold risk compared with the
least exposed. Of the 3,270 deaths, 134 were from respiratory cancer, with

129 being lung cancer and 5 mesotheliomas. Recently, the authors (McDonald
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and McDonald, 1976) have observed 3,938 total deaths among males through
1973, of which 224 were from lung cancer and 7 from mesothelioma. The
authors suggested that the respiratory cancer mortality in the Quebec
chrysotile industry as a whole was greater than that expected on the basis
of regional mortality data.

Kogan et al (1972) investigated the cancer
mortality among workers in asbestos mining and milling industries between
1948 and 1967. The total cancer mortality rate among workers was 1.6 times
higher than that found in the general male population; for female workers
the rates were 0.8 for those in mines and 1.3 for those in mills. The lung
cancer risk for male miners and millers was twice that of the general male
population. For females in mines and mills, the risks were 2.1 and 1.4
times that of the general female population, respectively. For those
workers over 50 years of age, the risk of lung cancer was greater: for men
in mining, 4.9; those in milling, 5.9; for women in mining, 9.5; and for
those women in milling, 39.8 times that found in the general population.
No mesotheliomas were found, but Kogan et al (1972) 1indicate that this
might be explained by the insufficient experience of pathologists with this
rare type of cancer in that geographical area. Also, the number of people
in the study populations were not reported.

Wagoner et al (1973) reported on the cancer risk
among a cohort of workers in a major manufacturing complex utilizing
predominately chrysotile asbestos 1in textile, friction, and packaging
products. An excess of respiratory cancer occurred among asbestos workers
in each duration-of-employment category down to and including 1-9 years.

They observed statistically significant standard mortality ratios of 122
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for all malignant neoplasms and 244 for malignant neoplasms of the
respiratory system. The asbestos workers in this study were located in an
area of predominately Amish Dutch population with known low frequencies of
smoking. The authors, nevertheless, wused the general white male US
population as a control group, which would tend to underestimate the degree
of risk.

Enterline and Henderson (1973) found that for
retired men who had worked as production or maintenance employees in the
asbestos industry and who had reached 65 years of age, those who had been
exposed only to chrysotile had a respiratory cancer risk two - four times
than that expected. Among men within the asbestos cement industry exposed
only to chrysotile, a one- to four-fold excess of respiratory cancer was
found. 0f 802 deaths, only one mesothelioma had been recorded in the
several plants investigated. In contrast, a subsequent investigation by
Borow et al~ (1973) found 70 cases of mesothelioma from only one of these
plants. The discrepancy was due to methodologic variations, for example,
Enterline and Henderson (1973) had limited their investigation to men age
65 or over, while many of the mesothelioma cases reported by Borow et al
{1973) had died before that age.

Amosite - In a study of a group of miners
exposed to amphibole fibers in the cummingtonite-grunerite ore series,
Gililman et al (1976) demonstrated mortality from malignant respiratory
disease to be three times than that found in the general population.

Exposures to amosite alone in a factory making
insulation material were reported by Selikoff (1976 a & ©b). Ten

mesotheliomas were found in addition to an increased risk of lung cancer in
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workers who were observed 20 years or longer. The excess lung cancer risk
in the amosite workers was shown to increase with duration of employment.
There was a three-fold increase in lung cancer among those with less than 3
months employment and among those with less than 1 month employment there
was a 2.25-fold increase.

In a retrospective study of 914 men who had
worked periodically during World War II in a plant manufacturing insulating
materials from amosite for the US Navy, Seidman et al (1976) concluded that
the group of 65 men who had worked for less than 1 month had experienced
excess mortality, on the age-specific basis, from lung cancer during the 30
years since the beginning of their exposure, but not from all cancers or
all causes of death. Men who had worked for a full month or longer had
excess mortalities from all three causations examined, the risk o¢of death
from lung cancer increasing with duration of exposure.

Anthophyllite - In Finland, anthophyllite mining
has been associated with an excess bronchial cancer risk of 1 - 4 times the
expectation overall, and about double this figure for those with more than
10 years' exposure (Meurman et al, 1974).

There was also a higher prevalence of dyspnea
and cough in the miners. However, no mesotheliomas were found despite the
presence in Finland of an unusually high incidence of pleural thickening
and calcification as detected by radiographic and pathologic surveys
(Kiviluoto, 1960; Meurman, 1966).

(B) Other Types of Cancer
Epidemiologic studies of the already defined

populations have consistently shown an excess risk of other cancers,

36



especially of the gastrointestinal tract (Mancuso and E1 Attar, 1967; Elmes
and Simpson, 1971; Kogan et al, 1972; Newhouse, 1973; Wagoner et al, 1973;
McDonald et al, 1974; Selikoff et al, 1974); however, it has been less than
that of lung cancers.

Schneiderman (1974), 1in a literature review with an
emphasis on dose-response, concluded that ''good dose-response data, with
quantitative estimates of dose are uncommon; however, in all the literature
reviewed, only one paper did not support the conclusion that increased
exposure to inhaled asbestos particles leads to increased digestive system
cancer."

Stell and McGill (1973) found that out of 100 men with
squamous carcinoma of the larynx, 31 had known exposure to asbestos
compared with only three in matched controls. Similar associations have
been reported by Morgan and Shettigara (1976). Newhouse and Berry (1973)
found two cases of cancer of the larynx (ICD 161) in their cohcrt of over
4,000 workers compared with an expected 0.4.

(b) Nonoccupational Exposure

Household contact with asbestos 1is associated with an increased
mesothelioma risk. Anderson et al (1976) have recently reviewed 34 such
cases of mesothelioma from nine countries and reported four new cases among
the traced family members of 1,664 asbestos  workers. Cases of
mesotheliomas have also occurred in nonoccupationally exposed individuals
living in the neighborhood of industrial sources of asbestos (Wagner et al,
1960; Newhouse and Thompson, 1966; Bohlig and Hain, 1973). Studies of the
geographical distribution of cases of mesothelioma in the UK over a 10-year

period indicate that the new cases are nearly all from areas in which there
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has been a recognized industrial source of asbestos (Gilson, 1970;
Greenberg and Lloyd Davies, 1974).

Lesions among nonoccupationally exposed persons in Finland have been
reported where anthophyllite asbestos is mined. In this study, 118 cases
of the total 126 cases of roentgenologically-diagnosed pleural
calcification studied, excluding those 1individuals with hemothorax,
emphysema, and tuberculosis, lived or have 1lived in areas immediately
adjacent to asbestos mines (Kiviluoto 1960). The results of this study
suggest a health hazard from community exposure to ambient asbestos.
SYNERGISM

There is marked enhancement of the risk of lung carcinoma in those
workers exposed to asbestos who also smoke cigarettes (Selikoff et al,
1968; Doll, 1971; Berry et al, 1972; Hammond and Selikoff, 1973); Hammond
and Selikoff (1973) interpret the excess lung carcinoma risk from asbestos
in nonsmokers to be small. No 1ink between cigarette smoking and
‘mesotheliomas has been observed in a prospective study by Hammond and
Selikoff (1973). A preliminary study (Lemen, 1976) on female workers
employed between January 1940 and December 1967, in a predominately
chrysotile asbestos textile plant, revealed 7 lung cancer deaths among 580
women when only 0.63 deaths were expected (p<0.0l). One lung cancer death

was observed in a smoker, two in women of undetermined smoking history, and

four in "never" smokers as determined from hospital admission charts.

It 1is important to note that the historic documentation of cigarette
consumption patterns is lacking for most retrospective cohort studies of
asbestos workers. It is further important to note that a sizable portion

of the general population, the group usually selected for comparison 1in
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these studies, are cigarette smokers. Therefore, the risk of lung cancer
demonstrated for these industrial groups exposed to asbestos 1s of such
magnitude as to preclude the identification of an independent etiologic

role for cigarette smoking.

FIBER ANALYSIS IN TISSUE

The physical characteristics of asbestos fibers which penetrate to
the lung parenchyma have been studied by Timbrell (1965 and 1972) who
demonstrated fiber respirability to be 1largely a function of fiber
diameter.

Two kinds of data are relevant. Timbrell et al (1971) and Timbrell
(1972) have shown that the crocidolite mined in Northern Cape Province,
South Africa, and in Western Australia is associated with a high incidence
of pleural mesothelioma among the local populations and has finer and
shorter fibers than the crocidolite or amosite mined in the Transvaal
Province, which is associated with a relatively lower incidence of pleural
mesothelioma among the exposed population. As crocidolite and amosite are
similar in chemical composition, there is reason to assume that the risk
difference may be attributable to the differing physical characteristics of
fibers.

Preliminary studies (Fondimare et al, 1974) concerning diameter and
length of 5,000 asbestos fibers from the lungs of 10 deceased persons who
had been occupationally exposed, showed that these fibers were all less
than 0.5 um micrometer in diameter. When separated according to type of

asbestos, 90% of chrysotile fibers and 70% of amphibole fibers were less

39



than 5 um in length.

Asbestos bodies Bave been found in large numbers by light microscopy
in occupationally exposed individuals (Ashcroft and Heppleston, 1973).
Numerous asbestos fibers, either of chrysotile or amphibole or both types,
have been found by electron microscopy in lungs of industrially exposed men
(Pooley, 1972, 1973; Fondimare et al, 1974). A quantitative topographic
study of asbestos fibers 1n the lung has been carried out in 12
industrially exposed men which showed that heavily exposed cases with lung
fibrosis and carcinomas had fewer fibers in the fibrotic lower 1lobes than
in the 1less fibrotic type. In less exposed cases with lung cancer but
without lung fibrosis, a higher concentration of asbestos fibers, mostly of
the chrysotile type, was clearly d;monstrated in peripheral areas of the
lung.

Optical and electron microscopic study of pleural plaques revealed
the presence of some coated fibers and large numbers of wuncoated fibers,
mostly short, ultimate fibrils of chrysotile (Fondimare et al, 1974).

Pooley (1973) found that 93% of 120 mesothelioma cases studied had
asbestos fibers in their lungs visible by electron microscopy versus less
than 50%Z of 135 nonmesothelioma cases. Higher concentrations of fibers
were observed in mesothelioma than in nonmesothelioma  cases. In
mesothelioma cases, the fiber types were either amphibole or chrysotile, or
both, but amphibole was predominant; in nonmesothelioma cases, chrysotile
fibers were predominant. In the three cases included in the study by
Fondimare et al (1974), the percentage of chrysotile fibers was from 44 to
97% 1in the peripheral areas of the lung. The ratio of amphibole to

chrysotile has been found to decrease from the central toward the
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peripheral areas of the 1lung (Fondimare et al, 1974; LeBouffant et al,
1976) .

Coated fibers ("asbestos" or "ferruginous bodies') have been found in
the lungs of most adults who have lived in urban areas (Gross et al, 1969;
Bignon and Goni, 1969; Selikoff et al, 1972; Thompson et al, 1966; Davis
and Gross, 1973; Oldham, 1973). The number of coated fibers in the lung
has been compared in cases with and without lung carcinoma. Meurman
(1966), who took cigarette consumption into account, could find no
significant difference.

Doniach et al (1975) found an increased incidence of asbestos bodies
in men with stomach cancer and in women with breast cancer, but not in lung
cancer cases. Warnock and Churg (1975) found that lung cancer cases had
more coated fibers in their lungs, even though only one case had known
occupational exposure. The variations 1in percentage are probably from
methodologic differences. In general, methods involving the counting of
fibers/unit of weight or volume of lung tissue have greater associations
with health outcomes in epidemiologic studies. However, coated fibers are
not specific to asbestos (Gross et al, 1968) and cannot be related to
asbestos unless the core has been identified as such by electron
diffraction and/or x-ray analytical techniques (Pooley, 1970, 1975; Langer
and Pooley, 1973, 1974; Fondimare et al, 1975).

Transmission electron microscopy has demonstrated the presende of
chrysotile fibers or fibrils in the lungs of most consecutive autopsy cases
in London (Pooley et al, 1970), New York (Langer et al, 1971) and
Pittsburgh (Gross et al, 1973).

Although some differences in both the fibrotic and the carcinogenic
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responses to asbestos fibers may depend on the type of fiber administered,
all types have definitely shown both these kinds of action (eg, Karacharova
et al (1979), Shin and Firminger (1973), Wagner et al (1976). Godwin and
Jagatic (1970), Gross et al (1973), and Taskinen et al (1973) reported
finding fibers in lymph nodes and in the spleen, abdomen, and intestinal
mucosa of occupationally exposed patients with mesotheliomas and pleural
nodules. These findings emphasize the practical importance of penetration
and transport of the small fibers of asbestos from their initial sites of
impaction. They also stress the importance of guarding against the

entrance of asbestos fibers into the body by any route.
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TABLE III-1

STUDIES OF HUMAN POPULATIONS-NONMALIGNANT RESPIRATORY DISEASE

Author Date Finding Group and Exposure
Historical Studies
Murray 1906 First reported case of asbestosis Asbestos workers
Cooke 1927 Case of asbestosis reported "
McDonald 1927 Two cases of asbestosis reported "
Mills 1930 First case of asbestosis reported "
in U.S.
Lynch and Smith 1930 Ferruginous or "asbestosis bodies" "
found in sputum
Epidemiological Studies
Murphy 1971 Asbestosis Pipe insulators
Lorimer et al 1976 X-ray abnormalities consistent with Brake repair maintenance
with asbestosis and restrictive workers
pulmonary function testing
Meurman et al 1973 Dyspnea and cough Asbestos workers
Weill et al 1975 Decreased lung function Asbestos cement manufacturing workers
Ayer and Burg 1976 Decrease in pulmonary function Asbestos textile workers with
less than 10 yr exposure
Selikoff 1976a Asbestosis Former insulation plant employees
with as little as one day exposure
Anderson et al 1976 X~rays consistent with asbestosis Household and family members of
asbestos worker
Wagner et al i%73 Death due to nonmalignant’ Chrygotile workers
respiratory disease and diseases
of heart, in part secondary to
pulmonary disease
Newhouse 1969 Death due to nonmalignant Male asbestos textile and
respiratory disease insulation workers
Enterline and Henderson 1973 Death due to asbestosis Ashestos plant workers
Selikoff 1976a " Insulation workers and factory
workers exposed to asbestos
Bohs 1968 X-ray evidence of asbestos Workers in asbestos industry in
Britain after 1933 with
perponderance of less than 20
yr exposure
Lewinsohn 1972 X-rsy abnormalities Asbestos workers in Britian
Gillam et al 1976 Nonmalignant respiratory disease Amogite miners
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TABLE III-2

STUDIES OF HUMAN POPULATION CARCINOGENICITY

Author Date Finding Group and Exposure

Occupational Exposure

Historical Studies

Lynch and Smith 1935 Suspicion of association Asbestos workers

Gloyne 1935 Between asbestos and lung cancer "

Wedler 1943a,b Case reports of pleyral and peritoneal "

tumors associated to asbestos

Doll 1955 Lung cancer Asbestos textlle workers
employed before 1930

Mancusco and Coulter 1963 Lung cancer and mesotheliomas Asbestos workers

Selikoff 1964 " n

Epidemiological Studies

Lung, Pleural and Peri-

toneum

Mixed Types of Fibers

Newhouse (UK) 1969 Bronchial cancer, pleural and Asbestos manufacturing,

peritoneal mesotheliomas insulation and shipyard workers

Bohlig et al (FRG) 1970 " "

Selikoff et al (USA) 1970 " "

Elmes and Simpson (UK) 1971 " "

Stumphius (Netherlands) 1971 " "

Rubino et al (Italy) 1972 " "

Selikoff et al 1973 Lung cancer Insulation workers, chrysotile
and amosite asbestos exposure

Enterline and Henderson 1973 Respiratory cancer Retired production and maintenance
workers in asbestos industry

Harries 1976 Mesotheliomas Naval dockyard workers

Edge 1976 Carcinoma of bronchus Shipyard workers
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TABLE ITI-2 (CONTINUED)

STUDIES OF HUMAN POPULATION CARCINOGENICITY

Author Date Finding Group and Exposure

Mixed Types of Fibers

DeLajarte et al (France) 1973 Evidence of association between Occupational exposures in some
mesotheliomas and past exposure cases as brief as one day
to asbestos
Gobbato and Ferri (Italy) 1973 o b
Webster (South Africa) 1973 " "
Greenberg and Lloyd 1974 " "
Davies (UK) " "
Hain et al (Fed. Rep. 1974 " "
Germany)
Nurminen (Finland) 1975 " "
Stunn (Ger. Dem. Rep.) 1975 " "
Zielhuis (The Netherlands) 1975 " "
Newhouse et al 1973 Peritoneal tumors associated to heavy "
exposures
Gilson 1973 5% to 7% asbestos workers' deaths due "
to mesotheliomas
Hammond and Selikoff 1973 "
Selikoff 1976 " "
Newhouse and Berry 1975 11X asbestos workers deaths due to "
mesotheliomas
Single Types of Fibers
Crocidolite
Wagner 1960 Pleural and peritoneal cancer Workers in mines, mills and in
transportation and handling of
crocidolite and population in
vicinity of mines
Harrington et al 1971 Mesotheliomas Mining population of crocidolite
Webster 1973 mines
McNulty 1962 " Miners of crocidolite
Jones et al 1976 " Women working with crocidolite in

WWII gas mask canister factories
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TABLE III-2 (CONTINUED)

STUDIES OF HUMAN POPULATION CARCINOGENICITY

Author Date

Finding

Group and Exposure

Chrysotile

McDonald et al 1973,1974
Kogan et al 1972
Wagoner et al 1973
Enterline and Henderson 1973
Borow et al 1973
Amosite

Gilliam et al 1976
Selikoff et al 1976a,b
Anthophyllite

Neurman et al 1974
Other Cancer

Hancuso and El Attar 1967
Elmes and Simpson 1971
Kogan et al 1972
Newhouse 1973
Wagoner et al 1973
McDonald et al 1974
Selikoff et al 1974
Stell and McGill 1973
Morgan et al 1976

Newhouse and Perry 1973

Lung cancer

Total cancer
Lung cancer

Respiratory cancer

Mesotheliomas

Malignant respiratory disease

Mesotheliomas, lung cancer

Bronchial cancer, dyspnea and cough

Cancer of gastrointestinal tract
"

"
n
"
”

”
Squamous carcinoma of larynx

Cancer of larynx

Chrysotile mine and mill workers

Workers in asbestos mining
and milling, men and women

Workers in manufacturing of
textile, friction and packaging
products using chrysotile

Men 65 yr and older, retired
production or maintenance
employees in asbestos industry
exposed only to chrysotile

Workers at plant using
chrysotile, all ages

Miners exposed to amphibole fibers
in cummingtonite-grunerite ore series

Insulation workers in factory
using amosite

Anthophyllite mining employees

Asbestos workers
"

Workers with exposure to
asbestos

Asbestos workers
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TABLE III-2 (CONTINUED)

STUDIES OF HUMAN POPULATION CARCINOGENICITY

Author Date Finding Group and Exposure

Nonoccupational Exposure

Anderson et al 1975 Mesotheliomas Family members of asbestos
workers

Wagner et al 1960 " Individuals in neighborhood

Newhouse and Thompson 1965 of industrial eources of

Bohlig and Hain 1973 asbestos

Gilson 1970 " New cases from areas with

Greenburg and Lloyd 1974 recognized industrial source

Davies of asbestos

Kiviluoto 1960 Pleural plaques Persons in farming region of
Bulgaria where minute quantities
of anthophyllite, tremolite and
.gepiolite in soil and non-
occupationally exposed persons
in anthophyllite mining area
of Finland

Other Studies

Newhouse 1969~ Cancer, mesothelioma Women factory workers exposed to

Newhouse et al 1972 " chrysotile, amosite and crocidolite

Howard et al 1976 Lung cancer Workers in asbestos industry
from 1933 to 1950 and after
1950

Cooper et al 1975 " Sheet metal workers with 5

OT BOYe years exposure



IV. SAMPLING METHODS AND ENVIRONMENTAL DATA

Review of Sampling and Analysis Techniques for Asbestos

A variety of sampling and analysis techniques have been used to
identify asbestos fibers and determine their concentrations in air, water,
mineral samples, and biologic tissue. These include optical and electron
microscopy, x-ray diffraction, and differential thermal analysis. Asbestos
fiber identification and quantitation in occupational and environmental air
samples is difficult for a variety of reasons:

1) Asbestos fibers are generally present in low mass quantities

even though fiber number concentrations may be high.

2) Many instrumental analytical techniques cannot differentiate

asbestos fibers from their nonfibrous mineralogic polymorphs.

3) Many airborne asbestos fibers are generally below resolution
limits of the optical microscope. These fibers may only be detected by

using electron microscopic methods.

4) For identification of the wvarious asbestos fiber types by
electron microscopy, electron diffraction and microchemical analyses must

be performed which require expensive instrumentation and analysis time.

(a) Electron Microscopy and Microchemical Analysis

Both transmission and scanning electron microscopy have been used for
agbestos fiber identification and quantitation. In addition to morphologic

observation, selected area electron diffraction and microchemical

58



analytical techniques may be used for fiber identification.

In addition to superior resolution capabilities, most modern
transmission electron microscopes are equipped with electron diffraction
facilities. Crystalline materials scatter electrons in regular patterns
related to their crystal structure. The image of the scattered electrons
is mainly predicted by Bragg geometry. In the transmission electron
microscope, the diffraction image is formed in the back focal plane of the
objective lens and is focused in the viewing screen by defocusing the
intermediate lens. Visual observation of single fiber (single crystal)
electron diffraction patterns may be used to differentiate chrysotile
fibers from amphibole fibers (Langer et al, 1974; Timbrell 1970).
Chrysotile fibers produce streaked diffraction patterns (lattice defects),
with the streaks or layer lines nearly perpendicular to the fiber 1length.
The spacing between the layer 1lines denotes the fiber "a" axis of
approximately 5.3 %. Reflections along the layer lines are wusually very
streaked and Debye-Scherrer rings are common. With progressive electron
beam bombardment, the diffraction pattern may change because of fiber
damage. The ''central core" of chrysotile fibers may also aid in fiber
identification with the precaution that the central core is not always
discernable and may disappear with the beam damage (Langer et al, 1974).
Also, other fibrous minerals may have hollow cores.

The amphibole minerals are generally straighter in appearance than
chrysotile fibers. Moreover, light and dark banding (diffraction images)
may cross the fiber at right angles (Langer et al, 1974). Diffraction
contrast figures have been observed on all amphibole fiber types. Selected

area diffraction patterns for the amphibole asbestos minerals are all
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sjmilar in appearance; therefore, visual observation of these patterns is
sufficient only to classify the fiber as being a fibrous amphibole (Langer
et al, 1974; Cook et al, 1974). Amphibole electron diffraction patterns
show layers and sometimes streaks perpendicular to the fiber length with
the spacing between the layer lines or streaks representing the fiber 'c"
axis (Langer et al, 1974) of approximately 5.3 %. In contrast to
chrysotile, less streaking along the layer lines 1is observed with the spot
repeat along the lines representing one of the two remaining lattice
spacings ( "b" or "a") depending on fiber orientation relative to the
electron beam. Typically, approximately 30 seconds is needed to perform a
selected area electron diffraction analysis on a single fiber.

In addition to visual observation of electron diffraction patterns
for fiber identification, photographs can be made of the diffraction
patterns and crystal '"d" spacings measured from the plate and calculated
using the instrument camera constant (Timbrell, 1970). Both "spot" and
polycrystalline patterns may be measured. It must be borne in mind that
intensities may not be the same as those observed for x-ray powder patterns
and additional reflections may be present.

Electron beam microchemical analytical techniques may sometimes be
used to identify asbestos fibers from other fibrous particles (Rubin and
Maggiore, 1974; Ferrell et al, 1975; Langer et al, 1975; Maggiore and
Rubin, 1973). The most common system presently in use is the energy
dispersive x-ray detecgor in combination with a scanning or transmission
electron microscope. Wavelength x-ray analyzers and the conventional
electron microprobe have been used; however, their routine application is

limited because of data acquisition times (Langer et al, 1975). On the
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other hand, data acquisition times with energy dispersive analyzers are far
less, ranging from 20 to 80 seconds/analysis.

Semiquantitative microchemical analysis in the electron microscope is
based on the fact that a beam of high energy electrons incident on an
asbestos fiber generates x-rays characteristic of the elements present in
that fiber. The generated x-rays are observed by means of a detector
(1ithium-drifted silicon crystal) placed in the electron microscope column
close to the specimen. The energy of the x-ray photon is converted to a
voltage pulse which 1is amplified, digitized and stored in a multichannel
analyzer or a minicomputer. The content of the memory is usually displayed
on a CRT (Maggiore and Rubin, 1973). With the energy dispersive detector,
all elements with atomic numbers of sodium or higher may be analyzed.
Continuous background or brehmsstrahlung radiation is always present with
the x-ray spectrum.

Each of the asbestos minerals has an x~ray spectrum which is usually
characteristic enough, when combined with fiber morphology, to allow its
identification (Rubin and Maggiore, 1974; Ferrell et al, 1975; Dement et
al, 1975). Visual observation of the semiquantitative fiber X-ray spectra
is usually sufficient for fiber identification; however, three component
diagrams have been used after subtracting the continuous background from
the semiquantitative x-ray spectrum (Ferrell et al, 1975). For asbestos
fiber analysis, matrix corrections are rarely used. Typically, irom,
magnesium, and silicon are plotted on the three component diagram and
compositional boundaries for the asbestos minerals established. This
technique suffers from inability to use all compositional data obtained,
such as presence or absence of sodium, calcium, aluminum and manganese,
which aid in identification.
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With energy dispersive x-ray techniques, possession of proper
elemental intensities may not be sufficient for positive identification as
many fibrous minerals show similar elemental intensities. For example,
chrysotile, anthophyllite, and fibrous talc, which have similar elemental
compositions, may be difficult to differentiate. However, these materials
may easily be distinguished by using selected area electron diffraction. In
addition, unique identification of the various fibrous amphiboles usually
requires both selected area diffraction and microchemical analysis.
Transmission electron microscopes equipped with an energy dispersive x-ray
detector are now available which allow simultaneous observation of
morphology, crystal structure, and elemental composition. These microscopy
systems have been used to study asbestos fibers in environmental and
material samples. (Cook et al, 1974; Dement et al, 1975)

Quantitative analysis of asbestos fiber concentrations in
environmental and tissue samples has been accomplished by electron
microscopy. Environmental samples (water and air) are generally collected
by first concentrating the sample by filtration, centrifuging, etc (Cook et
al, 1974; Nicholson, 1974). The filters (Millipore) and polycarbonate
filters (Nuclepore) are prepared for electron microscopic analysis by
various methods. For scanning electron microscopy, Nuclepore filters,
because of their smooth surface, may be directly coated with an appropriate
metal (gold, etc) and analyzed (Porter and Berggren, 1974). Millipore
filters have a rough surface texture and are not generally suitable for
direct coating for scanning electron microscopy as small fibers may escape

detection due to impaction below the filter surface (Nicolson, 1974).
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For transmission electron microscopy, the filter substrate must be
removed and the particles mounted on suitable electron microscopy grids. A
wide variety of mounting techniques have been used. The two most commonly
used methods are the Jaffe Wick and condensation washing techniques. The
techniques offer simplicity in addition to maintaining the original
particle size distribution of the sample. Different 1investigators have
reported particle losses up to 60% with Millipore filters while using the
condensation washing method with rapid filter dissolution, whereas losses
with the Jaffe Wick method have been reported to be considerably less
(>10%) (Beaman and File, 1975). Lesser particle 1loss has been observed
with the condensation washing method when longer times for dissolution of
the filter are used. Ortiz and Loom (1974) reported that a modification of
the Jaffe Wick method, whereby the filter is first coated with silicon
monoxide and carbon by vacuum evaporation prior to dissolving the Millipore
filter, minimized particle loss. Several investigators have reported
minimal particle loss with Nuclepore filters when the filter is first
carbon-coated prior to dissolving the filter substrate (Cook et al, 1974;
Maggiore and Rubin, 1973).

In addition to the so-called direct clearing/mounting techniques
mentioned above, many other techniques have also been used' for preparing
environmental samples. Seikoff et al (1972) have used a so-called "rub-

out” technique whereby the Millipore filter is ashed in a low temperature
asher to remove organic or carbonaceous material. The residue is then
dispersed on a microscope slide using a solution of 1% Nitrocellulose in

amyl acetate. After grinding with a watch glass to liberate individual

fibers, the sample is dispersed evenly between two microscope slides to
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form a thin film which 1s transferred to standard electron microscope
grids. Particle losses averaging 50%Z have been reported with this
technique. This technique also 1increases the apparent number of fibers
present due to breaking up of fiber bundles. Asbestos fiber levels 1in
environmental samples and biologic tissue are usually expressed as asbestos
fibers/unit volume of sample (fibers/m3, fibers/liter, fibers/g dry lung,
etc). These concentrations are determined by counting fibers within
calibrated areas on the electron microscope viewing screen or counting
fibers from photographs. Asbestos fiber concentrations in water samples
determined by laboratories using the same mounting techniques have been
reported to vary by a factor of 2-3 (Cook et al, 1974). Much larger
variations have been reported between laboratories using different
techniques.

Asbestos mass (chrysotile) concentrations in environmental samples
have also been determined using electron microscopy. This is accomplished
by measuring the length and diameter (volume) of each fiber and calculating
the mass using the appropriate density (Selikoff et al, 1972). The
accuracy of this technique has not been studied in detail.

Electron microscopic techniques represent the 'best available"
methods for asbestos fiber analysis. However, application of these
techniques to routine samples is not practical because of extremely high

analysis costs ($200-$400/sample), long analysis times, and l1imited

equipment availability.
(b) X-Ray Diffraction

X-ray powder diffractometry is one of the standard mineralogic

techniques used in the analysis of solid crystalline phases. X-ray
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diffraction has been widely used for identification and quantitation of
asbestos fibers in bulk materials such as talc (Stanley and Norwood, 1974;
Rohl and Langer, 1974) and other industrial materials (Crable and Knott,
1968; Keenan and Lynch 1970).

X-ray diffraction has also been wused to study amphibole asbestos
contamination of water samples (Cook et al, 1974). X-ray diffraction 1is
generally considered more sensitive for asbestos than light microscopy,
although less sensitive than electron microscopy (Rohl and Langer, 1974).

Diffraction 1lines and relative intensities for each of the asbestos
minerals have been published and may be found 1in the ASTM Powder
Diffraction File. Variations 1in asbestos fiber chemical composition,
especially for the amphiboles, may result 1in slight peak shifts from
reported x-ray diffraction data.

Quantitative determinations of asbestos fiber 1levels in material
samples (talc, etc) require that particle size first be reduced to an
average of 0.1 - 10 um. Preferred orientation and surface roughness must
also be eliminated.

A number of techniques have been used to minimize preferred
orientation effects including binder and slurry mounting methods, sifting
and backloading of dry powders, and several others. To minimize preferred
orientation, Rohl and Langer (1974) have developed a method for filtering
an aqueous slurry through Millipore fillters using a filtration adapter
attached to a hypodermic syringe. Other investigators have used the
backloading technique with multiple x-ray diffraction scans.

Using conventional scan rates (0.5 - 1 degree 2 theta/minute), lower

limits of detection of asbestos by x-ray diffraction of 5% in bulk samples
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have been reported (Crable and Knot, 1966). Automated step scanning
procedures by which diagnostic reflections are slowly scanned and
integrated counts recorded have been reported to significantly reduce
detectable limits. Rohl and Langer (1974) have detected anthophyllite at
2.0%, chrysotile at 0.25%, and tremolite at 0.10% by wieght in a talc
matrix using external dilution standards for calibration. Similar lower
detectable levels have been reported by Stanley and Norwood (1974).

Application of x-ray diffraction for routine asbestos fiber analysis
of environmental samples has been limited. Birks et al (1975) have
reported a feasible study concerning quantitative analysis of airborne
asbestos. Their technique involved alignment of the asbestos fibers in an
electrostatic field to enhance diffraction intensity followed by x-ray
counting in a specially designed diffraction apparatus with two x-ray
detectors. A lower limit of detection of 0.4 - 0.5 ug was reported. This
technique has not been applied to actual environmental samples.

Amphibole and cummingtonite-grunerite mass concentrations in water
samples have been semiquantitatively determined using x-ray diffraction
with step scanning (Cook et al, 1974). This technique involves filtering
the water through 0.45-m Millipore filters followed by step scanning a
major  amphibole diffraction peak (110) and a peak specific to
cummingtonitegrunerite (310). The integrated peak count above background
is recorded and mass concentrations are determined using external dilution
standards.

Proper selection of diagnostic reflections to maximize detection
sensitivity and minimize interference due to other mineral phases 1is

necessary for proper use of x-ray diffraction. It must also be recognized
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that x-ray diffraction methods are not capable of differentiating between
asbestos fibers and their nonfibrous mineralogic polymorphs. This fact,
combined with relatively poor detection levels, suggests that alternate
techniques such as electron microscopy should be combined with x-ray
analysis.

(e) Differential Thermal Analysis

Differential thermal analysis has been used to determine asbestos
fiber levels 1in talc samples (Schlez, 1974) Chrysotile (serpentine
minerals) shows a dehydroxylation endotherm at approximately 650 degrees C
and an exotherm at approximately 820 degrees C, assoclated with the
formation of forsterite. These peaks may be used for quantitative
analysis. Using a 140-mg sample holder with an exposed 1loop differential
thermcouple and a 10 degree C/minute heating rate, Schlez (1974) reported
that a 1% concentration of chrysotile could be detected in pharmaceutical
grade talc. A dynamic helium atmosphere was maintained to sweep out
gaseous mineral decomposition products and to prevent oxidative reactions.

Differential thermal analysis has not been used for environmental
samples as lower limits of mass detection are extremely poor. Differential
thermal analysis, like x-ray diffraction, is not capable of differentiating
between asbestos fibers and their nonfibrous mineralogic polymorphs.

(d) Optical Microscopy

A number of optical microscopic techniques have been used to identify
and/or quantitate asbestos fibers in environmental samples. These include
petrographic and phase contrast microscopy. Petrographic microscopic
techniques may be used to identify asbestos fibers greater than

approximately 0.2 - 0.3 m in diameter. Using the polarizing microscope,
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various optical crystallographic measurements such as refractive index,
extinction angles, and sign of elongation may be measured and compared with
data reported for standard asbestos reference samples. Typical optical
data for selected asbestos minerals are shown in Table 1IV-1 (Julian and
McCrone, 1970).

Dispersion staining with polarized light has been used to identify
asbestos fibers, as reported by Julian and McCrone (1974). With this
technique, the fibers are 1mmersed in a mounting medium with a steeper
dispersion curve than the fibers. A central or annular stop is used in the
objective lens back focal plant to allow either the wavelength of light at
which the index of the particle matches that of the mounting media, or
complements to that color to reach the observer's eye. Using plane
polarized 1light, asbestos fibers show two characteristic dispersion
staining colors; one for the light vibration parallel to and the other for
that perpendicular to the fiber length. The dispersion colors depend on
the refractive index media in which the fibers are mounted, as shown in
Table IV-2. Dispersion staining colors may change slightly depending on
the geographic area from which the asbestos was mined and subsequent
treatment. Fibers less than 0.5 um in diameter may not be identified by
this technique because of difficulties in distinguishing colors.

Phase contrast optical microscopy 1s the technique specified for
determining the Occupational Safety and Health Administration asbestos
standard (US Department of Labor 1975). The method consists of collecting
breathing zone samples during 15-minute to 8-hour periods on membrane
filters (millipore AA). Samples are analyzed by first clearing the

membrane filter to make it optically transparent, then by fiber counts at
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400-500X magnification by phase contrast optical microscopy. Asbestos
fibers are defined as those particles with a length greater than 5 um and a
length-to-diameter ratio of 3:1, or greater. This technique, by which only
fibers longer than 5 um are counted, is recognized as only an index of
total fiber exposure and does not imply that shorter fibers do not pose a
health hazard. The relative proportion of airborne fibers longer than 5 im
has been shown by Dement et al (1975) to vary from 1 to approximately 50%
depending on the industrial operation and asbestos fiber type. In addition
to problems of detecting short fibers, phase contrast microscopy may not be
specific for asbestos fibers in 1industrial operation where mixed fiber
types are encountered.

Despite 1its 1limitations, phase contrast microscopy represents the
only technique available that can reasonably be used for routine asbestos
fiber sampling and analysis. It is adaptable to personal sampling where
low air volumes are sampled and analysis equipment is readily available.

Minimum detectable fiber concentrations by phase contrast microscopy
depend on a number of factors such as air volume sampled, microscope field
counting area, number of microscopic fields counted, and presence or
absence of nonfibrous particles. Theoretical minimum detectable
concentrations may be calculated assuming one fiber longer than 5 um is
observed per 100 microscopic fields (after filter background subtraction).
Table IV-3 shows theoretical minimum detectable fiber concentrations as a
function of sample period for a typical microscope arrangement. For a 15-
minute sampling period, 0.04 fibers >5 um/cc may be detected; however, with
an 8-hour sample, 0.001 fibers/cc can be detected. These minimum

concentrations are similar to those reported by Corn and Sansone (1974).
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These authors reported that 0.0l fibers/cc could be detected with a 2-hour
sample period (40 microscopic fields counted).

The above calculations represent theoretical minimum detectable
concentrations, not considering the many factors affecting precision and
accuracy of the technique. There are many sources of variability in the
laboratory analysis technique. The major sources of variability are as

follows:

1) Variability of fiber distribution across the filter surface.

2) Variability of fiber distribution on a given filter wedge being
analyzed.

3) Variability due to differences between microscopes.

4) Variability due to differences between individual counters.

5) Variability in laboratories.

Leidel and Busch (1974) found that the fiber distribution on a given
filter section could best be described by the Poisson-distribution.
However, Conway and Holland (1973) found that the distribution of fibers on
filters was not uniform and were more disperse than predicted by the
Poisson distribution, so that concentrations between sections could vary by
as much as 50~60%. Similar results were found by Rajhans and Bragg (1975)
in Series I of their study.

If the Poisson distribution 1is taken to adequately describe fiber
distributions on filter sections, the standard deviation of the fiber count
may be estimated from the square root of the count. 1In order to maintain
an acceptable Coefficient of Variation (CV) (below 20%), a minimum of 25

fibers must be counted. For a typical industrial asbestos sample of 2
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hours (2 lpm flow), this would correspond to a concentration of 0.13
fibers/cc.

The precision of the entire sampling and analysis procedure (all
sources of variability) has been estimated by Leidel et al (1975). These

authors estimated the total CV to be 22%.

Comparisons of Asbestos Mass Concentrations

(ng/m3) and Fiber Number Concentrations (fibers/cc)

In order to relate ambient asbestos 1levels, which are generally
expressed as ng/m3, to occupational exposures, which are expressed as
fibers »5 um in length/ce, a conversion factor is needed. Attempts to
formulate such a conversion have generally been unsuccessful because of
exceptionally 1large variability. This is to be expected as ambient levels
are generally determined using electron microscopy whereas phase contrast
microscopy 1is used to measure occupational exposures. In addition,
techniques used to prepare samples for electron microscope observation may
cause alterations in fiber size (diameter and length) distributions.

Lynch and Ayer (1966) presented results of environmental studies in
the asbestos textile industry where fiber concentrations were determined
using phase contrast optical microscopy and fiber size distributions were
determined using electron microscopy. The mass of chrysotile on the filter
was estimated by wusing atomic absorption spectroscopy to determine the
magnesium content of the sample and asbestos content was calculated,
assuming a 257 magnesium content for chrysotile. These data are summarized

in Table IV-4. Based on the magnesium analysis, the authors concluded that

71



one nanogram of asbestos was roughly equivalent to five fibers greater than
5 um in length by optical microscopy, although much variability about this
value was observed. By wusing fiber size data determined by electron
microscopy to calculate the mass of a typical fiber, the authors concluded
that one nanogram of asbestos corresponded to 8 fibers (all lengths) by
optical microscopy.

In a subsequent paper, Lynch et al (1970) published results of count
to weight comparisons for other industrial operations using the sample
techniques previously described. These data are summarized in Table IV-5.
Again, large variations in the relationships were observed, as evidenced by
large geometric standard deviations. Table IV-5 shows that one nanogram of
asbestos may be roughly equivalent to 6.7 - 46.5 fibers >5 um, depending on
the operation.

In their study of asbestos contamination in commercial building,
Nicholson et al (1975a) compared the results of asbestos concentrations
(ng/m3) determined by electron microscopy to fiber concentrations
determined by phase contrast microscopy for the same samples. These data
were highly variant showing no consistent relationship. One nanogram of
asbestos was shown to range from none detected to 6,570 asbestos fibers »5
um by phase contrast microscopy. By averaging data, it was calculated that
one nanogram was equivalent to 52 asbestos fibers >5 um in length.

Air samples collected in communities surrounding the Reserve Mining
Company, Silver Bay, Minnesota, have been analyzed by electron microscopy
and concentrations expressed in ng/m3 by mass calculation and fibers/m3 by

direct counts (Nicholson, 1973). These results showed one nanogram of
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amphibole fibers to be equivalent to 640-108,000 total amphibole fibers by
electron microscopy, with an average value of 30,600 fibers/ng.

A study recently published by Dement et al (1975) provides additional
data for the conversion of mass concentration to fiber number for
amphiboles. 1In this study, 22 air samples collected in an underground gold
mine were analyzed by phase contrast optical microscopy and electron
microscopy to determine fiber concentrations. A direct clearing technique
which preserved the original fiber size distribution was used to prepare
samples for electron microscopy. In addition to fiber counts by electron
microscopy, each fiber was sized (lengtﬁ and diameter) so that the mass
could be calculated (assuming a density of 2.5 g/cc). These data are
summarized in Table 1IV-6. From these data, approximate relationships
between mass concentrations and fiber count concentrations were calculated.
One nanogram was calculated to be equivalent to approximately 1,200 total
fibers by electron microscopy or 400 fibers >5 im in length by phase
contrast microscopy.

The above studies have not shown a consistent conversion factor for
fiber mass to fiber count. Bruchman and Rubino (1975) have suggested a
conversion ratio of 20 asbestos fibers >5 um in length, as determined by
optical microscopy, per nanogram of asbestos. Based on the above review,

the validity of such a general conversion may be seriously questioned.

Nonoccupational Exposures - Ambient Levels

Asbestos air pollution in urban areas has been studied. Levels of

chrysotile asbestos at various locations in New York City, Philadelphia,
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Ridgewood, NJ, and Port Allegany, Pa, have been studied by electron
microscopy (Selikoff et al, 1972). Sample sites were chosen which were
distant from any known significant source of asbestos. Study results
summarized in Table IV~7 show concentrations ranging from 11 to 100
sanograms/cubic meter of air (ng/ﬁ3). These authors point out that one
nanogram of asbestos could represent a million chrysotile fibrils.

Ambient samples have been collected i1in the cities of Reading and
Rochdale, England, Bochum and Dusseldorf, Germany, Prague and Pilsen,
Czechoslovakia, Johannesburg, South Africa, and Reykjavik, Iceland (Holt
and Young, 1973). Although no effort was made to quantitate levels,
electron microscopy studies revealed the presence of chrysotile asbestos in
most samples.,

Results of electron microscopy studies of ambient samples in the
United Kingdom are gsummarized in Table IV-8. Chrysotile concentrations of
1/10 ng/m3 were observed (Richards, 1973).

Asbestos levels 1in major US cities during 1969-1970 have been
determined under contract with the US Environmental Protection Agency
(Nicholson, 1971).Samples were collected on three or four different
occasions for each city and analyzed by electron microscopy. Results are
summarized 1in Table IV-9 and show that mean concentrations for the samples
range from 0.7 to 24.3 ng/m3;however, 48% of the cities had average
concentrations less than 2.0 ng/m3. The highest mean, 24.3 ng/m3, was
observed in Dayton, Ohio, where numerous plants processing asbestos are
located. The highest concentration of 95 ng/m3 was also observed in

Dayton.
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Results of chrysotile measurements within buildings insulated with
asbestos and ambient levels in the vicinity-of these buildings have been
presented (Nicholson et al, 1975). Crysotile concentrations were
determined using electron microscopy techuiques as 1in previous studies
(Selikoff et al, 1972). Ambient levels were found to range from 0 to 46
ng/m3. Using phase contrast optical microscopy, fiber levels (ambient and
indoor) were found to range from 0.000 to 0.027 fibers >5 um/cc, with an
average of 0.006 fibers/cc. Average concentrations within the building
sampled ranged from 2.5 to 200 ng/m3, indicating the possibility of fiber
erosion from dinsulated air plenums, The same report indicates that
asbestos concentrations 1in excess of 100 ng/m3 may often be found in the
homes of asbestos workers, with the highest measured concentration being
5,000 ng/m3. These authors suggest that exposure in excess of 100 ng/m3
may be associated with an observable risk of asbestos disease.

Nicholson et al (1975a) published data indicating that 35 rooms in 17
office buildings in Boston, New York, Chicago, and San Francisco-Berkeley
had a mean concentration of asbestos fibers in their airs of 11,600/m3
whereas the intake airs for 15 of these buildings (all for wWhich such data
was given) contained a mean of 6,000 fibers/m3. One room had a
concentration of 102,800 fibers/m3, all the others having fiber counts
below 60,000/m3. Samples of air from plenums in 11 of these buildings
contained a mean concentration of 5,100 fibers/mB. In an earlier report
(1975b), the same investigators stated that two buildings in New York in
which no asbestos was known to have been used as a fireproofing or anechoic
material had a mean concentration of asbestos within their circulating airs

considerably above that of the intake airs for these buildings. These
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findings indicate that, although pick-up of asbestos from linings applied
to air-ducts and plenums may be a factor in the distribution of these
fibers within buildings, these 1linings are not a major source of the
asbestos fibers found in the air circulating within buildings.

A survey carried out in the United Kingdom (Wagg, quoted by Meyer,
1976) has shown that 827 of 73 buildings examined had airborne
concentrations of asbestos fibers of up to 20,000/m3. Only 4% had
concentrations of asbestos in the range 50,000--80,000 fibers/m3. No higher
concentrations were reported. The higher concentrations were found in
office buildings, residences, and miscellaneous types of buildings. Really
high concentrations of asbestos in air (of the order of 1-100 ng/m3) have
been found only within a few hundred meters downwind of asbestos proceséing
plants (Richards and Badami, 1971, 1973;Simecek, 1967; Meyer, 1976).

Asbestos fiber 1levels in communities surrounding the Reserve Mining
Company's milling operations in Silver Bay, Minnesota, have been reported
by numerous 1nvestigators. Recent preliminary air sampling results have
been reported for ten stations located between the Reserve Mining Company
pollution source and several population centers (Fairless, 1974). Samples
were collected each 6th day, beginning on November 6, 1974, (for a l-year
period). These samples were submitted blind to one or more of three
laboratories where asbestos fibers concentrations were determined by
electron microscopy. Results of these preliminary analyses are summarized
in Table IV-10. Mean concentrations of amphibole fibers ranged from 2.6 to
8.9 x 103 fibers/m3. In addition to amphibole fibers, chrysotile
concentrations for individual samples ranged from none detected to 10.4 x

104 fibers/m3. Analyses of all samples collected have not been completed.
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Concentrations of amphibole fibers have also been reported near
specific point emission sources of the Reserve Mining Company (Nicholson et
al, 1974). Concentrations as high as 11 x 10® fibers/m3 of air were
reported.

NIOSH has performed two studies of fiber concentrations in the air of
public buildings using the phase contrast microscopy counting technique
(Wallingford et al, 1973; Zumwalde, 1973). Samples were collected over 6-8
hours at 7 - 10.5 liters/minute. These data are summarized in Table IV-11.
Mean concentrations of 0.004 and 0.001 fibers >5 um were observed, with the
highest single concentration observed being 0.008 fiber >S5 um/cc.

In summary, ambient asbestos levels as determined by electron
microscopy techniques are generally less than 10 ng/m3 with occasional
peaks as high as 100 ng/m3. Only a few studies of ambient levels have been
performed using phase contrast optical microscopy. These studies indicate
ambient 1levels to be generally less than 0.0l fibers >5 ym/cc, with some

Peak values as high as 0.03 fibers >5 um/cc.
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TABLE 1V-1

TYPICAL OPTICAL DATA FOR ASBESTOS MINERALS

Asbestos Type Crystal Refractive Extinction Sign of
System Indices Angles Elongation
Chrysotile monoclinic 1.49-1.57 yAL* = (Q° +
Anthophyllite orthorhombic 1.60-1.66 yAL = 0° +
Amosite monoclinic 1.66-1.70 yAL = 14-21° +
Crocidolite " 1.69-1.71 yAL = 3-150 -
Tremolite** " 1.60-1.65 yAL = 10-210 +
Actinolite ** " 1.62-1.68 yAL = 10-15° +

*L = long direction of fibers
** Tremolite and actinolite form a continuous mineralogical series.
Values shown are for end members.

TABLE IV-2

DISPERSION STAINING COLORS FOR ASBESTOS MINERALS
USING PLANE POLARIZED LIGHT

Asbestos Type

Refractive Index

Dispersion Staining Colors

Liquid
Chrysotile 1.560 light blue magenta
Anthophyllite 1.610 blue-green golden yellow
Amosite 1.670 red magenta "
Crocidolite 1.700 magenta blue magenta
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TABLE IV-3

THEORETICAL MINIMUM DETECTABLE FIBER CONCENTRATIONS BY PHASE
CONTRAST OPTICAL MICROSCOPY

Sampling Minimum Detectable
Period Conc. fibers >5 gm/cc
(Minutes)

15 0.04

30 0.02

60 0.01

90 0.007

120 0.005

240 0.003

480 0.001

#Based on a sample flow rate of 2.0l lpm and a microscope counting field
area of 0.0071 mm?.

TABLE IV-4

ASBESTOS COUNT/WEIGHT RELATIONSHIPS
FOR ASBESTOS TEXTILE PLANTS

Type Count Fibers per
By Phase Contrast Nanogram
Microscopy of Asbestos
Total Fibers 11
>5 im Fibers 5

From Lynch and Ayer (1966)
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TABLE IV-5

ASBESTOS COUNT/WEIGHT RELATIONSHIPS FOR
VARIOUS INDUSTRIAL OPERATIONS

Type Fiber Geometric Mean Geometric
Product Count Fibers/ng Standard
Deviation
Textile Total 14.5 2,5
>5 um 6.7 3.3
Friction Total 26.3 3.4
>5 um 13.9 3.6
Pipe Total 46.5 2.8
>5 im 22.5 2.9
From Lynch and Ayer (1966)
TABLE 1IV-6
SUMMARY OF FIBER COUNT/MASS RELATIONSHIPS
Average Conc. Units of
Analysis Method (range) Measure
Total Fibers by 4.82 fibers/cc
Electron Microscopy (0.66 - 11.79)
Asbestos Mass by 3,900 ng/m3
Electron Microscopy (540 - 9600)
Fibers »5 um by 1.51 fibers/cc
Optical Microscopy (0.16 - 2.8)

Approximate Relationships:

1 ng = 1,200 total fibers by electron
microscopy

1l mg = 400 fibers »>5 um in length by
phase contrast microscopy

From Dement et al (1975)
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TABLE IV-7

SUMMARY OF AMBIENT ASBESTOS LEVELS IN VARIOUS CITIES

Sample Site Asbestos Conc.
109 gm/m3

New York City 25-60
Manhattan 25-28
Bronx 19-22
Queens 18-29
Staten Island 11-21

Philadelphia, Pa. 45-100

Ridgewood, N.J. 20

Port Allegany, Pa. 10-30

From Selikoff et al (1972)

TABLE IV-8

SUMMARY OF AMBIENT CHRYSOTILE LEVELS
IN THE UNITED KINGDOM

Sample Site Chrysotile Conc.
10-9 gm/m3
Rochdale (Factory Grounds) 1-10
Rochdale (Town Center) 10
Lancashire/Yorkshire 1-10
Industrial Site (Oldbury) 10

From Richards (1973)
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TABLE IV-9

SUMMARY OF AMBIENT ASBESTOS LEVELS

IN 49 CITIES FOR 1969-1970

Conc.

1079 gm/m3

Cumulative %

of City Mean Conc. <

Given Conc.

*

12
48
64
72
86
94
6%

*Highest Mean - 24.3 ng/m’ observed

in Dayton, Ohio

From Nicholson et al (1971)

TABLE IV-10

SUMMARY OF AMPHIBOLE FIBER CONCENTRATIONS
FOR TEN SAMPLE SITES IN THE VICINITY OF RESERVE MINING

Sample Site

Amphibole Conc.

10'9fibers/m3

Mean Range
Duluth 7.5 0-17
Duluth (Residence) 2.6 0o- 8
Silver Day (Residence) 11 0-30
Babbit (Residence) 13 0-82
Hoyt Lake 8.5 0-31
Hibbing 5.6 0.19
Cloquet 6.8 0-30
Pengilly 6.6 0-17
Virginia 4.2 0-12
Mt. Iron 8.9 0-45

Overall Mean = 7.6 X 10”7fibers/m3

From Fairless (1974)
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TABLE IV-11

SUMMARY OF FIBER CONCENTRATION DETERMINATIONS
IN THE AIR OF PUBLIC BUILDINGS USING PHASE
CONTRAST OPTICAL MICROSCOPY

Building Location Fibers >5 um in Length/ecc
Mean and Range

Baltimore, Maryland 0.004
and Washington, D.C. (0.001-0.008)
Towson, Maryland 0.001

(0.000-0.003)

From Wallingford et al (1973) and Zumwalde (1973)



V. BASIS FOR THE RECOMMENDED STANDARD

The first modern approach to the setting of an asbestos standard was
proposed by the British Occupational Hygiene Society (BOHS 1968) in terms
of fiber concentration. In 1968, a subcommittee of the Society evaluated
data on 290 men at work in an asbestos factory. These data were provided
by company sources. All the men had been employed after January 1933,
following implementation of dust control measures mandated by the Factory
Inspectorate in 1931. Estimates of the fiber exposure of these workmen
were also provided by the company. Of the 290 individuals, 8 were stated
to have x-ray evidence of asbestos disease and 16 had rales. Noteworthy in
the 1968 data was the preponderance of individuals who had been employed
less than 20 years. Only 118 of the 290 persons had worked for longer than
20 years and a scant 13 has been employed for 30 or more years.

After a review of these data, the BOHS proposed a standard which was
adopted with minor modifications by the British government 1in 1969, and
implemented in May 1970. All fibers between 5 and 100 microns in length
were counted by light microscopy. The standard required no action to be
taken below 2 fibers/cc. Between 2 fibers/cc and 12 fibers/cc, control
measures commensurate with the exposure circumstances (time and frequency
of worker exposure) were prescribed; above 12 fibers/cc, full application
of control measures, including respiratory protection, was mandatory. The
BOHS predicted that the risk of being affected, to the extent of having the
earliest clinical signs of asbestos exposure (rales), would be less than 1%

for an accumulated exposure of 100 fiber-years/cc (2 fibers/cc for 50
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years, 4 fibers/cc for 25, etc). Data (Lewinsohn, 1972) from the same
factory which formed the basis for the BOHS standard demonstrate that a
greater prevalence of abnormalities now exist (Table V-1). These data, in
addition to demonstrating a dose-response relationship for radiographically
detected abnormalities consistent with asbestosis, further showed a 17%
prevalence of abnormal radiographic findings (6% consistent with
asbestosis) in individuals employed since 1950.

Weill et al (1975), when considering lung function and irregular
small opacities, reported that there was little evidence of a dose-response
relationship below 100 mppcf-years. They further concluded that a
concentration of 5 fibers/cc could be cautiously considered as "safe".
Ayer and Berg (1976), however, reported data which suggest that the BOHS
standard, of an average cumulative exposure of 100 fiber-years/cc, for
chrysotile asbestos may prevent significant decreases in pulmonary function
only when combined with periodic spirometry and further reduction of
exposure for affected workers. Holmes (1973) has since stated that the
data upon which the BOHS standard was based were inadequate to set a
standard to prevent asbestosis. The BOHS-recommended standard of 2
fibers/cc was based on data related only to asbestosis and the Society
clearly cautioned that, since a quantitative relationship between asbestos
exposure and cancer risk was not known, it was not possible at that time to
specify an air concentration which was known to be free of increased cancer
risk. (BOHS 1968)

Howard et al (1976), in a follow-up examination of the textile
workers previously studied by Doll (1955) and Knox et al (1965, 1968) for

cancer, and by Lewinsohn (1972) for asbestosis, reported a statistically
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significant 4increase 1in the risk of developing lung cancer (1.8 times the
expected) among those first entering scheduled areas from 1933 to 1950. 1In
the same study, they also reported an excess of deaths due to lung cancer
(1.9 times the expected) after 15 or more years from initial exposure among
those who started work subsequent to 1950, a period of improved industrial
engineering control technology and regulation.

In a study of miners exposed to amphibole fibers (amosite) in the
cummingtonite-grunerite ore series, with airborne concentrations of less
than 2.0 fibers/cc (average concentration, 0.25 fibers/cc) and 94% of the
fibers shorter than 5 tm in length, Gillam et al (1976) have demonstrated
threefold increases in the risks of mortality from both malignant and
nonmalignant respiratory diseases.

Newhouse (1969, 1973) and Newhouse et al (1972) have shown that the
cancer risk to factory workers following mixed exposure to chrysotile,
amosite, and crocidolite i1s dose-related. The women reported to have
heavier exposures (as judged by theilr occupations) showed a sixfold excess
of cancer following only 15 years' latency, whereas those with moderate or
low exposures required 25 years' latency to demonstrate an excess. The
rate of mesothelioma increased with both the severity and the length of
exposure. However, even with as little as two years of asbestos exposure,
8ix mesotheliomas occurred among female employees.

McDonald (1973) stated that the risk of developing lung cancer was
essentially confined to persons with a dust index above 200 wmppcf-years,
and Enterline et al (1973) showed no direct dose-response for respiratory
cancer below 125 mppcf-~years. In a review of these two  papers,

Schneiderman (1974) concluded that, 1instead of being consistent with a

90



threshold level at which no cancer risk exists, these data did not provide
evidence for a threshold or for a "safe" level of exposure. He pointed out
that in the paper by Enterline et al (1973) there is no dose group for
which the Standardized Mortality Ratio (SMR) 1is below 100 (100 = normal),
but that the 95% confidence limits on the SMR's included 100 for two of the
thrée dose groups below 125 mppcf-years. One of the dose groups (25-62.4)
had a statistically significant excess mortality from lung cancer, whereas
for the other two this mortality rate was insignificantly elevated above
the expected values. Regarding McDonald's paper, Schneiderman stated that
it 1is hard to determine what 18 excess since nc expected numbers for each
group were given upon which to base this comparison.

Among amosite workers with employment of 3 months or less, Selikoff
(1976) reported excess cancer risks of 3.87, 1.68, ,.and 1.65 times those
expected for cancer of the lung, colon and rectum, and all sites,
respectively.

Anderson et al (1976) have reported a significant excess of
radiographic abnormalities of the chest characteristic of asbestos exposure
(pleural and/or parenchymal) 25 - 30 years after the onset of household
contamination. These abnormalities were observed in 352 of 326 otherwise
healthy workers who had household contacts with amosite asbestos. In

addition, four pleural mesotheliomas were found in this group.
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VI. THE RECOMMENDED STANDARD

Available studies provide conclusive evidence that exposure to
asbestos fibers causes cancer and asbestosis 1in man. Lung cancers and
asbestosls have occurred following exposure to chrysotile, crocidolite,
amosite, and anthophyllite. Mesotheliomas, 1lung and gastrointestinal
cancers have been shown to be excessive in occupationally exposed persons,
while mesotheliomas have developed also in individuals 1living i1in the
neighborhood of asbestos factories and near crocidolite deposits, and in
persons living with asbestos workers. Asbestosis has been identified among
persons living near anthophyllite deposits.

Likewise, all commercial forms of asbestos are carcinogenic in rats,
producing lung carcinomas and mesotheliomas following their inhalation, and
mesotheliomas after intrapleural or ip injection. Mesotheliomas and lung
cancers were induced following even 1l day's exposure by inhalation.

The size and shape of the fibers are important factors; fibers less
than 0.5 um in diameter are most active in producing tumors. Other fibers
of a similar size, including glass fibers, can also produce mesotheliomas
following intrapleural or ip injection.

There are data that show that the lower the gxposure, the lower the
risk of developing cancer. Excessive cancer risks have been demonstrated
at all fiber concentrations studied to date. Evaluation of all available
human data provides no evidence for a threshold or for a '"safe" level of

asbestos exposure.
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In view of the above, the standard should be set at the lowest level
detectable by available analytical techniques, an approach consistent with
NIOSH's most recent recommendations for other carcinogens (ie, arsenic and
vinyl chloride). Such a standard should also prevent the development of
asbestosis.

Since phase contrast microscopy is the only generally available and
practical analytical technique at the present time, this level 1is defined
as 100,000 fibers »5 um in length/m3 (0.1 fibers/cc), on an 8-hour-TWA
basis with peak concentrations not exceeding 500,000 fibers >5 um in
length/m3 (0.5 fibers/cc) based on a 15-minute sample period. Sampling and
analytical techniques should be performed as specified by NIOSH publication
USPHS/NIOSH Membrane Filter Method for Evaluating Alrborne Asbestos Fibers
- T.R. 84 (1976).

This recommended standard of 100,000 fibers >5 im in length/m3 is
intended to (1) protect against the noncarcinogenic effects of asbestos,
(2) materially reduce the risk of asbestos-induced cancer (only a ban can
assure protection against carcinogenic effects of asbestos) and (3) be
measured by techniques that are valid, reproducible, and available to
industry and official agencies.

However, some difficulties arise in that specific work practices and
innovative engineering control or process changes are needed. But because
of the well-documented human carcinogenicity from all forms of asbestos,
these difficulties should not be cited as cause for permitting continued

exposure to asbestos at concentrations above 100,000 fibers >5 um in

length/m3.
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This standard was not designed for the population-at-large, and any
extrapolation beyond general occupational exposures 1s not warranted. The
standard was designed only for the processing, manufacturing, and use of
asbestos and asbestos-containing products as applicable under the

Occupational Safety and Health Act of 1970.
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TABLE VI-1

B.0.H.S. ASBESTOS STANDARD
X-RAY FINDINGS IN AN ASBESTOS TEXTILE FACTORY
DECEMBER 1970 (MALES)

X-ray Findings

Years of Exposure No.
Pleural Pulmonary Total
Normal Fibrosis* Fibrosis Abnormal**

0-9 613 548 10 0 65(11%)
10 - 19 189 122 18 20 67(36%)
20 - 29 114 51 30 21 63(55%)
30 - 39 42 9 17 17 33(78%)
40 - 49 12 2 6 3 10(832)

* Consistent with asbestos exposure
**Including changes not considered due to asbestos exposure
Adapted from reference 2
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