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ASBESTOS

18

The name comes from the Greek, "unquenchable" or "indeetructible".
It i8 a generic térm spplied to a number of naturally occurring gilicates

which can be separated from the parent rock in fibrous form.
types fall into two categories

{(a) Serpentine

(b) Amphiboles

chrysotile
(Hg6 (OH)8 514010)

amosite
(1-”e5 ng 518 0., (oa)z)

actinolite d
(CaSie3.Hg 5103.Fc8103)

anthophyllite
((MgFe)7 518022(0H)2)

crocidolite

(Na,0.Fe,0,.3Fe0.8510, .H,0)

tremolite
(CaiM35518022(0u)2)

The common

The fibres of the different forms have characteristics - in terms
of length, flexibility, texture, tensile strength, resistsnce to heat .or
chemical reaction - which wmake each suitable for particular purposes. The
characterietics which have been most exploited are flame resistance znd

tensile strength.

CCCUPATIONAL EXPOSURE

Exposure to asbestos fibres ih air can occur in mining or milling

or in any of hundreds of uses or processes.
sprayed az insulation, as a fire retardant, or for acoustic effect.

The fibdrous materisl wmay be

Asbestos

is combined in cement asbestoz board, shingles, brake linings, paints, floor
tiling, water and sewer pipes, and 12 used {n the production of woulded
plastic products, in sheet form as lagging for insulation and in flame

ratardant cloth,
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SOURCE .

A large proportion of the world's production of chrysotile is
from Canada - mainly Quebec, with some from British Columbia, Yukon
Territory, Ontario and Newfoundland., The-USSR is also an important
producer. The main source of amphiboles is South Africa. Canada iwmports
gome crocidolite (blue asbestos) and amosite (brown asbestos) for special
processes. Altogether the world production cousists of chryeotile 93X,
crocidolite 4X and amosite 2% (approximate percentages). Tramolite and
actinolite sre of little commercial 1mportance but are of health significance
a8 they occur in some talcs.

HEALTH ASPECTS

When air containing asbestos fibres ie inhaled, a number of
effects can result. These will vary according to the type, concentration,
size of fibre inhanled, the duration of exposure and in some cases to a
combined effect with other inhaled contaminants.

The principal forms of asbestos-related disease or disorders are:

1. Asbestosis - a diffuse fibrosis (scarring and ehrinking)
of lung tissue.

2. Llung cancer.

3. Mesothelioms - a malignant tumour of the pleura or
peritoneum (lining of chest and abdomen).

4. Cancer of organs wther than the respiratory system
e.g. gastro~intestinal tract.

5. Pleural thickening and calcification.

Asbestogis

The standard for asbestos control in air mentions fibres greater
than 5 micrometers. (5um) in length because it is believed that smaller
fibres are removed by the ordinary self-clearing mechanism of the lungs.
The smaller fibres are generally engulfed by the so-called scavenger cells.
Inside these cells the fibres become coated with proteinaceous material
containing iron to form "ferruginous bodies" which, if coughed up, can be
recognized in the sputum. The ferruginous bodies in sputum may be indicative
of asbestos exposure but not necessarily of asbestos related disease. Fibres
longer than 5um have a tendency to be retsined in the lung tissue where they
way cause irritation and eventual scarring. Over years of exposure this may
result in increasing shortness of breath. Advanced asbestosis can be
diagnoesed by chest x-rays but at a much earlier stage, the disease may be
recognized by pulmonary function (breathing) tests. '
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Lung Cancer

The incidence of lung cancer is much higher in asbestos workers
than in the general population. Lung cancer in asbestos workers is usually




preceded by fibrous changes in the lung tissue as occurs in asbestosis.
It e claimed that an asbestos worker who smokes has 92 times greater (8) -
chance of acquiring lung cancer than a non-smoking, non-asbestos worker.

Note -~ There is evidence in the literature that mineral fibres
other than those of asbestos e.g. - wollestonite, attapulgite,
fibre glass and rock wool, may act on the respiratory organs
in a manner similar to asbestos fibres.
. -
Hesothelioma v

In the general population this is a rare malignant tumour. It
has, however, been shown that a large proportion of the people who develop
it have had some exposure to asbestos, though not always an occupational
exposure, There dppears to be a latent period of over 20 years between
the firset exposure and the appearance of the tumour. There is some
evidence that mesothelioma is more likely to be caused by amphiboles (such
as crocidolite snd smosite) than by chrysotile.(lo)

Cancer of Organs Other Than the Respiratory System

An ipcreased occurrence of cancers in other locations than the
respiratory system e.g. the gastro-intestinal tract, the breaat(5o7), has
been reported. This is apparently due to the capability of the asbeatos
fibre to penetrate the lung tissue and to reach othér organs outside the
chiest cavity, or the asbestos fibies swallowed with muccus znd focd tc
penetrate the walls of the stomach and intestines.

Pleural Thickening and Calcification

Asbestos fibres may cause irritation, inflammation and thickening
of the pleura (pleural plaques). This is a condition that csn be seen &t
x-ray examination. 1t is evidence of prolonged exposure to asbestos but is
not necessarily associated with symptoms of 1ll-health.

STANDARD

-

The time-weighted average (TWA) refers to the airborme concentra-
tion of substances in the workplace air. It is the concentration for a
normal B-hour workday or 40-hour workweek, to which nearly all workerg wmay
be repeatedly exposed, day after day, without adverse effect.

The maxinum allowable concentration (MAC) is the maximum
concentration of airborne substances in the workplace sir to which a worker
may be exposed: such an exposure shal) not exceed more than one l5-minute
period per day.

For chrysotile -

TWA is 2 fibres greater than 5Sum in length per cubic
centimetre(cc).

MAC ig 10 fibres greater than 5ym in length per cc.
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For amphiboles -
TWA is 0.2 fibres greater than 5um in length per cc.

MAC is 2.0 fibres greater than Sum in length per cc.

The TWA of 2 fibres per cc. is intended to control the risk of
asbestosis to less than 1%.

For sampling technique, see Appendix 1.

CONTROLS *
A. General

1. Personal Hygiene

(a) Good personal hygiene ies to be maintained. This includes
washing before eating, drinking, smoking or use of toilet
facilities.

*(b) Change Rooms - are to be provided by the euwployer at a
fixed place of employment for workers working regularly
at the place and who are exposed to airboyne concentratiouns
of asbestos fibres.

%(c) Clothes Lockers - two separate lockers for each worker so
separated by a shower room that one locker for street
clothes is in one room and 8 second locker for work clothes
in another room. Contaminated clothing is to be placed in
a covered impermeable container.

{(d) -Laundry

(1) Laundering of asbestos-contaminated clothing is to
be done so0 as to prevent the release of alrborne
asbestos fibres in excess of the TWA. -

(£1) An employer who gives asbestos~contaminated clothing
to another person or company for laundering 1s to
inform such person or company of the requirement in
subsection (i) of the subdivision.

(111) Contaminated clothing {8 to be tramsported in sealed
iwpermeable bags, or other closed impermeable
container and a caution label affixed (see Section 3(b)(1)

2. Food, Beverages and Tobacco f

Food, bLeverages and tobascco are not to be kept nor consumed in the
work area.

FMSI 05109
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inrulators, alternative suitable arrangemente are to be provided.




3.

Caution Signs and Labels

(a) Caution Signs -

Posting - Caution signs are to be provided and posted st
the approaches to each location where there is significant
exposure to asbestos fibres.. The esign is to be printed in
English and, as necessary, in other languages so that &ll
vorkers understand the hazard. A typical asbestos card is
shown as Appendix 2. ,

*

(b) Ceaution Labels -

(1) Labelling - Caution labels are to be affixed to all raw
raterisls, mixtures, scrap, waste, debris and other
products contalning asbestos fibres, or to their containers,
except that no label 18 required where asbestos fibres have
been modified by a bonding agent, coating, binder or other
material so that during any reasonably foreseeable use,
handling, storage, disposal, processing or tramsportation,

no airborne concentrations of asbestos fibres in excess of
the TWA will be released.

(11) Labels - All labels are to be in accordance with the
Guidelines for the Labelling of Toxic Chemicals for Use
in Ontario Industry.

Special Clothing i -

The employer is to provide and to require the use of special clothing,
head coverings, gloves and foot coverings for workers exposed to
airborme concentrations of asbestos fibres.

Wotk Practices

Work practices are to be followed, as completely as possible, that
prevent the disseminatfon of dust,

Examples are:-

(a) When dumping bags of asbestos:
(1) Local exhaust is to be used.
(11) Excessive shaking of bags is to be avoided.

(111) Bags arc to be disposed of carefully using locsl
.exhaust, covered containers, plastic bags that
can be sealed, etc,

(b) When sawing, drilling, grinding, wmachining asbestos-containing
materials, etc. ¢
(1) Local exhaust is to be used.

(11) Products are to be vacuum cleaned, washed, or
otherwise cleaned before further operations,
storage or shipping.

Compressed air 1s not to be used for cleaniﬁg.
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E.

Housekeeping

Housekeeping includes prompt vacuum cleaning or wet sweeping of all v
scraps and spills, careful storage and disposal of asbestos-containing
materials in plastic bags or other suitable containers, and frequent
and regular cleaning of machines, floors, walls and other plant
surfaces (by vacuum cleaning) where asbestos dust settles, Dry
sweeping, dusting or compressed air are never acceptable.

Personal Protection !
[

In certain circumstsnces and for limited periods of time, the worker
may be protected by respiratory equipment. This should, however,
never be allowed to take the place of adequate environmental control,
1t must be recognized that the wearing of a respirator for long
periods of time is often uncomfortable and sometimes of questionable
efficiency. Workers may, in some instances, be neglectful in the

care and the use of their respirators, thus decreasing the relisbility
of this type of protection.

In general, air levels below the standard of 2 fibres per cubic
centimetre are to be maintained. During process changes or while
improvements are being made to a plant, workers may be required to
wear replaceable filter type respirators of the type approved for
control of respirable dust if fibre concentrations do not exceed 10
fibres per cubic centimetre. This 1is always to be considered a
temporary measure and is not to be continued beyond three months.
During such pericds it is esscntial that the wearing and the
maintenance of respirators be closely supervised by the employer.

Engineering

‘Normal procedures for the control of respirable dust applykto

the control of the health hazard from asbestos.

1.

2.

Substitution
When feasible, asbestos should be replaced by less hazardous materials.

Segregation

It 48 possible with suitable planning to arrange that work producing
high concentrations of asbestos dust is done in isoletion. Where
segregation is difficult, as in the case of asbestos spraying, it

is possible with suitable scheduling to have the process carried out
vhen other workers are either off the shift or when they are removed
from the area. !

Control booths, under positive pressure, may isolate the worker from

exposure while allowing him to control a process. In certain
circumstances, respirators may also be used (see "Personal Protectiom").
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3.

3.

Ventilation

The use of adequate local exhaust is the most important method of
dust control. This method captures the dust at the source znd
conveys it to a2 central dust collecting system.

Good general exhaust is to be provided so that any fibres not

captured by local exhaust are eventually removed from the workroom

air. ;
!

Dust Suppression

The use of water to suppress dust &t the source has been universally
accepted. Water sprays are perhaps the most common method of
applying water to control both visible and respirable dust but it 1is
not possible to control a dust cloud by means of water sprays once
the dust has become airborme.

Medical Surveillance

Firat Aid

No acute poisoning due to asbestos has been recorded.

Preplacement Medical Examination -

- (FEV

Preplacement medical examination is to be done within 30 days of the
person's employment in an exposure to asbestos. The examination 1is-
to include a medical and occupational history including smoking
habita; pulmonary, cardiovascular and gastro-intestinal symptoms;

8 phyaical examination; a chest x-ray (posterior - anterior, 14
inches x 17 inches); and pulmonary function tests to include forced
vital. capacity (FVC), and forced expirstory volume at one second

1.0)'

Periodic Medical Examination

Periodic medical examination is to be done at least every two(2) years
on each employee engaged in an cccupation exposed to asbestos fibres.
The examination is to follow the same procedures as outlined for a
preplacement medical examination. 1It is to be noted, however, that
those persons who

(a) have a history of 10 or more years of employment involving
exposure to asbestos,

(b) show x-ray findings (such as small opacities, pleural plaques,
pleural thickening, pleural calcification) which suggest or
indicate pneumoconiosis or other reactiouns to asbestos, or

(c) have changes in pulmonary function which indicates restrictive
or obstructive lung discase

are to have the chest x-rays end pulmonary function tests at least
annually.
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4. Termination Medical Examination

Within thirty(30) days before or after termination of employment,
an employee engaged in an occupation exposed to gignificant
airborne concentrations of asbestos fibre is to have a termination
nedical exsmination. The examination is8 to follow the same
procedure as outlined for a preplacement medical examination.

5. Medical Records i

Complete and accurate records of medical examinations are to be
maintained. These confidential records are to be retained by the
employer for a period of forty(40) years or length of employment
plus 20 years whichever is longer.

ACTION LEVELS

Depending on the process, it may be difficult for an asbestos-.

producing or using industry to meet the standard at all times. It
becomes necessary, therefore, to establish criteria on which certain
actions are to be taken. )

It 16 desirable that work ploces be monjtored and exposure of
personnel be determined regularly. The aim must be to keep both area
=nd personal samples below the TWA. Whenever the standard is exceeded,
personnel are to be protected by the wearing of approved respirators
unt{l the conditions are corrected.

As indicated above (see Personal Protection), this action 4ie
acceptable for limited periods of time, when concentrations are between
‘the TWA end the MAC. At the same time, it is the responsibility of
management to advise the representative of the Ministry of Labour that
a state of non-compliance exists.

When the concentration exceeds the MAC the process is to be
shut—down while corrective saction is taken. At such times only workers
with positive pressure air-supplied respirators are to be engaged in
repair or corrective work. The representative of the Ministry of Labour
is to be notified and will decide whether or not the work may resume.

As a general rule, the mill or plant will not be allowed to
meintain production if the asbestos exposure exceeds the MAC. At levels
between TWA and MAC production may be sllowed to continue on condition
that the workers wear appropriate respiratory protection, that positive
action is undertaken by the firm to correct the situation and that the
period of corrective action does not exceed three months.
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APPENDIX 1

Sampling Technique for Asbestos in Workplace Air

The 3deal sampling period to determine a TWA is a full shift,
however, this is rarely practicable. It has been demonstrated that a
90 minute sample gives a reasonably accurate estimate of the TWA
particularly if the process ia s constant/ome. The more continuous the
process, the more representative & short term sampling will be. It is
evident that the skill of the sampler operator and a familiarity with
the process are important factors in the asscssment of an asbestos
exposure., The rate of sampling may vary between 1.8 znd 3.0 litres per
minute depending on the airborme concentration of asbestos fibres.

The counting method used 48 that of Edwards and Lynch.(s) A

segment of the filter is placed on a glass slide and treated to make the
" filter transparent. Counting of the fibres is done with an optical
microscope using phase contrast illumination at 400 to 430 X wmagnification.
The speciel counting graticule has reference wmarks which permit & rapid:
clagsification of fibres (a "fibre" 1s described as being over Sim in
length and having an aspect ratio of 3 to 1). The procedure is to count
100 fibres or 20 fields, whichever is less. A simple conversion is then

made from the counts per field of view to fibres per cubic centimstre.

Sampling frequency ia to be adanted to meet the needs of the

local situation. During a start-up period or during a process change,
frequent sampling may be required. The actual time interval «1ll depend
on the judgment of the person making the assessment.

NOTE: The Ministry of Labour recognizes that there can be considerable
variability of fibre counts done by different operators in the
same situation. 1In the hands of a skilled operator the reproduc-
ibility of the results can be expected to be at least 25% (plus or
minua).(z) However, the actual fibre concentration in the air -
will also vary throughout a workday and the results of a sempling
period of less than a full B-hours requires interpretation by an
experienced industrial hygieniet. The Ministty recognizes, also,
that there is a need for additional research to establish the
validity of counting procedures as well as the relative significance
of area and personal samples.
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APPENDIX 11

ASBESTOS DUST MAY BE HARMFUL
TO YOUR HEALTH

AV@ED BREATHING DUST

WEAR ASSIGNED PF%OTECTEVE
E@UEPMENT

DO NOT REMAIN IN AREA UNLESS
YOUR WORK REQUIRES IT
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ASBESTOS INFORMATION ASSOCIATION/

Horth America -

Viashington, D. C. 20005

This study develops a decision method for evaluating the social
acceptability of industrial controls on hazardous materials.
Decisions are based on a “"multiple criteria approach’” that jointly
considers measures such as risk-benefit tradeoff, minimum
reducible health risk, maximurmn acceptable cost and implicitvalue
of human life. Health risks are calculated by combining separate
estimates of production and usage patterns, emissions to air and
water, effectiveness of controls, pollutant dispersion and human
susceptibility. Economic benefits consider employment, trade and
consumerimpacts, as well as direct costs of controls. The analysis

1835 K Sireei,. N. W. Suite 40{

focuses on asbestos as an example hazard. Relative values of
hazard reduction alternatives are examined for asbestos
manufacturing exhaust filters and for asbestos substitutes in
brake linings. Preliminary calculations indicate risk reductlons
of these alternatives cannot justify their soc:al costs.

Hisk-benefit analysis for industrial and

social needs

KENDALL D. MOLL* and DENNIS P. TIHANSKY:

Stanford Research Institute; George Washington University

The term risk-benefit analysis has become a
commonplace expression as both the public and
governmental agencies become increasingly
concerned withr environmental protection and
the quality of life. Attendent with this concept is
the notion that there is some sort of sheet used in
the decision-making process for regulating
environmental quality.

Informal comparisons of risk¢ and benefitsdo
indeed occur in setting most regulations. The
underlying decision structure, however, does not
always incorporate three crucial considerations:
the necessity of making tradeoffs; the likelihood
that tradeoff impacts are noncommensurate
{that is not expressed in the same units, as dollar
benefts vs. loss of life); and uncertainty about
impacts of alternative decisions. Formal risk-
benefit analysis is useful here because it
systematically applies economic theory and
decision analysis to help the policymaker
understand the tradeoffs.

Risk-benefit analysis has different compari-
sons for different persons. Some ecologists, for

*Presemt address: Castle and Cooke. Inc.. San Francisco, CA.

American Indus!rial Hygiene Association JOURNAL (38) 4/77

example, value preservation of nature over costs
of control; they might think it meaningless to
compare ecological parameters with any
economic concept. On the other hand, many
industrialists place greater weight on the costs.of

preserving nature. Uncertainties or perhaps even

ignorance of environmental consequences, can
significantly affect an individual’s value system.
Fear of unknown risks often instills greater
conservatism in action than is warranted by the
objective situation. For instance, a minute but
well publicized probability of death from
exposure to a hazardous material might make an
unknowing person think that he will be affected.
Aggregated over all individuals, this risk could
thus be exaggerated over its actual level.

Publicity about risks and benefits could also
be a poor indicator of individual values. Surveys
are thus important in assessing variations of
public opinion, patterns of risk-taking among
members of the gencral population and
perceptions of risks and benefits.

A large spread of personal evaluations should
be expzctad given data deficiencies on risks and
benefits. Information about ambient concentra-
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tions of hazardous materials and the degree of
human exposure is not generally available. More
fundamental is the lack of information on
inherent biological effects of these chemicals on
human health, Epidemiological studies have
been outstripped by the technology to produce
and distribute an ever growing number of
hazardous materials. For some new chemicals,
the regulatory agency relies on the manufacturer
and developer of derived products to furnish
health information. But without a character or
checklist of needs for conducting risk
assessments, the manufacturer cannot really be
expected to assume this additional respon-
sibility.

Insights on benefits of product use are typi-
cally as deficient as judgements on hazard levels.
Conditions for optimality in regulation depend
on the “welfare function™ to be maximized. One
criterion frequently employed is maximum value
of total output, which in principle should include
such non-monetary aspects as safety, aesthetic
qualities and reductions in physic tension or
anxiety. Economists generally contend that
these benefits of controlling hazards can be
assessed collectively as the sum of the
“willingness-to-pay” of all individuals affected
by the action. Analytically, this requires the
formulation of a consumer demand curve for
feasible controls. Benefit assessment then
involves integration of the area under this curve.

Determination of the overall curve relating
benefits to emission control policies requires a
multi-step analysis, in which the economics
input occurs only after exposures and health
effects have been determined. Consequently, the
lack of benefit estimates for regulations can be
only partly blamed on economists. The lack of
meaningful exposure and dose-response
relationships falls in the domain of the life and
physical sciences. Without accurate knowledge
of these relationships, attachment of economic
values is a misleading and perhaps futile
exercise.

Most regulatory agencies as well as
researchers lack an appreciation of the
complexities underlying benefit estimation. Asa
result, they tend to establish controls which
minimize risks without explicitly considering
product benefits. “Zero-tolerance laws,” which
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Figure 1-Risk/bensfit methodology: Analytical Steps.

prohibit any detectable amount of a hazardous
material, are inflexible and can quickly become
too costly. They may obligate large budgets; they
may remain in effect over an extended time span;
and they may adversely affect the lives of many
individuals.

Although risk-benefit analysis should make
decision-making more comprehensive, there are
a number of limitations to its current usefulness.
First, it represents an abstraction of reality and is
usually simplistic. It may not be translatable into
practice if it does not adequately account for all
impacts. Second, the magnitude of uncertainity
about both risks and benefits is typically much
greater than the magnitude of their most likely
values. This difficulty emerges as the most severe

constraint of any formal analysis. Proxy -

measures are often used to measure impacts, and
these proxies may be quite crude. Some authors,
for example, represent risk in terms of death
rates.! While vital, this measure fails to
incorporate non-fatal results that are likely to be
far more prevalent and in some cases more
damaging in total than the number of deaths.

Another limitation is that risks and benefits of
various actions do not usually come in single
pairs. Rather, each control level implies a
diversity of beneficial and costly impacts. The
analyst, with limited resources and time, must

Am. Ind. Hyg. Assoc. J (38) April, 1977
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select the most important impacts and exclude
those of hopefully less importance. As he learns
more, he may change the list of impacts. Still
another limitation concerns weights assigned to
risks. Individuals seem to waver in their
evaluation of generally low-probability events as
needs and perspectives fluctuate.

There have been few attempts to consider such
limitations in formal risk-benefit analyses.
Because highway data are readily available,
risk-benefit studies are most numerous for
vehicular accidents and choices of safety features
for automobiles, (e.g.).””’ One extensive
investigation of risk-benefit ratios for a number
of hazardous events, such as driving and being
struck by lightning selected “fatalities per
person-hour of exposure” as the measure of risk
and a benefit index defined as “value to the
individual” in the denominator of a risk-benefit
ratio.! The benefit in most cases was quantified
as the monetary investment that consumers are
willing to support for a risky venture.

Another more formal, theoretical model
represents benefits of an item as the price a
consumer is willing to pay for it.* As hazards or
risks increase with item use, its value declines
correspondingly. However, there is an
additional “non-pecuniary” part of risk, he
claims, beyond which the consumer or general
public refuses to buy or use the item. This implies
the existence of a threshold level of risk
acceptance. Whether such a level actually exists
was not demonstrated.

In the remainder of this paper, we present a
new approach toward risk-benefit analysis. It
incorporates risk and benefit comparisons, as in

Ame:ican Industrial Hygiene Association JOURNAL (38) 4/77
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the above referenced s:.:dies. But it goes beyond
their scope by including uncertainty factors and
by showing how various decision-making
approaches can result in different priorities. The
conceptual model to be presented was applied
to a selection of feasible controls on hazardous
materials, namely, cadmium and asbestos usage
in the United States.’

The methodology follows very closely that
recommended in the recent National Academy
of Sciences report on Decision Making for
Regulating Chemicals in the Environment.® The
most significant aspect of this methodologyisits
reliance on a “multiple criteria” approach. A
multiple criteria approach involves the

consideration of many factors bearing on the .

decision in addition to those of “risk” and
“benefit,” such as “minimum reducible risk,”
“maximum socially acceptable risk,” “maximum
acceptable cost,” and “value of human life.”

As shown in Figure 1, the analysis starts witha
review of present standards and proceeds to
parallel examinations of the existing pollution
system and alternative controls that might be
applied to it. The parallel approach continues
with second stage investigations of economic
benefits on one branch and of population
exposures and resultant health hazards on the
other. Finally, the economic benefits and the
health risks are combined with other relevant
parameters in a graphical presentation of the
multiple criteria affecting the dccision. This
presentation is applied under a variety of
possible decision rules to derive acceptable
standards and develop priority research needs
for future improvement of the decisions.
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Figure 3-U. S. Asbestos flow {meiric tons per year).

When we examine the top box, Present
Standards, in more detail, we discover the kind
of control system illustrated in Figure 2. This
figure shows how various types of standards
impinge on the hazardous waste system and on
the monitoring and control mechanisms that
accompany it. Standards must be compared
with the actual amount of hazardous waste
present at a given point in the hazardous waste
flow system. For example, production standards
must be compared with some measure of the
actual production. The difference between the
standard and actual production is used as a
signal for the monitor and its control system to
implement corrective measures if necessary. The
same kind of feedback control must operate for
usage standards, emission standards, ambient
air or water standards, exposure standards and
ingestion standards. Note from the figure
however, that controls do not have to be applied
at the same point that the monitoring signal is
observed. Excessive exposures, for example,
could be corrected by more restrictive controls
over emissions concentrations. These multiple
feedback possibilities allow for very complex
control systems.

The multiple feedback loops do impose two
rcquirements on the monitoring and control
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systems. Whatever standards are developed
must be measureable and they must be
consistent with other standards that they may be
applied at other points in the control process.
For example, the OSHA asbestos standard was
reduced from 5 visible fibers to 2 fibers per
milliliter on July I, 1976. However, the visual
methods currently used to count asbestos
concentrations account for less than 5 of total
fibers and no one knows whether the visual
identifiable fibers affect health more than the
smaller fibers.” Standards cannot be made very
precise until this conversion problem is solved.

When we decide that some measure of
pollution, say weight, is most meaningful, then
the second step is to analyze the industrial
pollution of various media (air, water, and land)
that occurs at different stages of the system, from
extraction to final disposal. These amounts are
shown in Figure 3. We have used a materials
balance approach to estimate the amounts of
asbestos going to cach use and each disposal
madia and reconcile their totals with our best
estimates of overall use and disposal. The
quantities {not all of which are shown in the
figure) therefore are additive both vertically and
horizonatally along the different flow paths.
This requires some very difficult datasearchand

Am. Ind. Hyg. AsSoc. J. (38) Aprit, 1977
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EMISS1ON MANUFACTURING AUTOHMOBILE
SOURCE : FACILITIES BRAKES

CONTROL METHOD: FABRIC FILYERS SUBSTITUTE

MATER]AL

ORIGINAL EMISSIONS: su7 129
METRIC TONS METRIC TONS

CONTROL
EFFECTIVENESS @ 967 100%

NATIONAL COST:

LOW $2.5 MILLION $52 MILLION
MEAN $3 $65
HIGH $3.6 $81

Figure 4-Asbestos control costs and effectiveness.

reconciliation work, almost to the point of being
creative when the data is particularly sparse.
However, we feel it is necessary in order not to
miss large parts of the problem simply because
the data is difficult to obtain. 1t gives us a
plausible base from which to make an overall
systems analysis and, at the same time,
highlights areas where existing data may need to
be refined. It also provides a first-order priority
base for examining alternative controls.

In our analysis, we observe that althoughland
disposal accounts for the great bulk of asbestos
pollution, the largest source of air contamina-
tion is the 547 metric tons emitted from
fabrication operations. We therefore have
examined controls for asbestos fabricators. We
also have examined the possibility of eliminating
the second most significant airborne source:
emissions from users of friction products (i.e.,
brake linings). Economic costs and operational
cffectiveness of control alternatives for these two
pollution sources were examined in the next two
steps., as shown in Figure 4. For asbestos
manufacturing processes, we ascertained that
fabric filters are the most effective method to
control emissions.® They can eliminate about
96C6 of stack emissions. We estimated the total
national cost for such a program would run
about S2 million per year, plus another $I
million for monitoring and enforcement.

Substitution of other materials for asbestos
brake linings is speculative since no satisfactory

Arenican industrial Hypiene Association JOURNAL (38) 4/77

T N e e £ ot oL SNG4 i IR AT ST NI TRIT WY - e T wTi

T=1TrTrr
bt L

—

[ 747> ¥ Sy QU

rrey

O R

[[edole] —TTrT T lll!lll’ | S e M
|
¥
'
i
]
]

L e S e

'FROM BRAKES N\,

[EEE S W ENT

4

{ (RO I e B

CONCENTRATION - NANOGRAMS/CUBIC METER
r™rTar

T 7Ty

[

cot PR 1.1-1;‘ RN RIS [ SO S B Y

12 100 1000 10000

AREAS EXPOSED - SQUARE KILOMETERS
Figure 5-Asbestos air concentrations.

material has yet been found. But if one assumes
that a material can be found for a 509 cost
increase, the total extra cost would run to about
$65 million per year.

These economic costs have to be balanced
against the control program’s reduction in
public exposure and consequent hazard, which
we also examined. Figure 5 shows the totalareas
now exposed in the U.S. to various
concentration levels from industrial sources and
from brake lining emissions, according to our
simplified model of emission sources and air
dispersion. Note that industrial sources are more
concentrated over a smaller area than are brake-
shoe sources. Total exposure to the population is
about 80 mg/m’ from each source.

The big hurdle in our analysis, as in most such
analyses, came in trying to develop a dose-
response function to evaluate the effects of these
exposures. To do this, we looked at death rate
estimates for the three most important causes of
death from asbestos: mesothelioma, other
cancers and non-cancer respiratory diseases.
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Figure 6 shows excess deaths versus
accumulated asbestos dosage for non-cancer
respiratory diseases.” As with most of our data,
we had some problems here in converting from
one set of measures and dosage assumptions to
another. For Figure 6, uncertainties in these
conversion factors were the major uncertainties
in determining the confidence limits that are
shown.

Figure 7 illustrates excess death rates of
people exposed to asbestos from all cancers
except mesothelioma.” The Mae West shape is
simply a matter of curve fitting and has no
known physiological basis.

Excess deaths from mesothelioma only are
shown in Figure 8. This diagram presents the
widest uncertainty of all because its two

references'™'! both attributed their original data -

to a common source but differed by a factor of
five in their resultant calculations.

By summing these three causes of excess death
and combining their uncertainties as
independent random variables, we arrived at the
overall dose-respounse curves of Figure 9. We
show these for analytical purposes as straight
lines emanating from the zero ‘intercept,

Am. Ind. Hyg. Assoc. J. (38) April. 1977
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although in fact we have no strong basis for
assuming that the mean value is a straight line or
that the uncertainties are fixed fractions of the
dosage.

Mesothelioma appears 1o be the most
significant contributor to the total excess death
rate. Asbestosis produces a significant number
of illnesses in addition to the excess deaths, but
morbidity effects were not included in our
analysis.

Hazards from ingestion of food and water
were likewise not considered, since most studies
of relative’ liazards indicate that the principal
mode of er” - of retained asbestos is via the
fun gS.IZ.N

Finally, we did not consider the effect of
population mobility on the hazard, even though
people with high exposures are statistically very
unlikely to live next to an asbestos factory for
their entire lives.

But these neglected effects are all relatively
insignificant compared to the order-of-
magnitude uncertainties and the other
difficulties of reaching a tradeoff between risks
and benefits. An overall method of evaluating
and presenting risk/benefit tradeoffs is
illustrated in Figure 10. Here, the two main
parameters are measured in the separate
dimension of the chart. The vertical scale shows
risk in terms of lives saved by a control
alternative relative to the existing “status quo”
situation and the horizontal shows negative
economic benefit (or cost) involved. Each
alternative, syrrounded by an ellipse
representing the confidence limits, can beshown
in terms of this tradeoff of fives versus non-
health economic benefits. The dollar tradeoff
between health and economic effects is not
charted. but any particular valuation of human
life can bc represcnted by a diagonal line
originating at the status quo position.
Alternatives lying above this tradeoff line would
be cost-effective in terms of that particular life
valuation. whereas alternatives below the line
would presumably not be.

Other constraints can also be shown on the
chart. these act to restrict the feasible domain
with which alternative solutions may be sought.
At the top a “minimum reducible risk™ line
fepresents a limit in the number of lives that
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might be saved by any feasible alternative. The
minimum reducible risk might be considered asa
background level of contamination below which
further reductions are extremely difficult. Atthe
opposite side of the feasible domain, the
“maximum acceptable social risk™ represents a
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number of lives lost that will not be readily
accepted by society. The maximum risk might be
some vague social limit such as the prevailing
rate of disease, or it may represent a “hzre and
now” risk limit as defined by existing standards
and regulations. Another constraint, not usually
mentioned together with risk limits but
nevertheless logically comparable, is that of
“maximum acceptable social cost.™ This
represents the maximum expenditure that
society is willing to obligate at a particular time
to solve a particular pollution problem. Equity
considerations among the population are also
now generally accepted as valid constraints.
Equity considerations can be considered by
making comparable charts for the analysis of
each ethnic, income, geographic, generational,
or other identifiable interest group. Together,
the risk, benefit, and other constraints make up
the “multiple criteria™ problem.

When we apply this methodology to the
asbestos control alternatives we obtain Figure
11, which has been derived specially for this
paper. The first feature one notices in this
logarithmic scaled chart is that livessaved by the
two alternatives are about the same: namely, 0.6
person per year each, give or take confidence

16D

limits of about a factor of two in each direction.
But implementation costs of thetwo altcrnatives
differ by more than 20:1.

1f one wishes to assign a value to saving lives,
the chart shows that the factory filter alternative
costs less than S10 million per life saved whereas
brake substitution costs about $100 million per
life. Neither alternative comes close 10 the
$300,000 valuation that workers in hazardous
occupations implicity give to their own lives'*'®
(see the upper diagonal line).

For this reason, both alternatives appear
inefficient as measures for protecting the general
public, if economic tradeoffs are considered. As
always in such studies, however, we must qualify
our conclusions. First, we have not considered
potential effects of these measures on the health
of industrial workers, which very likely would be
more significant than those to the general public.
Inhalation hazards to brake shoe instaliers, for
example, would be completely climinated by
substitution of some other material for asbestos

" in brakes. Second, we have only examined two

alternatives. Calculations based on our exposure
model indicate that about 37 people per year
could potentially be saved by eliminating
asbestos from our ambient air (see top
horizontal line in Figure 11). This potential life
saving is 50 times as great as we get from either of
the two alternatives considered, so additional
protection possibilities certainly are worth
investigating.

These and other factors that go beyond the
assumptions of a particular analysis almost need
to be considered by decision-makers in real life.
Therefore, no single chart can give a complete
answer. In addition to the formal trade-off
charts of the type shown in Figures 10 and 11, a
full presentation should include the listing of
many supplementary criteria by which decision
makers or other interested parties can derive
their own values. Such a list is shown in Figure
12.

Choices among the criteria presented can be
made on the basis of many decision procedures.
including those of expected value and ordinary
old fashioncd biases such as optimism.
pessimism and probability. So many selection
methods are available, in fact, that decision
makers in some ways will have greater freedom
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of action than they ever had before. The choice
among alternatives may remain ambiguous. But
at least decision makers will have explicit,
guantitative means for weighing the practical
tradeoffs that in the Jong run are going to haveto
be considered.
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A method is described for calculating confidence intervals for ? <oon
particle or fiber concentration, and for dust collector
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penetration. The span of the interval depends upon the value of

fiber concentration or collector penetration

reported and upon the number of particles or fibres counted.

Uncertainty in particle countmg and

sizing procedures

DAVID LEITH and MELVIN W, FIRST

Harvard School of Public Health, Department of Environmental

Heaith Sciences, Boston, Massachusetts 02115

Intr;)d uction

The concentration of particles in a gas can be
determined by passing a known gas volume
through a filter and counting particles on
representative filter portions. Particle concen-
trations are valuable to determine compliance
with legal standards, as for asbestos fibers in
workroom air, or to determine the particle size
collection efficiency of a dust collection device
by making counts of simultaneous upstream
and downstream samples. For both applica-
tions, it is important to estimate the count
reliability. Although enough particles must be
counted to establish the validity of the result
within acceptable limits, it is wasteful to insist
upon excessive counting to obtain needlessly

high reliability.

Particles for microscopic counting are
conveniently collected on membrane filters!?
or electron miscroscope grids'**. The “stratifi-
cation” particle counting method>” illustrated
inn Table I is often used to reduce counting
time. An initial traverse is made by examining

a reprcsentatlve number of fields under the
microscope. All particles seen are scgregated
into convenient, continuous size categories.
Subsequent traverses note entries for only
those size ranges in which particles are present
in relatively small numbers. The average num-
ber of particles in each size range per traverse,
X, is then calculated as shown in Table 1.
Stratified counting is a way to emphasize those
particles whose concentrations arc most diffi-
cult to assess with statistical reliability because
of their relative rarity.

Nomenclature

A — inverse of the fraction of total filter
area examined per traverse
G — inverse of the total volume of gas
' passed through a filter
m — number of an equal area, counting
outward from filter center
M - —total number of equal areas into,

which a filter is divided
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TABLE 1

cal Data Tabulation for Particle Sizing by Stratified CountiﬁgS
¢ TRAVERSE PARTICLE SIZE RANGE, MICROMETERS
< 0.45- 0.63- 0.89- 1.30- 1.80- 2.50- 3.50- 5.00- 7.10- TOTAL PER
044 062 088 1.29 179 249 349 499 7.09 10.00 TRAVERSE
I 57 87 5%, 36 21 2% 6 12 (] 3 300
2 12 € 3 0 2 -
3 3 0 3
4 2 1 3
5 2 ] 3
& X ; . 1 2 3
Total, N ) 577 87 5¢ ‘36 21 24 18 18 11 7 333
Mean Count .
per Traverse, 57 8 54 36 21 24 9 9 18 12 300
. ) . ) s
Std. Deviation : : ’ .
of Mean, oy 755 933 735 600 458 4590 212 212 055 045
959% Confidence 72 105 68 48 30 34 13 13 29 2.1
interval A to to to to 1o to to to to to
42 69 40 24 12 1S 48 48 07 03
n — number of traverses performed in a filter directly downstream of the gas inlet.
stretified counting procedure Dennis and co-workers® found that such radial
N — total number of particles of a certain’ concentration gradients did not occur for
size counted through all traverses particles smailer than 20 micrometers diameter
Naows — N for filter downstream of a particle when filter holders were used which had a ten
collzctor : degree included angle between gas inlet and
Nep — N for filter upstream of a particle flll(?l‘ surface. However, flll-e!' holders of this )
: . design are not always practical because of their
collector large size
P — number of particles per volume of g o . .
gas : To avoid bias when using a conventional
Piown — P for gas downstream of a particle holder with small inlet, fields are usually -
selected at random from a pie shaped piece of
collector . .
p P ¢ il the circular filter paper. About twenty fields
w o l(l)r 8as upstream of a particle must be examined? to complete one unbiased
coilector . estimate of the particle size distribution.
Pt — dustcollector penetration (1 —ef-  Totally random field selection gives an un-
ficiency), Paown/Pup biased estimate of particle concentration when
| — distance from center of filter to a sufficiently large number of fields is ex--
-point where microscope is to be -amined. However, the same result can be
focused for equal area m obtained with fewer fields by an ordered ap-
I — radius of filter proach. Because the pressure drop across a_
x — number of particles in a certain size memb]ran.e filter is Tufﬁ(}:,lerfl't] to aSS\;re untllflorm
range present in one traverse gas velocity normal to the filter surface, the
- mean number of oarticles in a cer- volume of gas flowing through each equal,
- - ;‘ain ;ize r;‘: e‘;ogn- 4 pe stlra\?erse concentric area on the filter will be the same, -
ge - per unless the central areas become plugged be-
o — standard deviation of x cause of excessive particle deposition there.
og  — standard deviation of x The overall dust concentration for the gas
ort - standard deviation of Pt sampled will be the average of the concentra-

Microscopic field selection

When a filter holder has a small diameter in-
let relative to the filter diameter, the largest
particles may concentrate on that part of the

104

tions found in the gas passing through each

of the equal areas. To utilize an ordered
approach, the microscope should be focused
at the center of each equal area ring present
in the sector, and a single field examined.
After one field in each equal area has been
inspected, all data can be combined to make
an entry for one traverse, as shown in Table L

February, 1976
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Additional traverses are made along different
radii of the filter sector.

This equal area traverse method for
locating counting fields is analogous to the
method used for positioning a pilot-static tube
when determining the average gas velocity in
a round duct. Average gas vclocity could be
determined by measuring thc velocity at many
random points within the duct cross section
and averaging the results found. However, the
number of measurcments needed to reach the
same statistical reliability using this approach
is greater than for the equal area method, and
the random approach is not used. By analogy,
it is as logical to use an ordered approach for
locating counting fields on a membrane filter
as it is to use it for locating pitot-static meas-
uring points in a duct.

The distance, rm, from the center of a

~ filter of radius rr to the midpoint of each of

M equal areas can be found from

Im _ [2m — 1 '
eyt ®

Here, m is the number assigned to an equal
area, starting from the filter center and count-
ing outwards. Alternatively, values can be
found in a reference giving the relative distance
from the wall at which a pitot probe should be
placed in order to have an unbiased estimate
of average gas velocity in a circular duct.%1°

959 confidence intervals -

After. stratified counting procedures have been
employed and mean concentrations for particles
in each size range calculated, it is important to
determine confidence intervals for these values.
Systematic sources of error such as anisokinetic
sampling, inaccuracies of flow measuring de-
vices, improper microscope calibration and the
like can be minimized through careful experi-
mental technique.!! Assignment of particles to
improper size categories is not a significant
problem when trained observers use a standard
Porton graticule for determining particle
diameter.!*

A source of non-systematic sampling error
that cannot be eliminated by control of experi-
mental procedures is associated with random
variations in the number, x, of particles in a
certain size range which are present in each
traverse of a stratified counting procedure

Amarican Industrial Hygiene Associalion Journal

comprising in traverses. A Poisson distribution
describes the variation in these x values %,
The standard deviation of these valucs, o,
therefore equals the square root of the mean
number of particles in that size range per

traverse, X, i.e.
o=4% - @

The standard deviation of the mean, o'x , is the
standard deviation, o, divided by the square
root of n, the number of traverses.

a;=1/%-=1,% )

From Equations 2 and 3,

TNE N ®

where N is the total sum of all particles in a

certain size range counted through all traverses. .

Equation 4 is an application to stratified
counting of the expression given by Chapman
and Ruhf for the relative error associated with
repeated counts of particles in liquid suspen-
sion.!S Appropriate values for the standard de-
viation of the mean, o5 , are given for the data
shown in Table I. The number concentration

" of particles in a certain size range, P, is

proportional to x, the mean number of
particles of this size per traverse, to the inverse,
A, of the fraction of total filter area examined
per traverse, and to the inverse, G, of the total
gas volume passed through the filter.

P=xAG )

The standard deviation of a product can be
found from?® :

(22" (#)- ()"
(3 ) (&)

With careful technique, the standard error
associated with A and G can be made small
compared to that for x. The substitution of
Equation 4 into Equation 6 gives the relative
standard error associated with a measurement
of concentration, P.

L NS y
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Figure 1-Number of particles counted versus
relative error of particle concentration.

1000 ¢ T T T T7vrry SUMNERL NN B A B 4 ~

2 |
L=
(7]
[+ 4
'— o
0
n- o3
=2
2 -
O a
(2] Z=
w

. 100 b
Q& 3
Ev F
& i
& i
m -
#
§ .

[Ts] 2 o s 2 aamnl
10 100 1000
NUMBER OF PARTICLES ON DOWNSTREAM
FILTER, Ndw"

Figure 2 -Number of particles of one size counted
on downstream filter versus number of particles of
that size counted on upstream fiiter, with relative
error of penetration as parameter.

A 95% confidence interval about P will ex-
tend plus and minus 1.96 times the standard
deviation for P.

P = 1.26 P I/N @)
Figure 1 is a plot of the relative standard error

of particle concern:tration, o»/P, against the
number of particles counted, N.

Applications

When asbestos fibers are counted to determine
compliance with an applicable standard, it is
prudent to determine periodically the mean
fiber concentration and associated confidence
interval. The count shouid be continued only
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until the standard is no longer contained
within the confidence interval, as one can then
state with 95% certainty whether or not the
standard has been met. When the fiber con-
centration is close to the standard, it will be
necessary to count a larger number of particles
to establish with 95% confidence whether or
not the standard is met, than when the con-
centration is clearly well above or below the
standard.

For example, after counting 50 asbestos
fibers on a membrane filter, one might find
that the mean concentration in the air passed
through the filter was 1.5 fibers/cc. Equation
8 and Figure 1 show that one can state with
95% confidence that the true fiber concentra-
tion was 1.5 1.96 X 1.5 X (1/50)%, or
from 1.08 to 1.92 fibers/cc. The upper bound
of the confidence interval for this example is
below the 1976 OSHA standard of 2.0 fibers/
cc. Counting additional fibers would make the
95% confidence interval smaller, but would
be unnecessary if 95% confidence that the
standard is met is sufficient.

Equation 4 can also be used to determine
confidence intervals about an experimentally
determined value for dust collector penetration
or effxcnency Penetration for particles of a_
certain size is the ratio of particle concentration
in the downstream gas to the analogous con-
centration in the upstream gas.

Pdowl

Pt- = —P.’ (L))

The standard deviation of this quotient is?®
aPaown/ Pun 2 _- apt 2 — O'Pun 2 +
Pdown/ Pun - Pt - Pno ’
) .
(———‘;::‘l:”" ) , (10)
n

The substitution of Equation 7 into Equation
10 yields

o’p 1
t = J Nup Nlnr. (ll)

Therefore, a 95% confidence interval about
Pt will extend plus and minus 1.96 times the
standard deviation of Pt, as shown in Equation
12,

Pt = 1.96 Pt \//Nuy + 1/Naown a2)
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Equation 11 indicates that the relative error
in penetration for particles of a certain size

is only a function of the total number of
particles of that size counted upstrcam, Ny,
and downstream, Ny,wn, of the collector. This
relationship is plotted in Figure 2.

Equation 11 and Figure 2 show, for ex-

_ample, that to be 95% confident that pentra-

tion of particles in a certain size range is
between 40 and 60% (1.96 op.=10% with
mean penetration of 50% ) it will be necessary
to count 200 particles in this size range on the
upstream filter and 200 particles in the same
size range on the downstream filter. Alter-
natively, 500 particles counted upstream and
125 downstream would give the same result.
However, the fewest total particles that must
be counted to achieve a given relative error

in penetration will always be found when the
number of particles counted on the upstream
and downstream filters is equal. This can be
proven by differentiating Equation 11 with
respect to Nup, setting the derivative equal to
zero, and proceeding in the usual manner.
When the particle deposit is less dense on the
downstream filter, it becomes necessary to
make more traverses for that {ilter in order to
count about the same number of particles as
are counted on the upstream. Or, a larger field
size could be used for the less dense filter.
When the particles observed on a filter are
separated into many size categories to de-~
termine collector particle size efficiency, it is
n.ecessary to observe a large total number of
particles to generate adequate confidence in
the penetration or efficiency results for each
size range considered.

When it is desirable to maintain a 95%
confidence interval of constant size, i.e. a
constant value of op, for all size ranges,
Equation 12 shows that fewer particles need
be counted in each size range as penetration
decreases. The stratified counting technique
can be used with good effect to concentrate
the microscopist’s efforts on the size ranges
where penetration is high. Therefore, it is
worthwhile to identify these size ranges as soon
as possible by making a preliminary estimate
of penetration based on an initial traverse of
the upstream and downstream filters.

This method of calculating confidence
intervals applies whenever concentrations are

[y
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determined by counting. The techniques out-
lined above can be used for data from auto-
matic counting devices such as optical instru-
ments working on light scattering principles,

‘as well as for data from other automatic

counting devices.

i
Summary

An equal area traverse method is described for
selecting microscopic fields when counting
particles or fibers on a membrane filter. This
method is analogous to that used to position a
pitot-static tube in a duct when determining
average gas velocity. The equal area traverse
approach is an aid in avoiding inadvertent
counting bias due to nonrandom field selection.

Although confidence intervals are im-
portant to establish the significance of particle
concentration or collector efficiency data, they
are seldom calculated or reported. When
particle size data are generated by a stratified
counting procedure, the method described can
be used to establish with 95% confidence
whether or not mean concentrations are below
or above a fixed value.

Confidence intervals about values of pene-
tration or efficiency can be calculated in a
similar manner. The stratified counting ap-
proach allows the microscopist’s efforts to be

"concentrated onto those particle size ranges

where small confidence intervals for penetra-
tion are the most difficult to achieve. Charts
have been prepared that make it possible to
determine easily the number of particles or
fibers which must be counted to assure desired
confidence intervals. :
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Countihg Asbestos IFibers by the Most
: . Probable Number Mcthod

_ PARKER C. REIST, Sc.D.

Department of Environmental Sciences and Enginecring, University of North Carolina,
Chapel Hill, North Carolina 27514

A procedure for evaluating nsbestos fiber counts is described which uses the most
probable number ncthod of bacteria counting, This technigue is faster than conven-
tional counting methods, with approximatcly comparable accuracies, although it
sulfers from a lack of rigor and requires the observer to estimate fiber concentralions
to within an order of magnitude before counting. For the routine assessiment of a
large number of asbestos sumples this procedure would scem to be more desirable

than conventional tounlmg because of the economy of fime as well as belng casier

on the obscrver.

Introduction

ECENT FINDINGS ON THE TOXI-
CITY of asbestos have led to increased
intcrest in sampling and analytical proced-
ures for dctermining the concentration of
asbestos fibers in air. The Occupational
Safety and Health Administration has estab-
lished an interim cight-hour time weighed
avecrage airborne allowable concentration of
five asbestos fibers greater than 5 microns
length per cubic centimeter of air, and this
standard will bc lowered to 2 fibers/cm? on
July 1, 1976.
Evaluation of asbestos fiber concentra-
tions in air is carricd out using samples col-
lected on membrane filters and viewed with

phase contrast illumination at 400X-450X.}.2 -

This method is the standard ficld sampling
method adopted by the Public Health
Service.

Fibers arc assumed lo be distributed ran-
domly over the filter surface and at least
20 but no more than 100 ficlds are to be
viewed. At lcast 100 fibers arc counted
which gives a 95% confidence limit of =
20% . Because of the relatively small amount
of samplc collccied, more than 100 ficlds
would: have to be viewed if onc were to find
100 fibers on a 10 minute sample collected
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at a rate of 2 liters per minute from air
containing 5 fibers (5 microns length) per
milliliter, and if the concentration were only
2 fibers per milliter, 435 ficlds would have
to be assessed.? Of course, the number of
ficlds necessary could be decreased by in-
creasing the sampling time—in, the latter
case a 90 minute sample would yield 100
fibers in 50 ficids—but the flexibility of

- short-term samples is then lost.

Counting fibers is a tedious and time-
consuming business fraught with a number
of subjective decisions for the microscopist
to make. For ¢xamplc, in the casc of two

~ fibers lying side by side he must decide . - -

when a fiber is a fiber or when it is only a
large particle. (It is considered that any par-
ticle having an aspect ratio of threc or
greater is a fiber).

If the sample is rclatively light, a great
deal of information is lost which actually
can be used to determine fiber density. Be-
sides actually counting the number of fibers,
there is another quite distinct statistical
method which could be used for estimating
the number of (ibers randomly distributed
over a surface, the so-callecd most probable
number mcthod. In this paper the method
will be applicd to asbestos fiber counting
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and the advantages and limitations of its use
will be discussed. « ‘

Theory

The concept of thc most probable number -

mcthod for csitmating randomly distributed
number densitics was first described by
McCrady* and more recently by Cochran?
and principally was applicd to the problem
of cstimating bacterial densitics. Chapman®
applicd the mcthod to dust counting but it
was not reccived with much enthusiasm for
rcasons which will be discussed later. Most
-recently the technique has fallen into dis-
favor cven for cstimating bacterial concen-
trations in milk -and water samples, mainly
because of the advent of more direct
membrane filter techniques. For fiber count-
ing however, the mcthod appears promising
because it climinates the need to resolve
individual fibers and with the low densities
normally found, gives the same counting
accuracy in a much shorter period of time
and with much less eyestrain,
Consider a filter of arca A which is broken
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up into a ficlds. If there arc m fibers dis- |

tributed randomly over the filter surface,
then the average number of fibers per ficld,
Lis - .
! : "

f=— 1)
The probability, P, than n fibers lic in a cer-
tain ficld can be expressed using the Poisson
rclationship :

=L — g

, providcd-.that a is a large number, The

probability of a ficld being void of fibers is,
from above
. Plo) = e! - (3)
If the void ficlds are distributed randomly
across the filter and L ficlds are sampled,
the probability that exactly ! of these fields
will be void is

L
m[”(o)]' [1 — Plo)] -0
()

Equation 4 gives a distribution of probabili-
tics which is very small for small [ and rises

I’.(o) =

TABLE 1
95% Confidence Interval for a Given Average Number of Particles Per Field

95% Confidence Interval Expressed
as a Percentage of the Truc Average

(left column, minus; right column, plus)

N S

Particles/Field
True Average L =25 L =50 L = 100 L = 200
0.1 100 — 229.1 758 — 138 56.7 — 84.9 433 — S1.1
0.2 76.6 — 156 58 — 797 413 — 51.7 298 — 35
0.3 69.6 — 111.3 499 — S8.8 34,1 — 43.1 25.9 — 28.1
0.4 54.8 — 903 42,1 — 598 315 — 36 231 — 255
0.5 56.3 — 79.4 41.1 — 52 27.8 — 36.2 21.8 — 226
0.6 52.7 — 762 374 — 408 279 — 336 - 18,7 — 22.8
0.7 47,5 — 552 35.6 — 474 239 — 322 18.8 — 21.7
0.8 456 — 73.8 33.6 — 38.8 25.1 — 31.5 18.1 — 212
0.9 44.3 — 756 32.8 — 389 223 — 314 17.6 — 194
| 432 — 57.5 322 — 397 21.9 — 31.7 17.4 — 19.5
1.1 239 — 28.7 174 — 18.1
1.2 ,21.8 — 29.6 16.3 — 18.5
13 v, 22 —268 165 — 192
. 1.4 233 — 284 15.6 — 18.1,
1.5 . 22.6 — 299 159 — 19
1.6 209 — 26.8 16.3 — 179
1.7 214 — 28.7 16.8 — 19
1.8 22.1 — 25.6 16 — 20
1.9 20.2 — 3.1 152 — 214
2 235 — 303 15.7 — 20.2
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to somc maximum value before becoming
small again. Thc most likcly probability,
that having the largest value, occurs al

{ = Le! (5)
Turning this around, the most probable fiber
concentration is thus

I=n (-[f-) ) (6)

The above development results in a sim-
ple procedure for assessing fiber concentra-
tion. A number of ficlds arc scanncd to
determine only whether fibers arc or are not
present in any given ficld. Then by taking
the natural log of the ratio of the number of
ficlds scanncd divided by the number of
ficlds containing no fibers (Equation 6) the
most probable number of fibers per ficld
can bc cstimated. :

As the number of fields scanned is in-
creased, the accuracy of the estimatc in-
crcascs. Table I shows the 95% probability
range for scans of 20, 50, 100 and 200 ficlds
al various fiber densities, as calculated from
Equation 6. Thus, for example, assaying
100 ficlds will yield results within about
+ 30% of the true value 95% of the time,
regardiess of the total number of fibers seen,
provided, of course, that the average fiber
density is somewhere around two fibers per

.

Figure 1. Various orientations of fibers in the
microscope fichl.

k1]

ficld or less. Assaying 200 ficlds will in-
crcase the accuracy of the 95% confidence
intcrval to something less than 20% of the
truc count. :

For the casc of L = 200, the accuracy ap-
pears 1o increase with an increasing average
number of ; particles per ficld.  This_will
conlinue until the point is reached where
there is a good chance that cvery ficld con-
tains at lcast onc fiber. This occurs when
the average number of fibers per ficld is
slightly in excess of thrce, Thus for this
mcthod it is necessary to cstimate ahcad of
time the fiber concentration to within one
order of magnitude so that there will be
about 0.2 to 2 fibers per ficld, or, if there
appear to be plenty of fibers in evidence, to
then usc the direct count method. Of course,
the number of fibers per ficld can be casily
varied by changing the field size.

Definition of a Field Containing a Fiber

Thus far, for the purpose of development
of the theory, fibers have been considered as
if they werc particles. But they are not. A
fiber has length and as such may startin
one field, extend through another or several
others and finally terminate in yet another
field. Figurc 1 illustrates such a situation.
The fiber originates in the upper left hand
corner, conlinues through the Jlower left
hand corner and then ends in the lower right
hand corncr. The fiber in the upper right
corner represents no problem.

There are several ways in which the fiber
that passcs through scveral fields can be
trcated. First, only the lower (or upper)
end of the fiber can be considered, and the
ficld that it lies in then is a ficld not devoid
of fibers. In the rarc case where the fiber
is perfcctly horizontal, some convention,
such as choosing the left hand side of the
fiber would be appropriate. A ficld would
be considered . blank if the lower end of a
fiber were not in it. Thus, in Figure 1, only

the ficlds on the upper right hand side and

lower right hand side would bc considered,
to contain fibers. Since cach fiber is asso-
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ciated with one “lower™ end, the cstimated
number ends would equal the estimated num-
ber of fibers,

A sccond approach would be to call a
ficld void only if it contained no fiber ends
at all. In Figurc 1-only the lower lcft hand
ficld would be considered to be void. The
most probable number of cnds would then
be estimated and since cach fiber has two
cnds, the most probable number of fibers
would be the estimated number of ends di-
vided by two. An obvious disadvantage of
this approach is that the upper limit of
density which could be used is half of what
otherwise would be used.

The most reasonable approach is to assess
only one cnd of the fiber. If the fiber is a
bundle with a rough cnd lying on the edge
of a ficld so that there is some question as
to whether it is in or outside of the ficld,
then the same rules as those uscd in particle
counting could be applied to dctermine

{20 FIELDS COUNTED)
20 1 95% CONTIDENCE INTERVAL

o-upN
A-ORECT COUNT

MOST PROBABLE NUMSER, FISERS PER FIELD
-»

L] o o2 04 06 O'I [X ] Ifl l" l'. !’. 20
DIRECT COUNT,
FIBERS PER FIELD
Figurc 2. Most probable number data as deter-
mined from Equation 6 versus direct count,

i

wosT riomu.‘ NUMBER, FISERS PER FIELD
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whether the fiber is in the field or not.
Sxperimental

In order to determine the efficacy of the

~ proposcd counting procedure a number of

asbestos samples were cGunted using a di-
rect counting method imd a record was kept
of the number of void ficlds observed. Most
probablc number data as determined from

3. (20 FIELDS COUNTED) ) o o

—————

° ' H 3
DIRECT COUNT, FIBEAS PER FIELD

Figure 3. Plot of most probable number versus
direct count for data from computer simulation for
20 fields.
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DIRECT COUNT,
FIBERS PER FIELD

Figure 4. Plot of most probable‘numbcr versus
direct count for data from computer simulation
for 100 ficlds.
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Equation 6 arc plotted as a function of the
dircct . count which was obscrved for the
samples and the results arc shown on Fig-
urc 2. Also shown on this figurc arc the
95% confidence limits for both the MPN
method and direct counting, Although there
is somce spread in the data, the general repro-
ducibilily is apparent. However, it appears
that thc most probablc number method con-
sistently gives results which are lower than
thosc determined by direct count. This ob-
servation is consistent with a similar one
of Chapman’s who surmised that the differ-
ence could be duc to failure to see a single
particle in an otherwisc void ficld.

For more extensive work a computer sim-
ulation was dcvcloped in which ficlds of
10,000 bils were assigned particles randomly
corresponding to somc preset particle den-
sity. Then ficlds of various sizes were ran-
domly choscn- and the average number of
particles per ficld determined using the two
methods. In addition, the absolute number
of particles per field was dctermined. From
this simulation it was possible to carry out
non-biased counts using both conventional
counting and thc most probable number
method for samples of 20, 100 and 200

] (200 FIELDS COUNTED}

MOST PROBABLE NUMSER, FIBERS PER FIELD

o i =3 3
ORECTY COUNT, FIBERS PER FICLO
Figure 5. Plot of most probable number versus
direct .count for data from computer simulation
for 200 ficlds, ..
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ficlds. These data arc shown in Figures 3,
4 and 5. Unlike the actual experimental data,
however, there appears to be no bias toward
the dircct count information, indicating that
the higher count averages noted on the actual
dircct counts results from a bias introduced
by the abscrver rather than by the techniquc.,
Similar to Figurc 2, error limits for thc 95%
confidence interval arc shown as dotted
lincs.

Advantages and Disadvantages

The advantages of the most probable
number method are threefold. _Sampling
times are shorter, lightcr samples with lcss
chance of overlap can be used, and counting
times are shorter. Using fairly light sampies
for asbestos concentration assessment means
that shorter samphng times arc needed in
the ficld, often an advantage to the industrial
hygienist. For a given number of fibers ob-
served, the MPN method implies greater ac-
curacy if this total number is relatively small.

There is less cyestrain for the microscopist -~

since he only has to determine whether there
is or is not somcthing thcre, and not re-
solve a specific number of fibers. If prob-
lems of fiber clumping have occurred they
will bc more cvident because of the lighter
samplc density. Finally, since ficlds arc be-

ing counted instcad of particles, the counting -

should proceed at a faster pace. For exam-
ple, in discussing particle counting by the
most probable number method, Chapman
pointcd out that onc observer could dcter-
mmc particle concentrations about twice as
fast using thc most probable number mcthod

comparcd lo standard counting methods.

whllc another observer was three times as
fast using the MPN mcthod. We have not

studicd counting timcs objectively, but sub--

jeetively the people in this laboratory who
have comparcd the two mcthods for count-
ing asbestos fibers also feel that the most
probablc number mcthod is much faster.
The principal disadvantage of the most
probable number mcthod is that it is not
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rigorous. -An obscrver could, in ‘thcory, ac-

curatcly count the total number of fibers
deposited on a filter whercas using thc most
probable number method, even if the whole
filter were asscssed, the observer would in
the cnd still only have an cstimatc of the
number of fibers present. In addition, for a
given number of - particles per field, the
95% confidence intervals for the dircct
~ counting mcthod arc slightly narrower than
for the most probable number mcthod, the
cffcct bececoming  increasingly  pronounced

when the average number of fibers per ficld

cxceceds two. The accuracy is suffncncm
however, for routine asbestos counting.

~ Summary

A procedure for cvaluating asbestos fiber
counts is described which uses the most
probable number mcthod of bacteria count-
ing. This technique is faster than conven-
tional counting mcthods, with approximately
comparibl¢ accuracies, although it suifers
from a lack of rigor and requires the ob-

May, 1975

scrver to estimate fibers to within an order
of magnitude before counting. However, for
the routine asscssment of a large number
of asbestos samples this procedure would
sccm to be more desirable because of the
icconomy of time as well as being cnsxcr on
the obscrver.
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Ashestns_has_l:ecemed_agreai deal of attentlon and pubhclty in recent years,
especially after it was designated a “target health hazard” by OSHA and a
“hazardous air pollutant” by the EPA. Many of the articles on asbestos by"
the press have been emotionally oriented or distorted and, in some cases,
stories have been sensationalized, based on obvious misinterpretation of facts.
The use of hali-truths or unsubstantiated statements has led to general con-
fusion and the unfair castigation of asbestos and products containing asbestos. _ Vvaluable function in such products as

The purpose of this paper is to put the matter of asbestos use and asbestos - brake linings, chutch facings, e]ectncal .
hazards into a logical and practical perspective. In this paper, the different Ecomponents automotive parts, furni

types of asbestos and their many uses are discussed, along with government .

g
compounds. It is also used in other
plastics such as polypropylene, pol
ester, nylon, melamine, epoxy,
cone, and vinyl. Asbestos provides .

regulations controliing the use of asbestos. The health hazards associated with -

asbestos, both occupational and environmental,
perience with air samplmg and dust control measures are also covered~ S

KEY WORDS: Asbestos Plastlcs Air pollutlon, Toxncology

What is Asbestos?
Asbestos is a commercial or generic
term used to describe six maturally

occurring “asbestiform” minerals that
are fibrous, hydrated metal silicates.

The six varieties are divided into two -
classes—serpentine . and - amphibole— .-

based on their crystal -structure.
Chrysotile is the only member of the
serpentine class, while the amphiboles
include crocidolite, . amosite, antho-
phyllite, tremolite, and actinolite.
Chrysotile is by far the most-used

variety and accounts for over 95% of

U.S. consumption, as noted in Table

1.

Crocidolite, also lcnown as blue as-
bestos, is imported from South Africa.
Because of its high mechanical
strength and good resistance to acids
and alkalis, it is used to reinforce a
limited variety of plastics where its
pronounced color is not objectionable.
Amosite, also imported from South
Africa, is used primarily in thermal

Presented at the Golden Gate Society’s Man-
agement Seminar held in San Francisco, Calif.,

June 16, 1975.
* Metals Div., Niagara Falls, N.Y. 14302,

T

et e e
o 55
insulation. Although there are some

deposits of anthophyllite in the U.S.,
most of it is imported from Finland.

It is used primarily as a filler for™
polypropylene and in insulating ma- -
terials... A - comparison of the four. ..’
rvarieties of asbestos which are of com-.;;
mercial importance is presented -in’

and some industrial .ex- -

TabBle 2. It should be noted that there "

" are significant differences between .

chrysotile and amphiboles with regard
to chemical composition and certain

physxca] properties.

&2

- Where is Asbestos
Used and Why?

Asbestos has served mankind for
more than 100 years in a broad vari-
ety of applications. The general areas
in which asbestos is used in the U.S.
are shown in Table 3. Based on infor-
mation from asbestos producers and
consumption surveys, it is estimated
that the plastics industry uses about
33% of the 800,000 tons consumed an-
nually, which makes it the largest
single user of asbestos fiber.

The largest uses of asbestos by the
plastics industry are in vinyl-asbestos

e

“ture, boats, ‘sealants; -coatings, adhe-
~sives and mastics. The most important
- functions of asbestos in plastics are Te- .

eral-purpose filling. Most of the func- ..
tions  are . supplied - by~ short-fiber

chrysotile * ashestos * fiber,” " although -
longer chrysotile fibers and other as- -
bestos varieties are sometimes™ re-
quired for particular properties. % .

“Why Use Chrysotile? 1
Among the several advantag&s of

-the amphibole minerals and account -
for its widespread-and increasing us-,

age, are world-wide availability, me-: . -

chanical strength, ﬂexnbx!xty, positive -
surface charge, low iron content, soft-'

ness, and low refractive index. It is -

consematiVe]y estimated that chryso-.

tile asbestos is used in over 3,000 ap- . -
plications and, in most of these appli- ...
cations, it is an essential mgredxent s

for which no replacement is readlly ,
available. - o
The information in Table 1 shows .
that the use. of chrysotile asbestos and
its share of the total market are stead-
ily increasing. This is due partly to
technical advances permitting ‘the
broader use of chrysotile in plastics
and the general decline in the use of
asbestos in certain fireproofing and in-

sulating materials. In addition, there
is increasing evidence that crocidolite
and amosite_are more hazardous ‘to

.chrysotile, which set it apart from v

Vor. 47, No. 611, DEceMBER 1975
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Table 1—Apparent U.S. Consumption of Asbestos, Tons *

Year Total %, Chrysotile Amosite Crocidolite
1967 720,588 686,044 (95) 12,558 (1.7) 14917 Q1)
1968 817,368 . .. 775711 (95) L. 18965(L7)
1969 784,321 . “ ", 10558(18)" ¢
1970 728,131 .

1971

1972

(a) Information based-on import
Burcau of Mines' Minerals Yearbooks, ik
(b) Percent of total shown in parenth

Table 3—Apparent U.S.
Consumption of Asbestos
By General Use Areas
_Area of Use . Percent of Consumption

Construcuon g
' l-‘loor nlc

) . Insulatio
; | I
#  Textiles

human health than chrysotile?
1970, the use of crocidolite in Britain
has been restricted after a panel of -
experts “concluded there was suffi-
cient evidence to suggest other types
of fibre should be substituted for
crocxdollte wherever pcgsrble v

What is the Asbestos ‘Hazard?

- It is readily accepted that asbestos
hke many other foreign bodies, can -
cause disabling lung damage. (pul—
monary fibrosis), commonly referred
to as asbestosis. This disease and
bronchogenic carcinoma (lung can-
cer) are the two most common . as-
bestos-related diseases. It is important
to note that, based on epidemiological
data, these diseases have occurred
primarily in workers with high, long- .
term exposures to asbestos dust. It is
of further interest that one noted re-
searcher has reported that neither of
these diseases is peculiarly related to

‘reported that:

P‘(}i EE it

.\ t'}urd dxsease, mesothehoma,.
more . recent]y ‘been -associated :with %
persons ' exposed :to asbestos. Meso-'«"

. An important ¢
sideration ~ is the relation between
cigarette smoking and lung cancer, as
reported by Dr. E. C. Hammond and
Dr. 1. J. Selikoff. In this study, they

that lung cancer is uncommon among

" asbestos insulation workers who have
,no history of cigarette smoking and
-that if the risk is mcreased such in-

crease 1s not great. I

of the lining of the chest (pleura) or**"
the abdominal cavity (peritoneum). : .
In contrast to the lung diseases, there ¥ ;.
is some evidence that mesothelioma -
‘'can occur after brief exposures to

relatively high fiber levels.

According to the 33-member Ad-
visory Committee on Asbestos Can-

e sy

Table 2—Comparative Data for Asbestos Minerals®

4

Formula Chrysoﬂle Crocidolite =~ Amosite * Amhophyllne
3M902S|O- 2H:0 Na.OFe:O4 1.5MgO 5.5FeO- 7MgO 8S5i0y H:0
‘ 8Si0:H.0  BSIOsH:O ommrspicrin fgrwiiey
Composition, _% ) ‘ :
Sio, 3744 49—53
MgO 3944 0.8 B
FeO 06 1820 " T T
Fe, O, 0-5 17-20
AlL.O, 0-2 . —_
H.O 1215 25 . kN
Ca0 05 - T me -
Na,0 AR 48 = -
CaO4Na,0 — - T els R
Crystals Fine fibers Brittle fibers Prismatic Prismatic
Color Gray green Blue . ; Gray/brown Gray
Texture Soft silky Harsh Harsh Harsh
Flexibility Very good Good Good Poor
Hardness, mohs 254 4 . 55-6 5.5-6
Fiber diameter, A 180-300 600-900 600-900 600-900 .
Tensile, mpsi 800 600 . 200 <4
Surface charge Positive Negative Negative Negatnc
Resistance to acid Poor Good " Good Very good .
Resistance to alkali Good Good . Fair . Good ;+1

(a) Sources: Modern Plastics Encyclopedia (1973), and Encyclopedia of Chem. Tech.,, Vol. 2.
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“It seems clear, then, '

has, . srte mines. There are reported’ differ- - 1
‘énces on incidence “of  mesothelioma

" causes of which have not been estab-..

cers of :the Intemabonal Agen
‘Research on ‘Cancer (a division of the
World Health Orgamzahon) “There

is evidence of an association of meso-~

thelial tumors with air pollution in
the neighborhood of croc:dohte mines
and of factories using mixtures of as-
bestos fiber types. The evxdence “re-’
lates to conditions of many years "ago.”
There is evidence of no excess . risk

of mesotheliomas from asbestos:air -
pollution which has ‘existed &in" the .

nelg'hborhood of chrysohle ‘and ‘amo-%

betweenm‘bannndrumlareas,ﬂ;e

lished. There is no evidence of a risk
to the general ,pubhc at ymmt“

The same body quoted abovve has*

" also concluded that there is, at pres- ..

ent, no evidence of lung damage by -

asbestos to the general public; and '~
such evidence as there is does not in-:
dicate any risk of camcer resulting -
from asbestos fibers present in_water, *
beverages, food, or in the fluids used
for the admlmstratmn of d:rugs

agreement ’ that " the pubhcss not-in* e
~any present .danger from asbestos; St
is also recognized that excessive, long— ‘
term occupational exposure can cause '
serious heakth problems. Also,-if man-
mmade - emissions are not contmlled Stns
then ° environmental - . contamination’
could could approach barmful leveks.
During the past two years, significant
legislation bas been -enacted by the
Federal government to reduce and
control cccupational exposure to ‘as-
bestos fibers and .to minimize fiber
emissions to the environment.. Addi-
tional standards or regulations have
been proposed . or emacted 'by many
states and local govemmenls
A f@»érw Bymeds v

Summary of OSHA Regulatlons

" The lelram—Steuger Oocupnuonal
Safety and Health Act of 1970 be-
mmeeﬂ’echve on Apnl 28, 1971, wrlh

b «:9‘ ,w Y

%,, v,g £
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the following Congressional purpose:
“To assure so far as possible every
working man and woman .in the na-
tion safe and healthful working con-
ditions and to preserve our human
resources.” The Act established the
Occupational Safety and Health Ad-
ministration (OSHA) within the De-

partment of Labor, which has re-

sponsibility for administration . and
enforcement. Research and . related
functions are handled by the Depart
ment of Health, Education and Wel

fare (HEW) through the Nationsl
Institute of Occupational Safety and "

Health (NIOSH). Five milion em-
ployers and 80 million of the nation’s
80 million workers are covered by
OSHA. Specifically excluded from
coverage are government employees
and operations which are protected

under other federal health and safety.

laws. In a news release issued January
4, 1972, OSHA announced a Target

Health Hazards Program aimed at :
improving health factors associated .
with working conditions. The follow- ..

ing five substances were designated
to be the focus of imitial and con-
certed efforts by OSHA and NIOSH:
asbestos, cotton dust, silica, ]ead and
carbon monoxide: :

At the present time, new standards

have been established only for asbes- -

tos, although, of the 8,000 toxic sub-
stances on the NIOSH list, only 500
are covered by standards and many
of those need updating. The new
Standard for Exposure to Asbestos
Dust was published in the Federal
Register, Vol. 37, No. 110, on June 7,
1972. The basic exposure standard is
an 8-hr time weighted average
(TWA) of five fibers, longer than 5
micrometers, per cubic centimeter of

air. The TWA limit is to be rechrced

to two fibers per cubic centimeter on .. -

July 1, 1978. A peak concentration
of 10 fibers per cubic centimeter is
not to be exceeded at any time. All
of the fiber concentrations are those
to which an employee may be ex-
posed without protective clothing and
equipment. The first basic require-
ment of the new standard is monitor-
ing to determine whether or not fiber
concentrations are in excess of the
exposure limits. Some asbestos sup-
pliers provide a monitoring service to
customers, and a similar service may
be obtained from state health depart-
ment officials, insurance carriers, or
private consultants. The law requires
that monitoring be repeated as nec-
essary to ensure that employees are
not exposed to levels in excess of the
exposure mits.

VoL. 47, No. 611, DEcemsBer 1975

Improper interpretation of the reg-
ulations has created many miscon-
ceptions about equipment and pro-
cedures needed to properly use

asbestos. . If exposure limits are not .

exceeded, there are no further com-

phance ‘requirements except for med-' Lo

rators and special

. espl g
are required in the construction trade

.and fireproofing materials, and for-the
removal of such materials. This spe-

cial protection is not required for any.

other use of asbestos unless exposure
Imits are exceeded. This is also true

for other items such as specially

equipped tools, change rooms, clothes
Jaundering,". and waste disposal. Res-
pirators are not a_substitute for en-
gineering controks, but the law allows

their use while controls are “being

rmplemented in special sttuations

where - controls are not feasible or

adequate, in emergencies, and for in-
frequent short-term_ job assignments.

Caution labels are required on prod-

ucts containing asbestos except where
the fibers have been modified by a
bonding agent or other material to
prevent dusting during any normal
subsequent use or handling. Besides
raw asbestos fiber, products which
require package labeling could in-
clude: dry acoustical spray products

and joint cements, unsaturated roof- .

ing felt and text:les and some_in-

sulating products made without ade- -
quate binders. The labeling of prod-_.,‘, .
uct does mot prohibit its.use. It
should be noted here that in at least

90% of the products containing as-
bestos. the fibers are solidly locked
into the product thereby presenting

little danger of dust generation dur-

ing normal use and handlmg of the
pmduct' : : :

is exposed. On March 31, 1971 g

‘:Standards for asbestos were ’then pub-"

in large urban areas.

EPA Standards

Whereas OSHA is responsible for
the protection of the worker, the En- _
vironmental Protection Agency (EPA)
is charged with improving the en-+
vironment to which the general public

lished ‘by, EPA in the Federal Regis--
ter,g;Vol 38 .No. 86, Apml B, 1973.?

Although no numenm] emission shan e
“dards.were estabhshed, opera'hng “cori

for the spray application of insulation ™ teria “are -prescribed’ o pre'vent or

Lo

limit asbestos emissions:to the out-
side air from asbestos mllls roa&ways, e
certain manufacturing ~ operations, -

building demolition, and the spray-on
application of materials used to in-
sulate or fireproof equipment and - ::
machinery. The law further requlres‘ :

~ that spray-on materials used to in:. .

sulate or fireproof buildings, slruc—
tures, pipes, and conduits shall con- . -
tain less than:1% asbestos on a dry-
weight basis. T'hrs should significantly -
reduce emissions_to which the gen- *
eral public may be exp()Sed, especra]ly

%

"~ the Administrator (of EPA) &

/ has determmed that, in order to pro- a

vide an ample margin of safety to
protect the public health from as- -
bestos, it is necessary to control emis-
sions from major man-made sources
of asbestos emissions into the abmos-
phere, but that it is not necassary‘to
prohibit all emissions. s g d
“In this determmahon, the Admin
istrator ' has ~relied on - the "National
Academy ;of ‘Sciences’ report on as.
bestos, which concludes:. “Asbestos
too important in our technology “an
economy for its essential use to be'/
stopped. ‘But, because of the kmown =
serious effects of uncontrolled inha-
lation of asbestos minerals in indus-
try. and uncertainty as o the shape
and * character of the duse-response’
curve in man, it would be highly im-

JOHN L. MYERS, Marketing Manager for the Calidria .
Asbestos Group in Union Carbide’s Metals Div., received
his B.S. Degree in Chemical En%neerlng from Purdue
University in 1951. Joining Union

he served in the Nuclear Division until 1966, when he be-
came a Research Engineer in the asbestos group. He was
promoted to his present position in 1970. . - .

arbide that same year,
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prudent to permit additional con-
tamination of the public environment
with asbestos. Continued use at min-
imal risk to the public requires that
the major sources of man-made as-
bestos emission into the atmosphere
be deﬁned and controlled

The Asbestos Information Associa-
tion/North America reports that, d

ing the past 30 years, the asbestos in-

“dustry has spent millions of dollars to

improve mining, milling, and manufac-

turing methods.® The establishment of
safer working conditions has been a
prime target and this work continues
unabated and in close association with
government agencxes and mdependent
medical researchers.®. =650 .

The ultimate goals of the’ asbestos
industry are: Reduction of work-area

dust to minimum levels; Protection
of workers from asbestos-related dis- -~

eases; Maintenance of environmental
emissions at levels low enough to pre—
clude pubkc endangerment :

Air Sampling ...

In order to comply with OSHA
standards and to determine the need
for dust control measures, air monitor-
ing should be conducted in areas
where asbestos is regularly handled
or used. OSHA standards require that
“all determimations of airborne con-
centrations of asbestos fibers shall be
made by the membrane filter method
at 400-450X (magnification) (4 milli-
meter objective) with phase contrast
illumination.”™ The equipment for
collecting air samples costs less than
$400 and is readily available. A phase
contrast microscope can be obtained
for as little as $600, or an existing
microscorpe can be modified for
“counting” the asbestos fibers in com-
pliance with NIOSH criteria.**

Air samples have been collected
and analyzed on a regular basis by
the asbestos industry for years. Ex-
cept for a few applications where dust
control is an engineering problem, in-
dustry is finding that dust levels are
already within acceptable standards
or that minimum changes are nec-
essary to achieve compliance. Al
though data on many asbestos/plastic
applications are not available, the
summary in Table 4 is typical of our
measurements of dust levels during
asbestos handling in various tvpes of
plants and operations. The dust levels
reported are ceiling concentrations,
and it should be noted that the allow-

Table 4—Typical Air Sampling
Results” .
Ceiling -

Type Plant " Concentration,

“ditions “are” caused by materials ‘oth
“than asbestos. This ‘does not preclude
~ the need for controls, but’ it ‘could
change their scope and facilitate com-="
pliance with government regulations.

monitoring reports. EFwri il @

able OSHA level is 10 fibers/cc. Tn
most cases, the TWA exposure level -

would be well below OSHA “sta
dards. Most of the data were collected
before the installation’ of afiy . ‘special
dust-control measures. ‘Monitoring ‘of
ten shows that o'bv:ously dusty “cor

Because. of “bad press,” asbestos is

" frequently ordered out of use without

regard to whether -or not a hazard

actually exists -due’“to air ‘contamina-’
tion.” H acceptable dust Jevels ‘are

feasible, there is no need to replace
asbestos at the expense of product
quality or economic penalty. Gordon
Everett of EPA points out that in-
formation on the biological effects of
asbestos is very limited and that the
effects of many substitutes have not
been investigated at all. Before as-
bestos is replaced, ‘it should be cer-
tain that a safer -a]ternatlve is avml-
able.* sogetond 3 ;ﬁ‘

~ Obviously there are “more peop]e

exposed to products contammg asbes-
tos than there -are to raw asbestos:
fibers. As noted previously, more than
90% of the asbestos used in this coun-
try is in products in which the asbes-
tos is “locked in” or bound with ce-
ment, plastics, or other binders, so
that there is no release, or at least no
significant release, of fibers in work
areas or to the environment. Materials
or products with locked-in fibers
would include: floor tile, polyester
resins. phenolics, sealants, coatings,
brake linings, friction materials, rub-
ber, roofing compounds, and rein-
forced plastics. Since an abrading ac-
tion on some of these products could
release asbestos fibers, appropriate
monitoring and/or control measures
should be instituted if it is thought
that such action would release fibers.
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" handling, and automatic

. clean-up, and eliminate bag handling

. dxspersed in dry form or.in agueous

Dust-Control Measures

Asbestos producers and users are
spending a considerable amount of .
time and money on vanous dust-con

“Unusual innovations include:” pe
letized asbestos, specxal pac]mg:lng,
and treated roducts

'system, dust in work areas is virtually_
“ eliminated. “Used bulk, - asb&stos
" pellets - ako reduce shxppmg*costs
eliminate * warehouse®,. storage ‘and :
handling, facilitate automation, reduce

and disposal. The pellets -contain no*
binder and are friable enough to be

or resinous systems with conventional
high-shear grinding equipment.’®
Several types of specfal packaging.
are currently available, and suppliers
consider customer requests for unus
ual requirements. The floor tile indus;
try can obtain asbestos in plastic bags
which can be added directly: to -the
compounding operation. Asbestos i
bleached paper, bags assemb]ed ith

acoushca] tile formulations. %%

- Although “wetted” asbestos is . n
general]y available, most . suppliers’
are workmg with customers to p
vide “dustless” products, When' justi
fied by market demand, ‘asbestos can’
be treated with water, mineral spirits;
glycol, or other materials compatib]e
with the apphcahon or system. .

s

L B

Conclusuon =

Asbestos is one of mdustrys many
raw materials which involves a po-
tential hazard when not used with
reasonable respect and care. Although
all forms of asbestos are recognized
as hazardous to health when inhaled
excessively, there is growing evidence
that crocidolite and amosite are more
hazardous than chrysotile. Fortunate-
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ly, the plastics industry uses primarily
chrysotile asbestos and, in most prod-
ucts, the fibers are locked-in to pre-
vent airborne contamination. Al
though asbestos dust levels are gen-
erally lower than expected, industry;
continues to expend large amounts of
tnne and money to furthelr lmprove’

rently in danget"

are required to’ prevent f;;iture ‘en:

Chrysotile asbestos is an importan!
and necessary raw material, vital to
the nation’s safety and economy; and,
with proper control, it can be used '
safely and in compliance with govern-
ment regulations. Medical, scientific,
government, and industrial personnel
must cont:lnue to work closely _to-

[4))] Enterline, P E. and chdcnon V.
Arch. Environ. Health, 27 312
(Nov. 1978) . 143 -

(2) Wagner, J. C., 4nn Occup Hyg.,
15, 61 (1972).“i.:x .

(3) Wright, G. W,, statement before
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dard March 16, 1972, p. 8. .-

(4) Hammond E. C. and Selikoff, 1."J.,
“Relation Of Cigarette Smoking To
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at meeting of the Working Group
to Assess Biological Effects of As-
bestos, International Agency for Re-
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(5) ‘Report of the Advisory Committee
on Asbestos Cancers,” Brit. J. In-
dustr. Med,, 30, 180 (1973).
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Physical Paramecters of Airborne Asbestos Fibres in
Varlous Work Env1ronmcnls—-Prehm1nary Findings

G W GlBBS dndC Y. HWANG

J .
Department of Epidemiology and Health. MeGill Univ crsity, 3778 University Sm-ﬂ.
: M«mlrml Province of Quebec, Canada

The results of a pilot investigation to describe the physical parameters, leagth, asp&l
"ral.io. mass and shape of airhorne fibres in a variety of industries producing process-’

ing” and bandling chrysotile, amosite and crocidolite are described. S.lmple\ of alr—
borne dust werc coliccted on nucleopore membrane filters and ex d by sc
electron microscopy. The diameters and lengths of airborne fibres collected during
the dumping of raw amosite at an ashestos products plant were greater than those of

_ fibres collected during the application of amosite insulation. Chrysotile fibres collected

in the carding area of an ashestos textilc plant also tended to huve smaller diumeters

than fibres collected in the dryer and bagging areas of un ushestos mill. The meusure-

ments of fibre dimensions indicate that the degree of protection afforded u worker by

optical counts using the membhrane filter technique is likely to depend on variety of
ashestos and stage of processing. Preli v results are not in conflict with_experi-
mental data suppesting that asbestosis_might be selated to the mass of airhorne dust

= -

E2% T

and primary malignant_mesothelial tumon to exposure to fibres in a specific nln.g_: L

of fibre diameter und icogth.

Introduction

LTHOUGH ALL COMMERCIAL VA-
RIETIES OF asbestos have been shown
to produce mesothelomas when inoculated
intra-pleurally into rats,! primary malignant
mesothelial tumours do not appear to occur
with cqual frequency among men working

with asbestos (Table 1). There is some indi-
cation that the prevalence of radiological

changes (ashestosis) and lung cancer mortal-
ity also vary with occupation,=*#11 These
differences in health experience might be
explained by dificrences in fibre type and
the quality and quantity of exposure. Epi-
demiological investigations in several occu-
pational groups indicate that radiological
changes and lung cancer are related to level
of exposure.®+*1 Smoking appears to be an
additional factor which complicates the as-
bestos lung cancer relationship.!? The refa-
tionship between primary malignant meso-
thelial tumours and levels of exposure are
not clear and it scems probable that some

- other factor or factors must be sought in

order to explain the uncven distribution of

this tumour among occupational groups,
-The ability of a fibre to initiate @ discase

process in the lung or on the plcura depends

on its ponctration, deposition. reteation. and -
~ hiological activity. These depend munly on
the physical characteristics of the fibre. -
First. the sctiling velocity of a fibre depends
“on its’ actual diz.lmclbr.'i‘ and cxplains why ~_ -

fibres as long as 200 um arc somctimes
found in lung at autopsy. Sccond, straight
fibres arc more likely to penctrate decper
-into the respiratory airways than curly fi-

“bres.® Third, diameter and length might

both ‘be importint in the ability of asbestos
and other fibres to induce mcsothchnl w-
mours, 16 .

“These ph)sual parameters of dlrbnrnc fi-
bres in the work environment have .not been

previously feported. The possibility that the

P

vharacteristios of ashestos fibres such as di-

ameter and shape might change during proc-

cssing prompted a pilot investigation to

determine the physical paramcters of air-

'R
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- ; TABLET : A B R
- anary Malignant Mesothelial Tumours Reported 4
in Studies of Various Occupational Groups. - .
Total No. ]
Sludy Group Deaths Mesothelioma
lnsnlanon Workers (USA) (mixed exposures) . o
Sclikoff et al (1969)2 _ 380 .22
Chrysotile Miners and Millers (Canada) - o ' AR
~ McDonald et al (197))3 i : 3270 . 8
" Anthophyllite Mining (Finland) - S
Meurman ef al (1972)4 . .243 0
Asbestos Textile Industry (UK) (mixed exposures) M A
Newhouse (1969)5 436 T 20 .
Crocidolite Mining (S. Africa) . S
Webster (1972)6 - 88 -
Amosite Mining (S. Africa) o :
Webster (1972)8 — 2%
. Amosite Factory (USA)
Selikoff (1972)7 105 5
*One suspected case -

% Amosite mining only

borne asbestos fibres to which workers in
differcnt occupations are probably exposed.

Methods

Conventionally submicron airborne asbes-

" tos -fibres have becn exsmined by transmis-
sion electron microscopy. This has involved
considerable handling of the dust samples
and the original fibre diameter distributions
in the samples may have been altered in the
process. In this study, samples were exam-
ined by scanning electron microscopy. which.
required much less laboratory manipulation.

Samples of airborne asbestos dust were
collected at the following locations using
nucleopore membrane filters (G.E. 4C, 37

. mm diameter, pore size 0.4 um):

77 @) atthe carding machine in an asbestos
textile plant which used chrysotile oniy.

(2) at an asbestos products plant during

the emptying of bags of amosite and croci-

dolite“into hoppers “dumping™.
(3) at a local oil refinery during the ap-

- plication of insulation materials contammg .

mainly amosite.
(4) in the dryer and bagging arcas. of a

chrysotile mill.
AN B B
RS ki S P B S ﬁ“

i -Preparatlon of Samples for Analysns

“Two samples of airborne ‘dust were ex-
amined from each location.

A circular portion of the nucleopore filter
was coated with 150 A layer of gold-palla-
dium (60-40) and examined on a stereoscan
electron microscope (SEM) type ' 96113
Mark 2A. Scans were performed across the
diameter of the filter beginning at the centre
of the original filter which was on circum-

“ference of the mount. High resolution elec-
tron photomicrographs of the fibres in ran-
dom fields were taken. . ’

The magnifications on the SEM -were
identical to those used by Timbrell'? for the
measurement of fibres using transmission
electron microscopy, i.e. 2,500x for. amosite.
and 6.000x for crocidolite. We also used 6,-
000x for chrysotile, Measurements were
made from photographs using a magnificd
scale and for each fibre we measured:

(1) true diameter (d;)—(the width of the
central portion of a fibre excluding pamclcs
attached to the fibre) - :

(2) coil diameter (d.)—(the maximum fi-
bre diameter including attached particles or
widest diameter of coil)
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. ’ .
(3) coil length (l.)—(the length of the fi-

bre as it appearcd on the filter)
(4) true length (1)—(the length of a fibre
after straightening)
+ (5) coil-aspect ratio (L./dc)}—(the ratio of
coil length to coil diameter)
(6) aspect-ratio (l./di)—(the true length
to true diamecter ratio)
" (7) mass (m)—<calculated from the truc
fibre diameter and stretched fibre length by
‘assuming that all fibres have a circular cross-

section. This assumption was not strictly val- -

id for amosite in which it is rectangular- but
was a close approximation for crocidolite in
which it is eliptical or circular and for chry-
sotile which in cross-section has a swiss roll
appearance.

As the way in whxch amosite fibres wouldv

be orientated on the filter was not known.

it was probably reasonable to use a circular -
cross-sectional area for calculation of aver- -

age mass. The densities used in the calcula-
tion of mass were 3.45 g/cc for amosite.
3.37 g/cc for crocidolite a'!d 2.55 g/cc for
chrysotile.

. Measurements of the parameters of fibres
taken from various regions of the filter
showed that the dlstnbuuon was reasonably
" uniform.

Results

The ranges and median diameters, lengths,
- mass and aspect ratios of airbornc asbestos

- 461

fibres by fibre type and process are sum-.
marized in Table 1. :

True F 1brc Diameter (dv)

-The median diameter of amosite fibres
during the emptying of bags (dumping) of
raw amosite at the asbestos products plant
(0.415 pum) was greater than during applica-
tion of amosite insulation (0.370 pm). but
the range was almost the same. The mini-
mum diameter of the fibres was slightly less
than reported by Timbrell et al'® (0.098 um).
Cumulative frequency distributions showed a
tendency for airborne amosite to be finer
during the application of insulation.

The median true fibre diameter for croci-

. dolite during dumping was 0.248 um (range

0.011 to 1.347 pm), which was less than
for the amosite fibres (Table I1), collected
during the application of insulation. The
presence of fibres with diameters as small
as 0.01 pm.indicated that a small amount of

- chrysotile may have contaminated the sam-

ple; amosite and chrysctile were 2o used
at this plant. The modal diameter for croci-
dolite was 0.25 um which was greater than
the peak reported for the UICC standard
reference samples of crocidolite by Tim-
brell et al (0.16 um).!® This difference may

b related to the source of the- fibre and

"methods of treatment before measurement.
For chrysotile, the median diameter was -
0.17 pm in the dryer. 0.16 um in the bag-

TABLENl _
Physical Parameters of Asbestos Fibres

.

Mass (x 10-? gm) Aspect ratio, l.. /d*

d, (pm) ly (um) d. (am) 1. (um)
Amosite median  0.415: 3.90 0.510 3.60 2.200 . 3.00
Dumping range 0.072-2.922 0.57-38.04 0.072-3.00 0.57-3804 0.011-251.278 3.06-50.16
Amuosite median  0.370 2.50 0428 293 " 1.000 7.20
Application range 0.071-2.482 0.47-30.94 0.075-3.36 0.47-33.39 0.006-126.033 T 3,10-50.81
Crocidolite median  0.248 2.50 0292 2.49 0.538 ’ 9.65 »
Dumping ‘range 0.011-1.337 0.17-16.18 0.051-1.347 0.17-16.18 0.0001- 38.714 3.22-56.18
Chrysotile median 0173 1.25 0.317 1.18 0.126 6.30 ’
Drying range 0.011-1.346 0.22-14.88 0.052-2.265 0.22-16.12 0.0012- 25866 3.07-64.4)
Chrysotile median 0.158 1.3§ 0.264 1.24 0.128 7.25
Bagging " range 0.013-1.135 0347 981 0.013-1.551 0.27-15.01 0.0017- 23.01! 3.07-36.76
Chrysotile median 0.150 1.00 0.233 093 0.068 " 6.60
Carding range 0.011 1.251 0.26-12.2% 0.011-1.829 0.23-12.16 0.0001- 15432 3.04-81.95
: "
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ging arca and 0.15 pm durmg cardmg The
percentage of fibres less or equal to 0.5
pm in diamcter was 67, 82, and 88 respec-
tively in the dryer bagging and carding

. arcas.

Coil Diameter (d.)

There were 3.3 per cent of airborne fibres =~/

collected during the dumping of amosite and
0.5 per cent during the application of amo-
site insulation which were classified as not

straight. These deviations from straighitness -

were due mainly to the irregular margins of
fibres resulting from attached particles. The

--coil diameters of amosite were larger than

the true diameters (Table 11). Crocidolite fi-
bres were generally straight and their medi-
an coil diameter only very slightly larger
than the median true diameter. In contrast,
chrysotile fibres had narrower coil diameters
at the later stages of processing.

True Fibre Length (1,)

As there were few “curly” amosite fibres, -

the median true or stretched lengths were
virtualy identical to “coil lengths”. The true
lengths of fibres ranged from 0.57 um to

© 38.04 um (median 3.90 um) in the manu-
_ facturing plant and from 0.47 um to 30.94
pm (median 2.50 pm) during the applica- -
tion of insulation. A cumulative frequency .
distribution showed that insulation workers

were exposed to shorter fibres.

Crocidolite fibres during dumping ranged
in length from 0.17 um to 16.18 pm with a
median length of 2.50 um.

The median true lengths of chrysotile fi-
bres collected in the dryer, bagging and card-
ing arcas were 1.25 pm (range 0.22-14.88),
1.25 pm (range 0.34-9.81) and 1.0 um
(range 0.26-12.24) respectively. The distri-
butions of fibrc Iengths showed that fibres
in the dryer area were longer than elsewhere.
The percentages of fibres with lengths great-
er than 5 pm in the dryer samples were 11.1-
in the bagging arca 4.8, and in the carding
areas, 2.3.

-
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Coil lengths also decrcascd from drycr to
cardmg opcrations.

Aspect Ratios (1,/d.) _
‘Aspect ratios for amosite ranged from

3.1 to 50.2; fibres were defined as having a

_length to diameter ratio of 3:1. Thé median
ratio for airborne amosite collected in the
manufacturing plant was 8.0 and for that
collected during the application of insula-
tion was 7.2. The ‘median aspect ratio.for
crocidolite was 9.7, which was slightly great-

er than for amosite, although ranges were -
- similar. Although there were differences in

the ranges and median aspect ratios (1/d:)
of fibres coliected in the dryer, bagging and
carding areas (Table 11), the median coil as-

pect ratios in the dryer, bagging area and.
textile plant were similar, 4.4, 5.0, 4.4 re-
- spectively.

Eight per cent of fibres collected at the
~dryer, 9 per cent of fibres collected during
bagging and 12 per cent of all chrysotilc fi-
bres collected during carding were consid-
ered to be curly (i.2, not straight),

Mauss

‘The raﬁée and median mass of ihe vari-
our fibre types by process are showu in Table

- IL

Length-diameter Matrices .

Reccently experimental evidence has sug-
gested that fibres with diameters less than
_0.5 pm and with lengths greater than 5 um
to 10 um might be responsible for the pro-
duction of mesothelial tumours.!> Length-
diameter matrices for.airborne amosite, cro-
cidiolitc and chrysotile fibres arc shown in
Figure 1. .

The pcrcc.ntagcs of fibres with dmmctcrs

- Icss than 0.5 gm and of length greatér than

.5 pm during the handling of raw amosite
and during the application of insulation were

17.0 and 18.3 respectively. The results for -
-crocidolite were very similar to the results
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ulntm £0.5)m Claneters > 0.50 ym
Mmosite ((o 25 sm) 10.25-0.5 ym) | {0.51-0.75 ym)  (0.76-1.0 pm} (1.0 4m) l
Ouaping Lo
- [ gy e | CY—ry P
Amosite
Aoplying
lnsuluion §
3 | o v —— WSS o 3
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—-’=———— -
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Chrysotite r
Carding - 3
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Figure 1. Length and diameter dlsmbuuons of fibres collected dunng various as-

bestos processes.

for amosite with 17.5% of fibres in this
size range.

The percentages of chrysotile fibres in the
dryer, bagging, and carding dreas with coil
diameters less than 0.5 um and coil lengths
greater than 5 pm, were 1.45, 1.0 and 0.4

" respectively. The proportion of fibres with

these dimensions decreased from the dryer
through to the carding operation, but the

" number of fibres examined was too small

for differences to be reliably assessed.

When true lengths and true diameters of
chrysotile werc considered the percentage
of fibres greater than 5 pum in length and
less than 0.5 pum in diameter measured on
two samples of dust from each arca was 4.7
and 8.0 per cent at the dryer and 2.8 and
3.4 per cent in the bagging area and 1.1 and
2.0 per cent in the carding arca. This trend
was similar to,that shown by the coil lengths
and coil diamcters; *© - > -

The total fibre concentrations in the vari-
ous areas studicd were quite varied. being
generally highest in the carding area.
Submicron Diameter Fibres

. If we assume that the opiical count of fi-

bres by membrane filter technique is limited

_ to fibres more than 0.5 pum diameter and

more than 5 pm length. the percentage of
the total fibre count that would be observed
by optical methods is shown in Table III.

Considerably morc amosite fibres would be

" observed optically than chryqohlc or crocid-

olite.

Discussion

This pllot investigation showed that dif-
ferences in the physical parameters of air-

borne fibres at various stages of processing -

could be detected. Although the number of
samples cxamincd was small and the results
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r TABLE Il

Percentage of Fibres Greater than 0.5 um Diameter and

Sum Length

—

Percentage of total fibres

of diamcters >0.5 ym diameter

and length >5 pm

Operation .
- Dumping amosite 27% . L
Applying amosite :
insulation : P 13%
Dumping crocidolite ) L. 4%
Drying chrysotile . T 10% ° -
Bagging chrysotils t. - -
asbestos 4% B
Carding chrysotile T ‘
21%

in a textile plant

require confirmation, certain observations
were worthy of note . . .

(1) The number of fibres visible by op-
tical microscopy depends on the fibre type.
In the control of asbestos exposure and in
the investigation of dose-response relation-

- ships these differences could be important. A

Counts would tend to be underestimated
when fibre diameters were fine, and, hence,
more respirable. Existing eavironmentsl

"standards take no account of this.

{2) Amosite fibres tended to decrease in
diameter from the raw amosite dumping
stage to the application of insulation stage
while the lengths of fibres were distinctly
less in airborne dust coliected during the
application of amosite insulation. Chrysotile -
fibres also tended to be smaller in diamewer
and length at the later stages of processing.
As the settling velocity of a fibre depends
on its fibre diameter, the median diameters
and the overall diameter distributions sug-
gested that on diameter criteria only (i.e.

. excluding factors which might influence in-

terception and diffusion), chrysotile encoun-
tered during carding was potentially the
more respirablc of the fibres examined.

(3) The results suggest that for the same

airborne mass concentration the total num-

ber of fibres to which persons working in 2
chrysotile textile plant un a carding machine
would be exposed would be about 30 times
that of a man dumping amosite. Experi-

~- - -.,‘u—--_!- rr --.--‘- mﬁ 1
LY S ' ‘_ . “ ; :‘v ‘

mentally, chrysotile, fibres do not readily

" penetrate the lung because they are inter-

cepted. However, the chrysotile fibres in

. these airborne dust samples had coil diam- .
- . eters less than 3 um (the limit of respirabili-
- ty). It seems likely, that once airborne, chry-
" sotile fibres such as those encountered in

this study are capable of penetrating deép

. into the respiratory system.

The lower prevalence of radiolegical

~ change among chrysotiie asbestos workers

than among insulation workers would sug-

gest.that asbestosis is related to mass rather
- than fibre concentrations. Experimental evi-

dence supports this for amphibole fibres.!®
For the same concentration, amosite workers
would potentially inhale up to 31 times more’

asbestos in mass tnan chrysotile ‘workers.
" Other factors such as solubiiity, transioca-

tion 4dnd fibre lengtn are also likely to play
a role, once the fibre has entered the lung

or penctrated to the pleura.
(4) Consideration of fibre diametér alone

indicates that chrysotilc encountered during
carding is potentially more respirable than
chrysotile or other fibres at different stages
of processing. The rarity of mesothelial tu-
mours among chrysotilc miners and millers,
when compared to insulation workers (Table
1), is probably related to some- additional
factor such as fibre type or the proportion
of long fibre in the airbome dust. :

The. length-diameter matrices for the vari-
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cxposure to fibres in a specific range of .

ous types of asbestos provided some jnfor-
fibre diameters and lengths.

mation concerning this. When the fibre types
and areas where samples were taken were
ranked according to the percentages of fi-
bres with diamcter less than 0.5 pm and
- length greater than 5 pm present in airborne
dust, the following was the result.
Percentage of fibres with
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Amosite application

of insulation 18.3%
Cracidolite 17.5%
Amosite Dumping 17.0%
Chrysotile Dryer 1.45%

Bagging 1.0%
Carding 0.4% _

If. the combination of length and diameter
(<0.5 pm diamcter >5 um length) was the
only factor responsible for the production of
mesothelial tumours, the results presented
here would suggest that the hazard for the |
manufacturer and insulation worker using
amosite would be similar, but considerably
greater than for chrysotile workers. Taking
penetration into account, there might only
be a slightly increased risk for insulation
workers over factory workers using amosite.
This is supported by epidemiological studies -
of insulation workers and workers in an
amosite plant.27

Conclusion

In conclusion, we recognize that the in-
ferences made in this report are based on
limited data and may not be supported by
more extensive measurement. Nevertheless,
the findings are sufficient to show the com-

plexity of interpreting variations in the phys-

ical characteristics of fibres. The measure-
ment of physical parameters of fibres in
various industries is feasible and observations
to test a physical parameter hypothesis arc
not in conflict with experimental or epidem-
jological evidence. Our results so far support
the experimental work on animals suggest-
ing that ashestosis is related to the mass of
airborne dust inhaled and that primary ma-
lignant mesothclial tumours are related to
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the Institute of Occupational and Envnron-
mental Health.
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Sevehlecnth Graduate Summer Session of ‘Slatislics'
in the Health Sciences

The scventeenth annoal Graduate Summer Scssion of Statistics in the
Health Sciences will be held at Vanderbilt University. N.:shull;. l«.nnuw;

June 22 to August 1. 1975,

Tentative course offerings include clcmnntary and mtgrm\.dmtg blo-

statistics, actuarial statistics. demography. sampling mcthods, research de-

sign. design of cxperiments, Baycsian inference, categorical data, and
health facility statistics. Several of these subjects will be intensive three-week
courses. Instructors for the session will include Helen Abbey, Chin Long
Chiang, Jerome Cornficld. Wanzer Drane. Margaret Drolette. and Norman

Johnson.

These courses, at a wide range of academic and experience levels, arce

desigred to benefit statisticians, cpidemiologists, and health science person-

nel. as well as administrators, health plunners, and other health workers who”
vtilize quantitative data in decision making and problem solving. Graduate
students. medical students, and teachers in statistics and in the bealth, medi-
cal, and biological scicaces will also be interested in the program. The
Summer Session is supported by funds from the U.S. Public Health Service.

"For further information, write to Dr. Charles F. Federspicl, Summcer
Scssion of Statistics. Division of Biostatistics, Department of Preventive
Mecdicinc, Vanderbilt University, Nashville, Tennessee 37232,
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