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Evaluation of Ashestos Exposures

in the Working Environment
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= he_extensive use of asbestos in industrial and con-
. sumer products and the rclated occurrence of occu-

'-: pational diseases, especially asbestosis and neoplasms,

- -associated with excessive exposure to the airborne as-

- bestos fibers: huve stimulated much research over the
past. ‘decade in many countries on exposure to asbestos - -

B ‘as"related: to health, establishment of standards, and

momtonng of the environment. The procedures vsed in

+ the-various. countries for énunerating and characterizing

28’

exposures to ‘respirable . asbestos fibers diifer consider-

;ably. mak.mg- it exiremely difficult, or impossible. to
-~ce,mpa:e “and interchange seemingly ‘similar data between
s+ colintries. The impact-of .the woridwide research on as-

‘bestos would be much greatcr if uniform procedures

g were usst to. collect, enumerate, and characterize expo-
«: sures.10. respirable asbestos fibers. This would permit the

- data from different countries:to be interrelated and i~

i ,.cluded in-a collective data bank, thus increasing the

scope, reliability, and usefulness of the data.
" -The ‘Sub-Committee on Asbestosis of the Permanent

Commission and International Association on Occupa-

tional Health recommends tre following procedures for
collecting, caumerating, and characterizing respirable as-
Yestos fibers in the working environment:

A. Fiber Exposure Evaluaticn Procedures
1. Coilection of Airborné Sample
The membrane filter technique should be used for
collecting airborne asbestos fibers. The respirable frac-
tion sheuld be used in making measurements for relating

_levels of exposure to health effects and for determining

compliance of standards.

Specific procedures recommended for collecting
membrare filier airborne samples of asbestos fibers in-
cluding equipment, sampiing rate and type of filter have
been deveioped for the Asbestosis Rescarch Council,
England, and the National Institute ior Occupational
Safety and Heaith. United ‘States. These procedures are
"described in “The Measurement of Airborne Asbestos
Dust by the Menbrave Fiiter Method™ and “The
Method Used by the LS. Puhlic Health Service for Eiu-
merstion of Asbesius en: Menitrane Filters.”? Each or
the methods desciibed gives compsiabdle sesults.

2. Sampling Location’

The purpose for which the sanple is 10 be vsed
will determine not only ihe type of sampie to pe ab-

tained but also the location where it should be taken.
Airborne samples collected at the breathing zone of the .
workers should be used in obtaining exposure data for
application in studies on hezalth effects and in -evalu. -
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ations for compliance of standards. These samples may - .- -°

be taken with personal samplers Jocated on the workers®
or by an operator holding the sampling equipment near

.the breathing zone of the workers. Stationary (fixed

site) airborne sampies may be collected for obtaining
data to ‘assure that dust contro! equipment z2nd proce-

- dures at specific operanons are functioning propesly and

efficiently. . ..
3. Samphng Time
In collecting 2 sample of airborne asbestos dust,
the length of time needed for collecting the sample will
depend.on the sampling rate of the instrument, the yela-
tive concentration of dust in the air, and the purpose for
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which the sample is collected. A relatively short sam- ..

pling time but frequent sampie tzking should be utilized

in determining maximal levels of exposure and their

intermittency. In contrast, longer time samples should
te :aken for determining weighted exposures. Most sam-
pling regimens, both for obtaining exposure data for cor-
relation with heaith effects-and for compliance with
standards, will require both short- and long-tenn sam-

pling times. Jn some instances, the regulations will

specify both the samphng instruments and the sampling
times to be used.> Both the sampling time 2nd numbez
of samplies taken at any given operation should be so
related as to give reliable data to fulfill the purpose for
which the samples were taken.

4. Fiber Enumeration

Although the specific etiologic agents -Jesponsible
for the health effects from excessive exposure to asbes-
tos dust are not known, the accepted best index of expo-
sure is the quantity of respirable fibers in the worker’s
bieathing zone. It would be impossible to count all of
tie respirable fibers, sice many of these are sub-micron
in size and would require the use of the eleciron micro-
scope for quantitation. The latter would be too time
consuming and costly to usc us a routine counting proce-
dare. Consequently, at present it is feasible 10 count and
ese as an index of the overall spectruim of exposure only

the respirable fibers that con be detccted using specific

opiical mictoscopic cquipment and psccedures..
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For differcntial purposes and based on past usage, a
fiber is arbitrarily defined as a particulate in which the
ratio of the length to the diameter is equal to or greater
than 3 to 1. Fiber counts should be expresscd in number
of fibers per cubic centimeter (or milliliters) greater than
5.0 microns (or micrometers) in length. Fibers greater
than 5.0 microns in diameter should be excluded since
they are predominantly non-respirable. Asbestos fibers
should be counted using phase contrast microscopy at
around 400-500 x magnification. The wurcatment of the
membrane filter on which the asbestos fibers are de-
posited and the microscopic counting technique involved
are described in *“The Measurement of Airborne Asbes-
tos Dust by the Membrane Filter Method™® and “The
Method Used by the U.S. Public Health Service for Enu-
meration of Asbzstos Membrane Filters.”? Each of the
procedures gives comparable data. ,

In addition, for research purposes, limited measurc-
ments of the respirable fibers on the membrane filter
samples should be made by means of both optical and
electron microscopy to establish the ratio of fibers under
5.0 microns in length to fibers greater than 5.0 microns
in length, as well as their respective distribution based on
diameter. These measurements are needed since the bio-
logic importance of sub-micron asbestos fibers is largeiy
unknown and the fibers equal to or greater than 5.0
microns in length may not always be a valid index of
exposure expressing the relation and significance of the
spectral distribution of the respirable fibers present.

For hazard evaluation and compliance of standards as
well as research purposes, it is recommended that the
ratio of respirable asbestos fibers to total respirable par-
ticulates be determined. This is especially important in
instances where the other respirable particulates may be
biologically reactive per se or additive to the effects of
the asbestos and where fiber counts may be relatively
Iow so that the standard for other respirzcble materials
present may become the most relevant factor.

B. Chemical Characterization of Fibers

1. Type of Fibers

Different types of asbestos fibers may evoke dif-

ferent biological responses depending on their chemical
and physical characteristics. The type of asbestos present
in the respirable fibers, e.g., chrysotile, amosite, croci-
dolite, etc., should be identified and this information
glven as a part of the exposure data. This identification
* may be relatively easy it the source and nature of the
parent bulk asbestos is known. In some instances, how-
ever, 2 nateral mineral such as talc mzy comain a mix-
ture of fibers. Also, the source and nature of the asbes:
tos represented in thwe respirable sample mzy be un-
known. !n such instances, polarizing microscopy. Xeray
diffraction. clectron microscopy. electrua microprobe,
eleciron diffraction, and ather special techniques may be
necded 1o wdentify the rature of the fibers,

2. Meuals

© Ashestos dibers sometizaes have asseoiated with
thetn a minfher of metals whicihi may b bin'oac b
active. Those métolh miz voarise antoar e mirerres
involved 1 the Tormuiion of e fheis or Jrom the vive
sive action of the fibers on the alloy metals in which
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they are processzd. The quantity of the specific metals
present in a respirable sample may differ markedly from

" that of bulk or scttled dust samples. For rescarch par-

poses, representative airborne samples of respirsble as
bestos dust collected at strategic operations should be
analyzed for biologically active metals, e.g.. nickel, chro-
mium, cobalt, manganese, iron, etc. Sufficicnily sensitive
methods should be used to express concentrations accu-
rately within the lowsr range of micrograms per cubic
meter of air.
3. Free Silica

Some types of asbestos fibers may contain appre-
ciable amounts of free silica. At times, silica may be
added in the preparation of an asbestos product such as
in shingles, sidings, and pipes. In evaluating the exposure
of the asbestos worker, measurements should be made of
free silica cuncentrations at strategic operations where jt
may be rresenf‘h\ e air in amounts approaching the
standard® for exposure to silica.

4. Organic Contaminants

Respirable asbestos dust samples may contain
varying amounts of polycyclic aromatic hydrocarbons,
depending on the nature and source of the asbestos
fiber, the processing and packaging involved, and the
absorption of organic compounds from the ambient air
on to the fibers. For research purposes, concentraticns
of cyclohexane extractable materials should be deter-
mined in airborne samples of respirable ashestos dust
collected on glass fiber filters in various working eaviron-
ments. High volume samplers should be used where
possible to estimate the amounts of common polycyclic
aromatic hydrocarbons in the samples.

C. Physical Characterization of Fibers

Under the microscope, respirable asbestos fibers may
at times show physical appearances that are different
from those usually observed, e.g., curling of fibers, ex-
cessive spreading within the fiber bundle, etc. For re-
search purposes, these patterns, along with their fre-
quency of occurrence, should be noted and reported.

D. Alternative Exposure Evaluation Procedures
1. Counting and Enumeration
Many countrics have had long years of exgerience
in using specific procedures, such as the konimeter.
bright field projection microscopy, etc., for collecting
and counting asbestos dust in determining expesure
levels and have devcloped extensive knowledge by corre-
lating the data with health effects. It is important that
such knowledge not be lost and that an accurate bridge
of relution be established between these data and similar
data obtained with the use of the uniform procedures
reconrmended by the Sub-Comumitiee un Ashestosis.
Thus. it is strongly recommended that couniries not
using the recommended uniform procedases souid
rped to wse thiese procedures concuersent!y \\nl. ey

us:!! collecting and counting procedures so that conr-

naratite daie i be made availihis
2. Oiher Procedures -
Otlier procedures bring seh dlul\ Wed Lo BICAsiTY
a":. chiaracietize the respis, mh dust aesecinted o o

hestos exposures wtiiiza dbect aed i et resdies

counters, NUIsS  measuremenis, surface area messue-
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ments. and the like. The application of these methods of
counting and characicrizator should he encouraged and
may give new knowledge on the biviogical response 10
fibers. It is urged, however, that concurrent data also be
obtainad with the precedares recommendzd by the Sub-
Committee on Asbestosis,

Sub-Committee on Ashestosis:

Woik Group en Airborme Measurements
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Dr. Rudolph S.J. duToit, Rep. of S. Africa
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