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The Interrelationships of Selected
Asbestos Exposure Indices

JEREMIAH R. LYNCH. HOWARD E. AYER, and DOUGLAS L. JOHNSON*
Bureau of Oreupational Sefety and Health. Public Health Service Department of Health,

*

Educution, and ' elfare. 1014 Brogduway. Cincinnati, Ohic 43202

& Based on the asumption that the biolegical effect of asbestos Is related 10 the

concentration of respirable fbers, an index was developed which yvields the con.
centration in numbers of asbestos fibers visible under 430X phase-contrast illumina.
tion. Data are presented reiating this index to overall dustines as measured by
impinger counts and to absolute fiber concentration and distribution as measured by
electron microscopy. The relation betwern count estimates and gravimetric measures
of total dust and chrysotile asbestos deduced from magnesium analyses are given for
gross and respirable samples. These relations are developed for ase in operations in
the manufacture of asbestos textile, friction. cement, and insulation products. The
most convenient, practical, and direct index of asbestos fiber exposure proved 1o be
the concentration of fibers longer than 5 microns counted on membrane Blters at

430X phase-contrast illumination.

Intraduction

T THE NEW YORK aCADEMY OF
SCIENCES Conference on the Biologi-
cal Effects of Asbestos in 1963, Gilson® noted
the proliferation of dust sampling methods
and appealed for international comparability
of dust measurement data to be rejated to bio-
logical data. He alsc observed that as dust
levels are lowered. it becomes more important
to use the index that is biologically most ap-
propriate.

At the present time the goal of internation-
al comparability has been partly achieved by
the adoption of the concentration in numbers
of fibers longer than 5 microns counted on
membrane filter samples at 430X magnifica-
tion with phase-contrast (PC) illumination as
the standard method in both Britain and the
United States.*® However, information that
would permit evaluation of the biological ap-

*U 5. Department of Health. Fducation, and Wellarr
Public Health Service. Region IX, Federal Office Buiiding.
30 Fulton Street, San Francisco, Californiz 4102,

propriateness of this index is still not com.
plete. '

It is rarely possible to make an absolute
measurement of that characteristic of an air-
borne dust which is directly responsible for its
biolegical eflect. To be practical, measure-
ment for the purpose of assessing hazard and
evaluating control must not onlv be conven-
ient and relevant but also permit the use of
statistically adequate sampling strategies. To
evaluate indices obtained from varying ex-
posure situations, an examination of the con-
sistency of their relation to other and absolute
measures was undertaken.

The large number of methods which might
be used to measure exposure to airborne dust
containing fbers results from what might be
called the “degrees of freedom™ of the dust
cloud. In measuring the concentration of a
gas mn air, there is only one attribute o be
measured, and one accurate method gives the
same result as another. With granular dust,
however. the attribute could be either num-
ber or weight. and with fibrous dust, length
gives another degree of freedom: furthermore,
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cauld he as many as 100 indices of exposure
1o the ashestos in a dust cloud. In this United
gates Public Health Service epideniological
;tudY of the ashestos products industey, the
'c}mifp was narrowed down to the count and
weight methods shown in Table I. Based on
the results of analvsis of almost 10.000 sam-
ples. this paper presents summaries of the rela.
ljonships hetween these methods in order to
:11 exhibit the effect of product and opera-
fion, (2 reveal the bias of the methods and
rgy evaluate the usefulness of the indices de-

rived.

impinger Relationships

The early epidemiologic data on asbestos
were based on the impinger method and, un.
fl the beginning of the present studv, most
wmpling in the United States was done by
this method, since only in this wav could the
exposure be evaluated against the threshold
limit value (TLV) of 5 million particles per
cubic foot {mppef149 Consequently. it is
pecessary 1o develop ratios between present
methods of measurement and impinger counts
performed in the traditional manner so that
the results that would have been obtained
vears ago had present methods been used
might be predicted,

‘The ratios shown in Table 11 were devel
oped from simultaneous pairs of impinger-
membrane filter samples and are expressed as
the fiber counts equivalent to I mppcf by im-
pinger. Equivalence means the fiber concen-
tration. that would be found, on the average.
when the impinger samples were ghing. on
the average, a concentration of 1 mppef in
the same product arez. The product areas
are textile for asbestos spun and woven prod-
ucts, friction for brake linings and clutch fac-
ings. and asbestos cement pipe.

In all cases the correlation coefficients from
the large numbers of pairs of simultaneous
samples are not over 0.6, as would be expect-
ed from pairs of measurements of a real en-
vironment, each having its own intrinsic error
and not necessarily measuring the same thing.
The impinger results are counts of all visible
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Tarpre 1
Selected Measures of Fiber Exposure

Counm Weight
Total dist in impinger a1 100X o
Total hber on MF at 430X PC
Fihers 5 mirronc on MF at

Teital dust
Respirablr dusi

430% P(T
Total fiber on MF by eleciron Kespirabie chresotile
M TOCoRe

by magnedum

Tasrx 11

Impinger/Membrane Filter Count Ratios
(fbere/ml for | mppel)

Fibers
s Numher
Produst Total X S 211 of Pairs
Truile 103 3.9 i 500
Frirtion 37 3 1.0 200
Pipe 4 B 1.5 (&) 100

2 {iorrelation coeficient not significant a1 9577

particles, mostlv grains with generally less
than 200 fiber. These few fibers seen in the
impinger sample are a small fraction of the
fibers counted on the membrane filters, since
the membrane filter is a2 more efficient collec-
tor of fibers and the magnification/illumina-
tion used results in improved visibility, In
the case of the Impinger versus total and >5-
micron fiber ratios in the pipe plants, the cor-
relation coefficient was not significantly dif-
ferent from zero at the 959 confidence level,
and the hypothesis that the measures of ex-
posure are unrelated cannot be rejected. In
this case a usable prediction ratio will prob-
ably need 10 be based on ratios caleulated for
subsets within pipe manufacturing operartions.

Size and Visibility

To appraise the value of an exposure index
based on measurement of onlv a part of the
things which mav have biological significance,
it is necessary to examine how that part re-
lates to the whole. A count of fibers longer
than a stated length as seen through a pre-
ciselv defined optical system may be chosen
as an index in order to eliminate as a variable
the microscopic system’s resolving power. It
follows, however, that some fibers that are
seen will be below the stated length and
others will be below the limit of visibility and
will not be seen at all.
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TasLe I§T
Fiber Size Distribution

43 % Phase Cantrau,
% af Total Fibwss

Longer

) Lenger
Operation than & u than It
Testile - .
Fiber preparation and caeding 50 i8]
Spmuing, twisting. and weaving 61 28
Prirt‘iq:n
Mixing R e
Grinding. cutting. and deilline 63 k1
Pipe
g-i‘m‘imz 57 el
Finishing &8 I
lm\til_at‘iun
Mining ] 27
Finihing 5t e

:I’ha‘ proportions of > 3-micron and > 10.
micron fibers of all the fibers visible at $30%
PC. on membrane filters are shown in Tahle
HI. broken down by operation within prod-
uct area. Despite the fact that the textile op-
erations and the three mixing operations are
all cases of secondary dust dispersion {that is.
the small dust particles already exist in the
bulk material and are being shaken loose
whereas grinding and finishing are primary

Ficvre 1. Chrvsotile asbestos dust viewsed at
430 =, phase contrast.
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Fasie IV
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dispersion {that is. the dust is being produced
and dispersed simultaneously by mechanicat
abrasion. the proportions are quite  cop.
sstent.  Although mode of dispersion -
doubtediy has an effect on the proportion of
targe particles. this effect apparenty has 4

negligible influence on the number distriby.
{iorz of particles in the size range of biological
signtheance. Similark. the variation in ‘i)u!k
ashestos quality. from the long fiber ysed in
textile 1o the short iber used in pipe. has no
apparent effect on the count proportions of
fbers by length.

Ficyre
AL

Chrvsotile ashestor dust viewed
Cphase ropirast
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yorwald,” in his early animal studies of
the (oxicity of asbestos, suggested that the
long ﬁberslalre more toxic ti?an the §horz. and
is possibility has been raised again by tﬁ‘e
results of recent investigations” While this

ssibility undoubtedly influenced researchers
:n England and in the United States to count
fibers longer than 5 microns. the present con-
qinued use of this index is based on the reduc-
tion of visibility variability, referred to above
as well as on the biological implications.

The ratin of the number of fibers seen at
a70 P10 those seen at 4505 PC on the
same fAiter is shown in Table IN. These re-
aults are based on a relatively smali number
of samples, and the confidence limits mav be
guite wide, Thev do. however, indicate that
the increase in visibality s roughly the same
for fibers longer than 5 microns as for total
fibers. Thus. the critical facter in hber reso-
ution at this level of magnificaton is fiber
diameter. A tvpical 450 PC field is shown
in Figure 1 and a 970 PC in Figure 2.

The electron microscope. which has suf-
ficlent resolving power 1o reveal the elemen-
tary chrysotile fibril, permits measurement of
all dust particles of interest. Fraser® has de-
veloped a method for the direct transfer of
dust particles from membrane filters to elec-
tron tnicroscope grids. A large number of
electron micrographs of samples from the dif-
ferent operations were sived with a Zeiss par-
ticle size analvzer. Size distributions, such as
that shown in Figure 3, were used 10 obtain
the statistical paratueters in Table V. It is
important to note that only a small propor.
tion of the fibers werey over S.microns in
length. Even if it is assumed that all these
are being counted at 430X PC. only 1725 10
1/100 of the true number of fbers would be
counted. Further, as was shown in Table TV,
430 % PC mav count as few as half of the
fibers = 3-microns visible at 970 X PC. Even
wtal fiber counts at 430 X PL. which are
about twice as high as over—5-micron 430 X
PC counts ‘Table 111 still include less than
107, of the true number of fibers in the air,

Since all light micrescope methods cap
measure only a small part of the whele air-
horne fiber cloud. it is important to consid-
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Fiorrs 3. Fiber length distribution.
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Tante V

Fiber Size Distribution
{5000 X eleciron microscope )

Count
Median
Ltmﬁh %
Operation L 4 N
Testile T
Fiber preparation and carding 1.4 20 4
Spisming. iwisting, and wesving 1.0 2.0 2
Friction
Mixing 0.9 2.2 2
Grinding. cutting, and drilling B T4 2
Pi
Mixing 0.9 2.3 2
7 2.2 )

Finhbing G,

er the use of electron microscope counts as an
exposure index, Ceriain disadvantages, such
as preparation time. equipment cost, and lack
of general availabilitv. are obvious. Several
other problems should alse be considered.
Samples of a particle density appropriate for
light microscope counting are oo sparse for
electron microscopy unless a very large num-
ber of felds are counted. Special techniques
are required for random field selection to
avoid counter bias. Most important is the
occasionz! presence of large numbers of very
small fibers {about O.l-micron thick by 1.0-
micron long! as seen in Figure 4. Since these
small fibers often occur In groups, 1t 1s possi-
ble that they are airbornme as clumps {of
respirable size rather than as single fibers,
A number of electron microscope prepara-
tions of samples previously counted by optical
microscopy were made. The counts of longer
fibers on electron micrographs did not ap-
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' the other technic, vifficulties mentioneg
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an electron microscu vount method, would
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these very smal| fibe-\ Present evidence does
not indicate thar ¢n. | ~hould be eiven sych
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those obtained by op.

Weight Relationship.,

Differences betw.y vounters and ceriain
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statistical considerations make i difh, 1
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obtain close agreement betwepp
within a laberatory, and the differey
€Yen greater between laboratories These
tors. plus the rediousness of Counting juq .
dustrial hygienists o seck weight Reth =
analvsis wherever they are APpropriate. R.:
cent examples of thig trend ape the
weight TLV for quartz and bituminous
This reasoning applied 1o asbestos Jeg 0 thy
collection of MANY gross and respirable
samples, analysis of which vielded som, re
tionships  between count-and- weighy, and
among-weight methods,

Chrysotile asbestos and its parent rock
pentine, are hydrated magnesium Silicate
containing relatively constant 25¢; mag.
nesiumn, Owing to the extremely high seng;.
tvity of the atomic absorption SPECtromers,
for magnesium (0.01 #g/mi for 1¢; abso
ton}, it is possible to Count asbesios fihgy,
on one-half of a membrane filter at 430 pe
and to analvze the other half for magnesiypy,
In this way, the direct count/weight rayjp,
shown in Table Vi were obtained. Severa)
“difficulties with this method are readily ap.
parent. Only chrysotile asbestos is dptpy,
mined: thus, the crocidolite used in sO0tne
tpes of asbestos cement bressure pipes is oy
included in the weight of asbestas. F urther,
all other sources of magnesium, especially the
nonfibrous parent rock associated with the
chrysotile ashestos, interfere directly.

Although count data dig not exhibit any
consistent shift in fber length distribution
with product. operation, or mode of disper-
sion, the weight of asbestos, calculated from
the magnesium content, gave decreasing fiber
weight In this order: textile, friction, pipe
{Table V1. Whep the tount/weight ratips
were used 10 convert the tenta tive TLV of 12
fibers (5 length’ per milliliter 10 the equiv-
alent gross weight concentrations of asbestos
(based on magnesium determinations’ . the
gross weight concentrations were 2 mg/m?®
for textile, 1 mg/m* for friction, and 0.5 mg/
o’ for pipe. A single value for the weight
TLYV for al) product areas would be equiva-
lent to a fourfold difference in fiber threshold
between textile and pipe plants.
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Gince only the dust capable of penetrating
into the pulmonary air spaces is biologically
significant in pneumoconiosis-producing dis-
cases, a number of samples were collected by
means of respirable-mass size-selective sam-
ling devices. A horizontal elutriator having
characteristics similar to those proposed by
the British Medical Research Council® for
respirable dust sampling was used ahead of
membrane filters on which fibers were count-
ed at 430X PC. A membrane filter sample
without the elutriator was taken simultaneous-
jy. and the counts from the pair of samples
were uted to calculate the data in Table V1L
The finding that 606 of the fibers over 10
microns were able to penetrate the elutriator
reveals that many of the longer fibers are thin
enough to have falling speeds in the respira-
blc range. Other simultaneous sample pairs.
using a Hexhlet and a gross dust filter side
by side. were analyzed for asbestos by mag-
qesium, giving the results shown in Table
VII1. The 93¢ confidence intervals of the
mean percent passing are typical of the range
of most of this data. Use of the gross weight
of dust found on these same samples. together
with the asbestos by magnesium analyses, re-
culted in Table TX. The percent asbestos in
the product. total dust, and respirable dust
does not vary greatly for the same product.
However, the percent of asbestos to be ex-
pected in either the total or the respirable
dust will vary from 56 to 636 from product

to product.

Summary

The impinger measures all types of dust,
and as the TLV for asbestos decreases. the
non-asbestos dust present becomes a major
source of error in the estimation of exposure
to asbestos. Other count methods, however,
are available to count asbestos fibers. with
varying degrees of convenience. Weight meth-
ods that cannot differentiate asbestos from
other dust suffer from the same disadvantage
as the impinger in that the asbestos fiber con-
centration could differ by a factor of 10 for
the same total or respirable dust concentra-
tion, depending on the product area. The
method for chrysotile weight by magnesium

Tasee VII
Respirability of Textile Fibers by Count

Type Fiber Count % Pusing Elutriator

Yatal B
ey 80
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Tasre VI
Asbestos Dust Passing an Elutriator

Mean Weight 95 Confidence
Product % Pawsing Ynterval
Textile 3 2438
Friction o5 21-37
Pipe 44 19.4%
Ynsulation n {525
Taprg IX

Ashestos in Product and Dust

e Asheston Clontent
Total Rrspirable

Product Product Busn Duat
Textile 585 &8 4
Fricuen 30.60 22 36
Pines 30 1 18
Shingle 1030 25 p:)
frsulationd 5.5 4 [

* Not including crocidolite,
® Not inclugding amosite,

analvsis is not specific or general enough to
form the basis for a threshold for asbestos.

Conclusions

Certain general statements are possible,
based on the data presented:

1. There is, at present, no practical abso-
lute method for the routine measurement of
exposure to airborne asbestos fibers. The tech-
nical difficulties of the electron microscope
for dust counting make its routine use unfeas-
ible: when it is used, the results are heavily
biased in favor of very small fibers.

3 Fach of the methods considered mea-
sures something different and, therefore, they
do not correlate well, Ratios between results
by different methods should be used for quali.
tative prediction only.

3. Each method is strongly influenced by
one attribute of the dust cloud. The biologi-
cally optimum method cannot be selected un-
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less it is known which attribute is biologicaily
mMost appropriate.

4. The preferred index of asbestos ex-
posurv is fibers longer than 5 microns counted
on membrane filters at 430X phase contrast.
The method of counting is convenient and
practical, and fibers >3 microns constitute a
direct index of asbestos fiber exposure.
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Radiation Publications

The International Commission on Radiation Units and Measurements has
recently issued two new reports which are of interest to industrial hygienists
dealing with radiation problems. These reports are:

ICRU Report 16: Linear Encrgy Transfer. This report defines the conceps
of linear energy transfer and the methods of calculations of distribution of
absorbed dose. The applications and limitations of the linear energy transfer
concept are also covered. In a series of nine appendices, measurement, range,
distribution, dosimetry. and svinbols are presented, An extensive bibliography
is included. The publication may be purchased for 83.00 per copy.

ICRU Report 17: Radiation Dostmetry: X-Rays Generated at Potentials of
5 to 150 ki In this report there are discussions of measurement of energy
fluence, spectral distribution. measurements and absorbed dose. This publica-

tion may be obtained for $2.50 per copv.

Address orders or inquiries to ICRU Publications, P.O. Box 4869, Washing-

on. . C. 20008,

Proposed Revision

The American National S1andards Institute is proposing o revise the foliow-

ing standard:
£9.1-.193]

Sefcty Standard for Ventilation and Operation of Open-

Surface Tanks. This standard covers the proteciion of operators from con-

tact with gases, vapors, mists, or liquids used in. created, related. released

or disseminated by open-surface tank operations and the design of ven-
tilating systems for controlling and removing said gas. vapors, or mist.

This guide does not cover protection from fire,

Comments relative {0 the proposed revision of this guide will be welcomed
by the Board of Standards Review and the comments should be received by
November 24. 1970. Copies of the standard may be purchased from the Ameri-
can Nationa! Standards Imstitute, Deparunent BSR, 1430 Broadwav. New

York. New York 10018
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