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@ Pased on the assumption that the biological effect of ashestos is related to the

comceatration of respirable fibers, an index was developed which yields the con-
centration in numbers of ashestos fibers visible under 430% phase-contrast illumina-
tion. Data are presented velating this index 1o overall dustiness as measured by
impinger counts and o absolute fiber concentration and distribution as measured by
electron microscopy. The relation between count estiniates and gravimetric measuies
of total dust and chrysotile ashestos deduced from magnesium analyses are given for
gross and respirable samples, These relations are developed for use in operations in
the manufacture of ashestos textile, friction, cement, and insulation products. The
most convenient, practical, and direct index of asbestos liber exposure proved to be
the cancentreation of fibers longer than J wiicrons counted on membrane filters at

430X phase-contrast illumination,

Introduction

_\'l' THE NEW YORK ACADEMY OF
I\ SCIENGES Conference on. the Biotogi-
cal Elflecrs of Ashestos in 1963, Gilson! noted
the profiferation of dust <ompling methods
and appealed for international comparahility
of dust measirement data to be velated to bio-
logical data. He also observed that, as dust

levels e lowered, it hecotes more important

g e theindex that is biologically most ap-

propriate. .
Aehe present tinne thie coal of ternations
al comparability lias been partly achieved by
the adepion of the concenteation in aumbers
of fibers longer than 5 wmicrons comnted on
e mibane Bilter sanples ot 50050 magnilicas
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Uit Seatesc Y Plosves e, indonnnation (hae
wonld permit evaluation of the biological ap-
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propriateness of this, index is still not com-
plete.

[t is rarely possible to make an absolute
weasurement of that characteristic of an air-
borne dust which is divectly responsible for s
hiological effect. To be practical, measure-
went for the purpose of assessing hazard and
evaluating contral st not only be conven-
ient and relevant bt abso peomit the use of
statistically adequate smnpling strategios, “T'o

evaluate indices ohtained from varying ex-'

posire situations, an examingtion of the con-
sisteney of their elation to other and absolute
easures was undertaken.

The Barge munber of methods which might
b vised to memsae exposie to airhorme dust
containing Tibers esalts from what might be
colledd the Sdesgrees of froedom™ ol the dust

el T measioing the coneentration of a

gers i, there iy omly one attvibiite 1o he
wcasteed, and one accmte method gives e
sure tesult as another. With granular dust,
Prevavrver, e atteibste conded be either -
Do on weinhi, amd with filroas dust, Tength
cives annther degree of Treedom; Turthermore,
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States Public Tealth Service epidemiological
study of the adwstos praducts industiv, the
choice was nmrowed down to the connt and
weight metheds shown in Table . Based on
the results of analysis of almost 10,000 sam-
ples, this paper presents summaries of the rela-
tionships between these methads in order to
(1) exhibit the effect of product and opera-
tion, (2} reveal the hias of the methads, and
(3) evaluate the usefulness of the indices de-
rived.

Impinger Relationships

The early epidemiologic data on ashestos
were hased on the impinger method and, un.
tl the begiming of the present study, most
sampling in the United States was done by
this method, since enly in this way could the
exposure be evaluated against the threshold
fnil value (TENY of 5 million particles per
cubic oot (mppel) % Consequently, it is
necessary 1o develop ratios hetween present
methods of measurement and impinger counts
performed in the taditional manner so that
the results that would have been obtained
yeats ago had present methods been used
might be predicted.

The ratios shown in Table 1T were devel-
oped from simultancous pairs of impinger
wembrane filter samples and are expressed as
the fiber counts cquivalent to 1 mppel by ime.
pinger. Equivalence means the fi
tration that would be found, on the average,
when the impinger samples were giving, on
the average, a concentration of T mppef in
the smne product area. The product areas
are fextile for adestos spun and woven prod-
wets, friction Tor brake linings and eluteh fac-
ings, and ashestos coment pipe.

In all eases the conelation cocflicients from
the large numbeis of pairs of sindtancous
samples are not over 0.6, as would be expeet-
ed from pairs of measurements of a real ens
vironment, each having its own intrinsic error
and not necessanily measuring the same thing,
The impinger results are counts of all visible

ey concen- $iss an ‘W“’\' =

A0 1M
'!'n.'sl‘ﬁlu-t wn MF by election Reeoable elissntile
Toscupe b omagnesum

Tawre 1
Tmpinger/Membrane Filter Count Rariog
(hbers/ml for | mppet )

S Nuaher

Peoduet  Total >5a S106  iben
Testile 101 9 27 bl
Frivtion 37 22 i 2
e s 1 (U ™

* Correlation corfMicicnt not significant at 934,

particles, mostly grains with: generally less
than 209% fiber, These few fibers secn in the
impinger sample are a small fraction of the
fibers counted on the membrane filiers, since
the membrane filter is a more efficient collec.
tor of fibers and the magnification ilaina.
tion used results in improved visibilitv, In
the case of the impinger versus total and >3-
micron fiber ratios in the pipe planis. the cor- ‘
relation coefficient was not sienificantly dif- |
ferent from zevo at the 93¢ confidence level. w
and the hypothesis that the measures of ex.
posure are unrelated eannot be rejected. In
this case a usable prediction ratio will prob-
ably need to be based on ratios calculaied for
subsets within pipe manufacturing operations.

To appraise the value of an exposure index
hased on measurement of only a part of the
things which may have biolagical significance,
it is necessary to examine how that part re-
lates to the whole. A count of fibers loneer
than a stated length as seen throuah a pre-
cisely defined optical system may be choten
as an index in order ta eliminate as a vaviable
the microscopic system's resolving power. Tt
follows, however, that sowme fibers that are -
seen will be below the stated length and 1
others will be below the limit of visibility and
will not be seen at all, :

The Interrelationships of Selected Asbestos Exposure Indices (1970)

ACL Doc 25434 - Page 2 of 7

Published by AsbestosClaims.Law
asbestosclaims.law/library/25434/2


https://asbestosclaims.law/library/25434/2

The Interrelationships of Selected Asbestos Exposure Indices (1970) Published by AsbestosClaims.Law
ACL Doc 25434 - Page 3 of 7 asbestosclaims.law/library/25434/3



https://asbestosclaims.law/library/25434/3

“Ogtobir, 1970

G encentEations
|

| FLOEE)

-
=

- —-——
e -

-
——

heing produced
Iy medchanical
are quite con-
dispersion un-
e proportion of
pparenth has a
umber distribu-
ne of biological
ariation in bulk
w fiber vsed in
m pipe. has no
1 proportions of

dun wwed at

Amcricon udustrial Hygiene Avaciation Jowrnal 601

_ Vorwald! in hic early animal studies of
the séﬁﬁr}'"t\l ashestos, soeested that the
long Gbers are wore toxie than the <hort, and
this possibility has been raised again by the
vesults of gyecent investigations”  While this
possibility undoubtedly influenced researchiers
i England and in the United States 1o count
fibers Jonger than % microns. the presat cons
tinued use of this indes is based on the redue-
tion of visibility variability, referred to above
as well as on the biological implications,

The yotio of the munher of filere s at
9705 PC o those seen at 1305 PC on the
same filter is shown in Table IV, These re-
sults are based onoavelarively small number
of samples, and the confidence limits may be
quite wide. They do, however, indicate that
the increase in visibility is roughly the same
for fibers longer than 5 microns as for total
fibers. Thus. the eritical factor in fiber resos
Tution at this level of magnification is fiber
diameter. A typical 4303 PC hield is shown
in Figure 1 and a 970 PC in Figure 2.

The electron microscope, which has suf-
ficient resolving powey 1o reveal the elemen-
tary chirysotile filyil, permits weasurement of
all dust particles of interest, Fraser® has de-
veloped a method for the dirveet transfer of
dust particles from membrane filters to elecs
tron microscope grids. A Loge number of
clectron micrographs of samples from the dif-
ferent operations were sized with a Zeiss par-
ticle size analyzer, Size distributions, such as
that shown in Figure 3, were used 1o obtain
the statistical parameters in Table V. Tt is
important to note that only a small propor-
tion of the fibeis were over Sanicrons in
length. Even if it is assumed that all these
are being counted ar 430 PC, only 1725 16
1/100 of the True number of fibers would be
counted. Further, as was shown in ‘Uable 1V,
430 > PC may connt as few as hall of the
fibers > Homicrons visible at 970 % PC. Exen
total fiber conmts at 130 X PC which are
about twice as high as over  Samicion 130 X
PC conms CPable TV sl inelude less than
1007 of the yue number of fibers in the air,

Since all light microscope methods can
measure only a small part of the whole air-
borne fiber clond, it is important to consid-
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er the use of electron microscope counts as an
exposure index. Certain disadvantages, such
as preparation time, cquipment cost, and Jack
of general availability, are obvious. Several
other problems should also be considered.
Samples of a particle density appropriate for
light microscope counting are too sparse for
electron microscopy unless a very luge nume
e of fields are counted. Special wechnigues
are required for random field selection to
avoid counter bias.  Most important is the
occasional presence of large numbers of very
small fibers (about O.1anicron thick by 1.0-
micron long) as seen in Figure 4, Since these
sl libers often occur in groups, it is possi-
ble that they me airborne as clumps (of
respirable size) rather than as single fibers.
A number of clectron hicrdscope prepara-
tions of samples-previously counted by optical
microscopy were made. The counts of longer
fibers on electon wicrographs did not ap-

-
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Fiovnrr 4. Electron micrograph of chrysotile as-
bestos dust.

Tamr VI
Count/Wright Ratios

Cleametric

-~ Cioometrie
) Type ol © Mean Srandard
Proddaer  Fiber Count (hhers per pg) Draration
Tesile  Total 14,500 Ty
P LB 13
o 1 3 3,400 1.5
[ pepTI e M ICE | 'Ni“l(l\ AR
=50 119 16
B (1 5,30 4.4
Pipe Total 46,500 74
>4 227500 29
et U a4 iR

pear to be greater than those ohtained by op-
tical microscopy. ‘The teehnieal diflienhties in-
volved in the preparation and counting of as-
bestos samples make quantittive conelusions
impossible from the dita obtained, but it

Appeared At e major difference between
clectron microscope connts and optical counts
was in these fibers shorter than T-mieron,
These sioadl fibers, when they are present,
dominate the cles tron mieyoscope connt, Eaen
il the other wehnical diffienlties mentioned
coulil be overcome, what would result, from
an electron micioscope connt method, wounld
he fiber concentrations stroely b Dy
these very sutall Bhees. Prosent evidence does
not indicate that they dhould be given such
a dominant role.

Weight Relationships

Dilferences between connters and certain

September-October, 15;-70

atistical considerations make it diflicult to
ol tain close agreement between counts even

within a faboratory, and the differences are

even geeater between laboratories, These fac-
tors, plos the tediousness of counting, led in-
dustrial hygienists to seck weight methods of
analysis wherever they ave appropriate. Re-
cent examples of this trend are the new
weight TLV's for quartz and bituminous coal.
I'his reasoning applied to ashestos led to the
collection of many gross and respirable mass
cumpies, analysis of which yielded some rela-
tionships  hetween  count-and-weight  and
among-weight methods, '

Chrysotile ashestos and its parent rock, ser-
pentine, are hydrated magnesium silicates
containing a relatively constant 23% mag-
nesinm. Owing to the extremely high sensi-
tivity of the atomic absorption spectrometer
for magnesium (001 pg/ml for 152 absorp-
tion), it is possible to count ashestos fibers
on one-half of a membrane filter at 430X PO
and to analyze the other half for magnesium.
In this way, the dircct count/weight ratios
Jown i Uable VI ween obiained. Several
difficultics with this niethod ave readily ap-
parent. Only chiysotile ashestos s deter-
wined: thus, the erocidolite used in some
types of adhestos cement pressure pipes is not
included in the weight of ashestos. Fuither,
all other sources of magnesium, cspecially the
nonfibrous parent vock associated with the
chirysotile ashestos, interfere directly.

Although comnt data did not exhibit any
consistent <hift i fiher tenigth distribution
with peode b mode of disper-
sion, the weight of ashestos, caleulated from
e magnednm eontent, save deereasing fiber
weight in this orders testile, friction, pipe
(‘Table VI). When the cotnt/weight eatios
were wsed ta convert the tentative “TLV of 12
fihers (% ¢ length) per milliliter o the copuive
alent gross weight concentiations of ashestos
(hased on naggnesinm - detenminations), the
gross weight coneenteations were 2 wgg/ne
for testile, 1 g/ for friction, and 05 mg/
m' for pipe. A single value for the weight
TLV for all product areas would be equiva-
fent 1o a fonefold dilference in fiber threshold
etween textile and pipe plants.
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Since only the dust eapalile of penctrating
into the pulmonary air spaces is hiologically
significant in prcmmoconiosis-producing dis-
cases, o nnnher of samples were eollected by
means of gespivableanass sizesselective sam-
pling devices. A horizontal elutrintor having
characteristies similar 10 those proposed by
the Witsh Medical Research Council® for
respitable dust sampling was used ahead of
membrane filiers on which fibers were connt-
ed ar 43022 PC, A membrane e sample
without the elutriator was taken simultancans.
ly, and the counts from the pair of sanples
were used to ealealate the data in Table VIT,
The finding that 60% of the fibers over 10
microns were able to penetrate the elatrintor
veveals that wmany of the fonger fibers are thin
enough to have falling speeds in the yespira-
ble range. Other simultancous sample pairs,
using a Hexhlet and a gross dust filter side
by side, were analyzed for ashestos by mag-
nesiom, giving the results shown in ‘Table
VIIL The 95 confidence intervals of the
mean pereent passing are typical of the range
uf st of Dis data. Use of the gross hl‘ig!.i
of dust found on these same samples, together
with the ashestos by magnesium analyses, re-
sulted in Table IX. The percent ashestos in
the product, total dust, and respirable dust
does not vary greatly for the same product.
However, the percent of ashestos 1o be ex.
pected in either the total or the respirable
dust will vary from 59 to 655 from product
to product.

Summary

The impinger measures all types of dust,
and as the TLV for ashestos decreases, the
non-ashestos dust present becomes a major
source of error in the estimation of exposure
to ashestos, Other count methods, however,
are available to count ashestos fibers, with
varying degrees of convemience, Weight meth-
ods that conmot difterentinte aslestos from
other dist sofley from the sime disadvamtage
as the impinger i that the ashesios Gher con-
centration could differ by a factor of 10 for
the same total or respirable dust concentra-
tion, depending an the procuct area. The
method for chiysotile weight by magnesiom

603
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Tame VI
Ashestos Dust Passing an Elutriator

Mean Weisty e
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'."""“!, Interval
Textile ) 24
F;mm ] ;1-3}!
nailation g 14
Tamx IX
Asbestos in Product and Dust
% Asbestos Content
Tot i ratil
B T S - M
Textile 7 BE
Fliﬂiﬂn 35\ g %
., 58 0§ B
mﬂmb iy -
# Not including crocidolite. DI
*Not including amosite.

analysis 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 measurenient of
exposure (o airborne asbestos fibers. The tech-
nical difficultios of the clectron microscope
for dust counting make its youtine use unfeas-
ible; when it is used, the results are heavily
biased in favor of very small fibers,

2. Fach of the methods consideved mea-
sures somwething diffevent and, therefore, they
do not conelate well. Ratios between results
by different methods should be used for quali.
tative prediction only,

3. Each method i strongly influenced by
ane atteibuite of the dust cloud. The biologi-
cally optinnun methed cannot be selected une
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