
T ) E 14 

R 
e e } American Inq 

A 
'%fi“ e 

((Q The Intervelationships of Selected adustof mive 
other, 

i . 
Because of Asbestos Exposure Indices il e 

to the ashestos 
States Public 
study of the 

JEREMIAH R, LYNCII, HOWARD E. AYER, and DOUGLAS I.. JOHNSON® choice was n 
Bureaw of Occupational Safety and Health, Public Health Service, Department of Health, \\'l‘igh( metho. 

Education, and Welfare, 1014 Broadway, Cincinnati, Qhio 45202 the results of 

ples, this pape: 
tionships betw | 

. (1) exhibit ¢! | 
@ Based on the assumption that the biological effect of asbestos is related to the tion, (2) reve ‘ 

conceatration of respirable fibers, an index was developed which yiclds the con- (3) i P 
centration in mubers of ashestos fibers visible under 430% phase-contrast illumina- 
tion. Data are presented velating this index 1o overall dustiness as measured by rived. 
impinger counts and to absolute fiber concentration and distribution as measured by 
electron microscopy. The relation between count estiniates and gravimetric measuies Impinger Re! 
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 early . 
the manufacture of ashestos textile, friction, cement, and insulation products, The were based 
most convenient, practical, and direct index of asbestos liber exposure proved to be 
the cancentration of tibers longer than 5 wicrons counted on membrane filters at 
430X phase-contrast illumination, 
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a dust of mived fibers and grains gives yet an- 
other, 

Beeause of this varietv of atiibutes, there 
conld e as many as 100 indices of exposure 
1o the ashestos ina dust clond. o this United 
States Public Tealth Service epidemiological 
study of the adwstos produets industiy, the 
choice was narowed down to the connt and 
weight methads shown in Table 1. Based on 
the results of analysis of almost 10,000 sam- 
ples, this paper presents summaries of the rela- 
tionships between these methods in order to 
(1) exhibit the effect of product and opera- 
tion, (2) reveal the bias of the methods, and 
(3) evaluate the usefulness of the indices de- 
rived. 

Impinger Relationships 

The carly epidemiologic data on ashestos 
were hased on the impinger method and, un- 
til the beginuing of the present stucly, most 
sampling in the United States was done by 
this method, since enly in this way could the 
exposure he evaluated against the threshold 
il value {TENY of 5 willion particles per 
cubic foat (mppel) % Consecuently, it is 
neeessary o 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 equivalent ta 1 mppel byine. 
pinger. Equivalence means the fi 
tration that ywould be found, on the average, 
when the impinger samples were giving, on 
the average, a concentration of 1 mppef in 
the same product area. The product areas 
are textile for ashestos pun and woven prod- 
uets, friction for brake linings and cluteh fac- 
ings, and ashestos cement pipe. 

In all cases the conelation coefficients from 
the darge numbers of pairs of simultancous 
samples are not over 0.6, as wonld be expecet- 
ed from pairs of measurements of a real ene 
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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*Correlation coeflicient not significant at 9574, 

particles, mostly grains with- gencrally less 
than 2095 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 a more efficient collec. 
tor of fibers and the magnification ihasina. 
tion used results in improved visibility. In 
the case of the impinger versus total and >3- 
micron fiber ratios in the pipe planis, the cor- 
relation coefficicnt was not sienificantly dif- 
ferent from zevo at the 95%¢ 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 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 hiological 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 throush a pre- 
cisely defined optical systemi may be chosen 
as an index in order 1o chminate 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 Timit of visibility and 
will not be scen at all, 5 
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_ Vorwald, in hic carly animal stadies of 
the 1oxicity of ashestos, suogested that the 
long Abers are more toxic than the <hort, and 
this possibility has been raised again by the 
results of gecent investizations” While 1his 
possibility undoubtedly influenced yescarchers 
n England and in the United States 1o count 
Hibers Jonger than 5 microns, the present con- 
tinued wse of this index is based on the redue- 
tion of visibility variability, referred to above 
as well as on the biological implications. 

The votio of the nunber of filere seen at 
9705 PC o those seen at 4305 PCoon the 
same filter s shown in Table IV, These re- 
sults are based on o velavively small number 
of samples, and the confidence limits may be 
quite wide. “They do, however, indicate that 
the increase in visibility is ronghly 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 43032 PG ficld is shown 
in Figure 1 and a 9705¢ PC in Figore 2. 

The electron microscope, which has suf- 
ficient resolving power 1o reveal the elemen- 
tary chrysotile fibeil, penmits weasnrement of 
all dust particles of interest, Fraser® has de- 
veloped a method for the diveet transfer of 
dust particles from membrane filters to elec- 
tron microscope grids. A lwge number of 
clectron micragraphs 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 obiain 
the statistical parameters in Table V. Tt is 
important to note that only a small propor- 
tion of the fibers were over Samicrons in 
length. Exen if it is assumed that all these 
are being counted at 430X PC, only 1725 16 
1/100 of the True number of fibers would be 
commted. Further, as was shown in ‘lable 1V, 
430 > PC may count as few as hall of the 
fibers > Somicrons visible at 970 % PC. Faen 
total fiber counts at 130 X PC, which are 
about twice as high as over Samicron 4530 X 
PC conmts CPable TH aill include Jess than 
109 of the true number of fibers in the air, 

Since all light microscope methods can 
measure onfy a siall part of the whole air- 
borne fiber clond, it is important 1o consid- 
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er the use of clectron 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 vnless a very luge nume- 
her of fields ave counted. Special wehnigues 

are required for random ficld 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 fong) as seen in Figure 4. Since these 
small fibers often occur in groups, it is possi- 
ble that they are airborne as clumps (of 
respivable size) vather than as single fibers. 

A number of election hicroscope prepara- 
tions of samples-previously counted by optical 
microscopy were made. The counts of Tonger 
fibers on election micrographs did not ap- 
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Fiovre 4. Electron micrograph of chrysotile as- 
bestos dust. 

Tamy VI 

September-October, 19-'70 
- m——— 

aatistical considerations make it difficult to 
ol tain close agreement between counts even 
within a laboratory, and the differences are 
even greater between laboratories, These fac- 
tors, plus the tediousness of counting, led in- 
dustrial hygienists to seek weight methods of 
analysis wherever they are appropriate. Re- 
cent examples of this trend are the new 
weight TLV's for quartz and bituminous coal. 
“This reasoning applicd to ashestos led to the 
collection of many gross and respivable mass 
cumpices, analysis of which yielded some rela- 
tionships between count-and-weight - and 
among-weight methods. ) 

Chrysotile asbestos and its parent rock, ser- 
pentine, are hydrated magnesivm silicates 
containing a relatively constant 25% mag- 
nesium. Owing to the extremely high sensi- 

e 

American Ind: 

~ Since only tl 
into the pulm: 
significant in 
eases, a numb 
means of res) 
pling devices. 
characteristics 
the British M 
respirable due 
membrane fily 
ed at 430X P 
without the el 
ly, and the cu 
were used to 
The finding 1} 
microns were 
reveals that m 
enough to hav 
ble range, Ov 

Count/Wright Ratios tivity of the atomic absorption spectrometer using a Hexh! 
_____ s, e = for magnesium (001 pg/ml for 150 absorp- . 
R L ".'i"','fi'k Gomiwd tion), it is possible to count asbestos fibers 'z’; il?:’ “:‘;};I_ 
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Since only the dust eapalile of penetrating 
into the pulmonary air spaces is hiologically 
significant in- premmoconiosis-producing dis- 
cases, a mnnher of samples were colleeted by 
means of aespivableanass sizesselective sam- 
pling devices. A horizontal elutriator having 
characteristics similar 10 those proposed by 
the Tritsh Medical Research Coundil® for 
respitable dust sampling was used ahead of 
membrane filters on which fibers were connt- 
ed at 43032 PC. A membrane flter sonple 
without the elutriator was taken simuoltancous. 
ly, and the counte fram the pair of sunples 
were used to caleulate 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 Tonger fibers are thin 
enough 1o have falling speeds in the respira- 
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 
VI The 95% confidence intervals of the 
mean percent passing are typical of the range 
of st of Sis data. Use of the gross weigha 
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 5% to 655 from product 
to product. 

Summary 3 

The impinger measures all types of - 
and as the 'TLV for ashestos decreases, the 
non-ashestos dust present hecomes 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 convenience, Weight meth- 
ods that commot diffeventiote asdwstos from 
other dust sofler from the sime dissdvantage 
as the impinges in that the ashesios Gler cons 
centration conld differ by a factor of 10 for 
the same total or respirable dust concentras 
tion, depending on the product area. The 
method for chiysotile weight by magnesiom 
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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. 
tute method for the routine measurcment of 

(0 aithorne asbestos fibers. The tech- 
nical difl"mllh of the c¢lectron microscope 
for dust couming make its youtine use unfeas- 
ibles when it is used, the results are heavily 
biased in favor of very small fibers. 

2. Fach of the methods consideied mea- 
sures something different and, therefore, they 
do not conelate well. Ratios hetween reslts 
by different methods should be used for quali. 
tative prediction only. 

3. Each method i strongly influenced by 
one attribwite of the dust cloud, “The biologi- 
cally optinnin method cannot be selecied une 
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