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ODUCTION 

The Division of Occupational Health of the Public Health Service is 
presently engaged in a study of health hazards in asbestos processing. 
Objectives, methods and grelim:l.mry results of this study have been 
presented elsewhere.l,2,3 The Engineering Section of the Research and 
Technical Services Branch, Division of Occupational Health, has, as 
part of the study, conducted envirormental surveys at asbestos textile 
manufacturing operations. Sampling methods have been selected to give 
data comparable to past studies and also to give the best characteriza- 
tion of each exposure compatible with the scale of the study. 

| Both impinger and membrane filter sampling methods have been used for 
. evaluation of asbestos exposure in the past. U. S. studies and the 
o ACGIHM TLV are based on impinger counts. The informal standards used 

by the British are based on fiber counts from thermal precipitator or 
membrane filter samples. Counts obtained by the two methods are not 

| directly comparable, as the impinger count is made using a 16 mm (10X) 
| objective, and over 90% of the particles counted are regularly shaped | grains, while the British use a 4 mm (43X) objective and count only \ \/ 

fibers longer than 5 microns. To permit comparison of results by the \ two methods, with the limitations which will be discussed subsequently, 
; simultaneous, adjacent samples have been taken by impinger and membrane 

filter in each plant surveyed. These comparisons were presented in 
| ge:m in a previous pap and are summarized here with some additional 

ata. 

Personal samples, using membrane filters, were taken for periods of 
1 to 2 hours, using the type of samplers shown in Figure 1, worn as 
shown in Figure 2. These samples included enough dust so that size 
distributions could be obtained from electron micrographs. (The 10 to 
20 mirute "breathing zone" samples for comparison with impinger counts 
usually contained too few particles per electron microscope field.) 
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These electron micrographs enabled us to determine length and diameter 
of fibers and particle diameter down to 0.2 u; fibers and particles 
to less than 0.1 p diameter were clearly visible. The electron micro- 
graphs were made from filter samples on which an optical fiber count 
had already been determined, so direct comparison of mumbers of fibers 
visible by the two methods was possible. From other samples it was 
possible to make indirect comparisons of impinger counts with fiber 
concentration from the electron microscope. These comparisons are 
reported in this paper. 

No effort is made here to report average atmospheric dust concentra~ 
tions in the U. S. asbestos textile industry, as the samples selected 
for comparison of methods do not necessarily represent average situa- 
tions for a particular plant or operation. Preliminary average results 
have been presented by Lynch.3 

METHODS 

Impinger counts were made by the NCGIH standard method of 19424 with 
7 "the following modif.cations: 

(1) Kohler illumination was used, with a research type illuminator, and 
(2) a calibrated Porton reticle was used rather than a reticle giving 

a projected area of 0.25 mm2. 

Membrane filter counts were made on filters transparentized with a 50-50 
mixture of dimethyl phthalate and diethyl oxylate, using a 4 mm phase 
contrast objective, and a 10X eyepiece with a Porton reticle for delin- 
eating field area and judging fiber length. 

The me~brane filters were prepared for electron microscopy using the 
method of Fraser.’ Particles and fibers on enlarged electron photo- 
micrographs were sized and counted by means of a particle size analyzer 
which records the size of a light spot adjusted to just cover the par- 
ticle (or fiber), at the same time marking with a pinhole the particle 
vhich has been sized. 

RESULTS 

Ratios of fibers per cc as seen on membrane filter at 430X to million 
particles per cubic foot from impinger counts at the usual 100X in four 
asbestos textile planta have been reported px-thl.m.xsl:,'.2 In comparing 
counts b{ two methods, each of which has a rather high variance, it is 
difficult to draw fimm conclusions from individual sample pairs. Con- 
sidering the hundreds of comparisons which have been made, however, the 
ratios presented in the previous paper give average figures from which 
valid comparisons can be made. Additional sampling in more asbestos 
textile plants have not substantially changed these average ratios. 
Rounded off, they are shown in Table I. 
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TABLE I 

FIBER CONCENTRATIONS EQUIVALENT TO 
ONE MILLION PARTICLES PER CUBIC FOOT 

Concentration 
Fiber Length Fibers/cc of air 

Total fibers 10 

Longer than 5 p 6 

Longer than 10 p 3 

These ratios were obtained by: (1) comparison of individual sample 
pairs taken by the two methods and (2) comparison of the number of 

_. _samples below_a given concentration. The_first method demonstrates 3 
that there is a considerable difference in particle-fiber ratiocs be- 
tween operations and also between plants. Table II gives ratios of 
fiters per cutic centimoter (£/cc) to mppef by plant and operation, os 
well as the ratio of the over-all counts by plant and operation. The 
over-all average ratios of total f/cc to mppcf range from about 5 to 16 
by plant, and from about 7 to 13 by operation. Individual plant-opera- 
tion averages vary by considerably more. The second method, comparing 
the cumulative curves of concentration by the two methods, is shown in 
Figure 3. This shows 90% of the impinger samples below 5 mppcf, and 
S0% of the membrane filter samples below 50 fibers/ce. The cumulative 
concentration curves tend to reduce variations in individual determina- 
ticns, and the fact that comparison of these curves gives essentially 
the same ratios as the averages from sample pairs increases confidence 
in the results. 

It was recognized that, although examining the membrane filters with a 
4 mm objective would revegl more fibers than shown by impinger samples, 
many fibers were too small to be seen even with the 4 mm objective. 
Therefore, electron micrographs were made on membrane filter samples 
which appeared to have a density of dust suitable for this treatment. 
Size distributions have been determined from electron micrographs of 46 
of the samples. Median fiber lengths on these samples ranged from 0.4 
to 4.5 p with three-fourths having medians between 0.9 and 1.9 u. The 
gecmetric standard deviations, as determined graphically, ranged from 
2.1 to 4.3, with a typical value of 2.8. !Maximum fiber lengths could 
not be readily determined, as the long fibers cross the boundaries of 
the electron microscope viewing field. Although the diameter of some 
fibers is greater than 1 i, the majority of fibers were less than 1/2 u 
in diameter. There was no obvious difference in fiber length or diameter 
by plant or operation. 
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TABLE II 

TOTAL FIEER CONCENTRATIONS EQUIVALENT TO ONE MPPCF 
BY PLANT AND OPERATION 

TM. PLANT A B c D Ratio of Average 
Concentration by 

OPERA TT Operation 

Fiber Preparation 11 8 4 1 8.6 

Carding 9 14 6 27 12.7 

Spinning 6 6 3 & 8.3 

Twisting 6 2 7 14 6.5 

Weaving 6 20 4 =5 12.5 

Ratio of Average 8.0 8.6 5.2 15.5 Ratio of grand means 
Concentrations by 94 
Plant 

The size distributions automatically provided a count of fibers longer 
than a given size. In order to consider only fibers which might be 
visible by optical microscopy, the concentration of long fibers was 
used. For the electron micrographs as sized by our particle size ana- 
lyzer, 3 microns in length proved to be a convenient cutoff since this 
was the largest size within the range of the analyzer at all magnifica~ 
tions. From the size distribtution data, concentrations of fibers longer 
than 3 microns were determined. These were compared with optical micro- 
scope counts made on the same filters. The results of 46 such compari~ 
sons are given in Figure 4. The ratios of electron microscope counts to 
optical counts center about a value of 4, with three-fourths of the 
ratios between 2 and 8. There was no apparent difference in the ratics 
by plant or operation. From this it appears that about one-fourth of 
the fibers longer than 3 4 are counted by the optical method employed 
for membrane filters. The ratio of total fibers by electron microscope 
to fibers counted by the 4 mm objsctive is about 13. 
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In sizing fibers on the electron micrograph it is necessary to Judge 
whether fibrils are individual, or part of a larger fiber. In general, 
where there was the least possibility that a fiber was individual, it 
was counted as such. The mumbers of fibers from electron micrographs 
given here thus represent maxima. Further size determinations, using 
other criteria, are planned. 

The regular shaped particles (grains) on the filter were also sized. 
It was considered useful to compare the relative fraction of grains or 
fibers counted by the two methods to the total number presumably visible 
as determined by electron microscopy. The ratio of grains larger than 
0.8 u diameter to fibers longer than 3 u on the same filters was compared 
with ratios of impinger counts to membrane filter total fiber counts in 
Tables ITI and IV. 

" "RATIO OF PARTICLES 70 ASBESTOS FIBERS BY DIFFERENT METHODS 

MF Total Fibers 

PLANT A B c D Over-all 
Zlectron Microscope 

No. of Samples 13 14 14 5 46 

Grains > 0.8 p g y . Fibers 53 1 2.2 2.9 1.6 1.0 2.1 

Optical Counts 

No. of Samples 38 92 54 46 230 | 

| Lzpinger Grains belh Ll 6.8 2.4 3.8 | 
\ 

The ratios in Tables III and IV indicate that the impinger 10X light 
field count system is relatively more efficient for grains larger than 
0.8 u than the membrane filter 43X phase contrast is for fibers longer 
then 3 p. Since most of the fibers are less than 0.5 y in diameter, 
many of the fibers which are over 3 u or even 5 i in length are not 
visible by the optical system uged for .F counts. Optical visibility, 
as well as aerodynamic behavior® are functions of fiber diameter. 
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TABLE IV 

RATIO OF PARTICLES TO FIEERS BY OPERATION 

Number M Ratio “’:‘t}" t 
ration S ofl” kgma—;-c'fl S:uplc : 

Fiber Prep. 1r 2 39 4.1 

Carding 16 2 59 2.8 

Spinning 8 2 50 4.2 

Twisting 4 2 42 5.4 

. PSR, JOP R | 2.8 . 
Over-all 43 2 230 3.8 

DISC ON 

Any comparison of counts made by different methods is imprecise, r 
flecting the imprecision of the count methods employed. Bianconi, 
for example, has reported a coefficient of variation for impinger céiunts 
of 22% and a coefficient of variation for membrane mgu- counts of 15%. 
At two conferences on dust assessment in 1964 and 1965° larger coeffi- 
cients of variation were observed on impinger counts by different dust 
counters each using his own equipment. Edwards, et al.’ have reported 
similar variation in a carefully controlled laboratory experiment, with 
greater variation in fiber counting than in particle counting. It is 
to be expected, therefore, that there will be a wide variation in 
ratios of counts of asbestos dust made by two methods. Some of the 
variz*ion will reflect systematic differences between observers. In 
sizin, of electron micrographs, there is some difficulty in distinguish- 
ing the finest fibers from irregularities in the base film, and with 
longer fibers there are many judgments to be made as to whether fiters 
ore independent and crossing or a part of and attached to other fibers, 
Results, therefore, indicate a larger variance in electron micrograph 
counts than would be predicted from the assumption of a random distri- 
bution on the filter. Some typical electron micrographs are shown in 
Figures 5, 6 and 7. 
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An ideal method for assessing exposure to asbestos would give a direct 
measure of the particulate hazard. Inasmuch as the fraction of material 
which may create a hazard has not yet been determined, it is not pos- 
sible to select such a method for asbestos at the present time. Assum- 
ing, however, that it is the fibrous material which causes disease, the 
method chosen should at least provide an index of the concentration of i 
fibers. i 

While the data presented indicate that either the impinger count or a 
membrane filter fiber count at a higher magnification could give such 
an index, the fibers by MF would be a more direct measure and therefore 
less subject to the systematic variation caused by differences in plant 
and operation which has been observed with the impinger. 

H.gur:l - Personal Sflpl. P er o 4 . - 1 | 

Figure 2 - Worker Wearing Personal Sampler 

Figures 5, 6, and 7 - Electron micrographs of air-borne asbestos dust. 
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TALIE I3 

HSBESTZS 
RATIO OF PARTICLES 70, FTEERS DY DITTIN=iR :oss i i 

FYLANT A B € D Ove=r1d 
Elcstron Microscope 

. No. of Samples 13 1 14 5 ot Lé 

Groins > 0.8 2.2 2. 6 1.0 2.1 Fibera > 3 p ? . » 
Cpticel Counts 

) ) 
Es. of S=mples 38 R 54 46 1220 
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DATIO OF PARTICLES TO FILERS BY OPERATION 

. 

Number 
hber B Ratio of OrTIeR Batio 
of Crains > 0, Sample Impinzer Groing Oneration Samvles Fibers > Peirs !XT Total Fiters (C-t.) 

ritér Prep. 12 2 39 * 4.1 

Cardinz 16 2 59 2.2 
Spinning 8’ 2 50 4e2 

Tris2ing L ho 42 5.4 

Weavingy 3 4 50 2.8 
Over-al) L3 2 230 3.8 

§ 
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