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Table 1. Counts or regulatory fibers In processed tales. 

Counts, 
Samele .eanicl es/mg 

A 38 
B N0° 
c NO 
0 < 25' 
E NO 
F NO 
G NO 
H 17 

226 
283 
291 
341 
102 
25 
27 

K 25 
L <10' 
M 39 

N 25 
0 NO 

•FOV, fields of view. 
0ND , none detected. 

so Panicle shai!!;S Panicles/Fov• 
25 Cleavages 31100 

0/20 
0/20 

Cleavages 0/20 
0/20 
0/20 
0/20 

17 Cleavages and 2/20 
needles 

Needles and fibers 17120" 
100 Needles and fibers 8/20 
98 Needles and fibers 9/20 
108 Needles and fibers 10/20 
51 Needles and fibers 3/20 
14 Cleavages J/20 
27 Cleavages 3/20 
25 Cleavages J/20 

Needles 0/20 
21 Cleavages and 4/20 

fibers 
17 Prismatic pieces 3/20 

0/20 

'No panicles seen during a 20 FOV count, but some panicles could be seen 
during a random scan of the filter . Value shown is the lower limit of deteaion. 

dLarge sample used for this analysis (305 mg). 

" needles." The remainder, which are greater than 15:1 , are 
labeled '' fibers .' ' Whereas in many samples only a few particles 
were counted as shown in the right-hand column of Table 1, it 
should be remembered that even if only one particle was present 
in 20 FOV that about 300 were present on the slide. Because of 
the low interference by talc particles, these were seen so that it 
was easy to get a sense of the general particle shape. 

The shape distribution of particles for several samples was 
determined . Figure 5 shows a photograph of a particle of 
tremolite in sample I . The particle is composed of fibrils. The 
length and width of 100 amphibole particles in this talc were 
measured . The resulting distribution of aspect ratios is shown 
in Figure 6. The results when compared with the aspect ratios 
deterrninded for tremolite asbestos with SEM by Campbell eta!. 
(7) show sample I has a distribution similar to asbestos. Sam
ple M was analyzed in the same way (Figs. 6 and 7). The graph 
of aspect ratio verses percent is compared with Campbell's 
results for nonfibrous tremolite. The similarity of the curves in
dicates that the tremolite in this talc is of the nonfibrous type. 

Because the fractions produced by centrifuge are not generally 
pure after a single spin-down, a sample containing a variety of 
particle shapes was tested to see if the aspect ratio distribution 
results become biased in favor of larger, chunky grains Oow 
aspect ratio) over small, long grains (high aspect ratio). The 
sample used contained 6.5% tremolite, a sufficient Q\.l!Ultity that 
the traditional optical method could be used to compare with the 
centifuged sample. The resulting aspect ratio distribution curves 
(Fig. 8) do not show significant differences. With the traditional 
method, 69% of the amphibole particles have an aspect ratio of 
3: 1 or greater, whereas for the centrifuged samples the value is 
64%, a variation which is not significant. The differences shown 
for 5: I and 10: I are probably due to the limited number of par
ticles measured, in this test 100 particles in each sample. 

Despite the similarity of the curves, the mean length and mean 
width of the amphibole particles measured using the centrifuge 
method are greater than those obtained using the traditional 
method (Table 2) . Analysis of size distribution indicates that the 
proportion larger than is greater in the centrifuged sam
ple. This difference in dimension distribution does not appear, 
however, to affect the aspect ratio distribution. Other invest
igators have found that as particles increase in length, the aspect 
ratio shifts·to higher values (8,9). This applies to both asbestos 
and nonasbestiform amphiboles, so presumably the effect of 
centrifuging down longer particles would be to force the aspect 
ratio distribution peak to higher values. 

Discussion 
The high-grade talc powders are uniformly low in amphibole 

content. Counts obtained were 0 to 341 particles/mg. Indeed, 
talc from some districts appears to be completely free of such 
minerals . In those containing amphibole minerals there are two 
distinct types: cleavage type and asbestos type. These two types 
show distinctly different aspect ratio distributions as demon
strated in Figure 6 (samples I and M). The aspect ratio difference 
probably accounts in a large part for the higher particle count per 
milligram of sample I compared with the others which show 
cleavage fragments . It is easy to see that the number of panicles 
showing greater than 3:1 aspect ratio would be greater in the 
fonner case even if the total number of particles of amphibole 
were equal. This observation reinforces the original decision to 
count particles visually rather than attempting to use X-ray dif
fraction . It is not wise to try to convert information on dimen
sions to percent by weight or volume because a few very large 
particles can drastically affect the resulting value. Campbell et 
a!. (8) discuss this in some detail. 
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FtGURE S. Panicle of amphibole in centrifuged sample/. Width of view 0.07 
mm and l.S84 refractive index liquid. Panicle is on a membrane filter . 
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FIGURE 6. Pen:ent amphiboles in each aspect ratio group for laic sample I Ocft) and M (right) compared with tremolite asbestos (7) and tremolite (nonasbestifonn) 
(7) . 
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fiGURE 7. Particle of amphibole in centrifuged sample M. Width of view 
OJJ7 mm and 1.584 n:frllctive index liquid. Particle is on a membrane filter. 
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FIGURE 8. Percent amphiboles in each aspect group for a sample handled in 
nw ways: solid line shows results using tradilional method and dashed line 
shows results using celllrifuge method. Dimensions of 100 particles mcasuRd 
for each curve. 
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'lllble 2. Summary of size and aspect ratio data used to construct Figure 8. 

Melhod 
Traditional 
Centrifuge 

Traditional 
Centrifuge 

S-I01-1m 
57 
33 

Size,% 
10-ISpm 

26 
27 

Mean lenglh, em Mean widlh, em 
12.5 3.0 
17.5 4.7 

16 
38 

Mean aspect ratio, em 
4.4 
4.6 

Further, the results from this study demonstrate the utility of 
the centrifuge method not only fur obtaining a count of particles, 
but also for obtaining information on the shape of particles in a 
population. It should be emphasized that the aspect ratio curves 
determined for samples I and M would have been virtually impos
sible to obtain using the FDA procedure. The determination would 
have required examining over 3000 FOV. As indicated previously, 
rnimy talc flakes on edge appear to be fibers and must be examined 
during such a scan, making the whole job impossibly tedious. 

Finally, even in those cases where one may wish to use the stand
ard 100 FOV count, the centrifuge method offers a way to screen 
samples between those times when a more lengthy count is made, 
and it permits a double check of values sodetennined. In addition, 
the tendency to bring down a disproportional numberoflargerpar
ticles has the advantage that with true asbestiform amphiboles one 

generally sees some particles showing bundles of fibrils which 
removes any doubt about the nature of the amphibole. 
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