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We read with interest Dr. Berman’s article “Comparing
milled fiber, Quebec ore, and textile factory dust: Has
another piece of the asbestos puzzle fallen into place?”
(Berman, 2010). We agree with Dr. Berman'’s conclusion
that sizes of airborne asbestos fibers encountered in
asbestos textile mills are very different and might entirely
explain the discrepancy in the findings between the stud-
ies of the textile workers and miners. However, we do not
agree with Dr. Berman’s analyses of our transmission
electron microscope (TEM) data for the Charleston, South
Carolina, asbestos textile plant to support his conclusion
that airborne fiber size distributions within a given indus-
trial sector (e.g., textiles, friction products, cement, etc.)
vary little by operation. We believe this conclusion is not
consistent with known effects of asbestos textile produc-
tion operations, is not supported by prior studies, and is
not consistent with results of studies of asbestos textile
mills in South Carolina and North Carolina.

A review of asbestos textile processes would not lead one
to conclude that airborne fiber characteristics would be
the same across departments. The Handbook of Asbestos
Textiles (ATI, 1961) provides a detailed description of
asbestos grades and processes involved with production of
asbestos textiles. With regard to Grade 3 chrysotile used by
Dr. Berman in his experiments, the ATI publication states
that these fibers were “.. passed through a vertical opener
or rotating toothed cylinder known as a willow that effects
finer fiberization. After additional treatment by means
of specifically designed opening equipment and further
screening to remove fibers too short for textile purposes, the
fibers are ready for blending and mixing purposes.” Carding
further opens the fibers by application of energy through

the teasing action of needle-pointed wires that cover the
machine cylinders. It is clear that additional short fibers
are removed during processing of the Grade 3 fibers used
by Dr. Berman.

Additionally, Dr. Berman’s conclusion is not consist-
ent with prior studies, including the 1938 study of North
Carolina asbestos textile plants (Dreessen et al., 1938).
These authors commented on the highly variable gross
and microscopic appearance of airborne dusts collected
in the various textile departments. Fibers were counted and
sized in the Owens jet samples by optical microscopy using
an oil immersion lens to increase microscope resolution.
The percentage of fibers in the dusts range from 1% in fiber
preparation (crushing) to 26% in weaving and mean fiber
length ranged 7.0 um in fiber preparation (willowing) to
16.3 um in weaving.

Lynch and Ayer (1966) measured total fibers, fibers >5 um,
and fibers >10 pm by phase-contrast optical microscopy in US
asbestos mills and found the ratio of concentrations of fibers
>10 um to total fibers to progressively increase from prepara-
tion to weaving. In fiber preparation, fibers >10 pm accounted
for only 18.6% of airborne fibers counted by phase-contrast
microscopy (PCM), whereas 38.7% of total PCM fibers were
longer than 10 pm in weaving. Although these prior studies
did not have the advantage of TEM analyses, the weight of the
evidence is not consistent with Dr. Berman'’s conclusion that
airborne fibers across textile departments share a common
size distribution.

Finally, Dr. Berman’s analyses and results are not consistent
with results of our studies of asbestos textile mills in South
Carolina (the Charleston plant) and North Carolina. For the
epidemiologic studies of South Carolina and North Carolina
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asbestos textile workers, we developed airborne fiber size-
specific exposure estimates based on TEM analyses of
archived membrane filters (Dement et al., 2008, 2009). Our
TEM protocol was based on modifications of the ISO direct
transfer method (ISO, 1995; Dement et al., 2008). TEM
analyses were both time-consuming and expensive; there-
fore, we made an a priori decision to combine TEM sam-
ples within a given department (exposure zone) in order to
arrive at overall estimates of department-specific bivariate
diameter/length distributions. We also included as many
samples as possible within a department in order to mini-
mize the effects of sample-to-sample variability. Given the
extremely varied density of fibers on each filter and three
counts by fiber size for each filter (all structures, structures
>5 um, and structures >15 um), we developed procedures
for combining the data across counting strata that did not
depend on fiber density (Dement et al., 2008).

Dr. Berman performed a number of statistical analyses of
the Charleston plant samples that violated our study design
and draws into question validity of his analyses and conclu-
sions. First, Dr. Berman attempted to calculate bivariate size
distributions for each of the 83 TEM samples. As discussed
previously, our a priori study design required that individual
samples within a department be combined in order to rea-
sonably estimate the bivariate size distributions (Dement
et al., 2008). Dr. Berman chose to ignore our study design
in his analyses, which accounts for individual samples with
zero structure counts for some combinations of diameter
and length commented on by Berman numerous times in
his article. We do not believe calculation of bivariate size
distributions on these individual samples is a valid statisti-
cal exercise.

Dr. Berman argues that the various departments within
the Charleston textile mill do not differ significantly with
regard to airborne fiber size based on his simulation study,
in which the 83 samples were randomly regrouped into
10 new “hypothetical” zones. This exercise is problem-
atic for several reasons. First, it appears that the samples
within these then new “hypothetical zones” discussed
by Dr. Berman were combined based on his fiber den-
sity method (described on p. 162). Using his procedure,
filters with very high fiber loading would be given much
more weight and would have a much more profound
influence on the resulting size distributions. We chose
not to use the density method for this reason. Secondly,
Dr. Berman apparently combined all diameter categories
within a given fiber length category in his analyses (p. 176
and Table 7) and he used numerous two-sample Mann-
Whitney tests for most of his analyses; thus he never actu-
ally conducted an overall test of differences in bivariate
size distributions. A more appropriate statistical test to
compare differences in bivariate size distributions across
departments is a likelihood-ratio chi-square based on a
multinomial distribution, which strongly rejects the null
hypothesis (p <.001).

A final argument against Dr. Berman’s conclusions lies
in the results of the analyses of lung cancer risk by TEM

fiber size (Stayner et al., 2008). In these analyses, fiber
size-specific exposure estimates were used in risk models
to explore asbestosis and lung cancer risk by fiber size
category. Although all fiber size categories were found to
be significant predictors of risk, longer and thinner fibers
were found to be stronger risk predictors. If Dr. Berman'’s
conclusion that airborne fibers in textile operations are
not different in size characteristics, use of our size-specific
estimates should have simply introduced more noise and
mask differences by fiber size—which did not occur. Similar
results have now been obtained in studies of three asbes-
tos textile plants in North Carolina (Dement et al., 2009;
Loomis et al., 2009).

Although Dr. Berman’s Modified Elutriator Method offers
a potentially useful tool for exploring relatively large differ-
ences in size distributions between industry sectors, this
method cannot detect size differences within a given sec-
tor without additional considerations. Dr. Berman has not
convincingly shown that airborne fibers sizes across textile
departments are the same and it is difficult to see how the
current elutriator method could be used to study operations
like friction or cement products where the raw asbestos fibers
are incorporated into a solid matrix. In these industries dust
characteristics in the initial mixing and blending operations
of raw fiber would be expected to be different from those
experienced in cutting, drilling, and sanding operations
where high levels of energy are applied to fibers embedded
in a solid matrix.

We do not wish to convey the impression that Dr. Berman's
elutriator method is without merit for further studies that
seek to investigate differences in airborne fiber charac-
teristics and their association with health effects. It was
appropriate and very informative to use these methods
in his study to elucidate differences in the fiber size dis-
tribution between bulk samples from the Quebec mines
and those used in the textile industries. However, it is
important that both strengths and weaknesses in this
approach be recognized. Airborne fiber characteristics are
best determined using filter samples from the industries
in question; however, this may not always be possible or
feasible. Variability in bivariate airborne size distributions
may well be greater between industries compared to within
industries; however, additional research is needed for this
determination.

Declaration of interest

The National Institute for Safety and Health supported the
research referenced and discussed in this letter; however, the
authors have sole responsibility for the writing and content
of this letter and the opinions expressed. Dr. Dement has
provided consultation and testimony in asbestos litigation.

References

Asbestos Textile Institute. (1961). Handbook of Asbestos Textiles, Second
Edition. Philadelphia, PA: Asbestos Textile Institute.

RIGHTS LI N Kdx



Critical Reviewsin Toxicology Downloaded from informahealthcare.com by Mr. Tristram Evans on 08/25/10

For personal use only.

Berman DW. (2010). Comparing milled fiber, Quebec ore, and textile factory
dust: Has another piece of the asbestos puzzle fallen into place? Crit Rev
Toxicol 42:151-188.

Dement JM, Kuempel E, Zumwalde R, Smith R, Stayner L, Loomis D. (2008).
Development of a fiber size-specific job-exposure matrix for airborne
asbestos fibers. Occup Environ Med 65:605-612.

Dement JM, Loomis D, Richardson D, Wolf S, Myers D. (2009). Estimates of
historical exposures by phase contrast microscopy and transmission elec-
tron microscopy in North Carolina, USA, asbestos textile plants. Occup
Environ Med 66:574-583.

Dreessen WC, Dallavalle JM, Edwards TI, Miller JW, Sayers RR . (1938). A Study
of Asbestosis in the Asbestos Textile Industry. US Public Health Service
Bulletin 241 Washington, DC: US Government Printing Office.

Airborne Asbestos Fiber Size 751

International Standards Organization. (1995). Ambient air—Determination of
Asbestos Fibres—Direct Transfer Electron Microscopy Method. ISO 10312.
Geneva: ISO.

Loomis D, Dement J, Richardson D, Wolf S. (2009). Asbestos fiber dimensions
and lung cancer mortality among workers exposed to chrysotile. Occup
Environ Med., Published Online November 5, 2009.

Lynch JR, Ayer HE. (1966). Measurement of dust exposures in the asbestos tex-
tile industry. Am Ind Hyg Assoc ] 27:431-437.

Stayner LT, Kuempel E, Gilbert S, Hein M, Dement J. (2008). An epidemiologic
study of the role of chrysotile asbestos fiber dimensions in determining
respiratory disease risk among exposed workers. Occup Environ Med
65:613-619.

RIGHTS LI N Kdx



	Letter to the Editor: “Comparing milled fiber, Quebec ore, and textile factory dust: Has another piece of the asbestos puzzle fallen into place?” by D. Wayne Berman
	Declaration of interest
	References


