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ABSTRACT

The objective of the present study is to find a fast and accurate procedure to measure the
length and width of asbestos fibers using images acquired by a scanning electron micro-
scope (SEM), a phase-contrast microscope (PCM), and a polarized light microscope (PLM).
The accuracy of the procedure was evaluated by comparing fiber length and width meas-
urements to manual measurements. Four different types of images were used in the evalu-
ation: (1) backscattered electron SEM images of fibrous tremolite, (2) secondary electron
SEM images of fibrous grunerite, (3) PCM images of fibrous grunerite, and (4) PLM images
of fibrous grunerite. Fiber length and width were measured with ImageJ (manual measure-
ment) and Image-Pro software and were compared on an individual fiber basis and over
the number-length and number-width distribution of each sample. The results of the com-
parison showed that the individual length and width measurements with Image) and
Image-Pro software had a nearly 1:1 relationship except for the width measurement in PLM
images (8% of the variance in ImageJ width measurements was not explained by Image-Pro
width measurements). Similarly, the number-length distributions were not significantly dif-
ferent (p > 0.05) between Image) and Image-Pro, but the number-width distributions were
significantly different (p < 0.05) for PLM and secondary electron SEM images. Although the
image analysis procedure for measuring fiber length and width with Image-Pro is not a fully
automated procedure and still requires some manual intervention, it can be a more efficient
and equally accurate alternative to time-consuming manual fiber length and width measure-
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Asbestos; image analysis;
ImagelJ; Image-Pro

ments for well dispersed fibers with high aspect ratios.

Introduction

Asbestos consists of a particular group of fibrous min-
erals that are known carcinogens used in past commer-
cial products, rather than a comprehensive set of
fibrous minerals (Baumann et al. 2013). Specifically,
regulated asbestos includes only 6 of 400 naturally
occurring fibrous minerals that may be encountered in
occupations such as road construction, mining, and
tunneling (Skinner et al. 1988; Baumann et al. 2013).
Considering the potential for occupational exposures,
regulated asbestos, and unregulated fibrous minerals
are currently being studied with the objective of under-
standing their adverse effects on health (Lee et al. 2020,
2021). These studies involve systematically testing fiber
properties and controlling sample characteristics.

The characterization of asbestos requires informa-
tion on fiber morphology and minerology (Skinner

et al. 1988). This information can be obtained by
transmission electron microscopy (TEM) through
imaging and selected area diffraction (Baron 2016).
However, TEM analysis is often cost-prohibitive due
to instrument acquisition, maintenance, and training
expenses. Lower cost methods, such as phase-contrast
microscopy (PCM), lack mineral identification capa-
bilities but suggest the presence of asbestos through
the analysis of fiber length and width (Baron 2016).
Fiber length is an important metric because long
fibers can impair macrophage function and reduce
lung clearance (Blake et al. 1997). Width is also influ-
ential because (together with length) it affects location
of deposition in the respiratory system and the nature
of associated respiratory diseases (i.e., mesothelioma,
asbestosis, and lung cancer) (Lippmann 1988). When
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Table 1. Methods and materials used for the comparison of ImageJ and Image-Pro measurements of asbestos fibers.

Number analyzed

Number analyzed Number analyzed

for individual for size distribution for size distribution
Method Image type Asbestos type fiber comparison with Image) with Image-Pro
FESEM Backscattered Fibrous tremolite 207 - -
electron
FESEM Secondary electron Fibrous grunerite 112 503 525
PCM - Fibrous grunerite —* —* —*
PLM - Fibrous grunerite 216 198 217

* Omitted because lack of consistent contrast of fibers with the background.

linking fiber characteristics to adverse health effects,
information on both length and width is critical.

Fiber length and width measurements are primarily
made through image analysis. Image analysis should
be carried out on a sufficiently large number of fibers
to obtain length and width information, which is a
time-consuming and tedious process when done
manually. Automated methods have reduced this bur-
den, but most have been limited to measuring either
fiber length or width due to the specificities of their
applications outside of asbestos analysis. Specifically,
fiber length applications have involved the automated
analysis of fibers used in reinforced composites
(Hartwich et al. 2009; Goris et al. 2018; Liu et al.
2020) and polymer fibers found in environmental
samples (Primpke et al. 2019). On the other hand, the
automated analysis of fiber width has been developed
for the characterization of overlapping fibers in
muscle tissue (e.g., Stevens et al. 2020) and electro-
spun materials (Zhang et al. 2014; Hotaling et al.
2015; Murphy et al. 2020; Gotz et al. 2021).

A few automated methods have been developed for
determining fiber length and width concurrently. One
of these was developed for the characterization of
asbestos fibers imaged by scanning electron micros-
copy (SEM) (Cossio et al. 2018). Another was devel-
oped for the analysis of textile fibers imaged by
optical microscopy (Xu and Ting 1996). Both have the
advantage of addressing a wide range of fibers includ-
ing curved fibers, such as microscopic chrysotile
asbestos. However, disadvantages include the lack of
accessibility as commercially available or open-source
software and the necessity of using specialized hard-
ware, such as lanthanum hexaboride or a field emitter
instead of a tungsten filament as the electron beam
source in the SEM. These implementation challenges
may preclude their use by individual laboratories.

The benefits of accessible and low-cost image ana-
lysis methods have been detailed in a retrospective
publication on the 25-year success of National
Institutes of Health (NIH) Image and Image]
(Schneider et al. 2012). Following this perspective, an
automated method for fiber length and width

measurements would ideally take the form of an open-
source plugin, as has been done for width only by
Hotaling and colleagues (2015). However, to the
authors’ knowledge, a compatible plugin or other
open-source software for concurrent measurements of
projected fiber length and width has not been made
available. Alternatively, commercially available software,
such as Image-Pro (Media Cybernetics, Inc., Rockville,
MD) may be employed. Image-Pro has been previously
used for nano- and micro-fiber width measurements to
characterize scaffolds for nerve regeneration (Wang
et al. 2008). In addition, a customized module for
Image-Pro was developed for automated glass-fiber-
length measurements (Hartwich et al. 2009).
Furthermore, it has been applied for the automated
analysis of features in composite material and biological
samples (Ma et al. 2008; Fritzsch et al. 2013; Fujimoto
et al. 2016; Reedy et al. 2017). Although Image-Pro was
applicable in these studies, its suitability for the auto-
mated analysis of asbestos is unknown because the
nature of the sample and substrate affects the perform-
ance of an image analysis system.

In the current study, Image-Pro was evaluated for
its accuracy in characterizing the projected length and
width of asbestos fibers in images acquired by lower
cost methods relative to TEM, including PCM, polar-
ized light microscopy (PLM), and SEM. The evalu-
ation was carried out using straight asbestos fibers of
tremolite and grunerite. Straight fibers were used
because five of the six types of regulated asbestos have
acicular (needle-like) morphology (Skinner et al.
1988), and the samples provide a less ambiguous
assessment of the software’s capabilities. The current
assessment was carried out to determine whether
Image-Pro along with PCM, PLM, or SEM would pro-
vide an accessible method for characterization of
asbestos and other fibrous minerals.

Materials and methods
Images for analysis

Four different types of images were utilized in the
present study (Table 1): (1) backscattered electron
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images of fibrous tremolite (Harper et al. 2015)
acquired with a field emission SEM (FESEM, S-4800-
2, Hitachi High Technologies America Inc.,
Schaumburgh, IL); (2) secondary electron images of
fibrous grunerite, known as amosite, from the asbestos
mines of South Africa (NIOSH 1979) obtained with
the FESEM; (3) phase contrast microscope (PrimoStar,
Zeiss, Oberkochen, Germany) images of fibrous gru-
nerite; and (4) polarized light microscope (BX-50,
Olympus, Center Valley, PA) images of fibrous gru-
nerite. The secondary electron FESEM, PCM, and
PLM images of fibrous grunerite were obtained
through our previous study on separating fibrous gru-
nerite by its length using the filtration and shaking
method (Lee et al. 2021).

Samples for the SEM analysis were deposited on
polycarbonate membrane (PC; 0.4-um pore size,
25 mm, Sterlitech, Kent, WA) filters after sonication
for 10 min. Samples for the PCM and PLM analysis
were prepared using microscope glass slides, cover
slips, and triacetin. The number of fibers in each sam-
ple was measured using a PCM, and the samples were
diluted or concentrated to yield approximately 50
fibers/field for PCM (at 400 x magnification), PLM (at
400x magnification), and SEM (at 2,000x magnifica-
tion) analysis.

Fiber length and width measurement

The length and width of fibers were measured with
the following two different methods: (1) the manual
method with Image] software (Version 1.48v, NIH,
Schneider et al. 2012) and (2) the semi-automated
method with Image-Pro (Version 10.0.7, Media
Cybernetics Inc., Rockville, MD). The following steps
were conducted for the Image-Pro software analysis:
(1) spatial calibration using a scale bar in each
image; (2) maximization of contrast between back-
ground and fibers by changing the image histogram;
(3) application of either a Sigma filter to soften an
image by replacing each pixel with an average of
neighboring pixels or a Gaussian filter to soften an
image by eliminating high-frequency information; (4)
group segmentation to identify and isolate fibers in
the images; and (5) measurement of isolated fibers’
length and width. For the comparison of the length
and width of individual fibers, each fiber measured
by the above process using Image-Pro was identified,
and its length and width were measured with Image]
software after setting the scale using a scale bar in
each image.

Length and width measurements were made for
each type of image as described below and in
Table 1.

1. A total of 207 fibrous tremolite asbestos fibers in
10 different backscattered FESEM images were
measured using both software types for the indi-
vidual fiber length and width comparison.

2. A total of 112 fibrous grunerite asbestos fibers
in nine different FESEM secondary electron
images were measured using both software types
for the individual fiber length and width com-
parison. To compare fiber length and width dis-
tributions between the software types, a total of
503 and 525 fibrous grunerite length and width
measurements, respectively, in 36 different sec-
ondary electron FESEM images were determined
by both Image] and Image-Pro software. The
length and width distributions determined by
Image] software were reported previously (Lee
et al. 2021). The image analysis using Image]
and Image-Pro software were conducted by dif-
ferent investigators.

3. A total of 216 grunerite fibers in five different
PLM images were measured using both software
types for the individual fiber length and width
comparison. To compare fiber length and width
distributions, a total of 198 and 217 grunerite
fibers in seven different PLM images were
measured by Image] and Image-Pro software,
respectively. Different investigators conducted
the image analysis using Image] and Image-
Pro software.

The PCM images of fibrous grunerite were omit-
ted from further evaluations because the fiber detec-
tion rate with Image-Pro software was relatively
lower than the detection rate for SEM and PLM
images. Linear regression analysis was used to assess
the consistency of length and width measurements
between the two software types. Because all of the
distributions of length and width measurements were
skewed, regression analyses were performed on log
transformed data to better meet the assumptions of
normality of residuals and constant variance of resid-
uals. Measured length and width distributions pro-
duced by the two types of software were compared
by the Kolmogorov-Smirnov test. Data analysis was
performed using [SAS/STAT] software, Version 9.4
of SAS for Windows (SAS Institute Inc., Cary, NC).
A significance level of 0.05 was used for all statis-
tical tests.



Results and discussion
Backscattered electron FESEM images

Scatter plots of fibrous tremolite length and width
measured with Image] and Image-Pro (n=207) are
shown in Figure 1. The results of the linear regression
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Figure 1. Scatter plots and linear regression analysis of tremo-
lite asbestos length and width measured with Image) and
Image-Pro (n =207, backscattered FESEM images).
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analyses are summarized within the plot area. The
measured length of tremolite ranged from 0.9 to
80 um, and the measured width of tremolite ranged
from 0.2 to 7um with both software. The slopes of
the regression lines for both length and width, 0.98
and 0.95, respectively, were close to 1, and the inter-
cepts of both regression lines, 0.04 and 0.03, respect-
ively, were close to 0. These results suggest a nearly
one-to-one relationship because in a one-to-one rela-
tionship the lower and upper bonds of a 95% confi-
dence interval for the population slope and intercept
are expected to span 1 and 0, respectively. For fiber
length the value of R?, 0.99, was virtually equal to 1,
indicating that Image] measurements could be pre-
dicted from Image-Pro measurements with negligible
error. The value of R? for width, 0.94, was slightly
lower, but still high, indicating that approximately
94% of the variation in Image] measurements could
be explained by Image-Pro measurements. Detailed
results of the linear regression analyses for length and
width are shown in Table 2, including 95% confidence
intervals for the population slope and intercept.

It should be noted that when a fiber was attached
to or overlapped with other fiber(s), the Image-Pro
software recognized the composite as one fiber and
gave an incorrect measurement. Figure 2 shows two
cases where a fiber was attached to or overlapped
with other fiber(s) and displays three measurements
of fiber width for each case: (1) Image] manual meas-
urement, (2) Image-Pro semi-automated measurement
when several fibers were attached or overlapped, and
(3) Image-Pro manual measurement. Those fibers (#2)
were identified individually and the lengths and/or
widths were measured again with Image-Pro software
and replaced with corrected one(s) (#3).

SEM secondary electron images

Scatter plots of amosite asbestos length and width
measured with Image] and Image-Pro (n=112) are
shown in Figure 3. The results of the linear regression
analyses are summarized within the plot area. The
measured length of fibrous grunerite ranged from 0.8
to 22 um and the measured width of fibrous grunerite

Table 2. Linear regression analysis results of individual fiber length and width between ImageJ and Image-Pro.

95% confidence interval

Slope intercept

Slope (p) Intercept (p) R? lower  upper lower upper
Tremolite length with backscattered SME image 0.982 (<0.0001) 0.042 (<0.0001) 0999  0.978 0.987 0.034 0.050
Tremolite width with backscattered SME image 0.954 (<0.0001) —0.032 (0.0007) 0.941 0.921 0.986 —0.050 —0.014
Fibrous grunerite length with secondary electron SEM image  1.004 (<0.0001)  —0.016 (<0.0001)  0.999  0.999 1.009 —0.023  —0.008
Fibrous grunerite width with secondary electron SEM image 0.981 (<0.0001) 0.005 (0.7147) 0.968 0.947 1.014 —0.021 0.030
Fibrous grunerite length with PLM image 1.019 (<0.0001)  —0.058 (<0.0001)  0.998  1.012 1.025 —0.073  —0.042
Fibrous grunerite width with PLM image 0.841 (<0.0001) 0.034 (<0.0001) 0.918 0.807 0.875 0.017 0.051
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Figure 2. Examples of differences between Image) and Image-Pro software measurements of fiber widths when fiber(s) were

attached to or overlapped with other fibers.

ranged from 02 to 13pm with both software.
Rounded to two decimal places, the slope of the regres-
sion line for length was 1.00 and the intercept was
—0.02; for width, the values of the slope and intercept
were 0.98 and 0.00, respectively. Thus, results for both
length and width are consistent with a nearly one-to-
one relationship. The coefficients of determination (R?)
in the regressions for length and width were also close
to one, 0.99 and 0.97, respectively, indicating that virtu-
ally 100% of the variance in length and 97% of the

variance in the width of Image] measurements are
explained by Image-Pro measurements (Table 2).
Normalized and cumulative fibrous grunerite length
and width distributions in two different sets are shown
in Figures 4 and 5, respectively. These figures display
both measurements made with Image-Pro in 36 SEM
secondary electron images (n=525) and measurements
made manually with Image] in 36 SEM images
(n=503). The manual measurements were reported
previously (Lee et al. 2021). A Kolmogorov-Smirnov test
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Figure 3. Scatter plot and linear regression analysis of amosite
asbestos in length and width measured with Image) and
Image-Pro (n =112, secondary electron FESEM images).

(PROC NPARIWAY, SAS V 9.4) was conducted to
compare length and width distributions between
Image] and Image-Pro. Fiber length distributions were
not significantly different (p > 0.05), while fiber width
distributions were significantly different (p < 0.05).

PCM and PLM images

An example of PCM and PLM images that were proc-
essed with Image-Pro software is shown in Figure 6.
The fibers in the PCM images were bright for rela-
tively thicker fibers and dark for relatively thinner
fibers. Image-Pro can select either bright or dark-col-
ored fibers in its segmentation function. When the
dark-colored fibers were selected, the bright-colored
fibers (indicated with circles in Figure 6) were not iso-
lated as a fiber and vice versa. Therefore, PCM images
were not further evaluated due to this limitation.
However, PLM images showed that both thin and
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Figure 4. Normalized amosite length distributions and cumula-
tive plots of Imagel) and Image-Pro measurement.

thick fibers were dark-colored and most of the fibers
were segmented from the background of the images.
Several fibers that were too thin were not segmented
in the PLM image analysis procedure (indicated with
circles in Figure 6), and the length and width of those
fibers were assessed by a manual Image-Pro measure-
ment. Scatter plots of fibrous grunerite length and
width in the five different PLM images measured with
Image] and Image-Pro (n=216) are shown in Figure
7. Results of linear regression analyses are summarized
within the plot area. The measured length of the
fibrous grunerite ranged from 1.4 to 60 pm and the
measured width ranged from 0.4 to 4.7 um with both
software. The slopes of the regression lines for length
and width were 1.02 and 0.84, respectively, and the
intercepts were 0.06 and 0.02, respectively. For fiber
length, the value of R?, 0.99, was virtually equal to 1,
indicating that Image] measurements could be
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Figure 5. Normalized amosite width distributions and cumula-
tive plots of ImageJ and Image-Pro measurement.

predicted from Image-Pro measurements with negli-
gible error. The value of R? for width, 0.92, was some-
what lower, indicating that approximately 92% of the
variation in Image] measurements could be explained
by Image-Pro measurements (Table 2). The relation-
ship between length measurements of the two soft-
ware with the PLM images was close to being perfect,
while 8% of the variance in Image] width measure-
ments was not explained by Image-Pro measurements.
When measuring width in PLM images, it was diffi-
cult to define the edge of a fiber because resolution
was lower than in SEM images and resulted in a sig-
nificant difference between the measurements. The
digital camera in the PLM has 3.1 mega pixels with
400x magnification. There were 6.3 pixels per micron
and at least 2 pixels comprising the fiber width.
A digital camera that had more mega pixels and
smaller pixel size together with higher magnification

Figure 6. Examples of phase contrast microscope (top) and
polarized light microscope (bottom) images processed with the
Image-Pro software. White (top) and blue (bottom) circles indi-
cate that the fiber was not recognized by the software.

(up to 1,000x) would be likely to make the edges of
fibers in PLM images easier to define. Another possible
reason for the difference between Image] and Image-Pro
may be the difference in width measurements for fibers
with a tapered or split end. When 16 pairs of width
measurements reflecting large differences between the
software were considered to be outliers and excluded
from the regression analysis, the values of the slope and
R” increased to 0.93 and 0.97, respectively. The normal-
ized and cumulative fibrous grunerite length and width
distributions in two different sets are shown in Figures 8
and 9, respectively. The data in these figures were
first measured with Image-Pro in seven PLM
images (n=217), and second measured manually with
Image] in seven PLM images (n=198). The
Kolmogorov-Smirnov tests found that fiber length dis-
tributions were not significantly different (p > 0.05),
while fiber width distributions between the software
were significantly different (p <0.05). A consistent
result was found between the linear regression analysis
in the individual measurement comparison and the
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Figure 7. Scatter plot and linear regression analysis of amosite asbestos length and width measured with ImageJ and Image-Pro

(n=216, PLM images).

Kolmogorov-Smirnov test in length and width distribu-
tion comparison. If only the fiber length is of interest,
the length measurement with PLM images was equally

as good as with higher resolution SEM images.

One limitation of the current study is that attached
or overlapped fibers were recognized as a single fiber
in the procedure of the Image-Pro analysis, and manual
intervention was needed to select the fibers that
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overlapped. The need for manual intervention may be
overcome by optimizing sample preparation and
employing an additional Image-Pro application.
Samples should be carefully prepared through deag-
glomeration and dilution to reduce the incidence of
attached or overlapped fibers. Utilization of a mixed
solution of distilled water and dishwashing liquid may
be helpful to disperse fibers in the samples (Siegrist
and Wylie 1980). For the fibers that remain agglomer-
ated, an additional Image-Pro application is needed. A
fiber separation application for Image-Pro is offered as
a free download by the original software developer
(Media Cybernetics 2015) and will be evaluated in a
future study.

Another limitation of the current study is that
Image-Pro performance was not evaluated for curved
fibers. Straight rather than curved fibers were used
because the analysis involves a simpler process and
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Figure 9. Normalized amosite width distributions and cumula-
tive plots of ImageJ) and Image-Pro measurement.

would help with determining causes of method inac-
curacies. If the software performed well for straight
fibers, it would be reasonable to pursue the evaluation
for curved fibers. The results showed that Image-Pro
performed very well in measuring asbestos fiber
length but not as well for width. Inaccuracies in the
width measurement can be attributed to the modest
PLM digital camera resolution and the appearance of
bright fringes at the fiber perimeter. These effects
tend to lead to an overestimation of width, which is
implied by slopes less than one (Table 2) with Image-
Pro measurements as the independent variable (on the
x-axis). It is suggested to improve the resolution by
using a 10 megapixel digital camera and by opening
the aperture diaphragm to reduce bright fringes in
PLM images. The presence of fibers with split or
tapered ends can also lead to inaccuracies in the width
measurement. The effect of irregular ends can be



studied using the Fiber Thickness application (Media
Cybernetics 2019) for Image-Pro. This application
allows the user to define the location(s) where the
width is measured, such as at the fiber center (where
the manual measurement was made) or at regular
intervals along the main axis, and can be used to
troubleshoot the discrepancy with Image] measure-
ments. However, fiber length cannot be measured
with the Fiber Thickness application, and it is there-
fore not a solution for the objective of the current
study. The suggested adjustments and troubleshooting
method for fiber width measurements will be tested in
a future study, which will focus on PLM due to its
lower cost and similar performance to SEM for
lengths as small as 0.5 pum. This future study will also
include an evaluation of Image-Pro performance using
TEM images as a best case for image resolution.
Although the width measurement can be improved,
the current evaluation showed that Image-Pro pro-
vided a reasonable estimate. The R* value for width
indicated that approximately 92% and 97% of the
variation in Image] measurements could be explained
by Image-Pro measurements in PLM and SEM
images, respectively (Table 2). Consequently, Image-
Pro can be used for concurrent measurements of
length and width, under the assumption that the
width measurement is an approximate value.

If the width measurement is improved, the perform-
ance of Image-Pro will be evaluated for curved asbestos
fibers, fiber bundles, and subsequently for a mix of par-
ticles representative of environmental samples, includ-
ing soot, dust, and asbestos fibers. If the fibers are
efficiently detected in mixed samples, the automated
measurement may become a candidate for a new
standard method of asbestos and other fiber analysis. It
would be similar to standard methods that utilize
PCM, which only require measuring up to 100 fibers
due to excessive manual analysis times (Baron 2016),
but would have the advantage that lower concentra-
tions could be measured because thousands of particles
could be analyzed in a fraction of the time. PLM rather
than PCM images would be used because PCM images
are not suitable for automated analysis due to a lack of
consistent contrast with the background. Specifically,
some fibers (usually thin) were darker than the back-
ground, others (usually thick) were brighter than the
background, and some individual fibers had sections
that were both brighter and darker than the back-
ground (Figure 6, top). For samples that contain mostly
fibers, the automated method can be used measure a
statistically significant number of particles and obtain a
representative size distribution for the length, width,
and calculated aerodynamic diameter.
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Fritzsch et al. (2013) reported that the time
required to measure 32,509 particles in 700 light
microscope images manually and using Image-Pro
Plus (Version 7.0) was 6 months and 1hr, respect-
ively. The analysis time with Image-Pro per image in
the present study was less than a minute when exclud-
ing time for the corrections due to attaching or over-
lapping fibers. For manual measurements, the analysis
time was dependent on the number of fibers in an
image, although it generally ranged from 30 min to
60 min per image.

Conclusions

Manual and semi-automated image analysis methods
for asbestos fibers were compared using PCM, PLM,
and SEM images to determine if a fast method for
concurrent measurements of fiber length and width
could be obtained with Image-Pro software. It was
found that PCM images were not suitable for semi-
automated analysis because there was a lack of con-
sistent contrast with the background. Some individual
fibers appeared brighter than the background, others
were darker, and a few individual fibers had brighter
and darker sections. However, asbestos fibers in PLM
and SEM images had consistent contrast and could be
characterized by semi-automated analysis. Based on
the results of the present study, length measurements
in PLM and SEM images with Image] and Image-Pro
software
Measurements using PLM images were as accurate as
those for SEM for fibers lengths as short as 0.5 um.
The width measurements of Image] and Image-Pro
did not show as strong of a relationship for either
PLM or SEM images. However, reasonable estimates
for width were obtained, in that, 92% and 97% of the
variance in Image] measurements could be explained

showed a nearly 1:1 relationship.

by Image-Pro using PLM and SEM images, respect-
ively. Because of attached and overlapping fibers, the
analysis with Image-Pro was not a fully automated
procedure. Yet, it is still a fast and reasonably accurate
procedure when compared to time-consuming manual
measurements of fiber length and width.

Disclaimer

The findings and conclusions in this report are those of the
authors and do not necessarily represent the official pos-
ition of the National Institute for Occupational Safety and
Health, Centers for Disease Control and Prevention.
Mention of any company or product does not constitute
endorsement by NIOSH.
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