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Abstract

S. Karger AG, Basel

Air sample data were collected during asbestos abate
ment of two buildings using area and personal sampling
methods. Abatement involved removal of pipe insula

Introduction

tion from crawl spaces. The two sampling methods were

measurements and is not applicable for exposure and

During asbestos abatement exposure to airborne asbes
tos fibers is determined by air sampling. These data are
subsequently used for evaluating the potential degree of
hazard [1-14]. A number of studies of airborne occupa
tional exposure [15-21] have suggested that personal air
samples, as compared to area samples, exhibit a higher
concentration which is not related to area (stationary or
fixed location) samples [16-22]. Few studies have con
cluded that area and personal samples are comparable [8,
23]. The concentration to which workers are exposed is
used for establishing effectiveness of engineering controls,
employment of personal protective equipment (PPE) and
determination of exposure and hazard assessment [8, 2426]. Some specifications [27-30] and regulatory agencies
[31] require employment of PPE without consideration of
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compared to determine if there was a relationship be
tween them. A relationship was observed between area
and personal airborne samples in building 2 as deter
mined by correlation and regression but is most likely
due to chance. One major outlier was detected for both
area and personal measurement sample data sets in
building 2. It.was concluded that any relationship be
tween area and personal sample measurements must be
viewed with caution. Concentrations measured from
personal sampling were statistically higher than those
from area sampling. Also, the distributions of concentra
tions in the samples were calculated to be nonnormal
(logarithmic form). It is proposed that area sampling
under-estimates worker exposure compared to personal
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likelihood of exposure or historical data. Use of area sam
pling as compared to personal sampling is often a result of
convenience [8, 21, 32]. Consequently the evaluation of
an association, if any, between area and personal samples
is important for the abatement industry since area sam
ples are often used to estimate exposure to workers [8].
Several studies related to asbestos abatement [8, 33, 34]
have evaluated an association between the two sampling
methods (area and personal) and have suggested that
there may be no difference in fiber concentrations [2, 8].
Other studies of airborne contaminants have suggested
that a relationship may exist [15, 16, 18]. However, stud
ies which reported no association between area and per
sonal samples were conducted for nonabatement indus
tries [17-20].
Airborne concentration studies in the occupational en
vironment have been suggested to be nonnormal and are
best represented by a logarithmic distribution [8, 19, 25,
26, 34-37]. An understanding of distribution for occupa
tional contaminants, such as asbestos, is important since
this will have a strong influence for evaluating exposure
measurements, potential health effects, epidemiological
findings, and variability of air samples [8, 36-40].
The present study collected matched area and personal
air samples during asbestos abatement in two different
buildings for the purposes of comparing concenti:ation
data and evaluating sample concentration distribution.
Data collected in this investigation were taken to evaluate
the relationship between the two sampling methods. Dis
tribution of airborne asbestos was also evaluated. Com
parison studies of this nature will assist regulatory agen
cies, contractors, industrial hygienists, epidemiologists,
toxicologists, and others in establishment of sampling
strategies for abatement projects and exposure determina
tions (exposure and hazard assessment) [8, 33, 34, 41].

mined with a calibrated rotameter at the beginning and end of each
sample period [8, 34, 35, 44]. Samples were collected on a 0.8 µm
pore size mixed cellulose ester membrane filter with a 25-mm electri
cally conductive extension cowl cassette [6, 8]. Analysis was per
formed using phase-contrast microscopy as described by the Na
tional Institute for Occupational Safety and Health 7400 method
[6, 45].
The type of abatement work involved removal of friable pipe
insulation, contaminated dirt, encapsulation, and cleanup of asbes
tos-containing material (ACM). Approximate quantity of work for
each day of sampling was estimated by observation. The program of
work involved abatement in two different buildings. Building 1 con
sisted mostly of air cell pipe insulation and building 2 was primarily a
mag pipe in ulatio,n. Nine samples were collected from b ui l di ng I
and 13 samples from building 2. Abatement procedures followed the
OSHA and Environmental Protection Agency (Asbestos Hazard
Emergency Response Act, AHERA) protocols [3, 6]. Tbe abatement
time period for both buildings together was 22 days with one set of
paired samples collected each day of work. Statistical analysis was
conducted for each building separately. ALI samples were collected by
one of the authors (B.D.K.).
Summary airborne asbestos concentrations are reported as arith
metic (AM) and geometric means (GM) [8, 34, 46]. Variation of these
data is provided as standard deviation (SD) [46], geometric standard
deviation (GSD) [26, 34] and range [8, 25]. For statistical compari
son of matched area and personal samples, the Wilcoxon signed-rank
and Z tests were employed for nontransformed and transformed
data, respectively [47, 48]. Correlation coefficients were determined
for sample values that were non-transformed and converted (trans
formed) to a logarithmic (common) value [34, 35]. For nontrans
formed and transformed data the Spearman rank order correlation
and Pearson's product-moment correlation tests were used, respec
tively [48-51]. Regression analysis using ordinary Least squares was
performed for both nontransformed [52] and transformed data [21,
23, 53). Correlation tests (54] and AM, SD, Wilcoxon signed-rank
and regression [55] were determined using computer programs. GM
and GSD were determined by converting values to a common loga
rithmic number, obtaining a summary statistic with the computer
program, and calculating the descriptive statistic using an exponen
tial conversion as described by Leidel et al. [40]. Statistical analysi
was conducted with and without outliers.
Confidence intervals (CI), 95%, were determined for summary
data using a technique for nonnormal populations [56]. Evaluation
for distribution of data was conducted using the Shapiro-Wilk W test
[8, 37, 57, 58). For t est i ng distribution, data were transformed using
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common logarithms (log-normality) [37, 58, 59, 60]. Determination

Both area and personal samples were collected at the same time

ducted for transformed and non-transformed (arithmetic concentra

of major outliers and coefficients of skewness and kurtosis was con
and from the same location (matched or paired samples, within the

tion values) data using a computer program [55]. Statistical signifi

work area) and are represented as fibers per cubic centimeter

cance for the Wilcoxon signed-rank test, correlation, regression, djs

(f·cm-3) (8]. All personal samples were collected from the breat11ing

tribution and outliers were determined at the 5% level. Bulk samples

zone and reported as a time-weighted average (TWA) as described by

of the ACM were examined by polarized light microscopy and asbes

the US Occupational Safety and Health Administration (OSHA) [6].

tos content reported as a pe rcentage value [3].

Area samples were collected from the work area, inside the contain

The concentration detection limit was established as 0.01 f·cm-3.

ment, using high-volume pumps that were 3-5 feet off the ground

Sample concent ra tions that were reported as less than the detection

surface [42]. TWA met11odo!ogy was used for calculating a.rea sample

limit were included in summary data and statistical calculations as

concentration [6, 40, 43]. Area and personal samples were collected

0.01 f·cm-3 [8].

for 8 h a day, or as near as possible, using a flow rate of 10 and
2 liters· min-1, respectively [3, 6]. All sampling was open face with
the cassette in a downward facing position [1]. Flow rate was deter-
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Table 1. Building l descriptive data and
summary statistics for results of f iber counts

Type

n

AM

SD

GM

GSD

Range

Sample
distribution

(f·cnr3 TWA)
Area samples

9

0.03

0.02

0.02

2.03

0.01-0.07

1SD77.8%
2SD 88.9%
3SD100%

Personal samples

9

0.07

0.04

0.05

2.71

0.01-0.14

I SD77.8%
2 SD100%
3SD100%

n=Number of samples; range=arithmetic range.

Table 2. Building 2 descriptive data and
summary statistics for results of fiber counts

Type

n

AM

SD

GM

GSD

Range

Sample
distribution

(f·cm-3-TWA)
Area samples

13

0.03

0.04

0.02

2.42

0.01-0.14

I SD84.6%
2SD92.3%
3SD100%

12+

0.02

0.02

0.02

2.03

0.01-0.07

I SD83.3%
2 SD91.7%
3SD100%

Personal samples

13

0.08

0.10

0.05

2.47

0.01-0.40

I SD92.3%
2SD92.3%
3SD92.3%

12+

0.05

0.03

0.04

2.00

0.01-0.13

1SD75%
2SD91.7%
3SD100%

n =Number of samples; range= arithmetic range; +=samples without outlier.

Results

Asbestos abatement procedures in this study involved
the removal of pipe insulation, contaminated dirt from a
crawl space and encapsulation of surfaces and pipes. The
location of this work was in central Pennsylvania, USA.
Procedures followed the OSHA and EPA regulations for
abatement of ACM [3, 6]. All samples were collected as
matched pairs, one personal and one area, each work day
in the same work (containment) location. Tables 1 and 2
provide descriptive data and summary statistics for sam
ples collected and analyzed. Sample data, type and esti
mated quantity of work, at each building, for each day, in
f. cm -3 TWA, for area and for personal measurements are
shown in table 3. Confidence intervals of the AMs of
buildings 1 and 2 for area and personal sample data were
±0.01 (area building 1) and ±0.02 (personal building 1),
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and ±0.03 (area building 2) and ±0.05 (personal build
ing 2), respectively.
OSHA established a maximum exposure level of air
borne asbestos for abatement workers before they are
required to employ respiratory devices and other PPE [6].
This airborne limit is defined as the permissible exposure
limit (PEL) and is 0.1 f·cm-3 TWA for airborne asbestos
[6, 43]. Most of the sample results were below the OSHA
PEL. Both the AM and GM for area and personal samples
were below the OSHA PEL for buildings 1 and 2. The
approximate concentration of asbestos in both types of
insulation was 40% as determined by polarized light
microscopy. Soil samples had asbestos debris from the
pipes and some samples had a concentration greater than
1%.
Both populations of area samples from buildings 1 and
2 and personal samples from building 2 were determined

Lange/Kuhn/Thomulka/Sites

Table 3. Area and personal sample results
(in f·cm-3 TWA) and type/quantity of work

Time

Type of activity/quantity of material abated

Fiber
concentration

performed for each study day

Building I
Day 1

glove-bag300 If

Area0.01
Personal0.01

Day2

glove-bag 800 lf

Area0.02
Personal0.14

Day3

glove-bag700 lf, dirt removal7,400 sf and bag-out

Area0.02
Personal0.11

Day4

glove-bag! ,200 If and dirt removal4,800 sf

Area0.07
Personal0.07

Day5

glove-bag500 lf and dirt removal2,000 sf

Area0.05
Personal0.10

Day6

glove-bag 600 and dirt removal2,400 sf

Area0.03
Personal0.10

Day7

Dirt removal1,000 sf and bagging of material (double bagging)

Area0.01
Personal0.06

Day8

glove-bag 400 If, dirt removal l,600 and bag-out

Area0.02
Personal0.06

Day9

encapsulation

Area0.01
Personal0.01

Building 2
Day 1

Area0.01

glove-bag 1,000 If and dirt removal4,500 sf

Personal0.01
Day2

glove-bag800 lf and dirt removal 3,200 sf

Area0.01
Personal0.02

Day3

glove-bag400 lf, dirt removal 1,600 sf and bag-out

Area0.07
Personal0.08

Day4

glove-bag 300 If and dirt removal 1,200 sf

Area0.05
Personal0.13

Day5

dirt removal900 sf

Area0.01
Personal0.04

Day6

glove-bag 400 lf and dirt removal1,600 sf

Area0.01
Personal0.04

Day7

glove-bag500 If and dirt removal2,000 sf

Area0.02
Personal0.04

Day8

glove-bag1,200 If

Area0.14
Personal 0.40

Day9

glove-bag500 If and dirt removal2,000 sf

Area0.03
Personal0.04

Day 10

dirt removal2,000 sf, bag material (double bag) and bag-out

Area0.01
Personal0.05

Day 11

dirt removal2,000 sf and bag-out

Area 0.02
Personal 0.06

Day12

dirt removal2,000 sf

Area0.03
Personal0.10

Day13

bag-out, final clean and encapsulation

Area0.01
Personal0.03

If =Linear feet; sf =square feet.
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to be nonnormally (logarithmic) distributed. The popula
tion of personal samples from building 1 was normally
distributed. If a 1% level is employed both area and per
sonal sample data from building 1 were normally distrib
uted. Building 2 data remained nonnormally distributed
at 1%. These distributions for building 1 are supported by
the percentage of values associated with the SD shown in
table 1.
One major outlier was identified for both area and per
sonal samples of building 2 when represented as nontrans
formed values. No outliers were identified for building 1
sample data. No outliers, in either building 1 or 2 samples,
were identified when these data were transformed. Coeffi
cients of skewness and kurtosis for area and personal sam
ples for nontransformed values from building 1 were 1.20
and 3.16, and -0.19 and 2.03, respectively. Personal sam
ple data from building 1 suggests normality based on skew
ness at a 5% probability level [60]. If this probability level
is evaluated at 1%, both area and personal samples are sug
gested to be normal in distribution. For building 2, skew
ness and kurtosis for area and personal samples for non
transformed values were 2.08 and 6.49, and 2.64 and 8.92,
respectively. Using probability levels for skewness, both
area (2.08) and personal (2.64) data are at a level of greater
than 1% from a normal distribution, suggesting nonnor
mality [61]. When these data are transformed, for skew
ness and kurtosis [62], area and personal data from build
ing 1 are 0.43 and i:o2, and -1.62 and 4.87, and building 2
are 0.83 and 2.55, and 0.49 and 3.57, respectively.
Data, with and without the outliers, represented as
both nontransformed and transformed values, were statis
tically different as determined by the Wilcoxon signed
rank and Z tests. Both the arithmetic and geometric
means were larger for personal samples than area samples.
Personal sample data also have a larger range than area
samples. GSD were similar for building 2, but descrip
tively different for building 1. GSD for area and personal
sample data suggest a relatively high variation [8, 40], but
within the range of variation reported for occupational
exposure [8].
Building 1 nontransformed and transformed matched
(paired) data were not statistically correlated as evaluated
by the slope of the line. There were statistical correlations
for matched samples with and without inclusion of the
outliers for both the nontransformed and transformed
data of building 2. For building 2 testing for the slope of
the line was found not to be equal to zero (p < 0.05). Cor
relation coefficients (R2) for building 1 nontransformed
and transformed data were 0.60 and 0.10, and for build
ing 2 were 0.82 and 0.88, respectively.

196

Indoor Built Environ 2000;9: 192-200

Regression analysis for building 1 nontransformed and
transformed sample data had coefficient of determination
values (R2) of 0.10 and 0.25, respectively, and both were
statistically unrelated (significantly different). Building 2
sample data, nontransformed and transformed, with and
without an outlier, were statistically related. Coefficient
of determination values of building 2 for nontransformed
and transformed data, with the outlier, were 0.49 and
0. 71, respectively.

Discussion

This study evaluated the relationship between area and
personal airborne fiber concentrations of matched sam
ples that were collected during an asbestos abatement pro
ject. Previous occupational publications have reported
both a relationship [8, 23] and no relationship [15-18, 20,
21, 34, 40] between these two sample collection methods.
It has also been reported [8] that there is no statistical dif
ference for concentration values between asbestos air
borne area and personal measurements, although other
studies have not supported such findings [16-18, 20, 34].
OSHA requires employers to collect personal samples for
assessing potential exposure to workers of airborne asbes
tos [6]. There is no reference in the regulatory standards
discussing use and application of area samples for deter
mining individual exposure or for supporting this method
as a mechanism of occupational (personal) sampling for
asbestos. However, area sample data are often used for
determining exposure of workers in lieu of personal sam
ple data in the abatement industry [8]. Information
regarding associations between area and personal air
borne asbestos samples is important for evaluating expo
sure criteria and determination of the hazard assessment,
as well as the underlying sample distribution [8, 18, 20,
21, 26, 37]. Generally, area samples are employed for
environmental and public health protection, evaluation of
emission controls and general concentrations of fibers in
the work location, including inside and outside the regu
lated area (containment area) [2, 9]. Personal samples can
also be used for decision criteria beside those of occupa
tional exposure [8, 34].
A previous study [8] found a relationship between the
two sample collection methods, however, sample collec
tion in this published investigation did not evaluate con
centrations that were of a TWA. The investigation pre
sented here, which employs samples that are TWA mea
surements, does partially support an association between
area and personal samples based on correlation coeffi-

Lange/Kuhn/Thornulka/Sites

cients. However, any association between area and per
sonal samples must be viewed with caution since previous
investigators have suggested a lack of association [17, 18,
2 1, 34, 63]. Correlation for area and personal sample data
from building 2 suggests that these results vary together.
However, there was no correlation for building 1 data.
Regression analysis suggests that a statistical relation
ship does exist for samples taken in building 2, but not for
building 1. Building 2 nontransformed and transformed
data suggest that approximately 49 and 71 % of the varia
tion, respectively, 'account for' variability of area or per
sonal samples [4 7, 48]. Data from building 2, particularly
when transformed, suggested area and personal samples
exhibited a relationship to each other and a possible
regression equation could be developed. However, the
lack of relationship for building 1 data, a statistical differ
ence for concentration values in both building samples,
area vs. personal, and previous findings [18, 34] of no
relationship must temper any reported association. When
these factors are considered for this study data, there may
be no true relationship between measurements; area and
personal exposure concentrations [8, 34, 40].
The concentration means for the two sampling meth
ods, area vs. personal, for buildings 1 and 2 were both
descriptively and statistically different. When CI values
were evaluated for samples from both buildings, there was
no overlap of the aritpmetic range of either area or per
sonal samples for building 1, but an overlap of range
existed for building 2 (tables 1, 2). For building 2 the
upper CI for area samples is 0.05 f·cm-3 and the lower CI
for personal samples is 0.03 f·cm-3. These analyses sup
port the observation that personal samples show a higher
airborne concentration than area samples as has been
reported in other publications [17, 18, 20-22, 34, 40].
Since data reported in this investigation are TWA and
matched, the confounders of workers leaving the general
location, episodic releases, continuous operation of area
samplers at a fixed location, and other related workplace
practices are somewhat minimized. However, these var
ious work practice factors, the type of material abated,
engineering controls, and variations of sample data must
be considered in any reported relationship of area and
personal measurements [8, 20, 21, 24, 43, 64, 65]. Such
factors and activities may explain the previously reported
relationship for area and personal samples [8], and the
partial relationship observed in this study.
Area samplers may give higher concentrations since
these stationary devices can be placed at fixed locations
where the highest 'exposure' levels are expected [8, 19,
24]. Employment of this type of sampling is suggested by

the authors to be inappropriate since an overestimate of
exposure would result when the data are compared to per
sonal measurements [8]. However, based on the data pre
sented in this study and the work of others [ 18, 20, 21]
area samplers will more likely underestimate exposure
and subsequent respiratory requirements [8, 15- 18, 20,
21, 63].
The present investigation has determined, as had pre
vious studies [8, 20, 21,23-25, 34-36, 40, 66-69] of distri
bution for asbestos and other airborne dusts/contami
nants, that workplace (occupational) airborne concentra
tions are nonnormally distributed [70]. A difference in
distribution upon transformation finds, as in previous
studies [8, 34, 35], that asbestos airborne dust is best
represented as a logarithmic form. As a result of this
observed distribution, summary data would be best repre
sented as GM and GSD [34, 35, 40]. However, some stud
ies have suggested and reported data as the AM and SD
rather than nonnormal summary data descrip�ors [46, 59,
71].
It has been suggested that AM is more representative of
the health outcome following long term and chronic expo
sure to occupational hazards [72]. Use of an arithmetic
value may also better represent the average dose and pro
vide a less biased summary statistic that can be employed
for occupational epidemiological studies [8, 73-75]. Re
porting data only in parametric descriptors does not pro
vide information of the underlying distribution and asso
ciated trends. Therefore, its has been suggested by some
that both parametric and nonparametric descriptors
should be included for representing sample location and
dispersion [8].
The GSD and range suggest that the data are highly
variable. Other studies (8, 15, 65, 76, 77] have also
reported that occupational contaminants are highly vari
able. Personal sample measurements appear to have the
largest variability in this study as evaluated by SD, GSD
and range.
Summarizing the air sample data, as evaluated by AM
and GM, indicated that the work practices used generally
maintained an airborne concentration of asbestos below
the OSHA PEL. The range for personal samples taken in
both buildings 1 and 2 suggests that numeric excursions
above the OSHA PEL do occur. However, for compliance
purposes, sample data from building 1 cannot be demon
strated to exceed the OSHA PEL [39]. When evaluation of
individual sample CI, the largest value, and means (AM
and GM) were considered for building 2, there appeared
to be some sample values that exceeded the OSHA PEL.
For building 2, when the summary CI value of± 0.05 was
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considered, one value (0.40 f·cm-3 TWA) clearly ex
ceeded the OSHA PEL. This value is a major outlier war
ranting caution before concluding that the OSHA PEL
had been exceeded, especially when compared to other
exposure values collected that involved performing the
same activity (glove-bag), mean (AM and GM) values,
and sample variability [8,39]. Evaluation of outliers must
also be viewed in regard to interpretation of regulatory
compliance with the OSHA PEL, particularly as to wheth
er exceedance is determined by an individual measure
ment (single shift) or cumulative exposure [39]. Decisions
regarding exposure based on the highest concentration
value, especially when considering outliers, may result in
'fallacious interpretation' and inappropriate actions, such
as employment of respiratory protection [8]. When the
outliers are removed summary and individual data sug
gest for building 2 that the exposure concentration is like
ly below the OSHA PEL. Thus, a hazard assessment of
these data does not support a requirement for workers to
use respirators for activities described, especially when
the method of analysis (phase-contrast microscopy) for
fibers is considered not to be specific for asbestos [2, 43].
Data presented could be considered historical in nature
(historical data) [8], however, the variation reported for
asbestos exposure concentrations must caution applica
tion of this information without additional site-specific
monitoring data [8].
There does not appear to be a descriptive association
with the amount df work performed and the exposure
concentration. Level of exposure may be a function of
engineering controls, condition of material, work area,
mobility of the worker, work practices by the individual
and variation of concentration day-to-day (within) and
between workers [8, 21, 25, 26, 39, 43, 65, 78-82]. The
lowest exposure concentration is associated with cleanup.
Bag-out appears to be generally the second lowest activity
for exposure with glove bag procedures being the highest.
In evaluation and formation of a hazard assessment
from exposure data, other factors such as the analysis
methodology must be considered. The method recognized
by OSHA for analysis of fiber concentration, PCM, is not
specific to asbestos fibers, but rather is a measure of all
airborne fibers [43, 80]. Since most ACM are usually less
than half asbestos, the majority of fibers identified by
phase-contrast microscopy are non-asbestos [2, 43]. The
PEL as established by OSHA is designed to protect a
majority of persons employed in the 'asbestos industry'
for 45 years on the basis that their exposure is 40 h a week,
with 50 weeks of work per year [43]. If this scenario is
extrapolated to asbestos abatement workers, most, if not
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all, will not achieve the entire time period of exposure for
the upper limit of the OSHA PEL. Much of the worker's
time is spent in setup and teardown, which has been sug
gested to have exposure that is better represented by
ambient concentrations of asbestos [2, 43]. Thus, periodic
exceedances above the OSHA PEL may not be of critical
importance to potential health outcomes [39], although
they cannot be totally ignored or overlooked from an
industrial hygiene and toxicological perspective.
Primary questions related to occupational exposure
and measurements are in regard to respiratory protection,
other forms of PPE and applicability of engineering con
trols, including work practices. OSHA through this respi
rator standard has stated that respirators should not be
employed if their use creates a hazard [29 CFR 1910.134
(c)(2)(i)]. From the present investigation and other studies
[l, 8, 34, 35, 43, 80, 81], if reasonable engineering controls
are employed and appropriate work practices instituted
fiber concentrations will most likely be below the OSHA
PEL and so eliminate the regulatory requirements of res
pirator use. However, some have considered that respira
tors should be used regardless of airborne concentration
[27-30]. This practice does not consider factors related to
interpretation of the OSHA PEL [39], importance and
applicability of engineering controls [8, 24, 25] and physi
ological stressors of respirator use [83]. Use of respirators
at exposure concentrations below the OSHA PEL may
actually be more harmful than beneficial when all factors
are considered [34, 80, 83-85]. Physiological and related
factors must be considered when conducting and formu
lating a hazard assessment and deciding respiratory re
quirements [80].
The value of the limit of detection was used for data
values at or below the limit of detection for statistical cal
culations in this study [34, 70]. Some investigators [50,
86] have suggested that one half of the detection limit val
ue should be used for statistical calculations. Use of the
detection limit value provides the highest numerical ex
posure and may be more applicable for some studies as a
method of incorporating a safety factor and in determin
ing exposure and hazard assessment criteria.

Conclusion

This study has provided data on area and personal
samples that were collected during asbestos abatement.
These data suggest that if engineering controls and appro
priate work practices are employed fiber levels of asbestos
can be generally maintained below the OSHA PEL. Air-
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borne concentration of asbestos appears to differ accord
ing to the type of activity performed [8]. A previously sug
gested relationship between area and personal samples as
associated with asbestos abatement [8] is not fully sup
ported by this study. Data presented in this investigation
suggest that personal samples were statistically higher in
concentration as compared to area samples. It is suggested
that personal sampling gives the best measure for expo
sure evaluation and subsequent hazard assessment of the

occupational environment [18, 2 1 , 24, 34, 63, 80]. Use of
area sampling for predicting occupational exposure
should be employed with caution. As reported in previous
studies [8, 34, 35] airborne asbestos concentrations are
nonnormally distributed and have high variability. Addi
tional studies are warranted for evaluating exposure of
asbestos during abatement and concentration relation
ships between area and personal sample measurements.
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