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This study on four pieces of heavy construction equipment
was conducted to determine the concentration of airborne
ashestos fibers during in-frame maintenance and repair ac-
tivities, which included aggressive techniques that resulted
in visible dust from work involving friction products and
gaskets Despite execution of a carefully planned sampling
strategy, approximately 10% (47} of the samples collected
could not be analyzed due to overloading or filter damage.
To include the overloaded samples in the data analysis,
surrogate values were estimuated following a time-activity
model Twelve long-term personal samples, 2 short-term, 30-
min personal samples, and 31 long-term area samples were
modeled. Personal and area time-weighted average (TWA) data
were analyzed both with and without the estimated surrogate
values and compared A total of 444 samples were collected
over 9 days. Four experienced heavy equipment mechanics
removed and replaced friction products and gaskets. Samples
were analyzed using NIOSH Method 7400 Phase Contrast
Microscopy followed by NIOSH Method 7402 Transmission
Electron Microscopy Sample data information including the
surrogate values for the full-shift, TWA personal sample results
ranged from 0.002 to 0 064 ushestos flce. Personal, shori-term,
30-min sample results, including the two surrogate values,
ranged from 0 038 to 0 561 ashestos flce Full-shift TWA area
samples, including the 31 surrogate values, ranged from 0.005
to 0.039 ashestos flec. Area air sample results at the end of
the project were similar to levels measured before the start
of the project. No fiber concentration buildup within the work
area was indicated over the 9-day study All full-shift personal
and area TWA sample results were below 0.1 flce, and short-
term 30-min personal samples were below 1.0 flcc. Statistical
results of the sumple data with and without the surrogate values
were consistent Use of the time-activity model reduced the
uncertainty associated with this data analysis and provided a
consistent logical process for estimating surrogate values to
replace missing data

Keywords asbestos-containing, chrysotile, exposure assessment,

friction products, gaskets, time-activity model
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INTRODUCTION

A shestos has been used in certain applications of en-
gine gaskets and friction products in high- and low-
speed antomobiles, ftrucks, buases, light duty equipment, and
heavy construction equipment. Workers involved in repair or
replacement of gaskets and friction products used in beavy
construction equipment are potentially exposed tv ashestos
fibecs. The authors anticipated and hypotbesized that rosulting
aichorne asbestos fiber levels would be below 0.1 {icc 8-
hr time-weighted average (TWA) and 1.0 f/cc 30-min shore-
term exposure limit (STEL). The hypothesis was based on
the previous work experience of the authors and results of
published studies discussed herein.

Conducting an assessment for asbestos exposures on me-
chanics performing maiotenance activities on heavy equipment
presents anamber of chellenges to sample collection and analy-
sis. The analytical roethods used to determing the concentration
of fibers are sensitive to the presence of other particles on
the filters. Activities such as welding, cutiing using torches,
and grinding may render the filter overloaded with particulate
matter, the result being that the sample cannot be analyzed.
This study experienced a percentage of samples that were
affected by these activities and as a result, 10% of the samples
could not be analyzed. To overcome problems associated with
filter overloeding and damage, the authors chose to apply
a tume-activity raodel commonly used 1o historical exposuce
assessment to estimate sarrogate values for replacement of the
missing data.! 2%

The study was conducted during June 2003 and pertormed
i a heavy equipraent repatr facility by wdependent aechanics
with extensive experience working on heavy equipment. The
work spanned a period of 9 days and was conducted on four
pieces of Caterpillar heavy equipmeni: A D8 Dozer (D5). &
12E Motor Grader (12E), a 930 Wheel Loader {930), and a
955 Track Loader (255,

Brakes. chitches, and engines detenuined hikely to be
original equipment with ashestos-containing components were
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dismantled. cieaned. and reasserubled. The gaskets, brake
linings, and clutch linings were removed and replaced.

METHODS

Work Layout and Ventilation

The repair facitity was couostructed of a steel frame and metal
skin and was fitted with two. farge, sectional steel overhead
doors. The interior was unfinished and the dimenstons were
17.1 m wide by 18.3 m long with a roof that varied from
3.7 m at the side wall to 8.5 m at the apex. Figure | shows
the location of the equipment daring the work and the location
of the overhead doors. The D8 was in Location A throughout
the study. Sequentially, the 12E, 830, and 955 were placed in
Location B and worked on during the study. Figure | shows
the layout of the facility and the location of equipment.

The repair facility was not equipped with a mechamicab
vertilation sysfem. The study was conducted under routine
conditions with doors being opened only for entry and exit
of personnel. The overhead doors were opened only to move
equipment and supplies 1 and out of the repair facility or for
a few minutes following work activities, such as operating the
diesel engines, welding, and grinding or other activities that
generated dense smoke or fume. A pedestal-mounted fan was
used by the mechanics at varions times to provide air movenent
inside the repair facility.

Prior fo and following work activities, the effective ventila-
tion rate (reported as the number of air changes per hour of the
facility was defermined by using carbon dioxide (COy) tracer
gas. The American Society for Testing and Materials (ASTM)
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FIGURE 1. Layout of repair facility and location ot heavy
equipment

[&)]
N
[o>]

Journal of Occupational ang Environmental Hygieneg

Method E 741-00 Standard Test Method for Deternining Al
Change in a Single Zone by Means of a Tracer Gas Dilution
was followed as a guideline.™

b

SAMPLING STRATEGY AND ANALYTICAL
METHODS

he facihity owners removed interfering construction
equipment and cardboard boxes from the repair facitity.

Ten background air samples were collected for approxi-
mately 145 min 2t 2 [ /min on the day priot fo the start of repair
activities. Five samples were collected inside the facility, and
five were collected outside the facility to establish background
fiber concentrations.

Personal and area air samples were collected each day with
sample pumps started prior to the initiation of work activities
and were stopped at the end of the day after completion
of work. Consecutive, fong-texm samples were collected on
each mechanic and at each area sampling location. Samples
were combined into TWASs over the whole sampling pevod fo
achieve full-shift TWA concentrations.

The short-ferm, personal monitoring periods were for
30 min and were collected durning activities when the mechan-
ics were directly irnpacting the asbestos-containing gasket or
friction material. These samples were collected to reflect peak
expositre concentrations from activities conducted over a short
period of time.

To determine average room fiber concentrations in air, a
procedure based on Enviroamental Profection Agency (EPA}
asbestos guidance documents was used."™" The occupicd
volume of the repaic facility was subdivided into 40320
modules. The volume of each medule equaled 0.03 m’. Only
arcas between the floor and 2 height of 3.7 m were included
in the random generation of area sample locations as this is
the zone where the mechanics worked. Eight of the modules
were selected osing a random number generator. A sample
cassette was Jocated in the center of the respective module for
the duration of cach day of resting. Area saruples were collectad
and analyzed using the same methods as the personal samples.

All background. personal, and arca samples weee collected
and analyzed following National Institue for Occupational
Safety and Health (NTOSH) Method 7400 for collection and
analysis by PCM.'"™ All air samples were vollected at o tate of
approximately 2 L/min. Samples with results above the limit
of detection (LOD) by phase contrast microscopy (PCM) were
subsequently analyzed by NIOSH Method 7402 Transmission
Electron Microscopy (TEM) to idemtify fiber type.”” TEM
analysis determinesg the fraction of asbestos fibers present on
the PCM filiers. This fraction was then multipiied by the PCM
fibers per cubic centimeter (f/ce) result in accordance with
NIOSH Method 7402 to obtain a PCM equivalent (PCME)
asbestos fice, All samples above the PCM LOD 1 the study
were subsequently analyzed by TEM.

For sample results below the LOD, the PCM LOD value
was used in the TWA calculation and/or statistical analyscs.

Juiy 2007



Missinyy Data.

.

A 4
Determine time period

(Tiotar) and tasks or
activities performed.

Break down the individual
tasks or activities along with
the corresponding time for
each separate one.

Task 1 Task 2 Task 3
Time 1 Time 2 Time 3

Review available.sample results
. for same tasks or similar activities.

Select sample result value(s) representative of each task
or activity and document the process used.'

Perform TWA calculation to estimate a surrogate
value for the missing data point. The sum of time
for all tasks or activities should equal Tyga).

Is the surrogate value reasonable when compared to
values of similar activities? If not, re-evaluate.

Combine surragats value with other
measurement(s) to obtain the full-shift
TWA estimate.

0

FIGURE 2. -Process framework for ihe time-activity model used 1o determine an egtimated surrogate value for rissing data. " Note. Tris value
may be based on an average, mean. maximum, or some other value. Although not used in the mode! for this paper, commercial software for
stochastic modeling 1s avallable to assist with selection of a representative value
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For example, if a sample was analyzed by PCM and resulted
in < 0.045 f/cc, a value of 0.045 f/cc was used as the value for
PCM and PCME. For samples analyzed by TEM, and where
the result after nmltiplying the PCM result by the TEM fraction
was betow the PCM LOD, the PCM LOD was used as the value
in the TWA calculation and/or statistical analysis. )
Surrogate values for missing (overloaded and damaged
filters) samples were estimated by using a time-activity model.
This model is consistent with methods described by Leidel
et al'® and Mulhausen and Damiano,! where professional
judgment is used to make inferences about exposure con-
centrations and the use of estimated surrogates in place of
missing data. The process used in this study is consistent with
the worker time-activity model described by Ramachandran
and Vincent® and Ramachandran,'? which is used fof
retrospective exposure assessments. Figure 2 describes the

L4

step-by-step process that determined the estimated surrogate
value to replace the missing sample data point.

Bulk Samples

Butk samples of friction and gasket materials and debris
created during the brake and clutch removal process were
collected and analyzed for asbestos content and mineral type
by polarized light microscopy (PLM) in accordance with
guidelines set forth in EPA Method for Determination of
Ashestos in Bulk Building Materials ¥

Statistical Methods

Descriptive statistical functions were performed 10 sum-
marize personal and arca data. Industrial hygiene inferen-
tial statistics 0 1h1D of the TWA full-shifi, personal sample

TABLE (. TWA PCME Personal and Area Samples Daily Statistics

Personal TWA Samples

Area Samples

Day Data Set? n Mis Max Mean Sid. Dev. . n ‘Min Max Mean Std. Dev.
1 AFS 2 0.002 0.041 0.024 0.028 0 — — — —_
1 APS 1 — — 0.007 — 8 0.004 0.006 0.005 0.001
1 BFS 3 0.002 0.033 0.016 0.017 8 0.006 0.008 0.006 0.001
2 AFS 3 0.005 0.007 0.006 0.001 8 0.005 0.006 0.006 0.600
2 APS Y — — — —_ 0 — — —_ —_
2 BFS 3 0.065 0.607 0.006 0.001 8 0.005 0.006 {3,006 0.000
3 AFS 2 0.020 0.028 0.024 0.006 & 0.005 0.022 0.014 0.605
3 APS 2 0.015 0.046 0.030 0.022 0 —_— — — e
3 BFS 4 0.013 0.036 0.024 0.016 8 (.005 0.022 G014 0.005
4 AFS 1 s — 0.003 — 0 — — — —
4 APS 2 0.008 0.009 0.008 0.001 8 0.013 0.018 0.014 0.002
4 BFS 3 0.005 0.007 0.006 0.001 8 0.007 0.007 0.007 0,000
5 AFS 0 — — — —_ 0 — — — —
5 APS 3 0.046 0.055 0.052 0.005 4 0.03 0.04 (.036 0.004
5 BES 3 0.045 0.064 0.053 0.010 8 0.034 0.039 (.036 0.001
6 AFS 3 0.011 0.012 0.011 ° 0.001 5 0.007 0.010 (1.008 0.601
6 APS 1 —_— — 0.011 — 3 0.007 0.010 (.008 0.004
6 BFS 4 0.011 0.012 0.011 0.001 8 0.007 (0.010 (.008 0.001
7 AFS 3 0.014 0.022 0.017 0.004 8 0.009 0.022 0.015 0.004
7 APS 0 —_ —_ — — 0 — — — —_
7 BFS 3 0.014 0.022 0.017 0.004 2 0.009 0.022 0.015 0.004
8 AFS 3 0.010 0.017 0.012 0.004 - 8 0.009 0.019 0.011 0.004
8 APS 6 - — — — 0 — — —_ —_
8 BFS 3 0.010 0.017 0.012 0.004 8 0.009 0.019 (4.011 0.004
9 AFS 4 0.008 0.019 0.014 0.005 3 0.008 0.017 0.011 0.003
9 APS 0 — — — — 0 — — — —
9 BFS 4 0.008 0.019 0.014 0.005 8 0.008 0.017 0.011 0.003
Total AFS 0.002 0.041 0.014 0.009 0.005 0.022 0,011 0.002
Total APS 0.008 0.055 0.022 0.003 0.004 0.040 0.016 0.001
Total BES 0.002 0.064 0.018 0.005 0.005 0.039 0.013 0.002

AAFS = TWA full-shift anatyzed data >390 min; APS = TWA partial- suft analyzed data <390 min; BFS = TWA analyzed plus modeied data.
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data and short-term 30-min personal sample data were also

determined. .

RESULTS

Ventilation

The effective ventilation rate with alf doors closed was 0,13
air changes per bour (ACH) and averaged 4.7 ACH with both
overhead repair facility doors open.

Background Air Samples

Ten samples were collected (5 inside/5 outside) but only
the inside facility samples were analyzed. Results ranged
from 0.012-0.025 total fibers/cc by PCM. These samples were
further analyzed by TEM and no asbestos fibers were detected
(PCME of <0.009 asbestos f/cc) in any of the five samples.

Bulk Samples

The removed and replaced brake materials from all four
pieces of equipment contaised from (5% to 95% chrysotile
asbestos. Bulk sample analysis for asbestos in brake debris
collected from all four machines yielded cither nondetectable
or less than 1% chrysotile asbestos. Removed and replaced
gasket materials positive for asbestos ranged from 3% 1o 85%
chrysotile. .

Personal and Area Samples

A total of 434 personal and area samples were collected
during work activities and analyzed: 192 area samples, 101
long-term personal samples, and 138 short-term samples.
Forty-seven (approximately 10%) of the 434 samples were

overloaded with particulate matter and could not be analyzed.
Three samples were excluded from the data compilation and
statistical analysis doe to pump faults that resulted in sample
times less thar 30 min or sample time uncertainty.

Fuil-Shift and Short-Term Personal Samples

Full-shift monitoring periods ranged from 6.5 hr to 9.5 i,
with over half of the samples in the 8-hr time period. Full-shift
sample collection ranged from one sample collected over a full
shift to collection ?f five samples averaged to determine the
full-shift TWA. From the 101 personal sumples, a total of 30
full-shift averaged personal samples were expected. For this
study, a minimum sampling time of 390 min defined a full-
shift personal sample. Twenty-one averaged personal samiples
met the full-shift criteria and are described as Data Set AFS
{full shift). The remaining nine personal TWAS were less than
390 min due to one or more overloaded saraples. The partial-
shift samples are described as Data Set APS (partial shift).

Sample filters that overloaded with particulate matter or
were damaged resulted in inconclusive data, which then
resulted in TWA samples failing to meet the selected full-shift
time criteria. To avoid loss of the missing cample data points, 2
time-activity model (Figure 2) was used to estimate surrogate
asbestos fibers/ce values. The estimated surrogate valve for
cach missing data point was then entered into the PCME TWA
calculation, The results of including the surrogate values into
the PCME TWAs are described as Data Sct BFS (full shift).

Personal full-shift TWAs by PCM analysis ranged from
0.005 ffcc to 0.049 f/ec with an arithmetic average vatue of
0.027 f/cc. Partial-shift TWAs by PCM analysis ranged from

Asbestos Fibersice

P PELCLELELEE
S SO SN SN S SOFCEI P S
R RO IS R N N RN

R
& 5
B R P I B I A I P e e e

FIGURE 3. TWA personal sample results——asbestos libers/oe by day and data set Note: The solia aircle on the graph indicales he average
value The hine extending through the circle indicates the range of the data AFS indicates Data Set A—TWA data -390 minutes. APS indicates
Data Set A—TWA partial-shift data <390 minutes. BFS indicates Data Set B—TWA fuli-shift data inciuding surrogate modeled data. Sample
Analysis by NIOSH 7400 followed by NIOSH 7402 Note: The maximum value for Data Set BFS ¢ different from AFS because one of the AFS
samples included an OL sample that when replaced with the surrogate value, the TWA was lower.
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TABLE il. Daily TWA Personal Sample Resuits with Activity Descriptions (Data Set BFS)

. Sample Information . Results
Person Surrogate Estimated Total Saxaple PCME TWA
Date Sampled Activity Value Time (min)* Time (min) N (Asbestos Fibers/cq)
Day | Mechanic #2 D8 - Cable control disassembly. 1 2E-removed wheels and brake 0 490 H 0.002
Day 1 Mechanic #3 D8 = Removed and replaced right cable control brake 131 536 4 0.033
Day 1 Mechanic #4 12 E —~ Removed and replaced the air filter, exhaust and intake manifolds. valve cover, and 123 494 3 3.007
engine héad ) )
Day 2 Mechanic #2 D8 — Removed parts to access the track brakes. Assisted with disconnection of the cable o 509 2 0.005
control unit from the body of the dozer. 12E —temoved and replaced rear brakes
Day 2 Mechanic #3 D8 —Removed and replaced left cable conirel brake, disconnected cable control unit from 0 409 2 €.007
body of D8
Day 2 Mechanic #4 12E - Removed and replaced rear brakes. cleaned engine head and block, replaced head gasket 0 509 2 0.005
and engine head, removed radiator connections and gaskets
Day 3 Mechanic #1  12E - Removed and replaced tear brakes, cleaned engine head and block, replaced head gasket ¢ 405 3 .028
and engine head, removed radiator connections and gaskets
Day 3 Mechanic #2 DS - Removed the left and right track brake bands, replaced Jefi brake band ~ 162 511 3 0.036
Day 3 Mechanic #3 DR —Removed and replaced clutch and cable puller linkage 162 512 3 0.013
Day 3 Mechanic #44 12E - Machine fluids replaced, oil filfer, crank case bieather and air filier parts and gaskets and o ° © 504 3 0.020
engine cover replaced. 930 — Removed and replaced the wheels, four brake caliper
assemblies, and brake pads
Dav4 Mechanic #2 D8 - Track band brake replacement and adjustment. Assisted with the removal of cluich using 350 517 2 Q.007
overhead hoist
Day 4 Mechanic #3 D8 - Removed parts 10 access the master clutch. Assisted with the removal of clutch using 223 520 3 3.008
overhead hoist )
Day4 Mechanic #4 955 — Removed engine cowling, exhaust manifold, rocker arm assernbly, valve cover, engine 0 493 2 0.005
studs, air intake manifold and aix filier, radiator hose connection, water themmosiat and the
engine head aléng with associated gaskels .
Day 5 Mechanic #1955 — Removed parts to gain access to the rear brake bands. Di sassembled and removed the 64 422 3 0.045
steering clutch linkages and assisted Mechanic #4
Day 5 Mechanic #3 D8 - Removed and replaced clutch drive and driven plate friction linings 155 483 5 §.052
Day 5 Mechanic #4 955 —Removed gaskets from the intake marufold, exhaust manifold, valve covet, radiator hose 274 449 5 0.064
pipe connection, and the oil cooler/water pump. Replaced ferrules, seals, gaskets and engine
head
Day 6 Mechame #1 D8 - Assisted with replacement of clutch, 955 - Removed thiee left side brake band asserablies 0 136° 3 0.011L
Iray 6 Mecharc #2955 Removed band brake, D8 Removed and teplaced clntch and cable puller linkage 4 438 4 0.312
Day 6 Mechanic #3 D8 — Reinstalled the clutch assembly and clutch linkage O 574 5 0.012
Day 6 Mechanic #4 955 - Reassembled with gaskelts the valve assembly, air intake manifold, exhaust manifold, 1} 576 5 .01 1

thermosiat, oil cooler surface, radiator pipe connection sucfaces. and air filter assemble
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Day 7 Mechanic #1
Day 7 Mechanic #3
Day 7 Mechanic #4
Day 8 Mechanic #1
Day 8 Mechanic #2
Day & Mechanic #4
Day 9 Mechanic #]
Day 9 Mechanic #2
Day 9 ‘ Mechanic #3

Day 9 Mechanic #4

955 - Removal of left side brake bands, replaced the oil cooler, radiator pipe. gaskets, and
radiator fan and fan guard.

D8 - Reassembled the clutch linkage and installed the transmission infer-lock assembly with
3ts original gasket. 955 - Assisted raechanic #1

D8 — Removed the “pony” engine exhaust pipe, pony engine supply tube, water manifold pipe,
exhaust and air intake manifold, and cylinder heads. Removed gaskets and cleaned engine
head and flanged surfaces

955 - Installed right- and left-side brake bands and steering linkages

955 - Installed the brake bands on the right and left side. Reinstalled brake and sieeting
linkages; D8 - Assisted with instaliation of engine head - .

D8 - Cleaned the exbaust/intake manifolds, {ront and rear cylinder heads, rermoved and
replaced gaskets

955 - Completed steering clutch and brake linkage installation and adjusted brakes.

D8 — Assisted Mechanic #4

955 — Completed steering clurch and biake linkage installation, adjusted biakes; DS — Assisted
Mechanics #1 and 4 with engine asserubly and replaced exhaust stack

D8 - Drained and 1eplaced oil, re-installed seats, levers, and steering linkages in cab

D8 - Cleaned valve cover surfaces, installed 1eplacement valve cover gaskets. Reinstalied fuel
lines, exhaust and water manifold gaskets, and air filter/intake pipe. Cleaned the “pony™
engine exhanst pipe flange and replaced gasket. Removed and replaced the fuel filter and
gaskets

G

O

547
540

482

08316

3.014

0.022

0.011

3010

0017

3019

0.013

(.008
038

-

4 The amountof time that the rime-activity model was used o estimare a surrogate value for tnclusion m the TWA.
8 The total amount of time this mechame worked on Day 6.



TABLE Bl Shori-Term, 30-Min Personal Sample
Daily Statistics '

Day Data Set n Min# Max
1 AST 4 <(.044 0.046
2 AST 6 <{(.044 0.045
3 AST 13 <(.044 0.561
4 AST 3 <0.043 0.045
5 AST (8 <0.043 0413
5 BST 20 <0.043 0.413‘
6 AST 23 <(.043 0.099
7 AST 30 «<(.043 0.170
8 AST 29 <(.044 0.18Q,
9 AST 9 <0.045 0.045
Total AST <0.043 0.561
Total BST «<0.038 0.56t

Nores: AST indicates analyzed data only; BST indicates analyzed plus
modeled dais.
AMinimum values were alf less than the mit of detection for the sampling

method.

0.011 f/ee 10 0.176 f/ec with an arithmetic average value of
0.053 ffcc. The minimure PCME value result for data sets AFS
and BFS was 0.002 asbestos ffec, and 0.008 ashestos e for
Data Set APS. The maxinmum PCME values were 0.041 for
Data Set AFS, 0.055 {or Data Set APS, and 0.064 asbestos f/cc
for Data Set BFS. The means were simiiar with Data Set AFS
at 0.014 asbestos {/cc, Data Ser APS at 0.022 ashestos f/cc.
and Data Set BFS at 0.018 asbestos ffcc. Table | and Figure 3

present the daily statistics for personal PCME TWA samples
and Data Sets AFS, APS, and BFS, A comprehensive list of
work activities and sample information for full-shift TWAs
representing Data Set BES values are presented in Table 11,

One hundred and thirty-cight short-teom samples were
collected. Of those, 136 samples were analyzed. Two samples
on Day 5 were overloaded with particulate matter and could
not be analyzed. The analyzed samples are designated as Data
Set AST (short term). The time-activity model was used to
estimate surrogate values for the two missing data points and
the combination of these values and the analyzed samples are
designated as Data Set BST.

All short-term samples were collected for 30 min except
for one 34-min sample. Table III and Figure 4 present the
sample data grouped and analyzed by day. The range of results
of the 30-min short-tern samples for Data Set AST by PCM
analysis was lessthan the LOD (< 0.043 ffec) t0 0.561 flec. The
range of results for Data Sets AST and BST by PCME analysis
were less than the detection limits of 0.043 and 0,038 asbestos
flcc to 0.561 asbestos ffcc for both PCME data sets. Mean
values were not calcolated due to the high fraction of censored
data.

Gaskel and friction-related excursion limit samples were
grouped and analyzed to determine exposure concentrations
for the various activities. Data were grouped 10 evaluate the
results by 2 variable such as perceived aggressive activities,
including scraping, hammering, riveting. abrasive cufting. and
cleaning surfaces using a die grinder or compressed air. The
PCM and PCME results of the sample data grouped by activity
are presented in Table 1V.

1.00

0.80,

060

Asbestos Fibers/cc
p
=
o

0.20

0.00

followed by NIOSH 7402

¢

fé gré

¢ &

FIGURE 4. Short-ierm personal sample results by day. Note: The sclic diamond on the graph indicates the average vaiue The line extending
through the diamond indicates the range of the data. AST indicates Data Set A, BST mndicates Dala Set 8. Sampie Analysis by NIOSH 7400
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TABLE IV. Short-Term Personal Samples by PCM and TEM

.

Analysis by NIOSH 7400
Phase Contrast

Aunalysis by NTOSH 7460
PCM and NIOSH 7402 Transmission

Sample Microscopy (PCM) Electron Microscopy (TEM)?
Information® :
Activity NG Min, Max. Avg. Std. Dev. Min. Max. Avg. Std. Dev.
Friction-Related Work '
Band brake removal ' 17 0.043 0077 0.048 0016 0043 0.058 0.045 0.604
Removal of rivets and friction lining from 4 0.044 0.044 0044 0000  0.044 0044 0.044 (.000
brake band or brake shoe
Cutting band with abrasive disc 2 0049 0361 0305 0362 0049 0561 0305 0.362
Removal of disc brake assembly 5 0044 0044 0.044 0000 0044 0044 0044 0.000
Brake replacement and adjustment 28 0043 0104 0047 0012 0043 0.045 0044 0.001
Rivet replacement of friction lining to 4 0043 0044 0044 0001 0043 0.044 0.0H4 0.001
bands or shoes
Drilling of brake lining 1 0.038 0.038
Clutch removal, replacement and 28 0043 0.201 0079 0050 0043 0098 0048 0.013
adjustment (D8 only)
Rivet removal from drive and driven 2 0.180 0230 0210 0028 0130 0184 0167 0.024
plates (D8 only) )
Cleaning, scraping compressed air 4 0151 0211 0.180 0026  0.150 0.2i1 0170 0.029
cleaning of drive and driven plates (D8 .
only)
Rivet replacement of friction Jinings to 6  0.048 0207 0.156 0056  0.044 0207 0.127 0.069
drive and driven plates (D8 only)
(asket-Related Work
Removal of head/exhaust and intake 13 0044 0048 0045 0001 0044 0045 0044 {.000
manifold/water manifold gaskets )
Scraping/power cleaning of engine head. 13 0045 0413 0143 - 0125 0045 0413 0.116 0.114
engine block, and manifold surfaces )
Wiping, cleaning parts g 0.045 0199 0.065 (.054 0045 0.094 0051 0.017
Use of compressed air to clean engine 8 0.045 0.199 0.064 0.054 0.045 0094 0.051 0.017
parts '
Replacement of engine parts and gaskets 12 0045 0074 0.050 0010 0045 0.045 0045 0.000

* All samples were collected for 30 min ar approxumately 2 L/minexcept tor one 34-wun sample duneg brake dribling.
B¥igr abl samples less than the PCM LOD, the PCM LOD is the value used 1 statistical caleulations.
CSeventeen shor-term sampies mcluded work under two activities and are included 1n the analyses for both.

Fusther inferential statistical analysis of personal full-shift
long-term TWA (Data Sets AFS and BIS) and the short-
terro 30-min data set was conducted. For the short-term 30-
min data, 96 of the 138 samples were less than the LOD,
Inclusion of data points less than the LOD (censored data)
would bias the statistical results toward the low end. To be
conservative and avoid the bias associated with analyzing
censored data, only samples above the LOD were included
in the analysis of the short-term 30-min data. By excluding the
censored values from the short-term, 30-min data set analysis.
only the apper bound values of the inferential statistics are
reported. Each data set was determined to be lognormally
distributed. The geometric mean (GM). geometric standard
deviation (G312, percentile value X (93%), upper tolcranco
limit (95% UTL), 95% excecdance fraction point estimate,
and 85% upper confidence limit were calculated. The results
of these analyses are presented in Table V.

Journal of Occupational and Environmental Hygiene

Area Samples

Seventy-two TWA area samples were calculated from the
results of 192 area samples. Of these, 41 area sample results
were full-shift TWA samples, with the remainder composed of
31 partial-shift TWA area samples. Sample sets are designated
the same as the full-shift personal sanples with Data Set
AFS representing full-shift TWA samples. Data Set APS
representing partial-shift TWA samples, and Data Set BFS,
which represented all of the data fron the previous two data
sets plus the estimated surrogate values for the missing data
points.

The range of PCM sample results for Data Set AFS was
0.003 to 0,047 totdl f/cc with an arithmetic average value of
0.020 ffce. The range of PCM sampic results for Data Sot APS
was 0.003 to 0.066 f/cc with an arithmectic average vakue of
0.022 ffce. The overall statistics {or the full-shift PCME data
sets AFS and BFS were similar with minioyum values of 0.003
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TABLE V.

inferential Statistical Analysis—Personal Samples

Full-Shift Personal

Fuil-Shift Personal Short-Term 36-Min

TWA PCME Samples TWA PCME Samples PCME Personal
(Data Set AFS)? (Data Set BFS)® Samples©

Occupational exposure limit (OEL) f/cc 0.1 0.1 1
Nurber of saruples (N) N=21 N=230 N=48
Geometric mean (f/cc) 0011 0.013 —
Geometric standard deviation (f/cc) 1.98 217 —
X(95)% {flee) 0.035 0.047 0.261
UTL (95% UCL of X(95%)) (f/cc) 0.057 0.074 0.359
Exceedance fraction point estimate % 0.07% 0.45% 0.03%
Exceedance fraction 95% UCL% 1.14% 2.50% 0.23%

AAFS = TWA fuli-shutt analyzed data >390 nun.
BRFS = TWA {ull-shift analyzed plus modeled data.

© Analyzed data from Data Set AST-data above the LOD onty. Only upper bound statistics reported.

and 0.005 asbestos ffcc; maximum values of 0.022 and 0.039
asbestos ffec; and arithmetic average vatues of 0.011 and 0.013
ashestos f/ec for data sets AFS and BFS. yespectively. Table 1
and Figure S present the PCME data by day. Figure 5 shows
that the arithmetic average asbestos ficc air level by the end of
the study was essentially the same as the beginning asbestos
f/cc background Jevel. These results indicated ro buildup of
asbestos fibers in air from one day to the next.

All TWA samples were below an 8-hr TWA of 0.1 f/cc. All
short-term 30-min samples were below 1 f/ec.

DISCUSSION

T he majority of the activitics conducted during this study
were, according to the mechanics, typical for the ser-
vicing required. However, a fow unusual practices were also
monitored. One unusual practice, the cutting of the brake
band. resulted in the highest valae for the short-terra 30-min
samples (0.561 asbestos ffcc). The brake band cutting took
approximately 2.5 min and was necessary because the bolts
holding the brake band on could not removed. This activity
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Asbestos Fibersicc
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FIGURE 5. TWA area sample resuiis—asbesios kbers/cs by day and data sel. Note. The solid square on the graph indicates the average
value. The line exiending through the square indicates the range of the daia AFS indicates Data Set A—TWA data >390 minutes APSindicates
Data Set A—TWA partiat-shifl data <390 nunutes BFS indicates Dala Set B—TWA fuil-shift data including surrogate modeled values Sarmple
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ses

Resulis

rcM PCME
(total f/cc) {asbestos f/cc)
Work Activities, Analyzed Values, and Surrogate Values Personal Sample  Duration Anatyzed Surrogate Full-shift
Sample Information for Mechanic #4 on Day 5 Time {min} Value Value Value TWA
Mechanic removed radiator fan, conducted scraping. and used a die grinder and sbrasive disc on 747 to 8:46 64 oLA 0.177

roanifolds and valve cover surfaces. Five short-term saraples collected on this roechanic on this
day included the same or similar activities described for this time period. An average of the four
short-termy samyples (0.413, 0.270, 0.080. 0.046, and 0.077 asbestos f/cc) was used as the surrogate
value (0.172 asbestos f/cc). )
Mechanic used a die grinder and scrapers/chisels on oil cooler surfaces and air intake pipe flange. 8:461t09:18 a3 oL* 0.177
Four short-term samples collected on this mechanic on this day included the same or similar
activities described for this time period. An average of the four short-term samples (0.413, 0.270,
0.080. 0.046, and 0.077 asbestos fjcc) was used as the surrogate value (0.172 asbestos f/cc).
Mechanic used a chisel, hammer. and die grinder on water pump/head flange, radiator head flange, 9:19 10 10:07 48 .26 .16
exhaust manifold on engine head, air intake on engine bead, valve mechanism assembly, broom
cleaned the floor. wiped down work table, and used a solvent to clean and wipe engine head
surface.
Mechanic used a die grinder and scrapers on the engine block surfaces. Conducted parts inventory. 10:07t0 11:48 101 0019 0016
Used a grinder on the equipment frarse 1o allow clearance to install engine head. ) )
Mechanic replaced head gasket; assembled ferryles and seals; installed head to engine block; 11:48 0 14:50 182 oL4 0.014
tightened engine head bolts with torque wrench; and helped Mechanic #1 remove brake bands for
S in. No short-lern samples were coliected on this mechanic during this time period. To
determire the surrogate value we took the air sample result on Mechanic #1 (0.058 asbestos ficc)
for the brake work and osed this valué for the 5 min Mechanic #4 assisted him. Lunch break was
included during this sample and was for 37 min. There was no exposure during lunch. For the
remainder of the tiroe (140 min) 2 value of 0.0(6 asbestos fibees/ce was the swrrogate-value. This
surrogate vatue was based on the results of four samples collected on Mechanic #4 on Bays 8 and
9 while he performed the same activities during reasserably of the D8. which ranged from <0.008
to 0.016 asbestos f/ec. Using the time-weighted average (TWA) calculation for the above value the
result is 0.014 asbestos f/cc for the 182 min. ’

Mechanic completed tightening engine head bolts with a torque wrench, replaced valve mechanisms 14:50 to 16:01 71 0043 0.040
and engine head gasket.
Once the surrogate values were determined for the three OL samples described above, they were — 499 — — 0.064

averaged with the remainder of the air samples for this mechanic on this day. The total wotk time
was 499 min and the TWA result was 0.064 asbestos ffcc. The actjvities for this mechanic on this
day were sumnilar fo his activities on Days 7 and 8. The TWA results for those days were 0.022 and
0.017 asbestos flec. Based on comparing the TWA results oo Days 7 and 9 1o the TWA for this
mechanic on Day 4. surrogate values were likely biased on the high side. Because the goal was o
compare results with 0.1 f/cc as an 8-hr TWA, the bias was reasonable without being unreasonably
conservative.

A0L. indicates sample was ovetleaded with particulate matter and could nor be analyzed



wiag also conducted a second time on another brake band on
the DS and the sample result was 0.049 asbestos t/cc.
“xposures with the highest numerical values occurred on
Days 1, 3, and 5 of the study. Activities on Day 1 included
removal of brake bands and removal and replacerent of rivets
and friction fining on the brake bands. Day 3 activities focused
on the brakes and clutch systems on the D8, top-end engine
rebuild on the 12E, and brake removal and replacement on the,
930. Day 3 activities included D8-rivet removal, cleaning, and
replacement on the drive and driven plates; 955-removal and
replacement of top-end engine asbestos-containing gaskets.

Days 1, 3, and 5 were also the days when 32 air samples
{(approximately 70% of all the overloaded samples) were
overloaded and could not be analyzed. To overcome the
inability to include the overloaded samples and to reduce
uncertainty associated with evaluation of the data, a time-
activity model to estimate surrogate values for the missing
data was applied. There was also a large data set with muitiple
samples for each task or similar tasks. ‘

Asshown in Figure 2, the authors relied on the analyzed dara
to assist with determination of the surrogate value. Also, for
most of the overloaded sample periods, there were one or more
short-term 30-min samples collected on the same mechanic
during the applicable time frame that were available for use
in the model. For each estimate made by following the model
described in Figore 2, the authors chose conservative values
inrecognition that shoet-term samples, with their higher limits
of detection, are likely biased high and are not necessarily
good predictors of Jong-term exposures.!%! Therefore, the
estimated surrogate results are atso likely biased toward higher
exposure values. !

Because the authors were mterested in comparing the
results with the maximum likely TWAs, it was determined that
conservative but reasonable estimations would be prudent, To
determine whether cach sumrogate TWA value was reasonable,
the result was compared with the TWA result of other me-
chanics perforniing similar activities. To illustrate the process,
Table VT presents the results of using the time-activity model
to estimate vatues for three samples on Mechanic 4 on Day 5
of the project.

The pattern of results of TWA personal samples in Figure 3
1s simar to the pattern of the resules for TWA area sarnples in
Figure 5. The similarity in patterns was expected and indicates
that the arca samples, though much lower in concentration, are
reflective of the work activities conducted on each day of the
study. Results also indicate that the average value of the shost-
term samples over the 9-day study were consistent as shown
in Figure 4.

The PCME mean and range for cach data set on cach day
and demonstrate the consistency of these values throaghout the,
study. However, the authors would caution users of the fume-
activity modet for replacement of missing data that there may
not always be is level of consistency for all dara sets. ’

Two published studies provided extensive PCM total fiber
data regarding airborne exposures during maintenance and
brake lining replacement in automobiles and other types
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of vehicles.">!® Neither of the published studies included
analysis to confirm fiber type in the air samples. The PCM
total fiber results of our study were within the exposure range
of these previously published studies,

In comparison, a number of published studies provided a
smaller volume of data regarding exposures to asbestos while
removing and replacing gaskets. Although not all of the studies
provided TEM analysis results, some did provide 8-hr TWAs.
The resuits of this study were consistent with the previously
published studies® "2 where §-hr TWAs by PCM or fiber
identification was incladed as part of sample analyses using

NIOSH method 7402.

CONCLUSIONS.

R epair and maintenance of heavy construction equipment
involving asbestos-containing friction products and gas-
kets resulted in exposure concentrations below 0.1 ffec as an
8-hr TWA and below 1 f/cc as a 30-min short-term sample,

Average asbestos ffcc air concentrations in the repair
tacility work environment by the end of the 9-day study were
essentially the same as background levels measured before the
study, indicating no buildup of asbestos fibers in air from one
day to the next.

Atime-activity model approach to estimate surrogate values
for replacement of missing data is an option to counsider for
exposure assessments when the ability to resample activities
is not possible.
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