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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 fplter dumage.
To include the overloaded samples in the data analysis,
surrogate values were estimated 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 duta information including the
surrogate values for the full-shift, TWA personal sumple results
ranged from 0.002 to 0 064 asbhestos flce. Personal, short-term,
30-min sample results, including the two surrogate values,
ranged from 0 038 to 0 561 ashestos flcc Full-shift TWA area
samples, including the 31 surrogate values, ranged from 0.005
to 0.039 ashestos flcc. 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 flce. 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
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INTRODUCTION

A shestos has beent used In certain applications of en-
gine gaskets and friction products in high- and Jow-
speed antomobiles, trucks. buses, light daty equipment, and
heavy construction equipment. Workers involved in repair or
replacement of gaskets and friction prodacts used in beavy
construction equipment are potentially exposed tv ashestos
fibers, The authors anticipated and hypotbesized that resulting
airborne asbestos fiber levels would be below 0.1 fiec 8-
hr time-weighted average (TWA) and L0 f/cc 30-min short-
term exposure limit (STEL). The hypothesis was based on
the previous work cxperience of the authors and results of
published studies discussed herein.

Conducting an asscssment for asbestos exposures on me-
chanics performing mainfenance activities oo heavy equipment
presents a number of challenges to sample collection and analy-
sis. The analytical methods used to deteymine the concentration
of fibers are sensitive to the presence of other particles on
the filters. Activities such as welding, cutnng ustng rorches,
and grinding may render the filter overtoaded with particelate
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 assoctated with
filter overloading and damage, the authors chose to apply
a tume-activity rmodel commonly used 1o bistorical exposure
assessment to estimate surrogate values for replacement of the
missing dara. 2%

The study was conducted during June 2003 and perfornied
i a heavy equipraent vepav facifity by wdependent mechanics
with extensive experience working on heavy equipment. The
work spanned a period of 9 days and was conducted on four
pieces of Caterpillac heavy equipment: A D8 Dozer (DB). &
12E Motor Grader (12E), a 930 Wheel Loader (930), and a
955 Track Loader (955).

Brakes. clutches, and engines determined hkely to be
original equipment with ashestos-coniaining components were
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dismantled. cieaned. and reassembled. The gaskets, brake
linings, and clutch linings were removed and replaced.

METHODS

Work Layout and Ventilation

The repair facitity was coostructed of a steel frame and metal
skin and was fitted with two. large, sectional steel overhead
doors. The intecior was unfinished and the dimensions 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 during the work and the location
of the overhead doors. The D8 was in Location A throughout
the study. Sequentially, the 12E, 830, and 9535 were placed in
Location B and worked on during the study. Figure 1 shows
the layout of the facility and the location of equipment.

The repair facility was not equipped with a mechanicab
ventilation system. The smdy was conducted under roufine
conditions with doors being opened only for entry and exit
of personnel. The overhead doors were opened ondy to move
equipment and supplies 10 and out of the repair facility or for
a few minutes following work activities, such as operating the
diesel engines, welding, and grinding or othier activities that
generated dense smoke or fume. A pedestal-mounted fan was
used by the mechanics al varioos times 10 provide air movement
inside the repair facility.

Prior 1o and following work activiries, the effective ventila-
tion rate (reported as the number of air changes per hour of the
facility was determined by using carbon dioxide (CQ») tracer
gas. The American Society for Testing and Materials (ASTM)
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FIGURE 1. Layout of repair facilty and location of heavy
equipment
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Method E 741-00 5tandard Test Method for Deterinining Aty
Change in a Single Zone by Means of a Tracer Gas Dilution
was followed as a guideline.™

b

SAMPLING STRATEGY AND ANALYTICAL
METHODS

he facility owners removed interfering construction
equipment asd cardboard boxes from the repaur facility.

Ten background air samples were collected for approxi-
mately 145 min at 2 L/min on the day prior to 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 initfation of work activities
and were stopped at the end of the day after completion
of work. Consecutive, long-tenm samples were collected on
each mechanic and at each area sampling location. Samples
were combined into TWASs over the whole sampling penod to
achieve full-shift TWA concentrations.

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

To determine average room fiber concentrations in air, a
procedure based on Environmenral Profection Agency (EPA)
asbestos guidance documents was used.®™"' The occupicd
volumne of the repair facility was subdivided into 40.320
modules. The volume of each module 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 festing. Area saraples weee collected
and analyzed using the same methods as the personal samples.

All background. personal, and area samples weee collected
and analyzed following National Institute for Occupational
Safety and Health (NIOSH) Mcthod 7400 for collection and
analysis by PCM.™ All air samples were collected at a rate of
approximately 2 Lfmin. 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 identify fiber type.) TEM
analysis determines the fraction of asbestos fibers present on
the PCM filicrs. This fraction was then multiplied by the PCM
fibers per cubic centimeter ({/cc) result in accordance with
NIOSH Method 7402 to obtain a PCM equivalent (PCME}
asbestos f/ce. All samples above the PCM LOD i the study
were subsequently analyzed by TEML

For sample resalts below the LOD, the PCM LOD value
was used in the TWA calculation andfor statistical analyses.
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Missinyy Data.

.

A 4
Determine time period

(Teota) 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 availablessample 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 Ty

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

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

0

FIGURE 2. -Process framework for ihe time-activity model used to determine an estimates surrogate value for rmissing dala. " Note. Tris value
may be based on an average. mean. maximum, or some other value. Although not used in the maodei for this paper, commercial software for
stochastic modeling 1s available 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/ec was used as the value for
PCM and PCME. For samples analyzed by TEM, and where
the result after multiplying the PCM result by the TEM fraction
was below the PCM LOD, the PCM L.OD was used as the va fue
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,*V where professional
judgment is used to make inferences about exposure coD-
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 for
yetrospective 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 to sum-
marize personal and arca data. Industrial bygiene inferen-
tial statistics {101 of the TWA full-shift. personal sample

TABLE L. TWA PCME Personal and Area Samples Daily Statistics
Personal TWA Samples Area Samples

Day Data Set? n Min Max Mean Sid. Dev. a ‘Min Max Mean Std. Dev.
1 AFS 2 0.002 0.041 0.024 0.028 0 o —_ —_— —
1 APS i — — 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 0.00t
2 AFS 3 0.005 0.007 0.006 0.001 8 0.005 0.006 0.006 0.000
2 APS 0 — —_ — — 0 — — — —
2 BFS 3 0.065 0.007 0.006 0.001 8 0.005 0.006 £.006 0.000
3 AFS 2 0.020 0.028 0.024 0.006 & .005 0.022 0.014 0.005
3 APS 2 0.015 0.046 0.030 0.022 0 _— — — ——
3 BFS 4 0.013 0.036 0.024 0.010 8 (.003 0.022 0.014 0.005
4 AFS i e — 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 3 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 (.008 0.601
6 APS 1 — — 0.011 — 3 0.007 0.010 (.008 0.001
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 0.0t4 0.022 0.017 0.004 3 0.009 0.022 0.015 0.004
8 AFS 3 0.010 0.017 0.012 0.004 -8 0.009 0.019 $.011 0.604
8 APS 0 L —_ —_ — 0 — — —_ —_
8 BFS 3 0.010 0.017 0.012 0.004 8 0.009 0.019 4.011 0.004
9 AFS 4 £.008 0.019 0.014 0.005 8 0.008 0.017 0.011 0.003
g APS 0 — — — — g — — — —
9 BFS 4 0.00% 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 0011 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 analyzed data >390 min; APS = TWA partial-stuft analyzed data <390 min; BFS = TWA analyzed plus modeied data.
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data and short-term 30-min personal sample data were alse

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 Sampiles

Ten samples were collected (5 inside/S outside) but only
the inside facility samples were analyzed. Resulis ranged
from 0.612-0.0235 total fibers/cc by PCM. These samples were
further analyzed by TEM and no asbestos fibers were detected
(PCME of <0.009 asbestos ffce) in any of the five samples.

Bulk Samples

The removed and replaced brake materials from all four
pieces of equipment contaised from 15% 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% fo 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 than 30 min or sample time wncertainty.

Fuil-Shift and Sheort-Term Personal Samples

Full-shift monitoring periods ranged from 6.5 hir to 9.5 hr,
with over half of the samples in the 8-hr time period. Full-shifr
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 samples, 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 saniples
met the full-shift criteria and are described as Data Set AFS
{tull 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 sample data points, 2
time-activity model (Figure 2) was used to estimate surrogate
asbestos fibers/ce values. The estimated sarrogate value 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 Set BEFS (full shift).

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

0.10
0.09
0.08
0.07
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0.00
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FIGURE 3. TWA personal sample results—-achestos fibers/ce by day and data set Note: The solict aircle on the graph indicaies ihe average
value The hine extending through the circle indicates the range of the data AFS indicaies 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 surrogale modeled data. Sample
Analysis by NIOSH 7400 followed by NIQSH 7402 Note: The maximum value for Daia Set BFS is different from AFS because ong of the AFS
samples included an OL sample that when replaced with the surrogate value, the TWA was lower.
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TABLE!l. Daily TWA Personal Sample Results with hctivity Descriptions (Data Set BFS)

[0 T
Sample Information Results
Person Sarrogate Estimated Total Sample PCME TWA
Date  Sampled Activity Valne Time (min)*  Time (min) N (Asbestos Fibersice)
Day | Medhanic#2 DA - Cable contral disassembly. 1 2E-—removed wheels and brake 0 40 | 0.002
Day 1 Mechanic #3 D8 - Removed and replaced right cabie control brake i3 53 4 0.033
Dav | Mechanic #4 12E~ Removed and replaced the air (ter, exbaust and intake manifolds. valve cover, and 123 494 : 0,007
engine héad )
Day 2 Mechanic #2 D8 - Removed parts 10 access the track brakes. Assisted with disconnection of the cable 0 509 2 0.905
control nit from the body of the dozer, | 2E -removed end reptaced tear brakes
Day? Mechanc #) DB - Removed and teplaced left cable coniro] bieke, disconnected cable control wnit fram 0 2 0007
body of DB
Day?2 Mechanic#4 J2E - Removed aad replaced rear brakes. cleaned engine head and block, replaced head gasket 0 09 2 0.003
and engine head, removed radiator comnections and gaskets
Day3 Meshenic#l (2E - Removed and replaced rear brakes, cleaned engine head and block, replaced hear gaskef { 405 3 (28
and engine head, removed radiator connections and gaskers
Day 3 Mechanic #2 DR - Removed the left and right rack brake bands, replaced Jeft brake band 162 511 3 0,036
Day3 Mechanic#3 DR -Removed and replaced chutch and cable puler linkage 162 512 3 0,013
Day3 Mechenic #4128 - Machine finids replaced, ol lfer, crank case breather and air flter parts and gaskets and { 504 3 0.020
engine cover replaced. 930 - Removed aad replaced the wheels, four brake caliper
assemblies, and brake pads
Day4 Mechanic#? DR - Track ban brake replacement and adustmen. Assisted with the removal of clich wsing 350 572 0007
overhead hoist
Day4 Mechanic #3 D8~ Removed parts 10 access the master ¢lulch. Assisted with the removal of cluich wsing 5] 520 3 {008
overhead hoist ‘
Dayd Mechaic #4 953 - Removed engine cowling, exhanst manifold, rocker amm assembly, valve cover, eagine ( 493 2 0.005
stis, air intake ranifold and aix filter radiater hose connection, water themostat and [he
enpine head aldng with associated gaskets -
Day§ Mechanic #1955 - Removed parls o gain acoess 10 the tear brake bands. Disassembled and removed (he 64 S 0.043
sieering clutch linkages and assisted Mechanic #4
Day§ Mechanic #3 DS - Removed and teplaced cluch drive and driven plate friction linings 135 493 5 0052
Dav5 Mechanic # 953 -Removed gaskels from the fntake mansfold, exhaust manifold, valve cover, radiator hose AL 49 3 (.064
pipe connection, and the oit cooler/wates punp. Replaced fermules, seals, paskes and engine
head
Da 6 Mechanc #1 D8 - Assisted with teplacement of chuich, 955 - Removed thiee left sude brake band assemblies (} B3 .01l
Day6 Mecharic #2955~ Resnoved bend braie, DY Remmoved and teplaced chutch and eable puller linkage 0 428 4 0012
Day6 Mechanic #3 D8 - Reinstalied the ciutch assembly and chuich lnkege b §H 5 0.012
) 516 5 01l

Day 6 Mechanic #4

455 - Reassembled with gaskets the valve assembly, air intake manifold, exbaust manifold,
hermnostal. of cocler surface, radialor pipe connection sucfaces. and iy filler assemble
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002 AN

Day 7 Mechanic #1 953 - Removal of left side trake bards, replaced the ol cooler, radiator pipe, paskets, and
radiator fan and fan puard,

Day 7 Mechanic #3 D8 - Reassembled the chutch linkage and installed the transmission infer-lock assembly with
its original gasket, 955 - Assisted mechanic #1

Day 7 Mechanic #4 D8 - Removed the “pony” engine exhaust pipe, pony engine supply tube, water manifold pipe,

exhaust and air iniake manifold, and cylinder heads. Removed gaskets and cleaned engine
head and flanged surfaces

Dag 8 Mechanic #1955~ Installed right- and le{t-side brake banels and steering linkages

Day 8 Mechanic #2 935 - Installed the brake bands on the tight and left side. Reinstalled brake and steeting

finkages: D8 - Assisted with installation of engine head , .
Day & Mechamic #4 D8 - Cleaned the exhaust/intake manifolds, front and rear cylinder heads, remaved and
replaced gaskels

Day 9 Mechanic #1933 - Completed steering chutch and brake linkage instellation and adjusted brakes.
DR - Assisted Mechanic #4

Day9 Mechanic #2 935 - Completed steering clurch and biake linkage installation, adjusied buakes; DS - Assisted
Mechanics #1 and 4 with engine assermbly and replaced exhaust stack

Day9 Mechanic #5 D8 - Drained and 1eplaced oif, re-Installed seats, levers, and sieering linkages in cab

Day 9 Mechanic #4 D8 - Cleaned valve cover swfaces, instafled sepiacement valve cover gaskels, Retnstalied fuel

. Tines, exhaust and water manifold gaskets, and air filter/intake pipe. Cleaned the “pony”

engine exhaust pipe flange and replaced gasket, Removed and veplaced the fue! fiter and
maskels

¢
{

M7
340

482

489

494

502
4%

0.013

(008
(e

*The amouniof tene that rhe ime~aciivity model was wsed to estimate a surogate value for inchusion m the TWA.
5 The total amount of tme this mechanic 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 <{(0.044 0.045
3 AST 13 <0.044 0.561

4 AST 3 <0.043 0.045
5 AST (8 <0.043 0413
5 BST 20 <(.043 0413
) AST 23 <(.043 0.099
7 AST 30 <0.043 0.170
& AST 29 <(.044 0.180,
9 AST 9 <{0.045 0.045
Total AST <(.043 0.561

Total BST «<0.038 0.56t

Noetes: AST indicates analyzed data only; BST mdicates analyzed plus
maodeled daia.
AMinimum values were alf less than the hmit of desection for the sampling

method.

0.011 ffee 10 0.176 flec with an arithmetic average value of
0.053 ffcc. The mininmum PCME value result for data sets AFS
and BFS was 0.002 asbestos ffce, and 0.008 asbesios foc for
Data Set APS. The maximum PCME valucs were (0.041 for
Data Set AFS, 0.055 for Data Set APS, and 0.064 asbestos f/cc
for Data Set BFS. The means were similar with Data Set AFS
at 0,014 asbestos f/cc, Data Set APS ar 0.022 ashestos f/cc.
and Data Set BFS at 0.018 asbestos f/cc. Table I and Figure 3

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

One hundred and thirty-cight shortteom samples were
collected. Of those, 136 samples were analyzed. Two samples
on Day § 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 Diata 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-terra samples for Data Set AST by PCM
analysis was lessthan the LOD (< 0.043 ffcc) 10 0.561 /cc. The
range of results for Data Sets AST and BST by PCME analysis
were less than the detection limits of 0.042 and 0.038 asbestos
flec to 0.561 asbestos f/cc for both PCME data sets. Mean
values were not caleslated due 1o the high fraction of censored
data.

Gaskel and friction-related excursion limit sampies were
grouped and analyzed to determine exposure concentrations
for the various activities. Data were grouped 10 evahuate the
results by a variable such as perceived aggressive activities,
including scraping, hammering, civeting. 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

060

Asbestos Fibers/cc
p
=
o

0.20

& Jf’é 45\

Gl
& ¢ &

followed by NIOSH 7402

¢

FIGURE 4. Short-term personal sample results by day. Note: The sclic diamong on the graph indicates the average value The line extending
through the diamond indicates the range of the data. AST indicales Data Set A, BST indicates Dala Set 8. Sampie Anzlysis 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 NC  Min, Max. Avg  Std. Dev. Min. Max. Avg. Std. Dev.
Friction-Related Work '
Band brake removal ' 17 0.043 0.077 0.048 0010 0043 0058 0.045 0.604
Removal of rivets and friction lining from 4 0.044 0044 0044 0000 0044 0.044 0044 (.000
brake band or brake shoe
Cutting band with abrasive disc 2 0049 0561 0305 0362 0049 0561 0.305 0.362
Removal of disc brake assembly 5 0044 0044 0044 0000 0044 0.044 0044 0.000
Brake replacement and adjustment 28 0.043 0104 0047 0012 0043 0045 0.044 0.001
Rivet replacement of friction lining to 4 0043 0044 0.044 0001 0.043 0044 0.044 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 0099 0.048 0.013
adjustment (D8 only)
Rivet removal from drive and driven 2 0490 0230 0210 6028 0150 0.i184 0.167 0.024
plates (D8 only) )
Cleaning, scraping compressed air 4 0.151 0211 0.180 0026 0150 G211 0.170 0.029
cleaning of drive and driven plates (D8 .
only)
Rivet replacement of friction linings to 6 0048 0207 0.156  0.056 0.044 0207 0.027 0.069
drive and driven plates (D8 only}
Gasket-Related Work
Removal of head/exhaust and intake 13 0044 0.048 0.045 0001 0.044 0045 0044 0.000
manifold/water manifold gaskets
Scraping/power cleaning of engine head. 13 0045 0413 0.143 - 0125 0045 0413 0116 0.114
engine block, and manifold surfaces )
Wiping, cleaning parts g 0045 0199 0.065 0034 0.045 0.094 0051 0.017
Use of compressed air to clean engine 8 0.045 0.199 0.064 0054 0045 0.094 0.051 0.017
parts '
Replacement of engine parts and gaskets 12 0045 0074 0050 0016 0.045 0.045 0045 0.000

* All samples were collected for 30 min ar approxamately 2 Limia except tor one 34-un sample durueg brake driling.
Byigr atl samples less than the PCM LOD, the PCM LOD is the value used 1n statistical calculations.
CSeventeen shor-term sampies included work under two activities and are included i the analyses for both.

Fusther inferential statistical analysis of personal full-shift
long-term TWA (Data Sets AFS and BFS) and the short-
tero 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 thag 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 stafistics are
reported. Each data set was determsined to be lognormally
distributed. The geometric mean (GM). geometric standard
deviation (G312, percenriic value X (937%), upper 10iCance
limit (95% UTL), 95% exceedance fraction point estimate,
and 85% upper confidence lirnit were calculated, The results
of these analyses are presented in Table V.

Journal of Occupational and Environmenlal Hygiene

Area Samples

Seventy-two TWA area samples were calculated from the
results of 192 area samples. Of these, 41 area sample results
were fuil-shift TWA samples, with the rernainder composed of
31 partial-shift TWA area samples. Sample sets are designated
the same as the full-shift personal samples 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 from 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 totd! f/cc with an arithmietic average value of
0.020 ifcc. The range of PCM samplc results for Data Set APS
was 0.003 to 0.066 f/fcc with an arithmetic average value of
0.022 ffcc. The overall statistics for the full-shitt PCME data
sets AFS and BFS were similar with mininiare values of 0.003
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TABLE V. inferential Statistical Analysis—Personal Samples
Full-Shift Personal Fuil-Shift Personal Shori-Term 30-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
Nurmber of saruples (N} N=21 N=230 N=48
Geometric mean {f/cc) 0011 0.013 —
Geometric standard deviation (f/ce) 1.98 217 —
X(95)% {tfce) 0.035 0.047 0.261
UTL (95% UCL of X(95%) (ffcc) 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-siutt analyzed data > 390 n.
ERFS = TWA full-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 f/ec; and arithmetic average values of 0.011 and 0.013
ashestos floc for data sets AFS and BFS. respectively. Table {
and Figure S present the PCME data by day. Figore 5 shows
that the arithmetic average asbestos f/cc air level by the end of
the study was essentially the same as the beginning asbestos
t/cc background Jevel. These results indicated no 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-nin 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 few unusual practices were also
monitored. One unusual practice, the cutting of the brake
band. resulted in the highest value for the short-term 30-min
samples (0.56] asbestos f/cc). The brake band curting 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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FIGURE 5. TWA area sample resuiis—asheslos [bers/os by day and data set. Note. The solid square on the graph indicates the average
value. The line exiending through the square indicates the range of the data AFS indicates Data Set A—TWA dala >390 minutes APS indicates
Data Sel A—TWA partiat-chifl data <330 nuinutes BFS indicates Dala Set B—TWA fuil-shift data including surrogate modeled values Sarnple
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Results

PCM
(total flec)

PCME
{ashestos flec)

SES

Sample
Time

Work Activities, Analyzed Values, and Surrogate Values Personal
Sample Information for Mechanic #4 on Day §

Buration
{miz)

Anatyzed Surrogate Full-shift

Value Value

Value  TWA

Mechanic removed radiator fan, conducted scraping. and used a die grinder and abrasive disc on Tal0846 64
roanifolds and valve cover surfaces, Five short-teem saraples collected on this rechanic on this
day included the same or similar activiries described for this time period. An average of the four
shortteom samples (0.413, 0,270, 0.080. 0.046, and 0.077 asbestos floc) was used as the surrogate
value (0172 asbestos flcc). ‘

Mechanic used a die grinder and scrapers/chisels on ol cooler surfaces and air intake pipe flange.
Four short-term samples collected on this mechenic on this day included the same or similar
activities deseribed for this time period. An average of the four short-term samples (0:413, €.270,
0.080. 0,046, and 0,077 asbestos floc) was used as the surrogate value (€. 172 asbestos ffec).

Mechanic used a chisel, hammer. and die grinder on water pump/bead flange, radiator head flange, 919101007 48
exhaust manifold on engine head, air intake oo engine bead, valve mechanism assembly, broow
cleand the floor. wiped down work table, and wed a solvent to clean and wipe engime head
surface.

Mechanic used a die grinder and scrapers on the engine block surfaces. Conducted parts inventory. 100710 1148 101
Used 3 grinder on the equipment fraree to allow clearance to insiall engine head, .
Mechanic replaced head gasket; assembled ferryles and seals; installed head to engine block; 48w 145) 182
tightened engine head bolts with toeque wrench; and helped Mechanic # rermove brake bands for

5 min. No shost-term samples were collected on this mechanic during this time period. To
determire the surogate vahie we took the air sample result on Mechanic #1 {0058 ashestos fiec)
for the brake work and used this vaué for the 5 min Mechanic #4 assisied him. Lunch break was
included during this sample and was for 37 min. There was no exposure during hunch. For the
remainder of the tire {140 min) & value of 0.016 ashestos fibers/ce was the surrogate-vatue. This
surrogate value was based on the resuls of four samples coflected on Mechanic #4 on Days 8 and
& while Ye performed the same activities during reasserably of the D8, which ranged from <0.008
to (.016 asbestos ffec. Using the time-weighted average (TWA) calculation for the above value the
tesult is 0.014 asestos ffec for the (82 rain. '

Mechanic completed tightening engine head bolts with a torque wrench, replaced valve mechanisms 14:30t0 1601 71
and engine head gasket,

Once the surrogate values were determined for the three OL samples described above, they were — 4499
averaged with the cemainder of the air samples for this mechanic on this day. The total work tirne
was 499 min and the TWA restlt was 0.064 asbesios flec., The activities for this mechanic os this
day were similar fo his activities on Days 7 and 8. The TWA sesults for those days were (0022 and
0017 ashestos flec. Based oo comparing 1he TWA results a0 Days 7 aod 9 1o the TWA for this
mechanic on Day 4. surrogate values were fikely biased on the high side. Because the goal was to
compareresulis with 0. | fcc as an 8-hr TWA, the bias was reasoneble without being tnteasonzbly

COMSErvettve.

bG8 33
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oL

026 016

0019 0016
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0043 0.040
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0.177

=g
[
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A0

— 0064

AOL wdicates sample was overleaded with paticulate matier and vould not be analyzed



wag also conducted a second time on another brake band on
the D8 and the sample result was 0.049 ashestos f/cc.
“xposures with the highest numerical values occurred on
Days 1, 3, and 5 of the study. Activitics on Day | included
removal of brake bands and removal and replaceraent of rivets
and friction lining 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 os the,
930. Day 3 activiiies inctuded 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 fime-
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 anthors relied on the analyzed dara
to assist with determination of the surrogate vahee. 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 tinie franie that were available for use
in the model. For each estimate made by following the model
described in Figure 2, the authors chose conservative values
inrecognition that short-term samples, with their higher limits
of detection, are likely biased high and are not necessarily
good predictors of Jong-term exposures. %14 Therefore, the
estimated surrogate results are also likely biased toward higher
exposure values. !

Because the authors were mterested in comparing the
results with the maximum likely TWAS, it was deterrnined that
conservative but reasonable estimations would be pradent, To
determine whether each surrogate TWA value was reasonable,
the result was compared with the TWA resolt of other me-
chanics perforniing similas activities. To illustrate the process,
Table VI presents the results of ustng 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 simiar to the pattern of the results for TWA area samples in
Figure 3. The similarity in patterns was expected and indicates
that the area samples, though much lower in concentration, arc
reflective of the work activities conducied on each day of the
study. Results also indicate that the average value of the shost-
term sampies over the 9-day study were consistent as shown
in Figure 4.

The PCME mean and range for cach data set oo cach day
and demonstrate the consistency of these values throughout the,
study, However, the authors would caution users of the tune-
activity model for replacement of missing data that there may
not always be this level of consistency for all data sets. ’

Two published studies provided extensive PCM total fiber
data regarding airborne exposures during maintenance and
brake linmg 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 1o ashestos 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® !"™?% where 8-hr TWAs by PCM or fiber
identification was incladed as part of sample analyses using

NIOSH method 7402.

CONCLUSIONS .

R eparr and maintenance of heavy construction equipment
involving ashestos-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 saniple,

Average asbestos f/co 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 o consider for
exposure assessments when the ability to resample activities
is not possible.

ACKNOWLEDGMENTS

he authors wish to thank Caterpiliar, Inc., for funding this
study. Caterpillar is a defendant in asbestos-related per-
sonal injury claims. Caterpiltar did not influence the exposure
assessment protocols that were developed or conducted. |
We alsc want to thank the team of professionals who
assisted with the srﬁdy and the professional and diligent heavy
equipment mechanics of Hoerr Machinery for sharing their
knowledge, skill, and experience.

REFERENCES

[. Ramachandran, (3.: Retrospective exposure assessment usmg Bayesian
methods. Ans Occup. Hyg. 45(8}651-667 (2001

2. Ramchandran. G.: Qccupational Exposure Assessment for A Contani-
inants. Boca Raton, Fla.. CRC Press, Taylor & Fiancis Group. 2005 pp.
308309

3. Ramachandran, G., and J.2. Vincent: A Bayesian approach to retro-
spective exposure assessment. Appl Occup Emvron. Hyg. 14:547--557
{1999).

4. American Society for Testing and Materials (ASTM): Swandard Test
Method for Determininig Aw Change ina Single Zone by Means of'a Trocer
Gay Dilution (E741-00). [Standard] West Consnohocken, Pa- ASTM
International, 2006

. Boeltes, F.W.. DM, Podraza, and G.N. Crawford: Airborne fiber
exposure assessment of dry asbestos-contammg gaskets and packmgs
tound in ntact indusnial and maritime fitings. AMEA J. (63)7732-740
(2002)

AN

July 2007

1



=

0.

it

13.

14.

6.

Regearch Triangle Institute (RT1: Meustnng Airborne Ashestos Fol-
lowing an Abatement Action {U S.EPA 600/4-85-049). Research Triangle
Park, N C.: BT ftemational, 1985,

. Envirommental Protection Agency Guidance for Conirolling Ashestos -

Contaning Materials in Buildings (U.S FPA 560/5-85-025) Washington,
D.C.: USEPA, 1985,

_ Nationat Institute of Occupational Safety and Health: Asbesjos and
Giher fibers by POM, NIOSH Method 7400. In NIOSH Muonudl of

Analytical Methnds, 4th Edition. Crncmnati, Ohio: NIOSH. 1994,

_ National Institute of Occupational Safety and Health: Asbestos anc

other fibers by TEM. RIOSH Merhod 7302, W NMOSH Manual of
Anaiytical Methods. 4th Fditen. Cincinnati, Chio: NIOSH, 1994,

1 jedel, N.A. KA. Busch, and J.R. Lynch: Occuparional Eaposure Sam-
pling Strategv Manual. DEAW (N10SH) Pub. No. T7-173 Cincnnati,
Chio 1977.

Muthausen, J.R., and J. Damiano: A Strategy for Assessing and
Managing Occupaivmal Exposures, 2nd Edivon. Fartas, Vao AIHA
Press, 1998. pp- 67, 68, 131 .

. Perkins, B.L., and B.W. Harvey: Method for Determinanaon of Asbestas

m Bulk Bulding Marerials (EPA/GOO/R-93-116 Test Method), 1993,
Research Tnangle Park, N.C.: RTI International, 1993 .
Earopean Committee for Standardization (CEN):  Workplace
Atmospheres-~Guidance jor the Assessment of Eaposure by Inhalation
to Chemical Agents for Comparison with Limit Values and Measuremient
Strategv{(EN 689-1993) 1 Standard]. Dublin, Iretand; CEN, February 1993,
DiNardi. S.R.: The Qccuparional Environment: Its Evaination, Control,
and Management, 2nd Ednion. Fairfax, Va. AIHA Press. 2003, pp. 126.

7
L

Journal of Occupational and Environmenial Hygiene

("]

s

[y

20.

22.

 Paustenback, D.J.. R.O. Richter. BL, F infey, and P.J, Sheehan: ‘An

evaluation of the hastorical exposures of mechanics o asbestas 1 brake
dust. Appl. Occup. Enviren. Hyg. { {8 186804 (2003)

. Nichelson, W.d., S.M. Daum, W.¥. Lorimer, H. Velez, and R. Lilis:

Imesugation of Health Hazards in Broke Liming Reparr and Mainte-
nance Workers Qecupationaily Expo ced 1o Asbestos, 1982 Camenmaly,
Ohio: National Institute for Occupational Safety and Health, Division
of Survedlance, Hazard EBvaluations, and Fiehl Studies (DSAEES:,
1982

. Cheng, R.T., and H.J. MeDermott: Exposure to asbestos from asbestos

gaskats. Appl Occup. Environ. HByg. 6:588-391 {1991).
Spence, S.K., and PS.J. Rocchi: Exposure to asbestos fibers dunng
gasket removal. Ann Oceup Hvg 4043 583-3586 {1996).

. Liukonen, L.R.. and EW. Weir: Asbestos exposwe trom gaskets during,

disassembly of a medium dety diesel engine. Regui Toricol. Pharmacul.
41:113-121 (2003},

Paustenbach, U.1.. AK, Madl, E. Donovan, K. Clark, XK. Fehling,
and T.C. Lee: Chrysotle asbestos exposure associated with removal of
automobile exhaust sysiens {(ca. 12451975 by mechanics. Results of
a simulation study. J. Expo Anal. Environ Epidenuol 16(2)156-171
{2060,

_ Blake. C.L.. G.S. Dotson, and R.D, Hasbison: Assessment ol airborne

asbestos exposure during the servicing and handimg of automobile
ashestos-contasung gaskets. Regeed Tovieol. Pharageol. 452214222
{2006)
Mangold, C.. K. Clark, &, Madl, and D. Paustenbach: An exposure
study of bystanders and workers during the mstallanon and removal of
asbestos gaskets and packng. J Oecup. Emron, Hyg 3.87-98 (2006)

b

.

July 2007 537



