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The Mine Safety and Health Adminiseration (MSHA) yearly performs
quartz analysis on approximately 9000 respirable coal mine dust sam-
ples collected for various occupations in U.S. coal mines. All occu-
pational quartz exposure data gathered by MSHA since 1985 have
been compiled and analyzed to characterize current occupational ex-
posures to quartz: to determine if the quartz percentages of samples
callected for different occupations have changed during the period
1985 through 1992; and to study the intramine variability associated
with quartz sample percentages of selected occupations. Analysis of
the occupational data shows that regardless of the type of coal extrac-
tion process used, there are a substantial number of occupational
samples that contain greater than 3 percent quartz and show quartz
cxposures that exceed 100 pg/m?. In underground mining opera-
tions, approximately 30 percent of the samples collected at the con-
tinuous-miner operator and continuous-miner helper occupations on
continuous-mining operations, and at the roof bolting occupations on
both conventional and continuous-mining operations, had quartz ex-
posures exceeding 100 pg/m®. The analysis also shows that the
quartz percentages of the continuous-miner operator and cutting ma-
chine operator occupations and roof bolter (DA) have increased by
0.12 to 0.19 percent quartz per year. Analysis of the data to scudy
intramine variability showed that the percentages of quartz in samples
collected on the different sections of a multisection ntine were very
similar. For surface mines, the occupational data show that approxi-
mately 60 percent of the samples collected at the highwall drill oper-
ator, highwall drill helper, bulldozer operatot, and refuse/backfill
truck driver occupadons had quartz concentrations greater than 100
pg/m?. The average quartz percentage of three of the four occupa-
tions studied was found to decrease over the period studied. Only the
average quartz percentage of the highwall drill operator showed an
increase. Toms, T.F.; Gero, A.; Koaur, J.: ANALYSIS oF QUARTZ EXPOSURE DATA
OBTANED FROM UNDERGROUND AND SURFACE COAL MINING OPERATIONS.  APRL.
Occur. Environ, Hyg. 10(12):1019-1026; 1995.

he allowable respirable coal mine dust standard tor under-

ground and surface coal mine environments in the United
States is 2 mg/m”* of air when the quartz content of the
respirable coal mince dust is 5 percent or less. However, the
Code of Federal Regulations!” requires that when the respi-
rable coal mine dust in the mine atmosphere contains more
than 5 percent quartz, the standard shall be reduced to a value
determined bv dividing the percentage of quartz into the

number 10, Dust samples used to monitor compliance with the
standard are collected with a sampler using a 10-mm nylon
cyclone operated at 2.0 L/mun. The concentration of coal
mine dust determined from the sample is multiplied by an
empirically determined constant™ to oblain a concentration
equivalent to that which would be measured with a Casella
type 113A gravimetric dust sanipler, developed by the Mining
Research Establishment of Great Britain® (MRE). The ad-
Jjustment to the dust standard when quartz is present is intended
to limit the quartz concentradon to 100 wg/m® of air (MRE
equivalent concentration). This concentration Is approxi-
mately equivalent to an environmental concentration of 85
pg/m’ determined using an approved respirable coal mine
dust sampler operating ac 1.7 L/min, the sampling method
recommended by the National Iustitute for Occupational
Safety and Health (NIOSH).*Y (The equivalent concentration
value with the NIOSH method was derived trom the face that
the same mass of dust is collected at both flow rates®™" and
simple calculations accounting for adjustment to the MRE
equivalent concentration and the concentrations calculated
from the collected miass at the two flow rates.)

In 1985 the Mine Safety and llealth Admunistration
(MSHA) revised its program‘™ of adjusting the respirable coal
mine dust standard based on the analysis of one sample col-
lected by an inspector to using the average of up w three
samples that are collected by both an inspector and a mine
operator. For underground nuning operations, samples have
typically been collected on the designated occupation (DO).
the occupation on a mechanized mining unit (MMU) deter-
mined to have the highest respirable coal mine dust exposure,
and at the roof bolting operation. For surtace mimng opera-
tions or surface work areas of underground mines. the samples
have been collected tor occupations that have been specitically
designated by the local MSHA official and are referred to as
designated work position (DWP) samples. DWP samples rep-
resent areas ot occupations that have been shown to exceed |
mg/m? of respirable coal mine dust or where there is evidence
of excessive quartz exposure. Samples with sufficient weight
gain (=045 my) are analyzed for quartz contenc using infrared
spectrophotometry. ™

In 1988 MSHA initiated a special program to analyze respi-
rable coal mine dust samples collected by inspectors at occu-
pations other than the DO, roof bolter, and DWP for quartz
content. Each month a number of samples representing differ-
ent occupations were analyzed for quarez content. The results
of these analyses have been used to characterize occupational
quartz exposures in the coal mining industry. Because these
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samples were not used for enforcement purposes, the mini-
mum weight gain for them was 0.3 mg.

In July 1991 MSHA revised its underground respirable coal
mine dust enforcement program. Part of that revision included
the analysis of all respirable coal mine dust samples that were
collected on an MMU during an inspection for quartz content.
The samples collected during an inspection included five sam-
ples for various occupations (including the DO) plus an intake
air sample. All samples were collected on the same day. Intake
air samples rypically did not have enough mass (at least 0.45
mg) for quartz analysis. Since initiation of the revised program,
approximately 32,000 samples represenung 65 different occu-
pations have been analyzed for quartz content.

The MSHA compliance monitoring system has been called
“one of the largest data sets in existence.” While this de-
scription was applied to the dust monitoring data, it is also true
for the quartz data set. A number of studies!!"™'¥ have ex-
plored different aspects of dust and quartz exposures using these
data sets. The analysis of the data presented in this study
updates some of these aspects and adds others which were not
previously investigated. All quartz exposure data gathered by
MSHA between 1985 and 1992 have been compiled and
analyzed to:

I, characterize current occupational exposures to quartz in the
surface and underground coal mining industry:
. determine if the quartz percentages of samples collected for
different occupations have changed over time; and
3. study the variability associated with quartz sample percent-
ages of DOs and the root bolter occupation on different
MMUs within the same mine over a 5-ycar period.

15

Data Analysis

Data for all samples analyzed for quartz content during the
period 1985 through 1992 were compiled. The data were
separated by date, mine and entity identtication, and method
of mining (surface or underground). The data compiled for
underground mining operations were further classified by the
type of mining performed (conventional, continuous, or long-
wall). A complete description of the three mining types can be
found elsewhere.!!* In addition, the percentage of samples for
cach occupation that contained greater than 5 percent quartz
and greater than 100 peg/m?* (MRE equivalent) quartz was
determined.

To evaluate if occupational sample percentages have
changed over time, occupational data obtained during the
period 1985 through 1992 were compiled and average quartz
percentages for each year within this period were determined
for selected occupations. The data were plotted to establish
trends over nme and analyzed using regression analysis to
determine if noted trends were statistically signiticant. The
period chosen for the trend analysis and the selection of oc-
cupations were based on having samples from a sufficiene
number of operations in order to estimate an annual quartz
percentage. However, for some occupations of interest, such as
the longwall shearer operator. jacksetter, and continuons-
miner operator helper, there were fewer than 100 samples per
vear.

Variability associated with quartz percentages of DOs and
the root bolter occupation working on different MMUs within
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the same mine was evaluated by comparing mcasurements
obtained over a 5-year period in 22 multisection (three or
more MMUSs) mines. Twenty-two mines represent approxi-
mately 15 percent of the multisection mines with three or
more MMUs. The mines were selected based on the analysis
for quartz content of at least three samples which were col-
lected at the DO of each MMU in the mine. Additional
criteria were the number of MMUs with at least three samples
on the DO and the number of roof bolter samples analyzed
trom each MMU. All of the mines chosen had at least four
MMUs meeting the criteria for DO samples, and all but two
mines had at least two MMUs with no fewer than three roof
bolter samples analyzed. The data for each occupation were
statistically analyzed using a two-factor, nested analysis of vari-
ance model of the form

PetQrtzTy, = p + Blome) + &, + 8, + €,

where:
p = overall mean
B = coefficient of time effect
time = number of years
PetQrtzT = 10 [arcsin(PetQrtz72/10)]

o, = fixed mine effect
&, = random MMU effect for jth MMU in ith
ming

gy = residual error for kth measurement in jth

MMU of the ith mine

In addition to the rigorous statistical analysis, the data were
informally analyzed. For the informal analysis, the mean and
standard deviation of the mean quartz percentages of the
MMUs for each mine were calculated. For each mine the
percentage of MMUS having a mean quartz percentage within
one standard deviation of the mine’s mean quartz percentage
was calculated. In addition, the standard deviations character~
izing the inter-MMU variability associated with each mine
were compared.

Discussion

Occupational Quartz Data Compiled by Mining Type

The compilation of quartz data by type of mining for under-
ground occupations is shown in Tables [ to 3. Shown on the
tables are the number of samples analyzed for each occupation,
the percentage of samples that contained greater than 5 percent
quartz, and the percentage of samples having a quartz concen-
tration greater than 100 pug/m®. Data for two time periods are
shown: 1985 through 1992, and July 1991 through 1992, The
period beginning July 1991 was chosen because this was the
date MSHA initiated analysis of all enforcanent samples with
sufficient mass for quartz content, giving the broadest distri-
bution of information regarding quartz content across different
occupations. Only the data for the latter period will be dis-
cussed in detail, since this provides the most up-to-date infor-
mation on current occupational exposure levels.

The data in Table 1, for conventional mining operations.
show that the percentage of quartz was greater than 5 percent
for approximately 10 percent of the samples representative of
most of the occupations noted. A similar percentage of samples
exceeded a quartz concentration of 100 pg/m?. The percent-
age of roof bolter samples with greater than 5 percent quartz
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TABLE 1. Qccupational Quartz Exposures in Underground Conventional Mining Operations

1985 through 1992

July 1991 through 1992

Percentage of Samples

Percentage of Samples

Number of Number of
Occupation Samples >5% >100 pg/m? Samples >5% >100 pg/m?
Roof balter single head 1031 40%* 33 140 37% 32
Root bolter (NA) 169 33* 25 40 42% 33
Coal drill operator 395 14 8 116 12 ]
Scoop car operator 301 12 i} 151 11 9
Cutting machine operator DO 1068 7 in 187 10 12
Shutte car operator 104 9 3 20 12 4
lLoading machine operator 80 7 [ 39 7

*Fitteen to 20 percent of samples had quartz percentages greater than 10 percent.

(40%) was significantly higher than for other occupations. For
the roof bolting occupation on conventional mining opera-
tions. the percentage (32%) of samples that exceeded 100
pg/m? also was similar to the percentage with more than 5
percent quartz. Quartz exposures were found to exceed 200
pg/m? approximately 15 percent of the time for the roof
bolting occupation. Approximately 30 percent of the samples
that exceeded 100 pg/m™ had a low quartz percentage (less
than 6%). but the dust concentration was so high that the
quartz standard was exceeded.

For continuous-mining operations ('['able 2), the percentage
of occupational samples with greater than 5 percent quartz is
considerably higher than that shown for occupations on con-
ventional mining operations. Approximately 40 percent of the
samples collected tor the continuous-miner operator and con-
tinuous-miner operator helper accupations and 20t percent of
the samples for the other occupations had quartz percentages
that exceeded 5 percent. This is approximately twice that

obtained for most occupations on conventional operations.
The percentage of roof bolter samples (55%) with greater than
5 percent quartz was again significantly higher than for other
occupations. In general, those occupations that had a signifi-
cant percentage of samples with greater than 5 percent quartz
also had a significant number of samples that represented
respirable quartz exposures greater than 100 ug/m?*. The per-
centage exceeding 100 pg/m® was approximately half that
exceeding 5 percent for most occupations. Quartz exposures
were found to exceed 200 pg/m? approximately 15 percent of
the time for the roof bolting occupation and the continuous-
miner operator occupation. Approximately 15 percent of the
samples collected on continuous-mining MMUs which ex-
ceeded 100 pg/m® had less than 6 percent quartz.

On longwall mining operations (Table 3), approximately 20
percent of the samples had greater than 5 percent quartz,
approximately twice the percentage of samples for conven-
tional mining operations and two-thirds that of the DO on

TABLE 2. Occupational Quartz Exposures in Underground Continuous-Mining Cperations

1985 through 1992

July 1991 through 1992

Percentage of Samples

Percentage of Samples

Number of Number of
QOccupation Samples >5% >100 pg/m? Samples >5% >100 pg/m?
Roof bolter single head 4127* 56 42 546% 61 30
Roof boleer (DA) 3143% 52 32 1067 61 39
Roof bolter twin intake 1460% 47 30 361 52 30
Roof holter twin return 2051 48 33 366% 48 33
Roof bolter helper single 192* 55 34 6U* 68 40
Connnuous miner operator RO 10,849* 37 29 2245% 42 30
Continuous miner helper 1386% 37 33 561% 41 25
Scoop car operator 356 31 13 224 3 19
Shuttle car operator 2451 25 13 1431 25 1
Roof bolter mounted return 269 18 13 44 11 9
Uulity muan 177 19 12 136 21 14
Roof bolter mounted intake 191 13 10 42 12 7
Mobile bridge operator 213 29 13 164 28 13
Section foreman 183 17 3 132 19 9
Electrictan 41 20 7 37 19 ]
Tractor operator/motonnan 70 26 7 51 24 6
Mechunic ol 23 12 31 23 13

*Fyteen to 20 percent of samples had quartz percentages greater than 10 percent.
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TABLE 3. Occupational Quartz Exposures in Longwall Mining Operations

APPL.OCCUP.ENVIRON.HYG.
10012) DECEMBER 1995

1985 through 1992

July 1991 through 1992

Number of

Percentage of Samples

Percentage of Samples
Number of -_

Qccupation Samples >5% >100 pg/m? Samples >5% >100 pg/m*®
Tailgate operator 30 16 13 <20 — —
Longwall shearer operator (tallgate) 1O 762 20 23 261 20 20
Jacksetter 813 19 18 354 19 16
Return side face worker DO 27 33 50 20 25 35
Longwall shearer operator theadgate) 234 12 13 146 14 19
Headgate operator 210 7 2 154 6 3
Section toreman 39 6 + 46 4 4
Mechanc 66 5 2 38 5 2

continuous-mining operations. Unlike conventional and con-
tinuous mining, no occupation stunds out as having a signifi-
cantly higher quartz exposure than the norm. The number of
samples that represented exposures greacer than 100 pg/m?
was approximately the same as the percentage that contained
greater than 3 percent quartz; however. nearly 40 percent of
these samples had less than 6 percent quartz.

These data show that, based on samples collected for occu-
pations which are tvpically the DO, a significant number
(approximately 30%) of underground MMUs would be ex-
pected to be on a reduced respirable coal mine dust standard
requiring more stringent control of dust levels to avoid over-
exposure to quartz. They also show that at the dme the
operations represented by these data were sampled tor com-
pliance with the respirable coal mine dust standard, approxi-
mately 25 percent of the miners were exposed to quartz
concentrations greater than 100 pg/m*.

Tables 4 and 5 show the compilation of quartz data for
surface coal mines and surtace facilities of underground mines.
The data in Table 4 are representative of those occupations that
are specifically designated by MSIIA for operator sampling.
while the data in Table 5 are representative of other occupa-
tions selected and sampled by MSHA enforcement personnel.
The occupations shown m Table 5 are referred to as nondes-
ignated work position (NIDDWP) samples. As the data show in
both Tables 4 and 3, the percentage of samples that contain
more than 5 percent quartz for surface occupations is signifi-
cantly higher than for underground occupations. Approxi-
mately 70 percent of the DWP samples collected at the high-
wall drill operator. highwall drill helper. bulldozer operator,
and refuse/backtill truck driver occupations contamed greater
than 5 percent quartz. Of the samples collected for these
occupations, approximately 600 percent represented occupa-
tions whase exposures were greater than 100 pg/m*. NDWP
samples collected for these occupations, as well as for the
scraper operator and blaster/shooter/shottirer occupations. had
percentages of samples that had greater than 5 percent quartz
and more than 100 pg/m?®, similar to those obtained for the
DWP occupations. Only four percent of the samples collected
at surface operations exceeding 100 pg/m® had a low quartz
percentage.

Trend Analysis of Occupational Data

Figures 1 to 3 show trend plots of the annual average quartz
percentage of selected occupations. The trend lines in Figure 1
for continuous-miner operator, continuous-miner operator
helper, and shuttle car operator all indicate that the average
annual quartz percentage for these occupations has been in-
creasing, and that, in 1992, the average was approximately 1.25
times what it was in 1985, It is also noteworthy that the
average quartz percentages for the continuous-miner operator
and continuous-miner operacor helper samples in 1992 were
greater than 5 percent. Although che slope of the trend line for
the longwall shearer operator (Figure 2) is similar to those of
the cccupations discussed above, only in 1989 did the average
quartz percentage of the longwall shearer operator exceed 5

TABLE 4. Occupational Exposure of the DWP on Surface Codl Mining
Operations {1985-1992)

Percentage of
Samples
Number of

Occupation Samples  >5% >100 pg/m?
Highwall drill helper 40 L1 85
Highwall drill operator 363 81 77
Bulldozer operator 575 6% ol
Scraper operator 39 62 43
Refuse/backfill cruck driver 347 6 41
Coal truck driver 7 46 4
Highlitt operator 190 25 26
Oiler/greaser 33 13 15
Coal sampler 41 7 10
Cleanup man 157 5 10
Washer operator 43 9 5
Scalper/screen operator 116 5 9
Mechanic 177 + +
Laborer/blacksmith 271 4 7
Electrician 45 2 2
Fine coal plant operator 202 2 4
Tipple operator 181 2 6
Cleaning plant operator 168 1 2
Dryer operator 48 1] 0
Froth cell operator 42 0 ]
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TABLE 5. Occupational Quartz Expasure of the NDWP on Surface
Coal Mining Operations (1985-1992)

Percentage of

Samples
Number of

Occupation Samples >5% >100 pg/m?
Highwall drill helper 30 90 79
Highwall drill operator 815 81 75
Blaster/shootet/shotfirer 38 71 58
Scraper operator 118 63 48
Bulldozer operator 1389 56 47
Refuses/backfill truck driver 714 40 31
Road grader operator 40 32 27
Coal truck driver 90 30 23
Highlift operator 914 25 16
Crusher attendant 45 9 9
Oiler/ greaser 60 15 8
Mechanic 144 7 5
Auger operator 34 9 12
Laborer/blacksmith 202 8 7
Coal sampler 46 4 4
Washer operator 50 6 4
Scalper/screen operator 70 7 9
Welder (shop) 40 2 5
Auger helper 35 6 3
Tipple operator 231 2 1
Utility man 87 7 5
Cleaning plant operator 157 3 3
Cleanup man 62 3 5
Electrician 52 4 4
Fine coal plant operator 99 2 4

percent. The trend line for the jacksetter occupation (also in
Figure 2) shows that the average percentage for this occupation
has been relatively stable over the period 1985 through 1992.
The trend lines for the roof bolter occupation and the roof
bolter (DA) samples (Figure 3) also show that the annual quartz
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FIGURE 1. Quartz trends for continuous-mining operations.

Analysis of Quartz Exposure Data 1023

8-
s
<
2
o6~
= -
g +
& -
E4:{,i:ff'—/ B ToTTTT T} -
wo .
Y .
< '
© |
>2
<

o .

1985 1986 1987 1988 1989 1990 1981 1992

YEAR

! ~ LW SHEARER OP + JACK SETTER

FIGURE 2. Quattz trends for longwall mining operations.

percentage for these entities has remained fairly constant for
the period 1985 through 1992, and that the average annual
quartz percentage of these entities is consistently greater than 6
percent.

Figure 4 shows the trend plots of the annual average quartz
percentage of selected surface mining occupations. The occu-
pations selected were the bulldozer operator, highwall drill
operator, and refuse truck driver. These are occupations that
have been identified as having a very high percentage of
samples containing greater than 5 percent quartz and a suffi-
cient number of samples analyzed annually. The trend lines for
these occupations show that, for the period depicted, the
average quartz percentage for all three of these occupations has
been relatively constant. The lines also show that the quartz
percentage for samples collected from the refuse truck driver,
bulldozer operator, and highwall drill operator occupations
averaged approximately 6, 12, and 15 percent, respectively.
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Table 6 shows a summary of the statistics obtained from the
regression analysis used to determine the significance of any
trends in average annual occupational quartz determination
during the period 1985 through 1992. As the data depict, the
only underground entities for which established trends were
found to have statistical significance are the continuous-miner
operator, the cutting machine operator, and the roof bolter
(DA). For these entities, the annual average quartz percentage
was estimated to increase an amount between (.12 and 0.19
percent quartz per year. However, the fact chat the sign of the
slope of the regression line was positive for nine of the ten
occupations statistically supports the hypothesis that the aver-
age annual quartz percentage for all occupations has increased.
This apparent increasing trend was not found for surface oc-
cupations. For three of the four occupations studied, the trends
were decreasing. Only the trend for the highwall drill operator
was increasing. The trends established for the highlift operator
and refuse truck driver were found to have statistical signifi-
cance.

Intramine Quariz Variability

Table 7 shows the results of the analysis of variance of the
inter-MMU data. The analysis showed that for both the DO
and roof bolter samples, the data provide no evidence of any
inter-MMU effect within mines. As would be expected, there
is strong evidence of differences between mines; for roof
bolters there is weak evidence (confidence level of approxi-
mately 85%) of an upward trend in quartz percentage from
1988 through 1992.

Figure 5 shows a plot of the DO data that were used in
performing the informal analysis. The figure also shows a
comparison of the standard deviations characterizing the inter-
MMU variability for the respective mines and the average of
the standard deviations of the respective MMUs within the
mine. These data show that for 73 percent of the mines the
inter-MMU variability, as characterized by the standard devi-
ation, 1s less than 1.5 percent quartz; and for 41 percent of these
mines the standard deviation was less than 1 percent. The data
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also show that, on average, the varability associated with
measurements obtained on the same MMU is approximately
twice (1.9) the variability associated with inter-MMU quartz
determinations.

Figure 6 similarly shows a graphical plot of the roof bolter
data. The comparisons in this figure show that the standard
deviation of the MMU roof bolter means was less than 1.5
percent quartz for 70 percent of the rmines and less than 1
percent in 45 percent of the mines. The variability associated
with measurements obtained on the same MMU was approx-
imately 2.6 times the variability associated with inter-MMU
quartz determinations.

In general, both the rigorous statistical and informal analyses
of quartz data from multisection mines indicate that the per-
centage of quartz in respirable dust samples collected on dif-
ferent MMUs in a multisection mine would be expected to be
similar (within *1.5%).

Data Bias

The quartz data that were used to perform the preceding
analyses are not representative of all the samples collected. To
maintain the precision of a quartz determination to that spec-
ified by NIOSH for an analytical method,!'” samples that have
a net weight gain of less than 0.45 mg are not analyzed for
quartz content. As a result of the minimum weight limit
imposed on samiples to be analyzed, approximately 40 percent
of samples collected for underground occupations and 70
percent of samples collected for surface occupations are not
analyzed. In utilizing the results of these analyses, it is impor-
tant to recognize that if the distribution of quartz determina-
tons for the unanalyzed samples is different than for the
analyzed samples, the results of these analyses would be biased.
The magnitude and direction of the bias (underestimation or
overestimation of the average quartz percentages presented)
would be dependent on the number of samples used and not
used in estimating the averages.

Although a rigorous analysis of the data was not performed,
it is the opinion of the authors that, for the underground mine
data, the distribution of quartz percentages of the unanalyzed
samples would be similar to that of the analyzed samples and
would therefore have little effect on the estimated averages.
This opinion is based on the fact that the number of DO and
roof bolter samples, which are characteristic of the aerosol in
the environment of the MMU, is large and representative of a
high percentage of the underground mines. Also, an exami-
nation of sample weight versus average sample quartz percent-
age data compiled for the shuttle car operator and jacksetter
occupations showed that the average quartz percentage was
independent of sample weight.

For the surface mine data there is more potential for bias.
This is because a high percentage (70%) of surface samples have
net weight gains less than 0.45 mg/m?, and the number of
samples representative of the different occupations is limited.
Also, the number of mines for which representative occupa-
tional samples are collected is limited. However, a sample
weight versus average quartz percentage analysis of the highlift
operator occupation data also showed no dependence of the
quartz percentage on sample weight.

Clearly, the fraction of samples showing a concenttation in
excess of 100 pg/m® would be lower if the unanalyzed samples
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TABLE 6. Summary of Regression Analysis Stofistics
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Average Standard Estimated Rate Statistical Sign of
Number of Quartz  Deviation of of Change Standard Significance® Regression®
Occupation Samples (%)  Annual Average (% Qtz/Year) Ettor (%) Line
Underground
Coal drill operator 395 3.29 0.51 — — 54.0 +
Continuous-tiner helper 1386 5.48 0.50 — — 42.0 +
Continuous-miner operator 10,793 5.54 0.50 0.15 0.060 5.0 +
Cutting machine operator 1067 2.47 0.40 0.12 0.046 4.0 +
Jacksetter 815 3.98 0.44 — — 84.0 -
Longwall shearer aperator 762 4.02 0.63 — — 11.0 +
Roof bolter 6061 6.97 0.43 — — 220 +
Shuttle car operator 1883 4.33 0.45 — - 51.0 +
Scoop car operator 721 4.27 0.45 — — 81.0 +
Roof bolter (DA)“ 3508 6.77 0.50 .19 0.072 49 +
Surface
Bulldozer operator 1980 11.92 1.04 — — 340
Highlift operator 1116 4.20 0.84 0.31 0.10 1.8 -
Highwall drill operator 1687 14.91 0.75 — — 37.0 +
Refuse truck driver 1064 5.51 0.49 0.18 0.049 1.0 -

“Low percentages indicate statistically significant results.

BPositive value indicates increasing trend; negative value indicates decreasing trend.

€Data available only since 1986.

could be included. However, the majority of underweight
samples are collected at surface operations, which also include
those occupations with the highest quartz content in the dust
to which they are exposed. Even though the dust levels are
low, there may be overexposure to quartz. For example, of the
samples collected from the highwall drill operator which
weighed less than 0.5 mg but were analyzed for quartz content,
approximately 20 percent showed over 100 pg/m?> of quartz.

Summary

Occupational quartz exposure data gathered by the MSHA
during the period 1985 through 1992 were compiled and
analyzed to characterize current occupational exposures to
quartz; to determine if the quartz percentages of samples col-
lected for different occupations have changed during the pe-
riod 1985 through 1992; and to study the variability associated
with quartz sample percentages of DOs and the roof boilter
occupation working on different MMUs within the same
mine.

The analysis showed that:

TABLE 7. Analysis of Variance

Continuous Roof
Null Hypothesis H, Miners Bolters
a; = 0 for all mines 0.004 0.004
g=0 0.91 0.148
Var [§5] = 0 1.00€ 1.00€
*Less than 0.001.

BB = coeflicient of time effect = 0.21 * 0.15.

“More than 0.999.

@, = fixed mine effect.

8, = random MMU effect for jth MMU in ith mine.
Tabled values are 1 — confidence level for rejecting H,.

1. Regardless of the type of coal extraction process used, there
are a substantial number of occupational samples that con-
tain greater than 5 percent quartz and indicate overexposure
to quartz. Underground, more than 30 percent of the
samples collected at the continuous-miner operator and
continuous-miner operator helper occupations on contin-
uous-mining operations, and at the roof bolting occupation
on both conventional and continuous-mining operations,
had quartz exposures that exceeded 100 pg/m>. Approxi-
mately 60 percent of the samples collected at the roof
bolting occupation and 40 percent of the samples collected
at the continuous-miner operator and continucus-miner

o
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FIGURE 5. Standard deviations of MMU means: DO data.
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FIGURE 4. Standard deviations of MMU means: roof bolter data.

operator helper occupations had greater than 5 percent
quartz. At surface operations, several occupations, including
highwall drill operators, highwall drill helpers, bulldozer
operators, and road scraper operators, had an even larger
proportion of samples indicating excessive exposure {ap-
proximately 60% of the samples) and high quartz fraction
(approximately 70% of the samples).

2. For underground mines, the quartz exposures of the con-
tinuopus-miner operator and cutting-machine operator oc-
cupations and roof bolter (DA) have increased by 0.12 to
0.19 percent quartz per year. While not statistically signif-
icant, the trend of the annual average quartz percentage for
all underground occupations except the jacksetter on long-
wall mining operations was to increase. For surface mines,
the average quartz percentage of three of four occupations
studied decreased. Only the average quartz percentage of
the highwall dnll operator showed an increase.

3. Occupational quartz determinations on different MMUs in
multisection mines were found to be statistically and em-
pirically similar.

References

1. Code of Federal Regulations Title 30, Parts 70.206, 71.206,
90.206: Mineral Resources, pp. 465, 479480, 803 (1992).

2. Tomb, T.F.; Treaftis, HN.; Mundell, R.L; Parobeck, P.S.:
Comparison of Respirable Dust Concentrations Measured with
MRE and Modified Personal Gravimetric Sampling Equipment.
United States Department of the Interior, Washington, DC, U.S.
Bureau of Mines Report of Investigations 7772, 29 pp. (1973).

12.

13.

15.

APPL.OCCUP.ENVIRON.HYG.
10(12) DECEMBER 1993

. Dunmore, J.H.; Hamilton, R.I.; Smith, D.S.G.: An Instrument

for the Sampling of Respirable Dust for Subsequent Gravimetric
Assessment. J. Sci. Instraments 41:669—672 (1964).

. National Institute for Occupational Safety and Health: Methods

7500, 7601, 7602, In: NIOSH Manual of Analytical Methods,
31d ed., Vol. 2. P.M. Eller, Ed. NIOSH, Cincinnati, OH (1984).

. Knight, G.; Lichti, K.: Comparison of Cyclone and Horizontal

Elutriator Size Selectors. Am. Ind. Hyg. Assoc. J. 31(4):437-441
(1970).

. Treaftis, H.N.; Gero, AJ.; Kacsmar, P.M.; Tomb, T.F.: Com-

parison of Mass Concentrations Determined with Personal Re-
spirable Coal Mine Dust Samplers Operating at 1.2 Liters per
Minute and the Casella 113A Gravimetric Sampler (MRE). Am.
Ind. Hyg, Assoc. J. 45(12):826-832 (1984).

. Tomb, T.F.; Parobeck, P.S.; Gero, AJ.: MSHA's Revised

Quartz Enforcement Program. In: Respirable Dust in the Min-
eral Industries: Health Effects, Characterization and Control,
pp. 9-14. R.L. Franz and R.V. Ramani, Eds. The Pennsylvania
State University, State College, PA (1988).

. Mine Safety and Health Administration: MSHA Standard

Method No. P-7, Infrared Determination of Quartz in Respira-
ble Coal Mine Dust; Internal Document (1989).

. Seixas, N.S.; Robins, T.G.; Attfield, M.D.; et al.: Exposure

Estimates for the National Coal Study: The Use of MSHA
Compliance Data for Epidemiologic Research. In: Proceedings
of the V1Ith International Pneumoconioses Conference, pp. 127—
131. DHHS (NIOSH) Pub. No. 90-108, Part I. NIOSH, Cin-
cinnati, OH (1990).

. Tomb, T.E; Peluso, R.G.; Parebeck, P.S.: Quartz in United

States Coal Mines. In: International Conference on the Health of
Miners, pp. 513-519. R'W. Wheeler, Ed. American Conference
of Governmental Industrial Hygienists, Cincinnati, OH (1986).

. Piacitelli, G.M.; Amandus, H.E.; Dieffenbach, A.: Respirable

Dust Exposures in U.S. Surface Coal Mines (1982-1986). Arch.
Environ. Health 45:202-209 (1990).

Ainsworth, S.M.; Gero, AJ,; Parobeck, P.S.; Tomb, T.F.:
Quartz Exposure Levels in the Underground and Surface Coal
Mining Industry. Am. Ind. Hyg. Assoc. J. 56(10):1002-1007
(1995).

Tomb, T.F.; Peluso, R.G.; Gero, AJ].; Seiler, ].P.: Respirable
Dust Exposures in U.S. Coal Mines. In: Proceedings of the
Eighth International Conference on Occupational Lung Diseases,
pp. 1129-1135. J. Hurych, M. Lesage, and A. David, Eds. Czech
Medical Society, Prague, Czech Republic (1993).

. Society of Mining Engineers of the Ametican Institute of Min-

ing, Metallurgical, and Petroleum Engineers, Inc.: Elements of
Practical Coal Mining, pp. 349-355. S.M. Cassidy, Ed. Society
of Mining Engineers of American Institute of Mining, Metallur-
gical, and Petroleum Engineers, Inc., New York (1973).
Busch, K.A.; Taylor, D.G.: Statistical Protocol for the NIOSH
Validation Tests. In: Chemical Hazards in the Workplace, pp.
503-517. G. Chaudhary. Ed. ACS Symposium Series 149.
American Chemical Society, Washington, DC (1981).





