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To control the health hazard associated with quartz in the
U.S. coal mining industry, Federal regulations require that
whenever the quartz content of the respirable dust in the
coul mine environment exceeds five percent, the applicable
respivable dust standiard is reduced, This regulation, which
is applicable for both surface and underground mining
operations, has been in force since the promulgation of the
Coal Mine Safety and Health Act in 1969. On December 1,
1985, the Mine Safety and Health Administeation (MSTIA)
institided o revised  quartz  policy relative o the
enlorcement of this regulatory requirement,

Under the previous enforcement policy, reduced dust
standards were set based upon resulits of quaintz analyses
performed only on MSUHA inspection samples and were
determined from the results obtained from a single sumple,
The new {or revised) policy allows coal mine operators the
opportunity to voluntarily submit samples for wsc in the
stahard setting process, The system alse provides
mechanism for the ceevaluation at approximate six manth
intervals of mining operations which are on a reduced
standard,

This paper presents the background hehind  the
development of the new program and discusses its
operating mechanics. Information describing the mining
community’s participation in the program is also given,

Introduction

It has fong been recognized that cxposure Lo coal mine
dust can lead 1o the development of the discase known as
coal worker’s pncumoconiosis (CWP); defined by Morgan
and Seaton as "the accumulation of c?a)l dust in the lungs and
the tissues’ reaclion 1o i(s presence.” !

In 1948 the Burcau of Mincs recommended limits of
dustiness for mining operations. The limit for dust contain-
ing morc than five percenl quartz was to be determined by
multiplyi; the particle concentration by the pereent quartz;
the number determined was oot (o exceed five million par-
ticles per cubic foot of air, In sctting this limit, recognilion
was given Lo the fact that the toxicily of coal mine dust is de-
peadent on the quantity of quartz contained in the dust.

The increascd hazard associated with exposure o coal
andne dust containing quartz was further reeognized by the
U.S. Congress, whea, as part of the Federal Coal Mine
Heaith and Safety Act of 1969, it required that a formula be
developed for determining the applicable respirable dust
standard whenever the quartz content of the respirable dust

was grealer than five percent. Such a formula was developed
and is included in Parts 70.101, 71,101, and 90.101 of Title
30, Code of Federal Regulations (CFR). These rcgulations
state that: "When the respirable dust in the minc atmosphere
of the active workings contains more than five percent
quartz, the operator shall continuously maintain the average
concentration of respirable dust ... . at or below a concentra-
tion of respirable dust . . . computed by dividing the percent
of quartz into the number 10,

In 1978 a review of MSHA''s quartz analysis data showed
that approximately40 percent of the underground respirable
dust samples analyzed contained greater than five percent
quarts; however, because of the analytical techniques used
at that time, only 25 percent of the dust samples submitted
for analysis were being analyzgd. In 1981 a revised analytical
technigue was implemented. M The new teehinique provided
the capability of analyzing ncarly all samples submitted for
quartz analysis. In December of 1984 therc were ap-
proximatcly 1800 underground and 800 surface coal mining
cntitics that were on a reduced standard because the quartz
content of the respirable dust exceeded five percent. Figure
1 shows the percentage of samples, by type of underground
mining operation, that had a quartz content greater than five
percent. Also shown on this figure is the percentage of
samples analyzed whose dust concentration exceeded the
applicable dust standard established from the quartz per-
centage determined. One significant point that should be
noted from these data is that GO percent of the samples rep-
resentative of the continuous mining and roof bolling opera-
tions arc above the applicable standard established {rom the
quartz contcnt of those samples.

100

KEY

. Wl Somples with >5 pct quartz
0 [ZZ3 Samples with conc > sid
8

SN

SAMPLES, pct

0
Continuous  Conven-

tional

Laongwall  Auger

Roof
bolrer

TYPE OF MINING OPERATION

FIGURE 1. Analysis of quartz data [rom samples comtaining more
than five percent quartz, 1984,
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Becausc of the large aumber of mining cntitics on a
reduced standard, the fact (hat many of the entitics (more

than hall) are not sampled after the standard is reduced and,
minc operators were questioning adjustment of the standard -

based on the analysis of a single respirable dust sample,
MSHA established a program to develop improved enforce-
ment procedures thal would cnhance the health protection
of the miner and the integrity of the protocol used to adjust
the respirable dust standard when the quartz content of the
dust exceeds five pereent.

Quartz Enforcement Program Prior to
December 1985

The main thrust of MSHA’s respirable dust enforcement
program is aimed at approving a mine operator’s dust con-
trol plan. Selected respirable dust samples collected during
the plan approval process are analyzed for quartz and, when
necessary, the applicable respirable dust standard is ad-
justed. MSHA’s policy calls for approving or reviewing a
mine operator’s dust control plan twice a year for under-
ground mining opcrations and once a year for surface min-
wg operations.

Those samples collected in underground coal mines
during a plan approval that are typically analyzed for quartz
content are the designated occupation (DQ) samples
(samples collected on the vecupation on a mining operation
that has the bighest respirable dust exposure), all roof bolt-
cr (RB) samples and samples collected from areas of a mine
where excessive respirable dust and/or quartz levels are
suspeeted. Designated work position (DWI) samples col-
lecied at susace wimng operalions are the samples typical-
ly analyzed for quartz content; however, samplcs may be
collected on other occupations or operalions suspected of
having cxcessive quartz and/or respirable dust levels.

TABLE
Comparison of Occupational Quartz Determinations by
Type of Mining
DO* > DO > All Occupations

Type of All Qcecupations  Except RB** RB > DO
Mining (%) (%) (%)
Conlinuous 44 o8 ol
Couventional 43 [+ 66
Longwall 57 NA NA
Auger 50 50 §00

* CO = Designated Occupation
** RB = Rool Bolter

Underground mine cnvironments on a reduced standard
hascd on the analysis of DO samples are sampled bimonth-
ly by minc operators in accordance with the requirements of
Title 30, CFR Purt 70. Normally, 30 samples per year are col-
lected in these environments, Flowever, environments with
standards which were adjusted based on the analysis of
simples coilected onthe roof bolter or [rom some other non-
designated arca ol the mine were not sampled again until the
dust control plan was reevaluated. In practice, the time span
for resampling ol these coviconments ranged [rom six
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months to two years, Conscquently, the cnvironments of the
roof bolting operation, the underground mining operation
that had the highest incidence of exposure to quartz and typi-
cally the lowest respirable dust standard, were never
monitored for conformance with the reduced dust standard.
A similar situation existed for surface coal mine environ-
ments. Only those occupations assigned as DWP’s are re-
quired to be sampled by the mine operator (Title 30, CFR
Part 71). Unless those occupations placed on a reduced dust
standard arc madc DWP’s by MSHA cn- {orcement person-
nel, no further sampling is conducted until the dust control
plan is recvaluated. DWP’s are sampled bimonthly by the
mine operator. A minimum of six samples are collected per
year.

Development of Revised Program

To achiceve the goals of enhancing miner health protec-
tion through improved cnforcement procedures and im-
proving the integrity of adjusting the respirable dust
standard when the quartz content of the dust exceeds five
percent, two investigations were conducted. The first inves-
tigation cvaluated MSHAs policy of adjusting the respirable
dust standard for a mining operation based on the quartz
percentage of the designated occupation, and the second
centered on quantifying the day-to-day variability associated
with the quartz pereentage in the cnvironments of under-
ground mining operations,

The first investigation consisted of analyzing all samples
collected by enforcement personnel during the approval of
amine operator’s dust control plan, for quartz content. This
consisted of samples collected on the DO, RB and three or
more other occupations working on the mining operation
whaosc dust conlrol plan was being evaluated,

The percentage of quartz determined for the DO sample
was then compared (o the pereentage of quartz determined
for: all the other occupation samples on the mining opera-
tion, all occupations except the roof bolter. A comparison of
these three determinations is shown on Table I, As the com-
parison shows, the quartz pereentage of the DQ sample is
cqual to or greater than the quartz percentage of all occupa-
tions approximately 45 percent of the time, is equal to or
greater than all occupations except the roof bolter ap-
proximately 70 percent of the time and is less than that of the
roof bolter sample approximately 63 percent of the time,

It was concluded from this investigation that: 1) adjusting
the respirable dust standard based on the quartz determina-
tion of a sample collected on the DO would provide protec-
tion for the majority of the personnel on a mining operation,
except for the roof bolter, and 2) that a separate standard
needed to be established for the eavironment of the roof
bolter accupation,

The sccond investigation consisted of analyzing mine
operator dust samples, submitted in fulfillment of regulatory
requirements (Title 30, CFR Part 70), for quartz content.
The samples analyzed were designated occupation samples
from mining operations that were on a reduced dust stan-
dard as of April 1983. Data were accumulated on 86 mining
operations, which represented approximately ten percent of
the operations on a reduced dust standard at that time. For
cach operation there were five or more sumples which rep-



Tomb et al

resented threc or more bimonthly sampling periods. The
number of analyses nceessary to cstimate the long-term
average quartz pereentage for a given operation was deter-

mined by calculating the average quartz percentage using the

most recent groups of five, three, and two samples and then
comparing these respective averages to the averages deter-
mined from all the samples obtained on a given operation.
In addition, the last sample analyzed was compared Lo the
overall average.
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FIGURE 2. Difference between six-montis average percentage and
pereentage of last sample.

Figurc 2 shows the cumulative frequency distribution of
the differences between the quartz percentage determined
aver the theee bimonthly sampling periods and the quartz
percentage of the last sample analyzcd. As the data show, a
yuartz determination based on a single sample is equivalent
to the long-term average approximately 20 percent of the
lime, and is only within three percent approximately 72 per-
cenl of the lime, indicating tat a quartz determination from
i single sample is pot i good estimator of the long-term
average quarlz level of an operation.

Figurc 3 shows the cumulative frequency distribution ob-
tained when the average of the Last five samples is compared
tu the long-term average. As these data show, the average
determined from the most recent flive samples agrees close-
ly v.ith the long-term average, i.e., the five sample average is
within ane percent of the long term average 87 pereent ol the
time and within two perecat 92 perceat of the time.

Figurc 4 shows the distribution obtained using the
average of the last three samples. As the data show, at a dif-
ference of two pereent, the average of three samples
provides nearly as good an estimator of the long-term
average as using the average of five samples.

A comparison of the average of the last lwo samples o
the average of the last three samples is shown in Figure 5.
This comparison shows that these lwo averages are within

two percent 96 percent of the time, Based on these data, it
was concluded that a reasonable ¢stimate of the long term
(six months) average quartz percentage of an operation
could be obtained from the average of three samples and that
a high percentage of the time the average of the two most
recent samples reasonably agreed with the average of the
most recent three. These data were used (o develop the sam-
pling scheme used in the revised quartz program to adjust
the dust standard of an operation.

Revised Quartz Program

In developing the revised quartz program, the following
objcctives were given primary consideration:

1. Accouanting for the day-to-day variability associated
with environmental quartz percentages.

2. Using samples collected by mine operators (o
cslablish the dust standard when the percent quartz
in the mine environment exceeds five percent,

3. Providing for subscquent environmental moniloring
ol occupations, or cavironments placed on a
reduced dust standard,

4, Reevaluating operations on a reduced dust standard
biannually.

-Allof these objectives were met in the program developed
and implementation of the program did not require the
promulgation of new regulations or changes to existing
regulations,

In the revised quartz program, samples collected during
the approval of a mine operator’s dust control plan arc
similarly submitted for quartz analysis, i.e., samples cal-
lected on the DO, RB, DWP as well as thosc collected from
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FIGURE 3. Differcnce between six-month average perccntage and
average percentage of last five samples.
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arcas where excessive respirable dust and/or quarte level arc
suspected. If any of the samples submitted for quartzanalysis
are found to contain more than five percent quartz, the mine
operator is notified that he has the option of collecting a’
sample on the entity represented by that sample and submit-
ting it to MSHA for analysis, If the analysis of the sample
shows the quartz percentage to be within two percent {dif-
ference) of the MSHA sample, the quartz dcterminations
from the two samples arc averaged. If the average is greater
than five percent, a new cnviconmental dust standard is cs-
tablished based on the average quartz value. However, if the
quartz determination of the operator’s optional sample dif-
fers from the MSHA sample by more than two percent (dif-
ference), the operator is given the option of collecting
another sample on the cntity and submitting it for analysis.
The quartz determinations from all three samples are then
uscd to establish an average quartz percentage [or the entity.
Il the average quartz percentage is greater than five pereent,
the standard for the eatity s accordingly adjusted. In any in-
stance where the mine operator does not elect (o submit a
sample for analysis or the samples submitted do not contain
sufficient dust (greater than 0.5 milligrams) for analysis, the
standard established for the entity is based on the quartz per-
centage determined [rom the MSHA sample ar, il a first op-
tional sample had been submitted, on the greater of the two
(MSHA or aperator). In the revised program, any catity,
ather than the DO, that is placed on a reduced dust stand-
ard can be required o be assigned "designated arca” (DA)
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FIGURE 4. Diffesence between six-month average percentage
average and average percentage of last three samples.

status. This requires the entily to be identificd in the
aperator's Ventitation System and Methane and Dust Con-
trol Plan and to be sampled bimonthly by the mine operator.
The mine operator is required Lo collect five samples
bimonthly on the DO whether the dust standard has been
adjusted or not. The samples may be collected on consceu-
tive production shilts or on production shifts on consccutive
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days. Requiring all entitics on a reduced standard (other
than the DO) 10 be made designated arcas is considered a
major thrust at enhancing miner health protection because
subsequent monitoring of the entity is then required by the
mine operator.
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FIGURE 5. Difference between average percentage of last two

and

last three samples.
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Six months after an entity has been placed on a reduced
dust standard, the data of samples submitted by mine
operators in accordance with regulatory requircments (Title
30, CFR) are sereencd by a computer. Provided that the en-
tity is in compliance with its applicable dust standard, the
computer identifics the first sample submitted with sufficient
dust for analysis, This samplc is then analyzed for quartz con-
teal. I the quartz pereentage determined from that sample
is within two percent of the quartz perceatage used to adjust
the standard, the quartz percentage used to adjust the stan-
dard and the quartz percentage determined from the
operior's sample are averaged and the standard revised ac-
cordingly. If the quartz percentage [rom the operator’s
sample is not within two perceat, the aperator is given the
option of collecting and submitting a sample for analysis. The
cnvironmental dust standard for the operation is then deter-
mincd by averaging Uhe quartz pereentage used 1o establish
the exisling standard, the quarlz percentage determined
from the computer selected sample and the quartz percent-
age of the optional sampic submitted by the operator. If the
operator docs not clect Lo submit the optional sample or the
sample is voided because of insulficient weight, the prees-
tablished environmental standard remains in effect, The
standard is not automatically reevaluated again until another
six month period has lapsced.

i
Revised Quartz Program Status

Initiation of the revised quartz program commenced on
Dccember 1, 1985, At the time of commencement ap-
proximatcly 360 samples were being analyzed per month; 38
percent of these were DO samples, 10 percent DWP
samples, 6 pereent DA samples, 33 percent roof bolters, and
the remainder nondesignated entities or work pasitions. Of
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the samples analyzed, approximalcly 30 percent of the DO
samples, 50 percent of the roof bolter samples, and 50 per-
cent of the DWP samples contained grealer than five per-
cent quartz. Based on these figures and the assumption that
100 percent of the minc operators would elect to submit a
sample for analysis when given the option and that 45 per-
cent of the time a third optional sample would be submitted
by the operator, il was cstimated Lhat approximatcly 18,000
quartz analyses would be performed a year.

Al the present time, approximately 500 samples per
month are being analyzed. The percentage of samples being
analyzed in the respective categories previously discussed is
approximately the same, and the percentage of samples in
cach of the categories that have a quartz percentage greater
than five percent is also approximalcly the same. However,
mine operators arc nol clecting to participate in the stand-
ard setting process at the level assumed (100%). Only 35 per-
cent of the operators wha have been notified that they have
the option of submilting a sample for analysis have clected
tu submit ane. Of the optional samples submitied by mine
operators, approximalely 25 percent could not be analyzed
because of insufficient weight gain (< 0.5 milligrams).

Prior to commencement of the revised program, it was os-
tmated that guartz determinations on lwa conseeutive
samples would be within two percent (differenee) 55 percent
of the time and the option to submit a third sample would
aceur approximaltely 45 percent of the time. However, at the
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FIGURE 6. Comparison of dust standards established using an
average quariz value and the quartz value from a single MSHA
sample (dila from revised (uanrtz program.)
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FIGURE 7. Comparison of dust standards established using an
average quartz value from three samples and the quariz vaiue
from one sample (data from analyzing operatar samples).

present time only 31 percent of the operators’ first optional
samples are within two percent of the MSHA sample, per-
milting the oplion to submit a third sample 69 pereent of the
lime.

The effect of the revised program on the standard estab-
lished for a given operation was also assessed. Figure 6 shows
acomparison of dust standards cstablished using the average
guartz value determined from the analysis ol (wo or three
samples and the quartz value determined [rom the MSHA
sample that was greater than five percent. As these data
show, dust standards cstablished from the average of two
samples (one MSHA and one operator) are equal (0 or
within ten percent of the standard determined {rom the
MSHA sample alone 51 percent of the time and are 10to 20
percent higher 36 pereent of the time, When three samples
are uscd (one MSHA and (wo opcrators) the standards es-
tablished exeeed those established using the one MSHA
sample 83 perceat of the time. Approximately one-half of
these standards arc more than 1.5 times thosc established
from the one MSHA sample. Standards derived from the
single MSHA sample exceeded the standard derived from
using the average from three samples only 7.5 perceat of the
time. This percentage is not significantly different from that
obtained from a similar analysis of operator data where
standards based on quartz determinations from a single
sample, with greater than five perceat quartz, were com-
pared to the average determined from three samples (the
single sample detcrmination being one of the three). A plot
of these data is shown in Figure 7. As the data show, ap-
proximately73 percent of the time the standard derived from
the average quariz percentage is greater than that derived
from the single sample; with approximately 27 percent of
these exceeding 1.5 times those established from the single
sample,

As previously discussed, one of the major objectives of
the revised quariz program was to enhance miner health
protection through subscquent monitoring of accupations or
cavironmenis placed on a reduced dust standard, the oc-
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cupation of primary concern being the roof bolter. To date,
there have been 482 roof bolting operations placed on a
reduced dust standard (approximately 45% of all roof bol:
ter samples analyzed have greater than 5% quartz), At the
present time 243, or 50 percent, of these operations have
been ostablished as a DA, thus requiring subscquent
monitoring by the opcrator.

In May of 1986, computer screening of aperator
respirable dust samples {rom operations on a reduced dust
standard commenced. Nine samples had been identified and
analyzed by August. To date insufficient data have been
gathered to comment on this aspect of the program.

Epilogue

MSHA's reviscd quartz cnforcement program inhcrent-
ly contains the clements necessary to achieve Lhe objectives
of:

L. Taking into consideration the day-to-day variability
assoclated with quartz percentages when
establishing the respirable dust standard for a mine
covironment,

2. Using the analysis of operalors’ samples to eslablish
the respirable dust standard of an environment.

3. Subsu:lucnl monitoring of personned or operations
placed on a reduced dust standard.

4. Reevaluation of operations on a reduced dust
sandird binnnually,

14

However, a review of the revised program seven months
after its implementation indicates that several of these ob-
jectives have not been fully realized. Minc operators have
clected to submit optional dust samples for use in estab-
lishing an environmental dust standard only 35 percent of the
time, and the pereentage of rool bolting operations that have
been placed on a reduced dust standard and assigned “"desig-
nated arca” status, is less than originally projected. Failure
of minc operators to parlicipate in cstablishing the standard
has had no impact on individual health protection because
standards established based on the analysis of a single
sample arc typically lower than those established [rom
averaging the results from several samples. However, naot as-
signing roof bolting operations on a reduced dust standard
"designated area" status eliminates any requirement of the
opcrator to subscquently sample the operation to confirm
that the dust concentration is being maintained at the ap-
plicable standard.
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