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SEASONAL VARIATION IN RESPIRABLE DUST CONCENTRATION IN U.S. COAL MINES

By Nevin Greninger, ! Welby Courtney, 2 and Edward Divers®

ABSTRACT

The Bureau of Mines examined the possibility of a seasonal variation
of respirable dust concentration in U.S. coal mines. The first step was
to review company and MSHA-inspector dust samples that had been col-
lected during the past several years in 14 selected mines for compliance
purposes. Results indicated severe scatter in data; most standard devi-
ations of the dust concentrations measured in winter and summer months
were comparable in magnitude with the mean values of dust concentra-
tions for the seasons. Therefore, a detailled statistical analysis was
conducted.

At the 907 confidence level, the company samples of three mines had
winter means 0.15 to 0.54 mg/m> higher than the summer means; six mines
had negligible seasonal variations; and five mines had winter means that
ranged from higher to lower than the summer means. Inspector data, how-
ever, were too sparse for analysis. 1In view of both the low frequency
of occurrence of a seasonal effect and 1ts wide scatter in several of
the mines, the study was ended with the conclusion that seasonal varia-
tion in respirable dust levels, in general, 1s an insignificant factor.

TResearch chemical engineer.

2Supervisory research chemist.

3Mining engineer.

Pittsburgh Research Center, Bureau of Mines, Pittsburgh, PA,
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INTRODUCTION

A seasonal variation in the respirable
dust concentration during a coal mining
operation would interfere with a lengthy
field study of the effectiveness of a new
dust control technique for that operation
but would perhaps offer insight into plie-
nomena that may affect the respirable
dust level,

In the early 1970's a brief Bureau of
Mines study of respirable dust levels
in several mlnes, as measured by Fed-
eral inspectors, suggested that in some
mines regpirable dust concentrations

appeared to be higher in winter than in
summer, but that this was not true for
other mines. However, the study gener-
ally did not indicate a large seasonal
variation, and this area was abandoned
for higher priority activities.

It was recently decided to review more
recent resplirable dust data in greater
depth to better assess whether a seasonal
variation 1in respirable dust concentra-—
tion does indeed exist. This report pre-
sents the results of this review.
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APPROACH

Company and MSHA-inspector data rou-
tinely collected for compliance purposes
in room-and-pillar mining were wused in
this study., The study was limited to
data for the continuous mining machine
(CMM) operator, since a higher dust con~-
centration for this high-risk occupation
should be more likely to show a seasonal
variation than would an occupation having
a lower dust level.

Visits were made in the early summer of
1984 to local MSHA offices in West Vir-
ginia, Pennsylvania, and Alabama to se-
lect mines and acquire company and in-
spector data. Review of the initial data
indicated severe scatter and that a sta-
tistical analysis of a large amount of
data would be required to determine a

seasonal variation with any degree of
confidence. The local MSHA inspectors
were asked to select candidate large
mines, which would have more data and
which in their opinion appeared to be
drier in winter than in summer. In prac-
tice, the 1local MSHA inspectors were
uncertain about any seasonal variation in
mine dryness. A total of 14 mines were
selected, three in West Virginia (labeled
WVl, Wv2, and WV3), three in Alabama
(AL1, AL2, AL3), and eight in Pennsyl-
vania (PAl..PA8). All company and in-
spector data obtained for the CMM opera-~
tors in these mines from mid-1980 (the
earliest time for which data could be
easily retrieved) to the early summer of
1984 were acquired.

RESULTS

Figure 1 plots the raw company data for
the ALl mine. "Day” is the number of
days after December 31, 1979,4 that the
dust sample was taken. The circled num—
ber is the number of dust samples for
that day having that concentration of

4a ‘convenient reference date.

respirable dust; e.g., for day 866 (May
15, 1982), there were two samples having
a respirable dust concentration of 0.1
mg/m>, one sample having 0.7 mg/m3, one
sample having 3.0 mg/m3, and one having
4.0 mg/m3. Figure 1 shows the typical
degree of scatter of company data.



RS g

g
o)
e o ce & 60 ee © 9elo
@0 © & 60 so|™
e ©® o8 8 @
e 6 o o8 o8 oo @lo
° 8
© e 58 © @ © 060 80 8o 09|
e 8 ©66e O @0 90 08 90|~
—1&
S
e 69 8 © 80 6O o 8
8 © o088 00 O 60
[ o
m. ©e0 e 60 e @@.mw,
32 .
©
;m.m [ e ©ee @ ee e 6 o8 © oH e’
Y.m.m ] e e & © e e e |9
Y .
X279 © ) o0 ©6 =
MW e © a e ® oec & @e
8% ® ® see © ©
25 12
] R -
@ ® eeo e e on @8
t
o
e e ©ee0 00 @ O @0 o]
e e e )
e e © ®© & o e
S e e 6o © e esee © @.@@Lm
® 8 e e e ) 06 © e © 80 o8
e e o 2] o ©8 @
® ® o ® & 0 eee @@@@@w
R
© ©® © © 9060 e @
s © & e
3
® e s @
® o6 © 00 80 @0 69 @O
e s e ©eee s © o e & 0 ©D 90 ©®
o
abs
s ® o ©® 6 09 e © e o _|g
o6 00 0 © 606060 ©ea|Y
80 © © @6 O §se e 6 oo
_ M , | * | 8
0 ~ © ) < 0 o g 53

gli/Bui *NOILVHINI3ONOD 1SNd 378VYIdSHY

DAY
| Summer |

| Winter

J

Winter
1983-1984

I

|

!

| Winter

| Summer |

I

Winter

- | Summer |

1983

1982

198]-1982

198l

1980-1981

I98?— 1983

FIGURE 1. - Respirable dust concentration data for AL1 mine measured by mine operator.



For each mine, the mean of all company
CMM operators data obtained during three
winter months (December, January, Febru-
ary) was compared with the mean of all
data obtained during three summer months
(June, July, August); i.e., all winter
data for all CMM operators of a mine were
collected together and treated as the
winter season, and all summer data were
similarly collected together and treated
as the summer season. Two outliers were
identified and excluded from the present
analysis: 42.6 mg/m> for the winter sea-
son in the ALl mine, where the mean was
1.80 mg/m>; and 19.2 mg/m’ for the summer
season 1in the PA2 mine, where the mean
was 1.19 mg/m>.

Table 1 summarizes the company data for
the winter and summer seasons and gives
the number of samples collected during
the winter and summer seasons (W and S5),
the means for each season (WM and SM),
and the statistical standard deviations
for these seasons (WD and SD). For exam~
ple, for the ALl mine, a total of 564
samples were collected between December
15, 1980, and February 15, 1984, The
winter season had 219 samples whose mean

value of respirable dust concentration
was 1.80 mg/m® with a standard devia-
tion of 1.66 mg/m>. The summer season

had 178 samples with a mean of 1.07 mg/m®

and a standard deviation of 1.00 mg/m3.
Table 1 lists the mines in descending or~
der of winter-to-summer apparent varia-
tion; e.g., for the ALl mine, the winter
mean was 0.73 mg/m® higher than the sum-—
mer mean.

The scatter in the data is indicated by
standard deviations that are comparable
in magnitude with the mean concentrations
for that season. The net result 1s that
a simple comparison of winter and summer
mean dust concentrations, as in the last
column of table 1, can be misleading be-
cause of the severe scatter in the data,
A more realistic comparison of winter and
summer data i1s obtained by calculating
the confidence level (CL) that the dif-
ference between winter and summer means
is at least a certain value.

Table 2 provides this comparison based
on conventional statistical techniques.
Of the 14 mines in the study, one (ALl)
had a winter mean about 0.54 mg/m> higher
at the 907% confidence level than the sum~
mer mean, and two (WV1 and PAl) had win-
ter means about 0,15 mg/m3 higher; six
mines (AL2, AL3, WV2, PA2, PA3, and PA4)
had winter means comparable with their
summer means; and five (WV3, PA5, PA6,
PA7, and PA8) had winter means that could
be considerably higher or lower than the
summer mean.

TABLE 1. - Summary of company data

Winter Summer Simple differ-
Mine | Samples | Mean conc, Std dev, |Samples| Mean conec, std dev, ence of means
(W) | mg/m> (WM) | mg/m> (WD)| (S) | mg/m> (SM) | mg/m> (SD) (WM-SM)
ALl 219 1.80 1.66 178 1.07 1.10 0.73
Wyl 141 .92 1.01 111 .63 .59 .29
PA2 154 1.48 1.64 126 1.19 1.40 .29
PAL 146 .82 .82 121 57 49 25
Wv2 42 1.26 .83 39 1.01 .66 25
PA3 96 1.18 1.26 80 94 1.42 24
Wv3 42 2,09 1.85 55 1.89 1.99 .20
PA4 48 .94 72 78 .83 .73 .11
AL3 183 .73 .79 154 .67 .81 .06
AL2 120 .81 54 102 .76 .65 .05
PAS 225 1.19 1.33 155 1.19 1.48 .00
PAb 143 1.08 .98 95 1.17 .89 -.09
PA7 132 77 .65 130 .94 .70 -.17
PAS 73 .63 b 64 .84 .84 ~.21




TABLE 2. = Confidence level (CL) that
difference between winter and summer
means 1s at least a certain value

(Milligrams per cubic meter)

Difference of means (WM — SM)
Mine Simple Statistical, at CL of--
(table 1) | 80% | 90% | 95% | 99%
ALL 0.73 0.60 | 0.54 0,49 0.39
Wvl .29 21 .16 .12 05
PA2 .29 .13 05] -.02 ] -.14
PAl .25 .18 .15 .11 .06
Wwv2 25 .10 .03} -.03| -.15
PA3 .24 071 -.021 -.10] -.24
Wv3 .20 - 14 -.32) -.46 | -.74
PA4 .11 ~.00} -,06| -.11 | ~.20
AL3 .06 -.02 ] ~-.06| -.09]| -.15
AL2 .05 -.021|-.05{ -,08} ~.13
PAS .00 -,12 1 =19 ~.24 | -.34
PAb -.10 ~.20 | -.26] -.30 | ~-.39
PA7 ~.17 ~e23 | ~.27| -.30 ] .35
PA8 ~21 ~.30 ] -.35) ~.40 | ~,47

TABLE 3. - Individual seasonal variation
of mean values of respirable dust
concentrations of several mines

Mean std
Mine and season Samples | conc, | dev,
mg/m> | mg/m3
ALl:
Winter 1980-81.. 66 1.55 1.20
Summer 1981..... 77 1.34 1.47
Winter 1981-82.. 52 2.53 2.42
Summer 1982,.... 51 1.10 | 1.11
Winter 1982-83.. 49 1.87 1.50
Summer 1983..... 55 .90 g4
Winter 1983-84.. 43 1.03 .88
PAZ:
Winter 1981-82.. 59 1.32 1.75
Summer 1982..... 66 1.41 1.68
Winter 1982-83.. 85 1.60 1.60
Summer 1983..... 60 .94 .95
Winter 1983-84.. 10 1.32 1.36
Wv3:
Winter 1980-81.. 6 1.88 2.82
Summer 198l..... 9 2,10 2,30
Winter 1981-82.. 21 2.17 1.64
Summer 1982..... 24 2.32 | 2.37
Winter 1982-83.. 15 2.05 1.83
Summer 1983..... 22 1.34 1.23

Table 3 presents individual seasonal
varlation company data for one mine in
each of the above categories: ALl, PAZ,

and WV3; these data are plotted in fig-
ures 2, 3, and 4, respectively., The fol-
lowing discussion provides details of
just how much the refined data adjusted

the results from simple difference of
means,

For example, the winter mean from the
ALl mine company data was 0.73 mg/m3
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FIGURE 2. - Variation of seasonal respirable dust
mean concentration for ALT mine.
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FIGURE 4. - Variation of seasonal respirable dust
mean concentration for WV3 mine.

higher than the summer mean. At a 90%
confidence level, however, the statis-
tical analysis lowered this difference to
only 0.54 mg/m>. Similarly, for the PA2
mine, simple difference shows a 0.29-
mg/m> higher winter mean, compared with
almost no difference from winter to
summer at the 90% CL by statistical
analysis.

For the WV3 mine, however, which showed
a minimal (0.2 mg/m®) simple difference
from winter to summer, the statistical
analysis showed a -0.32 mg/m3 figure at
the 907 CL. 1In practice, this result im-
plies that it is uncertaln whether the
winter mean 1s higher or lower.

Several attempts were made to further
reduce the scatter of the data. One at~
tempt rejected as outliers 19 winter sam—
ples for the ALl mine that showed mean
concentrations >4,0 mg/m3.5 This winter
mean then was 0.20 mg/m3 higher than the
summer mean at the 90% confidence level
(compared with 0.54 mg/m>3, as cited in
table 2); thils reinforces the above con-
clusion that the winter mean for this
mine actually was higher than the summer
mean, Exclusion of mean concentrations
<0.5 mg/m> as outliers did not signifi-
cantly d{mpact the results presented in
table 2. Company data for dindividual
CMM's had about the same scatter as the
combined data but were too sparse for
analysis.

The MSHA-inspector data are summarized
in table 4. The inspector data had about
the same scatter as the company data but
were also too sparse for analysis.®

DISCUSSION

Three of the 14 mines examined here
(ALl, wvl, PAl) had a positive seasonal
variation, wherein the winter mean respil-
rable dust concentration was higher than
the summer mean councentration; six mines
had negligible seasonal varlation; and
for five mines the seasonal effect was
uncertain. Although Infrequent, the oc~-
currence of a positive seasonal  effect
might perhaps be a result of lower rela-
tive humidity (RH) in the mine ventila-
tion alr 1in winter, which could occur

because of the general warming of the
incoming ventilation air 1n the winter
and the cooling of the ventilation air in
the summer.,

An early 1911 Bureau study (1) indi-
cated that the RH of the alr leaving the
mine was about 90%. However, detailed
information on seasonal variation of in-
mine RH appears to be limlted to a re-
cent Bureau-funded study (2) in a single
mine, which indicated a winter RH of 45%
to 70% and a summer RH of 70% to 90%

A large value of the chi-square sta-
tistic for the AL1 company data strongly
indicated (95% confidence level) that
the winter data involved a wmixture of
two normal distributions. Rejection of
the distribution involving the higher
dust concentrations (>4.0 mg/m’) presents
a conservative interpretation of the

data. It should be noted that this ap-
proach 1is a mathematical exercise and
that no phvsical explanation can be pre-
sented to rationalize the existence of
two distributions.

6raw company and MSHA-inspector data
are avallable from the authors.



TABLE 4. - Summary of MSHA-inspector data

Winter Summer Simple differ-
Mine | Samples | Mean conc, Std dev, |Samples | Mean conc, Std dev, ence of means
(W) mg/m® (WM) | mg/m> (WD) (8) mg/m> (SM) | mg/m> (SD) (WM-SM)
ALl 6 1.70 0.73 0 NAp NAp NAp
wvl 3 1.03 .21 5 0.72 0.43 0.31
PA2 22 1.00 .90 10 .88 1.09 .12
PAl 1 .70 NAp 10 64 31 .06
wv2 2 1.20 .28 7 .90 40 .30
PA3 14 1.47 .92 10 .66 .67 .81
Wv3 2 55 21 1 .30 NAp «25
PA4 5 .60 .31 2 .70 .00 -.10
AL3 5 1.00 .58 0 NAp NAp NAp
AL2 0 NAp NAp 0 NAp NAp NAp
PAS3 26 1.30 1.03 10 .50 52 .80
PA6 8 1.08 .54 18 1.51 52 -.43
PA7 5 .56 .18 10 .66 .26 -.10
PA8 7 .59 .20 5 .56 .30 .03

NAp Not applicable.

about 1,000 ft outby a longwall face.
The lower RH in the winter would tend to
reduce the water content of dust deposits
in roadways, beltways, etc., and thereby
perhaps lead to a greater rate of dust
reentrainment.

An alternate explanation of a positive
seasonal effect 1s a possible 1increase
in the inherent moisture content of the
coal seam 1n the summer. A Bureau study
of water infusion (2) of coal seams indi-
cated a 507 reduction in the formation of
airborne respirable dust in the face area
when the water content of the coal seanm
was Iincreased from about 4 wt% before
infusion to about 5 wtZ after infusion,
Also, some people feel that more dust is
formed at the start of a shift after a

weekend because the face had had an op~-
portunity to dry out during periods of
nonmining. However, no information ap-
pears to be available on the seasonal
variation of inherent water content of
the coal seams of the 14 mines examined
here.

An explanation of a seasonal variation
of respirable dust concentration would
probably require measurement of in-mine
RH and inherent molsture content of the
coal seam for a period of several years.
Such a study would be burdensome and
would be of limited usefulness in view of
the low frequency of occurrence of a sea-
sonal effect. It was concluded that any
seasonal effects are 1nsignificant, and
this study was ended.
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