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ABSTRACT

The compliance sampling method for coal
mine dust has not changed appreciably in the last
30 years. A call for more frequent sampling with
immediately available results is leading to new
instruments that may supplement or replace the
existing sampler. This report discusses two such
instruments that provide immediate results of
dust levels. The first, called the Dust Dosimeter,
is designed to supplement the existing
compliance sampler. It uses the pressure drop
across a filter to provide an inexpensive
screening type of measurement. The Dust
Dosimeter has been tested in the laboratory and a
limited number of coal mines. Side by side
testing has compared the Dust Dosimeters
performance with personal coal mine samplers in
triplicate area sample measurements. For all
coal types tested the data were best described by
a power function where AP = 1.43 mass™®, with
a correlation coefficient of 0.73. Individual coal
types have correlation coefficients greater than
0.91. Preliminary area sampling in non-diesel
mines shows agreement with the laboratory data.
The correlation in mines with diesel equipment
was 10 to 20 times the response to coal
particulate.

Another sampler in the early stages of
development is called the Personal Dust Monitor
(PDM). Designed to give compliance quality
accuracy, the PDM uses the frequency change of

a vibrating element to measure dust and give
immediate feedback of results. The technical
components of the device are available and work
is in progress to package the components into a
person-wearable unit.

INTRODUCTION

The sampling of coal mine dust has
remained virtually unchanged in the last 30 years
since the passage of the 1969 Coal Mine Health
and Safety Act legislated a full shift dust
exposure limit of 2 mg/m3. The device used to
determine compliance with this standard has
been the personal sampler’ that is worn by the
miner and consists of a size classification device,
a filter, and an air pump. Minor improvements
to pump and filter cassette design have occurred
but the basic design is the same. The lack of
change has been, in part, because of the
simplicity of design, the reasonable accuracy,
and the direct measurement of mass that enables
easy interpretation of the results. However there
are drawbacks. Sampling is conducted at
infrequent intervals. Also, the results are not
provided soon enough for timely correction of
overexposure.






The RSD values from the BCR testing
averaged 43%, and fail to meet either criterion by
a wide margin. It is a surprising result
considering that the.samplers were only a few
feet apart, and it clearly illustrates why it is
necessary to conduct personal, rather than area,
sampling.

1

DUST DOSIMETER

The Dust Dosimeter was devised to provide
an inexpensive estimate of a miner’s dust
exposure at any point during the shift. It works
using the change in filter pressure as an
indication of filter mass. As filters load with
dust, increased air pressure is needed to pull the
same amount of air through the filter. The
British used pressure drop in 1957 to monitor the
dustiness of coal dusts in a laboratory setting for
very high loadings of total dust."” The Dust
Dosimeter employs new microprocessor
technology to adapt the same principle to a mine-
worthy device. Figure 1 shows the Dust
Dosimeter’s two main parts, the detector tube,
and pump with integral pressure transducer. The
detector tube contains a course porous foam to
trap large particulate and water drops, and a fine
porous foam that removes non-respirable dust.
The size-penetration curve of the foam is similar
to that of the 10-mm Dorr-Oliver cyclone. The
respirable dust deposits on a glass fiber filter.

Figure 1: Dust Dosimeter
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The Dust Dosimeter has limitations. For
example, fine dust will increase the pressure
restriction of a filter at a faster rate than an
equivalent mass of coarse dust. However, since
coarse dust can be eliminated by size
classification devices such as cyclones, error
caused by large particles can be eliminated.
Most respirable mine size particulate of
significant mass is between 0.5 and 7.0
micrometers. Normally, in non-diesel mines,
there is not significant mass below about 1.0
micrometer in size and the differential pressure
method of measurement results in good
correlation with mass in the respirable size range.

Laboratory results of the correlation between
personal samplers mass and the Dust Dosimeter
pressure showed good agreement for individual
coal types and quite reasonable agreement for all
coals tested.”” Six different coal dusts were
aerosolized in a laboratory dust chamber and a
total of 119 triplicate sets of observations were
obtained. For individual coal types, the
correlation coefficients were between 0.91 and
0.97. The precision of the two methods was
similar, with the relative standard deviation of
the personal samplers at 11.83% and the
dosimeter at 13.96%. For all coal types tested
the data were best described by a power function
where AP = 1.43 masso'ss, with a correlation
coefficient of 0.73. Figure 2 shows the results
for all laboratory data. The method becomes
more accurate at higher dust loadings such that
all laboratory data with mass loadings greater
than an equivalent concentration of about 2.0
mym3 fall within +/- 25% of the power function.

Testing of the Dust Dosimeter in mines is
underway. This study is comparing personal
sampler mass and Dust Dosimeter pressure at
outby locations in coal mines. As in the
laboratory studies, triplicate measurements of
both mass and pressure change are being made
and the correlation between the two methods
reported. Locations with low, medium and high
dust concentrations are being selected.
Preliminary analysis of the data show that for
mines with no diesel equipment the correlation
between mass and pressure follows the

















