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Evaluation of a portable hand-held respirable dust monitor

RAYMOND R.GADOMSKL. DAVID J.ATCHISON. ANDREW J.GERO & ROBERT 4. HANEY
Mine Sarers Health Admimsiranion, Pitisourgn, Po . USA

ABSTRACT: A program to evaluste a portable hand-held resplrable dust momitor was
conducted by the Dust Division, Pittsburgh Health Technology Cencer, Mine Safety and
Health Administrarion. The instrument evaluated was the GCA Miniram which uwtilizes the
principle of light-scattering to measure the mass concentratien of dust in the environ-
ment. The instrument was evaluated by comparing measuremencs obtained with an actively
operated Miniram and with a respirable coal mine dust sampler. Comparative measurements
were obtained with four Miniram instruments in four underground coal mines located in
different coalbeds. The effect of aerosol particle size distribution, material composi~
tion and dus: concentration on Miniram measurements was also studied. Results indicate
that a factor can be applied to the Miniram TWA (zime weighted average) measurement to
obtain an equivalent coal mine dust sampler measurement. Comparative field measurements
showed that mass concentratioun measurements obtained with a Miniram were approximately
1.5 times (+20 percent) those obtained with a coal mine dust sampler. The effect of
variations in particle size distridution and material composition on Miniram response
could not be quantitated in this study.
1 INTRODUCTION of factors such as the particle-size
discridbution, demsity, shape snd surface

During the past several years, seversl
manufacturers have developed and marketed
inscruments capable of providing an
“instantaneous” assessment of the particu-
late mass concencration of an industrial
environment. These instruments have been
of interest to the Mine Safety and Bealth
Administration and to the mining industry
because they can provide the capability to
determine f{row 3 short-term measurement
when and where full-shift personal
sampling should be conducted. In additiom,
thegse instruments could also be used ta
measure and define dust generating sources
and evaluate the immediate effects of
alterations to dust suppression and
control systems.

Many of these ipstantaneous iunstruments
use the principle of light scattering to
measure the mass concentratlon of ano
aerodol. Measurements with a light-scarzer—
ing inetrument can be made in a relatively
short period of time (often seconds), and
the measurement is not dependent on Che
volume of air passed through the Instru-
ment. However, a major disadvantage of the
light-seattering principle is that light
scattered by an aerosol may be a function

properties of the aercsoi being measured.
Since measurement by light scattering is
pot dependent upon a specified flow rate,
light-scattering ingtruments have been
developed which are of the passive type
(no air mover)., Shown in Figure 1 is an
instrument developed under a NIOSH/BOM
research contract (Lilienfeld & Stern
1982) by the GCA Corporation referred ta
as the Hiniram Aerosol Monitor (reference
to specific makes of equipment for identi-
fication purposes only and does not
constitute endorsement by the Mine Safery
and Health Adwinistration. This instrument
utilizes diffusion 3and ambient air
movement to transport the aerosol through
the instrument's sensing chamber. Pagsive
samplers like the Miniram offer the
advantage that they can be designed in
smaller and lighter counfigurations than
sampling devices requiring air movers.
Since space and power are not required for
2 pump, the size and battery capacity can
be substantially reduced. The instrument
utilizes a light-emit:ing-diode operating
in the near-infrared region as an i{llumina-
tion source. The illumination source has
an emission spectrur which is centered on
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Figure l. GCA Corporation's, Miniram Aerosol Moulzor

380 nanometers (mm). Light scattered
between the angles of 45° and 95° (Lilien-
feld & Stern 1982) {3 measured by the
instrument. The choice of light wave-
length and angle of detection are such
that the instrumenc's sensitivity to
parcicle size approximates the respirable
dust definitfan of the American Conference
of Governmental Industrial Hyglenlists
(Aerosol Technology Center Coaomittee
1970). Therefore, respirable wmass
measurements are supposedly obtained
without the need of-  classifying aed
separating particles before cthey enter the
sensing chamber of tha instrument.

While che Miniram does not require 3
parcticla classifier for operation,
previous studies (Marple & Rubow 1984)
have shown that measurements obtained with
instruments employing the principle of
light scattering can de affacced by
variation in the particle size discribu-
tion of the aerosol and by water droplets
present in cthe airscream. To reduce
variacion in instrument respouse due to
these factors the Miniram was equipped
with an adapter that permitted the sampled
alr to be passed through a particle
classifier before measurement. Figure 2
shows the optfonal adapter assexmbly.
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Figure 2. Personal Sampler Adapters
used with Miniram for Sawpling Coal
ar Metal/NonMetal Mining Operations

Sampled air is passed through the particle
classifier (10 mm nylon cyclone) befare
encering the instrument's sensing chamber
and through 2 37 zm dlamezer membrane
filter after exiting the chamber.

While the primary Zunction of the filter
is to protect the pump “rom dust, it also
provides the opporzunity, whea pre~and
post—veighed, to decemaine the gravime-
cric dust concentration of the dust
passing through the sensing chamber. At a




flow rate of 2.0 liters per minute (Lpm)
the characteristics (mass concentration
and slze distriburion) of the aerosal
passing through the sensing chamber will
be the same as that sampled with a
reapirabie coal mine dust sampler.

In addition to eliminating the variation
in instrument reading due to particle size
distribution and water droplets im the
aerosol, the adaprer also blocks extrane-
ous light from the instrument sensing
chamber which could also affect a reading.
When operated with a pump and cvclone
adapter the instrument 1s considered to be
operating in the "active™ made. Operating
the instrument in the active mode reduces,
or minimizes, the effect variations in
aerosol size distribucion has on the
response of the Miniram; however, passing
the aerosol through the cyclione removes
the non-respirable fraction. Since the
Miniram {5 designed to discriminatre the
respirable fraczion from the total
aerosol, removal of a portien of the
aerosol by means of a cyclone causes the
respirable mass concenrracion of the
environment te be underescimaced. Labora-
tory data obtained by Gero and Tomb (Gero
& Tomb 1984) showed that Minirap measure-
ments obtained actively are approximately
15 percent less than those obtained
passively.

When operated in either the active or
passive mode, instantaneous measurements
are coatinuously displayed and updated
every 10 seconds. In addiriom, the Miniram
can be called upou to display the time
weighted average (TWA) concentration and
also has an analog output that can be used
for continuous monitoring of the instru-
ment 's response using a data logger or
stTip chart recorder.

The purpose of this study was ro decer—
mine the relationship between comparative
measurements obtained simultaneously wit
the Minirsm when operated actively and
with a respirable coal mine dust sampler.
Gravimetric measurements obtained with a
respirable coal mine dust sampler would
serve as the basis against which Miniram
measurements would be compared. In addi-
tion, an attempt was made to determine the
effect of mine aerosol particle-size
distribucion, material composition amnd
dust concencrarien on the compararive
meASUrements.

2 EXPERIMENTAL TECHNIQUES
To develop a telationship between the

measurements odbtained with a respirable
coal mine dust sampler and the Miniram, a
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special sampling configuration was uti-
lizec. This configuraction 1is shown in
Figure 3. Essencilally, a Minlram and a
respirable ccal mine dust sampler are
connected so that both instruments sample
the same dust atmosphere. The cyclone for
the Miniraw and the cyclone for the coal
mine dust sampler were each connected to a
leg 0of a "Y-connector”. The third leg of
the "Y-connector” was then interfaced with
another "Y-connector” that was connected
to the sampling pumps.
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Figure 3. Special Sampling Configuration
Utilized for Study

Twe of these special sampling configura-
tions along with a total dust sampler were
assembled into a package. The Minirams
were oriented in the package in a vertical
position {i.e., display functioms up or
toward the top). Final assembly of the
sampling package arrangement was done
underground a: each mine sampled. Two
sampling packages were used for sampling
each shift, providing four (&) sets of
compatative test data. A total of 76 sets
aof test data were obtained for the entire
study.

Filter samples (personal, Miniram, and
total) were pre- and post-weighed to
0.0l mg on a ME-30 Mettler amalytical
balance. Filrers were changed daily at the
end of each shift sampled. Sampling flow
rate through each pump was maintained at




31 rate of 2.0 Lpm. Coustant flow pumps
(Bendtx Modei BDK-50) and (MSA Model G)
were used in the packages. Respirable
dust concenctrations determined gravimet-
tically from samples collected on the
filters were aultlplied by the constant
1.38 {Tomb 1973) to obtain an equivalent

MRE coacencration. Miniram TWA measurements

were compared to the average of the
equivalenc MRE concentraclions detemmined
from the Miniram filter samples and the
coal aine dust samples.

The tatal dust sample (no cyclone)
collected “n each sampling package wvas
particle sized with a Model T Coulter
Counter f{Anderson & Tomb 1968}. all
Coulter Councer analyses were Cun using a
SO-micrometer aperture tube to classify
particles, Tanging fin size from 0.7% to
15.41 micromecers, fato 15 intervals.

Sampling 7as conducted in four under-
ground coal mines representatlive of three
different coalbeds. Within each under-
ground mine, sampling was conducted at
various locations such as a sectlon dump
poiat or a belt tranmsfer point. Sampling
was conducted for perlods of from 4 ta 3
hours during each shift. Exact operating
times on the instruments were recorded.

Comparative ameasuremencs were also
obtained with the !nstruments used In the
fleld study in a laboratory dust chamber
using micus 200 wesh coal dusc. For
comparison of Miniram and gravimecric
measurements, the Miniram TWA was compared
to the MRE aquivalent concentracion
obtained from the Miniram filter sample.

3 RESULTS AND DISCUSSION

Table | summarizes the test daca obtained
from sampling conducted at the various
underground oines. Of the 76 sets of dara
polnts obtained for relating Miniram
readings to personal gravimetric measure-
mencs, 60 sets were considered valid for
data analysis. Thirteen of the 16 fovalid
data sets weres due to apparent malfune~
tions in che Miniram the other 3 lavalild
data sets were due to Inconsistency in the
gravimetric samples. Valid Miniram TWA
measuremencs ranged from 0.28 to 2.97
milligrams per cubic meter (mg/mj). MRE
equivalent gravimerric dusc concentratiocn

measurements ranged from 0.19 to 1.65 mg/m3

A number of the malfunctions encountered
with the Miniram during field tests had
not been previously aobserved during
laboratory tescing and could not be
duplicated when the (fpstruments were
removed from the mine environment. These
malfunctions included disagreement bectween
the TWA determined from successive
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instantaneous readings and from internal
integration of zhe {nstrument's electronic
signal. Addicionally, salfunccifons of
various !nsctrumenc functions (TWA, Shiftc
Average, Time, Zero), erratic display when
the function button was pressed, and
{nscrumenc snutting off either automati-
cally or when a funccion bucttan was
pressed, were observed during the fleld
tests. Malfunctions occurred sporatically
with all instruments, there was not one
!nscrumenc that appeared to be more of a
problem than others. Foilowing a aal-
funczlon, the Miniram was removed from the
nine, w#iped clean and charged. A malfunc-
tioning lnatrument generally operated
satlsfactorily on the following shift.
However, this satisfactory operation could
not te confiirmed uncil gravimerric concen-
traclons were decermined and compared to
the iastrument's TWA reading.

Gravimetric decerminacions obrained from
the Hiniram filters ranged Irom 0.44 to
1.50 times those obtained with the respir-
able coal =mine dust sampler. The average
raclic berveen gravimetric determinatfons
was 0.96 with a standard deviatiom of
+0.15. Th{s agreement showed that the
aerosol passing through the Mioiraa's
sensing chamber was the same as that
sampled by the coal mine dust sampler.
These results indicate that gravimetric
determinations obtained from the Miniram
filter can be used to detarmine the
gravimecric concentraticn of respirable
dusc to which the Miniram was exposed.

The racfo of TWA obtained from the
Miniram to the average of the two gravi-
mecric concentratlon measurements (Miniram
filter and coal mine dust sampler filter)
as shown in Table 1 ranged from 0.99 to
2.44. The average ratio of Miniram IWA to
MRE equivalenc gravimerric concentration
was 1.52 with a standard deviation of
+0.34. In computing cthe ratlo, the
gravimecric decerminaclion was counsidered
che fndependent variable. Based omr the
racilos escablished, a Miniram TWA can be
converced to an equivalent gravimetric
cancencration, ta within +20 percent, by
either dividing the Miniram neasurement by
1.52 or mulciplying che Miniram measure-
ment by 0.66.

In addicion ta compucing the ratlos
between the Miniram TWA and the gravi-
merrie determinaciomns, the raclo and
gravimetric concentracion data were
analyzed using regressfon analysis to
determine (f theres was 1 dependency of the
ratlo on dust concentracion. The regres-—
sion analysis showed cthat the ratlo was
not dependeat oa the aagnitude of the
dust concencraclon.
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Table 2 contains a matrix showing the
average and standard deviation of the
Miniram TWA versus average gravimetric
dererminacions for each instrument at each
mine. Also shown in the table are the
average values for each mine and for each
instrument. Considering the averages,
standarc deviation and the number of data
points avalladle, £t appears that the
difference between the overall average and
the averages by instrument and minre are
ingignificant. While other investigatlions
have shown that changes in the particle
size distribution of the aerosol effects
instrument response, this result was not
observed in this study. Either variations
in the particle size distribution of the
total dust were imsignificant or more

likely the range of particle size distribu
tion of the dust passing through the
cyclone was not great enough to cause a
measurable variation of instrument res-
ponse. The mass medilan diameter of the
total dust ranged from 4.00 to 6.00 micro-
meters with a standard geometric deviation
of approximately 2.3 micrometers. The mass
median diameter of the dust passing
through the cyeclone ranged from 2.35 to
«.30 micrometers with a standard geometric
deviation of approximately 2.2 micrometers.
The coal dusts used by other inmvestigarors
to determine that the respounse for
passively operated instruments was
affecred bv particle slze had mass median
dfameters ranging from 2.0 to 5.0 micro-
nerers.

It should be pointed out again that the
maximum gravimetric respirable dust
concentration {(MRE equivalentz) obtained
during the field study was l.63 mg/m°.
While higher dust concentratlons were not
obtained during field testing, thev were
obtained during the laboratory testing of
each instrument. Tabie 3 shows the labora-
tory results of Minf{ram TWA and cassette
filter data for each of the four imstru-
ments used during the field study.

A comparison of the overall average of
the Miniram TWA tc gravimetric comcen-—
tration frow fleld and laboratory testing
of the instruments shows similar results
(1.52  *0.34 versus 1.47 :0.35).
However, while field tests did not
quantify a difference in Iinstrument to
instrument response, laboratory resules
have shown some difference amoung the
response of individual insctruments.
Therefore, to use the instrument TWA to
estimate the gravimetric concentration, a
factor should be determined for each
{nstrument to coovert the Instrument TWA
to an equivalent gravimetric concentra-
tion. The <concentration determinegd
gravimetrrically fros the Miniram fllter
can be used for this determinationm.

An additional observation made during
this study is that instantaneous respir-
able dust concentrations at a location can
vary greatly and rapidly. As a result, in
order to use the Miniram to evaluate a
dust generation source, the averaging
capability of the instrument (TWA) should
be used. During the field tests 1t was
observed that a consistent comparison of
TwA readings from instruments operated in
the package was obtained after approxi~
mately | hour of operation. Comparative
TWi measurements for operation times less
than 1 hour were not made during this
study.
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Table 2. Ratio of Miniram T4A %o Average Lasset

for Zach Mine ang

Instrument

ancentration

Mine

Mine lverage

[nst-ument
Average

Laboratory Comparison of Miniram Time-Weighted Average oo
GravimetTically Determined Aerosol Concencration {MRE equivalenat)
Showing Ratio of Time-Weignced Average co MRE Zquivalent
Cancentration

— O
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1.38
+0.18
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Gravimetric Racio
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Gravim::{xz Ratio
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\ag w7
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TWA
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3.393 3.o01
5.7 .91
4.48 3L
1.35 2.48
.73 3,45
15.50 11.90
5.71 2.82

Mean

Standard DJeviation

Overall Mean Ratio = [.47
Standard Deviation = 0.349

3.1l
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5.49
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4 SUMMARY

A study was conducted to determine the
relatlonshlp Dbetween respirable dust
measurements obtained with an actively
operated Miniraw and a coal mine dust
sampler. Comparative measurements were
obtained with four Miniram instruments in
four underground coal mines representing
three coalbeds. Results of the study
indicate that gravimetric measurements
(obtained with a coal mine dust sampler)
can be estimated to within 2C percent by
gultiplying the Miniram TWA reading by
0.66. From the limited results of this
study, the effect of variations in the
size distribution or marerial composition
of the aerosols typically found in
underground coal mine environments on the
relationship derived between Miniram and
gravimetric measurements could not be
quantified.

Comparison measurements made in the
laboratory although not a part of this
study have shown that instruments recelved
from the manufacturer are not uniformly
calibrated and that individual instrument
response can vary. Therefore, it s
important that the calibracion of each
instrument be checked (or established)
using an aerosol typical of crhe type on
which measurements are to be made.

While this study di{d demonstrate the
potential of the Miniram for assessing
particulate concentrations in underground
coal mines, numerous intermittent opera-
tional and relilability problems were
encountered with the four Miniram instru-
ments used during the field testing. These
problems should be resolved and additiomal
testing should be conducted to establish
the integrity and reliability of the
Miniraw when used in underground coal mine
eavironments.
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