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ABSTRACT

At (ttawa's silica flour mall, two dust suppression technigues, water
injection intc the product and water spray onto bag surfaces, were
tested. Environmental tests indicate that these methods effectavely
reduce atmospheric dust concentraticns by approximately 608 1n the packing
area, BC% 1n the bag handling areas; and 70% 1n the box car loading
areas, The combinatiorn of control technigues using water, local exbaust
ventiiation, and housekeeping reduced dust concentrations at the packing
station ta the =0 ugfm3 level; at bag handling areas to the 100 ug/m3
level; and 1n the Lox car loading area to the 200-300 ugﬂn3 level.,

The relative effectiveness of these controls was not evaluated in thas
study.

Dust levels can be further reduced by the 1ncreased use of bulk loading
into closed hopper cars and trucks, with exhzust vacuum dust control., At
present, Ottawa ships approximately §5% of 1ts silica sand and flour
products 1n bulk and 15% 1n paper bags.



I.

INTRODUCTION

Rl

Purposg of Study

A Control Technology Assessment (CTA) of the Silica flour industry
was conducted by the National Institute for Occupational Safety and
Health (NIOSH), at the reguest of the Mine Safety and Health
Administration (MSHA) and in cooperation with the Bureau of Mines
{BOM} and the Naticnal Industrial Sand Association (NISA). The main
purpose of this CTA was to evaluate 1innovative control strategies for
reducing dust dispersion during the milling, packing, and transfer of
silica flour. Three silica flour mills were investigated during this
study,

This report presents the findings, observations, and recommendations
for the study at the Dttawa Silica Company, 1n Dttawa, Illinoas. AL
this silica sand and flour malling facility, two new dust suppressant
technigues were evajuated, which have shown promise of effective dust
reduction., These two technigues are:

1} the addition of water (up to 1.5% by weight)} 1into the silica
flour product, as 1t 1s loaded into 50 and 100 pound bags, and

2) the spraying of water on filled bags, at strategic locations, to
agglomerate and remove the accumulated dust on the bags' outer
surfaces.

Scope of Study

The evaluation of atmospheric dust concentrations, vemtilation
control systems, and other dust control technigues was limited to
three operations in three work areas of silica flour Mill G. These
areas and operatigns were:

1)  Packing area: filling 100 pound, 3 ply paper bags with 511-Co-
$1l Silica Flour (#295 ang #290), at the No. 3 packer.

2) Bag handling area: transferring bags from the declining chain
conveyor to the transfer conveyor on the main floor,

3) Box car loading area: manually removing and stacking bags an
pallets in box cars from the transfer conveyor.

Environmental dust evalustions were conducted wunder four control
conditions which are described in Section III-[.



I1.

STUDY PRCTOCOL

A.

Evaluation Criteria

The principal material invesiigated 1in thils study was crysysalline
silicon dioxide (often referred to as silica or free silica)., Silica
may be present in at least three crystalline forms: alpha quartz,
cristobalite, and tridymite; and several amorphous (noncrystalline)
forms. In this study, only significant amounts of alpha quartz were
getermined to be present 1n any of the final products or airborne
samples, Therefore, in this report, all references to silica dust
concentrations refer to the respirable fractiom of crystalline quartz.

The MSHA standard, or Permissible Exposure Laimit {PEL), for respirable
crystalline silaca (quartz}, which 1s applicable 1in metal/nonmetal
mines and mills, 1s contained in 30 CFR {(Code of Federal Regulations)
Part 57. Although the PEL pertains specifically teo the 8-hour tame
weighted average exposur2 io employees, 1n this report, it 1s used as
an environmental criterion to evaluate the effectiveness of the
control techniques wunder 1nvestigation. For resparable dust,
containing silica, the PEL is determined by the equation:

PEL = 10 nxlligrams per cubic meter.
% s1lica + 2 mg/m>

For 100% silica dust (respirable), this calculated PEL 15
approximately equivalent to 0.1 mg/m® or 100 ug/m3.

Process Description

At the Dttaws facility, silica sand ore is pumped, as a wet slurry,
from the guarry, about ome and one-half miles, to the "Processing
Building® in the Millaing area. In the "Processing Buildang,™ the ore
1s washed and sized on statipnary wet screens. Three fractions are
produced: Fime (Glass} sand (-200 mesh), Coarse sand, and Tailangs
{(+ 1/8 1nch sang, clay and debris). The Tailings are pumped back to
a mined-out guarry for wet storage,

The dry Fine (Class) sand is transported by closed conveyor belt fo
the "Fine Sand Plant™ where 1t 1s sized and stored in closed bins,
prior to shipment. Fine sand accounts for approxamately 12.5% of the
total sand produced.

The dry coarse sangd 18 transported by closed conveyor belts to the
"Sizing Building* sized on horizaontal air classifiers, end stored in
closed bins. Most of the Coarse sand 1s shipped either in bulk or in
bags, by rail car or truck. Coarse sand for approximately 80% of “the
total sand product



The remaining portion of the dry Coarse sand 1s transported by closed
conveyor belt to "Mill G" where 1t 1s comminuted into Silica Flour
products. Three grinding circuits (fwo primary grinders and one
secondary regring unit) &nd a Raymond Alr Classifier are used to
produce the various fleour products. The grinding 1s done in the tube
m1lls, wusing either high si1lica pebbles or ceramic plugs as the
grinding media. The silica flour products are also shipped i1n bulk
or 1n bags, by rail car or truck, Bulk shaipment of flour accounts
for approximately &% of the total sand products, bag shapment of
flour accounts for the remaining 1.%% of total sand products.

At "™1ll G", which also houses the tube milling and drying cperations
operations (Figure A), the flour products are bagged and loaded 1ntg
box cars and trucks. A solid wall isolates the bagging and loading
sections from the remainder of the mill operations. This wall
reduces cantamination of the bagging and loading work areas, by dust
from the milling and drying operations.

A normal bag handling crew consists of four or five employees. one
operating the packer machine, one transferring bags from the
declining conveyor to the transfer conveyor; one or two stacking the
bags i1n the box car or truck; and a supervisor assisting, as needeq,
10 these three operations. Normally, the crew members arrange their
own schedule by rotating among these jobs durang the shift,

Five mechanical packers, manufactured by St. Regis Company, are
ipcated on the secod floor of this building, approxaimately 15 feet
above the main floor. Two units (packers No 4 and 5) have two
fill-spouts each, and three units (packers No, 1, 2, and 3) have four
fill-spouts each, Mormally, only one packer 1s 1n operation at a
time. Ouring this study, ome hundred pound bags (3 ply, manufactured
by Owens-Illinois and Geargila Pacific) were being filled, ALl
bagging was done on Packer No. 3, and all dust evaluations and
ventilation tests were performed around this packer.

The bags are pilaced py hand on the packer spout, filled with product,
tipped by hand onto a horizontal conveyor, and transported to the
loading area on the main floor of Mill G, During this study, all
bags were loaded with S1l1-Co-S11 #295 or {#290%

In the bag handling area, on the main floor (north end), bags drop
from the decliming conveyor to the horizontal transfer conveyor., One
or two employees are stationed at the transfer point between con-
veyors, fo straighten bags, to prevent pile up of bags, to replace
fallen bags onto the conveyor, to remove bLroken bags, and to
web-sweep any spllls as soon as possible.

In the car loading area, one or two operators manually remove the
bags from the conveyor and stack them on pallets i1n a box carweor
fruck. BDuring this study, only box cars were loaded. Conveyor
controls are located at each work station.
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C. bBust Suppression or Control Systems

1. Vventilation systems

Exhaust ventilation 1s provided at each packer station and con-
sists of several collection points (Flgure B). From these col-
lection points, the captured dust goes through 4 or 6 inch ducts
1nto a main 12-inch duct that leads to bag-type dust collectors
{manufactured by Allis-Chalmers and Wheelabrator). The dust
control system for each bagging station is equipped with manually
operated “shut-off" valves, All valves are closed except for
those at the packer station being used, Other &-inch ducts are
spaced along the conveyor enclosure to pick up airborne dust from
the bags. Any spillage at each packer, which falls through the
conveyor {(chain-type) belt into a trough, 1s flushed and carried
away in the waste water,

At the transfer point from the declining conveyor to the transfer
belt conveyor, a hood enclosure, with a canvas curtain, 1s used
to minimize dust dispersion as the bags drop from one conveyor to
the other.

2. Water injection into product

Water, up to a concentration of 1.5%, 1s injected inte the product
at each filler spout to reduce the emission of dust from silica
flour products (Figure B).

3. Sonic water sprays on bags

Somic sprayers, manufactured by the Sonic Development Company,
have been installed at three strategic locations
(Figures B and C):

a) Darectly on the packer near the fill spouts. Water 1is
sprayed on the top of the bag to remove dust from the bag
valve areas,

by At the transfer point from the horizontal eonveyer to the

declining conveyor. Water 1s sprayed upward and downward on
the bags to remove dust from the front and back of each bag.

*#235 product: 593% of product passes 200 mesh; #290 product: 30% passes 200 mesh,



S, ﬁh o

NO SCALE
LEQEND

458 5

Sample Sz #5

PQC-KE'.‘ N03 Af‘ﬂk

e 3

Flonr

Cross Section A-A

o

Fiqure B Packer = Ventilation and Water Controls

Ottawa Sihea C.umpln'j

6



‘-h,’ -
eyer
_iﬁg_\ - /Lmsu_f.nﬂ.un__
L B { . ./BALM— iu.miu Lonvtyot
Box Car J
'R \\ﬁLmdmy_D.m.ts_

Trans$er Foints on Lower Level

NO SCALE
LEGEND
A5uT_
o
Slmﬂi Ser?
Pacwing Aced
Extaust Mentiuation
—-'—‘_':'_Ja
n‘
2 k3
e /is,ﬁ , /;.s__&
\Ranqu
oy
\jzmﬂ__ﬂnr_l-nmng_h_ua__

-Cross Section’ Transer Roirits $rom Upper to Lower L evel

Flgure_ C: Transrer FPoints — Ventilation and Water Spratjs

Qttawa Siliew Comp-.mi
7



c) At the transfer point from the declining conveyor to the
horizontal transfer conveyor. Water 1s sprayed from both
s510es to wash the sides of the bags.

The objective of these sprays 1s to agglomerate or remove
the dust from the outer surfaces of each bag.

The spray patterns are overlapped so that all exterior
surfaces are thoroughly washed,

The effectiveness of these wvarious dust suppression technigques 1s
giscussed 1n Section V.

Study Design

A study protocol was developed to evaluate the effectiveness of the
two dust suppression procedures using water.  The normal operating
conditions, which were maintained constant throughout the study,
rncluded:

1. Product - During the study, only products Sil-Co-S11 #290 and
#2795 were packed.

2. Packer lpocation - All packing was conducted on Packer Mo, 3,
using 100 pound, 3 ply bags.

2. ventilation systems - The ventilation systems at Packer Mo. 3,
along the closed conveyor, and at the transfer points, were
operating.

4. Loading - Pallets were loaded only 1n box cars.

Atmospheric concentrations of bhoth respirable “silica" dust and
resplrable "total dust™ were determined during four operating
conditions:

1. Run B - Normal operating canditicns.

2. Run C - Normal cperating conditions, with water injection into
the proouct and with water sprayed onto the bags' outer surfaces.

3. Run D - Normal operating conditions, with water injection into
the product at the packer spouts.

4. Run E - Normal operating conditions, with water sprayed onto the
outside bag surfaces.

A total of nine 1n-plant air sampling locations were establishad at
the three work areas being evaluated. Two additional putside sampling
locations (up-wind and down-wind) were established to estimate
background dust levels (Figure A). (Prevailing winds were from the
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Southwest on June 17 and 18, and from the Northeast on June 19.) One
sample was taken at each location during each of the four test runs,
These locations are shown on Figure A. 0One sample wag taken at each
lopation during each of the four test runs.

Experimental Runs (A through E) were conducted under the four operating
conditions listed in Section II D. Durang Run A, a Ritter Electro-
static Fogger was i1n operation inside the box car heing loaded. Its
function was to agglomerate airborne dust to reduce the dust cancen-
tration, Aiso, during Run A, abnormal amounts of dust were generated
by six broken bags of product, (four bags near packer No. 3 angd two
bags at the belt transfer on the loading dock). Since these factors
were abnormal and extraneous to the experament, 1t was decided to
exclude the data of Run A from the evaluations of the effectiveness of
the twa control methoos., Ouring the remaining four runs, only two
broken bags were cbserved.

AlT flow measurements were made of the ventilation systems at the
No. 3 packer ang at the top and bottom of the declining conveyor.

Evaluation Procedures

1. Atmospheric Dust Concentrations

Respirable dust samples were collected by three types of sampling
systems-

a) The MS3A Gravimetric Dust Sampler, Integrated air samples
{several hours i1n duraktion) were collected and analyzed both
qualitatively, for percent silica, and quantitatively For
total dust and silica dust (by weight).

b} The Del High Volume Electrostatic Precipitator Sampler {ESP).
Integrated samples were also collected and analyzed quali-
tatively angd quantitatiwvely for salica and total dust, The
main purpose of this sampler was to collect sufficiently
large "bulk" azir samples for accurate adentification of the
airhaorne dust.

c) The TSI Respirable Aeroscl Mass Monitor, Model 3500.  This
instrument permitted direct measurement of particulste con-
centrations. However, 1ts usefulness was limited, particu-
larly around the sonic sprays, since its detector did not
differentiate between scl:d dust particulates (silica and
other minerals) and liguid particulates (water mist fram the
sprays).

In Appendix A, a discussion of the cperating characteristics
and specifications of these instruments 1s presented, “Also
in Appendix A, test procedures and specafications of analyt-
ical laboratory eguipment are described.



2. ventilation studies

Ventilation measurements and air flow patterns were evaluated
with a Kurz Air VYelocity Meter, Model 441 end Gastic Snoke Tester
Tubes.

ITI. STUDY RESULTS

A.

Atmospheric Dust Concentraticons

Table I and Figure £-1 through E-3 show the results of atmospheric
evaluations for total dust and silieca dust during Runs B through E.
The results of Run B (dry - with no water control) were used as base
concentration levels., The magnitude {%) of reduction of dust levels
was calculated for each of the test conditions and are shown in Table
I. The results of all test runs, (A& through E} are also shown 1n
Table V. As stated previcusly, the results of Test Run A were not
used 1n this evaluation because of abnormal environmental conditions.

Table II presents the average dust concentrations 1n the three work
areas, during each of the four test conditions. Also listed in Table
II are the percentages of silica i1n the total atmospheric dust. Many
of the data points are listed as " < " {less than) a specific value.
This indicates that the weight of silice dust or total dust collected
was below the analytical limit of detection (18 ug per sample for
silica and 10 ug per sample for total dust). The calculated silica
composition, using one pr two M < " data points, has a low degree of
accuracy and reliability. These values are listed in parentheses ( ).

Table I11 presents a comparison of results obtained by simultaneous
sampling with two 1nstruments, the MSA Dust Sampler and the Del ESP
Sampler, duraing three test operating conditions. The MSA Sampler
results represent the average of sample sites Z and 3 behind Packer
No. 3.

The Del ESP Sampler was positioned on the hporizontal conveyoTr, approx-
imately five feet from site 3. Many of the silica and total dust
concentrations of Runs C and D were calculated from silica and total
dust weights below the limits of detection. Therefpre, many of the
estimates of silica content are of unknown accuracy.

Ventilation Results

Table IV describes the ventilation systems and air flow patterns at
packer No. 3 and the transfer peoint on the main floor. In the area of
packer Mo, 3, measurements and flow patterns were made at the packer
hood face; one foot from the face of the hood; and at the slot-hood
behind the operator (Figures B and D). At the transfer point from the
declining cenveyor to the transfer conveyor, air flow measurements and
flow patterns were made at the canvas curtain of the canopy MmMood
(Figure C).

10
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Table TV

Vencilation Control Systems in Mill Building "G"

Location
Upper Level

Description of
System

Velocity
Megsurements fpm

Remaris

Behind He.3,

5ft x 4ft side hood,

1} at hood face avg.

Air veloerty

transfer
from declin-
1ng conveyar
ta hoTizom~
tal conveyor.

with canvas curtain

20 - 40 fpm 1m-
flow. Bags pazging
by « 50 fpm
{random direction)

4—-gpout, directly behind 4- vel = 45 fpm fairly uniform
packer spouts of packer 2} 1 ft from bood around 4-spouts
maching. machine (air mov- face, average Good control
1ng =ast.) vel. = 20 fpm See Figure B
2. Directly 4fr X 4" glot pull- | *CLV = 1000 fpm Th1is system
behind 1ng dusty air from operates in
bagger conveyor belt ppposition to
operator. (a1r moving west) packer slot.
Could be mnre
strategically
lacated.
3. Main lewvel Enclosure hoods No bags present Hood mot ¢om-

pletely effec—
tive as shown by
“sonic' water
spray miat inside
hood on bags.

#*(LV = Center Line Yelocity

Ottawa Silica Company
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DISCUSSION OF RESULTS

The following discussicns are based on environmental data, derived from one
experimental run under each of the four water controlled condations.

A. Environmental Resultis

1.

Bay packing ares

Table I and Figure E-1 indicate that, at Packer No. 3, the venti-
lation system alone {(Run B) was capable of maintaimang silica
dust concentrations at the 100 ug/m® level, under normal
operating conditions and with miramal bag breakage, The two
existing exhaust systems, one behand the packer machine, and the
other behind the machine operator, worked in opposition to each
other. As shown an Figure B, the packer machine exhaust system
moved air laterally toward the packer and exhausted it beghand the
packer machine. Simultanedusly, the conveyor belt exhaust system
moved sir laterally, away from the operator and exhausted 1t
behand him. A rnull zone of air movemant could be created in the
vicanity of the packer operator.

The exhaust system behind the operator would be more effective if
the air flow were toward the comveyor, creating a flow of clean
air past the operator's breathaing zane.

The addition of water, by injection into the product ang/or
spraying on bags, was effective _in reducing dust levels around
the ‘packer ares to the 50 ug/m® level under normal cperating
conditions. Each water control procedurs reduced dust levels by
about 55%, with a combined reduction of approximately &%. These
reductions occurred during minimal dust dispersion from bag
breakage. At the packer, most of the air- borne dust {about 98%)
was silica flour, (According to stuthes conducted by O[Ottawa
S1lica {o., farming scil from the surrcunding area may contain
40-45% silica.} Since outside air contains minerals other than
purg silica, most of the dust 1n the packer area probably
emanated from the product rather than the outside air.

Bag handling area (north loading dock)

Tahle I and Figure E-2 show that silica dust levels in the bag
handling areas averaged about 350 ugfm3 under normal operating
conditions (no water control by spray or anjecticn). The venti-
lation system, at the hpood over the conveyor transfer point, was
partially effective. Air flow Iinto the exhzust hood, ranging
from 20 to 40 fpm, was often insufficient to overcome drafts.
This phenomenon was observed by the use of smoke tubes.

Tne use of water, both injected into the product and sprayed on
the bags, reduced the silica levels in the bag handling areas to
approxamately 70 ug/m®. This was an approximately BO% reduc-
tion, of both silica and total dust levels, when compared to dust
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levels without water control. Both methods were effective.
Water injection produced approximately an B85% reduction, bag
spraylng resulted in approximately a 75% reduction.

Resparatory protection is necessary in this area, especlally when
trags break or other sources of dust develop. Periodiz water
sweeping of fleors and surfaces, plus 1mmediate clean up of
spills, helps reduce dust exposures.

Table 1I and Figure E-2 indicate that most of the dust i1n thas
area consisted of pure silica (sbout %5% of the airberne "total
dust" was silica). Therefore, most of the dust probably evolved
from the bpags of product rather ¢than from outside air. An
effective dust control program in this area should be directed
mainly toward control of product dust from bags.

3. Box car loading area

Box ear loading operations create the major silica exposure
hazard Without water injection or spraying, silica dust
concentrations were approxamately 1500 ug/m?. Effective use of
water sprays and injectlon reduced exposures to the 300-400
ug/m> level (appToximately an BO% reduction, compared to dust
levels with no water control). Table II and Figure E-2, show
that the silica content of airborne dust was Mighly varaasble
(from 20% to 100%) with an average silica content of approxi-
mately &3%. Thus, the caontrifution of outside gir toe the dust
laad 15 haghly variable.

The most effective procedure to reduce exposures during box car
and truck loading 15 the use of bulk loading in plagce of hand
loading of bags, QOuring bulk loading, dust contrcl is achieved
by using an exhaust ventilation duct, located eathzr in the same
loading hatch or in an adjacent hatch, This method was observed
at Ottawa during the loading of sand 1nto enclosed hopper trucks.
However, since silica flour was not being obulk loaded during the
time of this study, no guantitative evaluations wers made during
this operation.

Sampling procedures

Jable III shows the results of simultansous dust sampling with the MSA
Gravimetric Oust Sampler and with the bel (E5P) Sampler, Both wnits
vsed cyclone separators to remove Mnon-respirable" dust from the
samplers. The primary purpose of the Del Sampler was to collect large
samples of atmospheric dust for subseguent dust c¢haracterization,
including beth chemical and parficle size analyses. Two MSA Samplers
were located 5 to 10 feet from the Del Sampler. Both types of instru-
ments collected approximately the same composition of dust as shown by
the comparative silica content of simultanecus samples (Run fA: 43% and
49%, Run B. 8% ang 100%, Run C. 100% and 923%).
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However, the two samples did not compare well in estimating atmospheric
dust concentrations near Packer No. 3. This dasparity may have been
caused by the non-uniformity of the dust clouds being sampled by each
instrument. For example, during Run A, four bags were broken near
Packer No. 3. These excessive dust clouds probably contributed a pro-

partionally hagher dust load to the nearby MSA samplers than to the
Del Sampler, more than five feet away.

OBSERVATIONS, CONCLUSIONS, AND RECOMMENDAT IONS

A,

Control of dust in all areas requires a combination of good engilneer-
ing controls, such as the use of water sprays, water injection, and
ventilation; pgood work practices, 1ncluding housekeepang; and effec-
tive respiratory protection. Az dust emissions are reduced from poant
sgurces, 1t normally follaws that the levels of personnel exposures to
dust are also proportionally reduced.

Two engineering control methods involving water were used to reduce
dust levels. The first, ainjection of water (up to 1.5% by weight)
into the product, wag an effective method for reducing dust emission.
It was particularly effective at the packer and bag handling areas,
The second, water spray ontc the outer surfaces of product bags, was
also an effective method for reducing dust levels, particularly around
bag handling and box car loading operations. This reduction occurred
only during minimal bag breakage and spilliage.

Bag breakage results in increased short-term dust levels, especially
near the breakage site. Residual dust from bag breakage may alsao
contribute to background dust levels within the immediate and adjacent
buildings. When breakage oceurs, cleaning by water wash-down and
wet-sweeping 25 more effective than dry broom sweeping and should be
carried out 1mmediately. The relative effectiveness of water wash-
down versus central vacuum cleaning needs to be evaluated. In addi-
tion, dust dispersion from bags may be further reduced by plastac
wrapplng of lpaded pallets.

About 85% of the total silica product at Ottawa is shapped by bulk, by
loading rail road bopper cars and trucks through & telescopic loading
spout., AN exbaust duct 1s attached to the loading spout to reduce the
dispersion of dust to the gemeral atmosphere. This use of bulk load-
ing, with contrelled wvemtilation, alsc helps to reduce exposures to
dust by minamizing bag loading and handling operations.

Anpther effective dust control technlgue 1s the proper i{reatment of
putside surfaces. As atmopsherac contamanation from bag surfaces,
leakage, and other operational dust sources 1s Teduced, the cutside
sources of dust become more significant. AL Ottawa, outsade contama-
natipn 1s minimized by paving and wetting of roads and parking spaces
with water and surfactants; by planting of fields with cover
vegetation: and by storing wet or damp wastes in tailing ponds within
the mined-out guarries.
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The use of respiratory protection in all work areas 1s strongly
agvised. It 1s particularly useful as a preventive measure

when bags break, ¥fill spouts malfunction, or other dust control
measures feil. Ottawa Silica Co. has a written resparator program
which requires the wuse of qQuarter-mask dust respirators in certain
work areas. The program alsc assigns the manitoring and enforcement
of respatator use to department foremen. Under the present system,
each worker 1s responsible For his own respirator cleaning, mainten-
ance, angd filter changing. The recommended procedure would be to
assign these responsibilities to an ingivadual traired 1n all aspects
of a respiratory protectlon program, including choosing, fitting,
cieaning, and maintaining respirators.

Good local control ventilation is essential at baggang operations and
bag transfer points to remove airborne dust. Proper ventilation
design Tequires hoth sufficient air movement and the development of
effective flow patterns. Also, an effective ventilation control
program Trequires preventive maintenance of wventilastion systems, in-
cluding scheguled evaluation of equipment and designed air flows.
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Appendix A

Oescraption ef fir Sampling and Analytical Equipment

MSA Gravimetric Dust Sampler, manufactured by Mine Safety Applliances,
Inc. This sampling system consists of a 10 mn plastic cyclong
separator to remove "non-resplrable* dust; a three-piece plastic filter
holder cassette, containing a 37 mm PVC filter, No. M5, manufactured by
Millipore Corporation; and an MSA portable, battery powered pump, Model
G. This sampler is operated at 1.7 liters per minute, which 1s the
standard flow rate for collecting (respirable) silica and total dust
samples.

Del High volume Electrostatic Precipitator Sampler, Model ESP-100A,
manufactured by 0Oel Electronic Corp. This sampler, with respirable
cyclong separation, operates at 17 cubic feet per minute.

TSI Regpirable Aercsol Mass Monator, Model 3500, manufactured by
Thermo-Systems, Inc. Thas instrument permits direct measurement of
dust concentrations, at either two minute or 24 second intervals, It
collects particles from .01 to 10 um in dismeter., In a one-minute
sampling time it will measure mass concentrations in the range of 100
ug/m3 + 1% accuracy.

Crystalline silica was anslyzed with a Phallaps automated powder dif-
fractometer, Model ADP-3501, wath the "limit of detection" of 18 ug per
sample. Total dust weights were measuTed on a Perkin-Elmer Electro-
balance, Model AD-2, with a "limit of detection" of 10 ug per sample.
All samples were desiccated for 48 hours to obtain constant weight.
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