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ABSTRACT

General dust suppression techrigues were evaluated at the Central S1Tica {CS)
Company, Glass Rock, Ohio, silica flour plant. These dust contral methods
were' the handling and transfer of damp materials, exhaust ventilation; work
practices 1ncluding preduct handling and housekeeping procedures, and the use
of respiratory protection, Environmental tests indicate that these methods
nave provided good dust control at this plant. Additional recommendaticns are
presented 1o improve the effectiveness of these procedures.
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INTRODUCTION

Purpose of Stugy

A Control Technolagy Assessment (CTA) of the Silica Flour Industry was
conducted by the National Institute for Occupational Safety and Health
(NEOSH), at the request of the Mine Safety and Health Administration
(MSHA} and ip cooperation with the Bureau of Mines (BOM) and the National
Industrial Sand Assocration (NISA). The primary purpose of this CTA was
to evaluate 1nnovative ana effective control strategies for reducing dust
dispersion durtng the mi1lltng, packing, transfer, and shipping of s1l1Ca
flour. Three s11ica flour mi1ls were 1nvestigated during this study.

This report presents the findings, observations and recommendations for
the study at the Central Silica Company, Glass Rock, Ohio facility. Two
v151ts were made ta this plant, 1n May angd July 1980, to conduct a
prelimindary 1nvestigation and an 1n-depth study of dust caontrol
procedures. At the time of the 1n-depth study, preduction schedules were
reduced, so that only limited atmospheric dust evaluattions could be made.
Th1s situation di1d, however, permit an estimation of the proportionate
contribution of background aust Tevels to total dust exposures 1n the
packing and bag handling areas.

Scope af Study

The evaluation of atmosphneric dust concentrations and ventilation <ontrol
systems was lmmited to the packing and transfer of bags containing silica
flowr in the Flouwr Bullding. Hork areas and operations included.

1. Packing area - upper level: Fi1lling 100 pound bags with stlica flour
at & 5t. Regis four spout packer.

2. Transfer point - mamn floor: Transferring pags from the 1nc)ined
roller conveyor to the rubber belt conveyor,

3. Inside lpading trucks: OfFf-loading bags from the belt or gravity
wheel conveyors and stacking them on pallets 1n trucks.,

4, Ambient air - at north and south ends of Flour Buirlding.
Adoitronal observations and recommendations on cther dust control

procedures are presented 1n Section V.

STUOY PROTOCOL

A. Evaluation Criteria

The principal materiral 1nvestigaied 1n this study was crystalline
s1)1con droxide {often referred to as stlica or free silica). Silica
may be present wn at least three crystalline forms: alpha quartz,
cristobalite, and tridymrte; and several amorphous (noncrystalline}
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forms. In this stuady, only significant amounts of alpha quartz were
determined to te present 1n any of the final products or airborne dust
samples. Therefore, all references to s1liCca dust concentrations
refer to the respirable fraction of crystailine quartiz.

The MSHA standard, or Permissible Exposure Lymt {PEL), for resprrable
crystalline sylica {quartz), which 15 applicable in metal/nonmetial
mines and mills, 1s contained 1n 30 CFR (Code of federal Regulations)
Part 57, The PEL pertains specifically to the 8-hour, time-weighied
average expasure to employees. In this report, however, the PEL 1s
used as an environmental criterion to evaluate the effectiveness of
the control technigues under investigation. Far respirable dust,
containing s111ca, the PEL 15 determined by the equation.

PEL = 10 miiligrams per cubrc meter of air.
% s10ica * 2 (mg/m3)

For 100% respirable silica dust, this calculated PEL 15 approximately
equal to 0.1 mg/m’ or 100 wg/m3.

Process Descriptiaon

General

At the Central 51)ica, Glass Rock facitlity, quartzite ore 15 mined and
reduced {by Jaw crusher) to minus five nch at the guarry. The ore 1§
transported two and ong half miles by overhead tram [bucket) line to the
processing plant, Figure A, further reduced (by gyratory crusher) to minus
one 1nch, ang stored 1n bans. The are 15 conveyad to a rod mill, wet
ground to sand grain (mipus 2D mesh), and pumped to further processing.
Two parallel streams of sand (containing trace amounts of 1ron) are pumped
to further processing. One stream of sand 15 pumped to an open stock
pile. It 15 then dried, sized, and stored 1n the silos, prior to
shipment either 1n bulk ¢r bag by railrosd car or truck.

The second stream of sand 15 pumped to the Process Building to remove
trace 1ron, producing "glass grade" sand. Th1s procass nvolves vacuum
filtratign, ron removal, washing, vacuum filtering, and drying. This
Yglass grade" sand. Most of thiz "giass" sand 1s stored 1n silos to be
shigped either 1n bulk or bag by raiiroad car or itruck.

Filour M111tng and Handling

In addition to 1ts use as a raw material for gqlass manufacture, a portion
pof the "glass sand" 1% used as a feed stock for productron of silica
flour, The "glass" sand 1s conveyeo to the Pebble M111, where 11 1s dry
ground 1n Si1lex plock-lined, flint pebble mils to minus 325 mesh flour.
The silica flour s then conveyed to the Flour Building, Figure B, and
stored 1n s1les. Tne flour 1s bagged or bulk loaded from the $ilegs nto
closed raillroad hoppar cars ar teucks. The bags of flour are aiso shipped
e1ther by truck ar rallroad gar.
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A normal bag handling crew cors1sts of gne supervisor and $iX workers.
One operates the packer machine; four hand-stack the bags in or on itrucks;
one works elther at the transfer point or assists 1n stacking the bags.
The workers rotate from packing, te loading, and to stacking operations
during the shift. The normal packing schedule 1s limited te the first
shift, five days a week. A 5t. Regis four-spout packer s located on the
upper deck {second floor) of the Flour Bui1lding, approximately 8 feet
above the marn floor, Figure £. Most of the upper deck s constructed of
expanded metal with solrg metal flooring in the tmmediate packer area.
During this study, 100 pound bags (3-ply pasted valve bags, manufactured
by St. Regis Paper Company) were being filled.

The bags are placed by hand cn the packer spouts, f11led with product, and
tipped by hand onto a horizontal chain conveyor located below the upper
deck. They then travel approximately 20 feet to the decline reller
conveyor, and onto the horizontal belt transfer conveyor. {The bags do
not dreop onto the trapsfer conveyor as was observed at other plants.) The
harizantal transfer conveyor transporis the bags to one af the two laading
gocks on the west or east side of the building.

During this study, flat bed and enclosed trucks were betng loaded from the
west loading dock. In the truck loading area, two or three operators
manually removed the bags from the conveyor and $tacked them on pallets 1n
the trucks. Conveyor {on-off) controls are located at the packing station
and at the transfer coanveyor discharge.

In summary, the transporting systems for the s1lica processes consist of a
tramline, conveyors, pipeiings, and an atr slide. £Loarse damp gre 18
transported by a bucket tramiine from the quarry Lo the plant area.
Encliused pelt conveyors are used to move the ore (mi1nus one 1nch) and sand
between operaztions. A slurry prpeline has replaced an overhead belt
conveyor from the Rpd M1l Building to the Process Building and to a sand
stock pite. A Fuller Ar STide 15 used te transfer flour product from the
Pebble M113 Building to the Flour Building.

Dust Suppression and Contrnl Systems

1. Ventilation Systems

The exhaust ventilation system at the packer station in the Flour
Building contains several collection points, Faigure C ad D.  Qust,
which 15 captured at the ¢ollection points, goes through 4 and 6-1nch
ducts into 2 main duct that leads to 2 bag-lype dust collector (a 240
bag unit manufactured by W. W. Sly Manufacturing Company}. All
¢ollection points remain gpen during packing operations.

Four ventilation hoods {two above and two below the belt) are lacated
along the chain conveyar. These exhaust haods remove loose surface
dust from the bags, Excess silica flour product, which 15 not
captured hy the ventilatian hoods, Talls through the chain conveyor
into one of two hoppers. This dust 15 returned by conveyors to the
storage s110s at the Flour Builising., Each pebole mill 1n the Pabble

-5-
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M111 Building 15 connected to a bag-type dust collector (a 740 bag
unit manufactured by W. K. 51y Manufacturing Campany).

[

2. Houskeeping

Wet washing (hesing of the concrete floors) s used to flusn and carry
away dust, which has accumulated within the buirldings and on the
ioading docks. A water truck sprays a brine solution on the roadways
to supress dust. The effectiveness of the dust control systems 1s
discussed 1 Section 1V.

Study Desagn

A study protocol was developed to evaluate the effectiveness of the
ex15ting dust control procedures at the flour packing statiom and at the
truck loading statian 1n the Flour Building, Figure A, Dust Jevels were
evaluated at ten sampling locations 1nside and around the Flour Building,
Figure B.

Atmospheric evaluations were made during two sets of operating

congitions. ODuring the first run, operations of ore crushing, acid
treatment, miiling, bagging, and bulk loading of whole grain sand were 1n
progress. There was no flour packing or l1gading of trucks. During the
second run, Tlour packing and truck loading operations were 10 progress 1n
addition to the above operations. Based on these tests, estimates were
made of the relative contributicns of the flour packing, truck loading,
and general mi11 ecperatigns to the overall dust levels in the Flour
Building. Ouplicate samples were colflected by NIOSH and Central 5111ca
Company staff,

Evaluation Procedures

1. Envirconmental Dust Evaluations

Samples were collected by three methods to evaluate atmospheric dust
concentrations.

2. The M3A Gravimeter Dust Sampler. Integrated arr samples {several
hours n duration} were collected and amalyzed quaiitatively for
s$t11ca content and quantitatively for total dust and s113ca dust
concentration (by weight).

b. The Del High Yolume Electrostatic Precipitatar {ESP) Sampler. A
bulk air sample was collected with this nstrument to 1dentify the
awborng dust at the packer arez. Analyses for silica content,
total dust, and particie size distribution were made of this
samnple.

€. Bulk and rafter sampies were analyzed for si1i1ca content and for
particle siyze distribution.

"R
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D1scussions of the operating characteristics of these sampling devices
and the laboratory analytical procedures are presanted in Appendix 1.

2., Ventilation Evaluations

Ventilation measurements and air flow patterns were evaluated with
a Kurz A1r Velocity Meter, Model 447, and Gastec Smoke Tester
Tubes.

I1T STUDY RESULTS

A.

Atmospheryc Oust Concentrations

Tabie ) and Figure E present the results of atmospheric evaluations
during two gperating conditions 1) milling only, and 2} milling,
packing and truck loading of silica flour. Sampling sites are shown
i Figure 8, During both days of this study, prevairling winds were
from the south,

During the first sampling period, product leakage was observed from
the northeast corner of the Pebble M111 Buiiding, near site location
Humber 2. This c¢onditian existed from approximateiy 8.30 a.m. to 9:30
adml

Ambient dust Tevels at the south and porth ends of the Flour Building
were of the same order of magnitude during both packing and non-
packing operations {approximately 40 ug/m3 total dust and 30 ug/m3
s1lica dust). At the packer station, dust levels were also of the
same order of magnitude_during packing (approximately 212 ugfm3

total dust and 117 ug/m3 s111¢a dust) andg dur1n§ nan-pack ing
{approximately 220 ug/m3 total dust and 75 ug/m® silica dust).

PDust levels were significantly elevated auring truck loading
pperations in the Flour Building area. For example, at site location
Na. 7 {the off-loading point from the horizontal belt conveyor to the
gravity wheel conveyor) dust 1eve]s ncreased from < 28 ug}m3 {total
dust and silica dust) to 330 ug/m® tota) dust ano 264 wg/md silica
dust.

Bulk Sample Analyses

A bulk air sample, collected with the Del TSP Sampler near the packer
station, was analyzed for silica content and particle size
distribution. As shown n Table 2, the sample contained appraximately
77% s1lica and the mass wmedian diemeter (MMO) of the particles was
approximately 2.6 wicrometers (uml. Since this 1nstrument was
operated with a cyclene pre-separator, only "respirable" particles

{ <10 um) were collected.

S1x bulk samples {product and rafter) were collected 1n the Pebble
M111 and flour M111 Buirldings te estimate the st1lica content and
particle si1ze distribution of products and potential airborne austs.
A1l of these samples were essentially pure siiica, as shown 1n
Table 2. The MMD's of the rafter samples ranged from 2.6 to 9.2 um.

9.
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Tne MMO's of the bulk product samples ranged from about 15 to 30 um.
The significance of these résults 158 discussed wn Sectign V. .

C. Ventilation Measurements

Figure  shows the dust cnllection system around the packer station,
and F1gure D presents the air flow patterns and velocily measurements
around the d-gpout St. Regis packer. The ventilation flow patterns
were developed by exhauvst ducts behind the spouts, and below and
behingd the chain conveyor. Velocities and flow patterns were measured
approxmately one foor from the face of the packer hood and at the
exnaust slot directly beneath the packer operator. Velocities,
ranging from approximately 200 to 400 feet per minute {fpm), moved air
from above and behind the packer operator's breathing zone {{BZ)
downward and to the rear of the packer machine,

I¥ DISCUSSICN OF RESULTS

The following discussions are based on observations and environmental data
abtained during the two conditions of mil1l operations, as mention In
Section 110, During the first morning's operation (milling enly), a flour
leak was observed from about 8.30 a.m. teo 9.30 a.m. at the upper northeast
corner of the Pebble M111 Building, near location No. 2. Since the wind
was from the south, this leakage probably contributed to the elevated
atmospheric dust Jevels 1n the Flour Buiiding areas. Ceontamination
reached as far as the packer station {no pack1ng 1n progress), whera dust
levels averaged 220 ug/m> total dust and 75 wg/m3 silica dust,

Leakages and background contamination were a major contributor to dust
expasures n the Pepdble M111 Building, the Flour Building, and other plant
areas.

During the secend operating condition, 1ncluding packing and truck load-
1ng, there was no visible dust leakage from the Pebble Mi11, Background
dust levels (Jocation ﬂos. 1, 2, and 10) were low, averaging <35 ug/m3
total dust and <24 ug/md silica dust. Average dust levels at the
packer stat1un were of the same order of magnitude during packing

(212 ug/m3 tota) dust and 112 ug/m® s1lica dust), as those of the
Previous day with no packing (220 ug/m3 total dust and 75 ug/m3 silica
dust!. Apparently, the veptilation conirel system effectively removed
most of the dust generated by the packing operation. The excellent air
flow patterns down and away from the operator (averaging approximately 250
fom) kept airborne dust away from the operator's breathing z2one.

At the lower level transfer paoint, from the inclined roller conveyor to
the rubber belt conveyor, lecation No. 3, dust levels were lower on the
second day {pscking ang loading) than on the first day (no packing]. High
levels on the first day were probably due to the Pebble Mt]11 Butlding
leak. On the second day, bags wereé observed tp be cCiean angd thére was nq
bag bregkage. Furthermgre, the drop distance from the nclined roiler
conveyor to the horizontal rubber belt conveyor was 1ess than two inches,
which mini1mized bag breskage and dust generation, (Photo - 1} At the
discharge end of the gravity wheel conveyor, where bags are of f-laaded and
stacked on paliets

"13-



Photo - 1

Conveyor Transfer Poant

Photo - 2

Loading Truck Trailer
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in trucks, Phote - 2, dust Tevels were an order of magnitude higher during
toading (264 ug/m3 s11ica dust) than during no toading { < 238 ug/m3

s11ica dusi). Since the aiwrborne dust at this point was both nigh i
concentration and si1iica content (B80%), 11 apparently emanated from the
bags, eirther as leakage, spiiled product cr surface contamination. Truck
loading was the only cperation 1n The Floyr Mr3¥1 Bualding area whare
s113ca dust levels significantly exceeded the PEL of 10D ug/m .

OBSERVATIONS, CONCLUSIONS, AND RECOMMENDATJONS

A. Dust contral 1n all areas recuires 3 combipation of good engineering
controls, such as exhapst ventilation and controlled bulk loading of
product, good work practices 1ncluding preduct handling and
housekeeping procedures; and an effective respiratory protection
program,. Ay dust emissigns from point spurces are reduced, 1t
normally follows that the tevels of personal exposures to stmospheric
dust are also reduced proporiionately.

B. Management has made a firm commitment to the Ymprovement of Internal
and external dust control at their Glass Rock and M1llwood
facititres. This was 1ndicated by the following examples

1, MSHA's dust survey report of November 197% tndicated no
outstanding dust citations.

2. Metdical and epvirpnmental monitoring programs are being developed
ang implementec at botn plants. The medical program 15 under the
dyrection of Ur. Paul Jones, radiologist from Zanesville, Omio.
The environmentz]l monitoring and contral program 1s under the
direction of Mr. Joseph Fodo, mining ergineer. The design and
mnstallation of dust contirol eguipment are being carried out 1n
consultatron with staffs of the Fawrfield Engineering Company,
Marion, Opio and weston Environmental Consulfants, West Chester,
Permsylivania.

L. The effectiveness of the venti1lation control at the packer statich was
evaluated py measuring dust concentraiions during periads of packing
and no packing. Levels of total cust and silica dust were of Lhe same
order of magnttude during hoth operating conditions, 1ndicating good
dust contrpl at the packer operation.

P. Several additiona) engineering control strategies were observed or are
being considered Tor this faci1lity. These include.

Y. Ore 1s moved as a damp material by overhead conveyor from the
guarry to the szcondary crusher, from the secondary crusher to the
storage bins, and from the storage bins to the rod mills. The
handiing of damp ore minimizes dust dispersion and reduces
maintenance problems,
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According to plant personnel estimates, outside areas may
contribute to approximataly one-third of the in-house qust
contamination probiem. Background ar samples normally contain
25-30% silica. Qutside dust sources are now being vedyced oy. a)
resurfacing roads, b) planting vegetation, and c) wetting road
surfaces with salt water. (According to plant officials, salt
water 1s a better dust suppressant than water alone.) This
outdoor dust contamination may be further reduced by additional
revegéetation and paving of road surfaces.

The active and nactive sand stock piles also may be sagnificant
contributors to outdoor dust contamination. [f this s confirmed,
covers (such as sealants, shrouds ar sprinkling systems) should be
utiiized to reduce these sources.

Bulk loading and shipping of product vesults in less dust
contamination than bag packing, handling, and shipping. The
company presently ships 80-95% of 1ts flour products 1n bulk.

Dust generated by the preumatic loading of hopper cars and trucks
3% now being controlled by exhaust ventilation ducts placed 18 the
hopper cars.,

The use of plastic wrapping (shrink or stretch) arcund paliet
loads would be effective In reducing bag breakage and dust
dispersion during product shipping.

A filtered a1r system 15 used 1n the Pebble M111 cantrol) room to
maintain low dust leveis.

Plant personnel report minimal bag breazkage (approximately 2%).
Bags are supplied by Black Manufacturing Company and 5t. Regis
Company. Im additton, the use of pallets made with new wood
covered with s$11p shaets would result 1n reduced bag breakage and
sp1llage.

At the Process Building, enclosed screens, manufactured by the
Derrick Marufacturing Company (Buffale, New York}, operate unager
negative pressure to separate fines from Cvarse product. This
newly 1nstalled system snould recguce a dust scurce to the
environmnent,

The foltowing work practices, 1n conjunction with the handling of damp
intermediate products, help reduce dust Tevels.

1.
2.

Wet washing of work surfaces, particularly in the packer area.

Cleantng of work surfaces and floers wn the Ball M111 area using a
centralizea vacuum system and mapping with a kerosene emulsion.
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The company has & respirator program which 1s strictly enforced In
“hiigh s11ica” areas. Since the NIOSH visit the respirator program has
been expanded and now 1ncludes the assigament of responsibiiity for
maintenance, repair, and cleaning Lo one frained 1ndiviaual on a
scheduled basis. Each supervisor should be responsible for
enfarcement of respirator use.

The majority of samples collected by NIOSH were 1n compliance with the
PEL of MSHA (% 100 ug/m® of respirable silica). Swmultanecus

samples were collected by the company at the Bagger Operation's
location. An eilght hour, Breathing Zore sample, at the Bagger
operator's lacatipn, ndicated an exposure of .397 mg/m3 of Total
Dust. This was below ts calculates PEL of .503 mg/m3, based on a
silca content of 17.9%, Appendix III.
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Appendix 1 .

Descriptton of Alr Sampling and Analytical Tguipment

L

MSA Gravimetric Dust Samplier, Manufactured by e Safety Appliances,
Inc. This sampiing system consists of a 10 mm plastic cyclone separator
to remgve "nop-resparable" dust, a three-piece plastic filter holder
cassette, containing a 37 wm PV falter, No. M5, manufactured oy Millipore
Corporation or a FWS-B filter, manufactured by Mines Safety Applrances,
inc., and an MSA portable, battery powered punp, Model G. This sampler
15 operated at 1.7 1iters per minute, which 1s the standardg flow rate for
collecting (respirable) s11ica and total dust samples.

Del High Yolume Electrnstatic Precipitator Sampler, Madel ESP-10DA,
mapufattured by Del Electronic Corp. This sampler, with respirable
cyclong separation, operates at 17 cubic feet per minute.

Crystalline silica was analyzed with a Phi1lips automated powder dsf-
fractometer, Model ADP-3501, with the "l1wmit of derection" Of 16 ug per
sample. Toptal dust weights were measured on a Perkin-Elmer Electro-
halance, Model AD-Z, with a "11mt of detection* of 10 ug per sample.
AT1 sampies were desiccated for 48 hours to obtain constant weignt.

Particle size analyses were conducted wn the NIOSH/DBBS, Taboratory.
using a LeMont Screntific Image Analyzer, Medel 8«10, attachea te a JEOL
JXA-50A electron probe mi¢roanalyzer, samples were magnified either to
400X or 2000X, depending wpon the size of the largest particles.
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Appendin 11

Environmental Qata-MSh Gravimetriyc Sampler
(NIOSH Datg}

- _ ) rma fotal yo iymes dotal] Tetal Dust eonc TWwh  To1iucy
eld # Lacationi{pergtlan late Filter § | %tart |3top|iine i Gust | s11ga{ TTetal [5iTica JLon- | PELYe Ramarks
min ug ug Dust Lust tent | ugsm
ur;fln3 ug,‘m:‘ H
] 1] Qutisde - north-af-r1ll 5 Py 8425 arzz 11120 228 ags{ < | < 1Q % 25 <25 1 1 Mo packing
g2 [ Outside - south-of mll 4 5428 1724 1117 211 185 20 0 51 51 1048 bl in marsing
3| Transfer potni From v v 4425 0728 | 1747 229 ki) 70 25 180 a4 36 260 of 845
conveyor | ]
4} Packerssoyth [rigni) sm? § " oAa23 P33 ] 1117 224 aar 50 249 131 195 an 120
5| Packar - renter . Y2y 9731 1117 223 aro] ro | s 3150 a9 1 770
6 | Facker-narth |teft] <1de - “ 4374 07368 1117 221 ilb %] a0 160 =10 5.1 190
b } | Lonveyar dyscharge “ - 4430 0ras 1117 2tz J6a Y] 16 < 28 < 25 [ [}
B 1| Qutsige-nortn, downwing BSS me 730 118 | 1837 Packing
8/6 gesg 11332 A& BIL - 10 ] <10 bR LY (A1 £ | flour dn
2 | Dutsioe-south, wwing 8/5 v 1312 | 1515 afternoon
— Ath G0 [ 1333 517 £79 44 43 46 46 100 Edi] of 8/5 and
J | Transfer point 845 . JZR 1318 405 morning of
B/6 ol | 0906 /o
* 1015 [ 119G
' 1145 | 1250 287 454 30 30 6 65 1060 98
d | Packer {south} right :¥43 b i 14 e | 405
{duplicate with BB) B/6 ohe | ooos
" 1016 10g
* 1145 11259 267 45a [ 130 o9 286 119 8B 250
% | Packer {center) ass = Ji0 1314 1205
8/6 Q710 | Q30s
. Y0le | vind
. " 1145 | 1240 2567 4541 100 60 220 137 60 60
& [ Packer (north) left BsS " i 1314 3 i
[dupticate with BS} B/E 0719 | 090&
* 1016 ] 1100
" 1145 ] 1280 287 60| 130 40 285 g8 5 | 300
1 | Conveyor gischargs Bss Ms 1 1318 1aus Trucks
8/6 us19 | Q96 Toaded
1015 | 1100 4 trucks
1145 | 1250 2h? 454 140 120 il 264 &0 120 loaded,
61 Packer (south] rignk 8¢5 725 1329 1405 ] 3 open,
{ouplicate with B3) 8% 0719 | 090E 1 closed
“ 1016 | 1100
" 11845 | 3250 251 430 i1 ] 1083 148 38 10
4 | packer {north| 1eft 845 a4 1323 | 1ags
{gupTicate with B6) 8/6 0718 | 020e
15 | g
—_— 1145 125( 244 273 A 31 o5 1 31 10
T | Qutsiae (Far ngrong ) 132 1384 | 15
dawniwing &5 a6 | i3z 486 B26 40 <13 aa “la < 33 340
* based on sampling rate of 1 7 lpm « less than,  » greater than
ug microgsams [ } low degree ol accuracy and reliapility
ug{m‘] micraarams per cubte meter of atr
AEPEL Based gn N3HA formula  PEL = 10 x 1000 - ug.u'm3 Central Sitica Company
X 502+ 2 Glass Reck, Urio
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Environmental Qata - MSA Gravimetric Sampler
Centrail Silica Company

Appendix 111

T1me Sample } Sitica {1} (2)
Date Start| Stop Location Weight | Content TWA PEL
mg % me3 mwm3
1. 8/5 0730 | 1030 Center af .367 36.0 219 263
bagger
2, 8/h 1230 [ 1530 Center of .007 { ) 023 {>.1OO){3]
hagger
3. 85 0730 | 1930 Bagger opera- .323 17.9 .397 .503
tor (08z) (4)
(1)A17 TWA's based an a sampling rate of 1.7 Ipm
(2)PEL based on MSHA formula PEL = 10 mg/m
% 5102 + 2

(3) ».100 - greater than .100 ma/m3, an assumption of 100% 3102

{4) 0BZ Operator's Breathing Zone
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