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Introduction

The Naticnal Institute for Occupational Safety amc! “ealth (NHI07E) has
vnderway indusury-wide studies to assess the chronic hRealth hazards from
occupational exposure to respirakle fiters. Thexec studics include
cpidemiolocical studies of cxposcd worker ropulations to determine Realth
cffects vhich muy be attributed to the work eavirorment, mecdical studics

;o ascess chroanic health affects, and detailed industrial hgicme studies to

characterize the various agents to which theue werkers have beer ecrxsoseé.

During the week of June 14-16, 127G, Ralph 2Zumwalde, Mark Bocnicer and

Pobert theeler (RLCSH) conducted an industrial hygiene survey of <re Intecrpace
Corporazion in {lillsboro, iiew Yorx. Thé purpose of the survey was to collecs
samples of airbornejwollastonite. characterize its compésition and cvaluate
workar exposures. Approximately 60 airborne samples were collected at varicus
mining and milling operations. Vof these 60 airborne samples, 45 were per-
sonal breathing zone sarmples with the remaining 15 samples being zollected a:z
stationary sites near proccssing operations. Airborne samples were collected
for the detcrmination of respirable and total dus:z and wollastorite fiber
concentraticns., All of the respirable and total dust samples werc also
arizlyzed for free silica. VIn addition, all stationary ﬁamples vere aralyzed
for trace mctal (Cadmiuvm, Chromium, Cobalt, Iren, Mangancse, Nicrel, and Zine)
content. Scttled dust camples were collected at different processing operaticas
and were analysed in the same manner as the a‘rborne. Scme high noisc levels
were agparent dye to mill processing operations; conscquently, sound level

measurerments were taken at various locations within the mill.
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The fellowing paracraphs descerike the samplina nund analytical =ectheds
empleynsd, sample results, conclusions and recommendaz:ens drawn for wezkplaze
irprovenents and worher safety. To help reduce duplication of inforvation, a
copy ©f the Fekruary 12, 1876 Preliminary Industrial Pycicne Survey Report cof
the Intcrpace Cevporation facility is attoched (Mnpendix 7). This reporet
decuncnts the mining and milling preccencs, mcdic&}. indu;t;}al hygiene and
salety rractices at the facility and dizeusser the rotuntial proliers with

the inhalaticn ¢f airborne wollassonite.

Survey Préccdu:us
The maior portien of the survey vas dovaicd to tho ccilcetion »f personel
breathing zone sarples for decurventing emplovee exposurea at various milling
and rining proccsscs; Personal air szmples were collected on the employees to
determine time-weighted average (THA) concentrations for recpirable and total
dust, wollastonite fikters, and free silica. Samples for airborne respiradle
and total dust werc collected at a flow rute of 1.7 lilsre pur minuse (1pm)
on 17 nm'éinmeter Pre-weighed 1'SA type FWS (polyvinyl chloride) filters. Total
dust sannles wovre ccllected cpen fzced with respirable dust samnles collected
for trace metal analysis using 17 mm diameter pre-weighicd Millipore Type Ah
(r:llclose ester) filters. To determine airborne wollastonite fiber concertra=-
tions both pcrsonal and staticnary air sarcles were collccsed on open faced 37
rm Millipore Typa AN filters (0.8 uym pore size) at a flow rate of 1.7 lpnm. All
recpiradlea, total dust and trace metal samples were collected durirng the majerity

of the wozk zhife, whercas, wo{}astonite fiber samples were changed periodically

during the work chift as needed to prevent particulate nverloading en filters.
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Free silica concentrations for air and scttled dusnt sanples were deotermined
using N-ray diffraction as specified in the HIOSH Crystalline Cfilica Criteria
Nccurant.l Trace metal gnalyses for Cd, Cr, Co, Fe, 13., Ni and 7n were
determined hy atomic absorption speectrorcory on staticiary air saryles and

settle) duzt. To dctermine an index of expesure to airhorne wollazczonite filers,

seer

; . - c e, . . 2
all {ikar samples werce analyzed using the NIO©H asherics couniing technique.

These rarnles were analyzed Ly phase contrant micreicopy at 4028 magnaficatien
with fibers (3:1 lengsth to diameter aspuct ratio) counted and sized infto 6reEs
of lecs or grueater than 5 micremeters (um) in longti. These zame sarnles

were furthor anaiyzed Ly transmission elertron microucnpy (TLIY) using celeceisd
arca clzesron diffraction cnd encrgy dissersive X-ruy aralvsis te identify all
fibrous ::articles. TEM was also used for determining (iﬁc: zize (lencth.an?
diamezer) distributions using a sample preparation method develeped ky creiz®
and analysed en a JnOL, JIM 103-B TEM at a ragnificcticen of 10,00lY, A minirum

cf 1CC fikors wore analysed on cach sample. .

Sound icvel measurcments ware taken at various minirg ond milling cperaticns
for idoutifying pctential excessive noise socurces. Decibel measurccentc were

rade using a General Padio 1565A sound level meter on the A weighted scale.

Samplc Results
rtsached a2z Appendix II in 2 Lricf description of each job within the mill

and alsy the mire, a2 description of sampling ond cnalytical methods utilized,
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recults of all individual samples, and appropriate surmary Statistics. All
job catcgorics have becn identificd by a € digit jodb code. The firmt 2
digits represent the general work arca vhile the last 2 digits correspord
to crecsific 3obs within these arcas. Tabulayr surmarins of time-weinhted
average cencensrations dy job cstegery for fren silica and rezspivable and
toral ~ass dunt samples (wellestonite) are qiven inm Table 1. Precenated in

Tadle 2 is a summary of the trace metal analyser ¢f settled dust sanplecs

collecind at various locations within the mill.

TN free silica concentraticns calculated f{or cach :cb ca:edory aprear to ha
within accoptahle limits as recommended by s1cai. ) Seme individasl recpiratla
sampler Gid indicate free silica concentrations in excoss of the lilCfil re-
commericd TWA standerd of 0.050 mg/mz. Howcver, there is some guestions as

to the intarprotation of these concentrations since the analysis for free silica
on most of the sarmples was rcported necar the lower ﬂ;tcc:ion.limit of the
analyricsl method (0.05 mg per filter). Trace metal (Cd, Cr, Co, Fe, Ma, Ii,
2n) anclveos rerformed on collected airborne samples indicazed levels near ==
iowar dotection limit of the analytical method, hence, air sample cecncentratic:ns
(:q/mJ) fozr trace metals répattcd in lppundix Il refleczs :hese'low levels,

The trace netal analysis of the scttled duct zawplics, an Liddiceted in Table 2,
subsﬁa::ia:es the low levels found in the air sanples. Iron was the only

trace retal found in any appreciable quantity (0.5 - 5.5%).
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As reperted in Table 1 all TWA concentrations for respivacle dust were bolow
5 ng/mz, however, some ThA concentrations for total dust exceecded 10 r:/nl.
Since there is currently no specific occupationsl health standard for
wallastonite the standards for incrt or nuisance dustns are applicehle. At

present the Mine Enforcument and Safety Administration ('1£7) Juss szus-lard

b ]

i 5 m;/n3 rexprizable and 10 mq/m3 total, whercas,. the Cecunanionzl €2

Health Mrinistration (CSHA) duzt ztandord is O ng/mJ recpirable and 15 :;/:3

cty and
total,

tisted in Takle ) are airborne concentrations fecr wollattorite fiters at varsicuou
operations within the mine and mill. These concentrations alony with fiter
sizing ware pcrform¢& by both optical phase contrast and elceasron ~icrosespy.
It is &rwarent from the data that fiber concentraticne, both tetal arnd > § :nm,
within the mine are rmuch lower than those found in the mill. Also, sample
concentraticrs in the mine for > 5 um {ibers were sirilar fcr both the cptical
and elcctron microscocpy analvsis. However, thoze sarnles zellected in the
rill incicated higher > 5 um fiber concentrations when determined by optical
microscepy. This difference could be attributed to the hich filer donsity
per counting ficld which contributed to the difficulty in accurately sising
and counting fibers. All reported filer concontrations for both rmine and =ill
csubstantiate :hcsi sample results previously reported in the Februery 12,

€706 Prelininary industrial llygiene Survey Peport (ippendisx I).

Samplon evalunied Ly transmiscion clcetron microzcony vere alzo churucterized

fcr other filrous minercls by utilizing selucted area clestron diffraction ond

energy fiinpersive X-ray analysic at a megnification of 17,000%.% A few

chrysotile anhectos fibers were identified from the 15 aralyzed airberrie samples.
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fiewever, tresy fow ashestos fibers could have rerulzed thravah centarivation
in handling 2nd sample prejparation methods.  Jllustraited in Figure 1 is a
typical phetenicrograph, selected avea elcetron diffraction pottersn, and

Y-ray svectium of airborne wellastonite (ikers feund in the riil.

1 additien e devermining fiber cuncuntresticn: rui_ alrzlesny sanples, rize

distvibusicne vare also performed on obuzrved fitorn uuin:g Lath Lhzse contracs:

and T2, Sareles aralyscd by phase contrast microfecopy, as illustzated in

Table 4, indicated that $2-57% of the airberna {ilwrs okescrved hed diameters lees

than 3.5 pm, of which, 981 had lexatihs lezs than 50 wm.  Thnue name semnlec war

weeer oS

0
2]

analyscd Ly 773 a4t 10,0C0% ragnification. Arprosirately 1:00 f£ikers weve sized
from both rine asd mill airkorne samples for the determinztics of lensth and
ciameter mediunz,  As reported in Table 5 the czunt mediin ves calculated rto

be 0.22 1m for Qinmetersand 2.5 um {cr lengthis, This dezta clcsely corperes wish
the fiber size data reported in the Prelizinary Indu:irial liygiene Survey Pepzrt.
As the TLK fiker size data indicates there are a considerable nuvher of airkesne

fibers with small diametcrs and short lengths which were not resolves by prasc

conizast microzcepy.

sound level mensurements taken in the mine ranged from 104-112 dBR near the
driliing operaticas to 78 ¢3A on the loading dock of the mill., All sound leva)

neasurervents are reperted in Mppendix II.

Discussion
_In determining any possible chronic respiratory health effects resulting

fror wollanton:te Zikers, it is necessary to determine what jurtion of the
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aizhborme f£iders actually reach the lung alveolar reaiens. The respiratility

of fiders is nat clearly understood at the prorent tire. Az wag discuseed in
the I'relininacy Industrial Eygiene Survey lepewy, vuncaveh perfermed Lo

comc irnvestigators have suggested that the physical parameters of the air-
borne {ikersn (e.y. size and morpholoqy) dictate ivs respirschilicy and posential
¢

. LA . .
for prelacing tumoriacnic cifects.”’ In a stedy to deterning the airt-ine Le-

havier of fibrour particles, imbrell? revioued the mechanisie by which yartacles
w . . N

deposis in the respiratory syatem, and sliiresned vreoifdoiliy 1ns roelliem of

fidbey derosition, His f:udy identifiecd zertling, inertial imnacticon, and

itrownian diffusion as depoliﬁion mechanises which cperate for kath cormauct

particles and fibers, 1n addition, he identified a feurth mochanism, dircet

interception, which is of little sigrificance for campact part.clecs tus vhich

m2y be ¢f importance for fibers. Using an anrozol szesuronescr he found that

the teszminal scttlinq>veloci:y ef fibers ia mainly a function of fircer diametcr,

with lenath being vf czecondary importance and that fibers with diame%ers less

than 3.2 pm could escape upper respiratory deposition by settling and inertial

.-

deposition and penetrate decirly into the pulmonsry szacecs. Tirbrell's work
was surstantiuted in a later mathematical model study perforrmed by Harris et
e1.8 in which as estimation of lung deposition of fiters was derived baced on

the acrodynaric bechavior of thin straight rods.

These alorementicned studies, in addition to jostmortem studies of the lungs of

. 2] N . N .
ani=als arnd askestos wozkcrs"1°'11. suggest that the majority of fikers vhich cearn
penctrate into the alveolar regions are within a size range of lecs than 3.5

un in elameter and®less than S50 ym in length. She fiber size cata which has

Leen presented in this report demonstrates that mast (22¢-97%) of the airivorne

wollactcnite fibers found in the mine and mill are jotentially recpirabie. 1In
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view of this, it would appear prudent that exposures e Zeft at «n cruolute
minimum by the use of good engineering contreols and werk praetices.  In additizin,
pezsens working with wollastonite also should recnive vaory close medical

surveillance and be advised of the assaciated rotential health hazazds,

It is difficuelt te inverpres the frae cilica resulus of the airmoerre so--les

since the anclyuis for frea cilica was determined at the sas~ndzvy Meriy

diffractien quares peak. < appears tha%t wollastunite has a micnifican:

inzerfevrunce at the primary quartz peak and a lers intense interforense
reflection at tha sccondary peak, making is somevhat subiretlive in quarszifying
the amcurnt of quartz. Howaever, the sazple data clhi:s that somg arcas vathin

the mill had total dust concentrations that exceeded 10 mq/n3. Iad, with a
moderate rece cilica content (1t to 3t) assccinted with these high duue
levels, tne poterntial for inducing respiratory health problems is erhanced.

It was rnoted cduring the survey that improvementz had een 1made with the
- 4

exhaust v;ntilation around the bayging cperations. These inproverents, since
our preliminary industrial hygiene survey, have help to recduce tctal dusnt

zposure throughout the mill., Additional measures to reduce spills, improve
cloan-up procegzres, and meximizo existing exhaust ventilatlicn svatems still

2rpeass warranted.

Drilling oncrations in the mine and areas around the ore cruzhing cperations in

the mill often Lad "sound level measurements cxceeding 90 @A, It wze shoerved,
-

however, that most cmployees working in thase areas unre hcarirg protectioen,
Crhar oreag througiiout.the mill often had sound level mearuronuiits between
78 and €2 dLA. It has leecn docwaenteéd in the NIOSH Noiie Criteria necuxcntlzv

~
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that 8 to iC hour time-weightod average exporurass to round icvels Retween
85 angd 90 LA can induce hearing imgairments, Theralere, it is recommanded
that erployces expescd to these levels be rejucsted to wear Yicaring protectien.

It is alsc tuggestoed that employeces ke made aware of areas which lave ex-

cessive roise levels. Lkecause ¢f the range of sound levels found tpnroughout

tha mine ané mill it would De advisable to initiase A hezring conuervation

program with periedic hearirg examinasicens.
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