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Scprember 9, 1977

Mr. David B. Woodbury
Fosecce, Inec.

10200 Sheldon Road
Cleveland, Ohio 4414

Dear Dave:

Enclosed is a copy of the NIOSH industrial hygiene study of the
wollastonite mining and milling operaticns of the Incerpace Corporation.
Also enclosed is a copy of their preliminary report, which is referred
to in che final reporet.

As you vill .note, the reports contain considerably more informa-
tion chan you woyld need (or probably want) to know about wollastonite.
Consequently, I've marked the more significant comments and conclusions
in the reports for your information.

The clinical study data is expected to be available in October.
I should be able to get a copy at thar time.

.~

Sincerely yours,

/522::;¢4 A‘j’ g \
Thomas A. Bozich

Industrial Hygiene Consultant
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IRTRaNCTION

As part of the Nationa) Tnatrionte for Oecunatioa ot
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The Gliat Sorpoerat ton purehaned Lhe mineea) it ta the Willeluay,
Bew Yoo n, wallasnneeite e, it dn L90Y, The dipenis wan eoocervasively
entiuaied af 15 willion tonk.  Ia 1953, the Cabot Carporating emerioued

connlingtien of & GO,C00 ton per year mid) for procesniesg o

wre,

operativn was later avpanded in 1209 when the Tulerpaee Corporaoion

chascd Lthe uine aud nill.

Six pradez of wellantonite are procesned.  These preodes are dewis=a
camcreral use, fiber eomtont, and paviicie wize,  Lzad of Lo cuLs.

Anuuci.aeed minera:la found in the wollastonite dopeasits are
epidete, caleite, and quartz, wosh of vhielh are @
vet and mo heted prinaril)y s abranives. Fiaished o

diope:
b=,

ST

has foead ity o ecramies, paines, waelding [lancn, plantics, o

walllvwerds, wmd plass 32 filler, Jo hoas edso bYeen enpetiventslly uncd a:

2 soil comdicdoner supplysng s{lica and ealuiuva tea deficient Zoil,

‘BESCRIFTION UF PROCESS

)th‘-a : L .

The wive in locaygl approni

mining reethod cuployed ig open stope: with vegulio pilloes,
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Ledy twe wiles from the will. The present
adveneiag

dip.  Feior te 1991 are wan recovered from an open pit unt i) the depth

of averbavden becnze execsnsive.
[ . .

The tiiins 38 Wein

A sevnandd uael g

Mmenently mined on three Jevels, Boo 1, N 35,
et dn lecing opencd at an uppes Tevel el e s

L,

Lival jntercomeating shalvs Jave been deilled e jmprove srnlilation,
Raturae) dralt ventilarlon f:z ve)led gpon dnting the vinter with Tareed
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i beias produeed by ovane axial foans et then b e thee erfoe ey Ca T day e
TR Poveor (o vaniie g ] Toneer ave alona previocd co 0 ah e o cont e o,

i Jesw of aire lhl'.l\l:"‘l L \.\-lk"nl" Tiewe-beo,

Nant afl the enmployaes ol the mive are enpgagaed o G Eiee s Thie v Dy
Jnodoce st nta ety fwn Derdney Denver dacdas a1 a0 e ol vl ae
opecated by dieaed pewcer, the other by conparenned aers Ahen bl g
Peoneeestait s ted s it s adeavn e teaeemed it e el ot T e oot Dt

tor ab e g e For Uhe danit Les ¢l ar, e S vl beered? v i 0 i et

N UNE o e s ey Ve

pance e et booder and Fonded o doeys U

H Ao of o premoving wie Troea The Tooe ol the v,

Filizne

Phe it site wensistn of the wmill, will chiane Doune, andd ol live bavldan
The ere e praecenzaed Lo meparate thae wallostaote Do the vorae sl oy e
and to reagace the ualdosten ite 1o i vrodon o Counr et e A

The s v desseed Jnto a orusher pit, seroaged oo ven fooaer, angt

.

cerned throuch an 107 00 30" jaw craedeers Anooy TR IR Y B FOONTN IS

the jow orusher Lo dereey tlee rock dnte tlee coe biey ! eontn Debe o teeny

focd, The priaa g diseiharee s waened over & ocw ceea (ol MTypellea )t h
I ’ 1A ' B y

fromidion passed thiou o parealtel D cit-s iced deoyer. The

Guer:ire in directed ro a pyratory erusoer (Teltesnith) for additionsd oise
redact ton, | The deyer dincharge ard secnndaly crusheyr J0aaarge are on
cloned ::illc_;:h- vith = serceon (Uvler Ty=ioel).  The redeead erude ove s
wetered toooae o G roll crusivers for Jurthe m veduedion, The vnl)l crashers
disgt e iz pecsned ovar hish frequency, Jow plituds seroen errick)
Sepiaalion i vaZioeus product Zine raneos. Thete Sl (lannificalisse nee
fed =t a predetevmimel rate throuph maghoet be orpuss o Th mnvaey e
diopnide, Leing, Lesbly magnetia, ave held clane 2 the Jines of wogactic
flux of the induction cotor.  The wollastordie beis cos=narnctin ;

w030 Fawdd =l drage Onio o bt Lol Lreane

L.

3 wtithia

The puvificd vollastantice con be fironnd intu four arudact i

peahte mille, The pebble mille utiliae s air aparalion Lynies (o Serarsge
the vollactanite into different sise (ractionsn wnshl e the dive:sificniion
of end pemlucts. Two sdditionsl "Liheous” producis are ranalaciured on an
surrition mill, ALY fLinished praducts are i ww and/ar shhipped dn bull

by treek.  The vollastonjire wj TV procensime {1 dispenm Je DYlasteat
Figure 1.

PERSORNFL,

L J
The Villubero eperstion currently cmploy: G0 haurly ceployees, and 12
Al dendl cwnbeeen,  The nusibier of workers loa reuagmed Jairly conniant

gince e st of operat Lon in 31953,

The mine n;u-r:ll"-:: 0 Uwd :;I\U'l.:r with an.averapo of cight vorkers per il
The wil) operates on theee zhifns, employing aloul twenly wovher:s oon e h
of the Sirat taen shitts and Unee durieg thee thicd shidts, AR hourdy
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copleyee fn the mine dud w1 ave represented by the Poered Sied) Wan Ly«

of Aatrica,
NEDICAL, SAFITY AND IRICSTRTAL HYCTERE RO G

Bl

A1 v e toneen e ceseired tooneder e 5 e cmploseseed phiveiengl, A

el o add o

TToTal pleeas o, el avoennd, pertomns vhe phesies ) oo
Do ceerpeney arinens e enti ] 1900 ceTey enes e v e n
Ll ! Pt ba e Len

‘-m.-!.--.'(-\- (PR 1 T PN o st

on (".:1 ]
s sl phes denls The eandatary o

[ T R S X I

oddert cenive ity eeplogeen. Howesver,

wadical vleinaiton B e vegquested, A naoenle wmedived o dacd, vl by

i wsed o Loty pre-ceployrent and anpcal phvaicaln, can be o toon in Pipae 2,

Galoty
A Tored =afcely propram s active ot the fofc ryace mine and kill. FSacb
eapluyes b dnnued a lint of safely calen with whiich e i eapeetod to
acaaiat biveed ] wa that hin zetionn e nat proedle a he
U ov others, The proecre i uerder the diveevica of 1he min

e g wiientivg

YR

Lo hiime:
pleang gaperindaemdbent, A stafll appeinted sateey man (on o rowstion
basin) comifuets an onawsouaced inupection of the ming 2nd mill and e pures
hie fdiu:di aroa mentily atalf xafcly meetiug.,  Two Jucculiva moards are
ol ler to e eaployee:s viee have compaacrates sofle work practices., At
least eae wiaker on ciael shife is trained in perflorming Fiveo e,

Ly slasaen, safouy
SPUQELULTS AT

LPe o presicad ac

The warkers in the mine and mill arce ull provided wibtl ol
tn i nal provided.  Sel

%00 S T TR R YA

shaea, snnl e d hetss Wort eledlo
proviged fov @1l mine persenacl.
bath the wine amd mil).

Anduseriad Neniene
Ko indusatrial hypienistl iz employed at the gite.  llovever, from recets-
mendarions vesulting from several sueveys per forwed by povernzent (Mine
Enfoccement and Safecy Adsiniscrarion aud New York fStanie Hoadt Doepaitient)
Aamd private underwriters, chanpes have been purde Lo improve Lhe pencral
warking euvivonment., Eight Cabrie baghouse Jilters have been fasta)dod

Lo rewave dust from Jocal esbaust vents in the wil),  Theue lave preatly
roeduced Lhe diest releascd aL Lhe mangnetic meparators ol the bagning oo ra=-
tionn,  Heever, Snstadiation of additimal Veenl exbaunl ventildlat fon
appears warranted,  Accumulations of setlled dost o vere moted on Tedgens andd
machinery.  The®company has provided a central viacunm gystem wvith talie=af(
comeeclion: nn the upper floags,  Efifore dig being dirveled av recyeling

en and ather sertled dunt back into the product line vithoot

baghosise wins:
sacriticitn the guality of the produrt,

14
Mt respdrators are nol cequired to be worn by any of the uarkers, althouzh
o wurkers were obusesved wearing them,  Respicotors are available upon
-

e b, B
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DLACRIPTIO OF BRCORES SYIey

Persannel cecords ave ovaitable Droem 1052 ca the precent, These inglude
serial seearity e, ok hintorfens, aee, wark tilb e, and Jost o (me
chonacterised aecandins te accidenr or jl1hacoar Mot pocsientl oangd

Pl vl
atabi ity v 1 he pesatation, eadical dcoonds ave retainod on ol poae

v sve enntly travestls heesoce of the voeal Tee st jon ol

and Pl Warkers,
IRSIECT QN OF JLln PLAHT - Co

Polenlizl Lnnoaaasens

From rhe obrervations mede during Lhis soarvey and Lthe resules ol ehe
measurereats made, the fallevivg conclunions ave dravn and recomtencarians
for impruvesents rae:

1. There aprenes to be sianilfexnt exposure ia vespivalile wollasrouite
in varvious proceLsing areai, N hwasa dola prenent Ty existy o indi-
cale ruspirarory proaleas due T oxush (spenure, BHtevir, 31U RGCt be

zed that human experience witl this mineral jo Limitlec. It

weuld appear predent that erpouates to respivable wollascondir fibers
be hopt it an abselute miniiens by the use-of goed work practicze and
engineering coitrels.  The use of bruems and hewd Lruches {or elewning
showeld be ¢liminated in favor ef much cl2ancr vasue mizthods,  In
addiiien, those persons vorking in arcas of excessively high duse
cxposuve chould be requested to wear rosriratary, proiection uslens
they have an existieg health problas ~hidh peohibits e, dn which
case; they probabiy should be vemoved from chids®worl envivonueat,

2. The verkers in the wine may be exposed Lo excessive levels of carhon
monoxice and nitrous gasces (Hoy,, NUY) redeased during blastins and
by the opevation of the diesel vngine equipment., It is recos.iended
char' the mine environment be monitercd Lo deterzine luvels of cuiposure.

3. llign nofse levels .ave prevalent in bath the mine and mill. \ithin the
mill, hiph woisc levels existed around rhe crushing amd prinding opera-
tioun. f%ound level measurvwents should ba nsde to determine il exces-
give. noize Jevels uxisc., I cucéuzive, an appropriste heating consecs-
varion progras should be snet up. Drillers along vith athers i the
immodinie mine area should continue Lo wear hearing protection.

-e
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SURVEY PROCEDURES ARD BATA ARMOY LTS

The wajor portien of the sereey wan devated Lo ehaervation of o 1iage anl
procedares, exposzore control practiess, and plant pevaonne) cocord

eenl, Hullh samples of Lhe Tindshoed poodoers adone vt a0 Yool
mumber of aiv samples were coldected for the porpone ab charactorj o iag,
wvelloastonite,  The afr sawples were collected in e wice amd ot vavious
Paer bt The callevtfon wedia vead for aie

procens operat jons within

saupling wore 37 nee Millipore Type A8 celb ol
(0.5 pu pove mize) and 37 w3 Nuclepoes wembease Filters (008 pmosor

slac),  The samplive nutrevesnts seve cadilirnted at o s lov hate of 2.0 1.

el e nevtve e T by

Laboratory amilyses wove performed o 2]l airhevin seaples Sad/or halk
samplen for treoce netals (€, Cr, Co, Fe, Mn, Ni, Zu) by adomre znbarn-
tion, free silicu by x-=ray dilfraction aud [iker gize disteibuiions and
fiber concentraticn: by uptical sl Lransmission glectron LIFE S YESWUITENN

All itlipore AN adr samples were evolucted waeing phase centrany wigro-
ccopy ar 2 mapnifieztion of A0, (NLOGH/O5HA wvthod for comiing
ashesron, )l This analytieal mathod was used to establinh an indes of
exposutre (Fibern/ea) and for determining the veldative size of rhe Jilber

(disweter and lenasth).

The cleclron =leraseopy analysis of the collectoed asmples van performed
uxing a JEOL JGO-3 side cntry cransuission eleciron wicrascope alang
with an atzached EDAN enerpy dispecsive neray analyxzer,  The collectoed
air s:anles were prepared using a transfer nmoenurcane filier teehnigue
utilizing a 200 we-sh, fonwvar/carbon coaled Zrid sand observad Ly tusasz..
minsion clegccron uicroscapy.z Utilizina this wethad, the air savplas
were camlyzed at 5,000%, 30,000X, and 20,000X wmazairficaiton co delarmine
fiber and particulate morphelagy. To Jdocuient and verify the oLsuvved
fibrous, materiol, both eneryy dispernive ueray anelesia and gelertad
arca clectron diflfracuion vave perflarecd.

. KLESULTS

Induntrial lynicne

Due to the [ibrous nature of wollastonite both eptical and e)eciron micro-
scopy wore utilized for daterwmining an index of cxpousuve (fibherzs/ee),
Fidbers were deflinaed 3g baving an aspdéet ratio of 3:1 or preater.. 411 air-
borne samples were avalyzed foc total fiberss and Libers greater than S
nigruns in lenpth, The wicroscopy anzlysis was pavfloreed ot A0GE wmagnifi-
catinn phaae contrast and J0,000X magnification transmizzion eloctron micros
seopy.  Tahle 1 jllusnrates liber concentrations found gt variousn Jocavions
within the mine and mill. Ny chagaererizing cach sample for filier size
distrilbution by hoth aptical atd clectron micruscupy, it poad coupuriznen
betwern opticenl and eleerron micruseopy concuntrations foe Filers prester
1t {2 apparent that a 24 fold inercasne in
irapy unslyuin,

se In wapnilica=

than 5 aicrons wan achieved,
ratal filer conctatration: cxison with the electron wicre
Thin Jifleceners can probably be coentribuled to the inerea:
tion sud vesolulion of Lne clugLron mieruscopea,

. SN FOS-OQ-OO@OQG]ISB
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AMonp vith the tabulatten of aivborne (her concontratfons, fihers: were
alen miaed by diamcter and Jemgth o ta determine sirborne Filwr diomel o

and Jenpth data. Thin wos avvonplichod by wicone apjaosimatedy 600 (il oo
by 1vansminsfon cleviran micrancopy ol 14, 0ony [N TN IO SR IN AVL o b
samples weee cvaloated using ramdenly selegted (oetd for fiber sizvng, The
fibev size dacta is shows io Table 2.

Ta hetp chavacterizae the mineral, enerpy dinpersive x-roy anAalysistwan
perboreed on aediy dual fibers too determine Che elemrnt al modoie oy, A
typis al vallastonite fiher x=ray apectra by Y Tastratad in Uapaee 1, In
addbicion to the veray gpeetra characterisation, cleetrea miciorragdo of
typival sasple Ticlds were alsoe takew at 2,000 awd JO QWY moaenific itien,

Two cuch o saople tactds ave illustrated dn Figaees 4 oand 4,
dlycical rewvles for trace metals (Cd, Cr, Cy, Fo, Ma, Ni{, Zu) and
free <l)ica obtained from zix finished products and two actiloed dunl wotie
ples cre showa in Table 3. These saeples vere analyned by atomic bnovpe-
tion and xeray diffracclon, respectively,

DISCUSSLON ARD RECOAMERDATTONS

Thee Tibew size data obgained from Lhe clectron aicrasecopy analysiz iedicates
connt muedian measerencents ol 0,20 mierons: for dimecter sod 7.0 microns far
lengthn (or 3ithorne wollastomjue.  Becaune of these pliysicsl diveasivng air-
Lorns enpasures moy ba.respivable and harwful to health,  Althaugh rhe ros-
pirvability ‘of ‘afriorne fibera is uot eleavly unde 1"-Lcml it 15 thevgait Lo be
mainly dependent on the fiber diamcter. Timbeolls'd work suggest:s that the
two rrior mechandumr of Ldher depositian in the upper airvays (celtleaene
induve? by gravity and inertial deposition) cre chicfly deiendent vpon par-
tiele (ree fallicy nec-d (i.e. equivalent Stokes’ di“--u.-r) Fibers vith
densitics lese s n 3.5 [;/:::3 and less than 3.5 um {n dicnater mey cacape
depatitiun by thece two mechanudszg and penstrace doevnly into the L
Airbwrize ‘wollastoaite fibers satisfly both the demzity and fiber o :
veguiroments as stated above and may be consnidered potentinlly rvspsra;]n

Recent studiecs wetilizing fibrous particulates have indicated potential
adverne physiolopical effecta.’ One such animal study performad by luis
has shown Lthat the fibrous structure of chrysotile, with lenaths of 2-3 um,
are ecaveinogenie. Polt concluded that fiber shape and size uas a more
important factar in carcinagenezis than traee wetad entesation,  In
another atudy conducted by Pott, ct.al.,5 it wan demensiratod that othee
fibroas dugrs, afler intraperitencal injoeclion {nto rocs, induced tumoss
equivalent tu Lhat producced by the same dese of [ibrouvs chrynatile.

A

A srudy perfarmcd by Hefner, ¢:L..11.,6 showed o comparjzon of Lhe relative
ractes of hemalysln junduced by various filvapenic aml noa=-fibrugenic pav-
ticulures with rat erthrocytenein vilro, Athemplin were made Lo mesnare
the anvamt of hewalysis of the cell wilh a varjety of phrriculates (i.e.,
chvysotike, tale, kaallu, brucite, actinolite, wallastenite, Hin=0-8il
$ildea, cte.). The percent of hawoplobin ot redeaned from the cells by
hemobynin wan meassured with a function of Lime, Resu)ls jodicoted that
only DiU=51Y ciliea, chr :‘.'u& ile and wollastanite woere all potentially
hemalerie,  Bath chrynotide and HinelU-5il zflica bave heen showe ta be
fibropenic In vivue an well az hosolytle In le.:u Ly nummcrous Jnvesdlpas

- ' FOS-22-0002021 159

2594



- .
tar:, hence, Tor these two particalates a diveet covrelatjon hetween in
vivo Tilopenenin awd Lo vileo heaolv i cxints, The fabeeerativ o bivity
of wolliantunlte has not been cvaloated o vievo, dosoves | e daesabo e
poetent G ol waldastendite 2 oin the comee rang e o thot obiaseed for atlhoere
Titvupsenie paviivuelien,
The gosciunionn jodicate a weed for an epidemioiogicel evataat jon of (h
codativn hip of wor ke expesane Lo wellastonite, Sovaune of the snat)
wan ko foree and cupdevient stalo ity il venld Le cndvaararceue to ot
a Lot Jeveenp porhifdiny stades An g puidel e for the detect Tea ol ot
Cochren.e o elfeetn, the madical ntedy which v perfoiaad o VI b ater e
T.’l?‘jli'.y 1-)' e, RlewnCield aed ::l.‘lf’:, foee Yok St l:\-l-.-l'lu:vnl et Lator,
in Deiober, U764 could be ulilized,  Thin siady inciaded a eometeis i ol
AT (i.e. physival emaminerions, ¢hest roentescnngsrom, e loot oo i io-
grame, pulreanacy function tests, cte.) eonducied v il gyeiive pioas
worters (minvts ond millers) wilh an sddit onals thintty-tuwo soden soes g
Az A coutrol preap,
- .
.
. .
. :
- .
i -
.. *
. v
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. TAGLE 1
Interpace ('.mﬁér.ﬂ.iun
SUMEARY OF TIBER CONCIITRATI LS (rinrna/ee)
FOUI) 1A WOLLASTONITE MIRE AND MiLL

— S —— —— ——— > ———— o

r——a- —_— '
SALPLE QP LCAL RICROSCOrY ]!-'.L!fCTRON TEROSCOrY
DR AN0YN 10,0605

LOCATIONS Tatil Fibers TotaY Fibers
Fihers > Fibers >

—— it g M S e NS fac o micrans,
Hine 0.35 0.5 1.14 0.33
st Leved :
Hine 1.4 0.9 7.2 0.9
2nd Leved

. R SUTSPUPPUIGEIN SRR
Bine- o7 0.43 0.3 1.68 | . o0.24
drd Lovel
il
Primary 10.4 25.5 161.2 24.5
Cruchar _
Hill
Secondary| 70.0 41.0 152.0 30.3
Crusher
Hill 85.0 | 43.3 236.0 67.9
Oryer . :
Hill | .
Raguing 20.5 10.3 39.9 5.1
Opcrations '

* OMLY FIBERS WITH DIAMETCRS LESS THAH 375 microns
ARD LERGTHS LESS THAN 50 MIGRONS WERE COUNTED

R .
-

:'l
el
.b
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" Interpsce Corporation

SHARY OF ALORORNE HOLIASTON|TE
FIRLR SIZ0 DATA

CETERATRED LY ELECTROM MICROSCONY

Count Geoweiric

.. . _ Standarg

Fiber Hedian Range ievialion
Measured (i) {wm) VY
Diauwecter 0.26 1 01- 3.2 2.7
Length: 2.0 | 0.4-26.0 . 2.5

7.
1
- FOS-20-2202001162
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. TAULE 3
© Interpace Corporation

RESULTS OF TRACE FLTAL ARD
FREE SILICA ARALYSIS

WOLLASTORITE

p— —— > — o sl —

Sulk and Free

Trace Metals pn/g

Setiled Silica
Bust Samplest o b e | co | re | un | mio]n .

F - 0.8 [3.5 |3.3 |eocolrorolv.0 |o.7 < 3

C -6 0.5 3.7 6.7 |us70l1020l2.0 17.4 . 3

cC <101 1.0 |4.1 ] - 35100 930 <""741.0 <3
SO [ S R ORI PR,

P - 4 0.5 [1.8 (4.0 |404001020,5.0

e meem e ) e e et o

7.6 < 3

Te e e w | ® G ecEmE— ot — S—"

116912.0 (14,0 < 3

¢ - 1% 0.5 [2.0 |3.6 |seo0fr05al3.0 7.3 | <3

BT Py

10 10.5 13.6 4.6 [5346{ 990la.0 |4.5 < 3
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