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Introduction 

The National Institute for Occupational Safety and Health (NIOSH) has 

underway industry-wide studies to assess the chronic health hazards from 

occupational exposure to respirable fibers. These studies include 

epidemiological studies of exposed worker populations to determine health 

effects which may be attributed to the work environment, medical studies 

to assess chronic health effects, and detailed industrial hygiene studies to 

characterize the various agents to which these workers have been exposed. 

During the week of June 14-16, 1976, Ralph Zumwalde, Mark Boeniger and 

Robert Wheeler (ALOSH) conducted an industrial hygiene survey of the Interpace 

Corporation in Willsboro, New York. The purpose of the survey was to collect 

samples of airborne wollastonite, characterize its composition and evaluate 

worker exposures. Approximately 60 airborne samples were collected at various 

mining and milling operations. Of these 60 airborne samples, 45 were per-

sonal breathing zone samples with the remaining 15 samples being collected at 

stationary sites near processing operations. Airborne samples were collected 

for the determination of respirable and total dust and wollastonite fiber 

concentrations. All of the respirable and total dust samples were also 

analyzed for free silica. In addition, all stationary samples were analyzed 

for trace metal (Cadmium, Chromiwn, Cobalt, Iron, Manganese, Nickel, and Zinc) 

content. Settled dust samples were collected at different processing operations 

and were analysed in the same manner as the airborne. Some high noise levels 

were apparent due to mill processing operations; consequently, sound level 

measurements were taken at various locations within the mill. 
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The following paragraphs describe the sampling and analytical methods 

employed, sample results, conclusions and recommendations drawn for workplace 

improvements and worker safety. To help reduce duplication of information, a 

copy of the February 12, 1976 Preliminary Industrial Hygiene Survey Report of 

the Interpace Corporation facility is attached (Appendix I). This report 

documents the mining and milling processes, medical, industrial hygiene and 

safety practices at the facility and discusses the potential problems with 

the inhalation of airborne wollastonite. 

Survey Procedures 

The major portion of the survey was devoted to the collection of personal 

breathing zone samples for documenting employee exposures at various milling 

and mining processes. Personal air samples were collected on the employees to 

determine time-weighted average (TWA) concentrations for respirable and total 

dust, wollastonite fibers, and free silica. Samples for airborne respirable 

and total dust were collected at a flow rate of 1.7 liters per minute (lpm) 

on 37 mm diameter pre-weighed MSA type FWS (polyvinyl chloride) filters. Total 

dust samples were collected open faced with respirable dust samples collected 

for trace metal analysis using 37 mm diameter pre-weighed Millipore Type AA 

(cellulose ester) filters. To determine airborne wollastonite fiber concentra­

tions both personal and stationary air samples were collected on open faced 37 

mm Millipore Type AA filters (0.8 ~m pore size) at a flow rate of 1.7 lpm. All 

respirable, total dust and trace metal samples were collected during the majority 

of the work shift, whereas, wollastonite fiber samples were changed periodically 

during the work shift as needed to prevent particulate overloading on filters . 
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Free silica concentrations for air and settled dust samples were determined 

using X-ray diffraction as specified in the NIOSH Crystalline Silica Criteria 

Document.l Trace metal analyses for Cd, Cr, Co, Fe, Mn, Ni and Zn were 

detennined by atomic absorption spectroscopy on stationary air samples and 

settled dust. To determine an index of exposure to airborne wollastonite fibers, 

all fiber samples were analyzed using the NIOSH asbestos counting technique. 2 

These samples were analyzed by phase contrast microscopy at 400X magnification 

with fibers (3:1 length to diameter aspect ratio) counted and sized into groups 

of less or greater than 5 micrometers (µm) in length. These same samples 

were further analyzed by transmission electron microscopy (TEM) using selected 

area electron diffraction and energy dispersive X-ray analysis to identify all 

fibrous particles. TEM was also used for determining fiber size (length and 

diameter) distributions using a sample preparation method developed by Ortiz3 

and analyzed on a JEOL, JEM 100-B TEM at a magnification of 10,000X. A minimum 

of 100 fibers were analysed on each sample. 

Sound level measurements were taken at various mining and milling operations 

for identifying potential excessive noise sources. Decibel measurements were 

made using a General Radio 1565A sound level meter on the A weighted scale. 

Sample Results 

Attached as Appendix II is a brief description of each job within the mill 

and also the mine, a description of sampling and analytical methods utilized, 
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results of all individual samples, and appropriate summary statistics. All 

job categories have been identified by a 4 digit job code. The first 2 

digits represent the general work area while the last 2 digits correspond 

to specific jobs within those areas. Tabular swmnaries of time-weighted 

average concentrations by job category for free silica and respirable and 

total mass dust samples (wollastonite) are given in Table 1. Presented in 

Table 2 is a summary of the trace metal analyses of settled dust samples 

collected at various locations within the mill. 

TWA free silica concentrations calculated for each job category appear to be 

within acceptable limits as recommended by NIOSH.l Some individual respirable 

samples did indicate free silica concentrations in excess of the NIOSH re­

commended TWA standard of 0.050 mg/m3• However, there is some questions as 

to the interpretation of these concentrations since the analysis for free silica 

on most of the samples was reported near the lower detection limit of the 

analytical method (0.05 mg per filter). Trace metal (Cd, Cr, Co, Fe, Mn, Ni, 

Zn) analyses performed on collected airborne samples indicated levels near the 

lower detection limit of the analytical method, hence, air sample concentrations 

(µg/m3) for trace metals reported in Appendix II reflect these low levels. 

The trace metal analysis of the settled dust samples, as indicated in Table 2, 

substantiates the low levels found in the air samples. Iron was the only 

trace metal found in any appreciable quantity (0.5 - 5.5%). 
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As reported in Table l all TWA concentrations for respirable dust were below 

5 mg/m3, however, some TWA concentrations for total dust exceeded 10 mg/m3• 

Since there is currently no specific occupational health standard for 

wollastonite the standards for inert or nuisance dusts are applicable. At 

present the Mine Enforcement and Safety Administration (MESA) dust standard 

is 5 mg/rn3 respirable and 10 mg/m3 total, whereas, the Occupational Safety and 

Health Administration (OSHA) dust standard is S mg/m3 respirable and 15 mg/m3 

total. 

Listed in Table 3 are airborne concentrations for wollastonite fibers at various 

operations within the mine and mill. These concentrations along with fiber 

sizing were performed by both optical phase contrast and electron microscopy. 

It is apparent from the data that fiber concentrations, both total and > 5 µm, 

within the mine are much lower than those found in the mill. Also, sample 

concentrations in the mine for > 5 µm fibers were similar for both the optical 

and electron microscopy analysis. However, those samples collected in the 

mill indicated higher > 5 µm fiber concentrations when determined by optical 

microscopy. This difference could be attributed to the high fiber density 

per counting field which contributed to the difficulty in accurately sizing 

and counting fibers. All reported fiber concentrations for both mine and mill 

substantiate those sample results previously reported in the February 12, 

1976 Preliminary Industrial Hygiene Survey Report (Appendix I) . 

Samples evaluated by transmission electron microscopy were also characterized 

for other fibrous minerals by utilizing selected area electron diffraction and 

energy dispersive X-ray analysis at a magnification of 17,ooox.4 A few 

chrysotile asbestos fibers were identified from the 15 analyzed airborne samples. 
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However, these few asbestos fibers could have resulted through contair~nation 

in handling and sample preparation methods. Illustrated in Figure 1 is a 

typical photomicrograph, selected area electron diffraction pattern, and 

X-ray spectrum of airborne wollastonite fibers found in the mill. 

In addition to determining fiber concentrations on airborne samples, size 

distributions were also performed on observed fibers using both phase contrast 

and TEM. Samples analysed by phase contrast microscopy, as illustrated in 

Table 4, indicated that 92-97% of the airborne fibers observed had diameters less 

than 3.5 µm, of which, 98% had lengths less than 50 µm. Those same samples were 

analysed by TEM at 10,000X magnification. Approximately 1300 fibers were sized 

from both mine and mill airborne samples for the determination of length and 

diameter medians. As reported in Table 5 the count median was calculated to 

be 0.22 µm for diameter$and 2.5 µm for lengths. This data closely compares with 

the fiber size data reported in the Preliminary Industrial Hygiene Survey Report. 

As the TEM fiber size data indicates there are a considerable number of airborne 

fibers with small diameters and short lengths which were not resolved by phase 

contrast microscopy. 

sound level measurements taken in the mine ranged from 104-112 dBA near the 

drilling operations to 78 dBA on the loading dock of the mill. All sound level 

measurements are reported in Appendix II. 

Discussion 

In determining any possible chronic respiratory health effects resulting 

from wollastonite fibers, it is necessary to determine what portion of the 
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airborne fibers actually reach the lung alveolar regions. The respirability 

of fibers is not clearly understood at the present time. As was discussed in 

the Preliminary Industrial Hygiene Survey Report, research performed by 

some investigators have suggested that the physical parameters of the air-

borne fibers (e.g. size and morphology) dictate its respirability and potential 

for producing tumorigenic effects. 5 ' 6 In a study to determine the airborne be­

havior of fibrous particles, Timbrell? reviewed the mechanisms by which particles 

deposit in the respiratory system, and addressed specifically the problem of 

fiber deposition. His study identified settling, inertial impaction, and 

Brownian diffusion as deposition mechanisms which operate for both compact 

particles and fibers. In addition, he identified a fourth mechanism, direct 

interception, which is of little significance for compact particles but which 

may be of importance for fibers. Using an aerosol spectrometer he found that 

the terminal settling velocity of fibers is mainly a function of fiber diameter, 

with length being of secondary importance and that fibers with diameters less 

than 3.5 ~m could escape upper respiratory deposition by settling and inertial 

deposition and penetrate deeply into the pulmonary spaces. Timbrell's work 

was substantiated in a later mathematical model study perfo?:tlled by Harris et 

al.a in which as estimation of lung deposition of fibers was derived based on 

the aerodynamic behavior of thin straight rods. 

These aforementioned studies, in addition to postmortem studies of the lungs of 

animals and asbestos workers9,lO,ll, suggest that the majority of fibers which can 

penetrate into the alveolar regions are within a size range of less than 3.5 

µm in diameter and less than 50 µm in length. The fiber size data which has 

been presented in this report demonstrates that most (92\-97%) of the airborne 

wollastonite fibers found in the mine and mill are potentially respirable. In 
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view of this, it would appear prudent that exposures be kept at an absolute 

mini.mum by the use of good engineering controls and work practices. In addition, 

persons working with wollastonite also should receive very close medical 

surveillance and be advised of the associated potential health hazards. 

It is difficult to interpret the free silica results of the airborne samples 

since the analysis for free silica was determined at the secondary X-ray 

diffraction quartz peak. It appears that wollastonite has a significant 

interference at the primary quartz peak and a less intense interference 

reflection at the secondary peak, making is somewhat subjective in quantifying 

the amount of quartz. However, the sample data shows that some areas within 

the mill had total dust concentrations that exceeded 10 mg/m3• And, with a 

moderate free silica content (l' to 3%) associated with these high dust 

levels, the potential for inducing respiratory health problems is enhanced. 

It was noted during the survey that improvements had been made with the 

exhaust ventilation around the bagging operations. These improvements, since 

our preliminary industrial hygiene survey, have help to reduce total dust 

exposure throughout the mill. Additional measures to reduce spills, improve 

clean-up procedures, and maximize existing exhaust ventilation systems still 

appears warranted. 

Drilling operations in the mine and areas around the ore crushing operations in 

the mill often had sound level measurements exceeding 90 dBA. It was observed, 

however, that most employees working in these areas wore hearing protection. 

Other areas throughout the mill often had sound level measurements between 

78 and 89 dBA. It has been documented in the NIOSH Noise Criteria Documentl2 
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that 8 to 10 hour time-weighted average exposures to sound levels between 

85 and 90 dBA can induce hearing impairments. Therefore, it is recommended 

that employees exposed to these levels be requested to wear hearing protection. 

It is also suggested that employees be made aware of areas which have ex­

cessive noise levels. Because of the range of sound levels found throughout 

the mine and mill it would he advisable to initiate a hearing conservation 

program with periodic hearing examinations. 



Samples by 
Job Title 

0101 Driller 

0102 Loader 

0202 Trucker Crushennan 

0203 Beneficiator 

0204 Beneficiator Mill-Helper 

0205 Miller 

0206 F-1 Miller 

0207 Packer 

0209 Laborer 

0211 Maintenance 

0213 Stationary General Area 
Samples (Milling Operations) 

Table 1. Interpace Corporation Concentrations 
Summary of Time-Weighted Average (TWA) 
Airborne Concentrations by Job Title 

Respirable Mass Total Mass Dust Concentrations 
Free Silica (Si02) 

mg/m3 
Free Silica (SiOz) 

mg/m3 
Respirable Mass 

m1!:fm3 

<0.016 <0.018* 0.409* 

<0.066* <0.017* --

<0.131* -- 1.346* 

<0.065* -- 1 .555* 

<0.069* -- 1.488* 

-- <0.079* --
<0.013* <0.067* 0.618* 

<0 . 068* <0.068 1 . 545* 

<0.013* <0.066* 2.120* 

<0.065* <0.162* 1 .822 

<0.079 <0.353 4.950 

(Wollastonite~ 
Total Mass 

mg/m3 

0.332* 

2.714* 

--
--
--

7.250* 

2. 887* 

9 . 818* 

4.637 

16.092* 

16.386 

Interference at primary peak for Si02 required the use of secondary peaks. Therefore, reported TWA concentrations 
for respirable and total mass SiOz are values determined at the lower limit of detection of the secondary peaks 
(0.05 mg per filter). 

NOTE: (*) 
(--) 

Represents one sample 
No sample collected 
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Sample Location 

Cadmium 

I-1 Settled Dust Collected 
Near Crusher <3.0 

I-2 Settled Dust Collected <3.0 Near Dryer 

I-3 Settled Dust Collected <3.0 At F-1 Bagging Operation 

I-4 Settled Dust Collected <3 .o Near F-1 Bagging Operation 

I-5 Settled Dust Collected 
Near P-4 and C-1 Bagging <3.0 
Operations 

1-6 Settled Dust Collected <3.0 On Loading Dock 

Table 2. Interpace Corporation 
Summary of Trace Metal and Free Silica 
Analysis of Settled Dust Samples 

Trace Metal (oom) 

Chromium Cobalt Iron Manganese 

24.0 <10.0 42800.0 1050.0 (4.28%) 

24 . 0 <10.0 54800.0 1070.0 

13.0 <10.0 16200.0 983.0 

10.0 <10.0 5070.0 932.0 

7.0 <10.0 5750.0 930.0 

15.0 <10.0 7060.0 972.0 

Nickel 

<20.0 

<20.0 

<20.0 

<20.0 

<20.0 

<20.0 

NOTE: All Si02 results were determined at the secondary peak because of interference at the primary peak. 
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Silica 
Zinc (Si02) 

% 

31.0 <2.0 

23.0 <2 .0 

42.0 <2.0 

4.5 <2.0 

11.0 <2.0 

9.2 <2.0 



Samples by 
Job Title 

Mine 
Driller 0101 
Loader 0102 
Utility Man 0103 

Mill --Trucker Crusherman 0202 

Mill --Beneficator Mill Helper 
0204 

Mill --
F-1 Miller 0206 

Mill --
Packer 0207 

Mill --Stationary General 0213 
Area Samples 

Table 3. Interpace Corporation 
Time-Weighted Average (TWA) Airborne 
Concentrations for Wollastonite Fibers 

Phase Contrast Electron Microscopy 
Microscopy 10,000X Magnification 

400X Magnification fibers/cc fibers/cc 
fibers/cc > 5 µm in length total fibers 

> 5 µm in Length 

0.27 0.33 5.4 

0.78 0.91 4.6 

20.0 11.1 33.5 

47.7 17.5 51.9 

32.0 13.1 85.4 

15.B 9.7 40.l 
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Mine and Mill 
Operations 

(composite of samples) 

All Mine Operations 

Beneficiating/Milling 

Packing/Bagging 

All other areas in Mill 

Table 4. Interpace Corporation 

Diameters 

~ 3.5 µm 

96 

92 

95 

97 

Fiber Size Distribution Data as 
Determined By Phase Contrast Microscopy 

Percent of All Fibers Counted 
% 

Lengths 

~ 5 µm < - 10 µm ~ 25 µm ~ 50 µm 

79 89 97 100 

27 60 91 98 

NOTE: A fiber was defined as any particulate with a 3:1 length to diameter aspect ratio and 
with a length less than 50 µm. 
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Table 5. Interpace Corporation 

Fibers Measured 
in both Mine and 

Mill 

Diameter 

Length 

Fiber Size Distribution Data 
As Determined by Transmission 
Elect ron Microscopy 

Count 
Median Range 

(µm) (J.Jm) 

0.22 0.1 - 5.2 

2.5 0.3 - 41.0 
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Figure 1. Interpace Corporation 

WOLLASTONITE 

Photomicrograph 

1 micrometer 

Selected Area Electron Diffraction 

X-Ray Spectrum 
Si-Ca 
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INTRODllCTI WJ 

As p:1rt of the Nul:io1wl In!;litntc f<ir Ocl·up:iL.ion:d !;;1fC'ly :rnd ll~!:il lh 

(NTmm) indust>"y\.,• id~ i:; tmlh·s of indu!:l rit•!; prod1u·i1•:.~ and ul i 1 i:'.i.ng 
naturally occurrj11g fi.hrou ;; mi1w.ra]1;, a 1'rc l-irni11;1:·y indw:r 1 i;1l ltygiPn1' 
survc•y \,·;is conc.luc-! <'<l at llu• \,·1iJ las ton it 1· OJH'l":1t. i(\1i Pf t·hl' i 111,·1·1.,:1ce 
CorporaLion, WiJl::IJ11ro , N<.'h' York. Thi :: :rnrvc·y h'; i ~; pcrfor:··. 11 l •y KnlH'l"t 
WhC<'h•r (1\LOSll) al\d M:trk lh•·:11i}~L·r 1.111t1 J~:;lph 7.t1m1:.1Llv ;1f lii<' 1:j·d :: ion 
of Stll'v .:.• U.Jnnc<~ , ll:i;:;ircl Ev;i111 ;; tions , ;1nd l'i".ld ~ilL. ,'.k:., on 1·. · l:;·11;1ry 12, 
1976. J11 additi.on Lo obr:1 ·rv i11g l.he mi 11 in:; pro•-.·:: ~. ;;1~d C'1,,.1 r1~.l m,~:i~~nrc·~~, 
prel i111inary :l'ir ~, :1111pling f ca· cha1.·actcfi;.-.atiun of ~; ,•] l~u~tc 1 1d t. : \,·:1.s u1t1-
duc t.vd. 

Wollt1:>to11itc (C:lS:I03) is ;1 n<ll"ur<ll]y ci.·eu1ring fjlll"0 ll» c;.ld1,;.1 dlil·nt~ 
which ji; r<.n-ely ftn111d in l11q>,c- nr.tounts liPcnm;e of the• r<lt her uni.qu~: 

min(ffa]ot i.cal conc1it.io11s 1· r..q11in.:<l f.ir JU; fcin.1alin11. It i:. t:lwr c:: l"nn~ 

mi.nC>il co;1:incrciaJJy only in a fc•w pl:1cl•: ; around th.: ,.:cnl<l. 

The Cabot Corporal ion purch.u~ec.I the r.1.i.11c' ral right:; Ul t.hl? \·:l J 1 ~:lwnl, 

New Ycirk, woJlasu,nitc ckpo~;j t in 1951. The depo:.i r \-.'<W cc!1 ::c1·v:iti-.·cly 
c~stimntPc.l at 15 lhill:i.on ton~;. In 1953, the C~1bot Corporalio:~ crw.µlctetl 
construction of ;i 60,000 ton per year mi.11 for prcc0.ssini: tl:c ore. Tlrit: 
operation \·J:JS later e,,.:p•md,·d in 1969 w~wn llh~ 111Lt·11~<ice Coq, .,r;,:. ·ton pur­
chased the.· mine nn<l mi 11. 

Sjx gracl~::; of wc•l1nLt·nnitc> arc proce!'>~;c· c.I. These gr<!dcs nrc <!csi3nateJ by 
commcrci.:i.I use, fiber cnntc.·nt, and pnrl icJ.e ~ize. Son.e of L11e cor.:ifi->J;]y 
associated miner;.i] G found in the wull ••slo11i Le tl<:;posi U; Cll"C' f;<n-n~t (/;)/.:), 
diopi;icfo, cpidote, calcite. and quartz, most of which arc> 1;;iJ.vagc;:d as a 
by-produc.:l antl markete d priu:11·ily as aLr~::~lvcs. fi.nislwcl \·.'0 .l. la~tonil<.~ 
has found ut:ility in ccrumie~·-, paints, wc1cJing flu:~es , pli:.::>tlc~:, ceme:nt<:, 
wallhuarc.is, and glnr.s as f j l.ler. It luw nlFo bc.·c·n e::perime n l.n 1 I y UG<!d as 
a soil condit:i.01wr supplying [;l]ica nncl culdum lo daficicnt snll. 

DESCid PTION OF PJWCI:SS 

The mine :i.s locnted upproximr11:<~Jy two miles from ll10 mill. 'J'hc present 
miuinr, wc•thod empluyccl is open ~:tape}: wlth regular pilJnn> advancing up 
d:ip. Prior to 1959 ore w;w rc·c:ovcrcd .frolll an opP11 pit unUl lhe depth 
of OVPrhurden lWC'ill!IC C!):CC'SSiVC'. 

The mine iA bc:iug Jll'l•sc•ntly niina<l 011 thn·c:: lc•vcls, No. J, No. 3, nnd No. 11. 
A s~<.:<1nt1 hauJ.<1ut· dt"if!· ·is bc?.ing op<.!n<·<l at an upp1~r 1'•.vcl ancl 1wvc:r:1l ve1:-
t i cal :ill Lercomwc t.i.llg Hh.:1 f' t:; hnv L' bt~cn d 1· j) ] ed t.u imp i·ove V('l1 Li l.a lion. 
Nntur:il tlruft.: vc•nl.i.l.1t.l.on j:; rc?Jiccl upo11 during I.he \Jinte1· witl1 forced 

. -·' 
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;dr lH.•Jne pn1du1:ecl by v:nw md;1l fmrn pnsitionL~d nt the mine port.:1ls durl.ng 
m111:n1•1·. Boo::lPr vanl' .:n:i;11. fans art• :ib;o prov:icll'd to establish a C(llltintwus 
f.l111v of :di: thrnu&h the ,,•orking ]c.•v<.:.1.::>. 

Mo~:t of tlw t'ir1p]1>Yl!l!S .:1L th'~ rnlnc arc c.·nr,.-1g<.:cl in clrillinr,. The dr:il11ng 
jr; Jcl•V' Wl' L ul iJ iz.i.11~~ two c;.-irdnc-r Denvt•r J11mh1 d1·ills, <)IH.' of which i.s 
op<'r<1t1•<l hy djC'sl·l puWl'l", the~ olhc!· by comp1·L·:wc•J nir. Hht•n bL1~ting 
is ra'<"l'Shital!'d, it is ah-::1yi~ pt· 1·fcn1wd .-1t tl1t• cud of llw :·wconcJ ~!lift 

to iillJiw t:illl<· for tlw dm;t Lo clt•:ir. 01·1.• i.s collL•ctt•c.l using ;1 div:,t•.1. 
p111, ,·n·tl p :1y l 11;1dc:t· nnd ]o;id,~d .luto cJ11mp truc:b;. Scr.-iping i~; no 11"'llf'.L'l" 

lH ii :~~ ut"ilitizcd :ir. n mc:ms of n·movinf~ orr from the ince of 1·\w minC'. 

The mU l i:>i.I C' ccinststr. of thC! 111-iJ.l, mill ch:n1t_,c how;<', and offi•e huildh1g. 
Tlw orl' i~: prcH:1 :>!·:e<l to f:C'p:iratc• the woll[iStonill! frnm Llte gnrnet [°Jlld dil~p-

1-d dC' •rnd tn n·ducl~ the wol .l a~::Lc-.ni t•.• to six gn:dl~:; of co;1n-a·ness. 'l'hl:' ore 
f1:C1;:1 the> mini· js du:i1ped inlo a crusli1~r p.i. t, i-;cnq1(·d to a p;?n fet·dc1·, nnd 
dji:(·li::r:.;c<l tlirout.:h an ].811 X 3011 jaw crusher. An opcrnl:or is statio1wd at 
th<' j:n-: CTllf~h"r lo direct the rock into tlw cnwh<.:'1· anJ maintnin an c.•vt·n 
fc:(•rl. Tlw pd1n:11y dh;ch;lff.,e -ts JH.lSSt~cl ovt·r n sC're~~n (Tylt.•r Ty-Rl°'d: ) \·:j Lh 
;:he 11~in11~; fr<lC't.ion p;.H:sed tbro 11~l1 a parrall.cl f.lc,w, oj]-f-i.r0<l dryer. Th·..: 
ov<~r: :i?.c is dire:ctc.•d tn n gyratory cru~lwr (Tcles1.1itl1) for nd1litilma1 sjze 
1·1 ·duct ion. The· <lryer di.schaq~c! and s1:cnrn.L:.11:y cru~l1c•r Ji ~vli:irgc are in 
cl\)!':eu circuit \·Ji th .- screen (Tyler Ty-l~oC"k). Tlw reducc11 ci-udc ore- is 
;nc•tcn>d to on0 of t~:o roll crush<?1·n for fl!rtl1l'r reclucllon. The r.oll crusher 
<lJ :-;d1arge is p:if:r;ecl over li:i gh frt~quency, J ow umpli 1·ud£• scr01.!n (D~rr i ck) for 
SPp:1rnl.:ion in vn•· io;:f' proJ11ct sizl' rmit~t~s. T!1l:.'Sl~ sL:e: cl44;;:; :i fic.'.lti0!~ ': <P'.'<~ 

fc·cl :it a prcd1· r r·rmin<.·<l rat~ tlirough nwgnctic scp.:u:1t.on;. The gnrnct nn<l 
diopsid<~ , bclni; fec.:b]y mngn<.· tic, arc lwld cloi:.;(' to the linc.·s of mngnl'tic 
fl.11x of the inJ\1ction rotor. The wollnstonite uC'ing non-magnetic p:i~;scs 

througl1 tlie r.1aglit;LJ.c fit!lcl :~ ·1<l drops onto a conveyor bc:.1 t and trans ft!rred 
to storngc tankn. 

The purifh·d \·!Oll:islonitc C<lll he ground into foor pruduct Hizcs \~i.thin 
pebble mills. Tlw fH.:hble rn11.l s utilize ;:m air nepnraU on syst!.:;n to !;C!p:1rntt• 
the \.'D] 1.nstoni t<.· into dif fcn•n t sizP fractions cnnhlj !IP, tlic di vend f icatl on 
of end pI"o<lucts. Two i!thHtion.:1.l 11 fibrous11 products an' rnnnufcictun.•<l on an 
altrit.ion mi] 1. AlJ fjn:i.shed products <'lr(! bag~ecl and/or ohipp~d in hulk 
by truck. Tl1<> wol1astonJtC' mill µroct!ssing flow <l.i<lgrnm is illustraLC'Cl in 
Figure l. 

PERSONNEL 

ThC' W.i.1.11;horo operation curn·nt1y employs 60 hourly employees, and 12 
snJ.:iried cmployc.'cs. The num!wr of workers hau rcn1ai1wcl fairly cou~l.ant 
s:iucc tht! start or opcrnt.1011 in 1953. 

Tlw mine opcr.nl.:c~ Oil two nhif't:> wJt·h nn.av<.'rag<' of c .iglit workers pt· r ~;hift. 

Tlw mi..11 operal· l'!i Oil Ll1rPC' nhifU;, c•mploying nbouL t\"c·nty workt·rs 011 c:acll 
of the fir.st two t:ldfU; nnd Lhrel~ during t.lw th:ir<l shi.fLi;. /Ill hourly 
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emp1L1yc·0~ in !ht' ndne nncl mi]] <ir•· n•pn::;c'nlt•d hy the llnil(•tl Stl•e1 h'llrk,•r.s 
of Amc•ric;1. 

1-kd i C':i 1 

All n.--•w c!mpl.c,y1.•c:; arr n•r111in:d to urHkrr,o :1 pn•-t•nipJ1,y:111•11 f ph:-,·s.ical. A 
lov; 1 l phy1:ic·j:1i•, Dr. M:1n·c1mii, pl"rron::.•; t.hc pl1y~:ic;il l':•:inin;:Lions and js 
on l'illl i[ nn <'1?1<·n~P1H')' arUa:•fl, ll]• t!nt"il 19(>) C'Vt'l')' c·mpl :iyt•,• \:;w givvn 
;m anrmal pltys i ca]. 'J'lic.· man<laLu1·y :.1nm~1} ex:i111 H:t:; tl11.~n I inri Lt.·d t0 Lit!.! lt•n 
oldc~st r;(•n.iorit·y c•u:plciyt·t·s. How;·vc•r, <lllJ C11Jj) loyc>1! wi1 l lH.. gr::nt0d :; 
mcdic::1l c:>:;,11li:ia .i.ton .i( jt is re•ittu;INI. A sa1!pl1: 1:1<•(.l.it';i.L t·:::!l1 cnn1, \·:hi.:·h 
is usecl on both pre-cr.1ployr.:c·nt· and <11111u~tl phyi;ic:tl.:;, can he s~·cn in Figun:! 2. 

A fonnal. s;ifC't)' proer~m is <H'tivl' al tlw 1111·,.rp:in! m.inv nn.J l'i.i.ll. Eacl1 
c.:wpJoyec i:; ihm;.:·<l a ]i!;t uf safety ruJes witlt which hl~ i.s cxpL'ctPd Lo 
:1cquniut h"i1:!::1·1f r;o th:1l hi~~ :..icU.on:. <lo not p1·0·,1irk• a h;,7.;t1clous situ:-itie:i 
L0 him~elf or others. Th~ proernm i~; rn:t!Qr u.,. clin•clin:i l'r tli<.> mi?H:· <tn<l 
pl~mt E:>upcl--inll!ndent. A .staff aptwiul<!tl m1fcly mr111 (011 a rol<:1 ti0nal 
b•t~d~;) comll1cts Htl un.i 1 1 .... 0unr.:cd hiq•(!Clion of the mine ;md mi l ~. :mc1 reports 
hi s finclin~~:; nt u monlhlJ' ~:taff safety mt:et'iu~. T\·.'O jnccntive n\larcb arc 
off('J"Cd to U:e c:-?iplnyt·"s \,•!10 hav(: c12T11oastraLed s:ift• wo1 k practices. At 
ll~trnt one wo1!~l·r on P.~d1 shift is tn1i.ni.>d iu JH.'J.·fonu.i.n~ fln-:t nid. 

The workers i.n the min<' and mill nr.:: a]l providl·d wi.tli ~wfrty glnsf:c>~;, safety 
shoeH, :mcl l1;1nl hL!tB. Worl~ clotldng if' not pruvi(l<~<l. SC'lf-i:cscuers ar(• 
prnv.idcd fur all mine pc:rsor1118l. Clt:rni;e roumc aad nhow::!r~; are provided :!t 
both the m:im: nn<l milJ. 

No industda1 hygi('nisL i~: c·mploy<'d al the site. llowevcr, from rece>:n­
mcmda t io11:-; re~;u] ting f rur.1 s0vcr:1 l f:u rvc•ys pc:r f nrmcd by r,overnracn t C·iine 
Enfoi:cc~mcnt and Snf ety Ad1:ilnistn1 l. ion nn<l Nl•W York Btn te ll\.!al th Depart.rn~nt) 
nncl privat'• und<·rwri ten;, changt>H have• been mndc to improve the g<m(!ra 1. 
working envirowucnt. EiehL fabric hnghousc filtcrn have" !wen instnllccl 
lo rcrnuvc <lunt from locn] c~:;dwusl vcnlt.; i.n the 111i 11. Tlic:;p 11ave gr0atJ y 
rNlucc<l th0. rl11sL relt•:1sr·c1 nt. the mn:~nctic sepan1tors and the hagging op<'ra­
tions. llowt•ver, insta]J.uLion of additional loc:nl t·>;hnu:-;t ventil1aLion 
appears warr:mtetl. Accumu.lati.ons of sc·ttled duut were not<.·cl on luc.lgt~ !-; and 
mnchi.nery. 'flt(' company lws provicll•ll a cent.rnl v;icuum sy:>Lc1:1 with tcikc-off 
connections on th0. upper fJ011rs. Effort is hcin~~ dirccLl'<l at recycling 
h~1r,hnu8c wasl,,1, illld otlt<:r ~;ettle<l tlunL back jnl.o th<:> pro<luc:t: line without 
mH:ri.ficinn Lite quoliLy of tllC' procluc:t. 

Du~l r0.spi ral ors <l.re 11ot l-C!<JU Lre<l to hC! ·worn hy nny of Utt• workers, n l though 
~wme worker:; \·}c1·c ubsei·vpc} wearing Ll1c:m. Hcnpj n1 tors are Hvailablr.! up<Jn 
rt~cp1t·st. 
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PEf.CRl PTTO~J OF l:I·:COJ;l'S S'i!rI'EH 

l'en;onncd t:('C<Jrtb ;n~· ;1v;1il;1J,J,• from ]CJ',~! to the p1·1':;r•nt. Thest~ incl1.1Jc 
sc•r.i;t.1 !Wl'lll \Ly 11•: · :1>. o!; , work lii:.tt•rit'!;, i!~~c·, work l l l l~, and ltist ti.nu'.! 
chan1<:tl'ri Zl'<l :1c:c111·d i11;~ Lo <ll'l' i<l··11t 01~ Jl J111~~;i.:. No:;1· pl'•'Sl~nl <lnd 
p;1~;L w,1r~ <'n; :in~ <':,!; i Jy lr;i~·c.l·I: · b(•1:n11::(' c·f the r111·:il Joc•;1Licm and 
Btali.i1it~· «f t.Jw l'' '!'uL1tion. /-i,•dic::1l rn.:tircb an~ n·l:Jin,; cl on :1.11 p:rnt 
nnd pn·:.~n t \,-1l rkv1·::. 

FJ·om tlH· ob!;c:rvat 1.on:; m:! ;!C' c!111 i !lj; th i ~ ~;·11 v~·y :mu t J,c re~:u1 l8 of t·h0 
mc:m;urc.:mc·n Ls m~dc, th 1~ f o 11 m-:: , , g couc .lu ~- ·j on." a re. <lr ;1l-:11 and rcc·om.:tc•tHla ti cmH 
for impruvPmc·uts 1•.:1d 0 :: 

1. Thc.•n' nrr•c•:ffs to lw !dgnili<:;·nt" (•Xpo~;'.l!'l' to re~qdr;; h)e \,•o.11:1 ;'. l" t)U"i.t!! 
1n V<ll iou ·; pl'CK{",>.J ng <?re·:> .. . Ho hu;;:;'~l J:it;1 pn·r.c1111~· .::xists r·o in<ii­
calt• n·~:l .i rat(Jry p1·ohh·;iw clue to sut.:li c · ;~pc~~;urt~, hc .... • .. \·c·r, jt 1::t:!-'.t be 
emph;!}.j:-:cu tl1<tl lnr:nan c•>:peric•nn! wit.11th_;_~; mincr:ll j~ limitc:0. It 
would ;1ppc:1r pn•t:".it: tlwL P>'.110: :\lrc·s to re>spiral>Je wc.llastonltC' fi.br!n: 
he kept <it an abi:o]Htf' m:i.ni..m1l1:1 hy tlw use of good \;ork prarl.ic e s an<l 
engi~ .. ·L·r.;nt, n.;~Lrcl.s. Th~ 11~: E~ of hrot•ll•:. and h~wl hru:;hcs for c]c:<1ning 
shoulJ lw L!lju.i.11;1i..c·J in f<1\'u1- of mul·l1 c1~~;)n(•r \:nc111F.1 ;'i~·Lhodf.;. J.n 

addii..inn, those pc:rsonr. \·.'Ork.in~~ in arc!nS of cY.c(·~!:liYc·ly high dust 
c~xpo:;urc should lw rccpwsl Pd to wc<rr rc:;pin~tory prr.,t.t~clion unler:~ 
they b:1ve an c>d:·:liug hC';1ll.h problcrn ~·idch prohiliits it, jn \:ldch 
case.·, lhcy prob<.ibly shoulJ bi:: rcr.10\'t~d fnJm thi~~ work envirou.:;t:nt. 

2. The worlwrs in ll1C' mitw m:1y l;c cxpo~;cd to e:>:ce~rnive levt::!ls of c.arhon 
mono::: ·idt> nnd niL,·ous gasc;:: {r-: o~:, Nllj) 1-clc:wsr~<l din-in~ blnst:inti and 
by the <Jperat inii of the di(·scl engi11t' t•qujpmcnt. lt is recor.:.mc·ndcd 
that .. tli« mine envi:ronr.10nl be mon i torec.l to determine lcvc~ls of t~:;.:posure. 

3. llign noi ~;0 lcve1 i; arc prcvnlent in h0Ll1 the mine arid mill. Hi thin the> 
mill, high noi:;<· l C!Vels t•x:i!;tcd arounc.1 the crush in:.; and erindi n[; oper.n ­
tions. Sciund l l'Vt:l me<.1::urL·1uc.·nts sl1nuld he mncle l:o detC!rminc :if Vi{CCs­
sive no1He leve.h~ cxis t. lf e::~ccssi V<', an approp1· L! Le he:aring c:ons,~r-

vat ion progr.'.lm i;J1ould he• sc!l" uµ. D1· i l.1 r~n; along with othen; in the 
immNU:•Lc! nl"ine .'.Jrt ·n shouJ<l continuL: lo \,•t•ar hc.Jrin~ protection. 
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Tlw m:tjor port iun of tlw 1:11n'l'Y w:H: d1:votc:'d l<• l'h:a'l"V<il.inn of milling and 
m111.i11g pruc1•d11n·~;, expo:;u1 (· cont ro 1 p1·.ic l i.c.1..•::, :111d p 1 ;1nt th:n:omw.I t·1.~1.'.n1·d 

<.1SS('~;:-;mcnl. Bu.lk sampI.~·~; 11( l11;• 1 i11i:;Ji,:d prnd11cl~• :1]1111r. \,•i l h :i .1 i1:iit.l•d 
numl•cr of ni1· i;;11'.q1]L·s \~,·1 ,• col.lvcl1·d ln1· tl11• purl'•': . .- of ch.1r;1(·l:L•1·i:~inf, 

wo)l:i~;toni.te. Till• nir ::;m;plen w01·e C"ol.l(•ct('d .in t.h(•. ud1w anJ at· var.i(~u;; 

proe,•:;:: opcratj,,n!; wit.lti1t tl1(' mil.I. 'llH' coJ.lc,·tion 1r0l'di:i u:>l'd fur ni.r 
sarnp Ii n;~ Wt!n: ]/ 111111 Mi] 1.i ,.,1,-,· Ty]•l' ,\,\ <'t:l 1 u ),•'.>V 1.·~;ter. 111i•1:ili1·;111l' ii 1 L er:; 

(O.H pta p(H."l' !:i::.(•) and '?./ 1;~.,1 t·~uc]('lH''." 1:i1·rnli1·;n:c· fi1Ll'n; (0.8 pm l'Cll'l' 
size-). The muapling .i.11t;tr,1ru·11Ls wvn c;t] i.br;tf,•:1 at :i flo\·.' i·at~ of 2.0 lpm. 

Laboratory a11:i.l.y:.e::; Wf•rc.: ['('J: fc>nnccJ 011 :d.l ail"l>t•nw !;::mpler. a11d/11r l•ulk 
snmpll·~• for t.riJC(' mctah; (Cl, Cr, Go, Fl', Mn, NL Zn) by nto;aic .:whH'p­
tion, fn·l, si.l.icu by x-r<iy <lirfract"ion n11d fihc1· ~;izc• clistribati(lns and 
fi.lwr conc.:l·ntr<:t.i(•Jrn hy opti1·.'.l.l :md Lr;insmis~;Jon l~Jectron micrusC('PY· 

All HilJjporc AA :dr s:1mp.lc·s wen~ cv.:Ju,:tC'd u::ing rlia~l' l'Clnl".r.1:~t u:icro-
sc-opy at n magn .if .i en U un of /1 OOX. (N 1 n:;11 I OS!l.\ 1::f' l hr•cl (or coun Ung 
ash(•Htos.)1 Thin rinnlytic-c:l m.:--thocJ \·:a~; 11~wd tn c·:->tabli.~:h nn in.IC":-; uf 
expomn·e (fihcr::/cc) and .fur dctf'nni1tiilg lbC' rt•l<:th:e size of the .fibl-rs 
(diwuetn· and lc!n~Lh). 

The c•Jcctrori ll'icruscoµy n1wlys·is of tlic cc11.1u:fv,i r;;.ir:plf's w.:1s performed 
usinG a .lEOL J.OO-r. si.de entry tranbT:J.!~;r:ion elc1:tn:m microscope along 
with an at~ad1<d EDAX c1wq:y <lh:pc:r~i. \·c x-ray :rn:dyzC'r. Tl11: collc:cted 
air s:rn1plE·s wc:r<! prepar.ed u <;ing a trLJm:f.<.•r mt·mh1-;rnc fi]tcr tcchniquP 
utill:dn~~ ;i 200 i.;;·!;h, fon.1v:,;/c;jr1>u11 co<il.t:·<l hf.i.J .• n<l ub~el"V\!d Ly tl".'.ii1'- · 

miss.i.on clectrou microE:copy.:~ Utll.i:duf, tlris li;l'ti.od, lhC! air :-;m:;p]es 
wcrP m1alyzecl al S,OOOX, 10,(JOOX, mi<l 20,000X mar,.1ifi.c~iton to dct<.!rminc 
fiber nnd parUculatc.• morph0 "\ogy. To docuru('nt and vc·rify the obsl!!·ved 
fibroun 1:i3tC'ri<•l, both C!:1eri .. S dispc· r~;ivc x-ray anaJysi!; ancl sc•l<·C'le:<l 
area clc.~ctron diffrnct.ion \·:~re perfon:etl. 

RESULTS 

Du~ to the fjhroun nature of wollnst01l1te both optical and c]cctro11 miero­
scopy were ulil:i:t.cd for <ll'l('rlllining :rn index of c::-:posurc (flherc/cc). 
Fi.hers were defined ns having ;m aspc·ct rntio of 3: l or ~rcate:r. !ill nir­
bol·nc samples m•rl.! nnCtlyzed for t:ota] fihl!l'.'S and lihors grcale1· than 5 
microns in lc·ur~' h. The mic:roscopy :m:1J.y:ds wns pc.:rforn1(•cl at l100X Hwguj fi-
cation plwrw cont1·a:;t ::md .10,000X rnnr,nificnt.ion tranm1d::.r;ion elc•ctron tuicro­
scopy. Table l i.1.Just:rate!> iibC!r coucentrntlonn found ul various Jocnt·Jons 
witldn the mine •rnd mill. By charuclc.·r.iz:i.ng eaclt smnp]c for fiber size 
dislri.lml.lon hy both opU c.·;11 uncl elt!C'tron nd cro:;c:opy, n good comparh;on 
bctw<.>(:n opl.icn.1 :mtl c~lc·ct-ro1: microscopy eoncc~ntn.Lio1w for flbcn; gre:1ter 
tlwn 5 rnicrons w;is ;1dl'ic.•ved. It is npp<lrent tl1at n 2-11 fold incn:;rne i.n 
total filwr conc:entn:1tio1w exjsts with the elect:r011 tnicroccnpy ;:maly:;i.::. 
This <l.ifferencc• cnn probably· he c:ontribul:t'<l to th<· increnSl! in mugnlficn­
tion mid resolution of the t·lc:clron nl'irro!-:cope. 
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J\]0111: \..'it:h Lile L1bul«tion of nirhonw fihl.'r eollt'L'11ll"<lt:il'm~, fibC'n; l~1.•n." 
aJim niz1~d by dL11i1eler nnJ ]{'ll~th Lo ch~L(~nui.111' ai.rlllH"lll' filn•r <linn:1'll~r 

nlHI Jen~~l:h d:1L;1. This was accornpli:;hl'd by i;j:dng ;1pp1·ox.im.1tPly (l()t) f.i.lwrs 
hy t·r;rnnai.BsJun <'.11'c'.tJ·1rn micr1Ha:opy at J.O,OOm: 11wi~nifie:1t·ion. All. •tirbnrlll~ 

S'1lltpl1'~; wer.e c~vnluaLccl uslnr, r.:inrlnt:1ly ~~h·c;ll.:d fie.lei for fib11r sizing. The 
fihei: size d;1La is sho\.'ll .in Tnhle 2. 

To hc·]p clwr:icte1:izc the ml11l'l'<tl, <-ner~y dii•pC'nd\'l~ x-ray annlysis K:w 
pC'dcnnw<l 011 .individual fiht·r~~ Ill clc•Ll'l"milw tlw (~lC'mt>11La] m;1l~e-up. A 
typi1·;t.l. \;ol l:rnloni.r-e filier x-r;1y· ~pectr:i is j l.1ust1·:ttc•d in F.igurt• 3. In 
nJ,liLinn l'o t111~ x-rny !-:pectra clt.1n1C:tcrlzaL ·i.<'ll, cdt:'C'ln•11 rnicror.r•'l'h:-; of 
typic·;:d s:1111p.1c'. fjd_ds wen• also t:akc·n nt 2,000X mul JO,OUOX rn;1Gnific<tti,'n. 
Two s111·l1 sanipJ<• field~; are i l.lust1·at.ed in Fjgurl'S /~ c.md 5. 

The r.1wlyt.i.c:-il r.-siilts for trace 1m~tals (Cd, Cr, Co, Fe, Mn, Ni, Zn) and 
frC'' ' f;l]1ci1 obt;:Jinc>d from six fini!!hcd products antl tw.i fWttled du~;t t•<?m­
plc!~• <:re shov:n ·in Tnhlc 3. Tlwse s<:mplN: wcu· annly~:ed by at0mi.c ;1l,f:o1·p­
U Oil ~mcl x-ruy cl.if fr;iction, n•spec u·vrly. 

The• f.ihc·r si:~c: data oht<1i.1wd fro:11 the e]N:tron micro~;eopy a1;alysis indicatt·s 
count nwcli<ln llll't.l:anl'm€!11U; of 0. 26 mic:ron~: for J'inmctL•r nnrl '2. 0 mi•·1~o:is for 
lc·n~l.lis for airhoruc wollnstPni.tc~. Hc.>cau::(• of thP~•l! pl :ys·ic;il c.Jj1:•t•nsions ~jr-
1.wnw mqJosurcs m:1y be n·spi niblr! and h.:innf.ul to heal Lil. Although t·he res-· 
ph~ibil ity of nld>onw fib<!n,; in iwt clearly u,HlC'n:too<l il is thou!~ht to be 
mainly cll'pendent ou the fib<'J: diameter. Timbn•llB'J wol"I~ suggcst.s that th~~ 
tt.>o Y'!::?j0r T'?<"ch~1!-i~ms nf fih"r <.!.:'positinn in the upper nirways (sC:t.L.lci.;.ent 
inc!ttct'cl hy grm"ity nn<l inerU:iJ depM;ition) nn.• chjc:fly d,·pC>ndcnt upon pnr­
ticl0 fre~ fallini speed (i.e. equJval.cnt Stokes' dlnmcter). Fibers will1 
dcn~:.it.ics les~ Lkm J.5 r,/c:a3 ;md l<:ss than 3.5 pm in di;!r.wter may '-'!>cape 
dc•po t::i.ticm by tlie:.;~ two meclrn11i8r.:s ;md pc•1wtrat:e clec.·ply into the )ung~; . 
Airlwnw \vollastouite fjhers sntisfy both tlw dennlty and fiber d'i.:rntc!t·<::r 
l"C'Cjttll"!.!l!wnts us statc~<l above.: nnJ mtiy lH! eom:i<lcred potc~ntlnJly rc~sp'ir.r1:.1Jt:~. 

Rccc.'llt studies utili?.jng f.ibrous purticu.l:itc>s hilVl' indicated potcntjal 
adverse physioloclcnl effc>cts. One such nnJmnl study pc>rformc<l by Pott4 
has !iltown that the fibrous structure of chrym>tilC', with J e:ngtlw of 2-3 iim, 
arc Cili:cinogcni.c. I>ott cont·lud,~d that f.ibcr sliapP and size was a more 
irnport;mt f.'.lcto~· in cnr.cinr1p,enC'si:-- than trace metal cout<1mlnaLion. Jn 
anotlH·L· i;tucly C<J11dt1C.t·0u by Pott, et.al.,5 it w:rn dc:mo1wlrctL'<l thf.lt <>t·l1er 
fibrous dusts, after i11tr<.1pcr1Loneul injection inLu rats, lnclucC' .. d tunicT.i. 
equlvallmt tu that produced by the same clo~:c of fibrous c:hrysotilc. 

A study 1wrformecl hy 111.!fnC'r, cl. al., 6 f;hnwcd ;1 comparison of the rel at' j ve 
rate•:.; of hcmoly!.ii!-: lnclucL•cl by vnriou:; fibrn;;cni.c an<l non-fibrogcnic'. 1rnr­
tic11L1t·es with i-:1l erthrocyre!-: i.n vitro. Attc~rnpls were n:;:1de to mcr!::>Ur.e 
till' ilI1'(1unt of l11'11H>ly!-d1> of t:11t~ cell with 11 varl(~ty of pm·ticulntcs (i.e., 
chry!:<it:U.c-, talc, kaolin, brudtc, netinnlitc, woJJ.·wtonite, Mi.n-U··Sil 
siJj1-.1, <.\LC.). Tlw pcrct.:11l of hcmc;glo!Jjn nul rel.eased frorn the ceJl!'l lq 
hcmcdy:~j~; wa:~ mc·:::;11n•tl wlth <l funcLlon of tim<'. l~esull.!: iuclicatcd that. 
only Min · ·ll-·~;il ::iJ.i.C'.<l, diry~;-ut il(• n11d wuJJaslunlLc W(•rc <11.l potentially 
l1t!molytic. Both chrp:ol'l.Je :rnd Min-U-fii.J uiJ'ie<1 havP been r,J10wn to be 
f i bl"\ll'.c.·nlc i.11 vivo <!!: wd .1. as l 1c.·moJ y L i.c .i.11 v j tro hy nunuai:: rous ·j nvcs l".'i ga-
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tori;, 111•11<.~e, for lhC'!W two p.irl.icul.:tll':; :1 dirL!Cl n•rn'lnl:inn l•• . .'L\,'l'<'n in 
vivo fiJ.rogcnl•:;j:; ancl in \•i11·0 lH·mo.ly:;J:; l'Xisi::;. The f-i.hr~1(', <'1>ic activity 
of \;.,!.l.1:;ll11lit·1· h;1:; uot: IH.'l' ll 1·v:tl11:tll'd jn vivo, llln.'1·\•1:1·, Lill' i.,.,~~nlytic 

pnlc·11t i;tl of wo.1.l ,wtt1nitc J:: in the 1;;111i1' range :ii: Lh:1L olit;1Jnvd fr1r 0Lh1·1· 
1 j l•1 u;_:t·11 i c µart. .i ni;1.l U\i;, 

'J'hP. CtltH'.]ll:·~ionn j11die:ilc n 111•(•J for m1 Ppickmio1oi~il·;1l c:valuati,,n of lhl'. 

re];il r,,11-~htp o1 \·10rke1· C'>:pn::l!rt~ lo w.il L1~:t n!d Le. J;l'.l';lu1;<.• of thr• f:1:1:1l l. 
wcll'l~ f.1•rc1' and 1'.1;;plnymL'11L ::Ltl1i l.ft.y il wnuld bC' ;11lv.n1l:;1hc.·tm~: tu pvrrLin:i 
a iriJJ,,.,,. -uj> 1:1orl1.ic!ity Gtudy. A:; <.l gui .. 1 . .,1 i!lf' fo1· th.· ch·tt't'L !tin Pi' po:>:,il·l·· 
c1l!"0nic rffcct:;, tlt0 mctli1·;:] :;Ludy which \ .';1:> pe1:fo1·i::,·J ;1l. 11;._. lntl'l"J'ili'c 
f;1c-.i f ·ity hy )Jr. l~J(•i11fiel<l ;wd staff, l\c\; York !Hal'v D.·p;n·lmc11t L,f L;1h1r, 
in Cll"ll•l>1..: r, J9(,~ ('.ou.ld Le utilizl'cl. This sl11Jy .ini:Lu.ll•d n n1:qil1·\,· m~··dic.'.'!J 

worL-up (i.P.. phy~,i.~<.tl (•x:11:.i;wrions, <.:11\'::;l rocntP:~1·no;:r:11n~:. <·l~·cll"t't·:;nli.o­
gr:1:;,~:, pulmon<1r) function tc~;l~;, etc.) c1J11cluctcd on jjfty-fi\·,~ pl<nlt" 
w01·;;c·r:. (1dnl~r:. anti miller!•) with an •~cl.Ii t i.nnal t11 i rty-L\·.'o m.d l':• St~rvi11;·, 

CllJ :1 (.(lfl tni] rroup. 7 
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HG/MJ.,f. .. _ <•OS · 510.1. ·- "'3 /.f,/fE./t ___________ _. .. j -
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