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Exposure to Metals in the Manufacture 

of Asbestos Textile Products 

Lo J. CRALLEY, R, (. KEENAN, and J. R, LYNCH 

Ocecupational Health Pragram, Nat'caal Center for Urban 
and Industrial Health, U, S. Public Health Service, 

1014 Broadiway, Cineinnati, Ohio 

@ Asbestos textile workens procesing chrysotile were exposed, in the past, to 
i airborne levels of nickel, chromiunm. and manganese. Liniited studies . significant 

indicate that other metals were also It is likely that the phcnomenon 
shown in asbestos textile manufacturing is also true in other asbestos b ~ b mining, milling, 

and processing operations. Sufficient is 
that the role of metals in the etiology of discase asociated 

presented in this 
wi ith 

should not be ignored. It is no longer tenable to look only for asbestos fibers or 
bodies in biological tissue and by their presence assume a cause and effect relation- 
ship with the disease. 

Introduction 

T WAS KNOWN around the wrn of the 
centiy that excessive exposure 1o asbestos 

wave rise o a disabling and fatal pnewno- 
comons. 5 More recently, a number of in- 
vestwators have related a higher prevalence 
ol pulmomay and other cancer 10 ashestos 
workers 27 T was gencrally assined that the 
ashestos hher was the causative agent sinee the 
rate of dulmenary cancer was much lugher 
m pensons having asbestosis,” 1 

A further look inte the environmental ex. 
postires o workers processing ashestos . 
veaied petental cxpostres o hazardous ma. 
tertais ather than asbesios, not generally ap. 
precited during the eadlier imvestigations 
Also, the latent period of 20 years and longer 
from il expostine 1o e onset of discase 

miade retrospective assessinent of pertiment 
his o copecnalh 

o World War 1 when 

expumites vy ditti 

s of the vt wfe 

trol was ruuch wss elfective and hagh, 
» W £ Wy VOTON AL THany T ae 

e he carcimwmzer wentis may e 
¢ 1o ) the ashestos fiwrs 

u & BEOmase obls 

vw fibers, ot ule 

ditives in processing (such as coal-tar, pitch. 
ouls, and metals ), tobacco smoke, community 
air pollutants,, or some combination of these 
factors, 

kven though it was known in the carly 
1900°s that asbestos minerals contained small 
amounts of metals,** no significance was 
siven 1o their presence. These metals may 
exist independently as minerals or native al- 
lov mictals associated with the ashestos ore 
hody and may form a minor part of the 
envstalline structure of the fiber!>" Har. 
meton'” in single saple analvses, further 
attested o the presence of these metals 
three types of ashestos and <peculated on the 
meaning of their presence. 

The present investigation was undertaken 
to define the nature and extent of exposure 
to mnetals in the manufacture of ashestos tox- 
tle products. In addition 10 the metale in 
the form of minerals associated with the ae 
Iwstos fiber, it was realized that a second 
source of exposure to metals may be alloy 
particulates abraded and liberated into ti 
air during e precessing of the asheston 
e Tave neser iwen studind as potenna, 

swoirees of exposure of adiestos workers 
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The wverage threshold shifts observed on 
tests 10 and 11 are shown for cach audio- 
metric test frequency in Figure 4. These 
dita show the change in response resulting 
from what appear to be suall differences in 
exposure spectra. Note the shifis between 
the mitial and the recheck measurement at 
6000 hertz mentioned above. The exposure 
spectra used for these tests are shown in 
Figure 5. These spectra were rechecked 
with the B and K equipment at the time the 
tests were run. 

Conclusions 
The data derived from this series of tests 

suguest the following. High-frequency noise 
with a sharp low-frequency cut-ofl starting 
around 16 kilohertz appears capable of pro- 
ducing temporarily improved hearing at 4 
and 6 kiloherz in some people.. When the 
low-[requency content of such a system is in- 
creased moderately, this enhancement disap- 
pears and temporary loss may be sustained. 
Skillerns' presents several speetra which re- 
sembie thic seeond caswe Tt ie important, 
therefore, to extend these studies and to doc- 
wnent better the amounts of lower-lrequency 
enerev reanived 1a neaduen tempnrary hoar 

ing loss in the presence of high-frequency 
nose. 
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Ringelmann Smoke Chart Re-issued 

Increasing interest in smoke control activities has prompted the Depart- 
went of the Interior’s Bureau of Mines to se-issue the Ringelivann Simoke 
Chart and instructions for its use. The chart supplies a long-accepted scale 
tor use in comparing the color and density of smoke as an indication of the 
amount of unburned carbon in a smoke eolumn. Originated in France about 
1490, the Ringelmann system has been used extensively for determining com- 
bustion efficiency of coal- and oil-burning furnaces. In 1908 the U.S. Gov- 
crounent prepared Ringelmann eharts for its engineers and indostries to use 
bl st activities. Since then the chart has Teen veprinted several tines 
mhme with continuing etforts o promote greater efficiency in the utilization 
ol fossil fuels 

The Bureau of Mines has designated the re-issued chart and instructions as 
Information Civcular 8333, Ringclmann Smoke Chart. Single copice may be 
cotened without charge from Publications Disteibution: Section, Burcan of 
Mines, 41500 Forbes Avenue, Pittshurgh, Pennsyivania 15213, Requests should 
spectiy both tide and number of the publication, 
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TALLE ] 
’ Desapnated Metat i Mine o fed Adbieston Fibwr by Ty pe und Source of Asovatos® 

e Byouty e Samples ‘L Ny " Cr ‘. Cou e Chevwutile Cunude bk 
Ronge 

0,01.0.12 0 01.0.01 0.04.0.08 Averuge 
0.04 0.01 094 Meddian 0.01 2.01 004 Alviw . 

Nunge 
0.una0.17 0.01 0.01.0.09 Aderuge 

0.00 001 0.0¢ - Median 
0.09 0.01 0.08 Crocutne | 

0.01 0.01 0.01.0.0 0.01 0.01 0.02 0.01 0.01 0.02 Amosie ] 
0.01 0.0 0141 48 001 001 079 0.01 “001 0.77 "Adjusied 16 the nearest 0.017, 0017 = 100 fig/gm. 

The sanpies coliected during the investiga. 
onwere analvzed quantitatively for desig- 
aated metals: atomic absorption spectropho- 
tometn was ased for the determination of 
mickel. chromium, cobalt, and manganese, 
and einission spectrography lor other metals, 
Flas report covers only e prefimimay find- 

ings on nickei. chrommm, cobalt, and man- 
ganese since these are known to be present 
4% nunerals in many of the asbestos ores and 
W e WL e alloys ol processing 
vepmpient. A subsequent report will be 
stade on - the Tuil specimm of metals tested. 

Metal Content of Milled Fibers 
The nickel, chromium, cobalt, and man- 

gancse content of mine-milled asbestos fibers 
s <hown in Table I. In Canadian chrysotile 
the mcke! tanged from 0,01 10 0.207% with 
anaverage of 0107 cirominm <0.01 1o 
DIZ% with an average of 0.046: cobalt 
SOOI and manganese 0.03 1o 0.08¢% with 
an average of 0.04% . The nickel and chrom- 
e were around 50 w0 1009 greater in the 
Mutcan than i the Canadian chrysotile, The 

cobialt and anganese content were about 
the same i chivseile from both sOurces 

Phe nickel and chromium content of the 
crovidolite and canosite tanged under 00145 
fess i aotemh o that found in chrvsotile 
Fhe cabalt sensained aronnd the same level, 
dder DO The manganese showed a 
W e rease i crocidodite compared to the 
chnvsotile winle the amosite showed around 

a twenivie'd inerease. Additional samiples of crocidolite and amosite fibers will be analyzed to veri’y the values presented since they are froi 4 limited number of samples. The spec- trem of metal exposures is being extended 10 iaclude other metals in difTerent types and 
sources of ashesios 

The mine-milled chrysotile was further ex- amined for major differences in metal con- et by erade aned covren of Bher T daia are given in Table II. The percentage of metals in Canadian grades 1, 2, and 7 showed litthe change between graces and souree of fiber, with nickel averaging 0.15 to 0.18¢;; chromium 005 to 0.08%; cobalt, under 0.019%; and manganese 0.03 to 0.05%%. Grade 3. however, showed a marked difference in that the nickel and chromium were only ap- proximately one-fourth of thay present in grades 1, 2, and 7. Grade 4, with the ex- ception of one high value sample, showed 
nickel and chromium values approximately one-hall of grades 1. 2, and 7. The metal 
content of the African fiber was yenerally bigher than the Canadian filwr or the same 
grade. Sinee only linnited samples were 
amalyzed i some wrades, additional work necds 10 be done to confirm these reported relavionships, 

In the earlier years, the fibers in grades | 
and 2 were only partially opened at the 
mines. Although the libers of grade 3 were 
opencd more fully at the wmines, the miiling 
in the carlier vears was less exacting, se that 
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TanLE 1N 
Designuted Metal in My milled Samples of Cheysor tle by Grades and Source® 

Fober Grade Suurce 
[ 1 Canwla Runge 

Averuge 
Alrien - 

R T < Cunads Range 
Averuve 

L) Alrice 

Jeapinning 10 Coneda 

Alrico 
[ B} (S .02 

0.02 L 
| Alricn B 0.0 K Teshorin 2 Cunada Kunge 0.10-0.30 0.0%.0.0n 0.01 Avernge 0.18 0.08 0.01 
! Africe 0.le [NE 0.01 

*Adrusted 1o nearest 0.01%. 0.01%, - 100 iy gm. 

TAGLE 1l 
Comparison of Designated Metal Leveis in lied Charysotile from Same Source by Grades According to 

Size Fractions 
Microgramn of « lement per gram of sumple 

Stos Soample Ny Cr Co Mn TTE Gmitied 1950) 
AN 4 1780 ATy At} Ty uh N 240 103 2 B/AC e 1570 3.0 0 1 8% 0 TTF mitled 1968) 
A 1184 238 a6 ELT] n n A et a - e 

AT tnulled 1948) 
A 103 42 o <20 9% oA £11.0 2.3:1.0 

AT (milledt 196%) 
A o8 2 8 441 94 

6.5:1.0 1.8:1.0 

“A s wize femction retuined by 200 mesh sieve. P im mize tewetion peased theough 200 e w 
A ¢ rutie of the desigaated ©lements FoncEmrations in these two wire lrae 

the hber carried a great excess of fines. This 
lihely was aiso true of les 4 and 7. The 
wradv 3 bzl in bis siidy epresems a 
b cleaner ailled tiler than it of the 
presWorld Ware 1 periend, 

Since diflerent grades of minesmilled chry. 
wtihe shoswed contasting Jifferences in the 

The metal content of the smaller size fraction 
was appreciably greater than that in the larg. 

o size fraction for hoth wrades. “The vatio of 
mwetal content of the smaller size fraction of 
grade 11 was el greater than that in 
wade 7TF with chrominm five to siy titmes 
greater in the saaller size fraction than in bl e clirommm content, 1w crades of 1y lvger size franctions of the e Sunple 

ba fucdier etlont o deternime the <ource ditlerent procesime seans sere separated into of the metals in the wincanilled ashestos, e Brcnens, over and ander 200 mesh sunples of elivsatile ore were feactionated 
ananvzed for—into dilferent crossseetional zones, and these ctales These data are siiown i Table 15l sone sanmples were then analyzed for metals, 

fre U s s et oo 

moxuiabels T rens ' d 

P
t
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TABLE [V 
Designated Metal Content of Chrysotile Ore by Cross-sectional Zone Arcas 

Micrograms of metal Ore Zone No. Sempies Cleaned (iber 6 High 
Low 
Averape 3 
Median 310 Filier eng 

. High 1800 1100 78 445 o Bee @ f 8 OB verage Median 240 (L I 41 Maknetic concentrun, 3 h 420 170 1 S6s 
verage Vedian 300 lea Y413 Mupnetic concentra 2 High IS0 12530 230 1980 

Veerpening) " Low T B 15? vers 33 a3 138 139 Wall rock ( ) 3 High 2450 2 1o s 

il rock (serpentine 
g 1240 3 60 ,” 

Average 1838 1027 80 465 Median 1818 510 69 s10 Rutiv of meral in wall 
10:1 271 2 21 

fOCk 10 cleuned fiber 
Rutio of metal in wati 

(243 3430 at 4 
mu‘ m-:?";n;.com-ou:ua 10 Clemne U r 

— 

These data (Tabie 1V) show that the nickel 
rontent ol the cleaned fiber, fiber onds, and 
Sl agnetic concentrate remained Lairly 
constant, 190 ug o 240 #g/gm. The nicke) 
tontent ol the adjoining serpentine rock IS pasiRan s hitd i nEgnele cancentrate (2120 pe/um, hemvever, were 10 aand 1 times Nialier, pectively, tan that of he 
Cleaned Bber. The cleaned liber showed a 
wedian clominm content ol 1Y wg/gin conie 
pared to 510 ug/gm in the adjoining wall 
rock and 6525 /e in the waill rock mag- 
e voncentrate, The latier data, however, 
are based ononly o sunples inone of 
whoch e Cliomminm content was extrenely 
b, The adjoining rock and its magnetic 
vencentrate had two and four tines as much 
cobalt as the cleaned fiber. The nanganese 
Content of the wall rock was two tines et 
v s aeetie CONCCIEe Lonir (s 
crvater tian that of the clewned Bher, Addi- 

o is bemy olrained on e 
I content of different s 

tonal o, 
varation i g 
ob obestin o from serarate weowraphin 
dreds s well acon the el congens amd 
bt sadubibioy s thie o Tendies hangy 

fee ey o hnewn 
it baneralds o surbace ores often have 
diterent charotensties from those of ares K] 

deeper levels of the same ore body. 
Dama in Tuble T show that winc-miiied 

chrysotile contains an appreciable amount of 
nickel, chromium, and manganese, The levels 
ol cohalr vone. vonsistenth low, Tubies I1, 
HI and IV indicate that considerabl: pors 
uons of these imetals ane concemteated in the 
smaller size fraction of the milled ashestos 
and that the wall rock and magnetie con. 
ventrate are a major source. It is not known, however, to what extent metals in the milled fiber may have also resulted from the abra. 
sive action of the ashestos fiber on the metal alloxs in the milling cquipnnent or from dif- 
ferent wmilling procedures. The extent to 
which the metals way e distributed between 
the respirable size grains or fibers is alw un. 
known, 

Levels and Sources of Airborne 
Metal Exposures 

In our study of the extent and source of 
metai exposures in ashestos 1extile manufac. 
g, an shesos westile smannfactaring 
phani comprerated i SN up o special test 
v e the s hatel of ashiestes frlw 
of huiosin st content was followed thronigls 
Mweessive stages of ashestos testile mami. 
factine, including fiber preparation, carding, 
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LE V TaB 
Levels of Designated Mcerals in Bulk Cheysotile Fiber and in 

Airborne Dust During Textile Manufacturing with Exhaust Ventilation Off 

Ope rwtion Sumpie 
Metal in 8 le® L 'y T ey 

Fiber prepuration 
Fun prinding Crude ore ulter opening 0.02 0 
Blewling Diemting [iber Qs 0. 
Bivibing wnd Ulended wrd svreened fiher 010 0 

" 

e Fiberized nabieston 0.10 ..:‘ 
Cumbing Coumbiedl fiber 0.07 0.03 

Airtoene dust (rom ¢ ombined 0.6 0.13 
fiber Puretion operstio 

Rutio of metul in mmr: dunt 2.0:0,0 4300 
ombe Curding .07 .03 Wi 

Airhorne dust wi carder 0.22 A7 
Ratio of metal in airborne dust 2700 e20.0 

1o metiul in roving 
Spnning Roving before apining 008 0.04 

Yurn (rom 0.08 0 
0.13 on 

l.e:l.0 271.0 

Twisting 0.08 0.04 
0.09 0.04 
0.12 0.07 [ me n e 1.5:1.0 1710 

dust 1o metnl in twisied yarn Weun g Filler yorn 0.14 8,0- 
arp yorn 0.14 .= 

Woven asbe 0.14 g 
Airhorne o lvom 0.16 .07 
Ratio of me in airb L1100 1210 orne 

dust 1o metal in woven asbenton 

®Adjusted 1o nearest 0.01%, 0.01% = 100 ug/g 
UFiller and warp yarn dilferent batch than the specisl run 

spinning, and twisting \ 
turncd ofl during the tests, and operations 
were conducted to simulate procedures used 
m the 1930°s. Samples of bulk fibers were 
collected as they entered and left each 
process. At cach process, aithorme dost was 
also collected on membrane filters by weans 
of high volume i soplers. These data are 
shown in Table V 

woae 

The speaal st bateh was wade up of 
approxunately 607, of a commercially milled 
fiber of the type presently nsed in testile 
manubactne blended with 107, pan: ground 
No 2 ervde hiber added 1o date weaving 
erades of Lher of the mid-1930'. 

Smee o blend of two grades of ashestos 
vtk ditferent tace metal contents was used 
o by e paeaton, b swas impessible foone. 
At ospwecthe trends i metal comtenits of the 

boawch » GESIOS ey ions to bbbt 
el connlnng The retal comtent of thie 

wr enoned Dorly constant as it passed 
[ ending, Bhormg, and combine 

: veeessive opwrations of carding, 

in ol nmang, kel 007 o 000, 

222 w 2.6i7,. cobait 00t 
and mangancse 0.03¢. 

The airborne dust from the fiber combing 
operations showed the following ratio in- 
creases of metal contents over that of the 
combed and blended fiber: nickel 2.3:1.0. 
chrominm 4.3:1 0, cobalt, no difference, and 
manganese 2.0:1.0. Data in Tables II. TII. 
and IV indicate that a major source of the 
metals was the fines carmed with the milled 
fiber. It is not known to what extent thie 
sonrce may have bheen supplemented by the 
abrasive action of the chrysotile on the 
processing caripment in hber preparation. 

As the chrysotile passed through the suc. 
cessive operations of carding, spinning. and 
twisting, the ratios of metals in the aihonme 
dust 1o the Tl Gher were: carding — nich ol 
27000, clvesminn 12010, cobadt, ne dilyr. 
ence. manganese 230100 spinnimg — nic kel 
L6010, clivonnm 2.7 1.0, cobalt, no differ. 
ence. manganese 27100 wwisting = nicie! 
1510 ehirorion 1.7 1.0, cobalt, no diler. 
e, tanganese 2.0:1,0. 

It owas imipessible 1o follow processinge of 
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TauLE VI Uvsignated Metals in Metal Allcy of Procesning Equipment® 
Procons il Eaquipme = = Ny = Cr ~ Mn * Co 

0.01 0.01 Leu 0.0 LS 0.01 04 0.0 
0.0 0.01 0 0.01 0.0 0.9 ] 0.01 0.0, 00! 13 v 9w 9.0) I3 0.01 0.ue 400 0. ~0.01 
0.08 0.02 0.24 0.0 
0.0) st 001 0.0 009 0.01 

Leddle 0.2 0.50 0.0 

TABLE VII Airborne Levels of Designuted Metals in Seven Asbestos Textile Plants, 1961-65, by Operation 
Mie { e leme re i _Operution Ni Cr Co 

preparation 

0.0 . 
0 Median 
0. Speciul run 
1. (ventilation off) 

Curding 
e 

“0.01.0.27 ©0.01.1.28 
Average 

L1 8.5 Median 
0.09 ..8 dpeciai run 
1.08 LB ‘ventiiation off) 

nning 

0.07.1.10 
b 

0.1 1.00 0.0 0.52 

Special run 
(Yentileiion off) 

0.02.0.81 0.01.2.47 
1.08 

e bateh of asiwestos throngh weaing 
cvause of the wiear amount of ashestos e 

aed fon this opwation, A wpALte test 
cwed ration inecreasos of etal in the am. 
e daston ey the wanen asbestos of [ N 

mickel, 12000 four chronniisum, no change 
vobali and 2.0 1.0 f mangancee. It was 

e, hosvever, e Lk dusg was e 
thee test eriond ad 

bas o ot RO 
VPeration s e base pepresesed 

Vb i the s 1VUY S 

b i ry < voniinned hase of 
o e badb clinvstile Deinge 1apne 

o B omed e blerading e COINY Site 

and that this constituted one souree of the 
metale in e aithome dust. However, sinee 
the percentage of metals in e il chirvso. 
tile -ulw--lm'm PO essIng siges pey 
Lanly constant and the ratio of etals in the 
ahorne dust to bulk ashestos at carding was 
caval 1o that at fiber preparation. it is ap. 
rent dat a supplementany saree con. 
tilnited metais 1o the ai 

We cndiedd tiw asve action ol the ase 
beston on the processing Cyuipent < g o 

il sonine e by westing for designated negals 
Hrepesentatve awtal pats of the proc cxsing 
cgpment baving harsh contact with gl 

“
O

o
r
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Ne ptomber-October, 157 

TAULE VI 
Estirated Past Levels vorsus Current Levels of Designated Metals in 

Airborne Dust in Asbestos Textile Plants by Operations 

ritn o o lement per cubie meter of air 
Cr Co Mn 

F iber preparation 
pre 191008 2100 180.0 a0 

1918.. 100.0 80.0 4.4 
curtent aserage ) 0n? 0.4 0.1 

Curbin pre 193038 110.0 2400 1.0 120, 
193848 180.0 130.0 10 "0, 5 

% current (average) 3.0 1 0.16 0. < 
NN Pore 1930-38 10.0 7.0 1.0 “ 12 

193545 .90 7.0 1.0 4 12 
current (sverage) 13 1.7 0.36 1 6. 

Tmum’ pre 1930.38 9.0 17.0 10 15.0 62 
1935.45 7.0 4.0 - 4.0 18 

current (averuge) sl 0.97 0.2% 1.1 10, 
Weuving re 1930.38 2.0 16.0 .0 20,0 110 

193545 17.0 I;.O 1.0 7.0 3 
current (averoge) 0.72 38 .06 0,37 1 

ashestos. These data are shown in Table VI 
Phe presence of these metals in the alloy of 

the processing equipment and the plant 
maintenance experience of frequent replace- 
wment of equipment parts having immediate 
contact with asbestos indicate that the abras- 
ive action of asbestos on the equipment is a 
supplementary source of airborne mieud ex- 
posure. This is further substantiated in that 
the fines from under the processing equip- 
DD ad el appiccaily SICAWT meial cune 
tent than e bulk chrysotile being processed 
through the cquipment. 

Present and Past Levels of Airborne Metals 

Airborne levels of designated metals in 
wven asbestos textile plants, 1961-65, are 
diown by operations in Table VI The low 
Teveds of metals in the air and the large ai 
Comple volimes requined nade it necessary 
to e stationany lugh volame sampling e 
went, Phese samplers were placed near 
pomiber of operating units and in the e 
wiedivte vicinity o the worker s« as e be 
representative of the workes's exposures, For 
Comparative smforation, the aithorme metal 
comeentiations of the special test i are albso 
dionvn Abongh the data presented in Table 
VI represent Jimied samples i tha all 
s ol processing, including LTerent wrades 

| ashestos, are mot covered, it is el Llends 
T od thad thes represent realistic expusure 

vels Supplemental data on this will e 
aorted later, 

I'he average airborne levels for nickel in 
the seven textile plants combined ranged 
from 0.72 pg/m* at weaving to 8.14 jg/m? 
at twisting. The maximom values, however, 
ranged from 1.41 ug/m? at fiber preparation 
to 39.0 ug/m’ at twisting. Average valucs 
for chromium ranged from 038 to 1.66 
pgd i with maximums from 070 o 4.20 
ug/m*. Both average and maximum values 
for cobalt were under 1.1 ug/m’. Average 
vatuer i nsngancie tanged from 227 
1.05 pg/m* with maximums of 0.70 to 2.47 
pg/m'. The increase in o maximum ever 
average values largely represented differences 
in the dust control programs, housckeeping, 
and maintenance between the different 
plants as well as operating practices and the 
nature of the product being manufactured at 
the time of the study. Additional saimpling 
will be done to supplement these data and 
further define corrent exposiares 1o metals in 
the mannlactre of ashestos texule produets, 

It is important to note the sharp increase 
in metal content of the aithorne dust when 
the ventilation was turned ofl. Table V1T 
shows estimated levels of metals inaithorne 
dust of ashestos wextile plants, hy aperations, 
during different periods of tine, 

Past exposures were estimated as follows: 
Total dust concentrations were determined 
at each operation of the special test run with 
e unpinger-hebt feld dost counting teehe 
mique Ratios of dust levels were estimated 
by contrasting concentrations at designated 
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A vwan baduatial Hygien. ) ation Journal 150 

TADLE X 
Levels of Desipnated Metals in Sine Milled Chrysotile Before and After Laboratory Grinding 

"Itlwlm- st metal per yrnm of chrynotile 
Loty Eaoipmen N iy Co iy 

et tamsten 

P um e ot alt we u lander) 
Granding 10 minutes Sample n)* Ans 19% 

b 360 193 
(e)* - - 

[} B [l 6re 170 Grending 10 minutes wmpie 2 ‘;t 11 i+ 

€ - - 
whing 10 minwes Sumpie J (w) 1670 1580 

* e () I 1500 
(e) - - 

MHommer wiill (clwome sieel) 
Kecycle Grinding (¢ ont inuouw) Sumple | ::2 

(e 
Geinding 10 hows Sample 2 é:; 

(e 
Oail miil (ehr -n steel) Grinding 8 hour Sumple | {:f 

(¢ 

*(e) Before grinding. (b) Alter grinding, (c) Ratios of metal in ground (o preground chrysotile. 

operations of the st run with concentra- 
tons seported in past studies at the same 
operations. The metal concentratons found 
in the arborne dusts during the test runs 

icd by these ratios to predict 
past exposures to metals. It is realized that 
this vuon-mm- lnr estimating past exposure 

Lty A PTG TR 4 

Iun counts to mass values is quite variable 
ind the infonmation on respirable mass of 
sast airborne dust at the operations studied 
's unavailable. However, with the finding 
hat the metals of the airborne dust around 
rocessing equipment rose sharply when the 

centifation was wned off, it is impartant 
hat estiation be made of past bavels of 
svosures 1o metal during the periods when 
ust control was lacking o less effective 

Data i Table VI show that a rather 
alonm vt existed between the airborne 

el ol mckel, clvomium, and manganese 
vditferent operations with chromium rep- 

esenting 70 1o 8047 and manganese 40 to 
oo the nckel vadues . exposire 1o cobaly 
as el 

T e st the crearest levels of arborne 
stooecureed o carding and hbet preparas 

o oliowed o weaving, ta < and spune. 

ne In the ore 95 period, levels of 
awd. W 

kel 250 
posiire wen conservatively o 

wiling, o s AR LR T TR (1] 

ng/m?* for chromium, and 120 ug/m* for 
manganese: fiber preparation: 210 ug/m’ 
for nickel, 160 je/m? for chromium, and 80 
ng/m* for mangancse. The values for cor- 
tespunding uctal exposures at weaving, 
twisting, and spinning were considerably 
lower. The massive dust during the earlier 
deals b et prepasaiion and carding ale 
known to have contaminated the ambient 
air at subscquent operations so that the 
predicted values at spinning, twisting, and 
weaving are somewhat low. 

The values for mectals in airborne dust for 
the period 1935-45, during which dust con- 
trol programs were generally initiated, were 
estimated at around 5077 of those during 
the previous period. After World War II, 
there was greater emphasis on dust controls 
anddevels giadually were reduced o0 the 
values found during 1961-63. 

In conuasting exposures of the pre-1930. 
45 period with those of today, the exposures 
o the total metals reported were greater hy 
A comservative Gictor of 270 a0 filwr prepaira. 
tion, and IO ar carding Albongh dhe data 
show faetors of 7O at weaving, 7 oat spine 
nmg, and 6 at twisting, these are undoubie 
ediy quite jow due ta the gross contamina- 
uon of the general wnbient air which, in 
e past, exsted throvghont all operations. 

2
9

2
8

0
0

 

Exposure to Metals in the Manufacture of Asbestos Textile Products (1967)
ACL Doc 25517 · Page 9 of 32

Published by AsbestosClaims.Law

asbestosclaims.law/library/25517/9

https://asbestosclaims.law/library/25517/9


Jowt 

Grinding of Asbestos for 
Laboratory Research 

asbeston tor ansal dosing 

enthe practice 0 gond the 
ML S Bt s Lo e e i ron range 

con wprient soch as tiee hasomer ol 
wnd e muser ol T test the extent 1o 
whichpcal contaimmmation may occur dire 
me the Ineaking down of the ashestos libers 
throngh Liboratory milling. chrvsotile with 
A hnown perecntage of designated inctals was 
reduced in o Baanmer mill and a ball mill, 
e of o cluomie steel alloy, and in a mixer 
ot nade of cenwented tangsten carbide with 
cobide as o binder. Tt was found that chry- 
sotile. after being ground for ten minutes in 
A cemented tunesten cobide mixer mill, 
piched up increased cobalt in ratios ranging 
frove 200 45 over that in the preground 
ashestos I the hammer mill, the increase 
of chirowiun ranged from 35 o 4.0 over 
the smount present in the pregronnd ashes. 
1o~ The ball mill showed about the same 
relaionship with increases of 1.5 for nickel 
ik S0l s over tie preground 
chinvsotile Tt is apparent that the ashestos 
abraded the metal in which it was ground. 
P b v et tias the abrasive 

acnon of ashesios on processing equipment 
et way e an unsuspected souree of air- 
Donne il exposire 

Discussion, 

The data presented show that workers in 
the shestos textile manufactunng industry, 
nothe past were exposed 10 anhorne dust 

contatinyg signibeant levels of mickel, chrome. 
o and nmganese. Linsived studies indi- 
cate that other mictals are also involved. 
These micals come from ninerals and native 
aldovs asswted with the asbestos mineral 
bodv and from the abrasive action of the 
ashwsios fiber o metal components of the 
processing equipment and raise o number 
ol anporiant guestions involving areas in 
whnie additional research is needed. Whin 
other twtalds are associied with the mining, 
rillines snd provessing of ashestos? Iy what 
precise chviieal foras are these wetals pre- 
sent and what s the pattern of CXposHe 1o 

Neptamb vt b tobyr, 167 

ety o processing atley types of asheston? 
What is the distribution of these mictals in 
the respirable ==~ and fibere? g s platis ible that e phenom non observed s bestos textibe puinila taring will also occm 
moothes processing of different tpes of as 
hestos Vhis heing true, the metals asson pated 
with the ashestos may have a different i 
taive and quantitative pattern depending on 
the type, grade, and source of the ashestos, the cquipment in which it is milled and 

. and the subsequent treatmnent of 
the milled fiber, 

Also. the qualitative and quantitatiy e Pt 
tern of the metals in (he airborne dust at 
asbestos processing operations may vary sig. 
nificantly from the metal content of i 
ashestos crude and milled fiber since the 
metals appear closely associated with Jow 
micron size [raction of the particulates and 
fibers. 

Ta simulating past procedures of grinding 
ashestos for animal studies, it has been shown 
that chrysotile abrades and incorporates por- 
tons of the wwiad iy in wiich 1t was 
ground. These factors of extraneous metal 
exposures should be reassessed in terms of 
pase sal svstsndi, cpecially siuce tuch 
of the evidence of the carcinogenicity of 
ashestos is hased on animal research duga, 

We need much more inforation on the 
levels of metals in tiseues from decensed 
workers known 1o have had asbestosis, wnd 
also from lung cancer and mesotheliona 
cases with and without known exposure to 
ashestos. Information is also necded on (e 
levels of metals in the hlaod and wrine of 
workers swith prolonged heavy and light ex. 
posires 1o ashesios. 

The significance of the presence of these 
metals in past exposiies is not clear. Ty s 
reasonable o consider their relationship with 
the increased pulmonary and other cancers 
observed in ashestos workers, ' 5 

In addition to the fact that the nature 
and source of the metals associated with air. 
borne dust exposines i the processing of 
ashestos are imporant with respect o ex. 
posire evaluation and contamination con. 
ol Harington*" dhiowed that serum elutes 
significant quantities of metals from difTer. 
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o Indwsivial Hyzovs Adooiation Jouwrnal N 

ent tvpes of ashestos. The presence of these 
sctads andd other assocrat d matenials diould 
b aadied o velativn 1o vantaiions of chest 

patterns of cemonstapiine and thee G 

vt as obsetved fron one grou: of ase 
hestos workers 1o another 

The specihe role of the ashestas fiber, per 
oo relateon o disease iseryed i ashestos 
worhers necds redetiming Althongh ashestos 

liber was consdered in the past 10 be the 
priay etiologic agent, it may have been 
only an arhitrary index concealing a spece 
e of undelined agents and relationships., 
[t vode st b TSNS ll AN lll.f.’ll'“" 
acting with other agents 

Summary 

Ashiestos testile workers processing chry- 
sotle were exposed, in the past, o signifi- 
cant anthorne devels of nickel chiromimm, 
and manganese Limited studies indicate 
tiat other metals were also involved. It is 
likely that the phenomenon shown in as. 
Teesios tevtile moanafacturine s alen tene in 

other ashesios g, willing and process. 
e operations. The gualitative and guanti- 
Caties vvittine o theoss sibamrie el ovree 

wres may vany significantly from the metal 
content of the crude asbestos ore and milled 
fibwer, 

Ve relationship should be investigated 
hetween these wetal exposures and the in- 
creased pubmonamy and other cancer ob- 
served in asbestos workers. Other varying 
patterns of pathology including altered chest 
rocnizenograms, puhm-nm\' function tees 
and worker Dicalth patierns should be con- 
sidered i relation o these exposures, 

Sufficient evidence is presented in this 
study to indicate thai the role of metals in 
the ctiology of disease associated with ashes. 
o indalation should not be ignored. 1o s 
no Jonger tenable 1o look only for ashestos 
fhiers or bodies in biological tisue and by 
thwit !III‘N'III COANSHTIe D Cals llfl!l I"r"‘l 1ee 
lationship with the disease 
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Exposure to Mctals in the Manutacture of Asbestos Textile Products 

Lewis J. Cralley, Phe D., Robert G, Keenan, 
and Jeremiah R, Lynch® 

ABSTRACT 

Asbestos textile workers processing chrysotile were exposced, in the 

past, to significant airborne levels of nickel, chromium, and manganese, 

Limited studies indicate that other metals were also involved. It is likely 

_ that_the_phenomenon shown in asbestos textile munufacturing is also true in 

other - sbestos mining, milling, and processing operations. 

Sufficient evidence is presented in this study to indicate that the role 

of metals in the etiology of disease associated with asbestos inhl.lntlon 

should not be ignored. It is no longer tenable to look only for asbestos fibers 

or bodies in biological tissuc and by their prescnce assume a cause and cflect 

relationship with the disease. 

»1’, S, Department ol Health, Education, and Wellave 
Public Health Scrvice 
pureau of Discase Prevention and Environmental Control 
National Center for Urban and Industrial Health 
Occupational Health Program 
1014 Broadway, Cincinnati, Ohio 45202 
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Exposure to Mecws in the Manufacture of Ashbostos Textile Products 

Lewis J, Cralley, Ph,D,, Robert G. Keenan, 
and Jeremiah R, Lynch® 

It was known around the turn of the century that excessive exposure to 

asbestos gave rise to a disabling and fatal pneumoconiosis (1,2,3), More 

recently, a number of investigators have related a higher prevalence of 

pulmonary and other cancer to asbestos workers (1,5,6,7,8), It was generally 

assumed that the asbestos fiber was the causative arent since the rate of 

pulmonary cancer was much higher in persons having ashestosis (9,10,11), 

A furthar look into the environmental exposures of workers processing 

asbestos revealed potential exposures to hazardous materials other than 

asbestos, not generally appreciated during ihe eariier investigations, Also, 

the latent period of 20 years and longer from initial exposure to the onset of 

disease made retrospective assessment of pertinent exposures very difficult, 

This is especially true of the period before World War II when dust control 

was much less effective and high dust exposures were common at many operations, 

The carcinogenic agent(s) may have been one or more types of the ashestos fibers, 

trace minerals and polycyclic aromatic oils associated with the asbestos fibers, 

other additives in processing (such as coal-tar, pitch, oils, and metals), tobacco 

smoke, community air pellutants, or some comnbination of these factors, 

U, S, Department of Health, Education, and Welfare 
Pullic Meulth Service 
Lurezu of Disease Prevention and Environmental Control 
Nationad Center for Urban and Induserial Health 
Oecupationad Health Program 
1014 Broadway, Cincinnati, Ohio 45202 
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Even though it was known in the early 1900's that asbestos minerals 

contained small amounts of metals (12), no significance was given to their 

presence. These metals may exist independently as minerals or native alloy 

metals associated with the asbestos ore body and may form a minor part of 

the crystalline structure of the fiber (13,14). Harryington (15), in single 

sample analyses, further attested to the presence of these metals in three 

types of asbestos and speculated on the meaning of their presence. { 

The present investigation was undertaken to define the nature and extent w 

of exposure to metals in the manufacturc of asbestos textile products. In 

-;:;dn-l-on.t.o the metals in the form of minerals associated with the asbestos qn 
fiber, it was realized that a second source of exposure to metals may be alloy rer 

particulates abraded and liberated into the air during the processing of the dee 

asbestos, These have never been studied as potential sources of exposure of arg, 

asbestos workers. fibey 

The samples collected during the investigation were analyzed quantitatively limjy, 

for designated metals; atomic absorption spectrophotometry was used ‘or the to ing 

determination of nickel, chromium, cobalt, and mangancse, and emission 

spectrography for other metals, This report covers only the preliminary findings mety , 

on nickel, chromium, cobalt, and manganese since these are knowr o be present The per 

as minerals in many of the asbestos ores and are also present in the alloys of b“.“” 

processing equipment. A subsequent report will be made on the full spectrum Dhirrey 

of metuls tested. 
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Metal Content of Milled Fibers 

The nickel, chromium, cobalt, and manganese content of mine-milled 

asbestos fibers is shown in Table |, In Canadian chrysotile the nickel ranged 

from 0, 01 to 0, 20% with an average of 0,10%; chromium <0, 01 to 0, 12% with 

an average of 0, 04%; cobalt 0, 01%; and manganese 0, 03 to 0, 08% with an 

average of 0,04%, The nickel and chromium were around 50 to 100% greater 

in the African than in the Canadian chrysotile, The cobalt and manganese content 

were about the same in chrysotile from both sources. 

The nickel and chromium content of the crocidolite and amosite ranged 

undex 0, 01%; over a tenfold decrease of that found iff chrysotile, The cobalt ' 
remained around the same level, under 0, 01%, The manganese showed a 50% 

decrease in crocidolite compared to the chrysotile while the amosite showed 

arouad a twentyfold increase, Additional samples of crocidolite and amosite 

fibers will be analyzed to verify the values presented since they are from a 

limited number of samples, The spectrum of metal exposures is being extended 

to include other metals in different types and sources of asbestos, 

The mine-milled chrysotile was further examined for major differences in 

metal content by grade and source of fiber. These data are given in Table IL 

The percent of metals in Canadian grades 1, 2, and 7 showed little change 

between grades and source of fiber, with nickel averaging 0,15 to 0,18%: 

chromium 0, 05 to 0, 08%; cobalt, under 0, 01%; and manganese 0, 03 to 0, 057, 
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Grade 3, however, showed a markad differzncc in that the nickel and chromium 

were only approximately one~fourth of that present in grades 1, 2, and 7, 

Grade 4, with the exception of one high value sample, showed nickel and 

chromium values approximately one-half of grades 1, 2, and 7, The metal 

content of the African fiber was generally higher than the Canadian fiber for 

the same grade, Since only limited samples were analyzed in some grades, 

additional work needs to be done to confirm these rcported relationships, 

In the erlier years, the fibers in grades 1 and 2 were only partially 

opened at the mines, Although the fibers of grade 2 were opened more fully 

at the mines, the milling in the earlier years was less exacting, sc that the 

fiber carried a great excess of fines, This was also likely true of grades 4 

and 7, The grade 3 analyzed in this study represents 4 much cleaner milled 

fiber than that of the pre-World War II period, 

Since different grades of mine-milled chrysotile showed contrasting 

differences in the nickel and chromium content, two grades of chrysotile from 

the same source but from different processing years were separ=ted into two 

size fractions, over and under 200 mesh (approximately 74 microns) and 

analyzed for metals, These data are shown in Table I, The metal content 

of the smaller size fraction was appreciably greater than that in the larger 

size fraction for both grades. The ratio of metal content of the smaller size 

VN, P s, :‘?{;bfw.wmw rorew e 
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fractton of grade 47T wus much greater than that in g oo 7T with chromium 

5 to 6 times greater in the smaller size fraction than in the lareer sizc {raction 

ol the same sample, 

In a further effort to determine the source of the metals in the mine-milled 

asbestos, samples of chrysotile ore were fractionated into different cross- 

scctionad zones, and these zone samples were then analyzed for metals, These 

data (Table IV) show that the nickel content of the cleaned fiber, fiber ends, and 

fiber magnetic concentrate remained fairly constant, 190 pg to 240 pg/g. The 

nickel content of the adjoining serpentine rock (1815 pg/g) and its magnetic 

concentrate (2125 pg/g), however, were 10 and 11 times higher, respectively, 

“than that of the cleaned fiber. The cleaned fiber showed a median chromium 

conlent of 15 pg/g colpared to 310 pg/y in the adjoining wall rock and 0525 jg/§ 

in the wall rock magnetic concentrate. The latter data, however, are based on 

only two samples in one of which the chromium content was extremely high. The 

adjoining rock and its magnetic concentrate had two and four times as much 

cobalt as the cleaned fiber, The manganese content of the wall rock was two times 

greater and its magnetic concentrate four times greater than that of the cleaned 

fiber. Additional information is being obtained on the variation in metal content 

of different types of asbestos ore from separate geographicel areas as well as 

on the meud content and relative solubility as the ore lodics change from surfuce 

to deeper sites, It is known that minerals from surface ores often have ditferent 

characteristics from those of ores at decper levels of the same ore body, 
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Data in Table I show that mine-milled chrysotile contains an appreciable 

amount of nickel, chromijum, and manganese. The levels of cobalt were 

consistently low, Tables II, I, and IV indicate that considerable portions of 

these metals are concentrated in the smaller size fraction of the milled asbestos 

and that the wall rock and magnetic concentrate are a major source, It is not 

known, however, to what extent metals in the milled fiber may have also resulted 

from the abrasive action of the asbestos fiber on the metal alloys in the milling 

equipment or from differvent milling procedures, The extent to which the metals 

may be distributed between the respirable size grains or fibers is also unknown. 

Levels and Sources of Airborne Metal Exposures in Asbestos Textile Manufacturing 

" “In our study of the extent and source of metal exposures in asbestos textile 

Hiwiulaciurlag, an asbeslos textile manuiucturing piant cooperated in um‘.l;g up 

a special test run in which the same batch of asbestos fiber of known metal 

content was followed through successive stages of asbestos textile manufacture, 

including fiber preparation, carding, spinning, and twisting, Ventilation was 

turned off during the tests, and operations were conducted to simulate procedures 

used in the 1930's, Sumples of bulk fibers were collected as they entered and 

left cach process, Airborne dust was also collected at each process on membrane 

filters Ly means of high volume air samplers, These data are shown in Table V., 

The special wst batch was made up of approximately 60 percent of a 

commereially milled fiber of the type presently used in textile manufacture 
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= ~ ratio Increases of metal contents over that of the combed and blended fiber: 
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grades of tiber of the mid-19301s, 

Since a blend of two grades of ashestos with different trace metal contents 

was used in fiber preparation, it was impossible to relate specific trends in 

metal contents of the test batch of asbestos previous to fiberizing and combing, 

The imetal content of the hulk fiber remained fairly constant as it passed from 

londing, l‘llx-rizlnu):uul combing through successiv: operations of carding, 

twisting, and spinning, nickel 0, 07 to 0. 09 percent, chromium 0, 03 to 0, 04 

percent, cobalt €0, 01 percent, and manganesc 0, 03 percent., 

The airborne dust from the fiher combinz operations showed the following 

adckel 2.3.1, 0, clwomidiu 4,3:1. G, cobuli, no difference, and manganese 2, v: 4. U, 

Data in Tables I, I, and IV indicate that a major source of the metals was 

the fines carried with the milled fiber, It is not known to what extent this source 

may have been supplemented by the abrasive action of the chrysotile on the 

processing equipment in fiber preparation. 

As the chrysotile passed through the successive operations of carding, 

spinning, und twisting, the ratios of wnetals in the airborne dust to the bulk 

fiber were: carding - nickel 2,7:1, 0, chromium 4, 2:1, 0, cobalt, no difference, 

manganese 2,3:1, 0; spinning - nickel 1,6:1, 0, chromium 2, 7:1, 0, cobalt, no 

difference, manganese 2, 3:1, 0; twisting - nickel 1, 5:1, 0, chromium 1,7:1, 0, 

cobult, no dillerence, manganese 2, 001, 0, 
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It was impossible to follow processing of the same batch of asbestos 

through weaving because of the great amount of asbestos required for this 

operation, A separate test showed ratio increases of metal in the airborne 

dust over the woven asbestos of 1.1:1, 0 for nickel, 1,2:1,0 for chromium, 

no change for cobalt and 2, 0:1, 0 for manganese. It was noted, however, that 

little dust was produced at this operation during the test period, and the 

opcration may not have represented weaving during the mid-1930's, 

It is likely there was continued release of the fines in the bulk chrysotile 

being processed beyond the blending and combing state and that this constituted 

_one source_of the metals in the airborne dust. However, since the percent of e 

metals in the bulk chrysotile at subsequent processing stages remained fairly i 

constant and the ratio of metals in the airborne dust to bulk asbestos at carding 

was equal to that at fiber preparation, it is apparent that a supplementary source 

contributed metals to the air, 

We studied the abrasive action of the asbestos on the processing equipment 

as a potential source by testing representative metal parts of the processing 

euuipment, having harsh contact with the asbestos, for designated metals, These 

data are shown in Table VI, The presence of these metals in the alloy of the 

processing equipment and the plant maintenance expericnce of frequent replacement 

of equipment parts having immediate contact with asbestos indicate that the 
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abrasive action of asbestos on the equipment is a supplementary source of 

airborne metal exposure, This is further substantiated in that the fines from 

under the processing equipment had an appreciably greater metal content than 

the bulk chrysotile being processed through the equipment, 

Present and Past Airborne Levels of Metals in Asbestos Textile Manufacturing 

Airborne levels of designated metals in seven asbestos textile plants, 

1961-65, are shown by operations in Table VI, The low levels of metals in 

the air and the large air sample volumes required made it necessary to use 

stationary high volume sampling equipment, These samplers were placed near 

a number-of operating- units and in the immediate vicinity of the worker so as 

to be representative of the worker's exposures. For comparative information, 

the airborne metal concentrations of the special test run are also shown, 

Although the data presented in Table VII represent limited samples in that all 

types of processing, including different grades and blends of asbestos, are not 

covered, it is believed that they represent realistic cxposure levels, 

Supplemental data on this will be reported later, 

The average airborne levels for nickel in the seven textile piants combined 

ranged from 0, 72 ug/m3 at weaving to 8, 14 ng/m3 at twisting, The maximum 

values, however, runged from 1, 41 pg/ m3 at fiber preparation to 39. 0 pg/ md at 

twisting, Average values for chromium ranged from 0,35 o0 1,66 pg/m with 
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maximums from 0,79 to 4,29 pg/m3, Both average and maximum values for 

cobalt were under 1.1 pg/m3, Average values for manganese ranged from 

0.33 to 1. 06 pg/m3 with maximums of 0,70 to 2,47 pg/m?, The increasc in 

maximum over average values largely represented differences in the dust 

control programs, housckeeping, and maintenance belween the different plants 

as well as operating practices and the nature of the product being manufactured 

at the time of the study. Additional sampling will be done to supplement these 

data and further define current exposures to metals in the manufacture of asbestos 

textile products. 

e !.t u_i!n;_)gr_tant to_nc_n.o the s_h:_t_rp tpcre;-m_o' ln metal conpnt of the ah'born? 

dust when the ventilation was turned off. 

Table VII shows estimated levels of metals in airborne dust of asbestos 

textile plants, by operations, during different periods of time, 

Past exposures were estimated as follows: Total dust concentrations 

were determined at eacn operation of the special test run with the impinger- 

light field dust counting technique, Ratios of dust levels were estimated by 

contrasting concentrations at designated operations of the test run with 

concentrations reported in past studies ut the same operations, The metal 

concentrations found in the afrborne duste cuving the test runs were multiplied 

by these rutics o predict past expogures Lo metals, It is realized that this 

procedure for estimating past exposure has many lmitations, since the relaton 
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of dust counts to mass values is quite variable and v information on respirable 

muss of pust airborne dust at the operations studied is unavailable, However, 

with the finding that the metals of the airborne dust around processing equipment 

rose sharply when the ventilation was turned off, it is important that estimation 

be made of past levels of exposures to metal during the periods when there was 

no, or less effective, dust control, 

Data in Table VII show that a rather uniform ratio existed between the 

airborne levels of nickel, chromium, and manganese at different operations wit! 

chromium representing 70 to 807 and manganese 40 to 507 of the nickel 

vidues; exposure to ~obalt was.minimal,. .. . T 

In the past, the greatest levels of airborne dust occurred at carding 

and fiber preparation, followed by weaving, twisting, and spinning, In the 

pre-1930-35 period, levels of exposure were conservatively estimated, at 

carding, to be: 330 ug/m3 for nickel, 250 pg/m3 for chromium, and 

120 pg/m3 for manganese; fiber preparation: 210 pg/m? for nickel, 160 pg/m3 

for chromium, and 80 pg/ m3 for manganese. The values for corresponding 

metal exposures at weaving, twisting, and spinning were considerably lower, 

The massive dust during the earlier years at fiber preparation and carding 

arc known to have contaminated the ambient air ot vubgequent operations so 

that the predicted values at spinning, twisting, and weaving are somewhat low, 
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The values for metals in airborne dust for the peciod 1935-45, during 

which dust control programs were generally in! iated, were estimated at 

around 307 of those during the previous period, After World War II, therc 

was greater emphasis on dust controls and levels gradually were reduced to the 

values found during 1961-65, 

In contrasting exposures of the pre-1930-35 period with those of today, 

the exposures to the total metals reported were greater by a conservative 

fuctor of 270 at fiber preparation, and 140 at carding, Although the data show 

factors of 70 at weaving, 7 at spinning, and 6 at twisting, these are undoubtedly 

quite low due to the gross general ambient.air contamination of the past which. . . - 

existed throughout all operations, 

Grinding of Asbestos for Laboratory Research 

In preparing asbestos for animal dosing studics, it is often the practice 

to grind the larger size fibers to the lower micron range using equipment such 

as the hammer mill and the mixer mill, To test the extent to which metal 

contamination may occur during the breaking down of the ashestos fibers through 

laboratory milling, chrysotile with a known percent of designated metals was 

reduced in a hammer mill and a ball mill, made of a chrome steel alloy, and in 

a mixer mill made of cemented tungsten cachide with cobalt as a binder, It 

was found that ehrysotle, alter being ground Jor ten minutes in a cemented 

tungsten carbide mixer mill, picked up inercused cobult in ratios ranging from 
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2 to 4.5 over that in the preground ashestos, In the hammer mill, the increase 

of chromium ranged from 3.5 to 4, 0 over the amount present in the preground 

asbestos, The ball mill showed about the same relationship with increases of 

1.5 for nickel and 3, 0 for chromium over the preground chrysotile, It is 

apparent that the asbestos abraded the metal in which it was ground, This 

supports the premise that the abrasive action of ashestos on processing 

cquipment metal may be an unsuspected source of airborne metal exposure, 

Discusrion 

The data presented show that workers in the asbestos textile manufacturing 

industry, in the past, were exposed to airborne dust containing significant 

levels of nickel, chromium and manganese, - -Limited-studics indicate that 

other metals are also involved, These metals come from minerals and native 

alloys associated with the asbestos mineral body and from the abrasive action 

of the asbestos fiber on metal components of the processing equipment and raise 

a number of important questions involving areas in which additional research is 

nceded, What other metals are associated with the mining, milling, and 

processing of asbestos? In what precise chemical forms are these metals 

present and what is the pattern of exposure to metals in processing other types 

ot ushestos? What is the distribution of these metals in the respirable grains 

undd fibers”? It is plausible that the phenomenon obscrved in ashestos textile 

vanulaeturing will also occur in other proeessing of diiferent types of asbestus, -~ 
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This being true, the metals associated with the asbestos may have a different 

qualitative and quantitative pattern depending on the type, grade, and source 

of the asbestos, the equipment in which it is milled and processed, and the 

subsequent treatment of the mi'ied fiber. 

Also, the qualitative and quantitative pattern of the metals in the airborne 

dust at asbestos processing operations may vary significantly from the mctal 

content of the asbestos crude and milled fiber since the metals appear closely 

associated with low micron size fraction of the particulates and fibers, 

In simulating past procedures of grinding asbestos for animal studies, 

- it has been shown that chrysotile abrades and incarporates the metal alloy in 

which it was ground, These factors of extraneous metal exposures should be 

reassessed in terms of past animal rescarch, especially since much of the 

’ evidence of the carcinogenicity of asbestos is based on animal research data, 
; We need much more information on the levels of metals in tissue=s from 

deceased workers known to have had asbestosis, and also from lung cancer and 

mesothelioma cases with and without known exposure to asbestos. Information 

is also needed on the levels of metals in the blood and urine of workers with 

prolonged heavy and light exposures to asbestos. 

The siguificance of the presence of these metals in past exposures is not 

clear, It is reasonable to consider their rclationship with the increased 
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pulmoniry and other cancers observed in asbestos workers (16, 17, 18, 19, 

20, 21, 22). 

In addition to the fact that the nature and source of the metals associated 

with airborne dust exposures in the processing of asbestos are important with 

respect to exposure evaluation and contamination control, Harrington (15) 

showed that serum elutes significant quantities of metals from different types 

of asbestos. The presence of these metals and other associated materials 

should be studied in relation to variations of chest roentgenographic and wo ker 

health patterns as observed from one group of asbustos workers to another. 

. _ _The specific_role of the asbestos. fiber, per_se, in relation to discase 

observed in asbestos workers needs redefining. Although asbestos fiber was 

considered in the past to be the prima ry ctiologic agent, it may have been only 

an arbitrary index concealing a spectrum of undefined agents and relationships. 

Its role must be reassessed as a co-factor acting with other agents. 

Summary 

Asbestos textile workers processing chrysotile were cxposed, in the 

past, to significant airborne levels of nickel, chromium, and manganese, 

Limited studies indicate that other metals were alto involved, It is likely that 

the phenomenon shown in ashestos textile manufncluring is also true in other 

“Lustos mining, milling 2nd processing oberations, rhe qualitative and 

quantitative pattern of these airborne metal expusures muy vary significanuy 

w the metal content ¢f the crude asbestos ore and miled {iber, 
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The relationship should be investigated between these metal exposures 

and the increased pulmonary and other cancer observed in asbestos workers. 

Other varying patterns of pathology including altered chest roentgenograms, 

pulmonary function tests and worker health patterns should be considered in 

relation to these exposures, 

Sufficient evidence is presented in this study to indicate that the role 

of metals in the etiology of disease associated with asbestos inhalation should 

not be ignored. It is no longer tenable to look only for asbestos fibers or 

boedies in btt:l:;g.tcal tissue and by their presence assume 2 éam and effect 
relationship with the disease,TM T T T 
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