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Exposure to Metals in the Manufacture
of Asbestos Textile Products

. L. J. CRALLEY, R. G. KEENAN, and J. R. LYNCH

Occupatione! Health Program, National Center for Urban
and Industrial Heulth, U. S. Publie Health Service,
1014 Rroadicay, Cincinnati, Ohio

@ Asbastos textile workers processing chrysotile were exposed, in the past, to

significant airborne levels of nickel, chromium. and manganese, Limited studies
indicate that other metals were zlsa involved. It i likely that the phenomenon
shown in asbestos temiile manufaciuring is alw troe in other ssbestos mining, milling,
and procesing opmmm. Sufficient evidence is presenred in this study to indicate
that the role of metals in the etiology of discuse amociated with asbestos inhalation
should not be ignored. It is no longer tenable to look only for asbestos fibers or
bodmmbmhgalmeudbythmpmmaam and eflect relation-

ship with the disease,

Intreduction

T WAS KNOWN around the turn of the

century that excessive exposure to asbestos
gave risc to a disabling and fatal pnewino-
coniosis.’**? More recently, a number of in-
vestigators have related a higher prevalence
of puimonary and other cancer to asbestos
workers.** It was generally assumed that the
asbestos fiber was the causative agent since the
rate of pulmonary cancer was much higher
in persons having asbestoss.” 3

A further look into the environmental ex-
posures of workers procewng asbestos re-
vealed potential exposures to hazardous ma-
terialy other than ashestos. not generally ap.
preciated during the earlier imvestigations.
Also, the latent period of 20 years and longer
from initial expasure to the onset of disease
made retrospective assessment of pertinent

exposures very difficult. This is especialiy

true of the period before World War 11 when
dust control was much less effective and high
dust exposures were common at many opeta-
tions. The carcinogenic agent(s) may have
becn one or more tynes of the asbestos fibers,
trace mineral znd poiycyelic aromatic oils
associated with the ashesios fibers, otier ad-

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

Even though it was known in the early
1900’s tnar asbestos minerals contained small
amounts of metals,!* no significance was
given to their presence. These metals may
exist independently as minerals or native al-
lw metals associated with the asbestos ore
body and may form a minor part of the
crystalline structure of the fiber.B3-3¢ Har.
ington,'* in single sample analyses, further
attested to the presence of these metwls in -
three types of asbestos and speculated on the
meaning of their presence.

The present invcuigation was undmaken
to define the nature and extent of exposure
to metals in the manufacture of asbestos tex-
tile products. In addition to the metals in
the form of mineruls associated with the as.
bestos fiber, it was realized that a second
source of exposure to metals may be allov
particulates abraded and liberated into the
air during the processing of the asbesios
These have never been studicid ac potential
souljccs of exposure of asbestos workers,
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TABLE |
Designated Metals in Mine-milled
Asbestos Fiber by Type and Source of Asbestos?

No.
Typw Source Samples T N§  Cr % Lo 7. Mn

Chrynetile Cannds 27

Range 0.03.8.20 <0.01-0.12  <0. ot.a -]} 0.03.0.08
0.10 0.04 0.01 0.04

Averuge

Madian ©.10

Alrica

0 a3 \0 [} 0.04

Range 0.12.0.29 0.06=0.17 4£0.01 0.03.0.09
0.14 0.09

Avetuge

Medisn 0.15

Crecidolite Alrica
Range
Avernge
Median

Amasite Africs
Range
Average
Median

<0.01 Q.05
<0.01 0.05

9.01-.0.03
0.07
0.02

0.14.1.42
0.79
0.77

*Adjusted to the nearvet 0.01%, 0.01T = 100 Ug/gm.

The samples collected during the investiga-
tion were analyzed quantitatively for desig-
nated metals; atomic absorption spectropho-
tometry was used for the determination of
nickel, chromium, cobalt, and manganese,
and emission spectrography for other metals,
This report covers only the preliminacy find-
ings on nickel, chromium, eobalt, and man-
ganese since these are known to be present
as minerals m many of the asbestos ores and
are aiso present in the alloys of processung
equipment. A subsequent report will be
made on the full spectrum of metals tested.

Metal Content of Millad Fibers

The nickel, chromium, cobalt, and man-
gancse content of mine-milled asbestos fbers
is shown in Table 1. In Canadian chrysotile
the nickel rarged from 0.01 to 0.209% with
an average of 0.107%; chromium <0.0] to
0.12% with an a\erage of 0.04%; cobalt
«0.019%; and mangancse 0.03 & 0,085 with
an sverage of 0.04¢z. ‘The nickel and chrom-
ium were around 30 to 1005 greater in the
African than in the Canadian chrysotile. The
cobalt and manganese content were about
the same in chrysotile {rom both sources.

The nickel and chromium content of the
erocidolite and amosite ranged under 0.01¢,
Jess than a tenth of that found in chrysotile.
The cobalt remained around the tame level,

* under 0.016z. The manganese showed a

50¢ decrease in crocidolite compared to the
chrysotile while the ameosite chewed aro.und
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a twentyfold increase. Additional samples of
crocidolite and amosite ibers will be analyzed
to verify the values presented since they are
from a limited number of samples. The spec-
trumn of metal exposures is being extended to
include other metals in different tvpes and
sources of asbestos.

The tnine-milled chrysotile was further ex-
amined for major differences in inctal con-
tent by grade and source of fiber, These data
are given in Table II. The percentage of
metals in Canadian grades 1, 2, and 7 showed
little change between grades and source of
fiber, with nicke! averaging 0.13 to 0.]18¢%:
chromium 0.05 10 0.08%¢: cobalt, under
0.01%; and manganese 0.03 to 0.05¢2. Grade
3, bowever, showed a marked difference in
thax the nickel and chromiumn were only ap-
proximately one-fourth of that present in
grades 1, 2, and 7. Grade 4, with the ex-
ception of one high value sample, showed
nichel and chromium values approximately
onc-half of grades !. 2, and 7. The metal
content o the Alrican fiber was generallv
higher than the Canadian fiber for the same
grade. Since only limited samples were
analyzed in somc grades, additional work
needs to be done to confirm thcsc reported
relationships,

In the earlivr years, the ﬁbcrs in grades 1
and 2 were only partially opencd at the

_mines. Although the fibers of grade 3 were

opened more fully at the mines, the miliing
in e carlier vears was loss exucting, w at
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TAaBLE 1
Designated Mctal in Mine-milled Samples of
Chrysotile by Grudes und Souyrce®

Ne.
Fiber Grude Sermpies Sourcs 7e Ni 7. Cr 7 Co Te Mn
JE T L 3 Canwmia Range 0.15-0.i6 0,0%.0.08 0.0! 0.03-0.08
Average 0.15 Q.06 0.01 0.05
Alrica - - - - -
1378 10 374 5 Cenads  Rangr  0.13-0.16 0.68-0.17  ~0,01-0.01  0.03-0.04
Average Q.15 0.08 ~.0.01 0.03
] Alrica Ronge Q.12-0.29 0.04.0.12 <.0.01-0.01 0.03-0.09
Avrerage Q.17 0.0% «0.0t 0.0%
J=spinning 10 Canada Ranae 0.01-0.06 0.01-0.10 0.01.0.01 0,03-0.06
Averagy 0.04 0.02 <.0.01 0.04
Aftiea - - - - -
4= hang le E Canada Range 0.0%.0.21} 0.02-0.03 ~0.01.0.41 0.04-0.05
Averuge 0.11 0.02 +.0.01 0,04
1 Africa 0.20 0.07 20.01 0.09
T-ahorts 2 Canada Rangs . 0.16-0.20  3.05.0.08 0.01 0.03-0.06
Average a.18 0.05 0.01 0.0%
1 Africa [\ ] 0.17 .01 0.0%
. *Adjusted to nesrest 0.017; 0.017 = 100 {ig/gm,
' TABLE I
Comparison of Designated Meta]l Levels in Mine-milled
Chrysotile from Same Source by Grades According to
Size Fractions
Micrugrams of element per gram of sumhie
T Asbestos Sample Ni Cr Co Aln
TTF 1950
ol ! © 1786 aTt 4 574
Bb 2008 346 103 02
B/A€ 1.1:1.0 1.5:1.0 3.0:1.0 1.0:1.0
TTF (milled 1965)
A 1184 el 6 360
B 1886 ° 554 9% 538
B/A 1.4:1.0 2.4:1.0 1.4:1.0 1.5:1.0
4T (milled 1948)
.o A 706 103 42 289
. n 1718 529 9 627
B/A 2.4:1.0 5.1:1.0 2.3:1.0 2.2:1.0
4T (milled 1968) .
A . 241 o8 52 248
B 1665 44l 4 518
B/A 1.9:1,0 6.5:1.0 1.8:1.0 2.1:1.0
BA 18 sisv [raction retained by 200 mesh sieve.
is sizw lraction passed throuch 200 mesh sisve,
CB/A is the retio of the designated slemenis concentrations in these two
size fractions.
N the fiber carried a great excess of fines. This  The metal content of the smaller size fraction
likely was also true of grades + and 7. The was appreciably greater than that in the larg-
- grade 3 analyzed in this study represents a  er size fraction for both grades. The ratio of
much cleancr milled fiber than that of the metal content of the sinailer size fraction of
pre-World War II period. grade 4T was much greater than that in
Since difTerent grades of mine-milled chry. grade 7TF with chromium five to six timnes
sotile showed contrasting differences in the  greater in the smaller size” fraction than in
nickel and chromium content, two grades of  the larger size fraction of the same sample,
chrysotiic from the same source but from In a further effort to determine the source
different processing years were separated into  of ‘the metals in the mine-milled asbestos.
two size fractions, over and under 200 mesh  samples of chrysatile ore were fractionated
(approximately 74 microns} and analvzed tor  inte dilferent cross-sectional zones. and these
) inctals, These data ore shown in Table IIl.  zone samples were then analveed for metaia,
K [y

. v
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TABLE IV
Designated Meta]l Content of Chrysotile Ore by
Cross-sections| Zone Areas

Ore Zone Mo. Samples

Micrograms of metn!| per gram of sample
Ni Cr Co Mn

Cleaned {ibwr : [

P iber ends

Ma tic concenirats
ibet)

Magnetic concentrate
(serpentine)

Wail rock (serpentine)

Rutio of meral in wall
reck te clenned [iber

Ratio of mweal in wall
rock magnetic ooucentrate
to cleaned (1ber

High 1420 310 50
Low 120 - 23
Average 101 316
Madian 190 19 36
High 75
Low 5 ] 31
Average 50
Madian 48

High 110
Low -
Average 37
Madian -
High H 230
Low 520 87
Averuge 158
Madian 158
High 10
Low 90 60
Avarags 30
Median 1 69

2:1

411

These data (Table IV) show tliat the nickel
content of the cleaned fiber, fiber ends, and
fiber magnetic concentrate remained fairly
constant, 190 ug to 240 pg/gm. The nickel
content of the adjoining serpentine rock
(1815 pg/qn) and its magnetic concentrate
(2125 pg/gin), however, were 10 and 11
times higher, respectively, than that of the
cleaned fiber. The clvaned fiber showed a
median chiromium content of 19 xg/gm coni-
pared to 510 ug/gm in the adjoining wall
rock and 6523 ug/gm in the wall rock mag-
petic concentrate. The latter data, however,
are based on oniv two samples in one of
which the chromium content was extremeiy
high. The adjoining rock and its magnetic
concentrate had two and four umes as much
cobalt as the cleaned fiber. The mangancse
content of the wall rock was two tiines great.
er and its magnetic concentrate four times
greater than that of the cleaned fiber. Addi-
tional information is being abtained on the
variation in metal content of diffcrent tvpes
of asbestos ore from scparate grographical
areas as well as on the metal content and
relative solubility as the orc bodies change
from surface to deeper sites. It is known
that minsralk from suface orcs often have
different charzcterisuics {rom thoswe of ores at

ORD OF
A FRON]
pt. AJl.....NHun.r_D

‘ \UUQTI\AES. h\b.

LT STy | LoV W |

- deeper levels of the samwe ore body.

Data in Table I show that mine-milled
chrysotile contaims an appreciable amount of
nickel, chromium, and mangancse. The levels
of cobalt were consisiently low. Tabiss TI
III, and IV indicate that considerable por.
tions of these metals are concentrated in the
smaller size fraction of the- wmilled asbestos
and that the wail rock and nagnetic con.
centrate arc 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
alloys in the milling equipment or from dif-
ferent milling procedures. The extent to
which the metals may be distributed between
the respirable size groins or fibers is also un.
known,

Levels and Sources of Airbormne
Metal Exposures

In our studv of the extent and source of
metal exposures in asbestos textile manufac-
turing, an ashestor textile manufacturing
plant cooperated in sctting up a special test
run in which the saine batch of asbestos fiber
of known: nietal content was followed through
suce=ssive stuges of ashestos textile manu.
factur . fucluding Flwer preparation. .carding.

.
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TABLE V
Levcls of Desjgnated Muetals 10 Bulx Chrysotile Fiber and in
Airborne Dust Durning Textile Munufactuning with Exhaust Ventilation Off
Metal 1n Sample®
Operwtion Sampie e Ni T Cr e Co " Mn
Fibwr peeparation
Pun grinding Cride ore s{ter cpening 0.02 <0.01  «0.,01 0.04
Blanding Blending {iber 0.16 0.09 0.01 0.03
Rlending and Blended and screensd {iber 0.16 0.08 <0.01 0.03
seresning
Fiberizing Yiverized nahestos 0.10 0.6 <0.01 0.03
Combing Combed {iber n.07 0.03 <0.01 0.03
Alrbovre cust from combned 0.16 0.1 0.0t 0.06
{ibar PAMRLICH oparrt-ons
Ratio of metal 1n sirborne dust 2.3:1.0 4.3:1.0 - 2.0:1.0
10 twial in combed {iher
Carding Buylk libet entering carder w07 0,03 20.01 0.03
Roving lesving carder Q.08 0,04 0.01 0.03
Ajrborne dust st carder G.22 0.17 0.01 0.07
Ratio of metsl in sirbarne dust 1.7:3.0 4.2:1.0 - 2.3:1.0
to-twrtal 1n roving
Spianing Roving bafore spinning 0,08 0.04 <0.01 6.03
Yarn (rom apmner 0.08 0.04 <€0.01 0.03
Airborne dust at spinner 0.13 0,11 Q.C1 0.07
Ratio of metsl in sirbormne 1.4:1.0 2.72;1.0 - 2.3:1.0
dust to metal in yam
Twisting Yarn bafore twsting 0.08 8,04  <0.01 0.03
Twisted yamn 0.09 0.4 <0.01 a.03
Airborne dust st twister 0.12 0.07 0.01 0.06
Ratio of mwtia) 1 srborne 1.5:1.0 1.7:1.0 - 2.0.1.0
dust to metsl 10 twisted yam
Teaving? Filler yarn 0.14 0.06 <0.0r 0,07 .
Yarp yamn 0.14 0.06 0.0t 0.02
Toven aabestos 0,14 0.06 <0.01 0.02
Ajrbarne duat st loom 0.16 0.07 <0.01 0,04
Ratio of metel 1n surborne 1.1:1.0 1.2:1.0 - 21.0:1.0

dust to metal :n woven asbestos

Spdjusted to nearwst 0.01%: 0.01% = 100 {g/g

‘Tiﬂn and warp yara differem batch than the special run

spinning, and twisting. Ventilation was
turned off during the tests, and operations
were conducted to simulate procedures used
in the 1930’s. Samples of bulk fibers were
collected as they entered and left each
process. At each process, airborne dust was
also collected on membrane filters by mcans
of high volume air samnplers, These data are
shown in Table V.

The special test batch was made up of

imately 60%¢. of a commercially milled

fiber of the type presently used in textle

manufacture blended with 40¢ pan ground

No. 2 crude fiber added to simulate weaving
grades of fiber of the mid-1930's.

Since a2 blend of two grades of asbestos
with different trace metal contents was used
in fiber preparation, it was impossible to re-
late specific trends in mewl contems of the
test batch of ashestos previous to fiberizing
and combing. The metal content of the bulk
fber remained fairly constant as it pased
from blending., fiberizing. and combing
through successive operations of caniing,
twisting, aml spinning, nich-l 0.07 0 DU,
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chromium 0.03 to 0.04¢¢, cobalt <0.017,
and manganese 0.03¢z.

The airborne dust frem the fiber combing
operations showed the following ratin in-
creases of metal contents over that of the
combed and blended fiber: nickel 2.3:1.0,
chromium 4.3:1.0, cobalt, no difference, and
mangancse 2.0:1.0. Data in Tables 1T, III,
and IV indicate that a majnr 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 chrvsotile on the
processing cquipment in fiber preparation,

As the chrysotile passed through the suc-
cessive operations of carding, spiuning. and
twisting, the ratios of metals in the airberne
dust to the bulk fiber were: carding — nicke!
2.7:1.0. chromiwin 4.2: 1.0, cobalt, no difTer-
ence, manganese 2.3:1.0: spinning — nickel
1.6:1.0. chromium 2.7:1.0, cobalt, no difer-
ence, manganese 2.3:1.0: twisting — nichel
1.5:1.0, chromium 1.7:1.0, cobalt. no ditier-
ence, mansanese 2.0:1.0,

It was impossible te follow processing of
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TABLE VI
Designated Metals in Metal Alloy of Processing Equipment™
Procesusing Equipment " Ni T Cr To Mn 7% Co
“Fan Grindar .

Bott of 0.01 0.01 0.40 0.01

R:ll::u pen 0.02 0.01 1.04 0.02
Card

F!;:nhn wire 0.01 0.03 0.65 0.01

Finimher leader wire 0.01 0.02 0.56 Q.01

Dreakes tond 0.01 0.3 054 oot

kor lend ire . * -

L.l-th-: :ﬂrm':f ~ Q.06 4.480 9.03 <0.01
Mula spuaner
Rl::imr fuide wire Q.08 0.02 0.24 0.01

spirmer

Spi 1 lar a.03 0,04 051 0.0t

S:m; ;\:\.'d'. 9.10 2.27 0.19 0.01
Loom

Drop wire beddls 0.32 17.00 050 0.03

*Adjusted to nearest 0.017; 0.017:. » 100 i g/g.

TABLE VII
Airborne Levels of Designated Metals in Seven Asbestos
Textile Plants, 1961-65, by Operation

Micrograms of eiement per cubic meter of air

Operstion Ni Cr Co Mn

F iber praparstion
Range 0.50.1,41 0.10-0.79 0.01-0.22 <0.01-0,70
Average 087 0.44 0.10 0.13
badian 0.71 0.1% 0.09 031
Special rm 28.00 20,50 1.19 1030
(w&lhﬂm off)

- Range 0.50.8.36 0.44-1.87 <0.01.037 <0.01.1.28
Average 2. 1.1% 0,16 0.91
Madian 2,14 1.43 0.09 0.89
Spwcial run 23.60 15.00 1.08 $.94

"Evtmﬂm off)
Range 1,15.7,17 0.60-4.29 0.07-1.10 <D.01.2.4%
Average 331 1.66 0,26 1.00
Madian 2.64 1.41 0.12 1.00
Special ron 1.29 - 0.58 0.07 0.52
Twinting
Range 1.02.39.0 0.35-1.00 0.02-0.81 <0.01.2.47
Avarage 4,14 6.97 0.22 1.05
Medisn 1.54 Q.60 .10 1.07
Special rom 3.86 2.13 Q.18 1,89
(ventilstion «ff)
R Wenving
,Ah-. 0.001;4:.2! o.ﬂt;iﬂ (D.glg.l 7 (ﬂ.%t.:.;f
verage 3 . -39
ke of Ly 0.01 0.13 Q.a3 Q.04
Speeial ran 1,74 1.21 0.08 .56

(vemtiletion off)

the same batch of asbestos through weaving
because of the great amount of asbestos re-
quired for this operation, A scparate test
showed ratio increases of mectal in the air-
borne 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 operation may not have represented
weaving during the mid-1930'.

It is likely there was continued release of
the finex in the hulk chivaotile being pro-
cassed beyond the blending and coinbing state

and that this consrituted onc source of the
metzls in the airborne dust. However, since
the percentage of metals in the bulk chryso-
tile at subsequent processing stages remained
fairly constant and the ratio of metals in the
airborne dust to bulk asbestos at carding was
equal to that at fiber preparation, it is ap-
parent that a supplementary source con-
tributed metals 1o the air.

We studied the abrasive action of the as.
bestos on the processing equipment as a po-
tential source by testing for designated metals
in representative metal parts of the processing
equipment having harsh contact with the
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TABLE VII
Estimated Past Levels versus Current Levels of Designated Metais in
Airborne Dust in Asbestos Textile Plants by Operations

Micrograms of #lertent per cubic meter of aiur Total
Ni Cr Ca AMn Metnls
¥ iber parstion .
pre 1930-35 210.0 160.0 9.9 0.0 460.0
193545 100.0 80.0 4.5 40.90 230.0
current (average) 0.57 Q.44 0.1 [ 1.7
C-rd.inf
930-3% 310.0 250.0 15.0 120.0 710.0
1935-45 160.0 130.0 7.0 80.0 350.0
corrent (aversge) 3.z 1.1 Q.18 Q.91 8.2
Spinnun
pre 1930.35 10.0 7.0 1.0 4.0 22,0
193543 10.0 1.0 1.0 4,0 22.0
cwrent (avarage) 13 1.7 0.26 1.0 6.2
Twistun
19430.28% 29.0 17.0 1.0 15.0 621.90
193545 7.0 4.0 et 4.0 15.0
cwrrent (average) 3.1 0.97 0.22 1.1 10.4
Te “
1920-35 3.0 36.0 2.0 20.0 110.0
1935-45 17.0 12.0 1.0 7.9 37.0
current (aversge) 0.72 0323 0.06 0.39 1.5

ashestos. These data are shown in Table VI,
The presence of these metals in the alloy of
the processing equipment and the plant
maintenance experience of frequent replace.
ment of equipment parts having immediate
contact with asbesios indicate that the abras-
ive action of asbestos on the equipment is a
supplementary sowrce of airborne metal ex-
posure. This is further subsiantiated in that
the fines from under the processing equip-
ment had an appreciably greater metal con.
tent than the bulk chrysotile being p'ocessrd
through the equipment,

Pnufrf and Past Levels of Airberne Metals

Airborne levels of designated metals in
scven asbestos texiile plants, 1961-63, are
shown by operations in Table VII. The low
“levels of metals in the air and the large air
sample volumes required made it necessary
to use stationary high volume sampling equip-
ment  These samplers were placed near a

: number of operating units and in the im-

] mediate vicinity of the worke: so as to be
representative of the worker’s exposures. For
comparative infonnation, the airborne metal
concentrations of the special test run are also
shown. Although the data presented in Table
VI1 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 exposure
levels. Supplancnial daia on this will be
reported lator. .
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The average airborpe levels for nickel in
the seven textile plants combined ranged
from 0.72 ug/m?® at weaving to 8.]4 pg/m?
at twisting. The maximum valucs, however,
ranged from 1.41 ug/m? at fiber prenaration
to 39.0 pg/m?® at twisting. Average values
for chromium ranged from 0.38 to 1.66
ug/m* with maxiinums from 0.79 to 4.29
#g/m3. Both average and maxinum values
for cobalt were under 1.1 ug/m Average
values for manganese ranged from 0.33 to
1.05 pg/m? with maximums of 0.70 to 2.47
pg/m®. The increase in maximum over
average values largely represented diiTerences
in the dust control programs, housckeeping,
and maintenance between the  different
piants as weil 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 daw and
further define curtent exposures to metals in
the manufacture of asbestos textile products,

It is important to note the sharp increase
in metal content of the airbome dust when
the ventilation was turmed off. Tanle VIIT
shows estiinated lovels of metals in airborne
dust of asbestos textile plants, by operations,
during different periods of time,

Pzst expasurcs were estimated as follows:
Total dust concentrations were determined
at cach operation of the special test run with
the impinger-light fickd dust counting tecii-
rique. Ratios of dust levels were estimated
by erntmasting concentrations at dedmated
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TABLE IX
Leveis of Designated Metals in Mine Milled Chrysotile Before and After Loboratory Grinding

Micrograms of metal per grum of clrysotils

Grinding Equipoent . N Cr Co Mn
Mizer mill (cemented tungsten
carbide usng coball as a bunder)
Grincling 10 minutes . Sampie 1 (n)* 365 197 37 270
)" 360 193 73 280
(€)* - - 2.0:1.0 -
Gtinding 10 minutes Sawple 1 (a) 630 170 47 510
(v) 558 185 13 430
(e) - - 4.5:1.0 B:1.9
Grinding 10 minwtes Sample 3 {(m) 1670 1550 53 423
(b) 1500 1500 113 403
. (e) - - 2.1:1.0 -
Hammer mill (chrome stewl)
Recycle Urinding (coniinuous) Sample | () 90 as 12 aot determined
(b} 245 153 22 not determined
(e) 2.7:1.0 4.0:1.¢ 1.8:1.0 -
Grinding 10 hours Semple 2 (=) 610 170 ar s10
ing (hg 620 390 s 420
(e - 3.5:1.0 0.5:1.0 0.9:1.9
Ball mill {chrome stewl) .
Grinding § hours Sampie 1 \a) 90 3z 12 not deternined
(®) 134 114 B nat determined
Y (e) 1.5:1.0 3.0:1.0 0.5:1.0 -

*(a) Befowrw grinding: (b) After grinding; (c) Ratios of metsl in grouwsd to preground chrysotile.

operations of the test run with concentra.
tions reported in past studies at the same
operations. The metal concentrations found
in the airborne dusts during the test runs
were multiplied by thesc ratios to predict
past exposures to metals, It is realized that
this procedure for estimaring past exposure
has many limitations, since the relaton of
dust counts 10 mass values is quite variable
and the information on respirable mass of
past airborne dust at the operations siudied
is unavailable. However, with the finding
that the metals of the airborne dust around
processing equipment rose sharply when the
ventilation was’ tumed off, it is mportant
that estimation be made of past levels of
exposures to metal during the periods when
dust control was lacking or less cffective.
Data in Tabie VIII show that a rather
uniform ratio existed benween the airborne
levels of nickel, chromiwn. and mangancse
at different operations with chromium rep-
resenting 70 to 80¢%¢ and manganese 40 to
50% of the nickel values: exposure to cobalt

was minimal.

In the past, the greatest levels of airborne
dust occurred at carding and fiber prepara-
tion, foilowed by weaving. twisting, and spin-
ning. In e pre-1930-33 peried, levels of
exposure were comsenvatively esticued, at
carding. to be: 330 pg/n? for nickel 250
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pg/m® for chromium, and 120 ug/m?® for
manganese; fiber preparation: 210 pg/m?
for nickel, 160 pg/m? for chromium. and &0
pg/m* for mangancse, The values for cor-
responding metal exposures at -weaving,
twisting, and spinning were considerably
lower. The massive dust during the earlier
vears at fiber preparation and carding are
known to have contaminated the ambient
air at subscquent operations so that the
predicied values at spinning, twisting, and
weaving are somewhat low.

The values for metals in airborne dust for
the period 1935-45, during which dust con-
trol programs were generally initated, were
estimated at arvund 30¢: of those during
the previous period. After World War II.
there was greater emphasis on dust controls
and levels graduaily were reduced to the
vaiues found during 1961-63.

In contrasting exposures of the pre-1930-
35 period with those of today, the exposures
1o the toial metls reported were greater by
a conscrvotive factor of 270 a2 fiber prepara-
don. and 140 at carding. Although the data
show factors of 70 at weaving, 7 at spin-
ning. and 6 at twisting, these are undoubt.
ediv onite low due to the rross contnina.
tion of ihe general ambient air vhich, in
the past, existed throughout all op aticns
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Grinding of Asbestos for
Laboratory Research

In preparing asbestos for animal dosing
studies, it is often the practice to grind the
larger size fibers to the lower micron range
using equipmnent such as the hamuner will
and the mixer mill. To test the extent to
which metal contamination may occur dur-
ing the breaking down of the asbestos fibers
through laboratory milling. chrvsodle with
a known percentage of designated metals was
reduced in a hammer mill and a ball mill,
made of a chrome stee] allov, and in a mixer
mili made of cemented tungsten carbide with
cobalt as a binder. Tt was found that chry-
sotile, after being ground for ten minutes in
a cemented tungsten carbide mixer mill,
picked up increased cobalt in ratos ranging
from 2 to 4.5 over that in the prcground
asbestos. In the bammer mill, the increase
of chromiumm ranged {rom 3.5 to 4.0 over
the amount present in the preground asbes-
tos. The ball mill showed about the same
relatonship 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 abraszive
action of ashestos on processing equipment
metal may be an unsuspected source of air.
borne metal exposure.

Discussion

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, chrom-
fum and manganese. Limited studies indi-
cate that other metals are also involved.
These metals come {rom minerals and pative
alloys asmociated 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 mvolving arcas in
which additional rescarch is needed. What
other metals are associated with the mining,
milling, and processing of ashestos? In what
precise chemical {orms are these metals pre.
sent and what ix the pattern of exposure 1o
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metals in processing other tvpes of asbestos?
What is the distribution &f thess metals in
the respirable grains and fibers? It is plaus-
ible that the phenomenon observed in as-
bestos textile manufacturing will -also oceur
in other processing of different types of as-
bestos. This being true, the memmls associated
with the asbestos may have a difTerent quali-
wative and quantitative pattern depending on
the type, grade, and source of the ashestos,
the equipment in which it is milled and
processed. and the subsequent treaunent of
the milled fiber.

Also, the qualitative and quantitative pat.
tern of the metals in the airborne dust at
asbestos processing operations mayv vanv sig-
nificantly from the metal content of the
asbestos crude and milled fiber since the
meuals appear closely associated with low
micron size {raction of the pamculaurs and
fibers.

In simulating past procedures of grinding
asbestos for ammal studies, it has been shown
that chrvsotile abrades and incorporates por-
tions of the metal alloy in which it was
ground. These factors of extrancous metal
exposures should be reassessed in terms of
past animal research, especially since much
of the evidence of the carcinogenicity of
ashestos is based on animal rescarch darta.

We need much more information on the
levels of metals in tissues from deceascd
workers known to have had ashestosis, and
also from lung cancer and mesothelioma
cases with and without known exposure 1o
asbestos. Information is ulo nceded on the
levels of metals in the blood and urine of
workers with prolonged heavy and light ex-
posures to asbestos.

The siynificance of the presence of these
metals in past exposures is not clear. It i3
reasonable 10 consider their relationship with
the increased pulmonary and other cancers
observed in asbestos workers 152

In addition to the fact that the nature
and source of the metals associated with air-
borne dust exposurcs in the processing of
asbestos are hnportant with respect to ex.
posure evaluation and contamination con-
trol. Harinmon®® showed that serum elutes
significant quaatitios of inetals from differ-
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ent types of asbestos. The presence of these
metals and other associated materials should
be studied in relation to variadons of chest
rocnigenographic and the health patterns of
workers as obscrved from one group of as.
bestos workers w another.

The specific role of the ashestos fiber, per
s¢, in relation to discase observed in asbestos
workers needs redefining. Although asbestos
fiber was cunsidered in the past to be the
primary ectiologic agent, it may have been
enly an arbitrary index concealing a spece
trum of undefined agents and relationships.
Its role must be reassesscd as a co-factor
acting with other agents.

Summary

Asbestos textile workers processing chry-
sotile were exposed, in the past, to signifi-
cant airborme levels of nickel, chromium.
and manganese. Limited studies indicate
that other metals were also involved. It is
bikely that the phenomenon showm in as.
bestos textile manufacturing is also true in
other asbestos mining, milling and process-
ing operations. The qualitative and quanti-
tative pattern of these airborne metal expos
ures may vary significantly from the metal

- content of the crude asbestos ore and milled

fiber.

The relationship should be investigated
‘between these memal exposures and the in.
creascd pulmonary and other cancer ob-
served in ashestos workers. Other varving
patterns of pathology including altered chest
roentgenograms, pulmonary function tests
and worker health patterns should be con-
sidered in relation to these exposures.

- Sufficient evidence is presented iIn this
study to indicate that the role of metals in
the etiology of discase associated with asbes.
tos inhalation should not be ignored. Tt is
no longer tenable to look onlv for atbestos
fibers or bodies in biological tissue and hy
their presence assume a cause ard effect re-
lationship with the discase.’

Acho\:vledgmonh
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Kinser, Theodore D. Marniin, and Parricia
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