indicate that other metals were also

ship with the disease.

Introduction

T WAS KNOWN around the wrn of the

contury that excessive exposure 1o asbestos
vave rise to a disabling and fatal pnewno-
More recently, a number of in.
. vestizators have related a higher prevalenee
ol pulmemny and other cancer 1o ashestos
wourkers 7 T was gencrally assumed that the
ashestos fiber was the causative agent sinee the
rate of pulmonary cancer was much lugher

PO |

consgs, e

e pensons having ashestosis.”

A further look inte the environmental ex.
(hostres o VO R ,‘\'N“l!\ e
vealed peaenual cxpostres o hazardous ma.
teriais ather than asbestos, not generally ap-
precited  dunng  the earlier  investigations
Also, the latent period of 20 years and longer

fromn stial exposure 1o tw onset of discase

e eIy

| made retrospective assesanent of  pertinent

| expumiive very il his s edpur il

I \ roosl S tore Waordd Wan 1] when

vas tuuch s elTective and hagh,

. WS WETe COT e At 3NN OeTa.

ons | TR T ety mavy have

L ] e .1~|--'\h*s ﬁi-- 1.,

. atu b arormasie ols

| . e asbasten fibers, other s
52

Exposure to Metals in the Manufacture

@ Asbestos textile workers procesing chrysotile were exposed, in to

significant airborne levels of mHWMwl and manganese. Liniited studies

. I

shown in asbestos textile nanufacturing is also true in
and processing operations. Sufficient evidence is presented
that the role of metals in the etiology of disease awociated
should not be ignored. It is no longer tenable to look
bodies in biological tissue and by their presence assume a cause and effect

A\\\Qm 'Q{R'(\{X

—'(33037 -

09810

of Asbestos Textile Products

Lo Jo CRALLEY. R, G KEENAN, and J. R. LYNCH

Oceupational Health Program, Naticaal Center for Urban
and Industrial Health, U 5. Public Health Service,
1014 Broadway. Cineinnati, (thio

other asbestos mining,

ith
only for asbestos fibers

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

kven though it was known in the carly
1900°s that ashestos minerals contained small
amounts of metals,’* no significance  was
uiven 1o their presence. These metals may
exist independently as minerals or native al-
lov mietals associated with the ashestos ore
hody and may form a minor part of the
ervstalline structure of the fiber!™' Har.
imgton.'” i single saple analvses, furthe
attestedd to the presence of these mietals in
three types of ashestos and <peculated on the
meaning of their presence.

The present investigation was undertaken
o define the nature and extent of exposure
o inetals in the manufacture of ashestos tox-
tle praduets. In addition 10 the metals in
the form of minerals associated with the ac
Iwstos fiber, it was realized that a second
source of exposure to metals may be allin
particulates abraded and liberated into i
air during the processing of the asheston
e lave neser iwen studid as petenna)
sorees of cxposure of ashestos workere
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- ‘ S
The average threshold shifts observed on 100, o cr
tests 10 and 11 are shown for cach acdio- ;'.»':-\\'\ -
metvic test frequency in Figure 4. These 90 ,/' N,
dita <how the change i response resuliing ¢ I }
from what appear to be siall differences in 5 o 7 \.
exposure speetra. Note the shifis between 3 ] 1\
the mitial and the recheck measurement at H J s
6000 hertz mentioned above. The exposure 2 -
spectra used for these tests are shown in & z
Figure 5. These spectra were  rechecked ; 0| Vs ses Togt 10

with the B and K equipment at the time the
tests were run.

3
\

/"-'/ S Tant 11
Conclusions

The data derived from this series of tests T ¥ 6 # 1 1 %0
sugeest the following.,  High-frequency noise Prsumnsy iNBensetel
with a sharp low-{requency cut-oll starting Ficune 5. Noise spectra which produced the
around 16 kilohertz appears capable of pro.  shifts shown in Figure 4.
ducing temporarily improved hearing at 4
and 6 kilohertz in some people. When the
low-[requency content of such a system is in.
creased moderately, this enhancenient disap-
pears and temporary loss may be sustained.
Skillerns' presents several spectra which re-
wmble thic seeond cawe. It ie important,
therefore, to extend these studies and to doc-  Referances
snent better the amounts of lower=lrequency 1 Seuams, € P T Respone o Messired Sound
enerre reanired 1 neaduen tempnrars hoar tmihhﬂ-‘m ‘lr';.r.;..,,.. Deviees.  Amer. (nd.
ing loss in the presence of high-lrequeney 2 %""’" "n“ﬁ":’;m "o.ﬂ’.'ud"g:" ::::-;?

3 mpairmen
nose. 1515 11963),
» 3 Waen, W, Dixon. Awsm Guomis, and Diawe L. Sxian

Michaels, Jr., of this laboratory for their as.
sistance with these tests, and to Alfred Lech-
ner of the Du Pont Engincering Deparunent
for help in producing and characterizing the
noise spectra.

* Temporary Theeshold  Shift from  Oet; Band  Now
Acknowledgments Avpictioms 1 Dok Crtern T Henert. T
I am indebted 10 E. F. Falwyka and C. . e L A Receivesd Mas 9. 197

Ringelmann Smoke Chart Re-issued

Increasing interest in smoke control actvities has prompted the Depart-
went of the Interior’s Burcau of Mines to re-issue the Ringelinann Sinoke
Chart and instructions for its use. The chart supplies a long-accepted scale
lor use in comparing the color and density of smoke as an indication of the
amount of unburned carbon in a smoke eolumn. Originated in Franee about
1390, the Ringelmann system has been used extensively for determining com-
hustion cfficicney of coal- and oil-burning furnaces. In 1908 the U. S Gov-
crniment prepared Ringelisann eharts for its engineers and industiiee to use
w tuel estng activities. Since then the char has Been veprinted el tines
e hine with contimuing efforts o promote greater efficieney in the utilization
ol fossil fuels

The Bureau of Mines has designated the re-issued chart and instructions as
Informaiion Cicular 8333, Ringelmann Smoke Chart, Single copics may be
cotwned without charge from Publicatons  Disteibution Section, Burcan of
Mines, 48500 Forbes Avenue, Pittshurgh, Pennssivania 15213, Requests should
spectiy both tale and mumber of the publication.
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TALLE |

. Desipnated Meta ., n ALine smi et
Autieston Fiber by Type und Source of Asovntos?®
N
1y i By ury e Sampley ‘i Ny " Ce * Cu  Nin
Chevmutile Cunudu Fi
Runge 9.01.0.20 0.01-0,12 2 01.0.01 0.0).0.08
Avefuge 0.10 0.04 0.01 094
Median .10 0.01 2.01 094
Alvia [ ]
Nunge ¢l.029 Q.una0.17 0.01 0.01.0.00
Avv e 0.14 0,00 0.0i 0.0
Mediun 0.8 0.09 0.01 .08
Crocieling Alrice k|
Runge 0.01 0.01 0.0 0.01.0.0)
Avernge ‘0.0 0.01 0.01 .02
Median 0.01 0.01 0.0t 0.02
Amosinte Alrica 4
Kunge 001 0.01 ‘0.0t 0. va.1 48
Averuge 001 00 00l 0.79
Merfin 0.01 .01 001 0.77

“Adjusted 1o the nearest 0,017, 0 017, = 100 jig/gm.

The sanpies colleced during the investiga-
o were analvzed quaminatively for desig-
aated metals: atomic absorption speetropha-
tometn was used for the determination of
mckel. chrowiun, cobalt, and manganese,
and emission spectrography lor other metals.
This veport covers only (e prefiminary find-
s un niekel, chirommm, cobalt, and man-
ganese sinee these are known to be Present
as nunerals in wany of the ashestos ores and
W s PRSI e alioys ol processing
couipment. A subsequeny report will be
dtade on the Dol specimim of metals tested.

Metal Content of Milled Fibers

The nickel, chromium. cobalt, and man-
ganese content of mine-milled asbestos fibers
s <hown in Table I. In Canadian chrysotile
the nickel tanged from 001 10 0.207% with
ancaverage of 0107 chrominm <001 1o
DI2% with an average of 0.046 : cobalt
SUOF G and manganese 0.03 10 0.08%% with
an average of 0.04< . The nickel and chrom-
i were around 50 w0 10097 sreater in the
Mican than i the Canadian chrysotile. The
cobalt and nanganese content were  about
the s i clirvsonile fronn both SOuIces

Pl nickel and chronsium content of the
crowidelite and canosite ranged under 0.01¢¢,
fess dhan o temh of thae found in chirvsotile
Fhe cobiadt semained aronsmd the same level,
DO The wanganese  showed
W e pease e crocidolite compared to the
<hrvotile while the amosite showed around

ket

ACL Doc 25517 - Page 3 of 32

a twenvfe'd increase. Additional satiples of
eracidolite and amosite fibers will e anaiyzed
to verily the valucs presented since they are
froir a limited nuiiber of samiples. The spec-
trem of metal exposures is being extended 10
iaclude other metals in different types and
conrces of ashesios

The mineamilled chrysotile was further ex.
amined for major differences in metal con-
tent by erade aned asen of Bhee T daia
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 nickel averaging 0.15 to 0.18¢;:
chromium 0,05 10 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, shewed
nickel and chiromium values i ¥
onc-hall of grades 1. 2, and 7. The metal
comtent of the African filwr was generally
igher than the Canadian fiber for the same
grade. Sinee only linited samples  were
analysed in swome wrades, additional work
necds 10 be done 1o confirm these reported
relationsips,

In the earlier years, the fibers i grades 1
and 2 were only partially opened at the
mines Although the lilwrs of yrade 3 were
opencd more fully ar the mines. the miiling
in the varlier vears was less exacting, se that

Exposure to Metals in the Manufacture of Asbestos Textile Products (1967)
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TABLE 11

Designated Metal in

Mine-milled Samples of

Chrysotile by Grades and Source®

Na

Fibwr Gride Sumples  Suurce = N e e “ s
R A Cannlo Runge 018 0.1 0050 0n oo 0 040 0n
Averuge Q1% 0.0n 0.0
Afriei - - - -
3 /B g 34 < Cunadus  Range 0.13.0.16
Av e tupe 013
5 Alrice Range 0.12.0.29 0,0
Averiye 0.17 0.
Jespinning o Coneds  Runge 0.01.0.06 0.0
Avernge 0.04 0.02
Alrico -
Hewhvinng o 5 Cuninte Ruonge
Avernge
U Africu
Texhorin 2 Cunods  Runge 0.
Avernge 018 Q8
1 Alrics 0.1e 017 0. 0.08

"Adiusted 1o nearest 0.01%. 0.01% = 100 Jix xm.

TABLE [
Comparison of Designated Metal Levels in Minesmilled
Chrysotile from Same Source by Grades According to
Size Fractions

Micrournme of « lement per gram of sumpie

Axbeston Sample Ny

Cr Co Mn

TTF Gmtied 1950) e

A;' l;zu ATy S 8T

uh N 40 103 02

B/AY Utie 1550 3.001.0 1.8% 0
TTF (mutled 1968)

A 1184 238 LU 360

B 1680 And Gn e

naA t.30 s R Pano 1.5:3.0
AT (nualled 1948)

A 103 42 289

o 29 98 627

oA £1.1.0 2.3:1.0 2.2:1.0
AT (millew 1968)

A %8 52 }Cl

8 441 94 18

B/A 6.5:1.0 1.8:1.0 2.1:1.0

“A s wize femciion retwimed hy 200 mesh wieve.

W oam wize fruction pumsed theough 200 mest Ve,

"HOA i e e of the demignated slements cancenirat ions inthese twa

sire lracvone,

the nber carried a great excess of fines. This
Ihely was Giso true of weades 4 and 7. The
e 3 analyaed i this study represents a
b cleaner ailled  filier than et of the
pre-Weonkd War 1 peried,

Since difterent grades of minesmilled ehve
otthe shioss el vontiasting |!5lrn'|'|'llt'|‘t in the

kel and chirosim content, twe grades of
Y s Y ' soiigee lagt Tronn
l:n“l"“- "" AN Vs Yaive ‘l‘:‘;l'-'“'(l i""'

o s Braw nons, over and ander 2000 imesh
and anuvzed foy

vials. Thew daty are saomn i Table “l

(roexuiiatedy T i reps

The metal content of the smaller size fraction
was appreciably greater than that in the larg.
v size fraction for bl erades, Tl vatio of
wetal content of the sualler size fraction of
wrade 10 was waehy greater ihan that in
wrade 7TF with chromivm five to six titnes
greater in the smaller size fraction than in
the Luger size fraction of the eune

sunpile

i fundher eflint o determme the source
of ahe metals i the srineasillud ashestos,
sinitples of elirvsotile ape were fractionated
into diflerent crosseseetional rones, and these
some samiples were then analyzed for metals,

Exposure to Metals in the Manufacture of Asbestos Textile Products (1967)
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TABLE |V
Designated Metal Content of Chrysotile Ore by
Cross-sectional Zone Areas

Microurams of metal

Ore Zone No. Sampies )
Cleaned (b L] High 1420 s0 ELT]
aw r2e - 23 210
Averags L 1ot Je 291
Median 190 9 Je 30
b s ] L] MHigh 1800 1100 78 445
B e 4 o 4
verage
Medien' 140 CL I . 141
Magneyie nrur 3 High 420 270 1" sas
iber) < OMeemirute Law . e 260
Average ] 41
Median 300 10 27 3%
Mugnetie con ' H High Jiso 12830 130 1980
Venrperninny et Low 1100 ‘530 g7 388
Average 22 6528 150 1307
Median 2128 6528 158 1307
Wall rock ( tine) 3 High 2450 2330 110 565
B e Low 240 3 60 330
Aversge 1838 1027 50 463
Medinn 1818 510 69 s10
Rutiv of metel in wall 10:1 27 2 2:1
fOCK 10 cleuned fiber
Wutio of metal in wati LR 3430 41 4:1
'u'ul N|:'I;|;.C'DM'IUVOII
to cleaned ()
—— —— g

These data ("Fabie 1V) show that the nickel
romtent ol the cleaned fiber, fiber encls, and
Sl agnetic concentrate remained faivly
constant. 190 ug to 240 ag/gm. The nickel
Comtent ol the adjoining serpentine  rock

ST pun RN b e nagnene cancentrate
(2120 pu/um, hemvever. were 10 amd 11
times Liglier, respectively. tan thar of (he
Vieaned Bber. The cleaned liber showed a
sedian chomiom content of 19 g/ cone
pared o 510 ug/gm in the adjoining wall
rock sind 6525 ag/un in the wall rock mag.
heue voncentrate, The latier data, however,
e bised ononly o sunples inone of
whh e cliromiin content was extrctoely
gh. The adjoining rock and 1S magnctic
voncentrate had two and four times as much
cobalt as the cleaned fiber, The manganese
Cotent of the wall rock swas two tines Lt

o e dgs THARICHE coneeniate lovr fhnes
sreater than that of the clegned fiher, Adili-
tonal dnformation is beiny obiained on (e
variation un etal content of different B pes

o eboatos eee fronn Sae geowig e ad
dbeas s owell asoon the el cemitent gl
vebptove sl as the one odies changs

Frasgg, L Y MR L I hnewn
b banerals b suglace ores often D e
ditherent characte stics fron those of ares o

deeper levels of the same ore hody.

Data in “Tuble T show that wine-iiied
chrysotile contains an appreciable amount of
nickel, chromium, and manganese. The levels
of cohalr wnew coneltentlc low, Tabics il
L and IV indicate that considerabh. por-
tons of these wetals ane concenmeatedd in the
smaller size fraction of the milled axhestos
and that the wall rock amd magneue con-
ventrate are a major source. It is not known,
however, o what extent metals in the milled
fiber ay have also resulted from the abra-
sive action of the ashestos filer on the metal
allows i the milling equiprment or from dif-
fevent milling procedures, T'he extent to
which the mietals miay be distributed hetween
the respirable size grains or fibers is also un.
known,

Levels and Sources of Airborne
Metal Exposures

In our study of the extent and souree of
metal exposires in ashestos textile nmanutic.
g, an owbestios  westile  sannda Bt ifieg
plant conpesated i e tting e special pest
v i shich the samie hanel of ashuctos filw s
ol Kot ol comtont was followed thronigl,
swcessive stages of ashestos testile  mani.
factine, including fiber preparation, casdine.

IFarora
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150 September-Oetaber, 1967
TABLE V
Levels of Designated Metals in Bulk Cheysotile Fiber and in
Aitborne Dust During Textile Manufacturing with Exhaust Ventilation Off
Metal in Sa. -
e rat | un Sumple = ﬁ. ;. Ev " Co %L
Fiber prepuration
Fun grimding Crude ore ulter opeaing 0.02 0.01 ©0.01 0.04
i Dimting fiber Q.18 0.09 0.01 0.0
lended aral screened (er 0.1¢ 0.0n 0.01 0.0}
Fiberized nabieston 0.10 ﬂ‘:l 0.0 0.0}
Combed filie 0.07 00y ‘00 :.Il
Airioene dust from ¢ ombined 0.6 0.13 .06
liber rnpuuum operstiol
Rutie of metal in airborne . 1000 4300 - 2.0:0.0
' metul in combed fiber
Curding Buik fiber entering carder 0.07 za < .“ 8!
Roving lenving carder 0.08 ? .
Awrhorne dust st carder 0.22 0.17 0.01 .07
Ratio of metal in airborne dust 2710 42000 - 1.3:1.0
to metil in roving
Spanming Roving befure apinning 008 0.04
Yurn from spinier 0.08 0.04
Airborne duni 8l spianer 0.13 o
Ratio of metnl in le:d.0 2 71.0
dust to metal in yern
Twisting Yarn belore 1wisting 0.08 0.04
Twisted yurn 0.09 0.04
Airborne dust at twister 0.12 0.07
Ratio of metal in sirdorne 1.5:1.0 1.71.0
dust 10 metnl in twinted yarn
Weun ing !:.Iln yorn ::: gﬂu
arp yorn .
'o"rptn msbesion 0.14 Q:a
Airhorne dust ot loom 0.l16 0.07
Ratio of metal in sirborne Lo 1200
dust 1o metal in woven sshentos
®Adjusted 1o nearent 0.01%, 0,017 = 100 ug/g
“Filler and warp yarn dilferent batch than the spezial run
spinning,  and st Ventilaion  swae shes v 202 o 0047, cobalt <5.00%.

turned ol during the tests, and operations
were conducted to simulate pron.dnl‘t‘s used
m the 1930's. Samples of bulk fibers were
collected  as thev entered  and  left each
process. At cach process, aithorne dust was
abso collected on membrane fillers by weans
of high volume wr somplers, These daa are
shown in Table V

The specal test bateh was wade up of
approxunately 607 of a commercially milled
fiber of the tvpe presently used in testle
mannlactre blended with 107 pan ground
Noo 2 ervde hiber added v simulate weaving
grades of Gher of the mid-1950's.

Smee a blend of two grades of asbestos
s different tace metal contents was used
il e paetion, b was ingessibide o .
Lo syl trenids e eral comterins ol (e

bawh - oSl Tes s o Ll
The st comtent of tiwe ball
e constant as v passed

Illf'

el ooy
W reraitad g
vhding,  hborisug, coenlbiane

orwrations  of  canding,
antang, kel Q07 (o Q00 ,

TE R

e [T )

and mangancse 0.03¢¢.

The airborne dust from the fiber conbing
operations showed the following ratio in-
ereases of netal contents over that of the
combed and blended fiber: nickel 2.3:1.0.
chrominum 4.3:1 0, cobalt, no dilference, and
manganese 2.0:1.0. Data in Tables II. TI1.
and IV indicate that a major source of the
metale was the fines corned with the milled
fiber. Tt i« pot known to what extent thie
smree may have heen supplemented by the
abrasive action of the chrvsotile on  the
processing equipinent in hiber preparation,

As the chryvsotile passed through the wic-
cessive operations of carding, spinning. and
twisting, the ratios of metals in the aibome
dust o the Tlk Glier were: carding  nicho!
2700, clvominn 0,200, cobalt, no ol .
ence, manganese 230100 spinning — nic ke
16210, chonnm 2.7 10, cobalt, ne differ-
ence, manganese 2.3 1.0 twisting = nicie!
1.5 0.0 ebrosinm 1.7 10, cobalt, ne ditler.
cnice, tanganese 2,0:1.0.

It wae impossible o follow processing «f

U PAN AL
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TauLE V]
Uvsignated Metals in Metal Aljcy of Procesning Equipment®
Peo samanyg Equipme = Ni = Cr * AMn " Co
Pun Grinder
Hattum of pan 0.0 0.01 ] 2,01
Boller 0w oo 04 0.02
Carder
Fininher wire 0.0 0.0 0.6% 0.01
Finistwr lvader wire 0.0y 0.0 0.8 00|
Ievimer wire 0.0: 00! unt v
ARt L cander wire au} 9.0 0.34 0.01
Lusther wpron 0.us 4.60 0.0 ~0.01
Mule spinner
Spinner guide wire 0.0 0.02 0.24 0.01
Ring wp aner
Spannes truve ler 0.0) 0.04 0.51 0.01
Spinner guide 0.0 .27 0.9 0.01
SO L
Urop wire Leddle 0.22 17.00 0.50 0.0

TAdjunted 1o newrest 0.01% 0.01% « 100 fly/g,

TABLE VII
Textile Plants, 1961.63, by Operation

Awrborne Leveis of Designuted Metals in Seven Asbestos

Iluu.gmg 21 slement per cubic meier of asr
Operation Ni Cr Ceo Mn

Fiber preparation
Runge

0.50-1.41 0.10-0,79 0.01.0.28
Average 0.87 0.44 0.10
Median 0.71 0.39 0.09
Speciul run :6.00 20.50 1.19
‘vendidation off)
Curding
Hunge 0.69.8.8 0.44.1.87 “0.01.0.37
Average .99 1.18 0 1A
Median seid s 0.09
Speciai run 13.60 18.00 1.08
‘ventiiation off)
Spinning
Range 1.18.7.17 0.60-4.29 0.07-1.10
Averuge 3 I AR 8.3
$actiz .ud 141 0.12
Specin’ run 1.2 0.8 0.07
Taisting
Range 1.02.39.0 0.35.1.00 0.02-0.81
Average 8.14 0.97 3 0.22
Median 1.54 0.50 0.10
Speciu! run 1.66 2.3 0.ie
. ventuation off)
caving
Range 0.01.4.20 0.04.1,78 ~0.01.0.17
Averagy 0,72 0.38 0.08
Mediun 0.01 0.13 0.03
Special run 1.74 1.21 0.08

ventiiation off)

<0.01-0,70
i
10.30

“0.01.1.28
8.5

HeH
-

\0.2!-1.‘7

1
1.89

1001137
'

e baech of asbestos throogh weas ing and that this constituted one souiree of the
vuuse of the wiear mnmunt of asbestos res metals i e aithome dust. However, sinee
aed B this opration, A wparate dest the percentage of metals in e ik e
owed vation wcreass ol el i e At salsedgen [Hovessing stages renganed
e st cr the wonven sbests of 1L1:1.0 fairly constant and the ratio of netals in the
nickel, 12140 for o b, no change  airborne dust to bulk ashestos at carding was
vobals and 2.0: 1.0 fo mangancee. Tt was  coual 10 that at fibwer Preparation, i s ap.

el Bowvever, e Lk dust was pwoedueed  ccoent that a suppletnentany e
s ot durimg tine st e iod amel  oilaited imetais 1o the an
CPeRaten s e lave sepitesesined We andied the abrmsive action ol the as.
Vi drtie the gpds 1VUYS bestom ot Oy rqni!nm'nl JE 0 o
s b t oviined svivase of gl e by wsting for designated nepals
J anvs i the b clinventile Dty e i s ative mwetal pasts of the Processing
o o Wi bdvraditg anil condaine st copiprnent having harsh contaet

N o n
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TAULE VIII '
Estirated Past Levels versus Current Levels of Designatcd Metals in !
Airtborne Dust in Asbewstos Textile Plants by Operations

Microgrivms of »lement per o ubic meter of air Toral
Ni Cr Co Mn Metals
Fiber pre
pre 19 2100 180.0 2,0 80.0 160.0 .
1938.48 100.0 80.0 a8 0.0 23010 !
current v ered) 087 044 0. 0.11 1.7
“orefos0.1s 110.0 2400 1%.0 120.0 20.0 i
193848 1000 139.0 79 80.0 180.0 '
. current (average) 3.0 1.1 0.16 o 82 . ‘--
Pore 1930.38 10.0 1.0 1.0 .0 18 |
93545 19.0 7.0 1.0 a0 23.
=t current (sverage) 13 1.7 0.36 1.0 6.2
1
“ore 1830.38 9.0 17.0 1o 15.0 62.0
1935.45 7.0 4.0 - 4.0 15.0
cyurrent (averuge) 8.1 0.97 0.2% 1.1 10.5 \
Weuvin . '
pre 1930.18 2.0 16.0 .0 20.0 110.0
1935.43 17.0 129 (0 7.0 310
current (averoge) 0.72 a8 .08 03¢ 1.5
ashestos. These data are shown in Table VIL "I'he average airborne levels for nickel in 2
Pl presence of these metals in the alloy of - the seven textile plants combined ranged
the processing  equipment and  the plant  from 0.72 pg/m* at weaving to 8.14 jg/m*
maintenance experience of frequent replace-  at twisting. The maximum values, however, .
juent of equipment parts having immediate runged from 1.41 jug/m? at fiber preparation l
contact with asbestos indicate that the abras-  to 39.0 ug/m® at twisting. Average values .
ive action of ashestos on the equipment is 2 for chromiumn ranged [from 0.38 w0 1.66 i
supplementary source of airborne el ex-  pg/i’ with maximums from 0.79 «© 420 . ‘
posure. This is further substantiated in that ug/m*. Both average and maximum values \
e fines from under the processing equip-  for cobalt were under 1.1 ng/m’. Average s
et nad an appiaciably greaier metal o valuen e g wanged fram 227 o B ‘
tent than e bulk chrysotile being processed  1.05 pg/in® with maximums of 0.70 to 2.47 d
through the cquipment, pg/m. The increase N maximum  ever :n
average values largely represented differences .
Prasent and Past Levels of Airborne Metals in the dust control programs, housckeeping, L
y " . and aintenance between the  dill
Airborne fevels of designated metals in . : aies th
: p plants as well as operating practices and the :
wven asbestos textile plants, 1961-65, are e p
S nature of the product being manufactured at
diown by operations in Table VIL The low i ok A Ve
. - ) the time of the study.  Additional sampling
feveds of metals i the aie and e lage an : 7 th
' ; : will be done to supplement these data and ;
o volimes required made 10 necessary " . oy
; ‘ further define corrent exposures 1o metals in |
o ose statonany fugh volome sunpling eguipe h
; the manulacture of ashestos texule produets,
went, Phese samiplers wene placed near a o )
poiber of operating units ane in the e It is iinportant to note .ﬂ“' sharp increase nr
pediate cicinity ol the worker sooas 1o he in metal content of the .‘lllhnrm-. fl"“ u-lwn o
epresentative ol the workes's exposures, For the """“l'i“"'“ was turned oll !ahlf- ARt at
comparative sformaton, the aithorme metal  shows estimated h‘\o:l\ ol metals in allhl’ll'“(’ re
comcentntions of the special west e are albse dust of ashesos "'*!‘l" plants. by aperations, W
dionen Abiongh the data presented in Table during dilferent periods of time, wi
VI represent Jamied  camples in tha all Past exposures were estimated as follows:
wpes af proscssingg, inchuding ditTerent grades Total dust concentrations were determined d
vl Dlends of ashwstos, are ot covered, it is at each operation of the special test run with b
e ol i they represent tealistic exposure the inpinger-lieht Gcld dust counting tech- mr
wvels Supplemental dataon this will be - mgue Ratios of dust levels were estimated N
oorted later, by contrasting concentrations at designated Car
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TABLE IX
Levels of Degipnated Metals in Mine Milled Chrysotile Before and After Laboratory Grinding

Ihuo.nn\- utmetnl per yoenm of chrynotile

Lor ey o N (X Co Miy
L TR e i ndes) Suomnien
s urbade unine Culadt ue b lander)
Gramting 10 minutes Sample nj* Ans 197 3 iT0
(Lie 360 193 71 100
(e)* - - .00 -
Germtang 10 miniuies Sumpie 2 ) (311 170 4? si10
M S8 16% 28 410
(e} - - “80.0 0.8:1.0
Grunling 10 minuies Sumple 3 (w) 1670 1480 5 428
) 1800 1500 13 108
(e) - - 11,0 -
o e il iclwome sieel)
Kecycle Grinding (continuour) Sumple | ::; :: lgg 12
e 1.":1.0 4.0:1.0 1.8:1.0
Geinding 10 hours Sample 2 (0] 630 170 a7
. (ni 880 390 38
e - 358:1.0 0a1.0
Oail mill (chrome sieel)
Grinding 8 hours Sumpie | ::E Ig
(e 0.8:1.0
*l(e) Before grinding. (b) Alter grinding. (¢) Ratios of metsl in g lo pregr hey

opeations ol the wst run with concentra-
tons peported in past swudies at the same
operations. The metal concentrauons found
in the anrborne dusts during the test mins
v licd Ly these ratios to predict
past exposures 1o metals. [t is realized that
this procedure lor estimanng past exposure

SR R '-. it v tuledist ol
Jdust counts 1o mass values is quite variable
and the infonuaton 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
arocessing equipment rose sharply when the
sentifation was wimed off, it s impartant
hat estiaton e uade of past bwvels of
sposures 1o netal during the periods when
ust control was lacking or less effective

Data e Table VUL show that a rather
aden vt esisted between the airborne
Al ol mckel, clivomium, and manganese
voditferent operations with chiromiuny rep-
csenting 0 o 806 and manganese 40 1o
00 ot whie kel values . exposure 1o cobal
as el

B whe ot the grearest levels of arhorne
U vecnngid o curding and hibey preparas
o dediowed oo weaving, twoasting amd spanie
ne. In othe ree 193055 period, levels of
conservaineh ectipated,

wiing, o s P g e fos sicked, 350

pg/m* for chromium, and 120 ug/m? for
manganese: fiber preparation: 210 pg/m’

for nickel, 160 pe/m? for chromium, and 80

ng/m* for manganese. The values for cor-
tespolding  Hiclal  exposures  at  weaving,
twisting, and spinning were considerably
lower. The massive dust during the earlier
deals gk Dbt preparsiion and carding ale
known to have contaminated the ambient
air at subsequent operations so that the
predicted values at spinning, (wisting, and
weaving are somewhat low.

The values for mctals in airborne dust for
the period 1935-43, during which dust con-
ol programs were generally initiated, were
estimated at around 307¢ of those during
the previous period. After World War II,
there was greater emphasis on dust controls
anddevels giadually were reduced 10 the
values found during 1961-65

In conuasting exposures of the pre-1930.
35 period with these of today, the exposires
o the total metals reported were greater by
A commervative Gactor of 270000 filwr prepuira-
tion, aned IO a0 cardme. Nlthongh the danta
show  factors of 7O at weasvimg, 7 at spin.
ning, and 6 at twisting, tnese are undoubis
ediy quite Jow due to the gross contamina-
uen of the general ambient air which, in
the past, existed thronghout all operations.

LR Pt )
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foat
Grinding of Asbestos for
Labaratory Research

anttial dosing
o gond the

b et asinston o

Hes, das ol tln ot L

oSt it s e e s e i ron range
harmer null

the extemt 1o

e wpprovnd sichoay tin

el the oser ol T test
whine b pinctal fontataation may occur dre
mg the brcaking down of the ashestos libers
tirouel Liboratory milling, chrvsotile with
@ hnown pereentage of designated metals was
veduaced in o Baonmmer mill and a ball mill.
e of o clome sweel alloy, and ina mixer
b ade of cenwnted tigsten carbide with
cobdt oo binder. It was found that chry-
sotile, after being ground {or ten minutes in
A cemented tunesten cobide mixer mill,
piched up increased cobalt in ratios ranging
frove 2 5 over that in the preground
I the hassmer nll, the increase
ol clivomimn ranged from 35 to 4.0 over
e anount present i the pregronnd  ashes.
s The ball aull showed about the same
relationsbip with increases of 1.3 for nickel
andd U Jur dduvmium wver e Preground
chrvsotile. Tt s apparent that the ashestos
abraded the metal i which it was ground.
PE dippras i ptetidae it the abrasive
action o ashestos on processing equipment
fwtal iy e an onsuspected souree of air-
wbal exposire

anhieston

Dt

Discussion

The dara presented show that workers in
the whestos textile manufactunng industry,
uothe past were exposed 1o anhorne dust
contatne signibeant levels of nickel, chrom-
i and anganese.  Linsited  studies indi-

cate that other mictals are also  involved.

These victale come from nunerals and native -

aldovs asocuted with the asbestos mineral
Bonly e frome the abrasive acuon of  the
ashunros fiber on netal componems of the
processing cquipment and  raise s number
ol mporat questions ivolving areas in
whni addiional research is needed. Whin
other wetals are avsochined with the mining,
!Hl“m',' .und jarew essing nf .x.\lw\lln_’ ln \\‘nai
preene chivieal forms are these metals jpre.
sent and what « the pattern of CXPOSHIT o

Neptamb vt taber, 167

ekl i procesing other tvpes of asbestos?
What is the distribution of these tictale in
the respirable ==~ and fibers? Ty s phais
ible that dhe phenomonon ehsers od moase
bustos texnih Banulactuning will also ocem
nothes processing of different types of s
Bestos This being tre, the wetals Ao e
with the ashestos may have a different CURIE
e amd quantitative pattern depending on
the type, grade, and source of the ashestos,
the cquipment in which it is milled and
processed. and the subscquent treatinent of
the willid fiber,

Also. the qualitative and quantitative Pt
tern of the metals in the airborne dust at
asbestos processing operations mav vary sig-
nificantly from the metal content of e
asbestos crude and milled fiber since the
metals appear closely associated  with  Jow
micron size {raction of the particulates and
fibers.

Ta simolating past procedures of grinding
asbestos for animal studics, it has been shown
that chevsatile abrades and mcorporates por-
tons of the il ailoy in wiich gt was
ground. These factors of extraneous metal
exposures should be reassessed in terms of
% aniial suseieh, eapediatiy since much
of the evidence of the carcinogenicity  of
ashestos is hased on animal research o,

We need much wore information on e
levels of metals in tissues from  decensed
workers known 1o have had ashesiosis, wnd
also from lung cancer and mesothelioma
cases with and without known exposure to
ashestos. Information is also necded an (e
levels of metals i the bl and vrine of
workess with prolonged leavy and light ex.
posies (o ashesios,

The sigmificance of the presence of these
metals i past exposiies is not clear, Ty s
reasoniable (o consider their relationship wih
the increased pulmonary and other cancers
observed in ashestos workers, ' %

In addition to the faer that the nature
and source of the metals associated with aje.
borne dust exposires in the processing of
ashestos are imporant with respect o ex.
posire evaluation and  contatination con-
wol. Harington® showed that serum elutes
significant quantities of metals from differ.
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ent tvpes ol ashestos. The presence of these
o tals and other assoctitod mterials shiould
b studied mmoelation to vartations of chwest

wreetioet oo el the fe Partterns of
sty as olsetved fro one groul: of ase
hestos warkers 1o another .

The specihe role of the ashestas fiber, per
oo rekation o disease wisersed e ashiestos
workers mecds redelmimg Althovgl asbestos
liber was considered in the past w0 be the
prinny etiologie agent, it omay have been
only an arhitrary index concealing a spec-
v ol undelined agents and relatonships.
[tx vode tiomst e veassessedd s nb-f.’n'lm

acting with other agents

Summary

Ashiestos testile workers processing chry-
sotthe wepe l‘\ll!l\t‘(', in the past, o !ig’hiﬁ-
cant anthorne Jevels of nickel, chromimmn,
and manganese Limated  studies  indieate
thit other mictals were also involved. It is
likely that the phenomnenon shown in as.
Deestos tevtile manafactneine ic alen tene in
other ashesios ining, milling and  process.
e operations. The gqualitative and guanti-
et et ol theese airbrrie et ] v ies.
wres ay vary significantiy from the metal
content of the crude asbestos ore and milled
fikwer.

e relationship should be  investigated
Between these metal exposures and the in-
creased pulmonary and  other  cancer ob-
served in o asbestos workers.  Other varying
patterns of pathology including altered chest
roentgenognams,  pulmonary function tests
and worker Diealth paterns should be con-
sicdered i relation o these exposires,

Sufficient evidence is presented in this
study to indicate thai the role of metals in
the ctiology of disease associated with ashes.
o mdalation should not be ienored. Tt ds
no Jonger tenable 1o Jook only for ashestos
hiological dsue and by
il Presenee assutne 4 catise and elleer re.

Lhers or bodies
latonsiip with the disease
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. Exposure to Metals 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 exposed, 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 manufacturing 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 inhalation
should not be ignored. It is no longer tenable to look only for asbestos fibers
or bodies in biological tissuc and by their prescnce assumc a cause and cllect

relationship with the disease,

»1’, S, Department ol Health, Education, and Wellare
Public Heulth Scrvice

Bureau 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 Mcuuls in the Manufacture of Asbestos Textile Products

TvGIEG

Lewis J, Cralley, Ph,D,, Robert G. Koenan,
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 asbestosis (9,10,11),

A further look into the environmental exposures of workers processing
asbestos revealed potential exposures to hazardous materials other than
asbestos, not generally appreciated during uie earlier 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, pitwch, oils, and metals), tobacco

smoke, comimunity air pellutants, or some coinbination of these factors,

"U, S. Department of Health, Education, and Welfare
Puilic Heulth Service

burenu of Disease Prevention and Environmental Control
Nationad Center for Urban and Induserial Health
Cecupationad 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 signilicance 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. 1
The present investigation was undertaken to define the nature and extent W

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

" addition to the metals in the form of minerals associated with the asbestos -~

fiber, it was realized that a second source of exposure to metals may be alloy Ter

‘| particulates abraded and liberated into the air during the processing of the dec
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 limgs,

F for designated metals; atomic absorption spectrophotometry was used ‘or the t0 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‘"“"ea
processing equipment. A subsequent report will be made on the full spectrum Dhiray

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 I, 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 szme in chrysotile from both sources.

The nickel and chromium content of the crocidolite and amosite ranged

! i
undex -0, 01%; over a tenfold decrease of that found iff chirysotile, 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

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

|

|

|

; arouad a twentyfold increase, Additional samples of crocidolite and amosite
|

|

|

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 [or major differences in
metal content by grade and source of fiber. These data are given in Table IL
The pereent 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 6, 01%; and manganese 0, 03 to 0, 057,
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Grade 3, however, showed a marked differancc 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 limitad samples were analyzed in some grades,

additional work needs to be done to confirm these rcported relationships,
In the e.rlier 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 clesner 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 separated into two
size fractions, over and under 200 mesh (approximately 7+ microns) and
analyzed for metals, These data are shown in Table III, 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

B Y . C]
.‘ - p . " . > |
"-""""'b ' g 128
PR LW, s B e L e e L emees e e e S

Exposure to Metals in the Manufacture of Asbestos Textile Products (1967) Published by AsbestosClaims.Law
ACL Doc 25517 - Page 17 of 32 asbestosclaims.law/library/25517/17


https://asbestosclaims.law/library/25517/17

B

{raetion of grade 47T was much greater than that in g o o 7TF with chromium
3 1o 6 times greater in the smaller size fraction than in the larger 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-
scectiond zones, and these zone samples were then unalyzed 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/z. The
nickel content of the adjoining serpentine rock (1815 pe/%) 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
conbent of 19 pg/g compared Lo 510 pg/y In the adjoiaing wall rock and 05
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
(iber. Additional information is being obtained on the variation in metal content
of different types of asbestos ore from separate geozraphical areas as well as
on the metd content and relative solubility as the orz lLodics change from surface
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 chrysolile contains an appreciable
amount of nickel, chromijum, and manganese. The levels of cobalt were |
consistently low, Tables II, IOI, 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 different 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 'n;o‘t@nl-o;pdl.uul in asbestos textile
tiauulaciurlog, an asbuslos textile manwiucturing piant cooperated in letm;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, Samples 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 test batch was made up of approximately 60 percent of «

commerciully milled tiber of the type presently used in textile manufacture
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grades of fiber of the mid-1930ts,

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 ashestos previous to fiberizing and combing,
The inetal content of the hulk fiber remained fairly constant as it passed from

Dlending, tiberizing mul combing through suceessiv: aperations of carding,

"
twisting, and spiuning, nickel 0. 07 to 0. 09 percent, chromium 0. G3 to 0, 04
percent, cobalt €0, 01 percent, and manganes¢ 0, 03 percent.

The airborne dust from the fiber combinz operations showed the following
~ ~ ratio increases of metal contents over that of the combed and blended fiber:
ndckel 2,51, 0, clowomidin 4, 5:1, G, cobuli, no dificrence, and manganese 2, v: i, v,
Data in Tables II, L1, 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, chromivm 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,

coludt, 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
metals in the bulk ‘chryiodle 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

eouipment, 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 supplomentary source of
i airborne metal exposwre, 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 Airbornc Levels of Metals in Asbestos Textile Manufacturing

Airborne levels of designated metals in seven ashestos textile plants,

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

e ——

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 vieinity of the worker so as . mem

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

T

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 scven 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 ug/m3 at fiber preparation to 39.0 pg/m3 at

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

Jeelve

cobalt were under 1.1 pg/m2, Average values for manganese ranged from

033 to 1. 05 pg/m3 with maximums of 0,70 to 2, 47 jg/m®, The increase in
maximum over average values largely represented differences in the dust

control programs, housckeeping, and maintenance belween the differcnt plants

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

at the time of the study, Additional sampling will Le done to supplement these
data and further definc current exposures 1o metals in the manufacture of asbestos
textile products.

L}

It is important to note the sharp increase in metal content of the airborne

dust when the ventilation was turned off,

Table VIII shows estimated levels of metals in airborne dust of asbestos
textile plants, by operations, during different periods of time.

Past exposures were estimated us follows: Total dust concentrations
werc 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 dusts curing the test runs were multiplied
Ly these ratios t¢ prediet past expogurces o metals, [t is realized that this

procedure for estimating past exposure has muny limitations, since the relaton

Exposure to Metals in the Manufacture of Asbestos Textile Products (1967)

ACL Doc 25517 - Page 23 of 32

=,|r' ’ - '
P e - «

- —_— * e
: 3 o s . A e ape, Al e }ﬁ‘:"'.l'v:

iy LT .

Published by AsbestosClaims.Law
asbestosclaims.law/library/25517/23


https://asbestosclaims.law/library/25517/23

=13 =

1SGTVO

ol dust counts to mass values is quite variable an) v information on respirable
mass of past 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 wt!
chromium representing 70 to 807 and manganese 40 to 507 of the nickel
vidues; exposure to ~obalt was.minimal,. . . . - ——- “

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: 320 pg/m3 for nickel, 250 pug/m3 for chromium, and

120 pg/m3 for manganese; fiber preparation: 210 pg/m? for nickel, 160 pg/m3d
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 atr ot subgequent 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 1945=45, during
which dust control programs were generally in! {ited, were estimated at
around 507 of those during the previous period, After “World War II, there
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
factor 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 thc 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 cohalt as a binder, It

was found that chrysoule, alter being groum! Jor ten minutes in a cemented

tungsten carbide mixer mill, picked uvp inerecased cobalt in ratios ranging from
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2 to 4,5 over that in the preground arhestos, 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
L. 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
needed. What other metals are associated with the mining, milling, and
processing of asbestos? In what precise chemical forms arc these metals
present and what is the pattern of exposure to metals in processing other types
ol ushestos? What is the distribution of these metals in the respirable grains

el flibers? It is plausible that the phenomenon ohscrved in ashestos textile

adl

vanulneturing will also occur in other proeessing of diiferent tipes of asbestos,
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This being true, the metals assoclated with the ashestos 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 mactal
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 incorporates the metal allovin = _ _

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 hased on animal research data,

; We need much more information on the levels of metals in tissues 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 relationship vith the increased
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pulmonitry and other cancers observed in asbestos workers (16, 17, 18, 19,
20, 21, 22).

In addition to the fact that the nature and »ource of the metals associated
with airborne dust exposures in the processing of asbestos are important with
respeet 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 rountgenographic and wo kker
health patterns as observed from one group of asbustos workers to another,

_  _. _ _Thespecific role of the_asbestos fiber, perse, 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 2 co-factor acting with other agents.

Summary
Asbestos textile workers processing chrysotile were exposed, in the
past, to significant airborne levels of nickel, chromium, and manganese.
Limited studics indicate that other metals were alio involved, It is likely that
the phenomenon shown in ashestos textile manuincluring ig also true in other
cLestos mining, milling 2nd processing operations, The qualitative and
guantitative pattern of these airborne metal expusurcs muy vary significantly

v the metal content of the crude asbestos ove 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
pot be ignored. It is no longer tenable to look only for asbestos fibers or i
bodies in biological tissue and by their presence assume a éauae and effect

relationship wifh the disease,™
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