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Electromotive Phenomenon in Metal and Mineral

Particulate Exposures: Relevance to Exposure
to Asbestos and Occurrence of Cancer

]
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Exposures 1o metallic particulates, budisidually sud in alloyy, ulong with mincral
particulates may pive rise lo un clecttometive phonomenon wherein high levels of
biolegically active cativms are produced at lucalised thauc sl The relative puonitva
of the nvelved wmetals i the clectromotive wrics wleug with Uwe nature of the
amociated mictals and other mineraks will intlucuce the nature and cuncoutration of
the cations This phenemcnon may account for etherwise uncxplaiscd exacerbations
of dincascs, scmilization reactions, carcinogenicity, latcucy periods, and other respouscs.
The poiential rele of this plicnoticnen o exposure 19 mctals in asbesive is recogmised,

and supporting data are presenied.

Introduction

ITTLE ATTENTION has been given

10 the biologic effects of cxposures to
metal particulates other than to their direct
acute and chironic toxicity. Although in-
creased attention is being given to the
cffccts of metal cations on proteing and cn-
eymes in the study of mechanisms of bio
logic response and injury, these scldom
relute 10 the potential influence of metal
particulates on the biologic response to
multiple minerals and metals through con-
current or sparate and intermittent ex-
posurcs.

The clectromotive propertics of medaly
are well established. Mewalhs guing into solu-
tion undcryo reaction whercin inctal cations
are formed and clectrons are releassd. If an
clectrolyte of a meaal lower in the clectro-
motive seriey is present, the rcleased elec
wrons will migrate o the metal cations of
this clectrolyte, causing their change to an
clemental and un-ionized metal. As an ex-

® Prownied st Asbual Mecting, Amerien lndusiriel
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ample, the interaciion of mctal mangancse
on a nickel compound may be depicied:

Nit+ + Mn® — Ni® 4+ Ma++

The same phenumenon may relate w0 the
interaction of two dissimilar metals. The
degree of reactivity will depend on the dif-
ferences in the potentials of the metals, sur-
fuce arcas of the particulates, nature of the
solutes, ete. The phenomenon will continue
until the more active metals have dissolved,
Gencrally, the greater the difference in clec
trode potential bewween the two metals, the
more active is the diaplacement reaction.
"Table 1 lists a number of metals, in descend-
ing order, in the clectrochemical (clectro-
maotive) series, their reactions, and their
standard reduction values. Although the
metaly lower in the clectrontotive series and
their compounds will have a tendency 10 go
into swlution and ionize, the concentration
of cations from this source will be decreased
by the reaction on them of elecurons from
the nore active metals continuing to go into
wlution, The binmediate effect will be in
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creased levels of cations of thie higher met
als. The lesser reactive metals will subae-
quently go into solution and form cations
as the electromotive influence of higher
metals decreases. The concentration of cat-
ions during any phase of the interiction
will depend on the dynamics of the system
including the electrode potentiuls of spcuﬁc
metals involved and of the mineraly in the
electrolyte. This electromotive phenomenon
may thus effect a change in the concentra-
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tion of the several dissolved me:als and
minerals as well as the concentration of
metal cations at any one period in time,

A schiema depicting the influence of the
clectromotive phenomenon on the interac.
tions of metals and minerals and their bio-
chemical activity is presented in Figure 1.
A hypothesis is developed with supporting
data reliting the biological activity associ-
ated with asbastos fibers 1o the electromo-
tive interaction of the metals and minerals
prowent, Relevance of this phenomenon o
other expusures o metals and minerals i
discussed.

Metals Associated with Asbestos Fibens

Scveral investigations have shown that
bivlogically active metals and minerals are
assuciated with asbestos fibers. The minerals
and metals are derived both from the min-
eralogy in the furmation of the filers and
frum the abrasive action of the fibers on the
alloy metals of the equipment in which they

are processed.'-? ‘T'hesc are primarily the '~

metabs and compounds of nickel, chiromium,

Metals —— Cations 4 &muw- + Anioms Metals

K.
M, Zn, Cr, Co, Fe, Ni

Oxidation reaction; valence
chaw,
Incicased metal solubility
Localind cation tissue floading
it
hricass! concentration of
mutal catioms
Altered serum protein
Alteral cell enrymes
Shint in serum amd cell
metal balance

Souncen Metal, alloy particu-
lates in body tisaws
trom gdustrial, com-
sty aud penonal
habit activitien; imctals
highet in the cketio-
ML e Wi Tedcting
on metal cations lower
i the wtien

Fieemk 1, Shema:

(X'
Mu, Zn, Cr, Co, Fe, Ni

Reducation rracllon. valetice
chauge '

!ucrr:ml mincral solubility

Temporary nxtuction of metal
catioms kower in clectromotive
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Sources: Mineral particulates in
body tissucr frum en-
virohmental exposures;
unnerals in stabilized
form in budy tisues;
metals present in serum
and cell electrolstes
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/n, Cr, Fe, Co, Ni

Shift of metsbs in minerals from
combined to elemental state

Concentration of clemental
metals lower in the
cluctromotive wrivs on
asvociated particulates

Substyjuent tosue Hlooding effect
of cationm of metals suppressed
from sulution by thoe higher
in clectunotive swevies

Sources: “I'ruinsformation of
metals in mincrabs and
clectinlvtes fium com.
hinw! 0 clemental
alate

Eletromotive phesomenon amd Liachentical activity of metals and minwaals.
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mangancse, and iron, though a numbar of
others such s vanadium, zine, cobalt, and
cupper are presest in smaller and lew uni
form amounts.,

The biologic rle of these metals and
wincrals in whotos exposune iy cunlused,
sive any dowerspose Tactor extrapolated
from past research is obscure, "Fhe amounts
and solubility in serum of these wietals and
their comnpounds vary widely {rom one type
of asbestus 1o anather and within the sane
tupe of asbestosd® Yet, it is known that
sonie wtab¥1¢ assaciated with  asbestos
have carcinogenic  propertias, and  cvi
dence! 1 judicates a dose-reaponsc relation
for some (ypes of asberios 10 buth fibrosis
amd carcinogenicity; that is, a Jowering of
wourker exposure to thic asbestos results in a
correapackling Jowering of associated asbes
tosis aml cancer. Mot of the past revearch
on 2sbsctos, however, has not been davigned
1o relate to the associated biologically active
metals and minerals present, and no ratio-
nale or model has been presented upon
which to design such rescarch so that the
data would relate 10 worker exposure. The
hypothesis presented could account for the
differing biological res observed in
past epidemiologic and animal research on
asbestos exposure.

Hypothesis .

The biologic response of asbestos is gov-
erned appreciably by the metat and mineral
contaminants associated with the inhaled
fiber in*~rreacting in body fluics at tissue
sites. The metals and minerals asociated
with the fibers set up an electromotive reac-
tion whercby cations of biologically active
metals are formed and becomie available 10
react with ccli engymes and scrum proteins.
A threecomponent system is involved: (1)
asbestos fibens, (2) minerals associated with
the fibers during their fonnation, and (%)
metallic alloys associated with the fibers
during their [ormation or arising from the
abrasive action of the ashestos oa the alloy
processing equipment,

In Use lungs or oclicr tissue sites 0 which
the fiber may wandocate, the amociated
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mincraby 3o into solution in the serun o
clectrolyies and inte iunic cquililuium, In
the alactce of significant wnounts of cle-
weatal mctady higher in ahie eleciranative
scries, st b as manganese, the winerals con-
tining nickel, chramium, colilt, e, will
jo o sbution and into an jonic cquilib-
rium between the mineral malecules and
their cativn=anion componcnin. The cone
contration of such metal cations will de-
jend on the nawre and amount of the
uinerals present, their surface arca, solubil
ity, ete. The metal cations will be competi-
tive, depending oa their relative reactivity
and their athnity for bisnolecular matarials
proseut. .

‘The presence of reactive metals in the mi-
licu of thie usbestos fibery, however, wil have
a profound influence o thie coneniration
of cations from the dissolved mincrals and
other metals lower in the eleciromntive
series that may be awociated with the as
bestos, “These metals include, in descending
order of activity, manganae, chromium,
iron, and nickel, though other wetals such
as zinc and vanadium, whicli are also con-
tinwd in processing alloys, way albso be in-
volved. The metah {from the alloy partic
ulates or other sources which are associated
with the fibers sct up a myriad of miniature
galvaaic clearolytic cells. Through the en-
suing oxidation action, the metals from the,

alloy particulates dissolve, but the cations -
of the lewser active meials are precipitated-

ou the more active wmetal particulate sur-
faces and thus are prevented from reacting
with the biomolecular materials preseat.
The lesser reactive metal cations will von-
tinue to he converted to the clanenial met-
als and precipitated and concentrated on
the fibers and associated particulates until
the inlluence of the more reactive metals
has cewsed, Thus the mvials manganewe,
zinc, chromium, iron, cobalt, and uickel, in
descending order, on going inta solution
and through electron transfer, will alfcct a
change in the cations derived from the met-
als lower in the series and their mincrab,
tratsforming them into an elemental state
with subdued solubility, Thae laser reac
tive metals remaining at the tissue sites will
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sulsequently go into solution, and the
cations will exist at higher cuncentration
levels than when they were present and in
ionic equilibrium as mineral clectrolytes,
The galvanic action will guvern the solubil
ity of the metal and minvraly, increase the
concentration of metal catioms near the
fiber, and ser up a localiced fluading cffect
on a serial Lasis, “This phenomenon will ac
curdingly increase appreciably both the resi
dence time and the relcive Livlogic re
sponse of metals such as nickel. Asbeatos
fiber will behave differently biologically
according to the milicu of metals and min-
crals asociated with the fiben, Mistures of
ditferent typay of ashestos tnay have biologi-
tal raponses quite different from those of
any of the individual types alone. Since the
asbestos fiber may translocate wnd become
fixed in a tissue, the potential for the cat-
ians to build up prolonged and high local-
ized concentrations and to react with
enzymes and proteins js greatly enhanced.
The following data are presented 1o sup-
port the above hyporliesis.

Data Supporting Hypothesis

Epidemiologic data on the prevalence of
cancer in workens cxposed to specific and
predominantly single types of ashestos in
which some metal exposurc parameters arc
known reluie predominuntdy to the mining
and milling of chrywsotile in Canacda, Italy,
andd Cyprus; to the chrysotile textile indus.
try in England, Ialy, amd the United States;
and to the mining and milling of crocidolite
in the Transvaal and Neorth Cape regions of
South Africa. In the studies from which the
data are drawn, the author had the priv.
ilege of sccuring samples of the related as-
bestos for determining gnetul analyses on
the respirable fraction not only of the
mifled asbxstos but abvo of the unopened
fiber, material from the ddjacent zones of
contact, and country rock, A major problem
in evaluating past exposures iy the lack of
definitive data on the magnitude of these
exposures uud the composition of the alloy
in the processing equipment in the 1930°s
and carlier, ay a 25- 10 30-year laiency
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period is involved. It is known that past
dust exposures have been heavy and that
equipment replacement in the industiy was
more frequent than at the prewnt tme.
Present data on exposure to metals and
wminerals in the asbestos industey are impor-
tang, though, sinte they will give wane
paraneters on whidh to base past exposures.

McDonald et ¢l in a study of chirvsutile
mine and mill workers in Quelee reported
a threefold difference in respiratory cancer
between workens yaximally amd minimally
exposed. Vigliani™ in o study of worken
mining and milling chrysaotile in ftaly re.
ported in preliminary data that 3042 of the
worken who died bl cancer of the hung.
Gilson®! in an invetigation of chrysotile
mine and mill worken in Cyprus, where the
work farce was stabile and fiaedd worked for
many years in the mine and in which the
only exposure to asbestas was chrysotile, re-
ported that available medical evidence indi-
cated that the incideme of revpiratory
discase of any type reluted to exposure to
ashestos was likely to be low or very low.

In each of the above studies, much of the
expostire of thie worken to chrywatile in the
past twenty vears aml carlier had been
heuvy to nursive, though definitive quanti-
tative data during this pericd were not
available. In i recent study of trace metal
expostres of workers mining and milling
anbestos b Quebe, Gibln et al3 showedl
average mill dirhorne dust concentrations
for total nickel ranging from 157 10 41.6

. ug/ind, osal chromivm-ranging from 3.9 to

58.4 pg/m3, wotal cobalt ranging from 1.6 to
25 pg/m?, and wotal manganee ranging
from L7 to 28.7 mg/m3. Exposures prior to
1930 were estimated at four 1o ten times as
high as those reported. Although no infor-
mation could be obtained on the relative
swurce of these metalv—that is, minerah
prosent in the mbestos versus abrasion of
the alloy metals in proceming—alnervations
ay well as manzgement experience in the
replacement of worn procesing parts indi-
cated that there was only minimal 10 mod-
crite abrasion of equipment and that most
of the mewaly apparently come trom the
minerids asociated with the asbestos,
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In contrast to the lower rae ol cimcer of
the funns in workers mining and milling
shrvsonte, Doll=tshowed that ino group of
chvatile tentile workes in England, deahs
Dow concer of the hung were about ten
times the number expected, Viglani® re
potted ta 1557 of the deaths in 2205 male
tentile and Niction product workers com-
prensated for asbestosis in Haly were cansed
Ly cancer of the Jung, a hivefold increase
over thoawe warking in asbestos mining.

Av in cluvaotile mining, exposures of
worker to chrwatile in the asbestos textile
indintry sdaringg the past owendy yeats il
carlier were also generally heavy to massive.
In a stady by Cralley of al3 in a chirpsotile
textile plant where operations simulated
those of the 1930°%, the airborne dusy eon-
centration of nickel was higher by 3-fold,
chiromium hy 3-fold, and manganesc by 2.3-
fold over that in the fiber entering the
carder. Corresponding increases were ob-
served at fiber preparation and spinning
operations, with lesser increases at twisting
and weaving operafions. The increased
metal content arose from the abrasive action
of the asbestos on the alloy processing
equipment.

Duara on the occiirrence of mesotheliomas
in asbestos inine workers are most interest-
ing. Webster®* reported that, of 179 cases of
mesothelioma recogi.~ed up to the end of
1968, 31 were from miners working in cro-
cidoiite mines in the Northern Cape area, 3
were from workers is ammite mines, 21 were
from worken in ashetos and manganese
mines, and 2 were from workers in manga.
nese mines only. None were fram workers in
the erocidolite niines in the T'ransvaal arca,
The author suggested that another mineral
siuch av manganese or iron may play a part
in the rarcinogenic agent(s) invalved. Sam-
ples of the adjoining conntry rock, un-
npencd fiber, and milled eracidalite fibers
from Dbath the Northern Cape and Trans.
vaal arcas were analyzed for metals, The
[raction paswing through a 104 mah sieve
of three samples of milled cricidalite from
the “lranwaal arci. averaged, per gram of
fiber, 342 ug of nickel, M pg of chromium,
Rl pg of cobalt, 633 yg of manganese, and

6h7

URG g an, In comtrant, the fiadtion
poassing Lor it F0q0 mesh sieve of three
watmples ol nilled  crocidolite Jrom the
Northern Cape aea averaged, per gram of
Liher, 270 g of nickel, 155 uz ot elnomim,
K3 ug of calialt, 131 ug of manganese, and
306 me af jron, ‘The most significnt differ-
cuce was the S-fold increave of mangunese in
the Northern Cape over the “Fransvaal
crucidolite, U was observed that the rack
sarrmding the Northern Cape fiber s
mueh harder than the voeck sorrounding the
Frinwwvaal fiber and requires harsher v
ment i heeing the Bibee, " Fhat the increased
manganese content is from the Northern
Cape ore pasing through ilie highspeed
hammer mill is further anested in data
from a special test whidh showed a 7-fold in-
creine of manganese in the fine dust of the
crocidolite leaving the hammer mill over
the wnopened crocidolite and country rock
entering the hammer mill. The need for re-
placing the hinmmers in the mills at the end
of the shitt reflects the abrasive effects of the
ore on the mills. The electromotive influ-
ence of the exces elemental manganese in
the respirable dust of the North Cape cro-
cidolite over tun in the respirable dust of
the Transwau] crocidolite could account for
the unisual hiologic activity of the farmer.

Labovatary veseasch data of the past have
generally not related the mietal content of
the ashestos to bialogic response, Some data,
however, are available em this aspect. Sinith
el alX introduced equal doses by weight of
wift chrysotite, harslv chrvatile, and aniosite
intraplearally and intrarracheally into ham.
sters in testing the relative carcinogenicity
of these agents. In zroups of 15 hamsters
given single intraplenral injections of 25 ng
of cach type of asbestos, pleural mevothelic
amas developed in 8 recciving the amesite,
2 receiving the hanh chrvsotile, and none
receiving the soft dirysotile, No tumor had
appeared in the hasters veceiving the in.
tritracheal injections of the three types of
asbestos, An analysis of the voft and harsh
cinwatile showed that in the cutting and
comminution of the fibers using the rotat.
ing knives of a blender, the fraction pasing
through a 104 incsh sicve of the hanst: chuy-
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wtile hac a several-fold increase of nickel,
chromium, mangancee, and iron aver that
of the soft fiher: soft chrysotile—46 ug/em
of nickel, 157 ng/gm of chromium, and 230
ug/gm of mangancse; harsh chrysotile—230
pe/em of nickel, 111 ug/em of diromium,
aned 1RO ug/em of manganese. Although the
mnesite was not analyzed, this phenomenon
would he expected to occur, sinee it iy a
harh filer compared w chrysotile,

Gross et al®® in exposing rats by inhala-
tion to ashexten dlust, reported that 359 of
the 72 rars surviving 16 months or more of
the dist exposure developed lung cancer.
The chrysatile in the expesure chamiber had
been comminuted to the desired size by re-
cvcling through a hammer mill. An analysis
of the comminuted ashestos showed that the
original fibers had picked up an increase of
R2e) mickel, 1454, cobalt, and 39/, chro-
mium from the hammer mill,

Wagner et al®t introduced 20 my of
amoite, chrysotile, and crocidolite intra-
plevrally into rats to contrast the percent-
age of rats developing mesotheliomas, Of 96
rats in each group, 310, of those innculated
with amaesite, 697 inaculated with chrveo-
tile. and 68¢ inoculated with erocidolite
developed  mesotheliomas, ‘The induction
period—that is, the time from inoculation
to development  of  mesotheliomas—wne
destdependent, “Fhe indudtion period was
shortest far the chrysotile, imermaediate for
the crocidolite, and longest for the amasite,
An analwis of the samples showed the 20
mg doses to contain the following: chryso-
1ilr—82.8 ng of nickel, 218 1z of chrominm,
L6 ng of colalt, &35 uz of manzanese: cro-
cidolite--0.13 pe of nickel. 06 py of chvo
mitm, 165 vy of manganesw; enmite—1.6
ne ol mickel L% e of dirominm, $1.2 ug of
rEInganese.

Novinformation wac available on the pre-
eise forme in whidh these mietals existed in
the above different saimples of adneten, The
Pichier levels of elementa) monganese in the
crocidalite ond amenite resalting froom abyra.
sinn during procesing would, thaneh, e
an offacrgne influenee on the hiother met !
content of the chrsaotile in relation tn e
metal catinn concentrationy and residency
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time of the nickel and chrominm at the
local tissue site with respect to the different
forms of ashestos, This is reflected in the in-
duction periods olnerved,

Sernm solubitity dutn clearly reflece the
clectromotive influcnce of one metal nn the
solubility in serum of another metal or min-
eral. In the following table, limited data are
prosented to shaw the eflects on salubility of
designated amounts of particulate materials
that were imraduced into 15 ml of hovine
servm and held for 30 darys, '

Micrograms of Perrent of
Particulate Particulate
Materia) Matenal
Tntrewtooe nd Saluble
Material inte Serum in Serum
Manganese metal L] 1009
Nicke! metal L) a7.0
V\anganese metal 10wy %0 .0
Nuke! meta! tim e
Aluminwin meea) N M
Manganese metal Py Mn
Nitkel metal ta 04
Chessnlite tCsprise)
Manganewe (10ta)) 2 LN ]
Clirrmenm (L 3l) a2 an
Niekel fiensly I $xu
VManeanese (intah 2 .
( heamunm flotal) wm nn
Nukel frwahs re 160
aneanee mrts!

2hient 0

* Nt analvad,

In another test 5 mg of nickel chloride in
solution and 5 my of metal mangancse were
added to 15 ml of bovine scrum, After hold.
ing for 4 davs, 1% ug of nickel was recovered
on the particulate manganese,

Discussion

In the past 7 has been generally assumed
that the ashestns fiber per se was the cansie
tive acent for hath the ashestesis nd the
cancer oliserved in avbestos workers, Te s
not nntil diflerences were noted in the prev.
slence of comeer amana workers in ditlerent
mbestosinedpstries with prolomged o
ey exposures 1o the sime tvpe of e
tos that other asents appeated to e in.
valved amd thar the ssbestos filier was
implicated as a possible carrier of thee
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Anents to vanions tissue sites, s s boine
vtk by e aelatively Jow e ol brosdio.
Onie caneer observed among workers miane
e and willing ehrysotife in Canada, Taaly,
and Cvprus i conteast 1o the weveral-fuld
mciease an brondhogetic Gawer mnong,
chassande testile workers in Fngioned, Ttaly,
and the Unied Stes doning prolonged
peviods of employment in the indusiry
whon exposires 1o ashieston i hoth growgs
were very hieavy, Another example is the
enpaience in South Alica in the wining
and milling of croddolitve where all the
wesatheliongy oveurs i the ashestos workers
it the North Cape ared, in contrast 10 none
in the ransvaal area.

Althongh several reports showed distinet
ditferences inthe varions ol metals aso-
crated with ashestos types-—that s, chrvso-
tile, aodidolite, amosite, and anthophyllite
—it wasnt until the vquir;nicﬁﬁmpil;nlifE-
siee fractions were analvaed it those
differences weve found o be more pro-
nounced than was at fust readized, Tt bes
came evident thas these metads sund minerals
were concenirated in the respinable fracion
and appeared to relate ta the harhiness with
which the fibers were treated in their open.
ing and procesing. “Flie greater amount of
certain metals in the airborne ashestos dust
in textile operations in comrast o the
ashestos bieing procesed is cited. Ao, there
iv a great increase in certain meals in the
milling of North Cape crocidulite where the
ore is much harder and is 1reated more
severely in hammer mills than in 1lie wfier
Transwaal crocidolite.

The meaning of the presence of thiese
mictads and minerals was confining however,
hecatse most of the animal reseirch data
did not show a good corrclation between
the amount of cancer abservesd and the total
amount of these mctals involved cither
individvally or combined. "This was not
surprising, since the specific nare of the
awodiated minerals, the alloys in the equip-
ment, the respiruble partlele slees of the
metaly and minerals, and their solubility
were esentially unknown. A single expo-
sure paramcter expressed as total metals,
including both elemental and combined

%
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tortas, in the respitable Bilbeas and accomn.
panving patienlates obviously is s gonnd
index ol s achionship, 1t iy quite evi
dent, abso, that the qualitative and guandi
tative wilicu of the wbestos Ghers to which
the warkers were espused varied  greaty
according to industry, tpe of process, and
form of bber aned that these ashestos expo-
sines were often quite dilferent from the
asbeston specially prepared and used in labe
oratgy research,

The coneept of the rale of metals through
their clectromative properties in altering
and governing the solubility of winerals
and metals and their cation concentrations
AL Liven tsie site gives o rationade from
which 10 merpret the meaning of their
presence as well as the design of laboratory
and epidemiologic 1esearch. Fapecially ime
poriant i this concept i the propens aof
wetals higher in e elecromotive series o
convert the metal constituents, lower in te
series, of the mincrals presem 1o their cie-
mental form and thus concentrate them at a
local site, Thus, depending on the metals
amd minerals present, thowe lower in the
clectromotive series will seriadly be concen-
trated with prolonged residence time at lo-
calized tisue sites, The cations from the lew
reactive metals subsequently  going  into
solution will exist at a greater concentra-
tion than when they were prosemt and in
ionic equilibrium as mineral clectrolvies. In
addition 10 a carcinogenic response this
pheanomenen mav 1elate 1o altered fibro-
genic respotise, tissae seisitization, forma.
tion of faraginom badies, and otha bio.
lugic reactions,

It is rational to conclude that, if the
metals hisher in the clectromotive series do
influence the concentration of metals lower
in the series and their resideney time at
tissue sites amd if the latter is of significance
in the hiologic response, it follows that the
judicious selection of metals of less biofogic
activity and higher in the clectromotive
serien may have application in the contral
of the cffects of this pheaomenon.

The hypothesis on the clectromotive in-
fluence of metals on each other and on con-
currently present mincrals has application
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to chemteal, mineral, and other metal expo-
sure situations ¢ven though fibers are not
one of the parameters of exposure. Deposi-
tion in the lungs of elemental metals and
alloys along with minera’s could set up an
clectromative reaction wherein high levels
of hinlogically reactive selective metal -
tions could resutt with increased resideney
time at local tissue sites. Owing to difler-
cenees in removal and migration mecha-
nivis, these sites of reaction may differ from
that when fibers are invalved.

It should be recognized, however, that
other factors in addition to the electromo-
tive phenomenan are undoubtedly involved
in the interactions of metals and minerals
that relate to their physical and #hemical
hehavior in serum and subsequent hiologi-
cal respunse. As an example, siall amounts
of metallic aluminum have been shown to
inhibit the solubility of silica through the
conversion of the metal aluminim into hy-
drated aluminom oxide and the sulnequent
coiting of the quartz particle with an im-
permeanble gelatinous hydrated  oxide of
aluminum, ‘The same may he true in in-
stances of other metals such as manganese,
though the presence of metal manganese in
the respirable dust did not show any pro-
tection against the mesotheliomias occurring
in the workers mining and milling crocido-
lite in the North Cape area of South Africa.
Coprecipitation of relatively insoluble com-
pounds may likewise be involved in the
hehavior of metal amd minerals in serim,

Thus the interactions of metals and min.
erals and their subsequent hiologic respome
in serum are undouabtedly more complex
than can he acconnted for in asingle phe
nomenon sach as their clectromotive inter-
sctinns, thoughe e Litter {y helfeved 1o he
a very important aspect,

The i vitra test in which nickel in wlu.
tion i Dovine seram was presipivted on
particelace metal npnganese eonfirmed the
clectrometive relation of manganese aml
nickel in serum. Additional investigations
need to be done, however, to establish the
clecrromative relation of metals i pivn in
serumt along with their tespective potential
virlties,

Octnsher, 1971

Summary

A lypothesis is presented with support.
ing data which relates the carcinogenicity of
mbeston to the electromative interactions of
the alloy metals from the abrasive action of
the fibers on processing equipment and
other metals and mincrals already presente,
The fiber serves as o tramport mechanisin
for the translocation of the metals and min.
erals, “T'he sulnequent electromative inser.
actions of these metals amd minerals result
in carcinogenic metals lower in the swries
heing concentrated, along with their resi-
deney time heing appreciably increased ar
localired tiue sites,

The clectromative interactions of metals
and minerals on hiologic swstems has appli-
cation in other sinuations where exposures
to metals and minerals exist though fibers
are not one of the exposure parameters, In
addition to carcinogenic response, the phe-
nomenon may relate to alered filrogenic
FCSPOING aANG 10 tiwue sensitization reaction
and may account for otherwise uncxplained
exacerbations of discases, latency periods,
and unusual hiological responses,

A better understunding of the electromo-
tive phenomenon as it relates to exposures
and biologic respones 1o metals and min.
crale is needed in the development of ra.
tional standade and for the connol of
expaositres to these materials in the sirategic
metals and minerale industries and the con.
sunier use of their prodeets,

Research is currently underway further
defining the clecnometive interactions of
metals and minerals in relatien to their
carcinonenicity.
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Improved Insulating Matcrials

A report from NASA deseribes two multilayer f{oil and fabeic jusulators,
untble to temperatures of 2000°F and A0KPF, These insulitors offer marked
space savings in efliciency in nuclear power, plasma, magnetolivdrady-
namicy, amd ather high-temperature operations. ‘I'ie lower temperature
configuration cansists ol molyixlemun foil, 0.0234 mm thick, wrapped with
an interleaved layer of silica cloth around the object to be insulated, When
raddially wrapped 1o a thickness of 1.97 em around the combustion chamber
of a graphite rocket engive, the insulator withstood a temperature of 2000°F
for a period of 1000 seconds with only slight deterioration of the layers
closest 1o the chamber, A similar canfizuration of tatalum foil, 0.0254 mm

thick, and carbon clath is usable at even higher temperatures. Wrapped
to a thickness of 2.54 an around the combustion chamber, this imu{’n

or

withstood 4000°F. The inncr layers of tantalumi {oil comhined chemically
witl: the carbon cloth during the firing and formed a brivde tantalum
carbide. The insulator retained its integrity despite this change. Requests
for [urther infarmation may Le directed to Technology Utilization Oicer,
NASA Pascdena Office, 4800 Oak Grove Drive, Pasedena, California 91103.
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