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In evaluating the role of trace met-
als associated with asbestos in rela-
tion to the biologic response to asbes-
tos, it is necessary to: (1) review brief-
ly the predominent biologic responses
to asbestos along with the etiologic
aspects and pathogenic mechanisms in-
volved, (2) identify the trace metals
associated with different types of
asbestos, and (3) present evidence
relating the biologic response of asbestos
to the presence of trace metals.

the tissues, and (3) surface action: ab-
sorption of proteins on fiber surface
governed by crystallographic structure
and surface areas of asbestos crystals.
Previous publications’ 2 have reviewed
these theories in detail along with sup-
porting and conflicting evidence. It is
generally accepted that none of the
theories alone is adequate to explain the
pathologic mechanisms of asbestosis.
This leaves us with the conclusion that
more than one factor as well as factors
not considered heretofore may be in-
voled.

Carcinogenic Resp — The

Predominent Biologic Resp
to Asbestos

Fibrogenic Response. — It is
generally accepted that exposure to
asbestos fibers may lead to a pulmonary
fibrogenic response. This knowledge is
so universal that its documentation is no
longer necessary. It is not within the
scope of this presentation to discuss
either the characteristics of the fibrosis
nor the dose-response aspects involved.
This information is contained in many

standard references on the
pneumoconiotic  diseases. The
pathogenic mechanisms of injury,

however, are pertinent to this discussion.
The following theories have been
proposed at one time or another to ac-
count for the pulmonary fibrosis
resulting from the presence of asbestos
fibers in the lungs: (1) mechanical:
traumatic injury of the tissue by the
asbestos fiber, (2) chemical: reaction of
soluble components of the fibers with

From U.S. Dept. of Health, Education and Welfare,
Public Health Service, Health Services and Mental
Health Administration, National Institute for Oc-
cupational Safety and Health, U.S. Post Office and
Courthouse Bldg., Cincinnati, Ohio 45202.

Reprint requests to Dr. Lainhart.

262

scientific literature associating exposure
resulting in asbestosis with increased
risks for malignancies is voluminous. The
malignancies relate predominately to the
lung, pleura, or peritoneum, though
other sites may also be involved. Data
are meager relating exposures to specific
types and characteristics of asbestos with
specific types and sites of cancer.
Researchers theorize that a number of
etiologic agents3-® may be involved: (1)
the fiber, per se, (2) trace metals
associated with the fiber, (3) polycyclic
aromatic hydrocarbons associated with
the fiber, (4) additives in the mining,
milling, and processing of asbestos, and
(5) cigarette smoke in conjunction with
asbestos exposure. Thus the asbestos
fiber may be a cocarcinogen or may
serve largely as a mechanical carrier of
other agents to tissue sites. The precise
agent or agents causing the cancer and
the relationship with the asbestos fiber,
however, are still to be definitively iden-
tified.

Asbestos Bodies. — Asbestos fibers in
the body tissues give rise to asbestos
bodies. The description of these bodies

and their nature is contained in standard
texts dealing with clinical aspects of
asbestosis. Though asbestos bodies have
been described in the literature for over
65 years and their origin has had con-
siderable study, little is known of the
meaning of their presence other than to
denote that exposure to asbestos fibers
has occurred.

Trace Metal Characteristics of
Ashestos. — Metals associated with
asbestos fibers originate from the
mineralogy involved in formation of the
fibers? 4 and from the abrasive action of
asbestos on the alloy equipment in
which it is processed. ™ These metals and
their compounds include manganese,
chromium, nickel, iron, cobalt,
vanadium, zinc, copper, titanium, Zzir-
conium, and lead. Only limited effort
has been devoted to characterizing the
overall trace metal content of asbestos-
airbome dusts associated with different
types of asbestos and various methods of
processing. Work done has been selec-
tive and limited mostly to designated
metals considered to be of physiologic
importance in relation to the response
being studied, i.e., nickel, chromium,
cobalt, manganese, iron, etc.1017 Charac-
terizing the trace metals in asbestos is
difficult because great variation exists in
the specific metals present in the original
mineral and in the airborne con-
centration encountered, depending on
type of asbestos, grade of fiber, and
nature of the process. The trace metal
content of asbestos dust has been shown
to concentrate in the respirable frac-
tion_io 14 15

Data for Table 1 were obtained on
milled asbestos bulk fibers received in
the United States for processing into



metals, i.e., nickel, cobalt, chromium,
manganese. The data on the con-
centration of metals occurring either
alone or in combination in the asbestos,
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asbestos products. The bulk fibers were
screened through a 10 p diameter pore
size sieve! to obtain the fraction that
would simulate respirable dust at the
milling operations producing the fiber.
The metals, by specific kinds and con-
centrations, vary greatly in different types
of asbestos—but have a number of
similarities within the same type of
asbestos. For example, the metal content
of chrysotile is, in general, similar re-
gardless of source. No specific metal
characterization is available to dis-
tinguish chrysotile by its source of
origin. In crocidolite, however, man-
ganese is much higher in fiber from
the North Cape area compared to fiber
from the Transvaal area. The source of
the excess manganese 1s believed to be
the processing equipment, especially the
hammer mill, since the country rock
around the North Cape fiber is much
harder than the rock around the Trans-
vaal fiber. As seen by the data, the
ratios of manganese, chromium, cobalt,
and nickel vary appreciably according to
type of asbestos fiber.

Table 2 gives data on comparative
levels of designated metals in different
size fractions of mine milled asbestos
fibers. The milled fiber was sieved
through a 10 g diameter pore sieve to
obtain a fraction that would simulate air-

bome exposure at operations producing
the fibers. The two fractions were
analyzed for designated metal content. It
is apparent that the metals in the mine
milled bulk asbestos are concentrated in
the under ten-micron size fraction. Also,
the metal contents of the bulk UICC
samples (Asbestos reference samples
prepared by the International Union
Against Cancer'8) are much lower than
the under ten-micron size portion of the
corresponding mine milled asbestos
fibers. Research data on animals exposed
to these or similarly prepared samples,
though extremely important for reference
purposes, are not directly applicable to
conditions representing worker exposure
since there may be several orders of dif-
ferences in the magnitude of exposure to
trace metals in the respective groups.

Evidence Relating Biologic
Response of Asbestos to
Presence of Trace Metals

Only minor attention has been di-
rected to research for defining the role
of trace metals associated with ashestos
dust in relation to biologic response.
This work has been confined largely to
animal research on asbestos fibers and
carcinogenesis in which the asbestos
was analyzed for designated trace
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well with p ce of
tumors observed in animals. For this
reason, the role of these metals in
asbestos carcinogenesis remained ob-
scure and was given little further at-
tention. A recent hypothesis,® however,
should redirect further attention to the
importance of trace metals in the
response to asbestos. The
hypothesis relates the biologic response
of asbestos to the electromotive inter-
action of the metals and minerals pre-
sent with the fiber serving as a trans-
port mechanism to different tissue sites.
The electromotive interactions ot the
metals and minerals serve to: (a) con-
lower in the elec-
tromotive series such as nickel to
localized tissue sites, (b) greatly increase
the residency time of metals lower in the
electromotive series at localized tissue
sites, (c) create a subsequent flooding
effect at localized tissue sites when the
metals lower in the electromotive series
go into solution, and (d) release the
metals lower in the electromotive series
in more biologically active form. The
cations of these metals are not in
equilibrium with anions, as occurs when
the metal compounds, as minerals, go
into solution.

Fibrogenic Response. — There are no
data which relate the fibrogenic
response of asbestos fibers to the
minerals and metals associated with the
fibers. A number of observations have
been reported, however, which indicate
that factors other than the fiber alone
may be involved.2 21 2 These data show
that synthetic chrysotile fibers produced
much less or no fibrogenic response
compared to natural chrysotile. Finely
ground asbestos is much less reactive in
producing fibrosis compared to coarse
fiber. The metal content of the fiber
could be important. In the synthetic fiber
the level of trace metals is very low. In
finely ground asbestos, the presence of
metals such as manganese may in-
fluence significantly the actions of
metals such as nickel which are present
in natural asbestos and in which
elemental metals higher in the elec-
tromotive series are of a very low order
of magnitude or are absent. Though
speculative, it is conceivable that the
presence of trace metals could modify
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to cancer observed in exposed groups.5 7

. 1025 28 This appears rational since either

some of the metals or their compounds
have been shown to be carcinogenic. A
major hindrance to acceptance of this
relationship by many has been lack of
reasonable correlation between cancers
observed in animals and metal content
of the asbestos under investigation. The
hypothesis on the electromotive in-
teraction of metals and minerals® gives
new perspective on the relationship of
their presence in asbestos and the car-
cinogenic response.

Since the nature of the associated
minerals and alloys, their solubility, etc.,
are extremely variable and largely
unknown, it is not surprising that the
total metals, either individually or com-
bined, did not correlate with the
prevalence of cancer observed in any
particular investigation. To further define
the importance of the electromotive in-
teraction of elemental metals and
minerals associated with asbestos and
carcinogenicity, it was deemed essential
to go to relatively pure forms of specific
metals and their compounds without a
multitude of concurrently unknown ex-
posure factors being present as is the
case with asbestos. Dr. F. William Sun-
derman, Jr.2 is conducting this in-
vestigation using the model he pre-
viously established. Fisher strain, male
rats (24 of each series) were given intra-
muscular (thigh) injections of desig-
nated combinations of elemental metals
and nickel sulfide (NiS2) suspend-
ed in 0.5 ml of penicillin solution. The
concentrations per injection were: 2.5
mg Ni3S: and atomic equivalents of

* Values expressed are average values.

+ Fraction of sample retained on a ten-micron diameter pore sieve.
# Fraction of sample passing through a ten-micron diameter pore ‘sieve.
§ A special blend of the designated asbestos for use as reference samples.!’

the fibrogenic response of asbestos
fibers. This aspect merits further con-
sideration in relation to asbestos dust
and to other non-fibrous pneumoco-
niosis-producing dusts.

Asbestos Bodies. As with the
fibrogenic response of asbestos, there are
no definitive data that relate presence or
absence of asbestos bodies with the
presence of specific trace metals and
minerals associated with the asbestos
fibers. Recent reports? 2* show that the
number of bare fibers in the lungs far ex-
ceeds the number of coated fibers. The
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cause of this phenomenon is unknown.
Though suppositional, it is conceivable
that if elemental metals higher than iron
in the electromotive series are present,
they may interfere with the availability of
iron for complexing with protein in
forming the coating around the fiber.
Further research into this aspect may
give clearer meaning to the presence of
asbestos bodies.

Carcinogenic Response. — A num-
ber of publications have suggested that
trace metals dssociated with airborne ex-
posure to asbestos dust may be related

| | metals as the Ni in the 2.5 mg.
NisS2. Full details of methodology and
procedures and preliminary findings 17
months after injection are contained in
the preliminary report.3® The tumors
have not been characterized in detail.
They are predominently fibrosarcomas
and rhabdomyosarcomas with an ap-
preciable number having metastasized to
other organs. Limited data from this in-
vestigation are presented in Table 3. At
510 days after injection 91.7% (22 out of
24) of the rats injected with nickel
sulfide had tumors at the site of in-
jection; 97.8% (23 out of 24) of the rats
injected with nickel sulfide and elemen-
tal chromium had tumors at site of in-
jection with tumors occurring somew hat
earlier than in rats dosed with nickel
sulfide alone; 91.7% (22 out of 24) of
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the rats injected with nickel sulfide and
elemental aluminum had tumors at site
of injection with tumors occurring at a
somewhat later period than that for rats
injected with nickel sulfide alone even
though only 15% of the total aluminum
was present in the elemental form;
62.5% (15 out of 24) of rats injected
with nickel sulfide and elemental
manganese had tumors at site of in-
jection with tumors occurring at a much
later date than that for rats injected with
nickel sulfide alone; 12.5% (3 out of 24)
of rats injected with nickel sulfide,
elemental chromium, and elemental
manganese had tumors at the site of in-
jection with tumors occurring at a
dramatically much later date than that
for rats injected with nickel sulfide
alone.

The latency period in days from in-
jection until 50% of animals in each
series developed tumors were: nickel
sulfide alone, 288 days; nickel sulfide
and elemental chromium, 260 days;
nickel sulfide and aluminum (15% in
elemental form), 328 days; nickel sulfide
and elemental manganese, 384 days;
nickel sulfide and elemental chromium
and elemental manganese, only 3 out of
24 rats developed tumors in 510 days. In
another series, elemental copper was
given with the nickel sulfide since cop-
per is lower than nickel in the elec-
tromotive series and should have no
electromotive interaction with nickel
sulfide. There was no appreciable dif-
ference in this group in either latency
period or number of tumors compared
to animals injected with nickel sulfide
alone. The latency periods from injection
until 50% of the rats developed tumors
for each series were 282 and 288 days

respectively. These data give strong sup-
port to the hypothesis of the elec-
tromotive interactions of metals and
metal compounds and their carcinogenic
action.

Summary

There is no definitive evidence that
relates the fibrogenic properties of
asbestos fibers or their potential to form
asbestos bodies to trace metals
associated with the fibers. Such a
relation would be largely speculative.
Bits of evidence are available, however,
which could explain how the presence
of trace metals may play a modifying
role in these biologic responses to
asbestos. Further research is recom-
mended to determine the actuality of
such a relationship.

A considerable body of evidence
exists relating trace metal contents
associated with asbestos fibers with the
carcinogenicity of asbestos. Evidence is
presented supporting the hypothesis that
the electromotive interactions of the
metals and minerals present are im-
portant determinants in the carcinogenic
action of asbestos. Research is con-
tinuing on this inter-relationship.
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Some Ancient Mysteries Reexplored

I. Women are Sinister*
Carey P. McCord, M.D.

spring open, thus offering no choice for either men or women.
The most striking phenomenon connected with women's sinisteristics has to do with the side of buttons on garments. On

men’s overcoats, jackets, vests, sweaters, shirts, ant
Not so with women’s garments. Somewhat invari
women are questioned about this, they point out t
don’t know is that long before there was any women'’s garment
on in the same manner. During that period women, with t
The wonder is that by habit they did not sew buttons on

| Confe e, bx Edited
by H. A. Shapiro, pp 209-212. Oxford Univer-
sity Press, 197C.
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1, devious or capricious. That word “sinister” has more than one meaning,
without being naturally left-handed, do many things with the
lic buildings have two front doors, side by side. Neither may
gh the right-hand door. Some women regardless of
eft one, often times after passing by the right door,
ost of the entrances to supermarkets, even when electrically operated, are on
lly pose no such situation. There, ordinarily two electrically operated doors

d underwear, the buttons are on the right and the buttonholes are on the left.
ably, the buttons are on the left and the buttonholes are on the right. When
hat that practice is a long tradition in the women’s garment trade. What they
trade, women in their own households diligently sewed buttons
heir own hands, made garments for their husbands and male children.
the left side for one and all. Not so. It does appear that this sex dif-

ferentiation long ago was established, and for a long time, there has been close adherence.

In the kitchen, most of the utensils such as skillets do not

involve handedness. A few do. There is one type of strainer which is

provided with a handle. To carry out its intended use, the handle only can be gripped with the right hand while the heavier
vessel with its contents to be strained must be held in the left hand. This just suits the women cooks, but for most males the

position is definitely awkward.

Many belts on garments are removable. On
using his right hand and moving to the left. At
posite. With their left hand they start the belt throu,

is the same, but the difference in this practice by the men and women is striking.
At any cockail party for both men and women, look about you. Men will be seen holding their drinks with their right hand
while women, but by no means unfailingly, will be seen sipping at drinks brought to their lips with the left hand.

When a group of men and women, or boys and girls, are out
friends. Men do the waving with the rigl
In some restaurants, the handles on the coffee pots for table-serving are not verti
horizontally from the side of the pot. This device has been provided to avoi

replacement, the male ordinarily will start the end of the belt through the loops
the end this places the buckle on the left. Women are prone to do just the op-
gh the loops at the right, ending up with the buckle on the right. The net result

for a spin in an open car, they may wish to wave at passing
ht hand; women are given to waving with the left hand.

ical but horizontal. The handle reaches out
d the waiter or waitress from coming too close to the

customer. In pouring coffee, the proper position for filling the cup is from the customer’s right side. Just the same, numerous

waitresses may be seen pouring the coffee

just the opposite.

Surely there must be some deep psychological reason for
proposes to explore old mysteries, but provides no guarantee
For many centuries women have carried babies around on their right arms.

with the left hand, thus defeating the very intent of the innovation. Male waiters do

r all such sex-linked activities and there is. This series of articles
that a final solution will appear. In this instance there is a solution.
The left arm has long been woman’s free arm—the

am ready to carry out endless activities. It is probably true that this has gone on for so long that woman’s disposition to depend

on the left arm now reaches into the genes.

*For reprints wrile the author at the Institute of Environmental and Industrial Health, School of
Public Health, University of Michigan, Ann Arbor, Michigan 48104.
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That point is not pressed, but the fact remains that women are sinister.



