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General Summary*

An International ¥orkshop/Conference under the
joint chairmanship of Drs. Lars Friberg of the
karolinska Institute and Norton Nelson of New
York University Medical Center, jointly sponsored
by the National Institute for Occupational Safety
and Hoalth, National Cancer Institute, and the
National Institute of Environmental Health Sei-
ences, and planned in consultation uith the Scientific
Committee on the Toxicology of Metals of the
Permanent Commission and International Associa-
tion on Occupational Health, was held March 24-28,
1980, in Allanta, Georgia, to evaluate the present
state of scientific knowledge concerning metal
carcinogenicity and-to seek underlying principles
for mecnanisms of metal carcinogen action in relation
to public health. Metal carcinogenesis is considered
an imponant area of health research due to the
ubiquity of human exposure under occupational
and/or environmental circumstances, and the per-
sistence of metallic carcinogenic compounds in the
environment.

The Workshop was attended by 84 experts from
11 countries. ineiuding Belgium. Canada. Denmark,
Finland, Franee, Japan, the Netherlands, Norway,
Sweden, the United Kingdom, and the United
Swates, who formulated recommendations for fu-
ture research on compounds of arsenic, beryllium,
cadmium, chromium, nickel, and other metals and
their compounds. During the course of the meeting,
the group considered the history of cancer related
to metals as well as reviews of data from epidemio-
logical, animal bicassay, and In vitro studies. Data
from these siudies were evaluated Inrelation to the

*The Chie! Editor was Sidney Belman (New York University
Aedical Center). with the assistance of Gunnar Nordberg. under
the general guidance of an editorial commitiee composed of:
Sidneyv Belman, Maths Berlin, Thomas Clarksor., Sir Richard
Doll, Lars Friberg. Robert A. Gover, Trent Lewis, Arthur E.
Martell, Norion Nelson, Gunnar F. Nordberg, and Umberto
Saffiotti.
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known chemistmy' and biochemical effects of meal
compounds. Participants were divided into five
working subgroups concerned with: Introduction
and General Findings, Epidemiology, Animal Bio-
assays. Chemistry, and Cellular Xlechanisms. Re-
ports generated by these groups formed the basis
for general conclusions on meals of carcinogenic
concern.

The carcinogenicities of arsenic. ehromium, and
nickel compounds were again reviewed and agreed
upon. ln addition, the aggregate of consistently
positive findings from several epidemiological stud-
Ies on workers exposed-to cadmium or beryllium
compounds combined uith experimenta! observa-
tions led meeting participants t0 conclude that
accepiable evidence now exists to regard some of
these compounds as contributing to the develop-
ment of cancer IN man.

The participants concluded that evaluation of
carcinogenic effects for mezzllic carcinogens were
greaty hindered by the ladk of daws or. exposure to
these substances in both the oceupational and
general environment and it was thereiore sirongly
recommended that monitoring programs be planned
and implemented to assess human exposure.

The participants also recognized tha: human
exposure situations ir. both the work and general
environment are frequently complex and tna: stud-
ies of single metal compounds are frequently
insufficiens for cancer risk assessment since con-
comitant exposure to other carcinogenic or
eocarainogenic substances, as well as their spedific
chemical forms, must alse be evaluated,

Detziled recommendations for future studies were
developed in each of the Workshop Groups.

This project was supported by a eontract to New York
Univermity, Institute of Environmental Medicine, from the
National Institute for Occupationa’ Safety and Health with
additional suppor: from the National Institute of Environmental
Health Sciences and the National Cancer Institute.

W

- e

> o . v, NI TR i — :
e A I A it S o o
SR e I R T S S e



Emnronmenta! Health Perspectives

i
The

Vol. i0, pp. 5-10, 1981 Cart
It be
FYT
ich a
fthe
lism,
L v . . , are
Introduction, General Findings of 2
and General Recommendations”
mical
s not
lead,
. . . . . N ‘hoat
sure or techniques involving quantitative extrap- S
ObjeCtIVES ) ) alation to man from high to low doses whether els t0
The Workshop/Conference, the deliberations of  based on human data or laboratory tests. On the auals,
which are reponed here, has sought to assess the  other hand, the qualitative meaning of laboratory antly
present state of knowledge in metal carcinogenicity  tests for man, both shori-term and long-term, has . risk
2s the basis for sesking unifying principles and  been examined. | and
making recommendations for research needfed to fill tnons
gaps In our present understanding of metal ; ; ;
carcinogenicity relevant to public health. Historical Review ’|
Although the ultimate aim of the recommenda- The chronology of observations of the carcino-
tions put forward concerns knowledge which will e genicity of some metallic compounds I illustrated
applicable to the prevention of human cancer, itis  In Figure 1 In most but not all instances, a linical
recognized that this requires an understanding of  report of acluster of cancer cases was the signal for ‘
the mechanisms of action ranging frem the molecu-  subsequent epidemiologic and animal studies. Thus, :
lr level to organ response, as well as methods for ~ cancer from arsenic was reponed in 1388 (1) in a nee of
the epidemiological study of human disease. Ac- group of persons trzated with Fowler's solution. differ-
cordingly, the Workshoo/Conference brought to- The first systematic epidemiologic study was not TOUups
gether a multidisciplinary group in order to under-  underaken until 1948(2). Despite many attempts !
take a conceptually linked examination of the pro-  to reproduce cancer in animals uith arsenic com- '
gression of tumors &rom their initiationtomalignancy.  pounds, failure has been the rule. Recently, how-
In this examination, specific attention was given to  ever. suggestive evidence of carcinogenicity in rats
the role of potential interaction uith other agents.  was reponed. They were dosed uith a Bordeaux
Attention has also been given to predictive  mixture containing arsenic (8).
testing for carcinogenic metallic compounds by both It may be noted that in the earlier instances (Fig.
whole animal and In witro methods. 1)the furst suspiaon came from case reports. In two
Although the Workshop w=as not charged with a ~ more recent cases, the first signal came fran animal
formal evaluation as to whether a specific metallic ~ studies (Fig. 1). AS for berviiium and cadmium. the !
compound is or B not carcinogenic, s, for example,  most reasonable interpretation of available data is |
in the IARC Monographs, it was felt that the data  that compounds of these metals have coniributed to i
at hand made it possible toreach conclusionsfora  the development of lung cancer in the ecase of ;
number of the metals. In addition, the Yorkshop  beryllium and prostatic cancer in the case of cad- 3
took as one of its major objectives the development ~ mium in exposed workers.
of recommendations to improve our understanding In general, systematic epidemiologic investiga-
of metal carcinogenicity. There has been no at-  tion is required to validate an association of one or |
lempt to review safety standards for human expe-  several possible etiologic factors. Normally sueh :
studies are weak in, or even incapable of, identify- !
—_— INg specific ¢ausal agents. At this level, animal
ngsmq_mwwsawgm”:‘fmmgw studies are of particular value; it map be that in .
Nelson (NYC Medical Conter, N ok, N 0018, s mt"r’?.tests can u|1crezsxng_]y Sld insuch (ljdentlflcoaftlorr]]. wting to
members of the Worhcroup were: Jay Beaumont, Bruce A. OrxXgroup I’ecognlze ] the pru_ence the nted out
Fowler, Robert Lauwerys, Gunnar Nardberg, Jaroslav Vostal,  approach taken by LARC in suggesting that sub- nees are
«d Rener Zielhus. stances for which there is sufficient evidence of
August 1981 5 clives
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cartinogenizity in animal studies should be re-
garaed as if they were carcinogenic In man.

Importance of Metals
in Carcincgenesis

Of about 80 metals there are at least 20 which
have compounds that have been reponed to give
rise to well-defined toxic effects in man. Only a few
of these metals have been shown or are suspected
to be carcinogenic. The importance of metal
earcinogenesis does not so much concern the num-
ber of carcinogenic compounds, but rather the
ubiquity of exposure, their wide industrial use, and
their persistence in the environment. Thus, imple-
mentation of appropriate protective measures for
metallic compounds proven to be carcinogenic may
be difficult in comparison with organic carcinogens
which are likely tobe less persistent. Thus, arsenic
(a recognized carcinogen) Is found to occur in high
eoncentratons in drinking water in some parts of
the world. In these areas, skin cancer has been
associated with the drinking of such water. Only
dt;:Jafﬁc measures will reduce the exposure subsian-

¥.

In industry, exposure I often not to a single
metal only, but instead to mixtures. Significant
amounts of a large number of metals have been
found at autopsy I the lungs of workers with a high
risk for lung cancer who retired fromtreirwork n

a smelter severa! yeas before their deatr. The
difficulties in svajuating causal reiationsnips are
obvious; in sucn instances the interactions mes: be
considered. Furthermore, whenever a mewa! IS
classified as carcinogenic or noncarcinogenic, such a
statemen should only apply to specific forms of the
meal. There is ample evidence that melabolism,
toxicity in general, and also carcinogenicity are
dependent on the chemical and physica! forms of a

Metal compounds may cause alteration or inter-
fere with a number of intraceliular biochemical
mechanisms and may also induce toxic effects not
related to carcinogenesis. Some metals, e.g.. lead,
exert toxie effectson the nervous system,which, at
the present, determine accepted exposure levels to
a large extent. On the other hand, other metals,
e.g., Cr(VI) and Ni compounds.induce predominantl
carcinogenic effects. In evaluation of health ris
and in setting priorities for epidemiological and
experimental cancer studies, these considerations
should be taken into account.

Methods of Evaluation

Epidemiological Studies

Epidemiological studies identify the incidence of
cancer in groups of humans who experience differ-
ent environmental conditions. If different groups

1880 1) 125107 57530
A ¢
T5an(d)  1586(3) 1538l 18 Y11
cr .~ L*
1271t Y] TS3615,.1555.10)
)]
- “TReis1y  1950,:4) 15450(15~16)
Be e’
1882017, 150018 1ys015-21)
o . T _
Pl W -.J
TEav 11 119 R "B 1L 150 T TRG 550 Toee R} 24 T¥ou
Exteence
Supgestive] Good
Case heports O
rey
fptemmislogy Stuies ted D
Antoas? Studtes el XK

Figure 1. Chronology of cbservations on the carcinogenicity of metallic compounds judged by this workshop as contribuiing to
buman cancer. Tne suspecied mewallic compounds are no: specified in the figure bul lisied as the eicment. As pointed out
eisewhere, however, specific metallic compounds are usualiy the carcinogenic entity and not the eiement as such. References are

shown in parentheses.
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are exposed to different amounts of a carcinogenic
agent, it may be possible to determine the relation-
ship between the amount of exposure and the
resulting cancer incidence and thence to make
quantiwative estimates of the risk invoived. Be.
cause the studies are always carried out in real life
situations, it is seldom, if ever, possible to design
them in such a way as to satisfy the striet require-
ments of experimental design that are normal in the
laboratory; and there may be some doubt about the,
interpretation that should be attached to their
results. Nevertheless, epidemiologieal studies have
the overwhelming advantage that they refer di-
rectly to humans and they provide the only ce~&
means for designating a metal compound as a
human careainogen.

Clinical case reports have served as useful warn-
ing signals of the existence of risk cn a number of
occasions in the past, and they may still do so
occasionally in the future. It ought to be possible,
however, to organize the collection of observations
on humans in such a way that any risk that have
inadvertently been caused are picked up more
quickly and more certainly by planned inquiry. One
form of inquiry is the case-control study. Such
studies have proved valuable in establishing the
reality of a risk, but the method that is most
generally appliczble to the detection of occupational
hazards is the cohort study, in which groups of
exposed workers are followed up to determine their
experience Of disease The problems involved in
using ecohort studies to obtain evidence about the
carcinogenic effect of metals on humans, or the lack
of any such effect, are discussed in the introduction
to the repart of Workgroup IB.

Whole Animal Experiments

Several in vivo experimental models have been
used to evaluate the potential carcinogenicity of
pure metals or some of their inorganic and organic
compoundsand to investigate the factors modifying
their activity.

Several endpoints may be considered, suchasthe
development of atumor at the site of contact orata
distance in the treated animals or their offsprin
(transplacental carcinogenesis) and chromoso
damage in germinal or somatic cells. The last two
types of effects (transplacental carzinogenesis and
chromosomal aberrations) have rarely been looked
for N animals treated with metallic compounds.

One important advantage of animal expariments
is the fact that the chemical and physical properties
of the administered metallic compounds ean be well
defined. The investigation of the carcimogenic po-
tential of well charasterized complex mixiures, the

August 1981

comparison of the carcinogenic potency by various
routes, and different compounds of the same me'al
administered is possible. Animal studies simuiating
the usual route of human exposure may be particu-
larly useful in an evaluation of the physical and
chemical forms most hazardous for humans. For
example. animal studies nave shown that the most
active chromium compounds for the development of
lung cancer are the hexavalent salts of intermediate
solubility.

Those animal studies which use routes of admin-
istration different from those by which man Is
usually exposed have Lmitations for extrapolating
the results to man; nevertheless. such studies may
provide useful information on internal factors (ab-
sorption, distribution, immunological status, etc.)
and external factors ¢e.g., interaction with other
metallic compounds or organic chemicals) influencing
the carcinogenic or ¢ocareinogenic potency of metal-
lic compounds. FOr example, it has been demon-
strated that the combined Injection of Mn and Ni3S,
reduced the numbers of local sarcomas reiative to
IM injection of Ni,$, alone.

Unfortunately, whole animal carcinogenesis stud-
ies with metals and their compounds are still very
limited. DAtA on speciesvariation and dose-response
relationships are tacking for the majority of metals.
One imporant disadvantage of animal experiments
IS that they <an be time and space consuming. In
some cases whole animal models are less useful
thanin vitro systems for investigating the molecu-
lar mechanisms of action of carcinogens.

In Vitro Mutation Test Systems

In vitro bacterial mutation test systems have
proven highly useful for studving a number of
metational mechanisms involving direct effects of
metals on DNA metabolism. Alteration of DNA
structure, infidelity of DN A synthesis, and excision
repair processes have all been reported following in
vitro incubation with metals of carcinogenic con-
cern. Studies using metals with mammalian cells in
vitro have demonstrated in some instances in-
creased vimal Or morphologic transformation of
some al lines following incubation with a number
of metals. One potential problem with such tests is
the fact that at present each system measures only
those types of nutaticel events to which it is
specifieally sensitive and, hence, comparative stud-
ies of different mutational mechanisms in one
system are lacking. Another area of concern in-
volves the question as to what extent the mutational
mecaanisms observed in these test systems may be
expecied to operate in normal mammalian cells in
vivo, The degree to which potentially toxic metals

7
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are sequestered from direct interaction with DSA
in vivo by binding to high affinity intracellular
ligands or traps is also presently unknown.

Other studies involving effects of metals on
subcellular systems of essential importance to cellu-
lar viaoility or metabolism of organic carcinogens
showed that these systems were also hignly suscep-
tible to metal toxicity.

Potential ramifications of these observations are
that metals may actas promoters of the carcinogenic
response by stimulating cell turnover and/or altering
cellular susceptibility to organic carcinogens or
their metabolic derivatives. The effects of metal
alteration of microsomal or Sq fraction on activation
of in titro mutation test systems are also presently
unknown. Studies of metal effects on subcellular
svstems which metabolize organic carcinogens are
also eurrently largely lacking and hence the poten-
tial cocarcinogenic effects of these metals on the
carcinogenic response from organic carcinogens are
UnknowT.

General Findings and
Recommendations

General Finding 1

There exists a serious lack of quantirative data
that can be used for dose-response evaluations on
occupational exposure to potentially carcinogenic
metal compounds.

Recommendations

Monitoring programs should be planned and
implemented to measure exposures in the work
environment. In addition to measurements of total
exposure levels to metal compounds, means should
be sought to develop and apply procedures for the
characterization of the biologically importar: phys-
jieal and chemical characteristics ofp metal com-
pounds in the work environment. Whenever appro-

riate, possible cocarcinogenic agents should alse
g measured,

Assessment of exposure to suspected metal com
pounds in workroom alr shouid take into account
intake by (1) inhalation, including, where practi-
cable, estimated mucociliary transport with rub —
quent ingestion, (2) direct ingestion, e+, direct
centact with fingers, cigarettes, ete., or (3) skin
contact.

Where possible. exposure to suspected metal
compounds should be estimated through analysis of
biological samples of blooed, urine, saliva, hair and
feces, and autopsy specimens.

8
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General Finding 2

For several potentially carcinogenic metal com-
pounds there are aiso inadequate cat? on exposure
levels of the general population.

Recommendations

Monitoring programs should be planned to esti-
mate exposure of the general population to
earcinogenic metals, Due attention should be given
to all routes of exposure and to measurement
through biciogieal monitoring and measurement in
biopsy and autopsy specimens wherever feasible.

In instances of probable exposure of the general
population to compounds of carcinogenic concern,
Identification of specific chemical species. in addi-
‘tion to the total metal concentration, should be
undertaken,

General Finding 3

Several reports indicate gross analytical errors of
importance for evaluation of exposure to metals.

Recommendation

Internationally accepted analytical methods and
standard reference material should be developed
for measurements of carcinogenic metals in envi-
ronmental and biological samples. These can serve
for validation of routine anaiytical procedures.
International programs for analytical harmoniza-
tion should be promoted. and reference materials
should be made available.

General Finding 4

Environmental exposure to carcinogenic metals
results generally in cancer in a small fraction of
exposed individuals. ThiS indicates that factors
determining the susceptibility to cancer induction
play a decisive role.

Recommendation

Efforkhould be made to identify factors deter-
mining susceptibility and to identify susceptible
groups.

General Finding 5

For both occupationally exposed groups and the
general population very few studies are available
on the relationship between tissue concentration of
the carcinogenicmeta compound and the curcinogenie

Environmental Health Perspectives
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response. Data are also lacking for experimental
animals

Recommendation

Concentrations of metals or, whenever possible,
their suspected active species should be measured
in biologezl samples (blood, urine. biopsy or au-
topsy mated) from exposed populations and

experimental animais in order to detect possible .

correlations between such concentrations and ef-
fects in terms of precancerous lesions or fully
developed carcinogenic effects. Such studies would
also aid in reaching quantitative estimates of rela-
tionships between tissue concentrations and
carcinogenic response.

General Finding 6

Metals are elementsand. as such, they have been
an intrinsic component of the environment to which
man is adapted. Specific compounds of some metals
ars required for human life, and some metais are
thus designated *‘essential metals.™

With several metals a distinct possibility exists
that metals essential at one level or route of intake
might be carcinogenic a¢ another level or route. At
difierent levels it is necessary to consider changes
in chemical speciation and whether or not the levels
exceed the eapacity of the normal homeostatic
mechanisms.

Recommendation

Systematic investigations are' necessary to iden-
tify the carcinogenic chemical species or, for the
same chemical species, the role of the physical
state—partice size and surface properties, as well
as concentration. Attention should be given to their
biochemical interconversions in solution and
biotransformnations, and to compare these forms
with their nutritionally essential states. These
investigations should be explored on a quantiative
basis.

General Finding 7

It has been suggested that chromosomal aberra-
tions, sister chromatid exchange, and DNA repair
are of predictive value in relation to cancer devel-
opment.

Recommendation

Further studies should be conducted 'at the
epidemiological and laboratory levels to evaluate
the reliability of these approaches.

August 1981

General Finding 8

There are examples of biological interactions
involving metals that lead to alteration of tumor
response, ¢.g., dietary zinC intake in laboratory
animals or = number of organic carcinogens. Also,
exposure situations are often complex. In environ-
ments which have been demonstrated to cause an
excess risk of cancer, a2 number of possible interac-
tions may be operating (e.g., SOzarsenic interac-
tions in smelter environments),

Recommendation

Possible enhancing or inhibitory effects of expo-
sure to various metal compounds in combination
with other carcinogens or cocarcinogenic compounds
should be examined in appropriate animal, cellular,
in vitro, and epidemiological studies. The mecha-
nisms by which metals cause such effeets should be
elucidated.

General Finding 9

Lifetime studies in animals have been found to be
predictive of probable carcinogenicity in man, espe-
cally when the routes of exposure and the sites of
the tumors are the same. However, a positive
outcome, even with difTferent routes of exposure or
differences in the tumor site, vields suggestive
evidence of possible carcinogenicity for man.

Recommendation

When used for predictive testing, whole animal
studies should, as a rule, employ a simiiar route of
exposure as the one encountered in humans. Other
mutes of administration may be usefully employed

especially in the investigation of mechanisms of
action.

General Finding 10

Negative epidemiological studies should be eval-
uated in the same wag as positive studies and their
results taken fully into account when assessing the
human evidence. The acquisition of sufficient and
adequate date with which to evaluate the car-
anogeniaty or lak of carcinggenicity of metals in
humans requiresastudy period at least comparable
to ?he induction time for carcinogenesis.

Recommendation

Negative epidemiological studies of adequate du-
ration should be published and the confidence limits
of risk estimates included when relevant.

9
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0 Problems of Epidemiological Evidence
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neer.
o Problems asseciated uith the use of epidemiological  information may be available on the previous expo-
astrv evidence to evaluate the carcinogenicity of metals  sure of individual workers, and cornpansons may be
1: 48 are, inthe main. those associated with epidemiological  practicadle only between groups of workers employed
enquiry in general. There are. however, some  In particular occupations or on specific processes.
=ality additional difficultiesthat arise from the variety of ~ Sometimes, when measurements of the intensity of
;:"r:? ways in which exposure to metals can occur. the  past exposures are no. available, these may nave to
’ variety of metal species and compounds. and the  beestimated from the intensity of current exposure
b M frequency of mixed exposure. We shall, therefore. In the same occupation or the length of employment
review some of these problems, and the ways in ~ may have to be used & a substitute for measure-
"';;,’7 which they can be overcome, before reviewing the ~ ment on the assumption that exposure has been
& evidence relating to individual elements. constant over time. Exceptionally, however, if
= and One of the greatest difficulties is to obtain a  exposure was particulariy heavy at a time when
population for study that is large enough to distin- labor turnover was high, duration of employment
H.P. guish the effects of a specific hazard from the -<an-be dissociated from intensity of exposure and
- Ann effects of the random variation of small numbers OF  paradoxical results may appear o be obtained.
:vand alternatively to be confident that no material nisk A special problem in the study of metals B that
Envi- exists. when negative results are obtained (the  mixed exposures to more than one metal ar? to
problem of statistical power and its relation to  different valencies or oxidation states of the metal
sample size). These cannot always be overcome by under investigation are frequent, and precise
increasing the size of the population. as the number  specificazions of individual components of the ambi-
of people exposed to high concentrations of the  ent pollution may not be available because of
agent may be small and extension of the study to  limitations in the analytic method. Changes in the
include larger numbers will only dilute the results. nature of the process and in the consequent expe-
if the additional subjects have not been intensively  sure patterns may also have occurred over time
exposed. In studies of cancer, there is also the  without being recognized.
problem that the first ten years after exposure to a Two other considerations which have to be taken
carcinogen seldom provide much evidence of MK into account are the adequacy of the measure of N_4
Longer periods, even 30 years Or more. may be and the possible existence of confounding factors.
required before the existence of a risk ean be  The endpoint that has most commonly been used in
properiy assessed, and the inclusion of large num-  studies of metal carcinogenesis is cancer morality;
bers of subjects who have been observed foronly a  this is adequate for types of cancer uith a high
short period will serve to dilute the results still fatality rate (e.g., cancer of the lung) but B a poor
further. The analysis should, therefore, be identified  measure for assessing the risk of developing tumors
whenever possible, both by intensity of exposure  with low fatality rates (e.g., cancer of the Jarvax).
s and by length of time since exposure began. Potential confounding faciors such as personal
The exact nature of past exposure at the workplace habits, socioeconomic status, and other occupa-
} B often difficult to determine and, in the case of  tional exposure are seldom taken adequately into
exposure to metals, may be quite complex. Little  account due t ladk of information. Smoking habits
constitute one important confounding factor when
the hazard of lung cancer is being considered.
* This section was prepared by a Workgroup chaired by Sir  DifTerences in smoking habits are unlikely to be
;‘f"{;,',"’f,,‘;k““,‘;;;;,"v’v;‘:gi OL%’;S; England) O;Egr“'l’n']{g’n‘t? large enough to account for a relative risk of lung
Philip Landngan, J. William Lloyd, Thomas J. Mason, Ernest cancer MOre than twice that Of the. ge“e"“.POPU“?"
Mastromateo, Tor Norseth, Goran Pershagen, Umberio Saffotti,  tion. L in the absence of detailed information, it is
and Rodolfo Saracti. amatter of judgment as to how far smalier relative
stives August 1981 11
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risksthat are no. due to chance ean be attributed to
excess smoking. exposure to the metal, or a com-
bined effect of both.

As with all otner epidemiologica’ studies. the
mos: imporsant criterion for the evaluation of those
relating to metal carcinogenesis is the consistency
of the results between studies (i.e., do they all point
in the same direction), within each individual study
(Le., does the risk vary with the degree of expo-
sure), and with the results of laboratory tests
concerning carcinogenicity in animals and the ab-
sorption, distribution, metabolism and mechanism
of action of the metal under investigation. It must,
however, be borne in mind that there are many
ways in which apparent inconsistency can be pro-
duced, and it may be difficult to sort out how far it
can oe due to differences in the design, method of
investigation, or analysis of the studies, or to
differences in the exposure of the subjects, or
biological variation. Positive results in one set of
circumstances are not necessarily coentradicted by
negative results in another, nor vice versa. When
major inconsisiencies prevent an unequivocal in-
terpretation of the totality of the data, this snould
be regarded as constituting urgent grounds for
further research.

In the rest of our report we have considered in
detail the evidence relating to eight metals (in
alphabdetical order) and follow this with a brief note
on other metals. Specific recommendations concern-
ing individual metals and recommendations con-
cerning the detection of occupational hazards of
cancer in general are brougnt together at the end.

Arsenic

Toere B conclusive epidemiological evidence of
an increased risk of lung cancer in the manufacture
of arsenic containing pesticides (/-8). The exposure
has been mainly to inorganic arsenic compounds.
No conclusions can be drawn with regard to the
cardnogenicity Of trivalent versus pentavalent com-
pounds & both forms have occurred in the ¢ircum-
stances in which individuals have been occupation-
ally exposed. The use of arsenic-containing pesticides,
often as arsenates of low solubility, has been
associated with lung cancer among vintners in
Germany (4) and in Frane¢e (8), but the data are not
conglusive,

The carcinogenicity of inorganic, mainly trivalent
arsenic B also evident from many epidemiological
studies of men employed in smelters (6-11). AS 8
rule, an increase in lung cancer mortality with
inecreasing dose of arsenic has teen observed (6, 8,
20). It should be recognized that the smelter
environment is very complex, and the interaction
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between arseni¢c and other environmentwal pollu-
tants (SO, hezvy metals, ete,) as well as with
todaceo smoking s poorly understood.

Some studies nave indicated an increased mor.al-
ity fram lung cancer in populations living near point
emission sources of arsenic to air (11), but the role
of arsenic cannot be assessed because of lack of
measurements of exposure and effectsef confounding
factors.

Exposure to inorganic arsenic can cause non-
melanotic skin cancer. This has been observed
following the ingestion of arsenic in drinking water
and in arsenical medications in doses amounting to
several grams (12-18). The form of arsenic in the
drinking water has pet to be determined, hu: in
medication the evidence definitely relates to the
inorganic trivalent form (14).

Cases of heman?ioendothelioma of the liver have
been reported follouing exposure to inorganic ar-
senic from medicinal preparations (16-291, contami-
nated drinking water (20), and wine (21). The
evidence that arsenic was a causative factor in
these cases B thought to be conclusive.

A possible association between arsenic and «an-
¢er Of othersites, most notably of the Ivmphnatic and
hematopoietic systems (2, 10), needs further inves-
tigation. NO epidemiological data are available
reiating to the carcinogenicity of organic arsenic
compounds.

Beryllium

Although numerous experimental studies had
indicated that a number of beryllium compounds
were carcinogenic in experimental animals by sev-
era! routes of administration (22), the results of
epidemiologic study up to the end of 1870 (23.26)
had not demonstrated any consistent evidence of
carcinogenicity in men and women employed in
primary bervilium ﬁroduction works, Or among
djectsenrolled in the U.S. Beryllium Case Regis-

(BCR). Results of follow-up studies of these
populations through the mid-1970s have been recenty
reponed (£7-80). The study populations somewhat
overiap, as three reports concern the workers in
two factories (27-29), while the fourth concerns the
morality of individuals in the Registry (30), many
of whom were employed in the same factories. Each
study demonsurates a significant excess of lung
ancer,

The lung cancer mortality observed in the beryl-
lium exposed workers was excessive compared with
the morality recorded for the U.S. general popula-
tion (27) and that in a second iadustrial population
located in the same geographic region (29).

The studies demonstrate an excess lung cancer

Environmental Health Perspectives
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“ rsk following short-term but heavy exposure to

bervilium (28). This same phenomenon was 0b
served for individuals who died from bervilium
disease, a¢linical endpoint previously demonstrated
to be associated with occupationabenvironmental
exposure to berylllium (31). QUK interpretation of
the total evidence is that bervllium is the cause of
the excess cancer morwality in these groups of
employees,

Cadmium

Occupational exposure to cadmium oxide fumes
occursin the smelting and refining of the metal and
in the production of copper-cadmium and brazing
alloys. Exposure to cadmium oxide dust oceurs in
cadmium-nicke] battery manufacture and in the
production and use of cadmium oxide for piating,
chemical and plastics industries. Exposure to cad-
mium sulfide occurs in pigment manufacture. Lesser
exposures to cadmium stearates and other com-
pounds also oeeur. While cadmium has been used
increasingly in industry over the past 30 to 60
years, the total number of workers exposed to the
compounds of this metal has not been iarge. In the
earlier pears of cadmium usage, occupational expe-
sure was often heavy and prolonged, for neither the
fume nor the dust are highly irritant unless expo-
sure is massive. \ih the recognition of chronic
cadmium poisoning, many ProCESSeS Were reiesigned
in the 1960's with enclosure and the installation of
exhaust ventlation. AS aresult, occupational expo-
sure over the past 10-13 years has been greatly
reduced fram concentrations measured in milli-
grams per cubic meter to levels measured N
micrograms per cubic meter.

The first intimation that cadmium might be a
human c<arcinogen came from a small study in
Brixain of men exposed to cadmium oxide dust for a
minimum pericd of one year in cadmium-nickel
battery manufacture (82, 38), where there were
four deaths from carcinoma of the prostate when
less than one was expected. Exposure to cadmium
oxide dust had been heavy and had given rise to
chronic poisoning in the work force. In a similar-
sized group engaged for a minimum period of twe
gears on the refining of cadmium in the U.8., also
under heavy exposure conditions. four deaths from
prostate cancer were again observed, all of which
occurred more than 20 years after first exposure
(84). This number B significantly greater than that
expected (0.88) from national morality statistics.
In this cohort there was also a significant excess of
lung cancer. However, smoking habits were not
determined, and there was concurrent expasure to
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other compounds, in paricular to arsenic. Concen-
trations of arsenic were low when measured at tne
time of the survey. but there is no information or.
arsenic levels in the eariier vears. In a Sweaisn
cacmium-nickel battery factory, Where again neavy
exposure to cadmium oxide and nickel hydroxide
dusts had occurred in earlier years pving rise 1o
the firs: reported cases of chronic cadmium poison-
ing, all workers with more than five years exposure
who developed cancer between 1959 and 1873 (23)
were identified. No significant excess of prostatic or
lung cancer was found. Firally, in a Swedish
copper-cadmium alloy plant, a sl increase in
prostatic cancer morwality, but not reacning a
significant level, was found in a group of workers
with at least five years heavy exposure to cadmium'
oxide fume (85). In each of these studies the
number of workers investigated was srall,with. in
all, 14 cases of prostatic cancer against 5.4 expected.

The most reasonable interpretation of these re-
sults is that esposure t0 cadmium had contributed
to the development of prostatic cancer in the
exposed workers.?

Injection site sarcomats and interstitial cell tu-
mor-of the testis have followed the injection of
several cadmium compounds (36-48). Prosatie tu-
mMors have not been observed, but it is questionabie
whether the animals studied provide adequate
mocels (&)

Chromium

An increased risk of lung cancer has been estab-
lisned for workers in the primary chromate produc-
tion industry (43, 46). This increased risk has been
attriputed to exposure to an incompietelv defined

ixture of chromates. An excess risk of lung cancer
has also been observed in workers in the chrome
pigment production industr (A7, 48).

Secondary users of chromates other than the
chrome pigment industry and secondary users of
chrome pigments must be regarded as possibly
being at risk, but the epidemiological evidence (48,
49-51) is not conclusive.

Both results from the primary chromate produc-
tion industry and from chrome pigment production
are not inconsistent with the concept that slightly
soluble chromates are more carcinogenic than the
soluble compounds. Increased risk of lung cancer
has been reported in platers exposed to soluble
compounds (52), but the results In two studies

* One member of the Working Group dissociated himself from
this Rtatement on the grounds that he consiicred the daa
inadequate ai the present lime to reach such a conciusion
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(53-55) are inconclusive. s Animal experiments also
support the assumption that the sligntly soluble
1 compounds are the more active (56), bu: soluble and
: slightly soluble compounds are equally potent mu-
1 tagens in wtro (57, 58).

There is very little epidemiological evidence
relating to workers exposed to trivalent chromium,
but such as there is does not suggest an increased
rEk A suggestion of an increased risk of lung
cancer in ferrochromium production can be attributed
to exposure to hexavalent chromium in the process
(50). The assumption that exposure to trivalent
chromium does not constitute an increased risk of
uncer is indirectly supported by in witro tests for
mutagenicity (59, 60)and by the observation that
only hexavalent chromium passes the cell mem-
brane (61), although the trivaient form may be the
active agent at the site of action (61-65).

No reiation between dose and response can yet
be determined for the cancer causing effect of
hexavalent chromium in men. This B partly be-
cause the active agent in the actual circumstances
of exposure is unknown. and partly 'because only
limited and unreliable dose estimates a nbe obtained
for workers wno 'have been found at risk for the last
20-30years. The importance of the chromium that
is found in tobaceo for the development of lung
cancer is not known, nor is it known whether there
are symergistic effects between chromate exposure
and smoking. Some published data suggest an
] increased risk of gastrointestinal cancer (52, &9,
1 66-69). but the results are inconclusive.

bt e 20 &m0 ad 000,
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Cobalt

Oceupational exposure to cobalt occurs in the
tangsten carbide hard metal industry, in mining
E and refining of cobalt. in the production of cobalt
alloys, and in the handling of cobalt salts. Pulmo~
nary fibrosis has been reponed in workers from the
hard metal indusiry (70, 71). Despite these exces-
sive exposures, there have been few reports of
cancer morality oceurring in these worken. One
epidemiological study of cobalt refinery worken
has reponed an excess of deaths from lung cancer
(72). However, interpretation is complicated by the
fact that there was also heavy exposure to arsenie,
mainly as arsenic trioxide, and probably alse to
nickel. There are no convincing reperts of cancer
arising from the use of cobalt-containing prosthetie
devices in patients.

Finely divided cobalt metal powder, ¢cobalt oxide,
and cobalt sulfide have produced fbrosarcoma (78)

eIy

Ak adoad

$ Some members of the Working Group felt that the results
were conclusive evidence of an increased risk in platers.
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and rhabdomyosarcoma (74) at injection sites in the
rat.

Cobalt. as the divalent ion, has been shown to
substitute for Mg=~ as =n activator for DS.4 poly-
merase (75). Cobalt chioride has deceased the
fidelity of DNA synthesis in vitro (75, 76).

iron

This most abundant metal in the eamh's erust is
present in its natural state in the form of oxidesand
carbonate. Occupational exposure, dating back to
prehistoric times, isboth common and heavy in iron
ore mining, iron refining, steel production and
welding.

The injection of certain iron carbohydrate
complexes in large doses has been followed by local
sarcoma production in several animal species(r7-82)
with evidence of a dose response relationship.
Millions of doses of such complexes have been given
parenterally over the past 30 years in the trea:-
ment of iron deficiency anemia, but no more than a
handful of tumors at the site of injection (where
tumors are also known to occur spontaneousiy)
have been reponed (&8). In one study of all soft
tissue sarcomas which occurred over a defined
interval. no history of parenteral iron therapy couid
be obtained (84). In another study covering all
cases Of sarcoma of the buttock notified to U.K.
cancer registries over a two-year period, four cases
were discovered (83), but only one of them is
considered acceptable zs 2 sarcoma that could have
arisen in response to iron injection (86). The possi-
bility that iron dextran injection may give rise to
sarcoma cannot be entirely discounted. but the risk
@if any) appears to be extremely small.

The administration of iron oxid)e tothe respiratory
tract Of hamsters by intratracheal instillation to-
gether with benzo(a)pyrene oOr by inhalation follow-
ing systemic administration of dietnyt nitrosamine
has resulted in an increased yield of tumors, whiie
tumors were not obtained with iron oxide alone.
This effect B considered to be nonspecific.

An excess mortality from lung cancer has been
observed in iron ore miners from a number of
countries. The original observations were reported
fronCumberland, England (87), and confumed ina
later study in 1870, in which the miners of haema-
tite showed a clear excess mortality from lung
cancer compared with national and regional figures
(88), An excess lung cancer mortality has also been
reponed amongst iron ore miners from some other
countries (&9-93). i

The increased lung cancer risk in haematite
miners mag be attributed to a number of possible
factors. Although a carcinogenic efTect of iron oxide
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particles alone, possibly acting in a nonspecific way,
cannotl be entireiy discounted. the totality of the
evidence strongly suggests that the excess lung
cancer risk could be attributed to ionizing radiation
from the raden and radon daughters present in the
armosphere of the mine. The reiationship between
the excess morwlity from lung cancer and the level
of radiation in the Cumberiand haematite mines
was comparadle to that found in other mining

situations where radioactivity is held to be respon- .

«ible for an occupational lung cancer risk (88).
However. radioactivity levels have not been de-
termined in all other mines where an increased lung
Cancer risk has been shown to exist.

Two early studies in Britain showed an increased
lung cancer morzlity in foundry workers (94, 95),
but this cannot necessarily be attributed to iron
oxide, as exposure to polycyclic hydrocarbons also
occurred.

Lead

Inorganic lead has been shown to produce renal
tumors in a number of experimental studies, at
least six in rats (96-700) afd ohe in mice (109).
Dosage was by several routes including ¢ral. Lev-
els of exposure in all of the studies far exceeded the
maximum doses tolerated by man and caused gross
morpnological damage to the kidney. Lead is reported
to have produced lung tumors in namsters (104) and
cerebral gliomas In rats (101). In vitro, lead oxide
has beer: found to induce dose-related transforma.
tion in Syran hamster embryo cells (105). Lead
oxide also enhanced the transformation produced in
Jrian hamster cells by SAT virus (706).

In an early epidemiological study, an excess
propordonate mortality ratlo was noted for malig-
nant neoplasms (all sites combined) in battery
workers with sc-called 'negligible exi)osure uith
lead in urine values within the normal range” (25
deaths observed vs. 14.2 expected; p < 0.03), but
no excess morality was noted among workers with
"heavy"* exposure to lead (107). No comment was
made in that study asto any site-specific occurrence
of excess malignancy.

In a more recent study of lead smelter and
battery workers (J0&, 108), a significant excess of
malignancies at all sites combined was found in
smelter workers but not in battery workers. In
both grmups, mortality from digestive and respirato
ancerwas greater national RKS predicted. ?K
five-year follow-up study leaves the interpretation
of these findings in doubt. pattern was not
mainained, malignant neoplasms showing a slight
deficiency in smelters and slight excess in battery
workers (109, 110).
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From the daw it may be conciuded tha: there is
evidence tha: lead in high dose ean produce cancer
in experimental animals. However, insufficient ob-
semvations on man have been reponed to enable a
definite conciusion to be reached as to whetner lead
causes human cancer.

Nickel

Nickel: is used chiefly in the production of allovs
including stainless steels. Other uses include:
electroplating, eatalysts, coinage, and pigments.
Nickel alloys are also used in jewelry and in dental
and surgical prostheses,

Occupational exposure occurs in mining. refining,
alloy production and use, electroplating. welding,
and inthe handling of nickel salts. Increased risk of
lung and nasal sinus ancer in nickel refining
workers was first noted in 1326 fram Clydach,
Wales (111), a refiner?. using the Mond process
which began operation in 1902. The Mond process
made use of nickel carbonyl in the refining of nickel.
Because of this, it has often been believed that
nickel carbonyl was the sole carcinogen. Subse-
quent epidemiological studies from Canada (1:2,
118), Norway (114, 115), the U.S.S.R. (72), and
New Caledonia (116) have shown that the increased
MK also oceurred in refineries where the Mond
process was not used. In addition, continuing
studies have shown that the increased risk at the
Clydaeh refinery has dropped markedly in workers
entering employment after 1932 despite continuing
use of the carbony| process (111). Studies in Canada
(102, 119) and n Wales (121, 117) suggest that
exposure to furnace fumesand dust. fram the high
temperature sintering or calcining of impure nickel
sulfide mattes was the source of the increased risk
These same operations were ¢arried out in the
Norwegian refinery (118) and, although some risk
appeared to be associated in the electrolytic work-
ers, mixed exposures of these workers cannot be
ruled out. The Norwegian studies also demon-
strated an increase in the observed incidence of
larvnpeal cancer, as well asan increase in incidence.
of lung and nasal sinus cancer.

Mining, smelting, and refining of laterite (nickel
oxide) ores have been carried out for about 100
years, |t was believed that the increased risk of
respiratory cancer did not oceur in laterite opera-
tions. A single case-control study, however, reported
an increase among workers and residents living
near a nickel smelter in New Caledonia (116). It
was also assumed that increased risk of respiratory
cancer did not occur among nickel users, e.g.. in
nickel alloy manufacture and use, use of nickel
powder, nickel plating, nickel welding, ete., but
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defnitive studies on this have been lacking. A
recent study did not indicate anincrease in respiratory
ancer among a cohort exposed to nickel powder
and followed for a minimum of 19 years (119).
Another recen: case control study did not indicate
an increase of risk in workers engaged in gnnding
and welding operations with nickel alloys (120).
Studies with experimental animals have demon-
strated that nickel subsulfide (Ni;S;) produced local
tumors at a wide variety of injection sites and by
inhalation in rats (227). Ni;S; also enhanced the
carcinogenic effects of benzo(a)pyrene (122) and
20-methyvicholanthrene in experimental animals
(128). In vitro mammalian cell tests demonstrate
that Ni;S. and NiSO, compounds give rise to
mammalian cell transformation (124-130).

Other Metals

Epidemiological evidence relating to exposure to
a vanety of other metals should be sought if at all
possible, either because large numbers of workers
are involved or because laboratory tests suggest
the possibility that a cancer hazard might gxist,
These metals include copper. manganese, mercury,
piatinum. seienium, titanium, vanadium. and zinc.

Studies of copper refiners are particularly desir-
able, but it may be difficult to define groups who
have not also had material Exposure to arsenic.

In view of the small numbers of workers ex-
posed. it will be necessary to obtain the collabora-
tion of industry on an international scene if any
worthwhile human evidence is to be obtained relat-
ing to platinum. selenium, and vanadium. The
possibility of establishing specialized registers of
men who have worked with these metals should be
considered.

Recommendations
Specific

The epidemiological evidence strongly impliates
inorganic trivalent arsenic as the responsible agent
when an excess of lung cancer B attributed to
exposure to arsenic. There is, however, no reason
10 exonerate pentavalent arsenic, and workers
exposed solel¥ to other forms of arsenic should be
investigated further.

Experimental work should be undertaken on the
effect of exposure of the respiratory tract toarsenic
compounds of low solubility.

The incidence of lung cancer in areaswhen there
are unusually high concentrations of arsenic in the
alr should %e studied I order to assess possible
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risks to the general public. Airborne ieveis and
personal excretion patterns snouid be monitored in
sucn areas.

There is 2 need to study dose-response reiation-
ships for arsenic in water and skin cancer. Paricu-
lar emphasis snould be given to difierences in
relation to valence state.

The conclusion that berylium and cadmium con-
tribute to the development of some cancers in man
was reached because this seemed to be the most
reasonable interpretation of the availabie facts. The
numbers of observations on man are small. howev-
er, in both eases, and it is imporant to check that
the conclusion is correct by continued observation
of the cohorts of workers exposed to bervllium in
the U.S. and by collecting observations on larger
numbers of men who have been esposed to substan-
%nda.mounu of cadmium whenever they can be

Further studies are required todetermine which
compounds of chromium are carcinogenic to man
and, particularly, to determine if there B any
hazard associated uith exposure to soluble com-
pounds in the plating industry,

Cohorts of workers exposed to airborne respira-
ble cobalt and its inorganic compounds shouid be
identified and followed up to determine their cancer
mortality rates,

Long-term exposure of experimental aninals to
both insoluble and soluble forms of cobalt (such as
cobalt oxide or cobalt sulfide and cobalt chloride or
cobalt nitrate) via the respiratory tract should be
included.

Further epidemiological studies of iron miners,
steel workers. foundry workers. and welders are
required in which attempts are made to character-
ize the extent to which the men are exposed to
ionizing radiation and possible carcinogens as well
as to iron and 1ron compounds.

More studies are needed of men who have had
long term occupational exposures to lead. Case-
control studies of adults with kidney tumors and
follow-up studies of people who suffered from lead
poisoning in chiidhood could also heip to darify the
extent to which lead may contribute to the devel-
opment of ancer in man.

Further epidemiological studies of workers ex-
posed to soluble and slightly soluble forms of nickel
and nickel alloys in the nickel processing and
mining industries are needed.? These should in-

* A larper epidemiological study of cadmium workers is currently

being carried out in Britain, the results of which should be
available in 1982

tMany such studies are currently underway, the results of
which should becume available in 1981.
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~ ciude industries involving mixed exposure!: to nickel

and other meals. e.g.. nickel and cadmium in
pattery manufactures and nicke! and chromium in
stainless steel manufactures. weiding. nickel plat.
ing. and cnrome plating. o

Additional long-term Innaiation studies in exper-
imental animals are needed to determine the poten-
tia] carcinogenicity of nickel metal and nickel com-
pounds. Pmority should be given to testing nickel
metal. nickel sulfate. and nickel oxide. because of-
the large number of workers esposed and the lack
of conclusive information concerning these sub
slances,

General

The possibility of interactions between meals
(particularly afsenie), other industrial pollutants
and tobacco smoke in the production of lung cancer
should be further investigated.

Epidemiological studies should. whenever prae-
tieal, include comparison of the risk of cancer in
groups of industrial workers exposed to a particular
arent With that in unexpased workers in the same
industry oOr in residence in the same geographical
area as Well as with those in the country s a whole.

In epidemiological studies, identification Of co-
horts with past exposure is often difficult or impos.
xible because: .a) employment records are often
destroyed aftera minimal time internal. and (b) job
deseriptions in company or medical records may oe
nonexistent Or inadequate. Employment records
adequate for the identification of workers for the
tletermination of thelr vital studieSshould be retained
by companies and medical or industrial hygiene
deparuments where these exist for a minimum of 30
vears. Because of the long period that may elapse
between initial esposure and the development of
cuncer, these records should include job descrip-
tion, with qualitative and quantitative information
on exposure. Whenever possible, information 0N
other potential exposures, e.g., cigarette SMOKINg.
should be recorded.

In the interest of publie health, facilities should
be provided in all industrialized countries Lo allow
bonafide research workersto lirkrecords maintained
in industry with national records Of birth (when
practicable). sickness, and causes of death. subject
to apprupriate safeguards to insure that personal
records are never used to the detriment of the
individual,
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