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Meeting of the IARC working group on beryllium, cadmium, mercury and exposures

in the glass manufacturing industry

A working group of experts in chemical carcino-
genesis (list of participants at the end of this article)
met in Lyon, France, on 9—16 February 1993 to
discuss the carcinogenic risks to humans from ex-
posure to the metals beryllium, cadmium, and mer-
cury and their compounds and of exposures in the
glass manufacturing industries, where lead, arsenic,
and other metal oxides can occur. Several observers,
including representatives from Eurométaux (Euro-
pean Association for Metals), the International
Council on Metals and the Environment, and the
Primary Glass Manufacturers’ Confederation, also
attended the meeting. The results of the discussions
will be published as volume 58 of the JARC Mono-
graphs on the Evaluation of Carcinogenic Risks to
Humans.

Beryllium and beryllium compounds

Beryllium is lighter than aluminum and more rigid
than steel, and it has excellent electrical and thermal
conductivity. These properties have led to the pro-
duction and use of the metal itself, its alloys, and its
oxide in a variety of applications. The major draw-
back to the widespread use of beryllium metal is its
brittleness.

Beryllium compounds were used extensively in-
the past as phosphors in fluorescent lighting tubes.
Beryllium and its compounds have since become
important in solid-state computer and communica-
tion systems and in the aircraft, aerospace, and
military industries. Beryllium is used as a structural
material in nuclear facilities since it does not absorb
thermal neutrons from the fission of nuclear fuel as
other metals do; instead it reduces the energy of neu-
trons and reflects them back into the fission zone.

Although a relatively small number of workers
has been exposed to high levels of this element,
mainly in the refining and machining of the metal
and in the production of its alloys or compounds,
growing numbers of workers in the aircraft, aero-
space, electronics and nuclear industries are poten-
tially exposed to lower levels. The most important
source of beryllium in the environment is the com-
bustion of coal, and it has been found at levels of
about 100 mg - kg™' in coal ash. Measures have been
taken over the last 40 years to reduce such exposures,
and low permissible exposure limits have been en-
forced in several countries. In 1952, the Beryllium
Case Registry was established in the United States
to collect data on the epidemiology, diagnosis, clin-
ical features, course, and complications of acute be-
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ryllium-induced pneumonitis or chronic systemic
beryllium diseases.

Beryllium and beryllium compounds have been
evaluated by previous working groups convened by
the International Agency for Research on Cancer
(IARC). The reevaluation by the present group with
regard to the carcinogenicity of beryllium and its
compounds in humans was based on extended anal-
yses of mortality among cohorts of workers in be-
ryllium production plants. The consistent, marginally
significant excess of deaths from lung cancer ob-
served in an early series of cohort studies of work-
ers at two facilities for the extraction, production, and
fabrication of beryllium in the United States was con-
firmed by the finding of a small but significant ex-
cess of mortality from lung cancer among some 9000
workers in seven beryllium plants in the United
States. The follow-up of deaths among workers en-
tered at the Beryllium Case Registry also showed
excess mortality from lung cancer, especially among
those who were entered at the Registry because of
acute beryllium pneumonitis. The working group
concluded that the following aspects of these two re-
cent studies support the conclusion that the work en-
vironment of people involved in refining, machining,
and producing beryllium metal and alloys was caus-
ally associated with an increased risk for lung can-
cer: the large number of cases of cancer at that site;
the consistency of the excess of that cancer; the
greater excess among workers who had been hired
before 1950, when the concentrations of beryllium
in the workplace were relatively uncontrolied and
much higher than subsequently; the fact that the high-
est risk for lung cancer was found in the plant from
which the greatest proportion of cases of acute be-
ryllium pneumonitis was reported to the Beryllium
Case Registry; the greater risk for lung cancer in the
Registry cohort, particularly among those with acute
beryllium pneumonitis, who had the most intense
exposure to beryllium; and the fact that the highest
risks for lung cancer occurred in plants where the risk
for nonmalignant respiratory diseases was the high-
est. Smoking was addressed in several ways in both
studies and was considered not to explain the in-
creased risk for lung cancer.

Aspects of the studies that were considered to limit
their interpretation were the absence of any mea-
surements of individual exposures to beryllium, the
relatively low excess risk for lung cancer, and the
absence of any mention of exposure to other lung
carcinogens in the workplace (although there was no
evidence that any were present).



Other data considered to be relevant to the evalu-
ation of the working group were the finding of in-
creased levels of beryllium in the lungs of people
who had been exposed up to 20 years previously and
the fact that beryl ore, beryllium metal, several al-
loys of beryllium, and beryllium oxide, hydroxide
and salts produced lung tumors in rats after expo-
sure by inhalation or intratracheal instillation. The
commonality of this target site suggests a common
mechanism for the carcinogenesis of beryllium in
humans and experimental animals. The pathogene-
sis of chronic beryllium lung disease involves cell-
mediated immunological reactions, and susceptibility
varies between individuals. A similar disease is seen
in exposed animals.

The overall evaluation of the working group is that
beryllium and beryllium compounds are carcinogenic
to humans (group 1 in the IARC classification).

Cadmium and cadmium compounds

Cadmium and its compounds had also been evalu-
ated earlier within the IARC monographs program,
but the availability of new epidemiologic and experi-
mental data prompted a reevaluation. Cadmium, a
by-product of zinc production, has been used to a sig-
nificant extent only in the last 40—350 years. Occu-
pational exposure to cadmium and cadmium com-
pounds can occur in smelting and refining, in cad-
mium alloy production, in the manufacture of nick-
el-cadmium batteries, through the production and use
of cadmium pigments, and in electroplating. Cad-
mium can also occur in air, water, and food from pol-
lution of the environment by this element, and acid-
ification of cadmium-containing soils and sediments
can increase the levels of cadmium in surface wa-
ters and crops. Several episodes of poisoning have
been reported among populations eating food grown
on contaminated soil, perhaps the best known being
the epidemic of itai-itai disease in Japan. Cigarettes
are another source of cadmium, and it has been es-
timated that a pack-a-day smoker accumulates 0.5 mg
of cadmium in one year.

The first indication of the possible carcinogenici-
ty of cadmium was a report of prostatic cancers oc-
curring in a small group of workers who had been
employed before 1965 in a plant where nickel-cad-
mium batteries were manufactured in the United
Kingdom. Conflicting results have been obtained
subsequently with regard to cancer at that site. In
contrast, both early and recent studies provide con-
sistent evidence that the risk for lung cancer is in-
creased among workers exposed to cadmium. In a
study from the United States, a dose-response rela-
tionship was demonstrated between estimated cumu-
lative exposure to cadmium and risk for lung can-
cer. In addition, in a large cohort of workers from
17 cadmium-processing plants in the United King-
dom, the rate of mortality from lung cancer was in-
creased and there were suggested trends with dura-
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tion of employment and with intensity of exposure.
Confounding by cigarette smoking was addressed
directly in only one study, which did not find smok-
ing to be a likely explanation of the result. Other
studies provided analyses based on internal compar-
isons, which are not likely to be affected by such
confounding. Control of confounding due to concom-
itant exposure to other metals, such as arsenic and
nickel, was limited. However, analyses in which an
attempt was made to distinguish cadmium-exposed
workers with different levels of exposure to arsenic
indicated that the increase in risk for lung cancer was
unlikely to be due to exposure to arsenic.

The working group identified the following con-
straints that limited assessment of the studies: the
numbers of long-term, highly exposed workers were
small, historical data on exposure to cadmium are
limited, particularly for plants outside the United
States, and the ability to define a gradient of cumu-
lative exposure varies.

The working group also took into consideration the
fact that cadmium compounds induce lung tumors in
experimental animals exposed by inhalation or intra-
tracheal instillation. Ionic cadmium has genotoxic ef-
fects in a variety of eukaryotic cells, including those
from humans. In addition, in studies of exposed pop-
ulations in which significant responses were ob-
served, chromosome aberrations tended to occur in
the more heavily exposed groups and were of more
complex types.

The overall evaluation was therefore that cadmium
and cadmium compounds are carcinogenic to humans
(group 1 in the IARC classification).

Mercury and mercury compounds

Inorganic mercury and organomercury compounds
were evaluated for their carcinogenicity to humans
on the basis of reports that these compounds induce
tumors in mouse kidney. Human beings can be ex-
posed to metallic mercury from many sources, in-
cluding dental amalgam, work in mercury mining,
chloralkali electrolysis, alkaline battery plants, and
the manufacture of devices for measuring tempera-
ture and pressure, and they are exposed to mercury
compounds through their use as fungicides in paints
and on seeds and grains. Populations have been ex-
posed to methylmercury compounds by eating con-
taminated fish — perhaps the most famous episode
is that which caused Minamata disease in Japan —
or bread made from treated seed intended for sow-
ing, as occurred in Iraq in the early 1970s.

The working group restricted its review of epide-
miologic studies to those specific to metallic mer-
cury and mercury compounds and to groups of peo-
ple known to have considerable exposure. Thus, in
a cohort study in a nuclear weapons factory in the
United States, the mortality of men who had been
exposed to metallic mercury during lithium produc-
tion was followed. No difference in the risk of dying
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from lung cancer was seen between exposed and un-
exposed groups in the same factory, and the risk for
cancers of the central nervous system was not as-
sociated with estimated levels of exposure to mer-
cury in a nested case-referent study in two nuclear
facilities. Although increased risks for cancer of the
lung were observed in cohort studies of chloralkali
workers in both Sweden and Norway, asbestos and
tobacco smoking were considered by the authors to
be the main determinants of the increases in risk. The
risk for lung cancer among individuals with silico-
sis was found to be higher for those who had worked
in mercury mines than for those who had worked
elsewhere. However, few cases were involved. A
case-referent study in Italy indicated an excess risk
for lung cancer among women who had had heavy
exposure to mercury (but also to arsenic), while man-
ufacturing felt hats, and a population-based case-
referent study in Canada showed an increased risk
for lung cancer in association with exposure to me-
tallic mercury. A report of excess risk for brain tu-
mors among dental personnel in Sweden was not cor-
roborated by studies in the United States and Aus-
tralia.

Studies in Minamata, Japan, on the causes of death
in populations with a high prevalence of methyl-
mercury poisoning showed excess mortality from
cancers of the liver and esophagus in the area of
highest exposure. However, the risks for chronic liver
diseases and cirrhosis were also increased, and the
consumption of alcoholic beverages was known to
be high in that area. A number of Swedish studies
of people exposed to mercury-based seed dressings
showed no significant increase in risk for cancers of
the brain or soft tissues or lymphoma.

The evidence for the carcinogenicity of mercuric
chloride in experimental animals was considered to be
limited, on the basis of the finding of a few renal tumors
in mice and rats and of stomach papillomas in rats.
The fact that methylmercury chloride produced renal
adenomas and adenocarcinomas in male mice was con-
sidered to provide sufficient evidence for the carcino-
genicity of the compound in experimental animals.

Mercury and mercury compounds can be absorbed
by various routes. Gastrointestinal absorption of
methylmercury compounds is far more efficient than
that of mercury following exposure to metallic mer-
cury or inorganic mercury compounds.

Methylmercury compounds produced chromosome
effects in vitro and in vivo. The dose of mercuric
chloride required to produce sister chromatid ex-
changes in human lymphocytes in vitro was 5 to 25
times higher than that needed for methylmercury
chloride.

The overall evaluation of the working group was
that methylmercury compounds are possibly carci-
nogenic to humans (group 2B in the IARC classifi-
cation), whereas metallic mercury and inorganic mer-
cury compounds could not be classified as to their
carcinogenicity to humans (group 3).
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Exposure in the glass manufacturing industry

A monograph was prepared on occupational expo-
sures in glass manufacturing because several epide-
miologic studies that suggest an increased risk for
lung cancer have been reported in the literature. The
industry comprises the following five main sectors:
flat glass, glass containers and pressed ware, art
glass, special glass (eg, optical, ophthalmic, electron-
ic) and fiber glass (which was not considered by the
present working group). Glass production has
evolved over the thousands of years since it was dis-
covered, and many of the processes are now auto-
mated. Modern production of flat glass is the most
highly automated, but art glass production still, for
the most part, involves blowing by mouth. The ba-
sic ingredient of glass is silica, but exposures to lead,
arsenic, and other metallic oxides occur, primarily
when nonmechanized techniques are used. Other po-
tential exposures in glass manufacturing include as-
bestos, other metal oxides, and polycyclic aromatic
hydrocarbons.

The evidence that favors a causal association be-
tween exposures in the glass manufacturing indus-
try and cancer is a reasonably consistent association
with lung cancer in all four available cohort studies
of workers involved mainly in art and container glass
manufacture, a similar, though less consistent, asso-
ciation with lung cancer in three case-referent
studies, the finding of a larger lung cancer risk than
can reasonably be explained by nonoccupational con-
founding factors, the presence of human lung car-
cinogens in some sectors of the glass manufacturing
industry, and the finding of an increased risk for can-
cer of the stomach in several cohort and case-refer-
ent studies.

Findings that were considered to limit the inter-
pretation of causality were the poorly characterized,
heterogeneous exposures of workers in this industry,
which would be likely to result in a weak or null as-
sociation in some studies, the absence of demonstrat-
ed dose-response relationships, the inclusion of
workers in other industries in the risk estimates made
in some studies, and the relatively few studies avail-
able of workers in the glass manufacturing industry.

Although the type of glass industry studied was
usually poorly defined, the studies that provided
enough information allowed the working group to
conclude that the manufacture of art glass, glass con-
tainers, and pressed ware entails exposures that are
probably carcinogenic to humans (group 2A in the
IARC classification). Mainly because of a lack of
information, occupational exposures in flat-glass and
specialty glass manufacture were considered to be
unclassifiable as to their carcinogenicity to humans
(group 3).

Concluding remarks

In most developed countries, occupational exposures
to the three metals considered and in the glass man-



ufacturing industry are now considerably lower than
they were several decades ago. The evaluations made
by working groups convened by IARC serve, how-
ever, to underline hazardous exposures that may still
exist, especially as new uses are being found for
some of the compounds. They serve especially to
alert governments in countries where the compounds
and industries are not yet regulated so that preven-
tive action can be taken before situations such as
those prevalent in the early part of this century oc-
cur. The presence of cadmium and mercury as envi-
ronmental pollutants and the disastrous consequences
that have been experienced as a result of such pol-
lution should be considered in conjunction with these
evaluations to forestall any further incidents.
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