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Carcinogenicity of chromium and its salts

SIR,-In a recent editorial (1986;43:649-51) Norseth
discussed the complex problem ofchromium carcino-
genicity. He presented some of the myriad data
resulting from epidemiological investigations, animal
carcinogenicity assays, short term tests, and biochem-
ical studies. The emerging concept that some reactive
intermediate formed during the intracellular reduc-
tion of hexavalent chromium-for example, the pen-
tavalent form-may be the ultimate carcinogen was
also presented. Also, we agree that the experimental
data may perhaps reflect the involvement of multiple
mechanisms in chromium toxicology.
We were disappointed, however to read Norseth's

conclusion that "all chromium compounds must be
regarded as having a carcinogenic effect." Such a
statement is not substantiated by the bulk of available
publications and, most important, does not take into
account that chromium is an essential element. There-
fore, we cannot share the view that all the forms of
chromium, even those playing an "essential" nutri-
tional part, may be regarded as carcinogenic.

In addition, we would like to contribute to the invi-
tation that "further studies on the microkinetics of
the various chromium compounds in different cell
systems and in the respiratory tract of experimental
animals seem to be urgently required." In fact, we
have been investigating in short term tests a large
number ofchromium compounds of different valence,
physical state, and solubility. Moreover, we have been
exploring chromium metabolism using several tens of
biological preparations, including body fluids and cell
preparations of various tissues from different animal
species, including man, either under normal condi-
tions or under the influence of diseases, drugs, enzyme
inducers, metabolic inhibitors, special diets, and
treatments. We cannot summarise these data but we
would like to complete some of the points raised in
the editorial.
A fundamental issue is the site at which hexavalent

chromium is reduced. Due to the poor ability of triva-
lent chromium to cross cell membranes, reduction
outside target cells provides an important
detoxification device. This occurs actively in erythro-
cytes, which may explain the delimitation of chro-
mium carcinogenicity at administration sites. Saliva
and gastric juice are also efficient in reducing chro-
mium (several tens of milligrams a day in man, as
assessed on the basis of circadian analyses) (De
Flora S, et al, unpublished observations), thus
presenting an almost insurmountable barrier to chro-
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mium taken by mouth. Reduction is also achieved in
the extracellular environment of the lower respiratory
tract-the so called epithelial lining fluid-and inside
pulmonary alveolar macrophages. These cells, in
terms of specific activity, are even more efficient than
liver cells and, interestingly, reduction is further stim-
ulated in cigarette smokers.1

Hexavalent chromium which avoids this defence
tends to be reduced inside target cells by specific and
inducible mechanisms.2 Even in the cell, as empha-
sised by Norseth, the site of reduction is crucial in
determining the bioavailability ofchromium to target
DNA molecules. We would like to add that the cyto-
plasmic reduction is not only microsomal and mito-
chondrial but chiefly cytosolic.3 An important activ-
ity involved is DT diaphorase,3 as we have recently
confirmed by using the purified enzyme. Since DT
diaphorase catalyses a two electron transfer from
NADPH and NADH, in the case of chromium this
mechanism would bypass formation of the highly
reactive pentavalent form.

In conclusion, we think that chromium should not
be regarded as "universal" carcinogen, because
several mechanisms constitute a threshold limiting its
bioavailability and attenuating its potential effects
in vivo.

F L PETRILLI
S DE FLORA

Institute of Hygiene,
University of Genoa,
Via Pastore 1,
I-16132 Genoa, Italy.
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SIR,-In his editorial (1986;43:649-51) Norseth begins
by claiming that "A metal cannot be classified as car-
cinogenic per se since its different compounds may
have different potency." In this we wholeheartedly
agree and suggest that most of the research over the
past 3.0 years has attempted to distinguish between
those chromium compounds that do not appear to
present a carcinogenic risk to workers from those that
do; Furthermore, this research has tried to identify
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among those which do some order of potency from
relatively low risk to high risk. As researchers into
chromium carcinogenesis, it was thus somewhat con-
fusing to find that the editorial ended with the state-
ment "In my opinion, all chromium compounds must
be regarded as having a carcinogenic effect." A "car-
cinogenic effect" can have no other meaning than
causing cancer, and we do not feel that Norseth has
presented the evidence to support this conclusion.
Chromium containing materials in industry are

generally used in either the trivalent or hexavalent
form and Norseth points out that the traditional view
is that only chromates with limited solubility cause
cancer and that soluble chromates should not be
regarded as carcinogens for practical purposes. We
believe that he has not presented sufficient evidence to
contradict this view, nor included available evidence
that could have been used to support it.

If we examine the statement regarding trivalent
chromium, Norseth states: "It has been claimed also
that trivalent chromium compounds may constitute
an increased risk but the epidemiological evidence is
not conclusive." This is not an easy statement to
verify as no reference is given; if it is the Hayes paper,
no mention is made of trivalent chromium in this
work.1 Norseth claims that Sirover and Loeb showed
that trivalent chromium was 20 times as potent as the
hexavalent form in decreasing the fidelity of DNA
synthesis in vitro.2 In fact, Sirover and Loeb tested
CrCl2-a divalent chromium compound. They did
not test trivalent chromium. Moreover, although they
obtained positive results with the hexavalent CrCO3,
they add in a footnote that preliminary evidence sug-
gested that the hexavalent sodium dichromate did not
increase the fidelity of DNA synthesis in vitro. This
discrepancy must throw a certain amount of doubt on
the interpretation of this type of assay with regard to
the testing of chromium compounds.
We also thought that the reference to the work of

Warren etal is rather misleading.3 Warren syn-
thesised 17 substitutionally inert chromium (III) com-
plexes that were tested for DNA damaging capability
and mutagenicity. Nine proved inactive in both tests,
four were active in both tests, and four in only one of
the tests-that is, they were genotoxic. Most of the
synthesised chromium (III) compounds which were
doubly active contained aromatic amine ligands, such
as 2,2-bipyridine or 1,10-phenanthroline. The authors
suggested that: ".... chromium (III) in the proper
ligand environment might have considerable genetic
toxicity and could represent one of several possible
ultimate species in a mechanism for chromium
mutagenesis and carcinogenesis." This, however,
does not mean that chromium (III) is genotoxic (or
carcinogenic) per se. Our interpretation would be that
once inside the cell, hexavalent chromium is reduced
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to trivalent chromium which then reacts with cellular
constituents to form complexes. Some of these com-
plexes may be genotoxic and may represent the "ulti-
mate carcinogenic species."

There is, we believe, some experimental evidence
which suggests that the trivalent compounds are not
carcinogenic. In a recently published study we found
that in rats whose bronchial epithelium was chroni-
cally exposed to a variety of trivalent compounds, not
only was there no development of lung cancer but
neither was there an excess of squamous metaplasia.4
This lesion which is readily induced by hexavalent
compounds of different solubilities is considered by
many to be a preneoplastic marker.5 In the same
study bronchial cancers were induced by some spar-
ingly soluble chromates (calcium chromate and zinc
potassium chromate) and squamous metaplasia by all
other hexavalent materials examined.
We believe also that there is good evidence to

support the contention that a limited number of
hexavalent chromate materials only represent a real
carcinogenic risk to man despite the fact that the
chromate ion is genotoxic and that the key factor in
this risk is the solubility, hence bioavailability, of the
chromate ion. Recent work published in this journal
(1986;43:243-56) indicated that only the sparingly
soluble chromates of zinc, strontium, and calcium are
carcinogenic to the lungs of rats and that no such
conclusion could be drawn for highly soluble chro-
mates, nor insoluble chromates such as those of lead.
This latter conclusion is supported by the epi-
demiological findings of Davies (1984;41:158-69)
who showed that workers did not experience an
increased risk of lung cancer when exposed to lead
chromate, even under conditions capable of evoking
overt lead poisoning.
We agree with Norseth that work needs to be done

to understand further the concept of solubility and
bioavailability of the chromate ion and its relation to
risk evaluation, as well as looking at mechanisms. We
also think, however, that there is enough evidence
presently available, including human findings, to
separate those chromium compounds that present a
real risk of cancer from those that do not and
that presenting this relative picture will enable
occupational health specialists and regulators to pin-
point their attention on to compounds where it is
really needed.

Institute of Occupational Health,
Birmingham University,
Edgbaston, Birmingham BJ52TT.

Institute of Cancer Research,
Sutton, Surrey SM25PX.

L S LEVY
P A MARTIN

S VENITT
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Dr Norseth replies:

My conclusion that all chromium compounds must
be regarded as having a carcinogenic effect is based on
studies of mechanisms and biological availability.
There is agreement that chromates of limited solu-
bility cause cancer. Several mechanisms have been
discussed. Both the trivalent and the pentavalent the-
ory presupposes that the chromate ion enters the cell.
Thus all chromates are carcinogens; even the so called
"insoluble" lead chromate releases small amounts of
the chromate ion in biological fluids. The concen-
tration or the retention time, or both, of the chromate
ion in the cell have, however, not been sufficient to
cause cancer in man or in experimental animals with
exposure to insoluble or to highly soluble com-
pounds.

Particles of trivalent chromium have mutagenic
activity as does trivalent chromium in specific ligand
environments. 1 2 Whether the ligand or the chromium
per se causes the effect is anyone's guess. Other
ligands may also transport the trivalent form into the
cell.3 Trivalent chromium may thus be biologically
available even if not generated inside the cell by
reduction of the hexavalent form, and must con-
sequently be regarded as having a carcinogenic effect.

I can find no specific arguments against my conclu-
sion in the letter by Petrilli and De Flora. There is no
law against essentiality combined with a possible car-
cinogenic effect. I appreciate very much the additional
unpublished information given in their letter, how-
ever.

I have some specific comments in reply to the letter
from Levy, Martin, and Venitt. One must assume that
the divalent chromium used in the experiment by Sir-
over and Loeb was rapidly oxidised to the trivalent
form.4 In a later paper the authors agree in this and
the same conclusion is reached by others.5 6 Further-
more, I think it is properly stated in the letter as cited
from Warren etal that; "...chromium (III) in the
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proper ligand environment might have considerable
genetic toxicity and could represent one of several
possible ultimate species in the mechanism for chro-
mium mutagenesis and carcinogenesis."' The inter-
pretation is clear to me.
The results of the experimental paper in this journal

(1986;43:243-56) to which reference is made demon-
strate the known fact that some chromates cause can-
cer, but do not demonstrate that other chromates are
without such effect. On the contrary, the conclusion
both for lead chromate and for the highly soluble
chromates specifically does not exclude an "extremely
weak" carcinogenic potential. Obviously there is a
wide range of potencies between different chromium
compounds, but the experimental model and number
of animals used make only relative potency state-
ments possible. Even extremely weak in this context
may not be acceptable for man.
The letter pointed out that my conclusion might

divert attention from chromium compounds with "a
real risk" to those which may not represent a risk. I
think that such diversion is important. For some
chromium compounds there is no longer a question of
documentation but of an improvement in working
conditions. For other compounds the documentation
is still not sufficient to initiate such changes. In my
terminology the term carcinogenic effect is not syn-
onymous with having caused cancer. A more relevant
interpretation may be "may cause cancer." Modern
toxicology has given us tools to prevent cancer and
we do not any longer have to wait until someone gets
the disease. Let us use these tools.
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