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Sum of Many Factors
Although biomonitoring for lead toxicity is based on
hemotoxicity, lead is known to act through many other
pathological mechanisms. For example, lead is known
to damage beta-receptors and the renin-angiotensinaldosterone system, leading to increases in blood pressure (1); this is not included in biomonitoring. At any rate,
lead's hypertensive activity has been known for 120
years and the American environmental agency considered
it appropriate to publish a systematic review of cardiovascular damage from lead in March 2007, containing
130 references (2). This should be considered in Germany too.
It was repeatedly clear in this article that the toxicity
of a substance is influenced by the sum of many different
factors. This has also been pointed out by Emily F.
Madden of the American Food and Drug Administration
(FDA). At the end of a review of the interactions between
multiple environmental or occupational exposures to
heavy metals in the development of cancer, she concluded
that the combined effects of different metals may be
greater than the sum of their individual effects (3).
Perhaps then the cumulative effects of different metals
might also effect the development of disease, even when
they are all within the normal ranges. In my opinion,
these aspects of chronic and complex exposure to heavy
metals and pollutants deserve more attention, as this
could help to guarantee comprehensive protection of the
population, particularly of children and of people who
are already ill.
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Epidemiological Benefits
It is generally accepted that industrial biomonitoring is
a valuable tool as it helps to control workplace-related
threshold limit values. It is also capable to determine a
quantitative relationship between external and internal
exposure and to support the diagnosis of diseases caused
by acute effects of harmful substances. Biomonitoring
may also be used in epidemiological studies to determine
group differences between subjects with high and low
exposure to improve the description of average pollutant concentrations from chronic exposure.
However, when assessing health risks of chronic
diseases with long induction periods that arise from these
exposures, the article is a bit short-spoken. Biomonitoring is less meaningful when studying these diseases,
such as most types of cancer (1). Due to the short half-life
of most of these agents, past exposures can hardly be
estimated by biomonitoring procedures. In some cases
risk estimation is only possible when complex mathematical models are applied.
Occupational epidemiologists use a variety of methods
to evaluate these exposure scenarios, including historical
ones, and the associated risks. Data sources, such as
registry data, archive materials, expert evaluations and
personal assessment by employees, as well as biological
parameters or workplace measurements, may be for
example combined in job exposure matrices which allow
for automatic classification of historical exposures to
evaluate health risks in epidemiological studies.
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In Reply:
Extremely complex interactions may occur when subjects are exposed to multiple pollutants. There are many
unsettled issues and unknowns here. It is not essential
that individual pollutants (such as heavy metals) should
exceed reference or limit values. Additive, superadditive
or even antagonistic effects are possible here, although
only initial studies have been performed. Detailed recent
studies have shown that lead does indeed cause a variety
of adverse effects besides its well known neuro-toxicity
and hematotoxicity. Timely and sensitive biomonitoring
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can help in clarifying the etiology, or in confirming or
excluding the etiological role of lead.
Exposure biomonitoring alone is generally not helpful in risk assessment or in determining the etiology of a
disease when the exposure is long past. As our article
describes, biochemical and biological effect monitoring
(such as DNA- or protein-adduct formation or chromosomal aberrations [1, 2]) are capable of recording longterm effects and can lead to important new information
about dose-effect relationships at the molecular level.
These validated toxicological data may be combined
with other procedures, such as occupational medical
assessments, and analyzed by mathematical models to
give more precise risk assessments.
What is important is that biomonitoring results of this
kind should be interpreted in the context of clinical findings. Evaluation of carcinogenic effects must include
the long periods of latency, individual susceptibility and
cocarcinogenic aspects. The medical advisory committee
on occupational diseases has recently recommended
that the interaction between two occupational agent
groups, namely polycyclic aromatic hydrocarbons and
cocarcinogenic asbestos fibers, should be included in
the list of occupational diseases (3).
Classical exposure monitoring can be used in long
term studies, for example, to investigate persistent biological substances which are absorbed from the environment and accumulated in the body. The American Environmental Protection Agency and the WHO are currently
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performing large scale studies to investigate the background exposure of the population to these pollutants
(4).
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