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Dear Editor,

The review of Seidler and colleagues aimed at assessing the
dose—response relation for occupational exposure to hexava-
lent chromium (Cr (VI)) and lung cancer in order to establish a
risk-based occupational exposure limit (OEL) for Germany
that currently lacks a binding threshold value (Seidler et al.
2012). The authors concluded that the excess risk could be
“acceptable” (<4 cases/10.000 workers assuming 40 years of
exposure) at 0.1 pg Cr(VI)/m3 or4d ug Cr(VI)/m3 X years as
lifetime exposure and may become “intolerable” beyond
1 pg/m® or 40 pg/m® x years, respectively.

Although there are many industrial processes with
exposure to Cr(VI), the assessment of Seidler and col-
leagues was only based on two historical cohorts in the US
chromate industry (further referred to as Baltimore and
Painesville cohort) (Gibb et al. 2000; Park et al. 2004,
Crump et al. 2003; Luippold et al. 2003). Seidler et al.
(2012) recognized this limitation but refrained from a
discussion of risk estimates after major process changes
and in other exposure circumstances like welding. Notably,
no excess risk was observed at lower Cr(VI) concentrations
in new chromate plants (Luippold et al. 2005). Welders
comprise a considerably larger workforce exposed to
Cr(VI) than chromate-producing workers. The excess risk
presented by OSHA (U.S. Occupational Safety and Health
Administration) for the IARC study in welders (Gerin et al.
1993) was lower than in chromate workers (OSHA 2006).
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These two chromate cohorts had been already subjected
to previous risk assessments (e.g. (Goldbohm et al. 2006;
Park and Stayner 2006)) and were preferred by OSHA in the
determination of the permissible exposure limit (OSHA
2006). It is noteworthy that at least 80 % of the workers
were smokers and that only four out of the 122 lung cancer
cases of the Baltimore cohort were never smokers. There-
fore, regression models had been applied to the individual
exposure and covariate data to adjust relative risks for
smoking (Gibb et al. 2000, Crump et al. 2003). OSHA’s risk
assessment also refers to re-analyses of the original data
with attempts to adjust for smoking or to exclude short-time
exposed workers (OSHA 2006). However, Seidler et al.
(2012) performed a risk assessment using published stan-
dardized mortality ratios (SMRs) for these cohorts calcu-
lated for grouped exposure data. These groups span across a
wide range of individual Cr(VI) levels in particular for the
respective lowest class: 0-28 pug/m® x years in Park et al.
(2004) and 0-60 pg/m® x years in Gibb et al. (2000). This
introduces an uncertainty about the precise exposure level
associated with the lung cancer risk estimated for grouped
exposure data. SMRs have various additional shortcomings,
as the observed cases are compared with expected cases
from an external reference population without adjusting for
smoking. This might at least partially explain the increased
lung cancer risk of 72 cases in the lowest exposure class of
the Baltimore cohort that comprised many short-term
exposed workers. The average exposure duration in the
whole cohort was 5 months only.

Seidler et al. (2012) performed a meta-analysis of the
dose-response relation and depicted excess mortality risks
in terms of additional cases per 1,000 workers for the male
European population in Table 3 and 4. There is an apparent
heterogeneity not only between the additional lung cancer
cases per 1,000 workers in the individual studies but also
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within the plants across time. Seidler et al. did not mention
that fewer lung cancer cases than expected were observed
after the introduction of major process changes (Luippold
et al. 2005). The early process added calcium carbonate to
the chromite ore before roasting. OSHA presented esti-
mates of 1.8 (95 % 1.2-3.0) for the former cohort study of
Hayes (Hayes et al. 1989) and of 9.1 (95 % CI 4-16) in the
Gibb’s study of the Baltimore facility per 1,000 workers
with an average exposure to 1 pug/m® over 45 years using
the US reference rates for both genders (OSHA 2006). The
corresponding estimates of excess cases of the Painesville
facility were 7.0 (95 % CI 4.1-11) based on the earlier
study of Mancuso (Mancuso 1997a) and 2.1 (95 % CI
1.2-3.1) for the Luippold et al. (2003) study. OSHA
reported the corresponding excess risk in welders of the
IARC cohort with 0.9 additional cases (95 % CI 0-2.8).

Major uncertainties were recognized by Seidler and col-
leagues, such as the high fractions of smokers or short-term
exposed workers in the Baltimore cohort, as well as general
uncertainties in exposure assessment and model building.
However, they did not consider these uncertainties in their
analyses and presented the acceptable and tolerable excess
risks as point estimates without confidence intervals or
sensitivity analyses to explore the influence of these uncer-
tainties on the risk assessment. Due to the prominent role of
these cohorts in deriving occupational exposure limits for
Cr(VI), it is important to detail these uncertainties.

The dose-response relation was established at histori-
cally high levels of Cr(VI) exposure and then extrapolated
by Seidler et al. (2012) into the low-dose range by assuming
linearity due to potential genotoxic effects. This procedure
then results in an “acceptable risk” at exposure levels
below 0.1 pg/m? or 4 pg/m® x years, respectively. How-
ever, no lung cancer cases were observed up to 60 pg/m> x
years in the Painesville cohort (Crump et al. 2003). In
contrast, 60 % of the Baltimore cases were found at the
lowest level of cumulative exposure (up to 15 pg Cr(VID)/
m® x years) due to a very short exposure time (Park et al.
2004). About 65 % of the Baltimore workers were exposed
shorter than one year. This heterogeneity in risk estimates
impairs to set a point of departure. Hence, no sound epi-
demiological data are available to determine the point of
departure. Epidemiological data are also lacking for work-
ing at very low Cr(VI) concentrations for 40 years. A linear
extrapolation into the low-dose range is thus not supported
by data. OSHA recognized that the statistical power is not
sufficient to detect small increases in risks in the low-dose
range of both cohorts (OSHA 2006). OSHA further noticed
that neither the Painesville nor the Baltimore cohort pro-
vides ideal information with which to identify a threshold or
to detect nonlinearities in the relationship between Cr(VI)
exposure and lung cancer risk, and that it is important to
consider other sources of information about the exposure—
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response relationship at very low levels of Cr(VI) exposure.
Hence, also alternative exposure metrics or threshold
models may be considered (Proctor et al. 2004). The shape
of the dose—response function at very low Cr(VI) concen-
trations can therefore not only be based on statistical
modelling but rather on the biological understanding of
disease development. This includes not only just one mode
of action, but also a wider range of possible toxic effects in
adjunct with defence mechanisms. So far, the specific
molecular targets and precise mechanisms for metal toxicity
are not yet fully understood (Chervona et al. 2012).

An uncertainty with great impact on risk estimates relates
to the assessment of exposure to Cr(VI). Methods for
determining airborne Cr(VI) have been changed, and OSHA
as well as the U.S. National Institute for Occupational Safety
and Health (NIOSH) identified a need to characterize Cr(VI)
exposure with state-of-the-art methods. NIOSH conducted a
field study in anticipation of OSHA’s regulatory action on
Cr(VI) (Blade et al. 2007). Whereas a concentration of 5 pg
Cr(VI)/m3 was assumed to calculate the exposure when
welding stainless steel with tungsten inert gas welding (TIG)
in the IARC cohort (Gerin et al. 1993), the shift concen-
trations of TIG welders measured in the NIOSH survey were
actually lower than 1 pg Cr(VI)m>. Uncertainties in the
measurements in the two chromate cohorts have been
described by Proctor et al. (2004) and OSHA (2006). A
proper sampling and sample processing are necessary to
avoid underestimation of Cr(VI) exposure due to reduction
to Cr(IIl) or to the extraction of water-soluble Cr(VI) only
(Unceta et al. 2010). The redox conversions of chromium
species can be influenced by iron or manganese oxide, for
example, in welding fume. Challenging is in particular the
precision of measurements in the low-dose range. Even with
current methods, 0.1 pg/m® may be lower than the analytical
limit of quantitation. Reliable analytical methods are nec-
essary to monitor Cr(VI) at very low levels in the breathing
zone of occupationally exposed workers.

The authors discussed only a potential confounding by
asbestos due to chrysotile fibres found in the lung of a
Baltimore case (Mancuso 1997b). The interstitial tissue of
the investigated lungs showed large amounts of amorphous
black pigments and fibrotic changes. The embedded par-
ticulate matter may originate from the processing of
chromite ore. Furthermore, calcium carbonate was added to
produce chromium in early years, for example, in the
Painesville facility, whereas the lung cancer mortality after
major process changes was not elevated any more (Luip-
pold et al. 2005). Particulate matter can impair the defence
mechanisms of the lungs. Former surveys collected total
particulate matter but not selectively the respirable parti-
cles, which can reach the alveoli and are thus of specific
concern for the development of lung cancer. Particles lar-
ger than the respirable size fraction may be removed from
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the inhaled air stream by mucociliary clearance. The con-
centrations of metals are commonly lower in respirable
than in inhalable particles as already shown for welding
fume (Weiss et al. 2013).

A study in two German chromium-producing plants in
which exposure was assessed with urinary chromium (Birk
et al. 2006) was not included in this risk assessment. More
than 12,000 individual concentrations of urinary chromium
were available since 1958. Concentrations in the range of
1240 pg/L in earlier years would correspond to 16-52 ng
Cr(VI)/m® according to “exposure equivalents for carcino-
genic materials” (EKA) (DFG 2012). This conversion
describes the association between airborne concentrations of
a carcinogen at the workplace and the concentrations of the
carcinogen or its metabolites in biological material. Airborne
concentrations deduced from the study by Birk et al. are
considerably lower than the average concentration of 270 pg
Cr(VI)/m® reported for the Painesville plant in early years
(Proctor et al. 2004). Although this conversion may also be
subjected to drawbacks, a linear extrapolation into the low-
dose range yields 0.075 pg Cr/L at 0.1 pg Cr(VI)/m?, which
is even lower than the geometric mean of 0.17 pg/L in the
German population (Krause et al. 1996). This may also
demonstrate that an extrapolation into the low-dose range
without data support should be done with great caution.

In summary, the authors did not consider uncertainties
in exposure and risk assessment. They presented point
estimates of acceptable and tolerable excess risks for lung
cancer at 0.1 pg/m® and 1 pg/m?, respectively, by extrap-
olation into the low-dose range. These risk estimates were
based on two historical cohorts but without showing con-
fidence limits or other means to explore the heterogeneity
between these studies or the various uncertainties in risk
assessment. The apparent lack of data about lung tumours
in workers exposed to 0.1 ug/m* over 40 years does not
justify a statistical modelling with grouped exposure data
into very low doses that are challenging to measure even
with current analytical methods. We share OSHA’s con-
clusion that the statistical power is not sufficient to identify
the shape of the dose-response relation or to detect the
small increases in risk in the low-dose range of these
cohorts. The observation of a lower excess risk in welders
and of fewer lung cancer cases than expected after major
process changes in the US chromate plants than in these
historical cohorts indicates a need for research under recent
exposure circumstances as well as in other, more prevalent
exposure circumstances settings like welding.
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