associated with an excess lung cancer risk when evaluated
logether with cumulative hexavalent chromium exposure,
Mancuso [1997a] concluded that lung cancer risk increased
with increasing cumulative trivalent chromium exposure,
but curnulative trivalent chromium exposure correlated with

increasing hexavalent chromium exposure in his study as it

did in this study. There was no effort by Mancuso [1997a] to
examine the effects of the two in a mulliple regression.
Mancuso [1997b] presents additional argument using
autopsy results that trivalent chromium is carcinogenic
although, again, the resulis may be confounded by the
presence of hexavalent chromium. There is no evidence
from the current study that trivalent chromium is carcino-
genic. If trivalent chromium is indeed carcinogenic, it is
much less so than hexavalent chromium. Cumulative
hexavalent chromium exposure was also a significantly
stronger predictor of lung cancer risk than was duration of
work, suggesting that ii was hexavalent chromium and not
other exposures in the workplace responsible for the excess
lung cancer risk.

Although the exposure data in the current study offers
an advantage over that of previous studies, it has its
limitations. The cumulative exposure of each individual in
the cohort was compiled from their work history and
average exposures specified by job title by calendar year,
Variability in exposures between individuals with the same
job title and across a year are notl captured in the current
analysis. These variabilities could reasonably be expected to
be high. Conversely, it should be noted that clinical findings
of hexavalent chromium exposure (e.g., nasal, skin, eye, and
ear irritation) were not found 1o be significant predictors of
lung cancer risk when included as variables with camulative
hexavalent chromiom exposure and smoking status in the
Cox model. If such clinical findings are the result of high,
short-term, ambient exposures, as might be expected, this
suggests that cumulative hexavalent chrominm exposure is a
stronger predictor of fung cancer risk than is high, short-
term exposure.

The availability of exiensive smoking data is unusual
for any occupational study. The measure of smoking in the
current study was yes/no al the time of beginning employ-
ment. Such a measure does not provide information on the
amouri smoked or the number of individuals who smoked at
time of employment and who subsequently quit or the
number of nonsmokers who became smokers.

Recognizing that the data developed by this study may
be useful to risk assessors doing quantitative risk assess-
ment, we have presented the number of observed and
expected lung cancer cases and person-years of observation
by age and cumulative hexavalent chromium exposure
(Table V). Such information is usually lacking in epide-
miclogic papers. Age and exposure are critical variables for
an exposure response assessment using epidemiologic data.
It is hoped that {uture epidemiologic papers on the cancer

Lung Cancer and Chromium Exposure 125

response to chemical carcinogens will also present informa-
tion allowing the risk assessor to examine the concurrent
effect of these two critical variables.

It should be noted that the current OSHA Permissible
Exposure Limit (PEL) of 100 g CrOy/m® [OSHA, 2000} and
the American Conference of Government and Industrial Hy-
gienists {ACGIH, 1999] threshold fimil value of 50 g Cr/m®
(equivalent to approximately 100 pg CrOy/m?) for water-
soluble hexavalent chromium would both fall into the fourth
quartile of cumulative hexavalent chromium exposure in the
current study {assuming OSHA’s standard 45-year working
lifetime). OSHA has been petitioned to set a new PEL of
0.5 g CrOs/m” {Public Citizen’s Health Research Group and
the Oil, Chemical, and Atomic Workers International Union
1993]. The NIOSH [1975] Recommended Exposure Limit
(REL) for hexavalent chromium is 1g Ce/m® (approxi-
mately 2 g CrO,;/m>). Both the REL and the PEL which has
been petitioned for would fall into the third quartile of
cumulative hexavalent chromium exposure in the current
study, again using the standard OSHA assumption of a 45-
year working lifetime. The lung cancer observed-to-
expected ratios for both the third and fourth quartiles of
the current study were both significantly elevated. The lung
cancer observed-to-expected ratio in the second guartile was
elevated although not statistically significant (O/E=1.42,
95% CI1=10.93, 2.01).
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