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SUMMARY:  The following comments include a brief review of the California Environmental 
Protection Agency's evaluations of hexavalent chromium (Cr6), which resulted in the request to 
NTP for further studies on oral carcinogenicity of Cr6.  An update on the current status of 
OEHHA evaluations of Cr6 toxicity is provided, including a risk assessment for exposure to Cr6 
in the drinking water in the San Fernando Basin of California and a draft of a proposed Public 
Health Goal (PHG) for Cr6 in drinking water.  The results of the new NTP 13-week subchronic 
study of sodium dichromate in drinking water in rats and mice are discussed in the context of the 
previous toxicity studies, including information on Cr6 toxicokinetics.  This is followed by a 
discussion of experimental design and recommendations for the two-year study, and finally, 
some speculation about possible mechanisms of Cr6 toxicity and interaction with other 
environmental stressors that may be relevant to study design. 
 
 
California evaluations of hexavalent chromium (Cr6)   
 
In 1991, a California interagency committee led by OEHHA evaluated the available information 
on Cr6 toxicity.  The committee concluded that Cr6 had been clearly shown to be a carcinogen in 
occupational studies, which primarily involved exposure by the inhalation route.  It was 
concluded that the limited evidence on carcinogenicity by the oral route should be interpreted in 
terms of a health-protective presumption of carcinogenicity by all routes.  Oral cancer potency 
was calculated from a 1968 multigeneration mouse study by Borneff et al., using combined 
stomach adenomas and carcinomas in females, and the linearized multistage method.  The 
decision to treat Cr6 as an oral carcinogen was widely criticized based on the quality of the 
Borneff et al. study, a presumption that the tumors could result from a threshold mechanism, and 
evidence that much of the orally administered Cr6 is quickly converted in the stomach to Cr3, 
which is less toxic (and a required nutrient).  
 
In the California Safe Drinking Water Act of 1996, OEHHA was directed to develop Public 
Health Goals (PHGs) for all chemicals for which there are primary drinking water standards 
(Maximum Contaminant Levels, or MCLs) in drinking water.  These PHGs are comparable in 
concept to the U.S. EPA Maximum Contaminant Level Goals, or MCLGs, that is, public-health-
protective levels of chemicals in drinking water, without consideration of analytical or economic 
feasibility.  These values are advisory only, and, like MCLGs, are intended to provide 
information to risk managers.  Exceedances of PHGs are also to be listed in the notices sent to 
customers by municipal water systems.  Reevaluation of all the regulated chemicals is to be 
completed at least every five years.  There are currently about 85 chemicals on the California list.  
 



In the development of a PHG for chromium, OEHHA decided to utilize the previous interagency 
conclusion as to oral carcinogenicity of Cr6.  A final PHG document based upon this endpoint 
was published in February 1999, with an estimated health-protective level of 2.5 ppb for total 
chromium.  The OEHHA evaluation assumed that Cr6 would be 7.2% of the total chrome in 
drinking water, based on the limited data available.  The 2.5 ppb PHG level can be compared to 
the California MCL of 50 ppb and the U.S. EPA MCL of 100 ppb, neither of which assumes oral 
carcinogenicity of Cr6.   
 
Because our estimated public-health protective level was below the level of total chromium 
found in many California water supplies, a program of chromium analysis and speciation was 
begun in California.  This resulted in the discovery that the chromium in many ground water 
sources was largely Cr6, and in many cases was far above the PHG.  Public outcry at this 
situation led to a reevaluation of the OEHHA risk assessment, including the commissioning of a 
Hexavalent Chromium Blue Ribbon Panel by Cal/EPA through the University of California.  
Members of this panel are represented on this NTP Ad Hoc Panel of Scientific Experts.  
Essentially, the panel concluded that the Borneff et al. study was inadequate to use for risk 
assessment, and that available information was not adequate to support the designation of Cr6 as 
an oral carcinogen.  In response to this evaluation, the OEHHA chromium PHG was withdrawn 
in late 2001.  More specific information on this assessment will presumably be presented here by 
the Blue Ribbon panel members.    
 
Concurrently, OEHHA began the preparation of a new risk assessment for Cr6 as required by a 
1999 California statute, SB 2127 (Schiff).  Under this mandate, OEHHA evaluated risk of 
exposure to Cr6 in the drinking water in California’s San Fernando Basin, which includes parts of 
the Los Angeles water supply.  This assessment utilized the conclusion of the Blue Ribbon Panel 
that Cr6 should not be considered a carcinogen by the oral route.  The assessment concluded that 
there was no significant risk to the population of the San Fernando Basin from consumption of 
Cr6 at the levels found in their drinking water.  Exposure to Cr6 in respirable-size droplets in 
showering, providing some potential risk of cancer by the inhalation route, provides uncertainty 
as to safe levels of Cr6 in water.  The OEHHA evaluation has been submitted to the California 
Department of Health Services (DHS) for inclusion in their mandated report to the California 
legislature, which has not yet been released by that agency. 
 
DHS has also asked OEHHA to develop a PHG for Cr6 to support the establishment of a specific 
California MCL for Cr6, rather than total chromium.  This effort is currently in progress, and a 
draft PHG is under internal review.  The 1997 NTP subchronic toxicity studies on Cr6, which 
provide good perspectives on non-cancer toxic effects, are utilized in our draft document.  Liver 
toxicity in mice at a NOAEL of 1.1 mg/kg-day appears to be the most relevant non-cancer 
endpoint from the previously available studies.  The draft PHG considers various lines of 
evidence concerning mechanisms of toxic actions of Cr6, including carcinogenicity.  It is 
reaffirmed that Cr6 is a known human carcinogen with a genotoxic mechanism of action.  
Limited evidence from human studies of potential systemic carcinogenicity and stomach tumors 
is discussed.  Toxicokinetic factors are discussed in the light of human studies showing enhanced 
availability of chromium from oral administration of Cr6, compared to Cr3.  Evidence of Cr6 
uptake into tissues and genotoxicity after oral administration is provided, and shown to be 
consistent with in vitro studies on generation of reactive species and potential for genetic 
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damage.  Confirmation of potent systemic toxicity after oral exposure in the current NTP 
subchronic study should be noted.  We conclude that there is a considerable basis for concern 
about carcinogenic risk from oral exposure to this chemical, although no oral cancer potency can 
be calculated.  Cancer risk from inhalation of droplets in showering must also be considered.  A 
proposed PHG for Cr6 is projected for posting sometime this fall, and a “final” PHG by June 
2003.  This will of course be subject to later revision, upon completion of the chronic NTP 
studies. 
 
The limitations of the presently available studies and controversy over the applicability of the 
available data on chromium toxicity led to the request by DHS, OEHHA, and Senator Schiff to 
NTP to conduct further studies on the oral carcinogenicity of Cr6, and to the present meeting.  In 
that regard, the California DHS and Cal/EPA greatly appreciate the responsiveness of NTP to 
California’s request for further information, and I am happy to be here to provide any input that 
we can to help inform and guide the NTP process.  
 
Evaluation of the NTP studies  
 
The preliminary results of the new NTP 13-week study of sodium dichromate in drinking water 
appear quite informative and useful in further defining the subchronic toxicity of Cr6 in rats and 
mice.  However, the results provide few surprises, compared to the earlier studies.  The most 
obvious and expected effects are the damage to the stomach at high concentrations in both rats 
and mice and the decreased water consumption associated, presumably, with a bad taste and 
stomach irritation.  The concordance between decreased water intake and decreased body weight 
gain is consistent with a cause and effect relationship.  The hematological changes and lymph 
node hyperplasia in both species, the ALT elevation indicating liver toxicity in rats, and the 
duodenal effects in mice are additional very interesting effects, some of which were significant 
down to the lowest concentrations or doses tested.   
 
These results appear to be consistent with significant systemic absorption of Cr6 at every 
concentration.  The lowest concentrations, corresponding to a daily chromium dose of 1.6 
mg/kg-day in rats and 3.1 mg/kg-day in mice, could be considered as LOAELs.  These can be 
compared to the NOAEL of 1.1 and 1.8 mg/kg-day in male and female mice, respectively (15 
ppm potassium chromate in feed) in a 1997 NTP chromium study (PB97-125363), in which liver 
cytoplasmic vacuolization at 50 to 400 ppm of Cr6 in the feed was the critical effect.  In rats in an 
earlier NTP study (PB97-125355), decreases in blood MCV and MCH were observed, but only 
at the 400 ppm concentration in feed.  Other subchronic studies showed similar liver and 
hematological changes in rats and/or mice, as well as some kidney effects.   
 
In the current subchronic study, OEHHA would call attention to the effect of chromium on 
serum ALT in rats (not measured in mice), which appears to be increasing with duration of 
exposure.  This may or may not represent a tendency toward enhanced liver toxicity with age or 
exposure duration, and appears to require further evaluation.  It should be noted that the present 
description of the planned 2-year study does not specify measurements of serum enzymes.  We 
also note that the recommended lowest dose in rats in the planned chronic study is higher than 
the LOAEL in the subchronic study.  This may prevent a NOAEL from being defined in the 
chronic study unless blood assays similar to those in the subchronic study are carried out in the 
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accompanying “Special Study” (hopefully, with supporting histopathology).  As presently 
designed, the longest exposure point for the latter study is only six months, and details are 
lacking as to parameters to be measured.  Finally, we would like to point out that the highest 
proposed exposure concentration for mice, which is associated with absence of stomach 
metaplastic changes, is one half the concentration associated with increased stomach tumors in 
female mice in the study of Borneff et al. (1968).  Therefore this NTP study, as proposed, does 
not appear capable of replicating or confirming the previous cancer data.  The choice of 
maximum concentration does not appear justified by the observed toxicological effects.  Despite 
a great decrease in consumption of drinking water, the body weights of the female mice were 
decreased only 3.9% at 250 ppm and 11.0% at 500 ppm, indicating that 250 ppm may be 
significantly below the maximum tolerated dose.  The argument that “stomach ulcers are 
considered life-threatening lesions and may result in decreased survival in 2-year studies” is 
certainly relevant.  However, it can also be argued that squamous metaplasia is not a stomach 
ulcer, and that early deaths from such a cause were not observed at 500 ppm in the only other 
available study (Borneff et al., 1968). 
 
Design of the chronic studies 
 
OEHHA proposes certain modifications to the proposed experimental design for the chronic rat 
and mouse studies.  For the rat study, we propose that the lowest exposure concentration be 
lower than 125 mg/L, and that the highest exposure concentration be retained at 500 mg/L.  
Recognizing that it may be impractical to add another group, we suggest that the spacing 
between the doses be increased, perhaps to 3-fold rather than two-fold.  For the mouse study, we 
suggest a similar increase in dose spacing, but in this case to keep the lowest concentration as 
specified, and increase the highest concentration to 500 ppm.  OEHHA also proposes that 
another group be added to the Special Study for a later sacrifice time, within the one to two year 
period.  As to specific analyses, we request that hematological parameters and serum enzymes be 
analyzed in the blood samples taken at each of the sacrifice points in the Special Study, for both 
rats and mice.  We assume that chrome levels are to be assayed in the tissues for the special 
study, although this is not specified, and request that a major bone such as the femur be added to 
the tissues to be analyzed for chrome.  A suggestion for an additional non-standard pathological 
examination in some portion of the studies is discussed below.   
 
Possible mechanisms of Cr6 toxicity and interaction with other environmental stressors 
 
Oral exposure to Cr6 is known to cause stomach irritation in both animals and humans.  This can 
result in stomach lesions as observed in the subchronic study, and the effects may potentially 
progress to tumors.  In general, this kind of effect is associated with cytotoxicity, and high 
concentrations of a chemical.  However, when the chemical is also genotoxic and a known 
human carcinogen, extra caution is advisable.  This is particularly relevant for stomach tumors, 
but is also applicable to other sites, particularly liver in this case, which seems to be a major 
target tissue. 
 
It is clear that most of the presumed genotoxic chromium moiety, Cr6, is quickly reduced in the 
stomach to Cr3.  However, the lesions observed in both the stomach and the liver indicate that 
under the experimental conditions, significant Cr6 absorption is occurring.  Most of the 
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regulatory quandary in this case will have to do with the difficulty in extrapolating from the 
study concentrations and doses, down to environmentally relevant Cr6 concentrations in the parts 
per billion range.  Therefore for risk assessment we are as interested in lower doses as higher 
doses, even though we recognize that the present studies can provide little additional insight into 
the environmentally relevant low-exposure region.  Any additional information that might be 
provided as to fate of the orally-administered Cr6, and the way that it is handled by the stomach, 
would be useful.   
 
In this regard, significant discussion has previously been focused on the differences in rodent 
stomachs compared to human stomachs.  Critical issues are the divisions in the stomach between 
non-glandular (forestomach or fundus) and glandular (corpus or body) regions, and the pH 
environment in both portions.  The pH is important because a low pH enhances Cr6 reduction to 
Cr3.  The anatomy is important because the fundus is less acid than the corpus, rodents have a 
more distinct division between these parts than do humans, and stomach tumors in rodent studies 
commonly occur in the fundus area.  In the Borneff et al. (1968) study of Cr6 in mice, tumors 
were found in the fundus region.  In a Chinese study by Zhang and Li (1987), increased stomach 
tumors were also noted in people exposed to chromium in drinking water.  The most commonly 
affected stomach area was not reported.  Relative sensitivity of rodents and humans based on 
anatomy and physiology – and ultimately, on relative exposure concentrations – cannot be 
determined or predicted at this time.  
 
However, it should also be noted that human ulcers and stomach tumors are closely associated 
with infection of the stomach with the common bacterium helicobacter pyloris.  Inflammation 
caused by the bacteria may be additive to or synergistic with adverse effects of chemical irritants 
on the stomach, to help push an individual along the path to stomach tumors.  This could be 
particularly relevant to the presumed effects of chromium in the Chinese population studied by 
Zhang and Li, since there is a very high incidence of helicobacter infection in third world 
countries, including China (see Lynch, 2002).  A related bacterium, helicobacter hepaticus, has 
also recently been implicated as a confounder in NTP studies, associated with liver effects and 
possibly liver tumors (Nyska et al., 1997; Hailey et al., 1998).  In humans, chronic infection with 
helicobacter pyloris also tends to alter the acid-producing area of the stomach, both disrupting 
acid production (raising pH) and potentially providing a more hospitable environment for growth 
of the bacterium.  Helicobacter pyloris does not grow well in rodents, but related species such as 
the helicobacter hepaticus mentioned above and helicobacter felis (in cats) have been reported.  
Therefore it seems appropriate to question whether helicobacter species might infect the 
stomachs of experimental animals used in NTP studies, and if so, whether this infection might 
interact with chromium toxicity.  Such an interaction could be direct (an additive inflammatory 
process) or indirect (a decreased acid production leading to decreased reduction of Cr6 to Cr3 and 
increased absorption and effects of Cr6).  We therefore propose that the animal colonies used in 
the proposed chronic studies be prescreened for stomach and liver infection with helicobacter 
species, and that helicobacter assays be carried out on stomach and liver of the Special Study 
animals at each sacrifice period.  Because we have no information on the expected incidence of 
such infections in animal colonies, or changes in infection rates in the colonies over the animals’ 
lifetimes, we have no preconceptions as to whether discovery of an infection in the study 
populations is acceptable (representing standard animal conditions) or undesirable (an 
inappropriate complication in the study).  However, because this is a common infection in human 
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populations, we suspect that the presence or absence of helicobacter pyloris infections in the 
stomach might help distinguish a subpopulation that would be sensitive to chemical irritants in 
drinking water.  Information on the presence or absence of helicobacter in the animal populations 
would similarly be informative when evaluating a chemical that produces cytotoxicity and 
inflammation in both stomach and liver.  
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