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Executive Summary

In 2017, the South Coast Air Quality Management District (SCAQMD) initiated
discussions regarding Proposed Amended Rule 1469, Hexavalent Chromium Emissions
from Chromium Electroplating and Chromic Acid Anodizing Operations, and the
Proposed Amended Rule 1426, Emissions from Metal Finishing Operations (SCAQMD,
2017). As part of these discussions, ambient monitoring and ambient thresholds have
been described for hexavalent chromium [Cr(VI)]. Specifically, for Paramount, a
fenceline threshold of 1.0 ng/m’ for Cr(VI) has been applied for two facilities. SCAQMD
has indicated that this threshold is based on a scenario in which residential exposure to
0.2 ng/m’ is associated with a theoretical increased cancer risk of 100 in one million and
roughly five-fold dilution is expected between the facilities and the closest residence. The
0.2-ng/m’ value is based on modeling cancer risk using the Hotspots Analysis and
Reporting Program Version 2 (HARP2) model developed by the Office of Environmental
Health Hazard Assessment (OEHHA). HARP2 assumes that Cr(VI) poses a cancer risk
by multiple exposure pathways, including:

e inhalation

e oral pathways of homegrown crop consumption and incidental ingestion of
soil and dust

e dermal contact.

The majority of the total estimated risk comes from the inhalation pathway (63%), while
homegrown crop consumption contributes 36% of the total risk.

These cancer risks are calculated using the cancer potency estimates developed by
OEHHA for oral and inhalation exposure pathways. The oral potency estimate is based
on a drinking water study in rodents wherein high concentrations (>20,000 ppb) of
Cr(VI) caused intestinal tumors in mice (NTP 2008), and the inhalation cancer potency
estimate is based on cancer risks occurring at extremely high airborne concentrations
(average concentrations estimated at 1,000,000 ng/m’ [or 1 mg/m’]) experienced by
workers employed in the a chromate production plant in Painesville, Ohio, starting in the
1930s (Mancuso 1975). These exposure conditions are not representative of exposure to
Cr(VI) in ambient air, and using these data and the OEHHA models greatly exaggerates
the potential cancer risk.

OEHHA'’s approaches significantly overestimate risk for several reasons. HARP2 does
not consider chromium chemistry or that Cr(VI) is readily reduced in most conditions to
non-toxic trivalent chromium [Cr(Ill)]. As such, Cr(VI) will not exist in fruit and
vegetables, which are organic and typically acidic, and provide conditions in which
Cr(VI) is not stable. Several studies have shown that in plants grown in Cr(VI)-
containing water, 100% of the chromium in produce exists in the non-toxic trivalent state
(e.g., Zayet et al., 1998). The generic approach used in HARP2 for assessing risk from
homegrown crop ingestion should not be used for Cr(VI) because it is not stable in crops.
All chromium in crops will be in trivalent form. As such, 36% of the total risk to



residents from Cr(VI) that is estimated using the OEHHA model comes from a pathway
that does not exist for Cr(VI).

Furthermore, Cr(VI) is rapidly reduced to Cr(Ill) by stomach fluid, and this is well
recognized to be a detoxification process (ATSDR, 2012; De Flora et al., 2016; IARC,
2012; Kirman et al., 2016; NIOSH, 2013). As such, upon ingestion, Cr(VI) poses a
cancer hazard only at high doses that allow for sufficiently high concentrations of Cr(VI)
to avoid reduction in the stomach. A reference dose (RfD), which is level of exposure
below which there is no increased cancer risk even for sensitive subpopulations, has been
calculated in a recent study (Thompson et al. 2017). The dose from all ingestion
pathways in the OEHHA HARP2 at 1 ng/m’ is only one-tenth of this reference dose.
Thus, the dose that HARP2 projects for ingestion is well below the level that could pose a
cancer hazard by this pathway. As such, any ambient thresholds for Cr(VI) should be
based solely on the potential cancer risk from inhalation exposure because exposure by
ingestion will not pose an increased cancer risk.

Cr(VI) has been shown to be an inhalation carcinogen from historical high-level
occupational exposures in certain industries (ATSDR, 2012; NIOSH, 2013), and cancer
potency estimates are specific to historical studies of workers in the chromate production
industry, which produced pure Cr(VI) chemicals by roasting chromite ore and processing
the leachate to make chromium chemicals.

The inhalation cancer potency estimates used in HARP2 are outdated. Specifically,
OEHHA’s inhalation risk assessment was conducted in 1985' and is based on the
Mancuso (1975) study of 332 workers, who started working in the Painesville, Ohio
chromate production plant from 1931-1937. This 40-year old assessment is highly
outdated, and today far improved and updated data are available for inhalation risk
assessment. Most agencies in the US and abroad use these new data, but OEHHA has not
updated its risk assessment. More importantly, all inhalation cancer potency estimates for
Cr(VI) developed by US and European regulatory agencies are markedly lower than that
used by OEHHA. Thus, the inhalation cancer risks estimated by other regulatory
agencies (other than those in California) are markedly lower for a given concentration of
Cr(VI) than those estimated by OEHHA for that same concentration.

The exposure data in Mancuso (1975) are of extremely poor quality and are severely
limited by the manner in which the exposure assessment was conducted. First, only total
chromium was measured (i.e., no Cr(VI) exposure data were collected); exposure data
were collected in only a single survey in 1949, conducted 18 years after exposure began
in 1931, and no data on smoking were available.

In 1985, California Department of Health Services developed the inhalation risk assessment, and that
division of CDHS later became OEHHA. In the 2011 Drinking Water Public Health Goal document,
OEHHA evaluated the epidemiology data of the Gibb et al. (2000) study for the purposes of updating
the cancer potency value, but chose to continue to rely on the original assessment from 1985.



Two updates of a larger, newer, and better characterized Painesville worker cohort have
been published since (Luippold et al., 2003; Proctor et al., 2016), and these studies have
been used to quantitatively estimate lung cancer risk in association with Cr(VI) exposure
in several studies (Crump et al. 2003; OSHA 2006; Haney et al. 2014; Proctor et al.
2016). Other agencies, including the U.S. Occupational Safety and Health Administration
(OSHA), the National Institute for Occupational Safety and Health (NIOSH) and the
Texas Commission on Environmental Quality (TCEQ) have also quantified risk from a
much larger cohort—workers at a chromate production plant in Baltimore—in addition to
the more current and highly improved studies of the Painesville cohort. The TCEQ and
the Scientific Committee on Occupational Exposure Limits (SCOEL) for the European
Union (EU) have further used studies of workers in Europe with lower exposure levels, in
addition to the two newer US studies (workers of Baltimore and Painesville) (Haney et al.
2012, 2014; SCOEL, 2017; TCEQ, 2014). None of these US and European organizations
has developed or recommended inhalation unit risk estimates for Cr(VI) that are as high
as those used by OEHHA.

This report summarizes the currently available science for Cr(VI), in support of improved
risk assessment approaches. Details of HARP2’s and OEHHA’s assumptions of multi-
pathway exposures via homegrown crop consumption for Cr(VI) are also quantified. The
current epidemiologic data used for inhalation risk assessments, as used by several
government agencies in the U.S. and abroad, are presented and discussed.

1 Background

Chromium is a naturally occurring element found ubiquitously in rocks and soil. It is a
transition metal and as such exists in several valence states. In the environment, its most
common valence states are the trivalent [Cr(III)] and hexavalent [Cr(VI)] forms (ATSDR,
2012). Cr(II) is used as a dietary supplement and is thought to be relatively inert; in
comparison, Cr(VI) is toxic at high exposures and is classified as a known human
carcinogen based on studies of workers in which it was shown that inhalation exposure at
very high concentrations of Cr(VI) in certain industries is associated with increased lung
cancer risk (IARC, 1990, 2012). In recent animal studies by the National Toxicology
Program (NTP), mice and rats drinking high concentrations of Cr(VI) throughout their
lifetimes had increased rates of small-intestine cancers (only mice at greater than or equal
to 20,000 ppb) and oral-cavity cancers (only rats at 180,000 ppb) (NTP, 2008). Increased
oral or small-intestine cancer risks have not been observed in studies of workers exposed
to Cr(VI) (Gatto et al., 2010).

The California Office of Environmental Health Hazard Assessment (OEHHA) has
developed toxicity criteria and health-based exposure guidelines for Cr(VI) (Table 1).



Table 1. OEHHA toxicity criteria and guideline values for Cr(VI)

Exposure Route Type Value

Inhalation unit risk (IUR) 0.15 (ug/m’)’!

Inhalation cancer slope

Inhalati - !
nhalation factor 510 (mg/kg-day)
3 .
Chronic reference exposure | 200 ng/m” for particulates
level (REL)" 2 ng/m’ as chromic acid mists
Oral cancer slope factor 0.5 (mg/kg-day) ™'
Ingestion

Public health goal (PHG) 0.2 ppb

Sources: CDHS (1985), OEHHA (2008, 2011, 2016)

* For noncancer effects, including nasal, throat, and respiratory irritation and allergies

The basis for the Cr(VI) inhalation unit risk (IUR) in California is a study of chromate
production workers from Painesville, Ohio, published more than 40 years ago (Mancuso,
1975). Based on the same data, the U.S. Environmental Protection Agency (U.S. EPA)
developed an IUR of 1.2x107 (ng/m’)'—more than 10-times lower than that developed
by OEHHA.

OEHHA also developed an oral cancer slope factor based on the 2-year NTP
carcinogenicity bioassays. Using very conservative default approaches, which are
currently being reassessed, OEHHA developed a public health goal (PHG) for Cr(VI) in
drinking water of 0.02 ppb (OEHHA, 2011)—which is more than 100,000-times lower
than the lowest dose that caused cancer in mice. This same approach is being applied in
HARP?2 to assess exposure from ingestion of crops and incidental ingestion of soil and
dust from deposition of airborne particles and results in highly exaggerated risk
estimates.

With regard to the OEHHA ingestion cancer risk assessment, it is important to recognize
that OEHHA is currently reconsidering the public health goal based on recently published
science supporting a more mechanistic approach to risk assessment. Since the NTP
(2008) study, an extensive research effort has been underway to investigate the limited
tumor outcomes observed in rats and mice. More than two dozen studies have been
published that delineate the carcinogenic mode of action (MOA) for Cr(VI) since 2010,
and risk assessments have been conducted in consideration of the MOA data (see
Attachment A).

For inhalation cancer risk assessment of Cr(VI), there are newer studies of workers,
including those of the Painesville cohort, that have been used by various agencies in the
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U.S. and abroad (including the U.S. Occupational Safety and Health Administration
[OSHA], the National Institute for Occupational Safety and Health [NIOSH], the
European Commission’s Scientific Committee on Occupational Exposure Limits
[SCOEL], and Texas Commission on Environmental Quality) to develop occupational
and environmental inhalation IURs for Cr(VI). These data sets are of far higher quality
than that relied on by OEHHA to develop an IUR. Specifically:

e The more current studies’ are based on speciated Cr(VI) exposure data,
whereas the older study used by OEHHA (CDHS 1985) is based on total
chromium monitoring data.

e The current studies use monitoring data collected at the same time as the
workers were exposed, whereas the older study used by OEHHA relied on a
single monitoring event conducted in 1949, up to 18 years after exposures
began for the workers in 1931-1937.

e The current studies reconstructed the entire exposure duration of employees,
whereas the older study used by OEHHA did not reconstruct exposures of
employees after 1949, even though the plant continued to operate until 1972
and exposures of long-term workers were underestimated.

e The current studies have far greater statistical power, with more workers
evaluated and more lung cancer deaths captured than the older study, which
allows for a more robust analysis of risk and greater precision around the risk
estimates.

e The current studies include data on smoking and thus can assess multiple
extraneous variables, such that smoking-related lung cancer risk as a co-
variate in the model in a quantitative manner.

The quality of the newer studies, as compared to that used by OEHHA to develop the
inhalation cancer potency estimates, is remarkably improved, and clearly, new and better
science should be used to set cancer potency estimates for California.

In 2017, the South Coast Air Quality Management District (SCAQMD) released the
Proposed Amended Rule 1469, Hexavalent Chromium Emissions from Chromium
Electroplating and Chromic Acid Anodizing Operations, and the Proposed Amended
Rule 1426, Emissions from Metal Finishing Operations (SCAQMD, 2017). In the City of
Paramount, SCAQMD has used an ambient threshold of 1.0 ng/m’ for monitoring
conducted in proximity to a facility, assuming that, through dilution in air, this airborne
concentration approximately equates to an airborne concentration of 0.2 ng/m’ at nearby
residential locations. However, the risk-based value of 0.2 ng/m’ was derived based on
assumptions that oral exposures by pathways such as vegetable consumption contribute
to an increased cancer risk. Additionally, SCAQMD is using outdated risk assessments
from OEHHA to assess risk by inhalation. The objectives of this report are to review the

2 Gibb et al., 2000; 2015; Park et al., 2004; Park and Stayner, 2006; Luippold et al., 2003; Crump et al.,
2003; Proctor et al., 2003; 2004; 2016; Haney et al., 2012, 2014.



state of the science regarding the potential for Cr(VI) to pose a cancer hazard from
ingestion of deposited particulates on soil, dust, and homegrown crops, and to review the
current inhalation epidemiology data and risk assessment models, as compared to that
developed by OEHHA and used in the HARP2 model for Cr(VI).

2 Inhalation Cancer Risk Assessment of Cr(VI)

OEHHA'’s inhalation cancer risk assessment is far outdated, is not based on the best
science currently available, and overestimates risk compared to risk assessments
developed by other regulators from updated and improved data sets. The IUR [0.15
(ug/m’)"'] developed by OEHHA is based on a 40+-year-old study of Painesville
chromate production workers. Specifically, the Mancuso (1975) study of chromate
production workers, who started working during 1931-1937 in Painesville, Ohio, is the
basis of OEHHA’s current value. Further by comparison with today’s practice, OEHHA
(CDHS in 1985) conducted the risk assessment using crude modeling approaches.

In the 2011 OEHHA Drinking Water Public Health Goal document, OEHHA considered
an update of its inhalation cancer risk assessment using the published results from the
Gibb et al. (2000) study to calculated alternative cancer potency estimates. Gibb et al.
(2000) conducted a very robust study but the actual publication provided only limited
information as compared to that typically used for modeling and quantitative risk
assessment. OEHHA presented multiple attempts to fit a linear model to the Gibb et al.
published data. Although OEHHA recognized the superior nature of the Gibb et al.
(2000) data set, because of difficulties with model fit, it selected to continue using the
previously determined inhalation unit risk developed in 1985 from the Mancuso (1975)
study reasoning that the results form that work were within the range of values that could
be developed from the models of Gibb’s study. Other researchers (OSHA 2006; Park et
al. 2004; Haney et al. 2014) have obtained the original Gibb et al. (2000) data, rather than
relying on the published summary, in order to perform cancer risk assessment from these
data. Those results are presented in comparison with the OEHHA unit risk below.

There are several limitations to the approach used by OEHHA to determine its ITUR
value. First; OEHHA relies on outdated information from Painesville chromate
production workers. Newer studies and risk assessments of Painesville workers have been
published since 1985 (Crump et al., 2003; Luippold et al., 2003; Proctor et al., 2016).
Second, additional studies regarding the Baltimore chromate production worker cohort
and risk assessments of that data exist in the published literature (Gibb et al., 2000; Park
et al., 2004; Park and Stayner, 2006; Gibb et al., 2015). Both Painesville and Baltimore
chromate production worker cohorts are recognized internationally as the key cohorts for
evaluating Cr(VI) risk from inhalation exposures (Seidler et al. 2013; TCEQ 2014;
OSHA 2006). Updated data from these cohorts have been used by OSHA, NIOSH, and
TCEQ, as well as abroad by the Scientific Committee on Occupational Exposure Limits
(SCOEL) and the European Chemicals Agency (ECHA), as the basis for Cr(VI)
inhalation risk assessments. Third, the exposure information from the Mancuso (1975)
study is not reliable and is not relevant for current exposure conditions, especially for the
residential scenario.

10



The Mancuso (1975) study evaluated chromate production workers who started in the
1931-1937 period, and the only airborne measures of chromium collected for this study
were done in 1949, and only measured total chromium (soluble and insoluble). Because
there were no measurements of Cr(VI), assumptions were made regarding how much of
the total chromium concentration was attributable to Cr(VI) to use this study in risk
assessment. Recent updates of the Painesville and Baltimore cohorts are based on
exposure assessments with industrial hygiene monitoring data specifically of Cr(VI).
Further, Proctor et al. (2003), which presented Cr(VI)-specific measures of exposure
from the Painesville plant in the 1940s, showed that the OEHHA assumptions regarding
the fraction of total chromium that was Cr(VI) was not accurate. The Painesville plant
was a Cr(VI) chemical production facility, and in many areas of the plant, exposures were
exclusively to Cr(VI). Clearly, use of these outdated data and incomplete information
renders the current OEHHA TUR unreliable and inadequate for rule-making.

Attachment B provides the complete citations for all recent studies of the Painesville and
Baltimore cohorts, as well as the risk assessments that have been conducted by several
government agencies and researchers. Below is a brief discussion of the recent inhalation
risk assessments of Cr(VI) (both environmental and occupational) that have been
conducted to date.

2.1 Environmental Risk Assessments

An increase in lung cancer risk among environmentally exposed populations has never
been reported, and regulatory agencies use the risk observed in historical occupational
studies as the basis for assessing potential lung cancer risk from airborne exposures in the
environment using IUR values. Historically Cr(VI) exposed workers in the chromate
production industry, which is the basis for the IUR values were exposed to extremely
high concentrations. For example, the average concentration of Cr(VI) in the Painesville
Ohio plant in the 1940s was reported to be 720,000 ng/m’® (Proctor et al. 2003).

In 1984, U.S. EPA conducted an inhalation risk assessment using the same data as
OEHHA used—from the Mancuso (1975) study (U.S. EPA, 1998). In fact, the OEHHA
1985 assessment relies upon the analyses of the U.S. EPA from 1984. The US EPA’s
IUR is 0.012 (ng/m’)"'; the California value is 12.5-times that of U.S. EPA. In Mancuso
(1975) lung cancer deaths were observed to increase along with increases in cumulative
total chromium exposures.” Hexavalent chromium was not measured in that survey, but
soluble and insoluble chromium were reported. Proctor et al. (2003) evaluated
assumptions regarding the fraction of Cr(VI) in total chromium measures using 3 surveys
of monitoring data performed in the 1940s in the Painesville plant, wherein Cr(VI) was
specifically measured. Mancuso’s measures of exposure in 1949 underestimated early
Cr(VI) exposures in most departments.

Cumulative exposure is calculated as airborne concentration multiplied by years of exposure by job
title.
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In deriving the IUR, originally in 1984, U.S. EPA considered that 14% of the total
chromium was Cr(VI). The Agency considered three factors that would contribute to an
overestimation or under estimation of risk:

1. Industrial hygiene data may have underestimated exposure given that
exposures started in the 1930s and exposure measures were not collected till
1949. This factor would result in an overestimation of risk because exposure
is underestimated.

2. Chromate production workers were likely to have higher smoking rates than
the general population, which is the source of the reference lung cancer rates.
This factor would overestimate risk attributed to Cr(VI) because smoking risk
is not accounted for.

3. Lung cancer risk was only quantified for total chromium, and if those results
were used without any correction for the fraction of total chromium that was
Cr(VI), risk would be underestimated because exposure would be
overestimated.

After quantitative assessment of each of these factors, U.S. EPA in 1984 concluded that
the underestimation of risk due to use of total chromium data, balanced the
overestimation of risk due to non-concurrent exposure measures and lack of smoking
data. Because the data were for humans rather than from animal studies, U.S. EPA,
consistent with policy, used the maximum likelihood estimate of the relative risk to
derive the IUR from the competing risk model. The competing risk model is consistent
with the current state of the science in cancer risk assessment and accounts for competing
causes of death in the determination of an I[UR. As recognized by USEPA when the IUR
was calculated and upon the most recent update in 1998, there is considerable uncertainty
associated with the Cr(VI) IUR (U.S. EPA, 1998). As discussed herein, new data has
been published since which allows for improved risk assessment of airborne Cr(VI) from
occupational epidemiological studies. U.S. EPA is currently in the process of evaluating
the new data for the purposes of updating its inhalation risk assessment.

In 1985, California DHS, which later became OEHHA, developed an IUR using the same
data as U.S. EPA but selected more conservative approaches. CDHS indicated that there
may be possible underestimation of Cr(VI) exposure with the Mancuso (1975) study data,
and recommended use the 95% upper bound of the best estimate of the risk to derive the
IUR (OEHHA, 1995). The California Air Resource Board’s Scientific Review Panel
accepted this decision. CDHS also assumed that one-sixth (14%) of total chromium
exposure was to Cr(VI). Further, CDHS also chose to use the risk estimates from the
“crude model” rather than the competing risk model, which gave 20% higher risk
estimates, but is not now, nor was it in 1985, the most technically appropriate way to
assess cancer potency. As a result of these assumptions and approaches, the OEHHA
IUR is far more conservative than that developed by U.S. EPA using the same data.
Reevaluations since the 1985 IUR, have not resulted in improved IUR values (OEHHA,
1995; 2011). In 1995, OEHHA noted that “there is considerable uncertainty in both unit
risk values. Fortunately, a new study is currently underway between Johns Hopkins
University and the U.S. EPA that is evaluating a much larger worker population with
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better exposure data. The results of this study may help to resolve some of the differences
and uncertainties in the unit risk values” (p. B-16, OEHHA, 1995). That study was
published more than 15 years ago (Gibb et al. 2000), and TCEQ (2014), OSHA (2006)
and NIOSH (2013) have all used the data for quantitative risk assessment.

OEHHA (2011) also attempted to model those data, but worked from the summary
findings in the published paper rather than the original data, which are publically
available. OSHA, NIOSH and TCEQ all worked from the original data, rather than the
published summaries, and were able to model the exposure-response. Although
recognizing the superior nature of the Gibb et al. (2000) study for risk assessment, as
compared to the work of Mancuso, OEHHA retained the older value from 1985 because
it was within the range of values determined from OEHHA’s model of the Gibb et al.
(2000) study. The mortality assessment of the Gibb et al. (2000) study was also updated
in 2015, and relative risks for lung cancer were reduced. To our knowledge, those
updated data have not been used to quantify an IUR.

The Baltimore study (Gibb et al. 2000; 2015), along with updates of the Painesville
cohort, provide the best available science upon which to base IURs, and IURs from these
data exist in the peer-reviewed scientific literature (Crump et al. 2004; Park et al. 2004;
Haney et al. 2015; Proctor et al. 2016) as well as in regulatory documents. Importantly, in
all cases, the IRUs are lower than that developed by OEHHA. The newer and much
improved data of the Baltimore and Painesville cohorts should be used for cancer risk
assessment rather than the outdated OEHHA value.

2.1.1 Environmental IUR values

IUR values can be calculated for occupational exposure scenarios, workers with exposure
starting at age 18 for 45 year working lifetime, or environmental exposures, continuous
exposure from birth throughout a lifetime. Further, there are differences in the competing
causes of death throughout a lifetime for the general population, as compared to a worker
population, IURs are calculated separately for each using life-table analyses (See Proctor
et al. 2016 as an example). Thus, [URs for occupational exposures differ from that for an
environmental continuous exposure scenario, and IURs for environmental exposures are
discussed in this section.

The most recent update of the Painesville cohort was published last year by Proctor et al.
(2016). Lung cancer mortality information for 714 workers was updated through 2011;
Poisson and Cox regression models were applied, as well as life-table analysis (Proctor et
al., 2016). Cox models accounted for age at hire and smoking, which were both
statistically significant. Furthermore, this study used an exposure reconstruction based on
measured exposures for Cr(VI) that were collected at the same time that the workers were
exposed (Proctor et al., 2004). From this updated study, an environmental unit risk factor
of 0.0083 (ng/m’)" was calculated, which is 18-times lower than the current TUR used by
OEHHA. The upper confidence limit on the IUR [0.0174 (ug/m®)"], is 8-times lower
than the OEHHA value. This study used the industrial hygiene data specific to Cr(VI)
and did not require any adjustment for estimating the fraction of Cr(VI) to total
chromium (Proctor et al., 2016).
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TCEQ recently developed an TUR for Cr(VI), and the assessment was based on the data
from both the Painesville and Baltimore cohorts (Haney et al., 2014; TCEQ, 2014).
TCEQ used Poisson regression for the Painesville cohort data set (Crump et al., 2003),
and Cox proportional hazards modeling for the Baltimore cohort data set (Gibb et al.,
2000). Life-table analyses were also performed. Supporting assessment was conducted
from a cohort of four low-dose chromate plants (Leverkusen and Uerdingen, Germany;
Corpus Christi, Texas; Castle Haynes, North Carolina). Occupational concentrations were
converted to environmental concentrations to account for occupational ventilation rate for
an 8-hour day, the non-occupational ventilation rate for a 24-hour day, and the number of
working days per week. Preferred IURs from Painesville [Crump et al. (2003)] and
Baltimore [Gibb et al. (2000)] cohorts were identified as 0.00194 and 0.00256 (pg/m’)™,
respectively. The final TUR was derived as 0.0023 (ug/m’)”, considering overall
weighting factors of 44.4% for Crump et al. (2003) and 55.6% for Gibb et al. (2000).
This IUR is 63-times lower than that used by OEHHA in the HARP2 model.

All of these IUR-based approaches assume that the risk observed at very high exposures
(e.g., >>50,000 ng/m’) can be extrapolated to very low exposures—in the case of
SCAQMD’s proposed rule (0.2 ng/m’), a >100,000 difference in concentrations, using a
linear model. This assumption is extremely uncertain and known to be highly
conservative.

2.2 Occupational Risk Assessment

The risk assessments by NIOSH and OSHA were based on the newer data sets from the
Painesville and Baltimore cohorts. OSHA’s permissible exposure limit (PEL) was
promulgated in 2006, and NIOSH published the recommended exposure limit (REL) in
2013 (NIOSH, 2013; OSHA, 2006). The promulgated OSHA PEL is 5,000 ng/rn3 and the
NIOSH REL is 200 ng/m’. While the OSHA PEL considers technical feasibility, the
NIOSH REL is based solely on health risk assessment data. OSHA evaluated six
epidemiologic studies of Cr(VI)-exposed workers for cancer risk assessment including
Mancuso (1975). OSHA selected studies of Baltimore and Painesville cohorts as the
focus studies, indicating the Painesville and Baltimore cohorts as key cohorts upon which
to base risk estimates. The OSHA and NIOSH risk assessments rely on potency
estimates that are approximately 3- to 15-fold lower (when estimated for environmental
as compared to occupational exposures) to that used by OEHHA.

In Europe, SCOEL indicated 1,000 ng/m3, as an 8-hour TWA, to be the occupational
exposure limit (SCOEL, 2017). Likewise, risk assessment calculations were based on the
Painesville and Baltimore cohort data from Crump et al. (2003) and Park et al. (2004)
with life-table analyses.

The substantial elevation of lung cancer risk among workers in the historical chromate
production industry has been recognized for more than 50 years, and the association has
been observed very consistently. However, the carcinogenicity of Cr(VI) by inhalation
has been observed only in certain industries (chromate production, pigment production,
ferrochromium production, and plating) in which workers are exposed to the most potent
forms of Cr(VI) and at very high concentrations. Other industries with significant Cr(VI)
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exposures and considerable epidemiological data, including data from stainless-steel
welding, the aerospace industry, and ferrochromium production, have not observed an
increased lung cancer risk from Cr(VI) exposures (IARC, 1990; IARC, 2012; NIOSH,
2013). It is also important to note that the inhalation risk assessments for Cr(VI) are
based on chromate production workers, and thus, whether and to what degree risks
observed in this industry can be directly extrapolated to the residential populations should
be considered. Workers in the chromate production industry are exposed to Cr(VI)
concentrations that are several orders of magnitude higher than those measured in the
ambient environment. For example, in the Painesville plant, the average Cr(VI)
concentrations is reported up to 720,000 ng/m’ in the 1940 to 1949 period (Proctor et al.
2003). By comparison, the current average ambient exposure of Cr(VI) is reported in the
SCAQMD Multiple Air Toxics Exposure Study in the South Coast Air Basin (MATES
IV) as 0.11 ng/m’ at the fixed monitoring site at Compton, California (SCAQMD, 2015).
Not surprisingly, evidence of an increased lung cancer risk from environmental exposures
to Cr(VI) has not been demonstrated.

2.3 Inhalation MOA

It is notable that U.S. EPA Cancer Risk Assessment Guidelines (2005a) recommend
evaluating the MOA, or how a chemical causes cancer at high doses, to determine
whether the same mechanisms are expected to be active at very low exposures. A recent
published assessment of the inhalation cancer MOA for Cr(VI) (Proctor et al., 2014),
concluded that the mechanisms involved in Cr(VI) carcinogenicity support a sublinear
extrapolation of risk. Figure 1 is a schema of the MOA for Cr(VI)-induced lung cancer,
and the key events include exceedance of lung reductive capacity and pulmonary
clearance mechanisms, cytotoxicity, and inflammation, which ultimately results in
chromosomal instability and lung tumorigenesis.

cr(vi)
exposure

L 2. 3. 4.
Deposition at > Epithelial > Cytotoxicity/ > Chromosomal Tumorigenesis.
Bifurcations Absorption Inflammation Instability

Elimination

Figure 1. MOA for Cr(VI)-induced lung cancer, as published in Proctor et al.
(2014). Note that the elimination process indicates extracellular
reduction of Cr(VI) to Cr(III) and particle clearance from the lung.

The first step in the carcinogenic MOA for inhalation exposures is overwhelming the
reductive ability of the extracellular lung fluids. Similar to the gastrointestinal tract, the
lung has natural defenses, anti-oxidants, that reduce Cr(VI) to Cr(Ill), which is a
detoxification process occurring prior to absorption (Proctor et al. 2014; Haney et al.
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2012; De Flora et al. 1997). A schematic showing reductive capacity of the lung
components and biochemistry of Cr(VI) from Proctor et al. (2014) is provided as
Figure 2.
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Figure 2. Estimates of the overall Cr(VI) reducing capacity per individual
(de Flora et al., 1997) and hypothesized Cr(VI) biochemistry in the lung
(from Proctor et al., 2014)

TCEQ considered the MOA of Cr(VI) and quantified the reduction of Cr(VI) to Cr(III) to
develop a chronic inhalation reference value, which is a threshold for carcinogenicity and
was developed to be protective of lung cancer for the general population (Haney et al.,
2012; TCEQ, 2014). Several data sets, including those of the Baltimore and Painesville
cohorts, were used in this quantitative assessment, and TCEQ identified a chronic
inhalation reference value of 240 ng/m® Cr(VI). Far more certainty and confidence are
accorded to the results of TCEQ’s assessments, because information from the Painesville
and Baltimore cohorts was used, and mechanistic considerations of Cr(VI)
carcinogenicity were incorporated.

2.4 Summary of IURs for Cr(VI)

Table 2 provides a summary of the IURs (specifically, environmental unit risk factors)
and the airborne concentrations at the 10 (100 in one million) risk level. It should be
noted that 0.2 ng/m’, as calculated using HARP2 by SCAQMD, assumes that Cr(VI) is
carcinogenic by ingestion, including ingestion of fruits and vegetables. All values in
Table 2 are based on inhalation exposures alone. As discussed in Section 3, the
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assumption of multi-pathway exposure is not supported by the current state of the
science, and the comprehensive MOA research and Cr(VI) reduction kinetics data
demonstrate that the risk of cancer from ingestion exposure is likely to be de minimis at
environmental levels. Furthermore, in HARP2, the inhalation unit risk is converted to a
potency factor of 510 (mg/kg-day)'. Use of the IURs, over the cancer potency factors,
is recommended by U.S. EPA inhalation risk assessment guidance (U.S. EPA 2009); thus
IURSs are used to calculate airborne concentrations for all values, other than the HARP2
values (top row), in Table 2. Finally, Age-Sensitivity Factors (ASFs) developed by
OEHHA are used for the HARP2 model and as included in Table 2.

Table 2. Summary of inhalation unit risk (IUR) values for Cr(VI) and
concentrations at 10™ (100 in one million) target risk for residential
exposures

Cr(VI)
Concentration at 10™
Agency/ Target Risk Level
Citation Cohort/Data Source | IUR (ug/m>)” Exposure Route (ng/m’)’
Uses Cancer Inhalation (within the
OEHHA Painesville/Mancuso ce HARP2 model for
Slope Factor 510 . . . 0.3
HARP2 (1975) (mg/ke-day)’ residential scenario
gke-aay including ASF)

Painesville/Mancuso . 1.6
OEHHA (1975) 0.15 Inhalation

Painesville/Mancuso .
EPA (1975) 0.012 Inhalation 19

Baltimore

Gibb et al. (2000) &
P{a‘;g‘{f 0.0023 Inhalation 100
al. Painesville

Luippold et al. (2003)
Proctor et Update of the
al. (2016) Painesville cohort 0.0083 Inhalation 28

’ (through 2011)

" Calculation of concentration at 10 risk level = 0.0001 + IUR; calculated for a 30-year residential
exposure consistent with HARP2 assumptions (70-year lifetime/30-year residential exposure duration).
HARP?2 values include Age-Sensitivity Factors but they have not been included for any other Cr(VI)

inhalation.
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3 Limited Evidence for Cr(VI) Carcinogenicity from
Ingestion Exposure

The US Environmental Protection Agency (EPA) Cancer Risk Assessment Guidelines
(2005a) recommends that the carcinogenic Mode of Action (MOA) be used to assess the
potential for a chemical to cause cancer at low doses. More simply put, it is important to
understand how a chemical causes cancer and to determine whether those biological
mechanisms, observed at high doses, are active at low doses. A wealth of MOA data for
Cr(VI) has been published and generally supports that Cr(VI) is carcinogenic only at high
doses that exceed the body’s ability to naturally detoxify Cr(VI) (DeFlora, 2000; Haney,
2015; Nickens et al., 2010, Thompson et al., 2013, 2015a,b).

3.1 Oral Carcinogenicity of Cr(IlT) and Cr(VI)

NTP studied the oral ingestion of both Cr(IIl) and Cr(VI) in male and female mice and
rats in 2-year cancer bioassays (NTP, 2008, 2010). Ingestion of high concentrations of
bioavailable Cr(IIl) in the form of chromium-picolinate in dietary feed for 2 years was
not carcinogenic to rats or mice (NTP, 2010). In fact, no histopathological lesions were
reported in the Cr(IIl) study—indicating that ingested Cr(III) has very low toxicity and is
essentially inert. These data demonstrate that, to pose a health hazard, chromium must be
absorbed into cells as Cr(VI), and that if it is reduced to Cr(Ill) prior to absorption, it
poses no hazard.

In contrast to Cr(Ill), ingestion of high concentrations of Cr(VI) in the form of the
sodium salt sodium dichromate dihydrate (SDD) in drinking water for 2 years was
associated with tumors in certain locations within the gastrointestinal tract (NTP, 2008).
Specifically, rats in the 180-ppm group had significant elevations in oral-cavity tumors
relative to the control rats. No other tumors were observed in rats. Mice exhibited
elevations in tumors in the proximal small intestine beginning at ~20 ppm or 20,000 ppb
Cr(VI). These tumors were mainly in the duodenum (which is the location of nutrient
absorption in the small intestine and proximal to the stomach). No other tumors were
observed in mice.

Additionally, epidemiologic studies have not found an increased risk of intestinal or oral
cancers among workers exposed to Cr(VI). Several meta-analyses of Cr(VI)-exposed
workers have been conducted (Cole and Rodu, 2005; Gatto et al., 2010; Welling et al.,
2015; Suh et al., 2017). Three of these meta-analyses, including one which included
rigorous systematic review and risk-of-bias evaluation (Suh et al., 2017), reported that
Cr(VI) exposures did not significantly increase gastrointestinal cancers among workers.
These occupational epidemiologic studies assessed workers with exposures that are
orders of magnitude greater than those found in the environment, supporting that Cr(VI)
is not expected to pose a significant cancer risk from oral exposures at environmentally-
relevant exposure levels.
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3.2 Carcinogenic Mode of Action for Cr(VI) from Ingestion Exposure

After publication of the NTP (2008) Cr(VI) bioassay, an extensive research effort was
initiated to investigate the limited tumor outcomes observed in rats and mice. This
research has led to ~26 peer-reviewed journal publications in some of the top journals in
the field of toxicology (Attachment A). Recently, several scientists and regulators have
reviewed the recent research and concluded that the data support (a) non-mutagenic
MOAs for both tumor locations, and (b) threshold approaches for developing toxicity
criteria (e.g., reference dose values) to be protective of cancer (Haney, 2015; Health
Canada, 2015; TCEQ, 2016; Thompson et al, 2014, 2017). Other
scientists/organizations, including OEHHA, are currently re-evaluating and assessing
Cr(VI) in consideration of the large body of newly published data in highly relevant
target tissues.

The proposed MOA for intestinal tumors is shown in Figure 1 (below). There is evidence
for a non-genotoxic MOA involving chronic damage to the intestinal villi, which results
in regenerative hyperplasia (chronic wound and healing process) (Figure 1). Specifically,
high concentrations of Cr(VI) induce regenerative hyperplasia after only one week of
exposure (Thompson et al., 2011, 2015a), indicating that mice in the 2-year NTP (2008)
cancer bioassay experienced continuous wounding and healing of the small intestinal
tissues. Such a mechanism result in increased cell turnover rates and increased
probability of spontaneous mutation. This is a well recognized mechanism of tumor
formation, and only occurs at doses that can cause cell death and healing. Interestingly,
the only other chemical to clearly induce small-intestine tumors in an NTP study is
captan (NCI, 1977, 2008), which has been determined by some regulators to induce
intestinal tumors through a similar MOA involving chronic wounding and regenerative
hyperplasia (Cohen et al., 2010; Gordon, 2007; U.S. EPA, 2004).

cr(v1)
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Figure 3. Depiction of mode of action for intestinal tumors in mice (source:
Thompson et al., 2013)
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In vivo genotoxicity data show an absence of effects. For example:

e No micronuclei induction in the duodenal crypts of mice exposed to
<180 ppm Cr(VI) for 7 or 90 days (Thompson et al., 2015a)

e No increase in Kras codon 23 mutant frequency in the duodenum of mice
exposed to <180 ppm Cr(VI) for 90 days (O’Brien et al., 2013)

e No increases in mutant frequency of the duodenum or oral cavity for
transgenic Big Blue® rats exposed to 180 ppm for 27 days (Thompson et al.,
2015b, 2017)

Regarding the oral tumors that were significantly elevated in rats at 180 ppm Cr(VI),
several regulators have determined that protection against intestinal damage, hyperplasia,
and tumors at lower concentrations is likely sufficient to also protect against the oral
tumors observed at 180 ppm Cr(VI) (Health Canada, 2015; TCEQ, 2016). The relevance
of these oral tumors at such high concentrations is questionable, because oral cavity
tumors were not significantly elevated at lower concentrations or in mice at any
concentration. Perhaps most compelling is the fact that transcriptomic analysis of oral
tissue from mice and rats exposed to <180 ppm Cr(VI) for 7 or 90 days did not reveal
significant changes in gene expression (Rager et al., 2017), indicating that the tissues
were not responding to Cr(VI).

3.3 Toxicity Criteria for Cr(VI) for Oral Exposure

Shortly after the release of the NTP (2008) 2-year cancer bioassay, some regulatory
agencies began drafting new toxicity values for oral exposure to Cr(VI):

e In 2009, the New Jersey Department of Environmental Protection (NJDEP)
developed a cancer slope factor (NJDEP, 2009), which was used by U.S. EPA
and OEHHA.

e In 2010, U.S. EPA released a draft assessment that contained a reference dose
(RfD) for intestinal hyperplasia and a cancer slope factor based on intestinal
tumors. Based on an assumed mutagenic MOA, U.S. EPA additionally applied
age-dependent adjustment factors (ADAFs)* per U.S. EPA guidance (U.S.
EPA, 2005a,b). That assessment is under revision to date and no oral cancer
risk assessment has been developed by U.S. EPA.

e In 2011, OEHHA published its public health goal (PHG) based on a cancer
slope factor for intestinal cancer (OEHHA, 2011).

As discussed in the previous sections, data published since the release of the NTP (2008)
bioassay and the U.S. EPA and OEHHA assessments support a finding that Cr(VI)
(a) does not induce genotoxicity in target tissues (intestine and oral mucosa), but (b) does

* ADAFs are also referred to as Age Sensitivity Factors (ASF) in OEHHA guidance.
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induce villus toxicity and regenerative hyperplasia. There is no scientific basis for using
either a slope factor alone, or a slope factor supplemented with ASFs, when deriving
safety standards for oral exposure to Cr(VI). Indeed, more recent assessments that have
evaluated the recent mechanistic research have used threshold approaches. For example,
the draft assessment by Health Canada derived a total daily intake (TDI) value of
0.0044 mg/kg (equivalent to a water maximum acceptable concentration [MAC] of
~100 ppb) (Health Canada, 2015). Health Canada (2015) explains:

“The MOA analysis supports a progression from noncancer to cancer effects after
exposure to Cr(VI) in drinking water. Thus, the assessment of chromium in drinking
water, which is based on the health effects of Cr(VI), considers the cancer and noncancer
effects together. The critical health effect on which to establish a guideline for chromium
in drinking water is diffuse hyperplasia of the small intestine, as it is the most sensitive
endpoint and a precursor of tumour formation.”

Similarly, TCEQ derived an RfD of 0.003 mg/kg (equivalent to a water maximum
contaminant level [MCL] of ~100 ppb) (TCEQ, 2016). TCEQ explains:

“In addition to the numerous studies published as part of the CrVI MOA research project,
TCEQ staff have independently and critically evaluated the relevant published study data
(and supplemental data) and its implications for the carcinogenic dose-response
assessment of oral exposure to CrVI... The WOE indicates that cytotoxicity-induced
regenerative hyperplasia is indubitably the most scientifically well-supported MOA.”

As shown in Attachment A, many newly published studies on Cr(VI) are now available
that are directly relevant to deriving toxicity criteria. Regulators who have reviewed these
data have determined that low-dose linear extrapolation and development of cancer slope
factors is not the most scientifically supportable approach for deriving toxicity values for
oral exposure to Cr(VI). For more than a decade, the U.S. EPA has advocated for the use
of MOA and physiologically based pharmacokinetic (PBPK) modeling in cancer risk
assessment, as opposed to default approaches (U.S. EPA, 2005a, 2006), such as those
used by OEHHA in its cancer potency estimates. The recent Cr(VI) assessments by
Health Canada and TCEQ are examples of using such data for risk assessment. The
carcinogenic MOA of Cr(VI) for gastrointestinal tumors in rodent bioassays strongly
supports the existence of a threshold-type dose-response. Furthermore, the MOA and the
data do not show increased risk of cancer from early life exposures, indicating that ASFs
are not likely to be applicable for this pathway.

3.4 Overestimation of Risk from Ingestion of Cr(VI) in Homegrown
Vegetables with HARP2

HARP2 is used to fulfill requirements of the Air Toxics “Hot Spots” Program in
California (Assembly Bill 2588). However, HARP2 overestimates the risk posed by
Cr(VI) due to homegrown crop ingestion. The model should be revised to remove this
pathway from consideration for Cr(VI), and SCAQMD should not base risk estimates for
Cr(VI) on this model, including ingestion pathways of exposure. The OEHHA model that
is used to calculate risk within the HARP2 software package generically for all chemical
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particulates considers potential exposure via ingestion of chemicals deposited on
homegrown crops and taken up in food crops from soil and air (OEHHA, 2015).
However, these approaches are not reliable for Cr(VI), which is not stable in organic
media (such as fruit and vegetables).

For Cr(VI) emissions, this model estimates that, for a default deposition rate of 0.02 m/s
applied in HARP2, homegrown crop consumption and soil ingestion contribute 36% and
1% of the total cancer risk, respectively. With this, the ingestion pathway represents 37%
of the total cancer risk, and crop ingestion (36%) represents 97% of the ingestion cancer
risk. Homegrown crop ingestion is thus modeled as a major contributor to overall Cr(VI)
cancer risk using HARP2. The exact parameters and steps used to calculate cancer risk
associated with homegrown crop ingestion are summarized below, followed by a
discussion of the applicability of the homegrown crop pathway in Cr(VI) risk assessment.

3.4.1 Calculating Risk Associated with Homegrown Crop Ingestion

In calculating the overall risk associated with exposure via homegrown crop ingestion,
the OEHHA model implemented in HARP2 carries out three steps. First, the
concentration of the specific substance in different types of homegrown produce is
estimated based on the concentration in the air, which influences the chemical deposition
and root uptake. Second, the dose of the specific substance is estimated based on the type
of produce, as well as other factors (e.g., gastrointestinal absorption and bioavailability
factors). Last, the cancer risk is calculated separately for different age groups and is then
summed to yield an overall cancer risk. Details on these calculation steps are provided in
this section.

3.4.1.1 Step One: Calculating Concentration

The average concentration of a substance in and on produce is a function of direct
deposition of the substance onto the produce and of root translocation or uptake from soil
(Equation 1).

Equation 1
G, = Cdepv + Cirans
where:

Cv = Concentration in a specific type of produce (i.e., exposed, leafy, protected, root)

(ng/ke)
Cdepv = Concentration due to direct aerial deposition (ng/kg)

Ctrans = Concentration due to root translocation or uptake (ng/kg).

3.4.1.2 Step Two: Calculating Dose

The dose of substance to which a receptor is exposed via ingestion of homegrown crops
is a function of the type of produce (i.e., exposed, leafy, protected, root), gastrointestinal
relative absorption factor, bioavailability, and the fraction of plant ingested that is
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homegrown (Equation 2). The calculation is carried out for each type of produce and then
summed to result in a total dose (Equation 3).

Equation 2

DOSE, = C, X IP x GRAF x L X EF x 107°

where:

DOSEp = Exposure dose through ingestion of homegrown produce (mg/kg/d)

Cv = Concentration in specific type of crop (i.e., exposed, leafy, protected, root [pug/kg])
IP = Consumption of specific type of crop (g/kg BW*day)

GRAF = Gastrointestinal relative absorption factor (unitless)

L = Fraction of plant type consumed that is homegrown or locally grown (unitless)

EF = Exposure frequency (unitless, days/365 days)

10-6 = Conversion factor (ng/kg to mg/g).

Equation 3

Total DOSE, = DOSE,(leafy) + DOSE,(root) + DOSE,(exposed)
+ DOSE, (protected)

3.4.1.3 Step Three: Calculating Risk

The cancer risk for homegrown crops is calculated by multiplying the oral dose by the
oral cancer potency factor, the age sensitivity factor, and the exposure duration divided
by averaging time (Equation 4). Risk is calculated separately for each age grouping and
then summed to yield cancer risk, representing a specific risk for a resident over a 30-
year exposure duration (Equation 5). It is noteworthy that 97% of the dose and risk from
the crop ingestion comes from the absorption of Cr(VI) from soil and translocation to the
fruit, were as 3% occurs from deposition on leafy produce.

Equation 4
RISKyoninh = DOSEnoninn X CPFyyq X ASFXED/

where:

RISKnoninh = Non-inhalation pathway cancer risk

DOSEnoninh = Daily dose (mg/kg-day) for a specified non-inhalation pathway for each
age group

CPForal = Oral cancer potency (slope) factor (mg/kg-day™)

ASF = Age sensitivity factor for a specified age group (unitless)

ED = Exposure duration (in years) for a specified age group

AT = Averaging time for lifetime cancer risk (years).
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To account for age-dependent adjustment factors Equation 5 is applied’:

RISKnoninn = (DOSEponinn_3ra_trimester X CPForar % 10x 0-25/, )
+ (DOSEnoninh_age 0<2 X CPForar X 10x 2/0)
+ (DOSEyoninh_age 2<16 X CPForqp X 3X 14/70)
+ (DOSEnoninh_age 16<30 X CPForq X 1X 14/70)

3.4.2 Overestimation of Risk via Ingestion of Homegrown Crops

The HARP2 model fails to consider Cr(VI) reduction that occurs in plants, resulting in
the conversion of Cr(VI) to Cr(III).

The reduction of Cr(VI) to Cr(IIl) in plants has been shown, for instance, by a study
evaluating chromium species in the following crops: beet, broccoli, cabbage, cantaloupe,
cauliflower, celery, chive, collard, cucumber, garden pea, kale, lettuce, onion, radish,
spinach, strawberry, tomato, and turnip (Zayed et al., 1998). After all tested exposure
conditions, lasting up to seven days of treatment, chromium speciation analysis indicated
that all Cr(VI) was converted to Cr(IIl) in all plants (Zayed et al., 1998). An additional
study found that Cr(VI) supplied in nutrient culture of wetland plants was fully reduced
to Cr(III) within the root and shoot tissues (Lytle et al., 1998). The authors used these
findings to advocate for the utility of plant-based Cr(VI) reduction in Cr(VI)-
contaminated waste streams (Lytle et al., 1998).

Additional studies have specifically evaluated plants for Cr(VI) remediation purposes.
For instance, Xu and Jaffe (2006) evaluated two wetland plants and found that the plants
significantly removed aqueous Cr(VI) in sediments. Corroborating the aforementioned
studies, speciation analysis identified Cr(IIl) as the dominant form of chromium in plant
materials (Xu and Jaffe, 2006). Other plants, including tumbleweed (Gardea-Torresdey et
al., 2005), fern (Su et al., 2005), weed plants (Sampanpanish et al., 2006), and certain tree
species (Mangkoedihardjo et al., 2008), have also shown potential utility for
phytoremediation of Cr(VI)-contaminated soil.

Together, these data show that Cr(VI) is efficiently reduced to Cr(IIl) in plants, including
fruit and vegetable crops. Thus, the ingestion of Cr(VI) via homegrown crops is unlikely
to occur and should not be considered in HARP2 for Cr(VI). The inclusion of
homegrown crop ingestion when calculating risk associated with emitted Cr(VI), as is
done using standard OEHHA models, results in a significant overestimation of risk and
an invalid basis for setting a guidance value or criteria used in rule-making.

Note that OEHHA’s calculations include increased risk from exposure during the 3" trimester;
however a fetus does not breathe air or ingest soil, dust, or vegetables, and as such the age-sensitivity
factor for this age is clearly not appropriate. This equation is generically applied to all chemical
carcinogens including Cr(VI), but is not valid for Cr(VI).
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3.5 Consideration of Chromium Reduction Kinetics: Extracellular
Reduction of Cr(VI) to Cr(III) Following Ingestion

Chromium reduction kinetics, specifically related to the extracellular reduction of Cr(VI)
to Cr(Ill) following ingestion, has been described in numerous publications and by
government agencies ATSDR, U.S. EPA, NIOSH, and OEHHA. It is well recognized
that Cr(VI) is reduced to Cr(Ill) in the stomach and other tissues, which reduces the
toxicity of Cr(VI) (ATSDR, 2012; IARC, 2012; NIOSH, 2013). Cellular uptake of Cr(III)
is limited by this extracellular reduction, and IARC indicates that “cell membrane is
nearly impermeable barrier for Cr(III)” (IARC, 2012).

Absorption and reduction of Cr(VI) are competing kinetic processes delineated by PBPK
models. Recent publications by Kirman, Proctor, and De Flora and colleagues have
extensively characterized Cr(VI) reduction kinetics in human gastric fluid and developed
PBPK models (Kirman, et al., 2016, 2017). In De Flora et al. (2016), human gastric fluid
was effective in reducing Cr(VI) to Cr(II) and mitigating its mutagenicity. In 16 paired
gastric fluid samples from eight healthy volunteers, the mean reducing ability was
measured as 20.4 £ 2.6 pg Cr(VI)/mL gastric fluid in post-meal samples (De Flora et al.,
2016). Moreover, at pH 2.0, gastric fluid reduction of Cr(VI) to Cr(IIl) was rapid, with
greater than 70% of total reduction complete within 1 minute. Using highly sophisticated
measurement instruments, Kirman and colleagues also showed that human gastric
samples contained multiple pools of reducing agents that reduced Cr(VI) to Cr(III), and
that low concentrations of Cr(VI) (<0.7 mg/L) are reduced rapidly to Cr(IIl) (Kirman et
al., 2016).

The results of these studies indicate that, at daily exposures less than or equal to 0.003
mg/kg-day among sensitive subpopulations, Cr(VI) is reduced to Cr(IIl) prior to or upon
systemic absorption (Thompson et al. 2017). The total oral dose that can be calculated in
HARP?2 at an airborne concentration of 1 ng/m’ is an order of magnitude lower than this
dose (0.0003 mg/kg-day). Thus, even if one were to presume that Cr(VI) could exist in
crops and accumulate in dust and soil without been reduced to Cr(Ill), the theoretical
dose is well below the dose at which Cr(VI) can be detoxified. As such, the best available
science support that there is no increased cancer risk from ingestion exposures due to
deposition of Cr(VI) particles on soil and uptake by homegrown crops.

4 Conclusions

The SCAQMD risk-based benchmark of 0.2 ng/m’ and the related source monitoring
benchmark of 1 ng/m’ are not supported by the current state of the science for Cr(VI).
The assumption of risk by ingestion of crops and by ingestion of particles of dust and soil
is invalid. Correcting this incorrect assumption would result in changing airborne
benchmarks of 0.2 ng/m’ and 1 ng/m’ to 0.32 ng/m’ and 1.6 ng/m’, respectively (a factor
of 1.6 [1 ~ 0.63)] because 37% of OEHHA and SCAQMD’s calculated cancer risk comes
from ingestion exposures. However, at these doses and by ingestion of fruits and
vegetables, the evidence clearly supports that no cancer risk exists.

25



There is no evidence that Cr(VI) is associated with elevated lung cancer risk at
environmental levels, and considerable data supporting that at the low levels encountered
in the environment, the risk is de minimis. OEHHA, and most regulatory agencies, use
risk assessment models that presume that the risk at very high exposures can be
extrapolated to very low exposures using a linear model. Using the conservative linear
model with more reliable and current assessments of the inhalation cancer potency of
Cr(VI) would result in benchmarks that are substantially higher than that currently being
developed from the outdated OEHHA assessment.
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