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PREFACE

Drinking Water Public Health Goals
Pesticide and Environmental Toxicology Branch
Office of Environmental Health Hazard Assessment
California Environmental Protection Agency

This Public Health Goal (PHG) technical support document provides information on
health effects from contaminants in drinking water. PHGs are developed for
chemical contaminants based on the best available toxicological data in the scientific
literature. These documents and the analyses contained in them provide estimates of
the levels of contaminants in drinking water that would pose no significant health
risk to individuals consuming the water on a daily basis over a lifetime.

The California Safe Drinking Water Act of 1996 (Health and Safety Code, Section
116365) requires the Office of Environmental Health Hazard Assessment (OEHHA)
to perform risk assessments and adopt PHGs for contaminants in drinking water
based exclusively on public health considerations. The Act requires that PHGs be
set in accordance with the following criteria:

1. PHGs for acutely toxic substances shall be set at levels at which no known or
anticipated adverse effects on health will occur, with an adequate margin of
safety.

2. PHGs for carcinogens or other substances that may cause chronic disease shall be
based solely on health effects and shall be set at levels that OEHHA has
determined do not pose any significant risk to health.

3. To the extent the information is available; OEHHA shall consider possible
synergistic effects resulting from exposure to two or more contaminants.

4. OEHHA shall consider potential adverse effects on members of subgroups that
comprise a meaningful proportion of the population, including but not limited to
infants, children, pregnant women, the elderly, and individuals with a history of
serious illness.

5. OEHHA shall consider the contaminant exposure and body burden levels that
alter physiological function or structure in a manner that may significantly
increase the risk of illness.

6. OEHHA shall consider additive effects of exposure to contaminants in media
other than drinking water, including food and air, and the resulting body burden.

7. In risk assessments that involve infants and children, OEHHA shall specifically
assess exposure patterns, special susceptibility, multiple contaminants with toxic
mechanisms in common, and the interactions of such contaminants.

8. In cases of insufficient data for OEHHA to determine a level that creates no
significant risk, OEHHA shall set the PHG at a level that is protective of public
health with an adequate margin of safety.
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9. In cases where scientific evidence demonstrates that a safe dose response
threshold for a contaminant exists, then the PHG should be set at that threshold.

10. The PHG may be set at zero if necessary to satisfy the requirements listed above
in items seven and eight.

11. PHGs adopted by OEHHA shall be reviewed at least once every five years and
revised as necessary based on the availability of new scientific data.

PHGs are not regulatory requirements, but instead represent non-mandatory goals.
Using the criteria described above, PHGs are developed for use by the California
Department of Public Health (DPH) in establishing primary drinking water standards
(State Maximum Contaminant Levels, or MCLs). Thus, PHGs are not developed as
target levels for cleanup of ground or ambient surface water contamination, and may
not be applicable for such purposes, given the regulatory mandates of other
environmental programs.

Whereas PHGs are to be based solely on scientific and public health considerations,
drinking water standards adopted by DPH are to consider economic factors and
technical feasibility. Each primary drinking water standard adopted by DPH shall be
set at a level that is as close as feasible to the corresponding PHG, with emphasis on
the protection of public health. Each primary drinking standard adopted by DPH is
required to be set at a level that is as close as feasible to the corresponding PHG,
with emphasis on the protection of public health. MCLs established by DPH must be
at least as stringent as the federal MCL, if one exists.

Additional information on PHGs can be obtained at the OEHHA web site at
www.oehha.ca.gov.
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PUBLIC HEALTH GOAL FOR HEXAVALENT CHROMIUM IN
DRINKING WATER

SUMMARY

The Office of Environmental Health Hazard Assessment (OEHHA) is publishing a Public Health
Goal (PHG) for hexavalent chromium of 0.02 parts per billion (ppb) or micrograms per liter
(ng/L) in drinking water. OEHHA has reviewed the available data on the toxicity of hexavalent
chromium and has identified the PHG level as protective against all identified toxic effects from
both oral and inhalation exposure to hexavalent chromium that may be present in drinking water.

While hexavalent chromium has long been recognized as a potent carcinogen via inhalation,
there is now sufficient evidence that hexavalent chromium is also carcinogenic by the oral route
of exposure, based on studies in rats and mice conducted by the National Toxicology Program
(NTP, 2008). To calculate the PHG, OEHHA utilized an oral cancer slope factor of 0.5 (mg/kg-
day)?, based on a dose-related increase of tumors of the small intestine in male mice (NTP,
2008). While this approach follows the default approach described in OEHHA guidelines
(OEHHA, 2009a), it is also consistent with the proposed mutagenic mode of action (McCarroll et
al., 2010). OEHHA also used an inhalation cancer slope factor of 510 (mg/kg-day)™, based on
occupational studies, with an exposure assessment (Keating and McKone, 1993) to estimate
inhalation of waterborne hexavalent chromium during showering, for estimating inhalation risk.
The combined-route cancer risk is dominated by the oral exposure despite the much higher
inhalation potency, because the inhalation of water droplets during showering is very small. The
PHG was adjusted to account for increased sensitivity associated with early-in-life exposures.

A health-protective level of 2 ppb for non-carcinogenic effects is also identified based on liver
toxicity (mild chronic inflammation, fatty changes) in female rats in the NTP study (2008).
Other studies have indicated adverse effects in the liver and blood forming tissues.

Chromium is a heavy metal that occurs throughout the environment. The soluble hexavalent
form is relatively toxic, while the less-soluble trivalent form has very low toxicity and is a
required nutrient. The two forms are inter-convertible in the environment.

Available studies characterized the carcinogenic and non-carcinogenic activity of hexavalent
chromium resulting from inhalation or oral exposure in both experimental animals and humans.
Most of the toxicity studies investigated carcinogenic activity, because hexavalent chromium has
been identified as a carcinogen. Other studies focused on the pharmacokinetics of hexavalent
and trivalent chromium. The findings of these studies are very important in understanding the
toxic actions of this metal.

Following oral administration of hexavalent chromium to humans and experimental animals,
increased levels of total chromium in whole blood and plasma were observed, while little change
was observed following trivalent chromium administration. Increases in blood/plasma total
chromium levels following oral hexavalent chromium administration demonstrate bioavailability
of the hexavalent form of the metal. Demonstrating bioavailability for orally administered
products through increases in plasma and/blood levels is a routine method (required, for
example, in submitting new drug applications).
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It has been suggested that because nearly all ingested hexavalent chromium is converted to
trivalent chromium in the acidic environment of the stomach, hexavalent chromium poses a
negligible risk of toxicity (carcinogenic or non-carcinogenic) by the oral route (De Flora et al.
1997; Proctor et al., 2002b). Complete conversion of hexavalent chromium to trivalent
chromium in the stomach would result in the two forms behaving identically with respect to
absorption, distribution, and toxic effects. However, studies in animals and humans have
revealed that orally administered hexavalent chromium results in differences in blood/plasma
and tissue-total chromium levels and increased urinary half-life compared to trivalent chromium.
Increased toxicity following oral exposure to hexavalent chromium (compared to trivalent
chromium) also suggests that hexavalent chromium is not completely converted to trivalent
chromium in the stomach. After absorption into the body, the hexavalent form is eventually
reduced to the trivalent form.

Given the abundant evidence that hexavalent chromium is not completely converted to trivalent
chromium in the stomach and that a fraction of orally administered hexavalent chromium is
bioavailable, the evidence of potential carcinogenic and non- carcinogenic effects of the
hexavalent form of the metal needed to be evaluated.

Evidence on carcinogenic effects of hexavalent chromium has been summarized by others,
principally for the inhalation route (IARC, 1990). Evaluation of carcinogenic risk for this
assessment focused on the evidence of systemic availability and the resulting risk of
carcinogenic effects after oral exposure. Studies of the mechanism of action of hexavalent
chromium suggest a carcinogenic response if hexavalent chromium enters cells, regardless of the
exposure route. Based on available evidence a mutagenic mode of action (MOA) has been fully
described and justified (McCarroll et al., 2010). Orally administered hexavalent chromium
results in genotoxicity at sites distal to the site of entry, the gut, which indicates that chromium
reaches those sites in the hexavalent form. Administration via drinking water of hexavalent
chromium to mice (Borneff et al., 1968) resulted in a statistically significant increase in stomach
tumors compared to controls (OEHHA analysis). Administration of hexavalent chromium in
drinking water to male and female F344 rats resulted in statistically significant increases in
papillomas or carcinomas (combined) of the oral cavity in the high dose groups of both sexes,
compared to controls (NTP, 2008). Administration of hexavalent chromium in drinking water to
male and female B6C3F; mice resulted in statistically significant and dose-related increases in
adenomas or carcinomas (combined) of the small intestine in both sexes (NTP, 2008).

Exposure of a human population to hexavalent chromium in drinking water resulted in a
statistically significant increase in stomach tumors compared to rates in the surrounding province
(zhang and Li, 1987). More recently, citizens of the Oinofita municipality of Greece exposed to
Cr VI in their drinking water (five highest concentrations ranged from 44 to 156 pg/L) exhibited
a statistically significant increase in primary liver cancer mortality compared to the population of
the surrounding prefecture (Linos et al., 2011). Review of occupational studies in which humans
were exposed to hexavalent chromium primarily by the inhalation route identified a significantly
increased risk of stomach cancer in 3 of 25 studies. An examination of this evidence provides
further support to consider hexavalent chromium to be carcinogenic by the oral exposure route.

The existing California and U.S. Environmental Protection Agency (U.S. EPA) Maximum
Contaminant Levels (MCLs) of (total) chromium in drinking water are 50 ppb and 100 ppb (50
Mg/L and 100 pg/L), respectively. Neither of these regulatory levels is specific for hexavalent
chromium, and neither involves the assumption of potential carcinogenicity of hexavalent
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chromium. The California Detection Limit for the Purposes of Reporting, or DLR, is 10 ppb for
total chromium in drinking water. Hexavalent chromium was detected in 1,997 out of over 6,400
water sources analyzed as of April 6, 2004 (CDHS, 2004), with a DLR of 1 ppb. About 10
percent of the samples had reported levels of 5 ppb or more. In a February 2009 update, 2208
California water sources reported detection of hexavalent chromium above 1 ppb.

In 1987, chromium (hexavalent compounds) became one of the first substances identified as a
carcinogen under California’s Safe Drinking Water and Toxic Enforcement Act of 1986, more
commonly known as Proposition 65. In November 2008, the state’s Developmental and
Reproductive Toxicant Identification Committee (DARTIC) determined that chromium
(hexavalent compounds) was clearly shown to cause developmental toxicity, male reproductive
toxicity and female reproductive toxicity (OEHHA, 2009c; OEHHA, 2010). The DARTIC’s
action added chromium (hexavalent compounds) to the Proposition 65 list of chemicals known to
cause reproductive toxicity.

The PHG is intended to help guide the California Department of Public Health in developing a
Maximum Contaminant Level for hexavalent chromium in drinking water, as defined in the Safe
Drinking Water Act. PHGs are not developed as target levels for cleanup of contamination of
ground or ambient surface water or other environmental media, and may not be applicable for
such purposes, given the regulatory mandates and constraints of other environmental programs.

INTRODUCTION

Chromium is an industrially important metal that has the potential to contaminate drinking water
sources. The hexavalent ionic form of chromium, also known as Cr VI, is more water soluble,
more easily enters living cells, and is much more toxic than the trivalent ionic form, known as Cr
I1l. Trivalent chromium is an essential trace element in the human diet. Chromium in this form
is thought to potentiate the action of insulin, acting in combination with the glucose tolerance
factor (ATSDR, 2000). Hexavalent chromium is a human carcinogen, as determined by the
National Toxicology Program (NTP), the International Agency for Research on Cancer (IARC),
the U.S. Environmental Protection Agency (U.S. EPA), and OEHHA (NTP, 1998; IARC, 1980b,
1990; U.S. EPA, 1998; CDHS, 1985).

A critical issue for determination of a health-protective concentration of Cr V1 in drinking water
is the extent to which this chromium form may be absorbed as such through the gastrointestinal
tract and pose a carcinogenic hazard, versus being reduced to Cr 111, which is very poorly
absorbed and has very low toxicity. This document provides a literature review and an extensive
analysis of the exposure issues, and the resulting toxic potential of Cr V1.

CHEMICAL PROFILE

Chemical ldentity

Chromium is a metallic element with an atomic number of 24. It is a member of group VIB on
the periodic table, along with molybdenum and tungsten. Chromium possesses one electron in
its outer electron shell. There are four naturally occurring isotopes of chromium. The most
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common ones are *2Cr (83 percent) and >Cr (9.5 percent). None of the natural isotopes is
radioactive (Weast et al., 1988).

Physical and Chemical Properties

Chromium generally occurs in small quantities associated with other metals, particularly iron.
The atomic weight of chromium is 51.996. Metallic chromium melts at 1,875° C, and boils at
2,680° C; its specific gravity is 7.19. The most common valences of chromium are +3 and +6.
Chromium salts are characterized by a variety of colors, solubilities and other properties. The
name “chromium” is from the Greek word for color. The most important chromium salts are
sodium and potassium chromates and dichromates, and the potassium and ammonium chrome
alums (Hodgman et al., 1961).

Production and Uses

The metal is usually produced by reducing the chromite (FeCr,O,4) ore with aluminum (Weast et
al, 1988). The combined production of chromium metal and chromium ferroalloys in the United
States in 1988 was 120,000 metric tons (ATSDR, 1993). Chromium is used to harden steel, in
the manufacture of stainless steel, and in the production of a number of industrially important
alloys (Weast et al., 1988). Chromium is used in making of pigments, in leather tanning and for
welding. Chromium plating produces a hard mirror-like surface on metal parts that resists
corrosion and enhances appearance.

Sources

The principal ore of chromium is chromite (FeCr,0,), found in Zimbabwe, Russia, Transvaal,
Turkey, Iran, and other countries (Weast et al., 1988). The ore has not been mined in the United
States since 1961 (ATSDR, 2000). Ore is imported into the U.S. from the above-mentioned
countries, and refined in the U.S. into chromium metal and alloys. In California there are over a
hundred industrial facilities that process imported chromium (ATSDR, 2000).

ENVIRONMENTAL OCCURRENCE AND HUMAN EXPOSURE

Air

Chromium is present in the atmosphere in particulate form, usually as very small particles
(approximately 1 um in diameter). Chromium can enter the ambient air from anthropogenic
point sources such as smelters, or from windblown soil, road dust or seawater. Cigarette smoke

contributes chromium to indoor air. Chromium levels in the air in the U.S. are typically <0.01
ug/m? in rural areas, and in the range of 0.01 to 0.03 pg/m? in urban areas (ATSDR, 2000).

Soil

Chromium occurs naturally in crustal rocks, but an important source of chromium in soil is
probably disposal of commercial products. Chromium is present in rock (basalts and serpentine)
and soil primarily in the form of the insoluble oxide, Cr,03. Chromium is generally not mobile
in soil (ATSDR, 2000).
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Water

Chromium enters environmental waters from anthropogenic sources such as electroplating
factories, leather tanneries and textile manufacturing facilities. Chromium also enters
groundwater by leaching from soil. Chromium can exist in water as either Cr 11l or Cr V1.
Rivers in the U.S. have been found to have from <1 to 30 ug/L of chromium. U.S. lakes usually
have <5 ug/L of chromium. When high levels are present, they can usually be related to sources
of pollution. A survey of drinking water sources in the U.S. conducted for 1974 to 1975 found
chromium levels ranging from 0.4 to 8.0 ug/L, with a mean of 1.8 ug/L (ATSDR, 2000).

California water monitoring data from 1984 to 1996 (CDHS, 1997) show that chromium (as total
chromium) was detected in 822 of 9,604 drinking water sources, or approximately 9 percent of
the sources surveyed. The practical detection limit was 10 ug/L. The range of total chromium
levels in the samples where chromium was detected was from 10 ug/L up to a maximum of
1,100 pg/L, with a mean of 23 pg/L and a median of 17 ug/L. The chromium was not speciated,
so we do not know how many of these sources would have had detectable amounts of Cr VI.

In January 2001 the California Department of Health Services (CDHS), now California
Department of Public Health (CDPH), adopted a regulation adding Cr V1 to the list of
unregulated chemicals requiring monitoring. As of February 2002, 483 systems that collectively
serve approximately 19.6 million of the state’s 34 million people had sampled 32 percent of their
sources (CDHS, 2002). Hexavalent chromium was detected in 59 percent of the sources
(detection limit of 1 ppb). Thirty-eight percent of the sources had Cr VI levels between 1 and 5
ppb, and 13 percent of the sources detected Cr VI concentrations from 6 to 10 ppb. Six percent
of the sources had Cr VI levels between 11 and 20 ppb.

CPDH (2010) reported 2208 sources of drinking water with detections above 1 ppb in the most
recent update (February 17, 2009). Seven sources had Cr V1 levels above 50 ppb, 5 sources had
levels between 41 and 50 ppb, 14 sources with levels between 31 and 40 ppb, 61 sources had
levels between 21 and 30 ppb. Hexavalent chromium levels in 456 sources were between 6 and
10 ppb and 1434 sources had levels between 1 and 5 ppb.

Food

Virtually all foods contain some chromium, ranging from 20 to 590 ug/kg (U.S. EPA, 1985).
The chromium is generally in the trivalent form, although the analytical measurements do not
usually provided speciation (distinction between Cr 111 and Cr VI). The foods with the highest
levels of chromium are meats, mollusks, crustaceans, vegetables, and unrefined sugar (U.S. EPA,
1985). Analysis of samples of bread in Portugal for both total chromium and Cr VI revealed that
roughly 10 percent of the total chromium in bread was Cr VI (Soares et al., 2010). Mean levels
of Cr VI in bread were 3.8 and 4.6 ug/kg for white and whole bread, respectively. The author
estimated mean daily Cr VI intakes of 0.57 and 0.69 pg/day from bread.

Chromium is only slightly bioconcentrated in fish. Trout exhibit a bioconcentration factor (BCF)
for chromium of 1. Mollusks bioconcentrate chromium to a much greater extent, with BCFs
from 86 to 192 (ATSDR, 2000). Dietary intake of chromium by humans has been estimated to
range from 5 to 500 upg/day, with a typical value of approximately 100 ug/day (U.S. EPA, 1985).
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There is no known physiological or nutritional role for Cr VI. Trivalent chromium is an essential
element, with an estimated adequate daily intake of 20-45 ug/day for various population groups,
from adolescents to adults (IOM, 2001).

Other Exposure Sources

Workers in chromium production, stainless steel production and welding, chromium plating,
ferrochrome and chromium pigment industries may have occupational exposures to Cr I11 and Cr
VI (ATSDR, 2000). Ingestion exposures could occur in industry if industrial hygiene rules are
not followed. See ATSDR (2000) for a complete list of industries that may contribute to sources
of chromium exposure.

EXPOSURE ASSESSMENT

In addition to the ingestion of drinking water, exposure to Cr VI in a domestic water supply can
occur due to inhalation of water droplets and dermal contact with water during bathing.

Inhalation Route

Exposure to toxicants in tap water due to inhalation in the shower can occur due to the
movement of the agent from water into indoor air or the inhalation of the water droplets
generated during showering. Because of the low volatility and high water solubility of Cr VI, the
assessment of exposure to Cr VI in water focuses on the inhalation of aerosols during showering.
Showerheads produce aerosols with a range of droplet sizes. Keating and McKone (1993)
measured the range of aerosol droplet sizes produced by three showerheads. Only one of these
was a commercially available showerhead intended for home use. Droplet sizes were measured
using a hot-wire anemometer. When water droplets hit the hot wire in the instrument’s probe,
they cool the wire. This causes a momentary change in conductivity of the wire, which is
registered by the electronics of the instrument. These momentary fluctuations in conductivity are
recorded and used to calculate the distribution of droplet sizes. The home-use showerhead tested
in this way (made by Teledyne WaterPic) had a median aerosol droplet diameter of 7.1 um. The
aerosol concentration in a shower chamber where this showerhead was used was 1022 aerosol
particles/cm®. From these data and employing estimates of breathing volumes (U.S. EPA, 1997),
the amount of aerosol water that is inhaled by an adult taking a shower is calculated.

To determine the dose to a showering adult we must first determine the mass of the liquid phase
of the aerosol they will inhale. The first step is to calculate the total volume of aerosol liquid
(VL) in a cubic centimeter of air.

\A V4 x number of droplets

187.4 um?® /droplet x 1022 droplets/cm? air
191,500 um?® liquid/cm? air

In this equation Vd represents the volume of a "volume median aerosol droplet” (droplet volume
at which accumulated liquid volume of aerosols is one-half of the total volume of the droplets;
see Keating and McKone, 1993), and V_is the total volume of aerosol liquid in a cubic
centimeter of air. VVd and the number of droplets per cubic centimeter of air in the shower are
taken from Keating and McKone (1993).
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The next step is to determine the mass in milligrams of the liquid phase of the aerosol in each
cubic centimeter of air in the shower (ML). This equation involves a unit conversion factor of
10 mg/um® water.
ML = 191,500 um?® liquid/cm?® air x (10 mg/um?® water)
= 1.92 x 10" mg liquid/cm? air

The volume (Vra) of air respired in a single showering episode, defined by convention as 10
minutes in duration, is calculated as:

Vra = (20 m*/day) x (I day/24 hrs) x (I hr/60 min) x (10 min/shower)
= 0.14 m¥shower

The 20 m*/day is the standard respiratory rate for an adult that was used in calculating the
inhalation cancer potency for Cr VI. The result of this equation is the volume of air inhaled
during a 10 minute shower (U.S. EPA, 1997).

The mass of liquid (Mrl) that an individual would inhale during a 10 minute shower is calculated
as:

Mrl ML x Vra
1.92x10™ mg liquid/cm? air x 0.14 m® air x 10° cm®m?
27 mg of water that is inhaled, or 27x10° L

A 70-kg adult breathing 20 m*® of air per day, taking a 10-minute shower (U.S. EPA, 1997)
would inhale 27 mg of liquid per shower per day, or 3.86x10” L/kg-day. This represents the
average daily exposure to water by the inhalation route.

Finley et al. (1996a) also estimated chromium exposure to showering individuals based on air
samplers set up in a typical home shower stall. They measured Cr VI levels in air in the
breathing-zone height ranging from 87 to 324 ng Cr VI/m® when the water concentration of Cr
VIwas 0.89to 11.5 mg/L. A serious drawback in this study was that the shower water was not
heated. (The shower water in the Keating and McKone (1993) study was heated to 40 to 50°C.)

The indoor ambient temperatures are not given in the report, nor does the report state whether the
indoor air was heated or cooled during the shower experiments. The outdoor ambient
temperatures ranged from 21 to 79°F (-6°C to 26°C). Temperature affects the viscosity and
volatility of water, so the formation and dissolution of aerosol droplets would be affected by
temperature. The water temperature of the shower cannot be determined from the report, nor can
one determine whether the air temperature was held constant during repetitions of the
experiment. Therefore, the health-protective concentration will be derived using the results of
Keating and McKone (1993).

The PHG for Cr VI will address both the inhalation and ingestion routes of exposure to water
using the estimate of 3.86x10” L/kg-day exposure to inhaled water droplets in the shower (the
reason for the preceding calculations) and an estimate of ingested tap water.

Dermal route

Dermal exposure to Cr VI in the water during showering is also a factor to be considered. The
assessment of dermal exposure in the shower is based on studies that measured the rate of dermal
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absorption of Cr VI in humans. Four subjects were submersed in water containing 22 parts per
million (ppm) of Cr VI for three hours (Corbett et al., 1997). Following exposure, a total of 6.1
ug of chromium (average, standard deviation of 7.7 ug [OEHHA calculation]) was recovered in
the urine (above background) over the next four days. Based on the height and weight of the
subjects, it was determined that on average 13,440 cm? of skin surface area had been exposed to
water containing Cr V1.

Using these data, a dermal penetration rate constant (Kp) was determined for Cr VI, starting with
the observation of 6.1 ug absorbed in three hours of exposure, or 2.03 ug in 1 hour. Then:

Kp (cm/hr) = Absorbed dose (ug/hr)
Concentration (ng/cm®) x surface area (cm?)

Kp = 2.03 7x10° cm/hr

22 x 13,400
Comparison of the dermal to ingestion dose of Cr VI

Drinking water ingestion rate (for this analysis) = 2 L/day
Surface area of whole body in shower = 20,000 cm?
Time in shower = 10 minutes or 1/6 hr/day

Assume a concentration of Cr VI in water of 10 pg/L and one percent absorption from the gut
(Kerger et al., 1996a; Finley et al., 1997; Paustenbach et al., 1996).

Absorbed dose (dermal) = Kp x concentration x surface area x 1/6 hr
= 7x10° cm/hr x 0.01 pg/em® x 20,000 cm? x 1/6 hr = 1.5x10™ pg/day
Absorbed dose (ingestion) = concentration x ingestion rate x 0.01 (absorbed)
= 10 ug/L x 2 L/day x 0.01 = 0.20 pg/day

Absorbed dose from dermal exposure < 0.1 percent of the absorbed oral dose. Dermal exposure
therefore does not appear to contribute significantly to the overall exposure, and will not be
further considered.

METABOLISM AND PHARMACOKINETICS

Substantial information regarding the toxicokinetics of chromium began to be collected in the
1950s as the result of the use of radiolabeled chromium as a marker for measuring red blood cell
turnover in humans. In addition, impetus to investigate the toxicokinetics of chromium in
humans and animals resulted from the well-known carcinogenic effects of inhaled Cr VI. Most
of the toxicokinetic research that was conducted to address inhalation exposure to Cr V1 is
relevant to the evaluation of exposure to Cr VI via the oral route. The findings of these studies
are very useful in gaining an understanding of whether, or under what conditions, exposure to
Cr VI may pose a significant risk to public health. Careful consideration of the experimental
methods employed, the form of chromium administered, the route of administration, the doses
used, particularly in how these parameters are reflected in chromium blood/plasma levels, is
necessary when trying to sort out the findings of these studies.

Hexavalent Chromium in Drinking Water 8 July 2011
California Public Health Goal (PHG)



Hexavalent chromium is highly reactive in biological systems and is rapidly converted to Cr IlI.
In biological environments, little Cr 111 is converted to the hexavalent form of the metal. Once
inside the cell, highly reactive Cr VI is thought to directly damage macromolecules or generate
reactive metabolites that damage macromolecules, thereby producing toxicity. The rapid uptake
of Cr VI into cells may also play a role in its toxicity. While administered Cr 111 does not result
in toxicity comparable to that of Cr VI, once Cr VI has penetrated the cell, it is possible that

Cr 111 produced by intracellular reduction is also a proximal toxicant. The evidence that Cr VI
gets into tissues following oral exposure is a concern regardless of whether the toxicity is due to
the reaction of Cr VI with macromolecules inside the cell or due to its rapid uptake by the cell.

In most studies, it is unclear which form(s) of chromium occurred in the tissues because most
investigators did not attempt to or could not differentiate between the hexavalent and trivalent
forms of the metal in tissues (total chromium levels are reported). Because of its reactivity, it is
very difficult to resolve which form(s) of the metal actually occurred in a tissue. For example,
any Cr VI that occurred within erythrocytes (red blood cells, RBC) may be reduced during the
time that whole blood is centrifuged to obtain the RBC fraction. However, since Cr VI and not
Cr 11 readily crosses biological membranes, the two forms of the metal behave differently in
biological systems. The ability to move across membranes may explain differences in the
amount of absorption between the two forms of the metal. Suggestions of a theoretical
possibility of an absorbable form of Cr I11 have been discounted by O’Flaherty and associates
(2001) “because no known complexes of Cr(111) are absorbed to the extent that Cr(VI) is.” In
any event, observed differences in behavior act as “fingerprints” that can be employed to identify
the presence of a particular form of chromium.

Hexavalent Chromium Reduction by Saliva and Gastric Fluids

Several investigators have studied the capacity and speed of Cr VI reduction to Cr 11l by saliva
and stomach fluids because this reduction would markedly reduce or eliminate chromium
absorption into the body. Complete conversion of Cr VI to Cr I11 would prevent toxicity, as little
toxicity has been ascribed to the trivalent form of the metal. Any saturation or exhaustion of the
reducing capacity of saliva and gastric fluids by high doses of Cr VI would be expected to result
in increased