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F. Andrew Piszkin

Southwest Division, Naval Facilities Engineering Command
Department of the Navy

1220 Pacific Highway, Room 18

San Diego, California 92132-5181

Re: Use of California Cancer Potency Factors for Marine Corps Air Station EI Toro

Dear Mr. PiszKin,

Mr. Zarnoch of the Department’s Region 4 office has asked that the Office of Scientific
Affairs respond to your letter of 20 May 1993. Because the chemicals of potential concern at
the Air Station have not yet been identified, we are unable to inform you which chemical-
specific Cal\EPA cancer potency factors are more stringent than their USEPA counterparts.

Notwithstanding this, we note for your information that Cal\EPA interprets its published
cancer potency factors to meet the criteria for designation as potential chemical-specific
“applicable or relevant and appropriate” (ARAR) criteria, as defined in the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA). We make this
interpretation in light of USEPA policies carefully described in the guidance document entitled
"CERCLA Compliance with Other Laws Manual" (EPA 540/G-89/006). Thus, any differences
between USEPA and Cal/EPA on the technical bases for cancer potency factors are immaterial.

Cancer potency factors published by Cal\EPA are issued according to regulations
pursuant to California law, specifically the Safe Drinking Water and Toxic Enforcement Act of
1986 (aka Proposition 65) and the Toxic Air Contaminant Act of 1983. Cal\EPA considers that
these cancer potency factors are duly promulgated, having gone through a period of public
commentary before publication in Title 22 of the California Code of Regulations. The most
current set of cancer potency factors is published in a memorandum dated June 1992 from the
Standards and Criteria Work Group, which is comprised of scientists from several programs
within Cal\EPA, including the Department of Toxic Substances Control.

We feel it is useful to bring to your attention a recent decision by USEPA Administrator
Carol Browner regarding a dispute between the Air Force and Cal\EPA regarding State ARARs.
Administrator Browner decided that she had the authority to resolve the dispute, because
selection of ARARs bears heavily on selection of the final remedy for CERCLA sites and
USEPA has a statutory obligation to approve that final remedy. Administrator Browner stated
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directly that the principal arbiter for interpretation of State ARARs is the State itself. We stress
particularly that the Administrator rejected a claim by the Air Force that their interpretation of
ARARs should supersede any other.

It is certainly true that neither Cal\EPA nor the Navy has brought to dispute resolution
the question of whether Cal\EPA potency factors are ARAR. Cal\EPA feels it is self-evident
that its cancer potency factors are at the very least criteria "to be considered" (TBC), as defined
in the "CERCLA Compliance with Other Laws Manual". TBC criteria are non-promulgated
advisories or guidance issued by Federal or State government that are not legally binding and
do not have the status of ARARs. The USEPA guidance manual states on page xiv:

"[Mn many circumstances, TBCs will be considered along with
ARARs as part of the site risk assessment and may be used in
determining the necessary level of cleanup for protection of health
or the environment."

The manual further states on page 1-76:

"Chemical specific TBC values such as health advisories and
reference doses will be used in the absence of ARARs or where
ARARs are not sufficiently protective to develop cleanup goals.
In addition, other materials such as guidance or policy documents
developed to implement regulations may be considered and used
as appropriate, where necessary to ensure protectiveness."

This indicates that Cal\EPA cancer potency factors, whether ARAR or TBC, must be given
significant weight in any risk assessment at Marine Corps Air Station El Toro. Therefore, their
technical bases relative to other cancer potency factors (such as those of USEPA) are immaterial
to any decision on their status as ARAR or TBC.

The various justifications for the Cal\EPA cancer potency factors have undergone
extensive scientific review and public scrutiny during the promulgation process. The technical
basis for each potency factor can be obtained from the public record. The regulatory package
supporting the Cal\EPA potency factor for chromium VI, which is a typical regulatory package,
is included for your information. The package contains the legal and regulatory background,
toxicological information and risk assessment, public comments, and responses to those
comments. Please contact the Office of Scientific Affairs to obtain similar such packages for
specific chemicals of particular interest to the Navy.

Regarding resolution of differences between cancer potency factors published by USEPA
and Cal\EPA, we urge the Navy and its consultants seek the consensus advice of toxicologists
and risk assessors from Cal\EPA and USEPA Region IX. This consensus method is working
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well at many sites and facilities in California, including several interactions with the other
uniformed services.

We are pleased to be of assistance to the Navy in this matter. We at the Office of
Scientific Affairs look forward to working closely with the Navy on issues of health and
environmental risk assessment during the regulation of environmental restoration at bases in
California. Please call upon us for any additional inquiries you might have.

Sincerely yours,

John P. Christopher, Ph.D., D.A.B.T.
Staff Toxicologist

Human and Ecological Risk Section
Office of Scientific Affairs

Telephone:  (916) 255-2038

Telefacsimile: (916) 255-2096 Qj))\ M
Reviewed by: Richard A. Becker, Ph.D., D.A B.T. % gv( W

Senior Toxicologist
Chief, Human and Ecological Risk Section

cc:  Joe Zarnoch, Region 4 Site Mitigation Branch
Steve Picco, Toxics Legal Office
David Wang, Chief, Base Closure Branch
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bee:  J. Scandura, Chief, Region 4 SMB
Dr. J. Parker, HERS
Dr. D. Stralka, USEPA Region IX
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OVERVIEW AND RECOMMENDATION

I.  INTRODUCTION

The Air Resources Board ("ARB" or "Board") identified toxic air
contaminants and develops regulations for the control of their emissions
according to the requirements of state law. A toxic air contaminant (TAC) is
an air pollutant that the Board or the Department of Food and Agricul ture*
finds "may cause or contribute to an increase in mortality or an increase in
serious jliness, or which may pose a present or potential hazard to human
health."** This report recommends that the Board find hexavalent chromium

chromium(VI) to be a toxic air contaminant.

Section II of this Overview to the report presents the regulatory
background and reviews the procedures by which the Board considers substances
for the TAC designation. The Overview also summarizes the technical and
toxicological information that supports the staff's recommendation.

Section IIIA is a summary of Part A, which presents data on the uses of
chromium, its emissions, and the public's exposure to chromium via the ambient
air. Section IIIB summarizes the Department of Health Services' (DHS)
analysis in Part B of the health effects of chromium. Section IV of this
Overview discusses potential environmental effects of the recommended action,
and Section V contains the staff's recommendation to the Board.

II. REGULATORY BACKGROUND AND PROCEDURES

Health and Safety Code (HSC) Section 39650 et seq. and Food and

Agriculture Section 14021 et seq. set forth the procédure for identifying

* See Section II.
**  Health and Safety Code Section 39655; all statutory references are to ‘the
Health and Safety Code, except as otherwise stated.



and controlling toxic air contaminants in California. (These provisions were
enacted in September 1983 as Assembly Bill 1807; Stats 1983 ch 1047.) The
Department of Food and Agriculture is responsible for identifying and
controlling TACs in their pesticial uses. The ARB has authority over TACs in
all their other uses.

HSC Section 39650 sets forth the Legislature's findings about substances
which may be TACs. The Legislature has declared:

“That public health, safety, and welfare may be endangered

by the emission into the ambient air of substances which

are determined to be carcinogenic, teratogenic, mutagenic,

or otherwise toxic or injurious to humans" (HSC Section 39650(a).)

The findings also include directives on the consideration of scientific
evidence and the basis for regulatory action. With respect to the control of
TACs, the Legislature has declared:

“That it is the public policy of this state that emissions

of toxic air contaminants should be controlled to levels

which prevent harm to the public health," (HSC Section 39650(b).)
The Legislature has further declared:

“That, while absolute and undisputed scientific evidence may

not be available to determine the exact nature and extent

of risk from toxic air contaminants, it is necessary to take

action to protect public health," (HSC Section 39650(e).)

In the evaluation of substances, the Legislature has declared that the
best available scientific evidence, gathered from bofh public agencies and
private sources including industry, should be used. The Legislature has also
determined that this information should be reviewed by a scientific review

panel, created pursuant to HSC Section 39670, and by the public.



The Board's determination of whether or not a substance is a toxic air
contaminant includes several steps specified in the HSC. First, we request the
DHS to evaluate the health effects of a substance (HSC Section 39660). The
evaluation incliudes a comprehensive review of all available scientific data.
Upon receipt of a report on health effects from DHS and in consideration of
their recommendations, we prepare and submit a report to the Scientific Review
Panel (SRP) for its review (HSC Section 39661(a)). The report consists of the
DHS report (Part B), material prepared by the ARB staff on the use, emissions
and ambient concentrations of the substance (Part A), and public comments on
the draft Report and responses (Part C). It serves as the basis for future
regulatory action by the Board. The report is also made available to the
public, which may submit comments on the report to the SRP (HSC Section
39661(b)).

After receiving the SRP's written findings on the report, the Board issues
a public hearing notice and a proposed regulation which includes a proposed
determination as to whether or not the substance is a toxic air contaminant
(HSC Section 39662(a)). If, after a public hearing and other procedures to
comply with Government Code Section 11340 et seq., the Board determines that a
substance is a toxic air contaminant, its findings must be set forth in a
regulation (Section 39662). The HSC also sets forth procedures for developing
and adopting control measures for substances identified as TACs (Sections
39665-39667); such measures are not proposed during this proceeding.

ITTI. EVALUATION OF CHROMIUM

Consistent with the provisions of state law, tﬁe ARB and the DHS
prioritize candidate substances for evaluation and regulation as "toxic air
contaminants" pursuant to HSC Section 39660(f). Briefly, the selection of a
substance for the Board's evaluation and consideration as a toxic air

contaminant is to be based on the risk to the public from exposure to the

substance, amount or potential amount of emissions from use of the substance,
-3-



manner of usage in California, atmospheric persistence, and concentration in
the ambient air. After consulting with the Department of Health Services
(DHS), chromium and its compounds were among candidate substances selected for
consideration as a TAC.

Chromium was chosen for evaluation because it was identified by the
International Agency for Research on Cancer (IARC) as a human and animal
carcinogen, because chromium was found to be emitted from many sources
throughout the state (both directly from processes us%ng chromium or chromium
compounds, and as a product of the combustion of coal, oil, and other
chromium-containing fuels), and because its presence in the atmosphere was
documented.

A.  EMISSIONS, PERSISTENCE IN THE ATMOSPHERE, AND AMBIENT CONCENTRATIONS

OF CHROMIUM

Data in the revised Part A are summarized in Table I.

Industrial sources of chromium may emit chromium in the hexavalent state
(chromium(VI)) or the trivalent state (chromium(III)), or a mixture of the
two. Chrome plating and the use of hexavalent chromium as a corrosion
inhibitor in cooling towers accounted for most of the known hexavalent
chromium emissions in California. Refractory (firebrick) production is a
source of trivalent chromium emissions.

Combustion of oil, coal, municipal waste, and sewage sludge is a source
of chromium emissions. Because historical data for these source categories
refer to total chromium, rather than to one form or the other, the oxidation
state of chromium emitted from these sources is not known. Available

information suggests that combustion-related emissions are trivalent chromium.
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Total chromium has been measured in the air at sites in many populated
areas of California. Estimates of population exposure to total and hexavalent
chromium are summarized in Table 1. Limited preliminary data on ambient
concentrations of hexavalent chromium indicate that hexavalent chromium
comprised between 3 and 8 percent of ambient total chromium. Efforts are
under way to validate the analytical method and to gather more data on ambient
concentrations.

Evaluation of concentrations of chromium near sources of chromium(VI)
suggest that significant population exposure may occur close to sources.

The atmospheric persistence of chromium(VI) is not known. It has been
suggested that chromium(VI) reacts in the atmosphere with available organic
matter; however, there is no information available on the atmospheric
reactions of chromium(VI) or chromium(II1). Chromium is removed from the
atmosphere by physical deposition processes. Measurements have shown that
most chromium deposition occurs through wet deposition.

The draft of Part A was released for public review and comment. Comments
and our responses are presented in Part C.

B.  HEALTH EFFECTS AND RISK ASSESSMENT

Pursuant to Health and Safety Code Section 39660, we requested that the
Department of Health Services conduct a health effects evaluation of
chromium. The DHS evaluation was conducted in accordance with the provisions
of that section, which requires that the DHS consider all available scientific
data, including, but not limited to, relevant data provided by the ARB, the
Department of Industrial Relations, international-and federal health agencies,

private industry, academic researchers, and public health and environmental



Emissions

Stationary Sources

Chrome plating
Cooling towers
0i1 combuston
Coal combustion

Cement production
Waste incineration

TABLE I

SUMMARY OF DATA IN PART A

Estimated
Statewide
Emissions, tons

Inventory Chromium
Year Measured
1983 Hexavalent
1979/81 Hexavalent

1983 Total
1981 Total
1981 Total
1981 Total
1984 Hexavalent

Refractory Production

Fate in the atmopshere: The half-life and reactions of chromium(VI) are
unknown; chromium particulate is removed from the atmosphere through
physical processes, mainly by wet deposition,

Ambient Concentrations

Location (year)

San Francisco Bay Area

Air Basin (partial)(1977)
South Coast Air Basin (1977)
Fresno Area (1977)
San Diego Area (1977)
San Jose Area (1977)

E1 Monte (1985)]

E1 Monte (1985)]

Isamples taken during the last week of August, 1985

Form

Total chromium,
annual average

Total chromium,
annual average

Total chromium,
annual average

Total chromium,
annual average

Total chromium,

annual average .

Total chromium

(average of four samples)

Hexavalent chromium
(average of four samples)

-6-

Concentration
nanogram/cubic meter
(ng/m3)

10.8

16.9

12.3

14.3

13.2

0.5



organizations. To facilitate the identification of all available data, we
sent, prior to formally requesting the DHS evaluation, a letter to potential
sources of chromium compounds in California and other interested members of
the public requesting that they submit any information they considered
pertinent to the DHS evaluation. We also conducted a reference search on the
health effects of chromium and its compounds using the MEDLARS II and DIALOG
Information Services and included a bibliography from that search in our
request for information. The data compiled in the search were also provided
to the DHS.

The DHS' draft report (Part B) was released to the public for comment.
The comments received and responses are included in Part C. A revised Part B
is presented to the Scientific Review Panel for review.

In meeting the requirements of Section 39666 for DHS' evaluation, the DHS
addresses these issues in Part B: 1) Is chromium or its compounds, or both, a
human and/or animal carcinogen? 2) Does chromium have a carcinogenic
threshold? 3) Are health effects other than cancer expected to occur at
current ambient levels?, and 4) What is the range of added lifetime cancer
risk for populations continuously exposed to the ambient concentrations of
chromium measured in California? In response to these issues, the DHS
concludes that: 1) hexavalent chromium is a human and animal carcinogen and
insufficient information exists to decide whether chromium(III) is a potential
human carcinogen; 2) hexavalent chromium should be treated as a substance
without a carcinogenic threshold; 3) health effects other than cancer are not
expected to occur at current ambient levels with tﬁe possible exception of
adverse reproductive effects, where experimental data are inadequate to assess

potential human reproductive risks; and, 4) the theoretical added



Vifetime cancer risk from a continuous 70-year exposure to atmospheric
hexavalent chromium (chromium¥l) exposure ranges from 12 to 146 cases per
million people per nanogram per cubic meter (ng/ma).

The DHS has found in its report that: 1) many epidemiologic studies
show a strong high association between hexavalent chromium exposure in the
work place and respiratory cancer; and 2) all short-term assays reported show
that hexavalent chromium compounds possess genotoxic capabilities, while tests
of chromium(III) compounds are generally negative or generate positive results
at much higher doses than those used in chromium(VI) tests. The DHS agrees
with the findings of IARC that there is sufficient evidence to demonstrate the
carcinogenicity of chromium in both animals and humans. The DHS believes
there are inadequate data available at this time to éonffrm or refute the
carcinogenic potential of trivalent chromium.

To determine that a substance has a carcinogenic threshold, the DHS
requfres strong positive evidence that the substance acts only through
mechanisms which ought to have a threshold. The DHS found that no positive
evidence exists for this position with respect to chromium.

The staff of DHS recommends adopting the risk assessment performed by the
Environmental Protection Agency (EPA), in which a linear nonthreshold model
was applied to the epidemiologic study (Mancuso, 1975) judged to be most
methodologically sound and to contain the best exposure data to derive
dose-response curves for hexavalent chromium. Data from animal studies were
judged to be inadequate for quantitative risk assessment by the staff of DHS.

Making certain assumptions, the DHS described dose-response curves for

hexavalent chromium. Based on the results derived from application of the
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linear nonthreshold model and the Mancuso data, the staff of DHS recommends
that the Air Resources Board consider the increased lifetime carcinogenic risk
from a continuous lifetime exposure to hexavalent chromium as falling in the
range of 12 to 146 cancer cases per nanogram hexavalent chromium per cubic
meter of air per million people exposed (12-146 cancers/ng/m3/million).

This range is illustrated in Figure A, where the solid line represents the
curve based on the EPA assessment using total chromium as the exposure, the
dotted line is based on the EPA assessment adjusting for the hexavalent
chromium fraction of the exposure, and the dashed 1ine was generated by taking
the upper 1imit of the 95% confidence interval for carcinogenic risk due to
chromium and adjusting for the hexava]ent'fraction of the workplace exposure.
There are not, however, sufficient data from this or other epidemiologic
studies to estimate the risk of specific hexavalent compounds for airborne
exposures.

There is very limited information on levels of ambient hexavalent
chromium in California. Preliminary data on ambient concentrations of
hexavalent and total chromium at a site in the South Coast Air Basin during
August 1985 indicate that 3 to 8 percent of total ambient chromium is in the
hexavalent state. Although it is not known whether this ratio is
representative of other sites, it is the best information available at this
time.

There is a need to better characterize the concentration of chromium(VI)
in the ambient air of California; we are working with the air pollution
control districts and air quality management districts to gather such data.

We are also carrying out emission testing of chromium sources to determine the
oxidation state and magnitude of chromium emissions. Such information wi11 be

an important part of any control effort for hexavalent chromium.
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I1I. ENVIRONMENTAL IMPACTS

The identification of hexavalent chromium as a toxic air contaminant is
not in itself expected to result in any environmental effects. The
identification of hexavalent chromium as a toxic air contaminant by the Board
may require that the Board and air pollution control districts adopt toxic
control measures in accordance with the provisions of state law. Any such
toxic control measures may result in reduced emissions of hexavalent chromium
to the atmosphere, resulting in reduced ambient concentrations, concurrently
reducing the health risk due to hexavalent chromium. Therefore, the
jdentification of hexavalent chromium as a toxic air contaminant may
ultimately result in environmental benefits. Environmental impacts identified
with respect to specific control measures will be included in the
consideration of such control measures pursuant to Health and Safety Code
Sections 39665 and 359666.

IV, RECOMMENDATION

Because hexavalent chromium is a known human and animal carcinogen, and
is known to be emitted in California, the ARB staff recommends the listing of
hexavalent chromium as a toxic air contaminant. In making this
recommendation, we note that there is not sufficient available scientific
evidence to support the identification of an exposure level below which

carcinogenic effects would not occur.

-11-
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Mr, James D, Boyd, Executive Offlcer
State Alr Resources Board

P. 0. Box 2815

Sacramento, CA 95812

Dear Mr, Boyd:

The Sclentiflc Review Panel on Toxic Air Contaminants has reviewed the
Report to the Sclentific Review Panel on Chromlium, and has formulated ITs
findings regarding the report., WIith this letter, | am formally submiftting the
Sclentific Review Panel's written findings to the Air Resources Soard.

Kindest personal regards,

Emi] M, Mrak

Enclosure

¢c: Sclentific Review Panel
Or. John Holmes
Mr. Richard Bode



Flndings of the Sclentific Review Panel

Regarding the Report on Chromium

In accordance wlth the provisions of the Health and Safety Code Section
39661, the Sclentifilc Review Panel (SRP) has reviewed the September 1985
Report to the Sclentiflc Review Panel on Chromium, and has revieved the public
comments recelved regarding this report. The SRP finds the Report on. Chromlum
toc be adequate and sufficlent.

Speclfically, the SRP finds each of the following propositions to be
prudent Interpretations of the avallable evidence:

1. In epldemlologlic studies, where the oxlidation state of chromium was
unknown (elther In the hexavalent [Cr(VY1)] or trivalent [Cr(111)]
state, chromium was shown to be a human carcinogen.

2. In other studlies conducted In laboratory animals, chromium in the
hexavalent state [Cr(V1)] was shovn to be carclnogenic. According-
ly, the SRP finds that hexavalent chromium [Cr(Y!1)] should be
considered a potentlal carcinogen In humans,

3. An exposure level below which no significant adverse health effects
are anticipated could not be identified, Based on our knowledge of
+he pharmacokinetics, metabollsm, and mcde of action of chemical
carclnogens llke chromium, there is no sclentific basis for deter-
mining an exposure level below which carcinogenic effects would not
have some probablllty of occurring,

4, Adverse health effects other than cancer are not anticipated at
current amblent chromlium exposure levels,

For these reasons, we agree that hexavalent chromium [Cr(V!)] should be
llsted by the Alr Resources Board as a toxic alr contaminant, but we are
unable to recommend an exposure level below which carcinogenic effects would
not have some probabllity of occurring.

COMMENTS

Using extrapolation procedures recommended by the EPA and Interagency
advisory groups, DHS has estimated that the added lifetime cancer risk from a
70~-year exposure to 1 nanogram per cubic meter (ng/m~) of atmospheric hexava=-
lent chromium ranges from 12 to 146 cases per rmilllon pecople exposed, The SRP
concurs with DHS's evaluation, but wishes to clarify several points:

1. The range of risk presented (12 to 146 cases) was derived using
conservative estimation procedures,

2. Chromium may exlIst In several chemical states, precominately at the
trivalent [Cr(1i1)] and hexavalent [Cr(V!)] states. The heaith
effects Impact of these states are not equal. Hexavalent chromium
CCr{vI)] has been shown In animal tests to be carcinogenic. 0n +he
cther hand, there are Inadequate data to Indlcate any assocclation
between *rivalent chromium [Cr(111)] exposure and cancer Induction
In animal tests. However, frivaient chromlum [Cr(lli)] Is an essen-



tial element. Chromium, as a2 mixture of oxldation states, has been
shown to be a2 human carclnogen,

Whereas there Is uncertainty assoclated wlth the absolute value of
the risk estimated, the range of 12 to 146 cases Is useful In
comparing risk from exposure to chromium to other environmental
carclnogens [n amblent air,

| certify that the above Is a true and
correct copy of the findings adopted
by the Sclentiflc Review Panel on
November 20, 1985,

PRY S 4

Dr. Emil M, Mrak, Chalrmaf
Sclent!fic Review Pansel

/;/,z/ / 5

Date.
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I. USAGE AND EMISSIONS

A. PRODUCTION AND USAGE

Chromium occurs in nature primarily as chromite (chrome iron ore). This
mineral is best represented as (Fe,Mg)O(Cr,Fe,A1)203.l/ Chromite ore is
not mined commercially in the United States; countries in Africa and Europe
are the main sources of United States importsg/. The ore is used to produce
chromium metal and alloys, refractory materials, and chromium chemicals.

The metallurgical industry used 49 percent of the chromite ore consumed
in the United States in 1982, mostly in the production of stainless
stee]s.gf

There are no primary steel production facilities currently operating in
California. However, there are a number of melting and recasting facilities;
hence, chromium use in the California steel industry would be limited to that
present in scrap metal or feedstock.

Produc tion of refractory brick accounted nationally in 1982 for 15
percent of the chromite ore consumption.g/ Kaiser Refractories is the major
facility in California manufac turing chromium containing refractory
products.éf Produc tion furnaces in the cement, glass, and nonferrous metal
industries use chromium-containing refractory materials.

The chemical industry used 36 percent of the chromite ore consumed in the
United States in 1982 in the manufacture of various chromium chemica]s.g/
These chemicals find diverse use in metal finishing and plating, in leather
tanning, in wood preserving and textile finishing, and as corrosion inhibitors
in water treatment. .

There are no plants in California which produce chromic acid, sodium

chromate, or sodium dichromate chemicals, which are used to make a wide range
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of other chromium chemicals. These or other chromium chemicals are used in
the State in metal finishing and plating, in the manufacture of certain green
container glass, and in formulation of corrosion inhibitors for water
treatment. Nationwide use of sodium dichromate in 1982 was 150,000 tons, of
which 42,000 tons (28%) was used to produce chromic acidi/ for metal

plating. The largest supplier of chromic acid in the United States estimated
that 1,500 tons of chromic acid were sold in California in 1984 for chrome

plating usage.lg/ It has been estimated that there are 9,750 chromium

plating shops in the United States.éf It has been estimated that between
1,500 and 1,800 electroplaters operate in Ca1ifornia.§/ An ARB survey of
chrome platers in Northern California which are known to discharge to
publicly-owned treatment works accounted for 150 facilities. There are 168
chrome platers listed in the South Coast Air Quality Management District
inventory of potentially toxic compound emissions.Z/ Based on this
information, it is estimated that about 400 chrome platers operate in
California.

Chromium pigments are used in inks, plastics, industrial coatings, some
truck original equipment manufac ture finishes, and traffic paints. One
industry estimate of chromium pigment usage in California in 1983 was 2,500
tons.§/ Calculation of California chromium pigment consumption as a
fraction of the 1982 national tota12/ yields an estimate of 3,600 tons,
Formulators of chromium paint pigments have been identified in Southern
California. In the 1983 South Coast AQMD emission inventory of potentially
toxic /hazardous air contaminantsZ/, approximately 90 tons of chromium

pigments were reported used in the formulation of paints and coatings in the

South Coast air basin.
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There are six container glass manufacturers in California that use
chromium compounds as colorants to produce green glass. Trivalent chromium
(as iron chromite) or hexavalent chromium (as sodium or potassium dichromate)
may be used as colorants in green glass formu]ationsulg/

Also, chromium(VI) compounds are used in cooling towers as corrosion
inhibitors by some industrial and commercial facilities.

Five facilities listed in the ARB's emissions data system (EDS) use
chromium in wood preservation or fire retardant formulations, and sixteen
other wood products facilities appear in the EDS which may also be users of
chromium compounds.llj

B.  CURRENT AND PROJECTED STATIONARY AND MOBILE SOURCE EMISSIONS

Chromium emissions in California were estimated using data from local air
pollution control districts, the Air Resources Board (ARB), the Environmental
Protection Agency (EPA), and industry.

Stationary sources contribute most of the known chromium emissions which
occur in California. Chromium is emitted both directly in the use and
production of chromium compounds, and secondarily (or inadvertently) through
the combustion of chromium-containing fuels, or as a result of other processes.

Direct sources of hexavalent chromium emissions in California include
chromium plating facilities, cooling towers using hexavalent chromium-
containing water treatments, and green glass plants which use chromium(VI)
colorants. Steel recasting and melting facilities, and refractory

(fire-brick) plants are direct sources of chromium(III). Secondary sources of

chromium emissions include combustion of coal and oil, cement production,
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sewage sludge and other waste incineration, and wear from furnaces with
chromite refractory; available evidence suggests that chromium emitted from
secondary sources is principally in the trivalent state.

Motor vehicles may contribute to chromium emissions in California.
Limited information available on trace metal emissions from diesel-fueled
passenger cars indicates that these cars may be a source of chromium.lg&lé/

Table I-1 summarizes estimates of chromium emissions in California. Some
emission sources of chromium are not listed, because insufficient data are

available at this time to make emission estimates.

Table I-1

Estimated Chromium Emissions in California

Chromium Source Emissions Inventory
Source Measured Type (tons/year) Year Refs.
Chromium plating Hexavalent Point 0.77-16 1983 7,17
Cooling towers Hexavalent Point 0.23-9.2 }gg?, 5,35
011 combustion Total Point
Residual oil 5.1-20 1983 22,39
Distillate oil 7.2 1983 22,39
Waste 0il 0.91 1983 23,24,25
Refrac tory Hexavalent Point < 0.0 1984 36
Production
Cement Produc tion Total Point 0.9 1981 26,27
Coal combustion Total Point 0.02 1981 26,37
Waste Incineration Total Point 0.02-0.16 1981 28,29, 30,
_ 31,32

Stationary Source Total 15-54
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1. Stationary Emission Sources

Chrome plating is one of the largest known sources of chromium(VI)
emissions in the State. Both hard chrome (used to provide a durable coating),
and decorative chrome electroplating operations are conducted in baths
containing chromic acid. During the plating process, bubbles of gas are
emitted through the surface of the bath; these bubbles carry entrained
chromium(VI) into the air, which is usually vented to the atmosphere.
Estimated emission factors from these uncontrolled operations range from 1,5 x
10'4 to 6.2 x 10'2 pounds per hour per square foot of bath
surface.li&lg&lé/ Higher estimates, of up to 6.5 pounds per hour per square
foot, have been obtained for large bath hard chrome operations.lé/ A recent
well documented report on plating operations at the Long Beach Naval
ShipyardlZ/ yielded an emission factor of 6.4 x 10-4 pounds per hour per
square foot of bath surface for uncontrolled hard chrome plating. Although
there is considerable evidence for variability, two studieslg&lZ/ indicate
that the emission factor for decorative chrome plating is about 40 percent as
much as for hard chrome plating.

Surveys have indicated that approximately 400 chrome platers operate in
California. Roughly three-fourths of national chromic acid use for chrome
plating is for hard chrome, while one-fourth is for decorativelg/, based on
one industry estimate. California usage patterns are similar, according to an
industry association estimate.

This information, in conjunction with the emission factor derived from
the Long Beach Naval Shipyard report, and certain assumptions (see Appendix C)

yields a emissions estimate of 0.77-15.6 tons of chromium(VI) per year for
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chrome plating in California. This estimate reflects the fact that both hard
and decorative chrome plating are done in California. The Jower value
represents a theoretical minimum emission estimate, based on technically
achievable control (92% removal efficiency by wet scrubber) of emissions from
all platers statewide. The higher value assumes that no emissions controls
are used.

Although there are no air pollution control regulations which pertain
specifically to chromium(VI) emissions from chrome plating operations,
emission controls have been required on some chrome plating operations. These
controls are usually required on the basis of nuisance law, to control chromic
acid mist emissions causing property damages or nuisance. The extent to which
emission controls are required, and the efficiemcy of any such controls, are
not well known,

Insufficient evidence is available to determine whether green container
glass manufacture is a source of chromium(VI) emissions. Iron chromite, or
sodium dichromate, or both, have been used as colorants in green glass
manufacture.lg/ ARB tests indicate that a large green container glass
manufac turer which used chromium(VI) colorants emitted 2.5 tons a year of
chromium, mostly in the hexavalent formlg/; a recent change in the type of
chromium colorant [to chromium(III)] used by this manufac turer may result in
reduced hexavalent chromium emissions. Another test of this source has been
conduc ted to measure chromium(VI) emissions subsequent to the change in
formulation; results are not available at this time. Five other green glass
manufac turing facilities, generally with smaller production commitments to

produce green container glass, are located in California. Industry sources



indicate that only chromium(III) colorants are presently used in the
California green-container glass industry.

Although an EPA-sponsored study reported chromium emissions (0.22 percent
of particle emissions) from clear soda-lime glass melting furnaces to which no
c hromium colorants were added, a recent ARB test of a flint container glass
manufac turer showed much lower (0.001 percent of particle emissions)
chromium(Vl) emissions. These emissions may be due to chromium loss from the
c hromium-containing firebrick lining of the glass furnace.gg&gl/ Additional
tests are planned to measure chromium(VI) emissions from clear glass plants.
Until additional data are available on chromium(Vl) emissions from green-glass
manufac turers which use chromium(III) colorants, and from clear glass
manufacturers, it is not possible to develop a representative emission
estimate for these source categories.

0i1 combustion is estimated to be responsible for 13.2-28.1 tons per year
of chromium emissions. Chromium occurs naturally as a trace component of most
oils, and the concentrations of chromium found in residual and distillate oils
have been measured.gg&gé/ Also, chromium is found in waste oil as a

25/

contaminant.=2/ When these oils are burned, chromium is emitted. Available

information suggests that the chromium is emitted in the trivalent state.
Emissions of chromium from refractory production have been shown to be in
the trivalent state.gé/ An estimate of maximum chromium(VI) emissions from
this source type is based on the detection limit for chromium(VI) for the test
method used; no chromium(VI) was detected in the source test on which the

estimate was based.
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Chromium emissions from cement producticon have been estimated based on
the chromium content of emitted particulate matter. The chromium content in
emitted particulate matter has been estimated at 0.03 percent (weight).gé/
Emissions of chromium from the combustion of chromium-containing fuels in
cement produc tion have been included in statewide fuel combustion estimates.
There are 13 cement plants in California with a total of 43 kilns. The
statewide annual production of clinker was about 8 million pounds in
1980.22/

Sewage sludge and municipal waste incinerators are known sources of
¢ hromium emissions.ég&él/ Chromium present in the sludge or refuse is
emitted when the fuel is burned. There are 11 facilities in California listed
in the ARB's emission data system (EDS) which inc inerate sewage sludge or
municipal waste.ég/ Emissions of chromium from these sources are estimated
to total 0.02 to 0.16 ton per year.

C. NATURAL OCCURRENCE

Chromium(III) is a component of most soils. In areas of serpentine and
peridotite rocks, chromite (chrome ore) is the predominant chromium mineral.
Deposits of 5-10 percent chromite have been found in beach sands and stream
placers in several California counties.gé/ Also, chromium has been found in
non-serpentine areas in the state at concentrations ranging from a trace to
500 ppm.ﬁ/

Soil chromium is generally in an insoluble, biologically unavailable
form, mainly as the weathered form of the parent chromite or as the chromium

(III) oxide hydrate. Weathering and wind action can transport soil chromium

to the atmosphere; generally, such mechanical weathering processes generate
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particles greater than 10 um diameter, which have significant settling
velocities. The extent to which natural sources of chromium contribute to
measured ambient chromium levels in California is not known. Ambient chromium

derived from soil is expected to exist as chromium(lII).ég/
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II. PERSISTENCE IN THE ATMOSPHERE

A, PHYSICAL AND CHEMICAL PROPERTIES

Chromium (Cr) is a hard, colorless, and lustrous metal, with a melting
point above 1800°C. It is extremely resistant to corrosive agents. Selected
physical properties are presented in Table II-1. Chromium metal is not found
in nature, but is produced principally from the mineral chromite. Chromite
contains chromium in the +3 oxidation state, or Cr(III). Chromium combines
with various other elements to give compounds, the most common of which
contain either Cr(III), which is trivalent chromium (the +3 oxidation state)
or Cr(VI), which is hexavalent chromium (the +6 oxidation state).lf

Thousands of Cr(II1) compounds exist, exhibiting a wide range of colors,
structures, and chemical properties.g/ Cr(VI) compounds are produced
industrially by heating Cr(III) compounds in the presence of mineral bases
(such as soda ash) and atmospheric oxygen. Most Cr(VI) compounds contain
oxygen, and are highly soluble in water. Cr(VI) solutions are powerful
oxidizing agents under acidic conditions, but much less oxidizing under basic
conditions. Depending on the concentration and acidity, Cr(VI) can exist as
either chromate ion (Cr04)=, or as dichromate ion (Cr207)=. Because
dilute chromate solutions passivate metal surfaces, they are widely used to

inhibit corrosion in recirculating water systems such as cooling towers.
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Table II-1

Physical Properties of Chromiuml/

Property Value
atomic weight 51.996
isotopes, %
50 . 4.31
52 83.76
53 9.55
54 ' 2.38
crystal structure body centered cube
density at 20°C, g/cm3 7.19
melting point, °C 1875
boiling point, °C 2680
vapor pressure, 130 Pad/, °C 1610
heat of fusion, kd/mo1R/ ~13.4-14.6
latent heat of vaporization at bp kJ/molb/ 320.6
specific heat at 25°C, kJ/(mol-K)B/ 23.9 (0.46 kd/kg-K)
linear coefficient of thermal expansion at 20°C 6.2 x 10-6
thermal conductivity at 20°C, W/(m-K) 91
electrical resistivity at 20°C, microohm-m 0.129
specific magnetic susceptibility at 20°C 3.6 x 10-6
total emissivity at 100°C nonoxidizing atm 0.08
reflectivity, R
Tambda, nm 300 500 1G00 4000
% 67 70 63 88
refractive index -
alpha 1.64-3.28
lambda 2,570-6,080
standard electrode potential, valence 0 to 3+, V 0.71
jonization potential, V
1st 6.74
2nd 16.6
half-1ife of S1cr isotope, days 27.8
thermal neutron scattering cross section, mZ 6.1 x 10-28
elastic modulus, GPac/ 250
compressibilityd,d/ at 10-60 TPa 70 x 10-3

a3/ To convert Pa to mm Hg, multiply by 0.0075.

B/ To convert J to cal, divide by 4.184. e

€/ To convert GPa to psi, multiply by 145,000.

d/ 99% Cr; to convert TPa to megabars, multiply by 10.



B. FORMATION AND FATE IN THE ATMOSPHERE

There is very little information available on the reactivity of chromium
compounds in the atmosphere.

Atmospheric reactions of chromium compounds have not been characterized.
The persistence of chromium(VI) in the atmosphere has not been determined. It
has been postulated that chromium metal and chromium (III) would be stable in
the atmosphere, based on their Tow reactivityfgf The assertion has been
made that chromium(VI) would eventually react with dust or other pollutants to
form chromium (III);i/ The rate at which chromium (VI) reacts in the
atmosphere may depend on the presence and nature of oxidizable species,
relative humidity, or the pH of atmospheric water, or a combination of these
factors.

Physical removal of chromium from the atmosphere occurs both by
atmospheric fallout (dry deposition) and by washout and rainout (wet
deposition). Measurements have shown that most chromium deposition occurs
through wet deposition.él Chromium particles of less than 5 um (aerodynamic
equivalent) diameter may remain airborne for extended periods of time,
allowing long distance transport by wind currents;éiﬁ/ Because of this,

meteorological conditions can play a significant role in the dispersion of

chromium emitted from some sources.
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III. AMBIENT CONCENTRATIONS IN THE COMMUNITY

A.  AMBIENT AIR DATA

Chromium da%abases compiled by both the Environmental Protection Agency
(EPA) and the California Air Resources Board (ARB) were used in this
analysis. The EPA data are included in the National Aerometric Data Bank and
contain total chromium concentrations sampled from 1960 through 1968 and from
1977 through 1981 throughout California by various public agencies (federal,
state, and local). A1l data were collected using high-volume samplers and
were subsequently analyzed for chromium. The accuracy of data contained in
the EPA database is not documented.

However, certain procedures have been undertaken to ensure reliable
data. Although the chromium data were originally sampled and analyzed by a
number of different agencies, the agencies presumably applied acceptable
quality assurance practices during the collection and analysis phases.
Additionally, after the data were received by EPA, edit and validation checks
were used to further screen the data before they were included in the NADB.
The purpose of the checks is to assure the accuracy and completeness of data
contained in the NADB system (EPA, 1976).

Although data are available for 1960 through 1981, data from only the
five most recent years (1977-1981) were used in our analysis. These data as
reported in the NADB comprise total chromium concentrations greater than zero
as well as values equal to zero, for a single analysis method. It should be
noted that a concentration reported as zero does not necessarily indicate the

absence of chromium but rather that the chromium concentation sampled was
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below the 1imit of the analytical techniques. For the work presented in this
section, zero values were replaced with a concentration equal to one-half the
lowest non-zero concentration measured during the particular year of concern.

In addition to total chromium data, the EPA NADB database contains
corresponding measurements of total suspended particulate matter. The
Statistical Analysis System (SAS) software package was used to determine what,
if any, relationship exists between chromium and total suspended particulate
matter (TSP) (SAS, 1982). This analysis was used to determine whether total
chromium concentrations could be predicted using TSP concentrations. Data
collected at twenty sites from January 1977 through December 1981 were
analyzed. No site had complete data for the entire period.

The ratio of mean chromium to mean TSP, the corresponding standard
deviation, the coefficient of variation (SD/Mean), and the correlation
coefficient between chromium and TSP were evaluated for each site included in
the analysis. The results show a wide range of individual mean ratios, and
large standard deviations around the mean ratios. No spatial or temporal
patterns were apparent in the results. Correlation coefficients between
chromium and TSP are relatively low (less than 0.64), indicating no
significant relationship between the two variables. Based on these results,
no usable relationship was found.

In addition to the stgtistics already discussed, peak-to-mean ratios for
total chromium were also calculated to give general insights as to the nature
of chromium emissions. These results are given in Table III-1. A small
peak-to-mean ratio (less than 4,0) indicates relatively constant chromium

concentrations and therefore, a relatively constant and homogeneous source
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TABLE III-]

PEAK-TO-MEAN RATIOS FOR CHROMJUM -- 1977-1981

Site Name
Anaheim-Harbor
Bakersfield
Berkeley-Berkeley Wy
Burbank~W. Palm
Fresno-S, Cedar

Long Beach-Pine

Los Angeles-S. San Pedro
Los Angeles-Downtown
Oakland-Fifth St
Ontario-Airport
Oxnard

Pasadena

San Bernardino-W. 3rd
San Diego-Island

San Francisco-Grove
San Francisco

San Jose-N. 4th

Santa Ana-Ross

Torrance-Carson

(units are ng/m°)

Peak:

EPA Site Peak Mean Mean

Number Chromium  Chromium Ratio

0230001 28.3 7.1 3.99
0520003 22.5 9.4 2.39
0740001 72.9 7.5 9.72
0900002 23.6 10.5 2.25
2800002 32.4 9.5 3.4]
4100001 41.0 17.9 2.29
4180001 66.6 15,5 4,30
4180103 35.2 17.3 2,03
5300001 60.3 19.0 3.17
5380001 50.5 15,6 3.24
5560001 15.0 6.0 2.50
5760002 32.8 13.5 2.43
6680001 280.8 23.6 11,90
6800004 40,8 9.1 4,48
6860001 14.8 5.8 2,55
6860004 21.8 9,3 2.34
6980004 36.3 12,2 2.98
7180001 24.4 9.1 2.68
8260001 315.3 ~30.5 10.34

ITI-3

106
28
61
30
58
27
93
25
29

137
26
29
99
94
30
23
99
64
29



area. A large peak-to-mean ratio (greater than or equal to 4.0) is indicative
of variable chromium concentrations and either intermittent or heterogeneous
emission sources.

Peak-to-mean ratios calculated for EPA data are generally low. Ratios
less than 4.0 were calculated for fifteen of the twenty sites; conversely,
ratios equal to or greater than 4.0 were calculated for one-fourth of the
sites. The sites with the highgst peak-to-mean ratios, San Bernardino-West
3rd and Torrance-Carson, also showed the highest peak concentrations and the
highest mean concentrations. Results of the peak-to-mean analysis suggest
that while chromium concentrations surrounding the majority of sites analyzed
reflect homogeneous source areas, twenty-five percent of the sites analyzed
are impacted by spatially non-uniform or intermittent sources.

The second chromium database, the ARB database, was collected from
Dec ember 1982 through June 1984 using dichotomous (di-chot) samplers. The
dichot samplers collect only those particles which are less than or equal to
ten microns aerodynamic diameter., Particles are further subdivided into a
coarse (2.5 microns to 10.0 microns diameter) and a fine (less than 2.5
microns diameter) fraction. A1l di-chot data used in this analysis reflect
use of a percentage factor to correct for error in the sampling apparatus.
Because of the nature of the dichotomous sampling apparatus, most of the fine
fraction particles (approximately ninety percent) are captured in the fine
fraction; however, a small percentage (approximately ten percent), are
deposited in the coarse fraction. Consequently, fine and coarse fraction
concentrations must be adjusted to reflect this sampling error. The accuracy

of the di-chot data is approximately +50 percent.
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Chromium data from the di-chot samplers (PM]0 chromium) are summarized
in Table III-2. Averages of total chromium range from 1.6 ng/m3 to
11.4 ng/m3 with most values in the 3 to 4 ng/m3 range. The coarse
frac tion generally contained about twice as much PM]0 chromium as the fine
fraction., Long Beach showed the highest peak and the highest mean
concentrations.

In addition to total chromium, the database contains corresponding
measurements for particulate matter less than or equal to ten microns
aerodynamic diameter (PM]O), and also for total suspended particulate matter
(TSP). The SAS software package was used to assess the di-chot data to
determine the relationship between total chromium and particulate matter.
Total PM10 chromium, coarse fraction PM]0 chromium, and fine fraction
PM]0 chromium, as related to PM10 particulate matter and TSP, were
evaluated. Results showed a wide range of mean ratios and large standard
deviations around the mean ratios. Correlation coefficients are all less than
0.61, indicating no statistically signficiant relationship between PM10
¢hromium, and PM.,o particulate matter or TSP,

In addition, peak-to-mean ratios for PM]0 chromium were calculated.
Ratios were calculated for total (fine + coarfe) chromium as well as for the
coarse and fine fractions individually. Resuits are shown in Tables III-3,
I111-4, and I11-5. Ratios calculated for total PM.'O chromium (Table III-3)
suggest that chromium source areas tend to be homogeneous; ratios are low at
all but one of the nine sites. Results for the coarse and fine fractions
individually (Tables III-4 and III-5) are more specific, and suggest impact

from either intermittent or heterogeneous emission sources at one-third of the
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TABLE III-2

SUMMARY OF AVERAGE CHROMIUM CONCENTRATIONS_FROM ARB DICHOTOMOUS SAMPLES
(units are ng/m°)

ARB Coarse Fine Total Total
Site Name Site Number Fraction Fraction Chromium Samples
Bakersfield 1500203 2.9 1.09 4.00 56
Chico 0400628 2.75 0.85 3.60 34
China Lake 1500211 0.89 0.67 1.56 53
Fresno 1000234 2,21 1.57 3.78 41
Glendora 7000591 1.84 1.84 3.69 68
Lancaster 7000593 2.13 0.88 3.01 72
Long Beach 7000072 8.21 3.18 11.39 36
Riverside 3300146 2.06 1.61 3.67 72
Yuba City 5100895 2.49 1.35 3.84 51

TABLE III-3

PEAK TO MEAN RATIOS FOR TOTAL (FINE + COARSE) DICHOTOMOUS CHROMIUM
(units are ng/m3)

ARB Peak Mean P:M Total

Site Name Site Number Chromium®  ChromiumA Ratios Samples
Bakersfield 1500203 10.0 4.00 2.50 56
Chico 0400628 10.0 3.60 2.78 34
China Lake 1500211 3.0 1.56 1.92 53
Fresno 1000234 8.0 3.78 2.12 4]
Glendora 7000591 10.0 3.69 2.7 68
Lancaster 7000593 16.0 3.01 5.32 72
Long Beach 7000072 39.0 11.39 3.42 36
Riverside 3300146 10.0 3.67 2.72 72
Yuba City 5100895 14.0 3.84 3.65 51

A Total (hexavalent and trivalent) chromium
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PEAK-TO-MEAN RATIOS FOR COARSE FRACTION DICHOTOMOUS CHROMIUM

Site Name
Bakersfield
Chico
China Lake
Fresno
Glendora
Lancaster
Long Beach
Riverside
Yuba City

Site Name
Bakersfield
Chico
China Lake
Fresno
Glendora
Lancaster
Long Beach
Riverside
Yuba City

TABLE III-4

(units are ng/m3)

ARB

Site Number

0400628
1500211
1000234
7000591
7000593
7000072
3300146
5100895

ARB

Site Number

0400628
1500211
1000234
700059
7000593
7000072
3300146

PEAK-TO-MEAN RATIOS FOR FINE FRACTION DICHOTOMOUS CHROMIUM

Peak Mean P:M Total
ChromiumA ChromiumAR  Ratio Samples
6.89 2.91 2.3/ 26
7.78 2.75 2.83 34
2.00 0.89 2.25 53
5.78 2.21 2.62 4]
5.56 1.84 3.02 68
16.00 2.13 7.51 72
34.56 8.21 4.21 36
6.78 2.06 3.29 72
11.78 2.49 4,73 51
TABLE III-5
{(units are ng/m3)
Peak Mean P:M Total
Chromium® Chromium®  Ratio Samples
5.99 .09 5.09 LY
2.22 0.85 2.61 34
2.22 0.67 3.31 53
3.33 1.57 2.12 4]
5.55 1.84 3.02 68
3.33 0.88 3.78 72
8.88 3.18 2.79 36
7.24 1.61 4.50 72
13.32 1.35 9,87 51

5100895

A Total (hexavalent and trivalent) chromium
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sites evaluated for each individual size fraction. Although results indicate
that source areas are in more cases homogeneous, it is apparent from the data
that intermittent or heterogeneous sources do impact resulting chromium
concentrations at some sites and that the size distribution of particles '
involved is just as likely to be in the fine fraction as in the coarse
fraction.

The purpose of the analyses discussed above was both to determine whether
particulate matter measurements could be used to estimate total chromium
concentrations, and to determine the characteristics of chromium emissions.
Results show that neither TSP or PM10 mass measurements provide adequate
information for estimating corresponding chromium concentrations. No
significant correlations were found using either dataset. Peak-to-mean ratios
suggest that homogeneous source areas for chromium are present at many of the
Tocations evaluated, while other sites show impact by local intermittent or
heterogeneous sources or both, and that chromium from these sources is
contained both within the fine fraction and coarse fraction particulate.

Work is being carried out to characterize the concentrations of total
chromium and chromium(VI) in ambient air. Recent evaluation of ARB Method 106
indicates that chromium(VI) is unstable once collected, and that substances
may be present in the samples which reduce the specificity of the method to
chromium(VYI). Because of these problems with Method 106, the validity of data
produceq by the method is uncertain. Until these questions of recovery and
specificity for Method 106 can be resolved, data collected using Method 106
cannot be considered reliable, and will not be used in our analyses.

An alternative method to ARB Method 106 for the determination of

chromium(VI) in ambient air is being developed. A copy of draft Method
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ADDLOO6, Method for the Speciation and Analysis of Hexavalent Chromium at
Ambient Atmospheric Levels, is attached.

During August 1985, four samples were collected in E1 Monte and analyzed
for chromium(VI) using draft Method ADDLCO6. The four 24-hour samples showed
chromium(VI) concentrations between 0.4 and 0.7 ng/m3, with an average of
0.5 ng/m3. These values are close to the estimated 1imit of detection (0.21
ng/m3) derived from laboratory evaluation of the method. Comparison of the
1imited information on chromium(VI) concentrations with total chromium
concentrations in E1 Monte indicates that hexavalent chromium comprises
between 3 and 8 percent of total atmospheric chromium. These estimates are
based on preliminary chromium(VI) concentration measurements developed, using
draft Method ADD1006. A validated method for sampling and analysis of
chromium(VI) and additional information on chromium(VI) exposure will be
prerequisite to the development of any control measures for chromium(VI).

B. ESTIMATES OF ANNUAL AMBIENT CHROMIUM EXPOSURE TO TOTAL CHROMIUM

Limitations to Analysis

Estimates of annual total chromium exposure were madg for several areas
in California. Because of the nature of the data used in making
theseestimates several important assumptions had to be made which impose
certain limitations on the interpretation and use of the resulting data. The
most important aspects of these limitations are summarized below:

1} The EPA data used to estimate annual population exposures for

chromium were originally obtained from a number of different
sources. It is probable that different collection and analysis

methods and standards were employed by the various sources. Because
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2)

3)

4)

5)

the accuracy of the chromium measurements is undocumented, the
accuracy of the analyses presented here is unknown.

Data used to estimate annual population exposures for chromium are
from a 1imited number of sites and based on a limited number of
observations at those sites. Because of this, the true variability
and magnitude of chromium concentrations may be more or less than
those presented here. Also, because the spatial representativeness
of each station is unknown, it is uncertain how differences in
spatial representation between stations would affect the results
presented.

Data used in these analyses are all representative of ambient
outdoor concentrations; no consideration is given to indoor or
workplace exposure. The exposure estimates presented here are based
on the assumption that an individual's exposure was from the outdoor
ambient air concentrations measured or calculated for the area in
which the individual resides.

Chromium samples collected during 1977 and population data collected
during 1980 have been used to make an estimate of annual population
exposure to total chromium. These data were used because they allow
estimation of annual average concentrations of total chromium.
Changes may have occurred since these data were compiled; current
total chromium conqentrations and population exposures may be
different. More recent data have become available which suggest
that concentrations are lower, a1though'these data are not adequate
to estimate annual exposure.

Stationary sources of chromium are not explicitly considered in

estimation of annual population exposure; they are considered
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indirectly as a function of their contribution to chromium measured
at the sampling sites. Exposures in receptor areas near large
stationary sources of chromium are discussed separately.

6) Data presented here represent concentrations of total chromium.
Limited preliminary data suggest that from 3 to 8 percent of total
chromium may be chromium(VI) in areas not directly affected by
chromium(VI) emissions.

7) Data from 1977 used for assessment of population exposure represent
chromium particulate matter less than 50 micrometer (aerodynamic
equivalent) diameter. Data on atmospheric concentrations of chromium
particulate matter of respirable size (less than 10 micrometer
diameter), gathered during 1982-1983, are presented in summary form
in Table III-2 (page III-6).

Annual ambient population exposures were estimated using data from the EPA
NADB database. As stated previously, the EPA comprise 24-hour total chromium
concentrations collected with high-volume particulate samplers. All data were
analyzed using the neutron activatio analysis method. Although data are
available for the years 1977 through 1981, much of the data for individual
years are incomplete. Data for the year 1977 are the most suitable for use in
evaluating annual total chromium exposures. The 1977 data were collected at
sixteen stations. Although the sampling sites reflect a variety of land use
parameters, all sites were established to provide data reflecting population
oriented total chromium concentrations (EPA, 1984). Site-specific location
and influence criteria are summarized in Table III-6,

Total chromium data collected at the sixteen sites during 1977 are
summarized in Table I1II-7. Approximately two to three samples were collected

at each site during each month of the year. Zero values comprised from three

to seventy-seven percent of values reported at a given site; for all sites
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TABLE III-6

Summary of Location Characteristics and Dominating Influences
Surrounding Sampling Sites Used in Exposure Analysis

EPA Site Location Dominating
Site. Name Number Characteristics Influence

SoCAB Sites:
Anaheim-Harbor Blvd. 0230001 Suburban Commercial
Burbank-West Palm Ave. 0900002 Center City Commercial
Long Beach-Pine Ave. 4100001 Center City Commercial
Los Angeles- 4180001 Center City Commercial
So. San Pedro

Ontario Airport 5380001 Rural Commercial
Pasadena- Cal Tech 5760002 Center City Residential
San Bernardino-West

3rd Street 6680001 Center City Commercial
Santa Ana-Ross Street 7180001 Center City commercial
Torrance-Carson Street 8260001 Center City Residential
SFBAAB Sites:

Berkeley-Berkeley Way 0740001 Center City Residential
Oakland-Fifth Street 5300001 Center City Industrial
San Francisco- 6860001 Center City Commercial

Grove Street

Other Sites:

Fresno-South Cedar Ave. 2800002 Center City Commercial
Sacramento-Stockton Blvd. 6580001 Center.City Commercial
San Diego-Island Ave. 6800004 Center City Commercial
San Jose- North 4th St. 6980004 Center City Commercial
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Table III-7

Summary of 1977 Chromium Data from the EPA
National Aerometric Dgta Bank
(units are ng/m°)

EPA Site Maximum Average Standard Number of Samples:*
Site Name Number Chromium Chromium Deviation Total Zero

SoCAB Sites:

Anaheim-

Harbor Blvd 0230001 28.3 6.4 5.2 30 23
Burbank-

West Palm Ave 0900002 23.6 10.7 6.2 30 10
Long Beach-

Pine Avenue 4100001 41.0 17.9 9.9 27 2
Los Angeles

So. San Pedro 4180001 66.6 19.1 12.2 30 1
Ontario-Airport 5380001 34,2 18.5 6.7 30 1
Pasadena-Cal Tech 5760002 32.8 13.7 8.0 29 7
San Bernardino-

West 3rd St. 6680001 103.3 33.3 . 241 29 2
Santa Ana-

Ross Street 7180001 20.9 10.8 5.3 29 7
Torrance-

Carson Street 8260001 315.2 30.6 56.2 29 5
SFBAAB Sites:

Berkeley-

Berkeley Way 0740001 72.9 9.0 13.7 30 19
Oakland-Fifth St. 5300001 60.3 19.0 10.1 29 1
San Francisco-

Grove Street 6860001 14.8 6.2 3.6 30 21
Other Sites:

Fresno-So. Cedar 2800002 32.4 12.3 8.3 30 10

Avenue
Sacramento- 6580001 23.6 10.8 5.7 30 7

Stockton Blvd.

San Diego-

Island Avenue 6800004 23.6 1.7 6.3 30 7
San Jose- .

North 4th Street 6980004 29.1 14.3 7.6 30 5

N.B.- The minimum concentration reported at each site during 1977 was
zero. The minimum non-zero value reported at any site was 8 ng/m3.

* These numbers represent the total number of samples included in the
analysis and the number of samples for which a zero value was reported.
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FIGURE ITI-1

LOCATION OF MODELING AREAS AND STATIONS, THE DATA FROM WHICH WERE USED
TO INTERPOLATE CHROMIUM IN THE SOUTH COAST AIR BASIN
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combined, twenty-seven percent of values were reported as zero., The number of
zero values reported at each site is summarized in Table III-7. As stated
previously, a reported zero concentration does not necessarily indicate an
absence of chromium but rather that the chromium concentration was below the
limit of the analytical techniques. There are several ways to treat zero
values when calculating annual averages. Reported zero values can be assumed
equal to zero, assumed equal to the lower 1limit of analysis, or assumed equal
to one-half the lTower limit of analysis. Including zero concentrations as
zero results in estimates the lowest averages; assuming zero values equal the
lower 1imit of analysis results in the highest averages. These two extremes
Tikely bracket the possible range of concentration averages. Assuming zero
concentrations equal one-half the lower limit of analysis provides a third
estimate of concentrations. )

In the following discussion, zero values were replaced with a
concentration of one-half the Towest non-zero concentration sampled at any
site during 1977, 4.0 nanograms per cubic meter. Alternatives to this
approach are presented later in this section. We assume the lowest non-zero
value reported during 1977 equals the lower limit of the analytical techniques
used. Of the sixteen sites used in this analysis, three had more than fifty
percent of all values reported as zero; nine sites had more than twenty
percent of all values reported as zero. The occurrence of many zero values at
a number of sites and the assumptions made in replacing them with a single
concentration (4.0 ng/m3) necessarily limits the confidence that can be
placed in the results presented here.

Maximum twenty-four hour total chromium concentrations at each site range

from 14.8 ng/m3 to 315.5 ng/m3, while annual average chromium

concentrations range from 6.2 ng/m3 to 33.3 ng/m3. The highest

twenty-four-hour average concentration and annual average concentration both

occurred at stations located in the South Coast Air Basin.
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As seen in Table III-7, the majority of sites for which chromium data are
available are located in the South Coast (SoCAB) and San Francisco Bay Area
(SFBAAB) air basins. Other stations are located in Fresno and San Diego.
Using the appropriate annual average concentrations given in Table III-7,
annual chromium concentrations were interpolated to 1980 census tract
centroids for the SoCAB and SFBAAB using the McRae inverse distance-squared
interpolation routine(McRae, 1982).

Total chromium concentrations in the SoCAB were interpolated for an area
of 200 by 80 kilometers. The limits of the modeling area and the relative
locations of stations used for interpolation are shown in Figure III-1.
Barriers to interpolation, such as mountain ranges, were included as
appropriate. Based on 1980 census data, total population in the SoCAB is
approximately 11 million. Census tracts within the modeling area have a total
population of just over 10 million. Figure III-2 is a graphic illustration of
annual chromium concentrations interpolated to the modeling area.The plot
indicates that annual concentrations during 1977 were highest in the eastern
portion of the grid (San Bernardino station) with a secondary peak to the
southwest (Torrance station). Areas with zero concentrations do not
necessarily reflect an absence of chromium but rather, the influence of
barriers to interpolation. Overall, annual average concentrations calculated
for the modeling area are between 6.4 ng/m3 and 33.3 ng/m3. A
corresponding plot of population within the study area is shown in
Figure III-3. Comparison of the two figures show the highest population

density near the secondary peak at the Torrance-Carson site.
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FIGURE I1I-2

SQCAB 1977 Total Chromium in & KM Cells
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Figure II1I-4 shows the population exposed to various annual average
chromium concentrations in the SoCAB. The majority of people were exposed to
between 11.0 and 21.0 ng/m3 total chromium. The population-weighted average
exposure in the SoCAB is 16.9 ng/m3 while the geographic average is
16.6 ng/m3. Figure III-5 shows the same data plotted in Figure III-4, but
plotted as cumulative population versus annual average chromium. According to
this figure, more than 2 million people were exposed to at least 20.0 ng/m3
total chromium in 1977.

Because the data available for the San Francisco Bay Area Air Basin
Tacked good spatial coverage, estimates of exposure could be estimated for
only a forty by twenty-five kilometer area. The limits of the modeling area
and the relative locations of stations used for interpolation are shown in
Figure III-6. Barriers to interpolation were included as appropriate.
Although there are approximately five million people in the SFBAAB, the total
population in the modeling area is only about 1.5 million. A graphic
illustration of annual chromium concentrations interpolated to the SFBAAB
modeling area is shown in Figure III-7. Annual concentrations are greatest in
the eastern portion of the grid (Oakland station). Areas with zero
concentration reflect the influence of barriers to interpolation. A plot of
population density in the study area in shown in Figure III-8. Comparison of
Figures III-7 and III-8 show that the peak population density occurs to the
west of the peak chromium concentrations; a secondary peak of population
density occurs very near the point of peak concentration. Figure III-9 shows
population exposures to total chromium in the SFBAAB modeling region. Almost

800,000 of the 1.5 million people in the study area were exposed to 9.0
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FIGURE III-6

LOCATION OF MODELING AREAS AND STATICiS USED, THE DATA FROM WHICH WERE USED
TO INTERPOLATE CHROMIUM IN THE SAN FRANCISCO BAY AREA
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FIGURE III-7

SF Bay Area 1977 Total Chromium in 5 KM Cells
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ng/m3 or more of total chromium during 1977. Cumulative exposures are shown
in Figure III-10. In the SFBAAB, the population-weighted chromium
concentration for 1977 was 10.8 ng/m3. The geographic mean was 11.3 ng/m3.

Annual total chromium exposure estimates for the other areas in the state
were calculated somewhat differently from those for the South Coast and San
Francisco Bay Area Air Basins. Data were available for only one site in each
of four cities: Fresno, Sacramento, San Diego, and San Jose. For these
cities, we assumed that the annual total chromium concentration at each site
was representative of the exposure experienced by the population living in
those census tracts with centroids not more than ten kilometers from the
sampling site. The annual concentration at the sampling sites and the
population exposed to that concentration are summarized in Table III-8. As
shown in this table, annual population exposures to total chromium in these
areas ranged from 10.6 ng/m3 to 14.3 ng/m3.

TABLE III-8
ANNUAL CHROMIUM EXPOSURE FOR SPECIFIC CENSUS TRACTS

EPA Population Within Annual Average

Site Name Site Number 10 Kilometers Chromium (ng/m3)
Fresno-South

Cedar Avenue 2800002 250,612 12.3
Sacramento- 6580001 376,283 10.6

Stockton Blvd.
San Diego-

Island Avenue 6800004 477,482 1.7
San Jose-

North 4th St. 6980004 608,945 14.3
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In addition to the approach discussed above, population exposures were
determined using two alternative approaches to provide a range of possible
values. The alternative approaches differ only in their treatment of zero
concentrations. The first alternative approach assumes zero values in the
database are actually zero concentrations. This approach provides a
Jower-bound estimate of population exposure. The second alternative approach
assumes zero values in the database equal the lowest non-zero concentration
reported during 1977 (7.9 ng/m3). This approach provides an upper bound
estimate of population exposure. The effect of these alternative approaches
on resulting concentrations is directly related to the number of zero
concentrations reported at each individual site (refer to Table III-8). The
greater the percentage of reported zero concentrations, the greater the
variation in concentrations of one approach versus the other.

Exposure estimates based on these alternative approaches are summarized in
Table III-9. Results based on the first approach show geographic averages
ranging from 9.4 ng/m3 to 15.7 ng/m3 and population-weighted
concentrations ranging from 8.9 ng/m3 to 16.1 ng/m3. Geographic average
concentrations based on the second approach range from 11.7 ng/m3 to 17.5
ng/m3 while population-weighted averages range from 11.7 ng/m3 to 17.8
ng/m3.

Limited data on current ambient total chromium concentrations have
recently become available as a result of the Air Resources Board's ongoing
effort to document ambient levels of potentially toxic compounds. Data are
available for nineteen locations for varying periods of time during January
through June of 1985. These data represent twenty-four hour samples collected

using either high volume or Tow volume particulate samplers and subsequently
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analyzed for total chromium using atomic absorption or X-ray fluorescence,
respectively.

The data are summarized in Table III-10. Minimum concentrations reported
during the six months range from below the quantitation limit (1.0 ng/m3) to
3.0 ng/m3. The maximum concentrations reported was 24.0 ng/m3. Averages
of values at each site range from 1.9 ng/m3 to 9.1 ng/m3. The average
concentration for all sites combined is 4.7 ng/m3.

The 1985 ARB total chromium data are compared with the 1977 EPA total
chromium data in Table III-11. Although all EPA sites are included in this
comparison, only fourteen of the nineteen ARB sites are included. These
fourteen sites are the only ARB sites located in the same areas as the EPA
sampling locations. As is apparent from Table III-11, total chromium data
from 1985 are different from chromium data of 1977. The 1977 data show higher
concentrations. The maximum twenty-four hour concentration sampled during
1977 was 74.5 ng/m3 whereas the maximum twenty-four hour concentration
sampled during 1985 was 24.0 ng/m3. Average concentrations during 1977
ranged from 4.0 ng/m3 to 34.5 ng/m3. This range compares with a range of
1.9 ng/m3 to 9.1 ng/m3 for the 1985 data. Overall concentrations reported
by EPA for 1977 are approximately 1.5 to 3.5 times greater than those reported
for 1985. Data summarized in Table III-11 suggest present total chromium
concentrations are lower than those measured during 1977; however, several
factors should be considered in comparing the data. These factors include:

1. Site locations during 1985 are not the same as those used in

1977;
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TABLE III-9

Comparison of Population Exposures to Chromium During 1977

Using Three Approaches*

(units are ng/m3)

Approach #1 Approach #2 Approach #3
Area Location Geog Avg/Pop-Wt Avg Geog Avg/Pop-Wt Avg Geog Avg/Pop-Wt Avg

SoCAB Area-

(150 x 80 km) 15.7 / 16.1 16.6 / 16.9 17.5 / 17.8
BAAB Area-

( 40 x 20 km) 9.4 / 8.9 11.3 / 10.8 13.1 / 12.7

Fresno Area-
( 10 km radius) 1.0/ 11.0 12.3 /7 12.3 13.6 / 13.6

Scramento Area-
(10 km radius) 9.8 / 9.8 10.6 / 10.6 1.7 / 1.7

San Diego Area
(10 km radius) 10.7 / 10.7 n.7 /7 1.7 12.6 / 12,6

San Jose Area-
(10 km radius) 13.7 / 13.7 14.3 / 1432 15.0 / 15.0

* The three approaches used differ in the way in which zero values in the
database were treated:

Approach #1: Zero values were assumed equal to zero (0.0 ng/m3).

Approach #2: Zero values werg assumed equal to one-half the quatitation
Timit (0.6 ng/m3)

Approach #3: Zero values were assumed equal to the quantitation limit
(1.2 ng/m3).
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TABLE III-10

Summary of ARB Chromium Data Sampled
January through June 1985
(units are ng/m°)

EPA Site Minimum Maximum Average Number of Samples:
Site Name Number  Chromium* Chromium Chromium Total Zero

SACRAMENTOQ VALLEY AIR BASIN
Citrus Heights-

Sunrise Blvd 3400293 2.0 11.0 5.4 13 0
SAN DIEGO AIR BASIN ‘

Chula Vista- 8000114 0.5 6.0 2.8 14 )
E1 Cajon-

Redwood Avenue 8000131 1.0 4.0 3.0 8 0
SAN FRANCISCO BAY AREA AIR BASIN
Richmond-13th St. 0700433 2.0 5.0 3.4 14 0
Concord-

2975 Treat Blvd. 0700440 1.0 2.0 1.9 15 0
San Jose-4th St. 4300382 2.0 21.0 8.2 14 0
Fremont-Chapel Way 6000336 1.0 5.0 2.4 15 0
San Francisco-

23rd Street 9000304 2.0 6.0 3.9 15 0
SAN JOAQUIN VALLEY AIR BASIN:

Fresno=0live 1000234 2.0 10.0 4.3 12 0
Bakersfield- 1500203 2.0 7.0 4.3 15 0

Chester Street
Stockton- 3900252 3.0 6.0 4.1 12 0

Hazelton Street
Modesto- 5000568 3.0 7.0 3.9 15 0

418 14th Street :

SOUTH CENTRAL COAST AIR BASIN:
Santa Barbara- 4200378 1.0 10.0 3.5 8 0

Canon Perdido
Simi Valley- 5600413 1.0 4.0 2.4 15 0
SOUTH COAST AIR BASIN:

Riverside- 3300144 2.0 14.0 7.3 1 0

Rubidoux
Upland 3600175 0.5 9.0 4.8 13 ]
North Long Beach 7000072 2.0 11.0 6.3 12 0
Los Angeles- 7000087 3.0 23.0 9.1 10 0

North Main
E1 Monte-ARB HSLD 7000579 3.0 24.0 8.6 50 0

* A concentration of 0.5 ng/m3 is equal to one-half the quantitation limit
of 1.0 ng/m3 and was substituted for the value below the quantitation
Timit. '
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TABLE III-MN

Comparison of 1977 EPA Chromium Data with 1985 ARB Chromium Data*
(units are ng/m3)

1977 1985
Characteristic Being Compared: EPA Chromium Data ARB Chromium Data
SAN FRANCISCO BAY AREA AIR BASIN SITES:
Range of Minimum Concentrations 4.0 - 4.0 1.0 - 2.0
Range of Maximum Concentrations 13.9 - 28.2 2.0 - 21.0
Range of Average Concentrations
(Each Site Individually) 7.2 - 16.8 1.9 - 8.2
Observations per Site 7 14 - 15
Average Concentration
(A11 Sites Combined) 11.8 4.0
SOUTH COAST AIR BASIN SITES:
Range of Minimum Concentrations 4.0 - 10.0 0.5 - 3.0
Range of Maximum Concentrations 4.0 - 74,5 9.0 - 24,0
Range of Average Concentrations
(Each Site Individually) 4,0 - 34,5 4.8 - 9.1
Number of Observations 11 - 12 10 - 50
Average Concentration
(A11 Sites Combined) 15.9 7.2
FRESNO AREA SITE:
Minimum Concentration 4,0 2.0
Maximum Concentration 12.3 10.0
Average Concentration 6.8 4,3
Number of Observations 7 12
SACRAMENTO AREA SITE:
Minimum Concentration 4.0 2.0
Maximum Concentration 17.8 11.0
Average Concentration 9.0 5.4
Number of Observations 7 13
SAN DIEGO AREA SITE:
Minimum Concentration 4.0 0.5
Maximum Concentration 16.9 6.0
Average Concentration 10.0 2.8
Number of Observations 15 22
SAN JOSE AREA SITE:
Minimum Concentration 4.0 0.5
Maximum Concentration 28.2 21.0
Average Concentration 16.8 8.2
Number of Observations 7 14

* Data included in this comparison are limited to samples collected from
January through June of the two different years.
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2. Meteorological conditions under which the 1985 data were
collected may differ from those present during 1977;

3. The 1985 chromium data reflect a quantitation limit of 1.0
ng/m3. This concentration is approximately one eighth the quantitation
limit for the 1977 data;

4., Chromium sampling during 1985 employed different collection and
analysis methods than were used in 1977. The comparability of these various
methods is not known.

Because data are available for the entire year of 1977, they were used to
calculate annual exposure.

C. CONCENTRATIONS CLOSE TO SOURCES

To estimate concentrations of chromium close to sources of chromium(VI),
emissions were calculated and air quality modeling done for a typical large
chrome plater and for a bank of industrial cooling towers using chromate water
treatment. Both sources are located in the South Coast Air Basin and are in
populated areas.

After emissions from each source were calculated, an industrial source
complex model (ISCST) was used to calculate annual average chromium
concentrations at the points of a grid representing receptors surrounding each
source. Residential population in the surrounding area was also gridded, and
population exposure was estimated. The analysis encompassed an area 20 by 20
kilometers centered on the plating facility and an area 40 by 40 kilometer

centered on the bank of towers. Deposition was not considered in this modeling.
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The results of modeling are estimates of annual ambient concentrations
based on worst case meterology observed in the study areas. The modeled
concentrations represent maximum annual average concentrations occurring
outdoors. It is not known whether indoor concentrations are greater or less
than those outdoors.

The concentrations and population exposures calculated from emissions
from each source represent exposure above background from each source;
possible additive or cumulative exposure from multiple sources is not
addressed in this analysis.

Emissions of chromium from the chrome plating facility were calculated by
the South Coast Air Quality Management District based on information provided
by the company (Zwaicher, 1983). Chromium emissions from this source were
estimated to be greater than 1,000 1bs/year. There are five chrome platers in
the South Coast Air Basin which emit this or a greater amount of chromium per
year. One facility was estimated to emit over 8,000 1bs/year of chromium per
year. These figures reflect the assumption that 90 percent of chromium is
removed by control equipment. Emissions were reported as chromium; no
oxidation state was specified. Emission tests conducted by various agencies
have indicated that worst-case chromium (VI) emissions from chromium platers
comprise from 25 percent to 100 percent of total chromium emissions. (SCAQMD,
1985; Suzuki, 1984).

Results of modeling and population exposure assessment for the plating
facility are presented in Table III-12, and shown in Figures III-11 and
1II-12. These numbers are estimated annual average chromium concentration
above background. Because there is no information available to assess to what
extent chromium(VI) reacts in the atmosphere after being emitted, the exposure

is reported in terms of total chromium.
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Table III-12

Increase in Population Exposure to Chromium
from a Plating Facility

Annual Average Increase

in Chromium Concentration, Population Cumulative
ng/m3 Exposed Population

550 1,960 1,960

450 -0~ 1,960

350 -0- . 1,960

250 1,925 3,885

150 5,825 9,737

100 -0- 9,737

90 -0- 9,737

80 -0~ 9,737

70 8,803 18,540

60 1,945 20,485

50 7,742 28,227

40 14,870 43,097

30 22,982 66,079

20 61,829 127,908

10 452,709 508,617

0.5 to 5.0 2,400,000 2,993,262
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Relatively short distances are observed between the source and exposed
population involved in this analysis; for instance, an elementary school is
located within one kilometer of the source. Annual average concentrations of

chromium at the school are estimated to fall between 100 and 500 ng/m3'
Emissions from a bank of industrial cooling towers were estimated based

on recirculating water rate, average chromate treatment concentration in
industrial towers, and information on the typical fraction of tower water
emitted as drift. The annual emissions of chromium from these towers were
estimated to be about 800 pounds. Results of modeling and exposure assessment
are summarized in Table III-13 and shown in Figures III-13 and III-14. Values
are reported as chromium because insufficient information exists to quantify
the extent of reaction of emitted chromiuh(VI) occurring between the source

and receptors.

TABLE III-13

Increase in Population Exposure to Chromium from a
Bank of Industrial Cooling Towers

Annual Average Increase in Population Cumulative

Chromium Concentration, ng/m3 xposed Population
5.0 8,886 8,886
4.0 2,993 11,879
3.0 23,942 35,821
2.0 96,565 132,386
1.0 730,336 862,722

In summary, estimates of concentrations of chromium close to sources of
chromium(VI), and resulting population exposures have been made for two
typical sources of chromium{VI) emissions. These health conservative
estimates indicate that significant increases in population exposure to

chromium may occur close to large sources.
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D. EXPOSURE BY ROUTES OTHER THAN AMBIENT AIR

Human intake of chromium(III) occurs through consumption of chromium-
containing foods. Chromium is found as a trace element in various foods.
Data on the oxidation state of chromium in food are unavailable; only chromium
or total chromium concentrations have been reported. Because chromium(VI) is
a strong oxidizing agent, it is reasonable to expect that in the presence of
bulk organic matter and water in food, chromium(VI) would be reduced to
chromium(III). The chromium concentration in different types of foods has
been measured at between 0.02 ug/g and 0.51 ug/g (Thomas, 1974). Chromium
intake from a typical American diet of 43 percent fat was determined to be 62
+ 28 ug/day; from a typical American diet of 25 percent fat, intake of
chromium was determined to be 89 + 56 ug/day (EPA, 1984a). The DHS has found
that trivalent chromium is an essential nutrient and is necessary for
maintenance of normal glucose metabolism. Also, it is known that
chromium(III) compounds are poorly absorbed from the gastrointestinal tract of
animals, and that they are practically non-toxic when administered orally.

There is some evidence that human exposure to chromium may occur from
drinking water. Chromium has been measured at low concentrations in some
surface and groundwaters in California. Concentrations of up to 21 ppb were
found in four of 72 spring water and three of 63 well water samples taken in
the state (Silvey, 1967). In other California studies, no chromium was
detected in 65 stream and 24 seawater samples (Soukup, 1972). The average
chromium concentration in United States water supplies was determined to be
2.3 ppb (Schroder, 1962). A national mean daily intake of 17 ug/day of
chromium in drinking water has been reported, with a range of 1 to 224 ug/day

based on 2 1/d drinking water consumption (NAS, 1980). Chromium in water is
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virtually all in the chromium (III) state, although chromium (VI) has been
known to exist in natural waters with extremely low organic content. The

extent to which anthropogenic sources are responsible for the presence of

chromium detected in the hydrosphere is not known.

The extent of exposure to airborne chromium in the indoor environment,
other than in the workplace, is not known. There are no direct consumer uses
of chromium which could lead to emission of chromium compounds. Although
cigarettes are known to contain chromium, the intake of chromium from smoking
is not known.

The intake of chromium via these routes is summarized in Table III-14,
TABLE III-14
Intake of Chromium by Exposure Routes

Other Than Ambient Air

Mean Daily Intake,

Exposure Route Chromium Oxidation State ug (range, ug)
Ingesting of Food +3 62
(37-130)
Ingestion of drinking +3 17
water : (1-122)

Because chromium intake from food and water is in the trivalent state,
chromium (as chromium (VI)) from ambient air represents the exposure route

having the most significant public health effect.
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APPENDIX A

INFORMATION FEQUEST LETTER WITH
ATTACHMENTS AND RESPONSES



STATE OF CALIFORNIA

AIR RESOURCES BOARD
1102 @ SYREET

BOX 2815

ZRAMENTO, CA 95812

GEORGE DEUKMEIIAN, Governor

July 31, 1884

Dear Sir or Madam:
Subject: Request for Information Regarding Chromium

1 am writing to request information on the health effects c¢f chromium as part
of our toxic air contaminant program. This program is based on Health and
Safety Code Sections 39650, et seq. which require the ARB to identify
compounds as toxic air contaminants and once identified to develop and adopt
control measures for such compounds. After consultation with the staff of the
Department of Health Services (DHS), we have selected chromium as a candidate
toxic air contaminant to be evaluated in.accordance with the provisions of
Health and Safety Code Sections 39650, et seq. During our evaluation of
chromium, we will consider available health information on all forms and
compounds of chromium. Additionally, we are soliciting information regarding
environmental and biological transformations of chromium and its compounds.

Before the ARB can formally identify a compound as a toxic air contaminant,
several steps must be taken. First, the ARB must request the Department of
Health Services to evaluate the health effects of candidate compounds.
Second, the ARB staff must prepare a report which includes the health effects
evaluation and then submit the report to a Scientific Review Panel for its
review. The report submitted to the Panel will be made aveilable to the
public. Information submitted in response to this request will be considerec
in the ARB report to the Panel. Although any person may also submit
information directly to the Panel for its consideration, I urge you to submit
all information at this time for our consideration in the development of the
report for the Panel. The Panel reviews the sufficiency of the information,
methods, and data used by the DHS in its evaluation. Lastly, after review by
the Scientific Review Panel, the report with the written findings of the Panel
will be considered by the Air Resources Board and will be the basis for any
regulatory action by the Board to officially identify a compound as a toxic
air contaminant.

Prior to formally requesting the DHS to prepare a health effects evaluation of
chromium, we are providing, pursuant to the provisions of Section 39660(e) of
the Health and Safety Code, an opportunity to interested parties to submit
information on the health effects of chromium which he or she believes would
be important in DHS's evaluation of chromium as a candidate toxic air
contaminant.



-2~ July 31, 1534

In July 1984, ARS staff received a reference search on chromium health effects
using the MZDLARs Il and DIALOG Information Services. These information
services include mzterial available to the public on or before December 1885,
The attached bibliography lists the references from this information search.
We are requesting pertinent information on chromium health effects, including
any material that may not be available to the public, that is not included in
the attached bibliography.

Pursuant to the provisions of the Public Records Act (Government Code Sections
6280 et seq.), the information you provide will be a public record and sutject
to public disclosure, except for trade secrets which are not emission data or
other information which is exempt from disclosure or the disclosure of which
is prohibited by law. The information may also be released to the
Environmental Protection Agency, which protects trade secrets and confidential
information in accordance with federal law, and to other public agencies,
which are also reguired to protect such information.

To expedite the review process, we ask that any information which you believe
should be regarded as "trade secret" be clearly marked and separated from
other information. You may identify portions of the information you submit as
"trade secret" in accordance with Health and Safety Code Section 39660(e).

The claim of trade secrecy must be supported upon the request of the Air
Resources Board. Other information claimed to be trade secret and information
otherwise claimed to be exempt from disclosure may be identified as
confidential in accordance with Sectien 91011, Title 17, California
Administrative Code. Section 91011 requires that the claim of confidentiality
be accompanied by specified supporting information.

I would appreciate receiving any relevant information you wish to submit by
August 31, 1984. Your help in expediting our review will be greatly
appreciated. Please send the information to the attention of:

William V. Loscutoff, Chief
Toxic Pollutants Branch

Re: Chromium

California Air Resources Board
P. 0. Box 2815

Sacramento, CA 95812

If you have any further questions regarding health effects information, please
contact Mr. John Batchelder at (916) 323-1505. For any other questions,
please contact Mr., Robert Barham at (916) 322-7072.

If you are not the person to whom this request should be addressed, please
forward it to the appropriate person in your organization. Also, please Tet
us know whether you would l1ike to continue to receive information inguiries
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for other candidate compounds, and if not, if there is anycne in your
organization to whom such requests should be sent.

Sincerely,

Peter D. Venturini, Chief
Stationary Source Division

cc: Alex Kelter, DHS
Lori Johnston, DFA
Wayne Morgan, President, CAPCOA
Jan Bush, Executive Secretary, CAPCOA
David Howekamp, EPA Region IX
Assemblywoman Sally Tanner
APCOs
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POUGLAS AIRCRAFT COMPFPARY

3855 Lakewood Boulevard Long Beach, California 90846
TWX: 9103416842
Telex: 674357

August 13, 1984
C1-711-KB-84-177

William V. Loscutoff, Chief
Toxic Pollutants Branch
California Air Resources Board
P.0. Box 2815

Sacramento, CA 95312

Subject: Request for Information Regarding Chromium
Dear Mr. Loscutoff:

Douglas Aircraft Compeny, a division of the McDonnell Douglas Corporation,
acknowledges receipt of the subject reauest '

Concerning information on the health effects of chromium as a candidate toxic
air contaminant, Douglas Aircraft Company can be of no help.

Although Douglas Aircraft uses chromic acid in anodizing operations, the only
physical fallout that Douglas experiences is the discharge of gaseous compo-
nents expressed as hydrocarbons, particulate matter, sulfur dioxide and nitro-
gen dioxide. The discharge of these compounds arise from the painting, de-
greasing, abrasive blasting, oven use, and other manufacturing operations in
which the Douglas Aircraft Company is involved.

Very truly yours, .

& oo

W. Barnack, Jr.

Al Cerms
:“”’l“ﬁ"ln\.nuu] Cuns. i x.': '

Plant Engineering

ne

CONCURRENCE :

G. M. French
Manager - Plant Engineering
Design & Facilities Acquisition

WB/scc

MCDONNELL DOUGLAS N

CORPORATION
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August 14, 1984
Mr. Willfam V. Loscutoff, Chlef

Toxlc Pollutants Branch
Callfornia Alr Resources Board
P. 0. Box 2815

Sacramento, CA 95812

Dear Bill:
CHROM | UM

A quick review of your bibllography on chromium
Indicates a couple of things:

a. The data bases you are searching may not include
books and monographs., Two examples are:

Paul B. Hammond and Robert P. Bellles "Metals" =
Chapter 17 In "Casarett and Doull's Toxlcology: The Sclience
of Poisons™ 2pnd Edition., MacMillan Publishing Co. (New
York) 1980. Pages 409-467.

Marshall Sittig "Toxic Metals" Chapter on Chromium,
pages 97-131, Noyes Data Corporation (Park Ridge, N.J.)
1976.

b. The data bases and/or search strategy are not plcking
up papers that discuss substances such as Cr In connectlon
with another, perhaps broader topic. As you know, these are
people who assert that a threshold for carclinogeneslis must
exlst for metals, partlicularly trace metals that are found in
all humans In measureable concentratlons. Without prejudgling
that Issue, 1t seems Important that your bibliography at
least Include such papers from the literature, Two Important
examples that deal with Cr are:

Corporate Ctice
IT Corporation « 23456 Hawthome Boulevard » Suite 220 « Torramce, Califorrea 90505 « 23-378-9933



Willlam VY. Loscutoff IT CORPORATION
August 14, 1984

Page 2

George Claus and Karen Bolander "Environmental
Carcinogenesis: The Threshold Princlple: A Law of Nature",
In "Pollution and Water Resources" (G. J. Halaji=-Kun, Editor)
Pergamon Press (New York) 1982. Pages 153-182.

Thomas H. Jukes "Chasling a Receding Zero: Impact of the
Zero Threshold Concept on Actlions of Regulatory Officlals",
J, Amer. Coll, Toxicol, 2 (3); 147-160, (1983).

Another paper on this subject, although not explliclitly
dlscussing Cr, Is:

R. Koch "A Threshold Concept of Environmental

Pollutants™ Chemosphere, 12(1): 17-21 (1983).

| hope these references are helpful. Please contfinue to
send me your data requests and exposure and health effects
repcrts.

Very truly yours,

Tt

R. N, Hazelwood, Ph.D.
Project Manager
Environmental Affalrs

RNH/sp
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Chromate Inhibition of Metab

IL. In Vivo Exposures

UNIVERSITY OF CALIFORNIA

Laal—
CPRY

DAVIS, CALIFORNIA 95616

ERI0Y

animals. .

In an earlier study (Last er al.. 1977). we
i demonstrated that the secretion of mucus
glycoproteins by tracheal slices incubated for
24 hr in ussue culture 1s inhibited by in-
clusion of Na,CrO, in the culture medium.
The extent of such inhibition was dependent
upon the concentration of chromate in the
medium ; a biphasic dose-response curve was
observed. In the second phase, at higher
concentrations of chromate (above 0.27 mu),
we also observed inhibition of precursor

[*H]glucosamine uptake and gross cyto-

toxicity. In the present study, analogous
studies have been performed with tracheal

N2 QMA‘-@%{J
CE*«&»:qu¥09§$5/dﬁb a)

TOXICOLOUY AND APPLIED PHARMACOLOGY 47, 313-322 (1979)

Ockual Lbicy ag

Flast—

olism by Rat Tracheal Explants

William v, Lo
Toxic Polluta
Re: Chromium
California Aip
P. 0. Box 2815
Sacramento, CA 95812

scutoff, Chief
nts Branch

Resources Board

SIS
xplan

explants from rats exposed to Na.CrO, in
rivo, administered as an aerosol. We find that
for equivalent concentrations of Na,CrO,
administered in vivo and in virro (calculated as
described below), there is equivalent inhi-
bition of glvcoprotein secretion rate in the
tracheal explant assay (Last er al.,, 1977).
In addition. we have extended the previous
findings of chromate-induced cytotoxicity by
histochemical staining techniques.

Such a quantitative comparison of pol-
lutant effects in vivo and in rvirro is, to the
best of our knowledge. a completely novel
approach with no published precedents.
313 0041-008X 79 020313-10502.00/0

Copyright ¢ 1879 by Aczademic Press. Inc.

All nghis of reproduction 1n «ny form reserved.
Prinied 1n Great Britain
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August 16, 1984

William V. Loscutoff, Chief
Toxic Pollutants Branch
California Air Resources Board
P.0. Box 2815

Sacramento, CA 95812

Dear Mr. Loscutoff:

Reference: Chromium

Regarding July 31, 1984 ARB request for information on the
health effects of Chromium. We have no data to submit at

this tize.

We would like to continue to receive information inquiries,
etc. for other potential toxic air contaminants.

Sincerely,

LA B fern

Dale B. Hanson
Director, Engineering

DBH/dpec

cc: P, Charley
G. Sweeney
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172 East La Jolla Roud, Placertia, California 92670 — (71+: 630-7311

August 17, 1984

William V. Loscutoff, Chief
Toxic Pollutants Branch

Re: Chromium

California Air Resources Board

P.0. Box 2815
Sacramento
CA. 95812

Dear Mr, Loscutoff:

Adcoat, Inc. does not, at this time, use any chromium or chromium
compounds in its products. ‘

We have, from time to time, considered the use of chromium containing
pigments, so we would like to remain on your mailing list for information
on chromium.

Very truly yours,
ADCOAT, INC.

Tst il

HUGH H. MULLER
PRESIDENT -

HHM/mw

“sercice 15 part of our fermula”
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— UNIVERSITY OF CALIFORNIA, BERKELEY

BENKELEY » DAVIS * IRVINE *» LOS ANCELES * RIVERSIDE ¢« SAN DIECO * SAN FRANCISCO SANTA BARBARA * SANTA CR’

DEPARTMENT OF BIOPHYSICS UNIVERSITY OF CALIFORNIA. BERKELEY
AND MEDICAL PHYSICS £yl SAN PABLO AVENUE
BERKFIEY. CA 94720 OAKLAND, CA 33608

TELEPHONE. (415) 642-7160

17 August 1984

Mr. Peter D. VYenturini
Stationary Source Division
Air Resources Division
1102 Q Street

PO Box 2815

Sacramentc, CA 95812

Dear Mr. Venturini:
Thank you for your letter of July 31 regarding chromium.

Any discussion or regulation concerning chromium should include consideration
of the fact that, in small amounts, it is a nutritionally essential element. The
recommended dietary allowance is 0.05 to 0.20 milligrams per day (National Academy
of Sciences). See Recommended Dietary Allowances, 9th ed., 1980, National
Research Council, Washington, D.C.

Chromium deficiency in human beings causes disturbances of carbohydrate
metabolism, and marginal deficiency states may exist in the USA.

Kindly refrain from throwing tne baby out with the bathwater. Thank
you.

Enciosed is a publication by me.

Sincerely yours,

) - /S
C:::2;Zz£24z7 //i)¢;&ék7
THOMAS H. JUKES 7

cc: William V. Loscutoff
R.N. Hazelwood
Assemblywoman Sally Tanner



Orl, Chemical and Atomic Workers

International Union

304 FREEWAY CENTER BUILDING

3605 LONG BEACH BOULEVARD

LONG BEACH, CALIFORNIA 90807
PHONE: (213) 4266961

J. E. (JACK) FOLEY
DIRECTOR, DISTRICT NO. 1

August 10, 1984

"?506
State of California ’ /VG,
Air Resources Board 40@ e,
P. O. Box 2815 s ,7.44.5
Sacramento,CA 95812 . %%% Cq
. . . 4”4’, O'B}Z‘%o

Attention: Peter D. Venturini, Chief y,e0n Ko

Stationary Source Division ”&hv

Dear Mr. Venturini:

In response to your communication of July 31, 1984,
please continue to send this, and like correspondence to this
office and I would appreciate your forwarding the same
material to:

Mr. Dan Edwards, Director

Health and Safety Dept.

0il, Chemical & Atomic Workers
International Union

P. O. Box 2812

Denver, CO 80201

I have taken the liberty of forwarding a copy of your
July 31st letter to him at our Denver office.

May I take this opportunity to thank you in advance for
your cooperation on the above reguest.

Very truly yours,

J/ E. FOLEY 7

irector, Distxict 1

JEF:ajs

cc: Dan Edwards
File

gy (
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August 24, 1984

Mr. William V. Loscutoff

Chief

Toxic Pellutants Branch

Re: Chromium

California Air Resources Board
P. 0. Box 2815

Sacramento, California 95812

Dear Mr. Loscutoff:

Re: Request for Information Regarding Chromium

We are enclosing copies of comments provided last year to the EPA's
Science AdvisoryeBoard during their deliberations on the EPA's
Health Assessment Document for Chromium. A number of the specific
references mentioned in our comments were not listed in your
bibliography and should be reviewed. The concerns we expressed to
the EPA should also apply to both your review and that of the
Department of Health Services.

Also enclosed is a copy of a lifetime intratracheal injection study
in rats. A manuscript for publication related tc this study is
currently in preparation and will be forwarded when available.
Additional studies on detoxification mechanisms for chromates have
also been completed and manuscripts are in preparation. These
studies provide substantial additicnal support for a tnreshold
phenomenon for chromate carcinogenesis and will also be forwarded
when available.

Please be sure we are included in future mailings related to
chromium.

Sincerely,

L‘-éwj)\“'\—-\

A. Hathaway, M. D.
ector - Medical Services
Chemical Sector

JAH/hmw
Enclosures

An @LUED Company
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Chavron

Chevron Environmental Health Center, Inc.
A Chevron Research Company Subsidiary

15299 San Pablo Avenue, Richmond, California
Ma« Adaress 7.0 Box 4054 Aicnmens CA 54804
R. 0. Cavalli
Manager August 22, 1934

Product Evaluation

William Vv, Loscu
Chief, Toxic P
California Aj
P.0. Box
Sacramepto, California 95812

utants Branch
Resources Board

DeardMr, Loscutoff:

This letter 1is in response to your request for information on the health
effects and environmental fate of chromium and its compounds. Upon review
of our files we did not identify any in-house toxicology or environmental
fate data on these materials. Several published reports were identified,
howaver, which we believe will significantly contribute to the information
already collected by the Air Resources Board, These references are listed
below:

Ecological Analysts, Inc. (November 1981). The Sources, Chemistry, Fate and
Effects of Chromium in Aquatic Environments. Available from API
Publications, order No. 847-89600.

Environmental Protection Agency (July 1983)., Health Assessment Document for
Chromium, EPA 600/8-83-014A. ‘

National Institute for Occupational Safety and Health (1975), Criteria for a
Recommended Standard. Occupational Exposure to Chromium VI, HEW
Publication No. 76-129.

National Institute for Occupational Safety and Health [1973), Criteria for a
Recommended Standard. Occupational Exposure to Chromic Acid, HEW
Publication No. 73-11021.

Please contact R. M. Wilkenfeld of my staff at (415) 231-6018 should you
have questions concerning the information we are submitting.

Sincerely,

[QDCF‘;U*HU’/

S



KAIETE TR ALLIMINUM
b CHEMILAL COHPIORATION

August 24, 1984

Mr, William V. Loscutoff, Chief
Toxic Pollutants Branch
California Air Resources Board
P. O. Box 2815

Sacramento, CA 95812

Subj ect: CHROMIUM
Dear Mr. Loscutoff:

Kaiser Aluminum & Chemical Corporation thanks you for the
opportunity to respond to your request for information
regarding chromium. We are interested in chromium compounds
because some are the basis for the manufacture of heat and
chemical resistant materials known as refractories, which is
the business of our Refractories Division,

Our concern centers exclusively around trivalent chromium
present in the ore of chromium. We call this ore
"chromite." Chromite is among the materials most resistant
to chemical change. It is insoluble in water and in all
common bases and acids including aqua regia. It is also
relatively insoluble in most of the aggressive leaching
substances designed to categorize hazardous wastes.
Examples of such leaching substances include citric and
acetic acids.

Many of the references cited in the attachment to the
"Request for Information Regarding Chromium" attest to the
absence of exposed worker health effect from chromite.

Battelle Memorial Institute, Columbus, Ohio, published a
study in February 1983 regarding their investigations to
determine the extent of health hazard from trivalent
chromium compounds used in the refractories industry. We
suggest you refer to a copy of that study (Exhibit A,
attached) and add their bibliography to the chromium
references provided with the State's request for information
on chromium.

WYL

300 LAKESIZZ DRIVE CAX L&D  CALIFCRNIA 94643
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Exhibit B, attached, is a report by Joseph J. Durek, Ph.D.,
which was part of a submission to the Department of Health
Services in the latter part of 1983. Dr. Durek's report
indicates the permanence of chromite, since the mineral is
found unaltered in the envirorment.

The third attachment, Exhibit C, by Dr. Harry Mikami, an
acknowledged expert on chromite, is further substantiation
for the permanence of chromite in the environment. Dr.
Mikami's paper and the refererces he cites should be part of
the references used in rule making.

Because of potential cocncern zbout trivalent chromium in
solution (water) we hired a Bay Area engineering company to
perform preliminary toxicity tests on rainbow trout using
750 grams of chromite per liter of water. Rainbow trout are
exceedingly sensitive to toxic substances and are a good
choice for delicate testing. There were no fatalities in
the 96 hours of exposure.

Kaiser Aluminum & Chemical Corporation believes that any
reqgulation on chromium compounds emitted to the atmosphere
should recognize the distinct difference in health effects
between trivalent and hexavalent compounds.

Sincerely,

Rod E. Ewart, CIH
Industrial Hygiene Manager

Attachments: Exhibit A, "Report on Evaluation of the
Potential Health Effects of Trivalent
Chromium Compounds in the Refractories
Industry," by Joiner, Rench, Zanetos, and
Brauning, Battelle Columbus Laboratories,
Columbus, OH, February 18, 1983

Exhibit B, "Chromite Distribution in
California," by J. J. Durek, Kaiser Aluminum
& Chemical Corporation, Oakland, CA, August
24, 1984.

Exhibit C, "Chromite," by H. M. Mikami, from
Industrial Minerals and Rocks, 4th E4.,
A.I.M.E., 1975
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Diamond Shamrock
Chemicals Company Technical Center

August 23, 1984

Mr. William V. Loscutoff, Chief
Toxic Pollutants Branch
California Air Resources Board
P.O. Box 2815

Sacramento, California 95812

-

Dear Mr. loscutoff:

In respouse to Mr, Peter Venturini®s solicitation for infor-
mation on the toxicity of chromium, I have included several
pieces of information to aid in your review. These include:

1. "Chromates Symposium 80"

2. U.S. EPA list of references taken from a 7/83 draft of
their health assessment document on chromium.

3. "Testing Sodium Dichromate and Soluble Calcium Chromate
for Carcinogenicity in Rats" - final draft.

Another study, spomsored by the American Wood-Preservers’
Institute, titled "Effects of Chemical Preservatives on tte
Health of Wood Treating Workers in BRawaii, 1981 - Clinical
and Chemical Profiles ard Historical Prospective Study -
July, 1983" was not included but contains findings related

to worker exposure to chromium containing wood preservatives.
A copy of this study can be obtained by contacting:

J. E. Wilkinson
Reichold Chemicals, Inc,
2340 Taylor Way
Tacoma, Washington 98401

The proceedings from the Industrial Health Foundation’s
"Chromates Symposium 80" is an excellent collection of
pertinent information describing the acute & chronic toxic
effects that have been attributed to exposure to chromium
containing compounds.

Diamond Shamrock Chemicals Company A Subsidiary of Diamond Shamrock
P.O. Box 191, Painesvile. Orio 24577 Prone 216 357-330C



Mr. William V. Loscutoff, Chief
California Air Resources Board
August 23, 1984

Page 2

The list of references is from an extermal draft of

the Office of Health and Environmental Assessment”s (OHEA)
"Health Assessment Document for Chromium" which was released
for review and comment in July, 1983. The document itself was
returned to EPA for further revision and is expected to be
released shortly. This health assessment document was
developed for use by the Office of Air Quality Planning and
Standards to support decision-making regarding possible
regulation of chromium as a hazardous air pollutant.

If you contact Dr, Si Duk Lee of OHEA of the U.S., EPA,

I°’m sure he”d be happy to provide you with a copy of the
revised document when it is available.

The study "Testing Sodium Dichromate and Calcium Chromate

for Carcinogenicity in Rats" conducted by Bayer AG, Institute
of Toxicology is a final draft and should be regarded as
confidential until its publicatiom inm the journal, Cancer.

I have included it because the findings are significant and
the study itself is one of the best dome on this subject to
date, This work was planned, designed and sponsored within
the framework of the Industrial Health Foundation by a numbe
of the world”s chromium chemicals producers.

In closing, we here at Diamond Shamrock appreciate the
opportunity to participate and contribute toward your
evaluation of air borne chromium. Please don”t hesitate to
contact me if we can be of any further help.

Sincerely,

Russell J. MorzW

Chromium Chemicals Group
Research & Development

kjv



PACIFIC GAS AND ELECTRIC COMPANTY

NN _‘_ 77 BEALE STREEZT « SAN FRANCISCC, CALIFORNIA §4106 + (4135)781-4211 ¢ TWX 910-372-6387

H. M HOWE
CHIEF SITING ENGINEEP

August 29, 1984

Mr. William V. Loscutoff, Chief
Toxic Pollutants Branch
Re: Chromium
California Air Resources Board
P.0. Box 2815
Sacramento, CA 95812
Vd
Dear Mr. Loscutoff:

Information Inguiries Mailing List
Reguests for Public Health Information

Pacific Gas and Electric Company received your July 31, 1984
request for additional public health information regarding
chromium. We reviewed the bibliography and concluded that
we are unaware of any additional public health effects
information which would be of use to you.

It is generally recognized that hexavalent chromium is far
more potent than trivalent chromium. In fact, your
bibliograzhy includes references addressing such
differences. However, by requesting information on
"chromium" you appear to be overlooking such differences.

As a matter of general principle, PGandE thinks that any
risk assessment document forwarded to the Science Review
Panel for their review should include separate risk
assessments for each compound or valence state of concern --
particularly when the available data suggest that such
differences may be significant.

Please continue to send future information inquiries to me
at the above address.

Thank you.
Sincerely,

J. F. McKENZIE
Supervising Civil Engineer
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August 29, 1984

William V. Loscutoff, Chief
Toxic Pollutants Branch

Re: Chromium

California Air Resources Board
P.C. Box 2815

Sacramento, CA 95812

Dear Mr. Loscutoff:

Pursuant to your reguest for information regarding chromium
health effects, I have determined that the University does
not have any information which I believe would be important
in the Department of Health Services' evaluation of chromium
as a candidate toxic air contaminant.

Sincerely,

ik oK Frser

Michael R. Ceser
Environmental Health & Safety Officer

MRC:cb

cc: President La Bounty
Dorothy Roberts

Agriculture

Arts

Business Administration
Engineering
Environmental Design
Science

Teacher Preparation

Member of The California State University



301 Pigeon Point Road

New Castie. Delaware 19720
(302)652-3301

Telex 905033

Answerback: AMMIN NCST

American Minerals | Cable AMINPAR Newcastle, DE

September 4, 1984

Mr. William Loscutoff, Chief
Toxic Pollutants Branch

Re: Chromium

California Air Resources Board
Box 2815

Sacramento, Ca. 95812

Dear Mr. Loscutoff:

This is in reply to your request for information
concerning the toxicity of Iron Chromite, We have
just received a copy of the letter from Mr. Venturini
and, therefore, were not able to respond by the
indicated deadline. It is hoped that you will
consider our evidence in spite of it being late.

American Minerals is a supplier of 1Iron Chromite
to the glass industry in California, so these hear-
ings are very important to us. Iron Chromite is
really a natural ore of Chromium which we import
from South »Africa and grind in our plants in El}
Paso, Tx. and Wilmington, Del. Although we have
been involved with Iron Chromite for more than 25
years, we have never noted an wunusual incidence
of cancer in any of our plants.

Iron Chromite has the essential formula of FeO.Cr 03
whiich means that the Chromium is in the trivaient
state. We should like to submit in evidence, pages
18 to 29 of a report by Battelle Institute entitled,
"Evaluation of the Potential Health Effects of Tri-

Valent Chromium Compounds in the Refractories Industry".

The pages enclosed contain a good summary of the
experimental work that has been carried out in this
field. Please note on page 27,"The information
available on human exposure to chromium compounds
suggests that exposure to the trivalent chromium



301 Pigeon Point Road

New Castle, Delaware 19720
(302)652-3301

Telex 905033

Answerback: AMMIN NCST

American Minerals Cable AMINPAR Newcastle, DE

compounds does not produce a significant increase
in cancer incidence."

We can send you a copy of the entire report if this
would be of interest to you, but we did not want
to burden your files.

We are also enclosing a copy of a letter from Dr.
L.E. Thompson who serves as a consultant for us.
His opinion is that “The probability of hexavalent
chromium being produced in any substantial quantity
in the reactions assumed in the fusing of glass,
is relatively small.”

Please place my name on your mailing list to receive
notifications of Thearings concerning Chromium.
If we can supply you with any further information,
please write or call us.

Yours truly, _

ot

Jesse A, Miller
Vice President
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Joseph Misbrener, President

Michael Ricigliano, Secretary-Treasurer

L. Calvin Moore, Vice President

Robert E. Wages, Vice President

tnternational Offices:
255 Union Bivd., Lakewood, CO 80228
303/987-2229

Mail: P.O. Box 2812, Denver, CO 80201

Oil, Chemical & Atomic Workers
international Union, AFL-CIO

REGE!Y ED
August 27, 1984
’ sep 4 1984
Peter D. Venturini, Chief : sggﬁOl‘\O\.’Y.SOUme
Stationary Source Tivision owuiz ord
State of California, ' Air Resour¢

Air Resources Board
P. 0. Box 2815
Sacramento, CA 95812

Re: Request for Information
Regarding Chromium

Dear Mr. Venturini:

Reference is made to your letter of July 31, 1984, regarding the above,
addressed to Director Foleyv, and Director Foley’s August 10, 1984, response to
you (copy attached).

First, I concur with Director Foley’s request-to direct future requests of
this nature directly to this office, while continuing to direct a copy of such
requests to his office.

Regarding Chromium, this office has no unpublished or other information other
than that contained in the standard reference literature, which I‘m sure you
already have. We also have no inforration regarding environmental and/or
biological transformations of chromium and its compounds.

Thank you for the opportunity to provide information.

Yours truly :
,.ﬂjf;, )g ﬂ/%%ff/éd

Dan C. Edwargs, Director
Health and Safety Department

c~R. E. Wages, Vice President
J. E. Foley, Director
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Frederick J. Simonelli
Saecyt o8 Lirector

Wiltiam P. Conway, Jr.

4o -istrative Direcior

Hazel Kagan September 5, 1984

L#; si2* ve Anatyst

Mr. Peter D. Venturini
Stationary Source Division
California Air Resources Board
P.0. Box 2815

Sacramento, CA 95812

Dear Mr. Venturini:

I have no information regarding the toxicity of chromium, but wish
to continue to receive inquiries for other candidate compounds.

'\ncere’ly(\\
Jay Dy Jr!
Adm1n1strative Assistant

JD:em



New York State Department of Environmental Conservation
50 Wolf Road, Albany, New York 12233-0001

Henry G. Williams
Commissioner

September &, 1984

Mr. William V. Loscutoff, Chief
Toxics Pollutants Branch
California Air Resources Board
P.0. Box 2815

Sacramento, California 95812

Dear Mr. Loscutoff:

At your request for information regarding Chromium as a
toxic air contaminant (TAC), we are enclosing copies of "New York
State Air Guide~1 - Guidelines for the Control of Hazardous
Ambient Air Contaminants" and "Part 212 - Processes and Exhaust
and/or Ventilation Systems" for environmental ratings in the
State of New York.

After extensive research done by New York State Department of
Environmental Conservation and the Department of Health, hexavalent
chromium and derivatives have been classified as high toxicity
air contaminants. After reviewing your enclosed references, I
do not think that we could add any more useful information at the
present time. We are enclosing the above documents that our
Regional Air Pollution Control Engineers (RAPCEs) use as a
reference guide in trying to minimize the hazards of toxic
contaminants in our environment.

We would be very interested in receiving a copy of you‘
report on Chromium when available.

—X_ 7/
Carlos L//;ontes !

Asst. Research Scientist
Bureau of Air Toxics
Division of Air

Enc.
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Occupational and Environmental
Medicine Division

Mr. William V. Loscutoff
Chief, Toxic Pollutants Branch
California Air Resources Board
P. 0. Box 2815

Sacramento, California 95812

Dear Mr. Loscutoff:

This Agency has no information which would be pertinent to your
evaluation of the health effects of chromium. However, we are aware
of a recent EPA draft document which you may want to review if you
have not already done so. The draft document, Health Assessment Docu-
ment for Chromium, SRC TR-84-628, May 7, 1984, and any public comments
thereto should provide important information on the current assessment
of chromium's health effects. This document was published by the U.S.
Environmental Protection Agency, Office of Research and Development,
Research Triangle Park, North Carolina 27711. Project coordinator is
Si Duk Lee, Ph.D. ’

Questions or comments to this Agehcy should be addressed to
Major Robert W. Petzold, M.D., M.P.H., telephone (301) 671-2464.

Sincerely,

el C. Gaydo:f~P.D.
Colonel, Medical'Corps

Director, Occupational and
Environmental Heaith
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Memorandum

From

Subject:

William V. Loscutoff, Chief Date : September 6, 1984
Toxic Pollutants RBranch

Czlifornia Air ERssources Board Place : Sacramento

P.0. Box 2815

Sacramento, CA G3812

Department of Food and Agriculture

Response to Request for Information Relevant to DOHS Evaluation of Chromium as
a Candidate Toxic Air Contaminant

In response to your request, I am enclosing a copy of the print-out of references
in the Department of Food and Agriculture's Registration Library. Please be
advised that some of these references may be confidential access and as such may
211 under the Dspartment's policy on such matters, '

Ciqﬁ,;b-/fmnlrw

Loeri Johnston, Assistant Director
Pest Management, Environmental
Protection and Worker Safety
(916) 322-6315

Attachment

g

SURNAME ] t , ' ’ l
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HEUBACH INC
256 VANDERPOOL STREET
NEWARK. NEW JERSEY 07114

201-242-1800

September 24, 1984

Air Resources Board

1102 Q Street

P.0. Box 2815

Sacramento, CA 95812
ATTN: Mr. Peter Venturini

Dear Mr. Venturini:

We received through our California sales office a request
for information on Chromium. I suggest that this request be
directed to the Dry Color Manufacturers' Association who
should be in a position to provide you with comprehensive
information con health effects of chromium based pigments.
You may wish to address this request to:

Dry Color Manufacturers' Association

P.0O. Box 931

Alexandria, VA 22313

ATTN: Mr. J. Lawrence Robinson
Executive Vice President

I am sure this will enable you to get pertinent information
for your study.
Sincerely,
-9

\‘ - 7 ! .«

S ;
,vr J . /,
. Ellvitic -

P. A. Wriede
Vice President, R&D

PAW:mr <5>
cc: J. L. Robinson - DCMA ' AN
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Representing the Color Pigments Industry su;[gggﬁggﬁgeiggxgsm“%ggg':m

Mailing Address:
P.O. BOX 931, ALEXANDRIA. VA, 22313

December 20, 1984

William V. Loscutoff, Chief
Toxic Pollutants Branch

Re: Chromium

California Air Resources Board
P.0. Box 2815

Sacramento, California 95182

Dear Mr. Loscutoff:

The Dry Color Manufacturers' Association is pleased to provide you with
additional references as a result of your request of October 4 concerning
information regarding chromium.

The Dry Color Manufacturers' Association is an industry trade association
representing small, medium and large pigment color manufacturers throughout the
United States and Canada, accounting for approximately 95% of the production of
color pigments in this country. Foreign pigment manufacturers with sales in
the United States and Canada and suppliers of intermediates to the pigments
industry are also members of the Association. The Lead Chromate Committee of
the DCMA represents manufacturers of lead chromate pigments and the enclosed
comments are prepared by that committee, »

You will find enclosed a copy of a report entitled, "The Effect of a Range of
Chromium-Containing Materials on Rat Lung”, a study conducted by the University
of Aston in birmingham, England, sponsored by the DCMA and others. You will
note that this study indicates significant differences in different chromium
compounds. In particular, the solubiiity of chromium pigments is much lower
than other chromium compounds, and their impact on the environment is
significantly less.

Also enclosed is a paper entitled, "Mutagenicity of Chromium Compounds™ by F.
L. Petrilli and S. De Flora which appeared in the Proceedings of the Chronate
Symposium 1980. In that paper you will note the importance that the authors
place on threshold levels.

We trust that this information is of assistance to you. Should you have any
questions concerning lead chromate pigments, please feel free to call upon us.

Sincetrely,

L bl

J. Lawrence Robinson
Executive Vice President

Enclosures

DEC 2 7 1984
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Memorandum

© : Peter Rank, Director Date : October 3, 1984
Department of Health Services o
714 P Street Subject: Evaluation of

Sacramento 4 Chromium

I am writing to formally request that the Department
evaluate the health effects of chromium as a candidate toxic air
contaminant in accordance with Assembly Bill 1807 (Tanner).
According to Health and Safety Code Sections 39660-62, your
Department has ninety days to submit a written evaluation and
recommendations on the health effects of chromium to the Air
Resources Board and may request a thirty day extension.

Attached for your staff's consideration in evaluating
chromium are: Attachment I - a suggested list of topics that we
believe should be included in your chromium evaluation and
recommendations; Attachment II - a list cf references on chromium
health effects which were identified in an ARB letter of public
inquiry; Attachment III - additicnal references received from the
public in response to the inquiry letter; Attachment IV -
comments provided by Allied Chemical to EPA's Science Advisory
Board during SAB's deliberations on EPA's Health Assessment
Document for Chromium; and Attachment V - ambient chromium
concentration data and emission trends which should be used to
estimate the range of risk to California residents as required in
Health and Safety Code Section 39660(c).

My staff is available for consultation in conducting
this health effects evaluation. We look forward to continuing to
work closely with you and your staff in carrying out this
legislative mandate. If you have any further questions regarding
this matter, please contact me at 445-4383 or have your staff
contact Peter D. Venturini, Chief of the Stationary Source
Division, at 445-0650.

Attachments

cc: Gordon Duffy
Alex Kelter w/attachments
Raymond Neutra w/attachments
Peter D. Venturini
Assemblywoman Sally Tanner
Claire Berryhill
Emil Mrak, Chairman and Members

of the Scientific Review Panel



CHROMIUM:

III.

Attachment I

TOPICS TO BE INCLUDED IN FINAL STAFF REPORT ON CHROMIUM

CHEMICAL AND PHYSICAL PROPERTIES

A.
B.
C.
D.

Valence States
Chromium Containing Compounds
Environnental Transport

Industrial Uses

INHALATION TOXICOLOGY OF CHROMIUM

D.
E.

Occurence of Chromium in Particulate Matter
Deposition in the Lung

Defense Responses of the Lung

Inhibition of Normal Pulmonary Functions

Fibrogenic Potential of Chromium

CARCINOGENICITY (REVIEW ARTICLES: U.S. EPA, DRAFT DOCUMENT, 1983;
IARC, 1980)

A.

Human Evidence (Hayes, 1982; Norseth, 1981; Langard, 1983; and
Leonard and Lauwerys, 1980)
1. Epidemiologic studies of workers in the production of chromium
corpounds
a. Strong association between industrial exposure and
respiratory cancer
b. Undefined exposure levels
c. Exposure may include chromite ore, Cr(III) and Cr(VI)
compounds with various solubilites.
2. Epidemiologic studies of workers in the production and use of
chromium pigments
a. Some indication that workers in chromium pigment
production had increased respiratory cancer,
b. The risk associated with the use of such pigments and
products containing such pigments is less certain.
c. Major exposure is to Cr(VI) in compounds such as Tead and
zinc chromates.
3. Epidemiologic studies of workers in chrome plating industry
a. Data are inconclusive to determine the risk of respiratory
cancer
b.. Chromium oxides are the major exposure
4., Epidemiologic studies of workers in ferro-chromium industry
a. Some indication of increased lung cancers
b. Exposure to Cr(III), Cr{VI) compounds and possibly other
carcinogens such as asbestos and benzo(a)pyrene



B. Animal Evidence (Hayes, 1982; Norseth, 1981; Langard, 1983; and

Leonard and Lauwerys, 1980)

1. The carcinogenicity of different compounds containing chromium
has been studied in laboratory animal species through various
routes of exposure.

2. Sufficient evidence exists for Cr(VI) compounds in causing
cancer in animals--e.g., calcium chromate, strontium chromate
and zinc chromate.

3. Chromium (VI) compounds have been shown to be carcinogenic by
different routes of exposure--e.g., intrabronchial,
intrapleural, intramuscular implantation and subcutaneous
injection.

4. Both Cr(III) and Cr(VI) compounds have been ineffective in
producing Tung tumors in animals.

5. Cr(Ill) compounds have not been shown to be carcinogenic in
animals by oral administration.

IV. SHORT-TERM TESTS FOR GENOTOXICITY

IARC (1982) considered the evidence for the genotoxic activity of
hexavalent chromium to be sufficient and the evidence for trivalent chromium

to be inadequate.

The most recent review articles on the genotoxicity of chromium
compounds include those by: Levis and Bianchi (1982); Sirover (1981);
Hatherill (1981); and EPA (1983). The following outline on the genotoxicity
ot chromium compounds emphasizes articles published subsequent to the IARC
monograph review (1980) and complements the above-listed reviews, The outline
is not meant to be comprehensive. Representative articles in each category
are listed.

A. Gene Mutation or DHA Damage in Bacteria or Fungi
1. Gene Mutations - Hexavalent Chromium (Cr VI) was mutagenic in
several saimonella strains., Trivalent chromium (CrIlI) was
negative. (Bennicelli, et al., 1983; Petrilli and DeFlora,
1981.)
2. DNA Damage - Cr(VI) induced D!A damage as determined by
B. Subtilis rec repair assay. (Kada, et al., 1980.)

B. Gene Mutation or DNA Damage in Marmalian Cells (excluding human
cells)

1. Gene Mutation - Cr(VI) was mutagenic in V79 Chinese hamster
cells in culture (Paschin, et al., 1983; Newbold, et al.,
1979). Cr(III) was inactive in V79 cells (Newbold, et al.,
1979). : A

2. DHNA Damage - Cr{VI) induced DNA cross-links, strand breaks,
and DNA=protein cross links in chick embryo hepatocytes
(Tsapakos, et al., 1983). Rainaldi, et al. (1982) reported
that Cr(VI) induced sister chromatid exchanges in V79 cells in
vitro in a dose-dependent manner. _

C. DNA Damage in Human Cells
1. In vitro - Stella, et al. (1982) reported that Cr(VI) induced
Sister chromatid exchanges (SCE) in human lymphocytes in

culture in a dose-dependent manner. Cr(1I1) was inactive.

-2-



D.

E.

2. In vivo - Workers exposed to chromic acid (Cr[VI]) had
increased SCE's compared to unexposed controls (Sarto, et al.,

1982).

Chromosomal Effects
1. Stella, et al. (1982) reported significant increase in

chromatid-type aberrations (gaps and breaks) in human

1ym9hocytes in vitro at Cr(VI) concentrations above 2.5 x
10-/M. One hundred times more Cr(IlI) was required compared
to Cr(VI) to increase the frequency of chromosomal aberrations.
2. Sarto, et al. (1982) reported increased chromosomal aberrations
in workers exposed to chromic acid (Cr[VI]).

Other Short-Term Tests for Genetoxicity
1. Dominant Tethal assay - Cr(VI) was positive in mice.

a dose-dependent relationship (Knudsen, 1980).
2. Mouse spot test - Welding fumes and Cr(VI) were positive

There was

(Knudsen, 1980).
V. REPRODUCTIVE EFFECTS
A. Animal Studies
1. Teratogenesis:
Hethod of Oxidation
Species Administration State Author(s) Effects
a. Mice I1.P. Injection Cr(III) (Matsumoto, Fetal deaths
et al. 1976) exencephaly,
open eyelids,
cleft palate,
skeletal mal-
formations
b. Hamsters I.V. Injection Cr(VI) Gale, 1978) Fetal deaths,
cleft palate,
skeletal de-
fects
c. Hamsters I.V. Injection Cr(VI) Gale and Bunch, Fetal deaths,
(pregnant) days 7,8,9 1979) cleft palate
d. Mice/Blasto- In Vitro Cr(VI) Ijima, et al. Degeneration of
cysts & egg : 1983) Inner Cell
cylinders Mass, Pin No.
of S.C.E.'s,
J in develop-
ment and
crownrump
‘length
e. Mice I.P. Injection S!(cr (Ijima, et al. Neural tube
(pregnant) day 8 (I11)) 1983) defects



1. Teratogenesis (continued):

Species

HMethod of
Administration

Oxidation
State

Author(s)

Effects

f. Chicken
Eggs

g. Chick
Fibroblast

Air Sac Injec-
tion

In Vitro

2. Impaired Fertility

Species

Method of
Administration

Cr(VI)

Oxidation

State

(Gilano &
farano,
1979)

(Denker,
et al.,
13837

Author(s)

Skeletal Mal-
formations,
exencephaly
microphthalmia
evisceration/
decreased body
size

Inhibition of
cartilage for-
mation
(skeletal de-
fects)

Effects

a. Sea Urchin

b. Marine

Polychaete

c. Rabbit

Pre-treatment
of sperm
Gametes

2-Generation

Toxicity
Test

[P, 2 mg/kg

cr(VI)
Cr(lll)

Cr(vI)

Cr(II1)

Cr(II11),
or
Cr(Vl)

Pagano, et al.
1983)

Oshida & Word,
1982

Behari, 1978
(From Lee,
1983)

{,Ferti]izatio

No Malforma-
tion

J # of Off-
spring
Change in
Spawning Time

No Change

Yy Testicular
Succinic
dehydro-
genase

Y ATP-Ase

Multi-
nucleated
Germ Cells

Degeneration
of
Spermatocytes



VI.

VII.

B. Human Effects

1. Chromium levels in placentas and in maternal and fetal blood in
25 maternal-fetal sets from each of eight geographic areas in
the United States. Stable maternal-fetal chromium ratio
demo?strated in spite of geographic variation. (Creason, et al.
1976 T

2. Llack of relationship between levels of chromium in drinking
water in 48 local areas in South Wales and increased CKS
malformation rates. (Elwood, et al. 1974)

C. Discussion of Animal Data
1. Mechanism of Action - Maternal Toxicity
2. Effects on Fertility

D. Human Data (insufficient)
ACUTE TOXICITY (REVIEW ARTICLE: 1IARC, 23 (1980)

A. Cr(VI)
1. Fatal ingestion (1.5 - 6 g) causes hemorrhage in various organs,
shock and death :
Toxic to renal tubules and liver
. Corrosive to nasal septum
Contact sensitivity in the skin
Bronchial asthma and pulmonary edema
Irritation of mucus membranes (including conjunctivitis and
corneal injury and respiratory irritation)

- ) AT WR)
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Chromium metal is relatively necntoxic

C. Cr(III), Cr(1I)

1. Inhalation of insoluble chromite dust produces pneumoconiotic
changes consisting of thickening of interstitial tissue,
fibrosis and hyalinization of the lungs.

2. Inhalation of soluble chromic and chromous salts have produced
no established acute toxicity with the exception of dermatitis.

PHARMACOKINETICS
A. Absorption, Distribution and Excretion

Chromium is absorbed from the gastro-intestinal tract and the
airways of the lungs. Following inhalation exposure, it may deposit in
the pulmonary tissues. Chromium is excreted in the urine and also from
the ?I tract where biliary excretion plays an important role (Langard,
1982).

B. Hetabolism

Chromate, Cr(VI), is reduced in the cells of the body to produce
Cr(Ill). Molecules containing sulfhydryl groups easily reduce
chromate. Several proteins contain chromate-reductase activity. This
activity is found in the microsomes and mitochondria. (Connett and
Wetterhahn, 1983.)



VIII. RISK ASSESSMENT (REVIEW ARTICLES: U.S. EPA, CRAFT [1983];
IARC, VOL. 23 [1980]; AND SUPPLEMENT [1982])

A. Threshold Determination
1. Solubility of Compounds
2. Valence States
3. Route of Administration

B. Dose-response Assessment Based on:
1. Available Animal Data
2. Human Epidemiology and Monitoring
3. Horkplace Evidence

C. Range of Potential Risks
1. Study of Manusco (1975) - See EPA Draft
2. CAG Estimate
3. Population at Risk
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11.

12.

13.

14,

15.

Attachment Il

Chromium References (9/10/84)
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Mr. William V. Loscutoff
Chief

Toxic Pollutants Branch
Re: Chromium ' ‘ .
California Air Resources Board

P. 0. Box 2815

Sacramento, California 95812

Dear Mr. Loscutcif:

Re: Reguest for Information Regarding Chromium

We are enclosing cogies of comments provided last year to the EPA's
Science Advisory Board during their deliberations oa the EZPA's
Hezlth Assessment Document for Chromium. A number.of the specific
references mentioned in our comments were not -listeé in your
bibliography and should be reviewed. The concerns we expressed to
the EP2 should also apply to both ysur review a@nd that of <the
Department of Health Services.

Also enclosed is a copy of a lifetime intratrachezl injection study
in rats. A manuscript for publication related to this study is
currently in preparation ané will be forwarded when available.
Adcéitional studies on detoxificztion mechanisms for chromztes have -
zlsc bren completed and manuscripts are in prepzration. These
studies provide substantial additionzl support for a threshold
phenomenon for chromate carcinogeriesis and will alsc be forwarded
wnen available.

Please be Sure we are included in future mailings related %o
hromium.

a

:;\A' Hatchaway, M. D.
jap! r - Medical Services
Cihemical Sector -

&n AMUED Company

—
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i Allied Corporation
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Cg EELLE&:D Corporate Health,
Safety ang Environmental Sciences

P.C. Box 2332R
Momisiown, New Jersey 07360

October 28, 1983
Members, Science Advisory Board

Environmental Health Committee
U. S. Environmental Protection Agency

Reference: Health Assessment Document for Chromium,
Review Draft, EPA-600/8-83-014A

Allied Corporation is a major United States producer cf basic chromium
chemicals., In the very limited time available to us, we have tried to
review the above referenced document. We have identified numerous
areas where we disagree with the interpretztions, methods of analysis,
and/or conclusions expressed. 1In a few instances we have noted errors
in the factual infcrmation presented in the document, or omissions of
recent pertinent scientific papers related to chromium compounds. We
would like to stress that our review is limited in scope due to the
short time-frame allowed by the Environmental Protection Agency. We
were unable to review most of the references in their original form and
suspect that had more time been available, additional errors in fact or
interpretation would have been discovered.

in addition to our specific concerns noted below we would make the -
general observation that the document has internal inconsistencies
related to interpretation of scientific data. While we can appreciate
the difficulty of preparing a cohesive document of this size when
nurmerous authors are drafting different sections, we believe that it
was premature of the Environmental Protection Agency to present the
document to the Science Advisory Board in its present condition. It
would have seemed advisable for the Agency to reexamine the document
for editorial consistency as well as consider the comments of external
reviewers before submitting it to the Scientific Advisory Board. The
summary, which can be expected to be relied upon by the public and
regulatory agencies to a large degree, is particularly troublesome
inasmuch as the conclusions expressed therein are usually incomplete or
unrepresentative of important scientific studies and interpretations
discussed in the body of the report.

We do agree with one of the major conclusions of the report that there
is sufficient evidence for the carcinogenicity of calciun chromate,
streutium chromate and zinc chromate from animal studies and for
similar moderately insoluble chromates from epidemiology studies. But
we disagree with many other interpretations and conclusions. Of
particular concern is that both the qualitative and quantitative risk
assessments for all chromium compounds are unsuppcrted by the available
scientific data and clearly exaggerate the risk to human populations
exposed to low doses. We alsc believe that the scientific data supports
the conclusions that chromates do not pose a human teratogenic risk and
that trivalent chromium compounds are not mutagenic or carcinogenic in
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Review Draft, EPA-600/8-83-0Ql4A

man. In contrast the document, particularly the summary, implies that
the evidence is inconclusive on these issues. Our specific comments
will address these concerns as well as other issues in mcre detail.

1. Epidemiology Studies of Chromate Production Workers

Sixteen epidemiology studies of chromate manufacturing plants are
reviewed in the document (pages 7-36 to 7-55). While the studies
clearly demonstrate an increased risk of lung cancer associated
with work in these plants, the qualitative risks as discussed in
the summary on pages 7-64 and 7-65 implies a far greater risk than
actually exists for current workers. Relative risks quoted in the
summary are 29, 32, 23, and 38. These relative risks are from
studies with small sample sizes, inappropriate controls and/or
reflect studies performed in the 1940's or 1950's which included
workers whose exposures were primarily in the 1910-1930 time
frame. Unfortunately no mention is made in the summary of the
three studies of more contemporary cohorts. The three more
current studies discussed in the body of the EPA document
demonstrate much lower risks for workers initially hired from the
1940's to about 1960. For workers hired since 1960 two of the
three studier show no excess risk of lung cancer. All three
studies compared cohorts initially exposed during different time
periods corresponding to improvements in industrial hygiene or
modification of processes. The cohorts correspond to the
following time frames:

I Il 111
Leverkusen approx. '40-'48 '48-'57 '57-'79
Uerdingen approx. '40-'48 '48-"'63 '63-'79
Eaglescliff * '49-'60 + '49-'60 '61~'77
(only) {or later)
Baltimore 145-"49 '50-1'59 '60-'74

* 1949-1960 cohort includes workers hired after 1949 with no
exposure after 1960. + 1949-1960 includes workers hired during
this period but who also worked after 196l. All other cohorts in
this Table include workers hired exclusively during the indicated
time periods.
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The results of the studies are summarized below:

SMR

Time Frame

Author Country Location I II III

Kerallus, et al. W. Germany

Leverkusen 2.76 2.60 0.96

Uerdingen 2.85 ‘1.97 0.54
alderscon, et al. Great Britain

Eaglescliff 3.03 2.03 1.87
Hzyes, et al United States

Baltimore

Short-term 1.8 l.8 No Cases

Long-term 3.0 3.4 No Cases

When the three studies are considered together there is a clear
trend showing a decreasing risk for more recently hired cohorts.
The rates even for workers initially hired in the 1940's and 1950's
are much improved over those gquoted in older studies whether one
looks at the relative risks of 20-30 or the SMR of 8.5 observed by
Taylor (page 7-44) using more modern epidemiology methods. Rates
- for workers hired since about 1960 are even more favorable and
excess risks may have been eliminated in the German and United
States plants studied.

The authors of the document noted that the favorable trends within
each study are not statistically significant but the identical
trend in all three studies should be considered strongly suggestive
of a substantial decrease if not eliminaticn of excess lung cancer
risk in these plants. Another argument raised by the authors is
that the amount of time that has passed since 1960 may be an
insufficient latent period for lung cancer in chromate production
workers. We concur that this is a possibility; however, in

-3-
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reviewing several older epidemiclcgy studies the authors noted a
higher relative risk for lung cancer in workers less than 45 years
of age compared to clder workers. This situation clearly does not
exist in the cohorts first hired since 1960 since many of these
individuals would now be approaching age 45 even if hired at age
20. It is our opinion that even though the risk of lung cancer has
not been proven to have been eliminated in these workers, it is
certainly markedly reduced from early time periods. This
conclusion should be adeguately addressed in both the body of the
document and its summary.

Quantitative Risk Assessment

Allied Corporation strongly disagrees with both the methodology
used in making the quantitative risk assessment as well as the
final result. Based on animal studies and mutagenisity tasts we
believe the lifetime estimate_of cancer of 1.2 x 10 for
continuous exposure to 1 ug/m”~ of chromium is overestimated by
several orders of magnitude or even more probably that there is no
risk whatsoever at that level of exposure. Our opinion is based on
the following points, several of which we understand will be
discussed in even more detail by the Industrial Health Foundation's
Chromium Chemicals Environmental Health and Safety Committee.

@ The one-hit model used by the EPA to estimate risk
is inappropriate.

f- Any of the commonly discussed mathematical models,
including the one-hit model, used to estimate low
dose exposures to carcinogens are designed for
systemic acting carcinogens. Since carcinogenic
effec-s for chromates are a local phenomenon, none
of these models are appropriate for gquantitative
risk assessment. ‘

® The EPA did not seriously consider the substantial
amount of pharmacokinetic information on chromates
that support the concept of a threshold for
carcinogenesis.
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©

(a)

All chromium compounds, regardless of valence or
solubility, were inappropriately considered of
equivalent toxicity in calculating the guantitative
risk assessment.

The exposure levels used from the Mancuso
epidemiology study to develop risk estimates were
too low.

Comparisons to real-life exposures to chromium
compounds demonstrate that the guantitative risk

estimate does not reflect reality.

One~-Hit Model

The use of this model appears to follow ocutmoded peolicy
and outdated methodology rather than current scientific
judgment. One would have expected a more balanced
presentation on this issue in pages 7-66 and 7-67. There
is insufficient discussion of arguments against the ocne-
hit model. Further discussion on the substantial
controversies that exist in selection of mathematical
models to predict low exposure cancer risks, should be
made in the document.

In fact, there are numerous articles that make significant
points against the blind political use of the one-hit
model in scientific risk assessment. few of these
include:

(1) Final Report of the Scientific
Committee of the Food Safety Council,
June 1980, Food Safety Council, 1725 X
Street, N.W., Washington, DC 20000.

(2) Ryzin, J.V., Quantitative Risk
Assessment, Journal of Occupationzl
Medicine, 22:321-326, 1980.




Ocrtober 28, 1983

Members, Science Advisory Board
Environmental Health Committee
U. S§. Environmental Protection Agency

Health Assessment Document for Chromium,
Review Draft, EPA-600/8-83-014A

(b}

(3) Park, C.N. and R.D. Snee, Quantitative
Risk Assessment: State-Of-The-Art for
Carcinogenecis. Fundamental and

ppoolied Toxicology, 3:310-333, 1963,

In addition, there are several articles in the January-
February 1981 issue of Fundamental and Applied Toxicology
that discuss the ED study performed at the National
Center for Toxicology Research which was referenced on
page 7-67 in support of using a one-hit model. These
articles clearly point out the inappropriateness of the
one-hit model as it relates to exposure to
2-aczetylaminofluorene and bladder cancer. W%When time to
tumor considerations are applied the one-hit model is also
not supported by the data on liver cancer, contrary to the
claim made in the EPA's draft document.

Inaporopriateness of Mathematical Models in Predicting Low
Dose Risks from Chromate Exposures

Cr.romates have been shown in animal or epidemiology
studies to only produce tumors at the site of initial
contaci; that is, at implant sites cr respiratory tract
surfaces. Despite numerous animal experiments, no tumors
have been seen at distant sites. Mathematical models
implicitly assume random and even distribution of dose to
the animal or man. This is simply not the case with
chromates. The animal chromate inhalation versus implant
studies reinforce this point when lung carncer is
manifested in the latter and not the former. Any risk
assessment that works with averge exposures or time-
weighted average exposures based on samples with extreme
variations in time and space, cannot be expected to give
reliable risk extrapolation estimates. This point will
become clearer when the exposures in the Mancusoc study and
similar industrial hygiene experience at Allied's
Baltimore Plant is discussed later.
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(c) Pharmacokinetic Data on Chromates

Contrary to the statement on page 5-22, there is a
substantial amount of informztion on the pharmacckinetics
of chromate metabolism. In addition to the numerous
studies referenced in the document, the following should
be added:

Petrilli, F. L. and S§. DeFlora,
Interpretations on Chromium Mutagenicity and
Carcinogenicity in Mutagens In Our
Environment, pages 453-464, Alan R. Liss,
Inc., 150 Fifth Ave., New York, NY 10011,
1982.

. This information, along with the results of a recently
completed life-time intratracheal injection study (to be
provided with the submission from the Industrial Health
Foundation's Chromium Chemicals Environmental Health and
Safety Committee), provide substantial evidence for a
threshold for mutagenic and carcinogenic responses to
chromate exposure.

Hexavalent chromates can be effectively reduced to the
much less toxic and nonmutagenic (in vivo and using whole
cells in vitro) trivalent chromium. This reduction takes
place rapidly in the skin, saliva, gastric Jjuice, red
blood cells, and liver. Chromate can also be reduced by
compounds normally present in cytoplasm such as ascorbic
acid and reduced glutathione. Lung cells can also reduce
chromates to a small degree and with repeat exposures this
reduction is enhanced in a2 manner suggestive of enzyme
induction.

The knowledge of these pharmacokinetic mechanisms provides
understanding to the observations that chromates do not
produce cancers at distant sites and do not enter fetal
tissues from reasonable routes of maternal exposure. This
kxnowledge and the further observation that it is difficult
to produce tumors in the respiratory tracts of animals
unless material is held directly in contact with tissue
(intratracheal implantation) or by large dose bolus
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(&)

administration (Industrial Health Foundation Study)
provides good evidence ¢f a threshold effect for chromate
carcinogenesis.

Sclubility and Valence State

The EPA document does not differentiate between different
forms of chromium compounds in its quantitative rzisk’
assessment. This is acknowledged to be inappropriate but
is justified by lack of separate exposure infortation on
hexavalent chromates. It is our copinion that this
justification is unsupportable scientifically. 1If there
is insufficiesnt information to make a guantitative risk
assessment because of lack of exposure informaticn, this
fact should have simply been acknowledged and no attempt
at risk assessment should have been made. 1In fact, as
previously discussed, there are ample additionzl reasons
fer not performing the risk assessment using mat.ematical
models and certainly for not using the one-hit model.

The numerous references on trivalent chromium throughout
the document provide sufficient information to c<onclude
that trivalent chromium is not a carcinogen or mutagen.
This is in contrast to the statema2nt in the docurent that
the data on these effects relative to trivalent chromium
are inconclusive. 1In fact, studies on trivalent chrecaium
have consistently shown a lack of carcinogenic actiwvity
and lack of mutagenic activity. While sczme interaction cf
trivalent chromium with DNA has been demonstrated, these
have been in artificial cell extracts. W®henever whole
organism including yeast and bacteria have been used the
results have been negative. The inability cf trivaleat
chromium to penetrate cell membranes has been clearly
established by the studies cited in the draft document.
This fact, coupled with the lack of mutagenic activity in
vitre and the negative results in carcinogenicity studies,
should logically lead to the conclusion that trivalent
chromium compounds do not pose a carcinogenic or mutagenic
risk to humans.
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(e}

Solubility ccnsiderations are discussed in the document,
it is even stated that the authors believe some chromates
dc pose greater carcinogenic risk than others. In general
they express agreement that intermediately scluble
ccmpounds such as calcium, strontium, ané zinc chromates
pose a greater carcinogenic risk than aguecusly soluble
materials. It seems totally inappropriate to us t¢o then
lump all chromium compounds, regardless of solubility or
valence cstatement, into one category for risk assessment.
Any result ¢f such an assessment can only yield
scientifically invalid results. We are not persuaded by
the authors' arguments attempting to justify their
approach (see pages 7-69 and7-70). We see no reason to
perform a risk assessment at all if one knows the results
will be invalid.

Exposure levels used in Quantitative Risgk Assessment

The exposure levels used in the draft document are based
on those presented in Mancuso's 1975 paper, which are in
turn based on levels reported by Bourne and Yee in their
1950 paper. Although it is difficult to be absolutely
certain, a careful review of Mancuso's reported exposure
levels strongly suggests they were based on Figures 1-4
from the Bourne and Yee study. The exposure levels
reported in these figures represent time-weighted average
exposures for nine different departments under "normal
operating conditions." It appears that no consideration
was given to reported exposures under maintenance and
repair conditions even though such work occurred very
frequently. Thirty percent of the workforce was reported
2s maintenance workers and their time~weighted average
raximum expogures as reported in Tableg 5 varied from 0.13
to 5.67 mg/m~ with most over 1.0 mg/m . The minimum
exposures also listed in this table are relzted to “normal
operating conditions” and are similar to Figures 1-4.
Bourne anéd Yee state that "it was observed huge volumes of
dust were gererated during the repair and cleaning of dust
collectors, [and] process eguipment or building structure
{was) overlaid with an accumulation of dust." &Any risk
assessment that does not consider these frecuent
excursions of much higher exposures will grossly
exaggerate the estimated risk from chromate sxposure.
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Experience at Allied's Baltimore Plant in 1947, when over
2,500 industrial hygiene samples were taken, also supports
our belief that exposures were much higher than estimated
by Mancuso. The plant he studied in 1949 was similar in
operation to ours and we believe exposures were similar.
We suspect that even the "normal coperating levels"”
reported by Bourne and Yee represent ideal conditions at
the plant during visits by inspectors from the State of
Ohio Health Department.

If the data collected in the first half of 1949 and
reported by Bourne and Yee and Mancuso were similar in
nature to that collected by Allied in 1947, no reasonably
representative low dose risk estimates can be derived
using simple models derived for average exposure. Based
on samples taken at the Allied plant cver a 12 month
period in 1947, monthly average samples from 39 areas
ranged from 0.01 to 50.0 mg/m  hexavalent chromium
expresseg as CrO,. The yearly average of all locations was
0.9 mg/m . Individual samples show an even greater
spread. _Also, yearly area averages ranged from Q.03 to
6.8 mg/m” hexavalent chrome as CrO_, revealing large
location differences of a factor o% more than 200 fold.
Representative exposures are difficult, if not impossible,
to derive from such data because of the order of magnitude
differences in average levels. We believe similar
variations occurred at the plant studies by Mancuso and
that the real exposures also varied in a similar manner.
The extremely high levels of variation in workplace
chromium levels and the enormously high exposure (often
over 10.0 mg/m”) that existed at many glant locations in
the late 1940's dramatize the serious problems in
developing meaningful low dose risk extrapolations from
average chromium levels that do not realistically
represent actual exposures.

Besides the problem of extreme variation, there is a
problem of data representativeness over time. The data
that was collected in the first half of 1949 by Bourne and
Yee and that has subsegquently been used in the EPA's
chromium risk assessment estimates, cannot be considered

-10 -
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epresentative of exposures for employees followed between
1231 and 1974 in the Mancuso study. curne and Yee peoint
out such deficiencies and limitations cf the data in
paragraphs 4 and 5 of their paper. Any risk assessment
model developed from such data is ignoring the fact that
the data represents only a half year ir a forty-three year
follow-up period (1931-1974) and hence assumes conditions
were "static". The static assumption is also presumed
when using these types of models since there is a long lag
time between dose (chromium exposure) ané response
(respiratory cancer). If the dose is not constant
throughout the period then a lag relationship needs to be
considered. Otherwise a biased or distcrted relationship
between dose and response can result. In the case of
chromium exposures in the workplace, the assumption of
constancy of dosage is probably the least supportable
assumption that can be made.

{£) Comparison of Predicted Risks to Real-Life Situations

While the authors of the draft document caution on pace
7-70 that the quantitative risk assessrent should be only
used for certain chromium compounds, the fact that it is
derived without regard to solubility or valence
considerations will undoubtedly leave cthers to apply it
to all forms of chromium. _The inappropriateness of the
predicsed risk of 1.2 x 10 at continuous exposure to

1 ug/m” for develcping cancer can be illustrated by the
following two examples.

The first example is normal ingestion of chromium in the
diet which is estimated by the Natiocnal Academy of
Sciences (NAS, 198C) to be 62 ug/day in fosd and 17 uc/day
in drinking water for a total of 7% ug/dav.. This comgares
to an intake of about 20 ug/day at 1.0 ug/m” if one
assumes the chromium is 100 percent respirgble and totally
retained and that air exchange ejuals 20 m /day. Frorm
this normal dietary intake about five p=rcent of the
population ought to develop lung cancer as a result of
this exposure according to the guantitative risk
assessment. If this were valid, most of the lung cancer
in the United States could be attributed to chromium
ingestion. Obviously, this is not the czse as numerous

-11 -
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epidemioclogy studies linking cigarette smoking and lung
cancer have clearly demonstrated. The only conclusion gne
can reach is that the es<timated risk crediczed by the EPA
model does not represent reality ancé should, therefore, be
cisregarded.

The second example involves a study in a Swedish County
with two communities heavily polluted with chromium
compounds from ferro-alloy industries. (Before discussing
the article in detail, we would like £o comment that it
seems incredible that the EPA authors would cx=it such an
epidemiology study from its consideraticn, zarticularly in
a document developed for use by the 0ffice of Air Quality
Planning and Stendards). The citation for <this study is:

Axelsson,G. and R.Rylander,
Environmental Chromium Dust anc Lung
Cancer Mortality, Environmental
Research, 23:46%-476, 1980.

Two ferro-alloy industries are situated in the County
studied. Chromium air levels are reported as 0.1 to 0.4
ug/m”, which is 50-100 times higher than most other rural
areas in Sweden. The plants started operations in 1912
and 1913. The quoted exposures refer to 1976-1979, and
one could speculate that past exposures were likely to
have been even higher since air pollution ccutrol has
received considerable recent attention in Sweden.

If one assumes that the average exposure was (.25 ug/m3
for the communities studied then about C.3% of the
pocpulaticn would be expected to suffer lung cancer as a
result of the air pollution using the results of the EPA
risk assessment estimate. While this amsunt of lung
cancer risk in males may not be enough to be statistically
discernible, it should have caused at least a 50% increase
over control groups for females. Such an increase was not
seen, casting serious doubt on the credibility of the risk
estimate. The study concluded that there was no excess
risk of lung cancer in the twd ccmmunities with higher
levels of airborne peollution frem chromiurm compeunds.

-12-
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It is our opinion that risk estimates which do not conform
to reality should be disregarded. Such is the case with
the risk estimated for chromium in the draft document.

Errors in Airborne Chromium Levels Reported for Baltimore

The airborne chromium levels reported for Baltimore in the summary
on page 2-2 and on pages 3-21 to 3-23 are in error. Copies of the
1977 and 1979 Maryland State Yearly Air Quality Dz<a Reports,
prepared by the State Department of Health and Mental Hygiene, are
attached so that the actual levels can be verified.

In fact, the maximum observed value is not 2.48 ug/m3, ag reported
in the draft document for 1977, but is rather 0.247 ug/m .. The
arithmetic average is actually 0.035 ug/m” not C.1368 ug/m”, as
reported in the draft document. For 1979 the dzta are also
incorrect gith a maximum value of 0.31 ug/m” (onz value of

0.650 ug/m” was disregarded according to procedures specified by
the Maryland Health Department when there was only one sample in a
quargerly reporting period) and an arithmetic average of 0.0468
ug/m” . These levels are more in line with reports from other
communities; however, in view of the errors noted for Baltimore,
the EPA authors should review the reported resul<s for all
locations to verify their accuracy.

Allied's Epidemiology Experience

This discussion supplements comments made previously in paragraphs
#1. and #2.e concerning results of epidemioclogy studies and
exposure measurements at Allied's Baltimore facili<y. Allied's
epidemiclogy experience since a major process change in 1961 (a new
chromic acid plant) shows no significant excess of rsspiratory
cancer among production workers who were first hired after this
date. One case of respiratory cancer has been reported in this
cohort and 1 to 2 cases would have been expected bzsed on Baltimore
City cancer incidence rates. Although five to ten more years of
follow-up are desired to improve the power of the stztistical test,
there is no evidence of excess risk in the Allied rroduction
workers whose initial employment at the chromium facility accurred
in the past 21-3/4 years based upon the Hayes et al. study on these
workers through mid-1977 and our review of Company records on
active employees and retirees through September 19&3.

- 13-
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Major process changes in 1951 (a new btichromate plant) and in 1961
(a new continucus chromic acid plant) have led to significant
reductions in the average and peak chromium exposures at the Allied
plant. These reductions correlate with noc apparent respiratory
cancer excess risk in production workers hired after 1961.

From samples collected in 19261 ang 1952, the plant average level
was estimated to be .07 mg CrO./M° or a factor of at least 10 below
<he levels in 1947. The area averages ranged from .0l to .5 mg
CrO,/M". These were followed by further reductions to an average
of 102 mg CrO_/M” as evidenced in 1968 and also in the period
1976-1978. Area average readigqs typically ranged from
nondetectable to .14 mg CrO_./M  in the_,years 1976-1978. During
this period, the value of .I mg CrO.,/M° was only exceeded on the
average in 4 of the 154 sampling areéas (3%) where the worker
density per workday was approximately 1l person for the four areas
combined or .3% of the workforce. This contrasts with 30 c¢f 39
sampling areas (77%) exceeding .1l mg C:O3/M during 1947.

As seen above, over the past three and one half decades major
changes have occurred in the average chromium exposure levels as
well as in the size and number of extreme exposures.

In addition to the changes in dust levels of chromates, we believe
the changes in the Chromic Acid Plant in 1961 may have had a major
effect on the excess risk of lung cancer that previously was
associated with work in that area. Both internal Company
observations as well as the Hayes study identified the End Products
area as having the highest lung cancer risk. Chromic acid is
manufactured in this area and is sometimes referred to in our
comments as the Chromic Acid Plant.

Prior to 1961, chromic acid was produced in batches. Thnis methed
of production was accompanied by the production and evolution of
large but unguantified levels of chromyl chloride in the workgplace.
Contamination of Soda Ash by salt used in the roasting of chromite
ore resulted in chloride contamination of procduct streams. The
chromate streams with the greatest contamination of chloride were
directed to the Chromic Acid Plant where the chloride was removed
essentially by boiling it off as chromyl chloride.

- 14 -
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We speculate that chromyl chloride may have been the major factor
for the observed greater risk of lung cancer among workers in the
old (pre-1961) Chromic Acid Plant. Since chromyl chloride was
present as a vapor it might well be able to more easily penetrate
the non-dividing iayer of epithelial cells lining the lower
respiratory tract than other chromates and once in contact with
dividing cells exert a carcinogenic action. Another possibility is
that chromyl chloride might have a carcinogenic action independent
of the fact that it is a hexavalent chromium compound. In the
attached article on the Chemistry of Chromyl Compounds by W. H.
Hartford and M. Davrin, reaction of chromyl chioride with organic
compounds resulting in chlorinated adducts is described. 1If such
reactions occurred within DNA molecules a carcinogenic mechanism
different from that of other chromates is possible.

Changes in the chromic acid manufacturing plant in 1961 eliminated
chromyl chloride exposures. As previously discussed in paragraph
#1 and earlier in this paragraph, no excess lung cancer has been
observed at our Baltimore Plant since this time.

Systemic Toxicity of Chromates

Discussion of this subject on pages 7-1 and 7-~140 to 7-143 4o not
cover the known acute toxicity of chromates very well. Acute renal
failure is the predominant finding following either accidental
ingestion or cutaneous exposure to chromates (typically in
conjunction with a thermal or acid burn). A few recent literature
citations are provided so the authors of the document may improve
this section.

(a) Schiffl, H., P. Weidmann, M. Weiss, and S. G.
Massry, Dialysis Treatment of Acute Chremium
Intoxication and Comparative Efficacy of Peritoneal
versus Hemodialysis in Chromium Removal, Mineral
Electrolyte Metabolism, 7: 28-35, 1982.
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(b) Ellis, E.N., B. H. Brounhard, R. E. Lyrnch, E. B. Dawson, R.
Tisdell, M. M. Nichols, F. Ramirez, Effects of
Hemodialysis and Dimercaprol in Acute Dichrcmate
Poisening. J. Toxicol: Clin Toxicol 13: 24%-25€,

1982.

(¢) Leonard, L.G., J. J. Scheulen, A.M. Munster, Chemical
Burns: Effects of Prompt First Aid. The Jourrnal of
Trauma, 22: 420-423, 1982.

(d) XKorallus, U. C., Harzdorf, and J. Lewalter, The
Experimental Bases for Ascorbic Acid Therzpy of
Poisoning by Hexavalent Chromium Compourds.
International Archieves of Occupational and
Environmental Health (in press) - prepuklication
copy attached.

In addition to the above references, Allied's Departmant of
Toxicology has recently completed an animal study demonstrating the
efficacy of ascorbic acid in the treatment of acute dichromate
exposures.

Acute accidental exposures to chromates can produce serious and
sometimes fatal kidney failure. Conversely there does not appear
to be a similar chronic effect. Mortality studies have not
identified chronic renal disease, nor has renal damage been seen in
lifetime carcinogenesis animal bicassays. Clinical testing of
employee groups has also not demonstrated chronic reral problems.
This has been Allied’'s experience in its medical examinations and
is the result reported in the paper by Satoh et al.

Epidemiology Study of Ferrochromium Industry

The remarks on page 7-64 of the document referring to a study of
ferrochromium industry employees in Sweden by Axelsson et al (1980)
are an incorrect interpretation of the data reviewed on page 7-63.
Although the negative results of this study are correctly reported
by the EPA authors, their comment that “"because oi the confounding
due to smoking and exposure to asbestos, no definite conclusions
can be drawn from this study." is incorrect. 1In fact, any
confounding from these two variables was in the direction of an
increased risk of lung cancer among exposed workers. TRis type cf
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confounding in a negative study only strengthens the conclusion
that there was no association between work in the Swedish
ferrochromium industry and lung cancer.

The subsequent comment in the summary on paces 7-€4 and 7-65, that
two studies of the ferrcchromium industry reporzed en increased
risk of lung cancer mortality is obviously inaccurate.

Summagz

Allied Corporation would hope that this document would receive
extensive and careful revision before approval by the EPA's
Scientific Advisory Board. Errors in fact, and editorial
inconeistencies need to be corrected. The review of the literature
needs to be expanded in many areas -- a number c¢f citations are
provided in ocur comments €0 assist with this effort. The views
expressed by Allied as well as those of the Industrial Health
Foundation's Chromium Chemicals Environmen<al Healt:h and Safety
Committee need to be seriocusly addressed, particularly as they
relate to interpretation of epidemiclogy studies ané the
inappropriateness of mathematical models to zssess low exposure
cancer risks. Finally, the results of the Industrial Health
Foundation's lifetime intratracheal study needs to be considered
along with more recent mutagenicity studies that provide
substantial evidence for a threshcld of chromate carcinogenicity.

. A. Hathaway, M. D.
Director-Medical Services
Chemical Sector
Allied Corpcration

JAH/hmw
Enclosures
CC: Distribution List
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Diamond Shamrock . T.R. Evans Research Center

October 5, 1983

Project Officer for Chromium

Environmental Criteria and Assessment Office (MD-52)
U.S. Environmental Protection Agency

Research Triangle Park, N.C. 27711

Dear Sir:

The Chromium Chemicals Environmental Health and Safety Committee of
International Health Foundation appreciates the opportunity to comment on
the draft Health Assessment Document for Chromium (EPA 600/ 8-83-014A
July 1983). The time period allowed for review of the document has
limited our initial comments to the Summary and Conclusions Section, and
the Cancer Assessment Croup estimated lifetime cancer risk. We feel the
Summary and Conclusions Section will be widely read and will be the basis
for decisions made concerning possible chrome regulations at the Federal
and local levels. The estimated lifetime cancer risk will also be an
important factor in possible regulatory action; therefore these sections
have been the major focal point of our present review. Although a
line-by-line critique was not possible at this time, the committee will
submit further comments and additional information in the future. Ve
have requested an extension of the comment period so as to permit input
from studies just completed and to allow time for comments from European
members of the committee.

Our conclusion is that studies of the chrome industry and recent animal

studies show that exposure to high levels of chromium are of concern to
human health, but ambient levels of chromium do not pose a concern for

human health or the environment. Further, the data does not support the
theory of linear extrapolation from high to low levels of exposure, thus

the assessment of carcinogenic risk is inappropriate as applied to
chrome.

2. Summary and Conclusions

Ceneral: The Summary and Conclusions section ineffectively summarizes

the main text of the document and the section does not present any
conclusions. The organization of the total document is poor in that

certain sections and even subsections of the main body contain summaries
and conclusions, the contents of which are not represented in this

overall Summary and Conclusions section. The organization of the head-
ings in this section does not follow the main document and makes little

sense.

For example: 2.3 Biological Significance and Adverse
Health Effects of Chromium
2.5 Human Health Risk Assessment of Chromium

Diamond Shamrock Corporation PO 2cx 348 Fznesville, Ohio 44077 Phone 216 357-3000
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It would seem that the risk assessment should be a sub-part of the
biological significance. :

References to material discussed are given in some paragraphs and not In
others.

2.1 Background Information

The text should indicate that Cr (0) as well as Cr (III) and Cr (VI)
states are the most stable. The word anthropogenic is good and cor-
rectly used in the document but it would be clearer to refer to man made
sources,

2.2 Analysis of Chromium

X-ray fluorescence is only able to analyze large amounts of chrome in
compounds and would not be useful for environmental analysis.

The section should include the colormetric method using diphenylcarba-
zide. This method is widely used by industry. The method is accurate
and precise at levels of 10 ppb and greater,

2.3 Blolegical Significance and Adverse Health tffects of Chromium

2.3.1 Chromium Pharmacokinetics: This subsection offers little in
understanding chrome absorption, metabolism and excretion. The discus-
sion does not even indicate, as does the main body of the report, that
inhalation is an important route of exposure to chromium compounds. The
background information on particulate inhalation is inappropriate for a
summary section. Speculation should not be included in a summary section
such as:

"Reduction of Cr (VI) to CR (III) appears to
occur rapidly in biological systems, while the
mechanism and kinetics are not completely
understood.”

2.3.2 Subcellular and Cellular Aspects of Chromium Toxicity: The docu-
ment should avoid the use of jargon, such as "critical levels" without an
explanation. The paragraph on mutagenicity neither summarizes the
studies completed nor offers any understanding of valence state or
solubility as factors in the conduct and interpretation of the results.
It is doubtful that one looking for a summary of mutagenicity or geno-
toxicity would find the material under this organization.

2.3.3 Systemic Toxicity of Chromium: Adds nothing to the understanding
of this topic.
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2.3.3.1 Animal Data: To use the words ingestion/orally and soluble CR
(VI) solutions/chromium salts in one sentence does not aid the reader,
even a technically astute one, to gain an understanding of what the
document is trying to say.

"Ingestion of soluble Cr (VI) solutions can
cause local irritation but, generally chromium
salts are relatively non-toxic when adminis-
tered orally."”

The main body of the document (7-2) states:

"Kidney effects are the primary result of
acute exposure to chromium by various routes."

The summary section states:

"Acute exposure (intraperitoneal) result in
kidney failure, liver, heart and brain
micropathology." '

It would appear that the understanding of the experiments in demonstrat-
ing the kidney as a target organ for acute chrome toxicity was lost on
the individuals summarizing the document.

2.3.4 Chromium Carcinogenesis: This section can be easily summarized by
stating as in the second sentence:

"Animal studies have provided sufficient
evidence for the carcinogenicity of the
following Cr (VI) compounds calcium chromate,
stroncium chromate and zinc chromate.”

Speculation about other forms of Cr (VI) and unfounded statements on
solubility modification of carcinogenicity does not have a place in a
summary.

Many statements in this section could be omitted, but one sentence in
particular should be deleted.

"Cr (VI) is mutagenic in multiple tests while
the data for Cr (III) is inconclusive."

To attempt to bring a one sentence discussion of chromium mutagenicity
into the section on carcinogenicity shows a naive understanding of
proposed genotoxic mechanisms as they may apply to metals.

It is interesting to note the many references to IARC criteria (3 times
in this section). If EPA is accepting this criteria for evaluation of a
chemicals carcinogenicity, then I think it should be stated and applied
to all chemicals.
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2.3.5 Dermatological Aspects of Chromium: The section should point out
that adherence to personal hygiene practices have been shown to reduce
the industrial incidences of ulceration and have in general eliminated
chrome dermatitis.

2.4 Human Biological Monitoring: The section should clearly differ-
entiate environmental measurements from those taken in industrial set-
tings.

2.5.1 Chromium in Blood: Reintroduces points included in the pharmaco-
kinetics section but in a much more positive manner.

Section 2.3.1 "Chromium may be absorbed via
the skin, lungs or gastrointestinal tract."

Section 2.4.1 "Chromium 1s absorbed through
both the respiratory tract and gastrointes-
tinal tract."

2.4.2 Chromium in Urine; 2.4.3 Chromium in Human Hair: These sections
present data but do not summarize or offer a conclusion. The presenta-
tion of values without any discussion or indication of meaning is not
placing the information in perspective.

2.5 Human Health Risk Assessment of Chromium

2.5.1 Health Effects Summary: If the CAG estimated lifetime cancer risk
is to be included in this document the uncertainties, as discussec in the
main body 7-77 and 7-82, must be included in the summary section.

2.5.2 Populations at Risk: This section offers nothing to be included in
a Summary Section.

The Summary and Conclusions section is a very important part of the
Health Assessment Document. The section must represent the main body of
the document and the conclusions must be well founded in the data and
must be clearly stated. The present section does not represent the main
body of the report (for example no mention of teratology or other repro-
ductive effects), fails to include conclusions and should be redone.
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RISK ASSESSMENT

The Industrial Health Foundation's Chromium Chemicals Committee has
sponsored the conduct of an extensive program of toxicology studies on
chromates during the past five years, including studies to develop
therapies and first aid treatment for the nephrotoxicity of accidental
poisonings and studies to characterize the acute toxicity, mutagenicity,
and carcinogenicity of chromium compounds. These last two sets of
studies have, of course, direct bearing on the question of a risk assess-
ment for chromium,

The entire issue of a risk assessment for chromium as presented in the
Health Assessment Document is one which requires extensive review and
revision. The model used for the risk assessment and the data to which
this model was applied are open to numerous questions. The agency
document itself, on pages 7-44 and 7-44a, states that both the data and
conclusions of Mancuso (the basis for the risk estimate which is pre-
sented) are of limited value, particularly in that the exposures are not
well characterized. HNew information now available from the IHF studies
may provide a better data base on which to base a risk assessment.

The final report and a manuscript for publication on the carcinogenicity
study are in the final stages of review., These describe the results of a
carcinogenesis bioassay of sodium bichromate and calcium chromate,
administered intratrachially in solution form. Benzopyrene and dimethyl-
carbamoyl chloride were included as positive controls. Intratracheal
administration provided direct exposure to the lungs. Separate groups of
rats were dosed with calcium chromate or sodium dichromate at lifetime
total dose levels approximating one half the present TLV, three and
fourteen times the present TLV. To test the effect of concentration,
each total dose was administered to one group of animals either once per
week or as a divided dose to a different group of animals five times per
week. The method of administration, in a single bolus, resulted %n peak
concentrations delivered to the target tissue approximately 10° times
what would be expected from continuous exposure by inhalation. Even at
the highest tolerated doses, the frequency of tumor formation was low
compared to the positive controls; no tumors were observed within the
first 27 months of chrome administration; there was excellent survival,
and none of the tumors, which were small, caused the death of the test
animals.

Significant tumor incidences were observed only in the lungs of the
highest dosage once-per-week groups and in the positive controls, there
being no lung tumors in negative control animals. The same amount
administered five days per week did not produce any tumors. Hence, at
the maximum tolerated dose (1.25 mg/kg administered once per week),
tumorigenic effect is related to peak concentration of repeated doses

. rather than the total administered dose.

This study strongly supports the conclusion that there is a no-effect
level for chromate carcinogenesis, based on multiple physiological and
biochemical defense mechanisms. It also helps explain the prcgress which
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has been made over the past 35 years within the chromate-producing
industry in control of lung cancer by asdvanced enanincering and process
improvements, and the lack of credible evidence of abnormal lung cancer
risk in consuming Industries other than pigment manufacture.

Mutagenicity testing (Ames Test) has indicated that Cr (VI) compounds had
a similar mutagenic potency. Cr (VI) elicited both frameshift errors and
basepairs substitions in S. tvphimurium. Cr (III) compounds were nega-
tive in Ames Tests. Cr (VI) mutagenicity was decreased by S9 fractions
from various tissues through NADPH - requiring pathways reducing Cr (VI)
to Cr (III). The findings may contribute to interpret carcinogenicity
data; for example, reduction of Cr (VI) to Cr (III) by gastric juice is
consistent with the lack of carcinogenicity following ingestion of
chromates (Cr VI). Also the reversal of Cr (VI) mutagenicity by ery-
throcyte lysates is consistent with Cr (VI) detoxification in the blood
and supports the finding of tumors only at implant sites. Since Cr (III)
is trapped by cytoplasmic ligands, this may also indicate an intracellu-
lar detoxication mechanism; that is, a barrier affecting the ability of
Cr (VI) to enter the nucleus and then to interact with DNA (probably as
Cr III). ,

In view of this information, the following points about the risk assess-
ment presented in the agency's document need to be addressed.

1) Chromium is an .essential dietary component for man, with an estimat-
ed adequate and safe intake (EASI) and recommended daily allowance
(RDA) of 200 micrograms per day. The level gf intake for which the
agency is here proposing a risk of 1.2 x 107" of cancer is only 10%
of this EASI/RDA.

2) The linear extrapolation model wutilized, and in fact, any pure
linear model is inappropriate. The model is not one o the agency's
"standard" models and even though used by the agency for arsenic, it
is not a generally accepted total body burden model.

3) Further the model wused projects a risk based on total chromium
exposure, not on exposure to hexavalent chromium. Hexavalent
chromium is now generally accepted to be the source of concern. The
extensive mutagenicity data base developed under the sponsorship of
the IHF also supports the view that it is hexavalent chromium, at
high local concentrations, which must be viewed with concern.

4) The original data base the agency's estimates are based on is not
accurate. The base does not differentiate in exposures between the
different valence states of chromium, just as importantly, it does
not in any manrer account or allow for the episodic high exposures
of workers to chromium which did occurzin the older plants. The
resulting predicted risk of 1.2 x 10°° incidences of cancer per
ug/m~ of total chromium is contrary to observed lung cancer inci-
dence levels.
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5) One microgram of chromium per cubic meter of air equals 20 ug/day in
the average man, or a total of approximately 300 ug per year and
about 36.5 mg over the course of fifty years. In a seventy kilogram
“standard" man this amounts to 0.521 mg/kg. The high dose in the
final intratracheal study "as equivalent to 541.7 mg/kg over the
course of the study, or 10° times greater total exposure. Fifty
years at the EASI is equivalent to 52.14 mg/kg, or 10" times greater
exposure. The cobserved results from either of these situations,
occurring as doses distributed over the couse of a life time, do not

correspond at all to what the model purposed in this document would
predict.

6) Using the background levels of chromium in urban areas presented in
the document, one would expect matching variations in the lung
cancer rates. The variation in mean chromium levels (page 3-4) are

30 fold, vet no corresponding variations in lung cancer incidence
has been reported.

7) Based on total body burdens of chromium and using the IHF rat
carcinogenicity study, one would expect a cancer rate in the high
dose, once a week exposure group (the worst case from the intra-
tracheal study) some 10-20 times higher than was found. In addi-
tion, one wculd expect significantly greater tumor incidence levels
in all of the groups in the study. Every group would have been
expected to show & significant incidence of tumors.

In summary, based on the IHF rat study data, and other recent epidemi-
ology data (Franchini, et al, Scand J Work Environ Health 9 (1983)
247-252) a linear model is inappropriate. However, using the EPA linear
model with the IHF rat data (1x per week) an upper bound risk of approxi-
mately 6.75 x 10 ° was calculated. An appropriate model should not
however be based on total chromium but rather cn hexavalent chromium.

Members of the Chromium Chemicals Environmental Health and Safety Commit-
tee would like to expand on the points of concern with the HAD as indi-
cated in this letter and further would like to share the data of the
several studies recently completed. Copies of completed reports will be
submitted to the project officer by the end of 1953. The Committee would
be prepared to present and discuss the results of these reports and other

new data with appropriate agency people as soon as a meeting can be
arranged.

Sincerely,

2)44%4L— /77~C%Db~fﬂ1, &2{"231
3

David M. Serrone, Ph.D.

for the Chromium Chemicals

Environmental Health and

Safety Committee

DMS/d1g/9.13
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ATTACHMENT ¥

Ambient Chromjum Concentrations and
Emission Trends

. -

Data from the U.S. EPA's National Aerometric Data Bank show mean '
concentrations of total chromium between O (below detectable 1imit) and 29.9
ng/m3, with €8 percent (59 of 87) of the means falling above 4 ng/m3.

This data represents total particulate chromium 50 um and smailer collected
from ambient air at sites throughout California from 1965 to 1983,

Data on total chromium in particulate matter 10 um and smaller, collected
at ten sites throughout the state by the ARB in 1983 and 1984, show mean
concentrations of chromium from 1.6 to 14.9 ng/m3. t most (7 of 8) of _the
urban sites, mean chromium concentrations fell between 3.0 and 4.2-ng/mS.

The contribution of the various uses of chromium compounds in California
to the presence of chromium in the ambient air is currently being investigated
by ARB staff, Chromium compounds are used in chrome plating, refractory brick
production, glass manufacture, wood preservatives, paint pigments, and cooling
towers as anticorrosion agents. Other potential sources of chromium in air
are emissions from fuel combustion, sewage sludge incineration, refractory
brick wear from the glass, cement and secondary steel production furnaces, and
entrainment of chromite-bearing sobil.

hationzl consumption of chromium has decreased steadily due to continued
weak demand for steel and reduced need for refractory materials. Whether this
trend is reflected in California is uncertain; primary steel production
facilities do not exist in this state.

——————— -
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State of California . Department of Health Services

‘Memorandum

> : James D. Boyd bote : FEB 2 5 1985
Executive Office :
Air Resources Board Subject: Health Effects
1102 Q Street Chromium (CR)
B-4 )
A 7/>;" ,a/- (Ct"'g“'*fh"
From : Office of the Director o
714 P Sireet, Room 1253 v

B-1248

Atiached is the document prepared in response to your memo requesting the
assistance of the Department of Health Services in evaluating the health

effects of chromium (CR).
1 w -~
i::;1ey Cubanski

Director
Attachment

cc: C. Berryhill
G. Duffy
Assemblywcman Tanner
P. Venturini



State of California Department of Health Services

Memorandum

To : William V. Loscutoff, Chief Date : September 18, 1985
Toxics Pollutants Branch
Air Resources Board Subject : Chromium Health
1102 Q Street Evaluation Document
B-4

From :  pyblic Health
8/1253 5-2927

Attached please find the revised chromium health evaluation document to be
sent to the Science Review Panel.

/ o
o ( . i

/o~ : 4 . . -
- o~ 5 RN ;T o o

Maridee Gregory, M.D.
Acting Deputy Director

Attachment



APPENDIX C
DISCUSSION OF EMISSION ESTIMATES

1.  Chrome Plating Emissions

A. Emission Factors

Emission factors were derived based on data presented in the Naval
Shipyard Study,l/ from information provided by industry representatives, and
using certain assumptions.

Emission factors were calculated as follows:

Emfac = E./S, (1)
Where:
Emfac = Emission factor, 1b/hr. ft.2
Ei = Emission rate of the ith tank, 1b/hr.
S = Surface area of the ith tank, ft.2

Emission rate of the it tank is calculated according to equation 2 below:

n
E5 = Ep * (Sj(é% (ijjD * f (2)
]=
Where:
ET = Total emission rate for each test, 1b/hr.
f = Fractional current density applied in the ith tank, unitless (for

hard chrome, f,i = 1.0, for decorative, fi = 0.4},

For uncontrolled emission factors, emission rates, Ei's were calculated
from the emission rates at the inlet of the scrubber.. The emission rates at
the outlet of the scrubber were used to calculate the controlled emission
factors.

The emission rates and resulting emission factors are shown in the table

below:
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Emission Rate, Et

Emission Factors (1b/hr.ft2

(1b./hr) Decorative Hard
Test-Run Inlet Qutlet Uncontrolled Controlled Unceontrolled Controlled
4-1 0.0674 0.00316 2.05x10-4 .60x10-6 5.12x10-4 2.40x10-5
4-2 0.0338 0.00534 1.03x10-4 1.62x10-5 2.56x10-4 4.05x10-5
4-3 0.171  0.00215 5.20x10-4 6.53x10-0 1.30x16-3 1.64x10-5
4-4 0.0639 0.00592 1.94x10-4 1.80x10-%  4.85x10-4 4.50x10-5
Ave. 0.0840 0.00414 2.56x10-4 1.26x10-5  6.37x10-4 3.15x10-5
sd 0.0599 0.00178 1.82x10-4 5.41x10-6 4.54x10-4 1.35x10-5

B. Estimates of Emissions

An average size chromic acid tank used in chrome plating has been
estimated by an industry association representative to be about 1,000 gallons
with the dimensions of 12 feet long, 4 feet wide and 3 feet deep;g/ The
number of these tanks used by each company is estimated to range from at least

one, to four. The Long Beach Naval Shipyard has four chrome plating tanks and

was assumed to have the most number of chromic acid tanks per plater. For
calculation purposes, it was assumed that the platers used an average of 1.5
tanks for chrome plating.

Using the estimated number of chrome platers (400 platers) in California

3/

and an industry association estimate~’ that three-fourths of chromium used

for plating is used for for hard chrome, and one-fourth for decorative chrome,

the surface area, S's are calculated as follows:

Average surface area per plater = 1.5 tanks (12'x4') = 72 ft2

Hard chrome:

2

s = (400 platers)(3/4)(72 ftZ/plater) = 21,600 ft

Hard

Decorative chrome:

= 2 - 2
Specorative - (400 platers)(1/4)(72 ft/plater) = 7,200 ft
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Emissions were calculated assuming that on the average chrome plating is
done 8 hours per day, 250 days per year. Emissions from chrome platers are
tabulated below:

Hexavalent Chromium
Emissions (tons/year)

Controlled Uncontroiled
Hard Chrome 0.68 13.8
Decorative Chrome 0.09 1.8
Total 0.77 15.6

NOTE: The controlled emissions were calculated based on an average scrubber
efficiency of 92 percent as reported in the Naval Shipyard Studyl The
figures presented here for controlled emissions represent estimates based on
technically achievable control efficiencies, and not on control efficiencies
observed in the industry. On the average, we would expect lower than 92
percent control efficiency for typical wet scrubbers.

2. Cooling Towers Emissions

Chromium emissions from cooling towers were estimatea using two sources
of information. Method 1 is based on a survey conducted by SAI§/ on
emissions from cooling towers in California. Method 2 is based on information
from a Radian reportﬂ/ on the national population exposure to ambient
chromium emissions. Both methods divide cooling towers into two groups,
industrial and those associated with electrical power plants (utilities).
This division is maintained in the following summary of methods used to
calculate chromium emissions.

Where upper and lower estimates are given, the lower estimate was

determined by using the lowest reported values for each parameter in an

equation and the highest reported value was used for the upper estimate.
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Method 1:

Based on an SAI reporté/, equation (1) was used to estimate chromium
emission from cooling towers. The fraction of cooling towers using chromates,
the concentration of chromium in the cooling tower water and the circulating

water flow rate were determine from a survey of utilities and industry.

Cr. Ems = Cy *F * Q * Df * C¢p (3)
Where:
Cr. Ems = tons per year
Cs = units conversion factor (0.563 ton/min/year. M3)
F = fraction of cooling towers using chromates
Q = Circulating water flowrate in cubic meters per minute
Df = Fraction of circulating water lost to the atmopshere (drift
fraction)
Cer = Weight fraction of chromium in circulating water in parts per

million

To calculate the conversion factor, it was assumed that cooling towers
operated 24 hours per day, 355 days per year. Ten days were allowed for
maintenance or holiday stoppage. The drift losses, Df, reported ranged from

-5 to 10’4 gallons lost per gallon of circulating water. The

10
concentration of chromium in the circulating water varied from 15.5 ppm to
16.1 ppm by weight. The fraction of all cooling towers, F, reported to be
using chromates was 0.191. Using the above values, equation (1) can be

simplified to yield the following equations for lower and upper estimates:

1.67 x 1075 (4)

Lower estimate Cr. Ems

Upper estimate Cr. Ems = 1.73 x 10-4 q (5)
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The average circulating water flow rate was different for industrial and
utilities cooling towers and was determined separately as follows:

a) Utility Cooling Towers

The total circulating water flow rate was estimated to be 7,670
M3/minute for cooling towers associated with electrical power plants in
Ca]iforniafé/ This does not include the Geysers, Magnolia, Olive or the
Grayson plants (chromium emissions of these plants are negligible as
calculated by Rogozen). Using equations (2) and (3), the contribution of
chromium emissions from utility cooling towers is estimated to range from 0.12
ton to 1.3 tons per year.

b) Industrial Cooling Towers

SAI estimated that there are between 674 and 1,887 cooling towers in use
in California. Of this total, it was reported that 392 towers had a total
circulation rate of 2,960C M3/min or an average circulation rate of 7.55
M3/min tower.éf Using the average circulation rate and the estimates for
the number of towers in California, upper and lower estimates for the total
amount of water circulating in towers, Q, can be calculated.

7.55 M3/min tower (874 tower) = 6600 M>/min

Lower estimate Q]

Upper Estimate Q 7.55 M3/min tower (1,887 tower) = 14250 M3/m1n

u

Substituting the appropriate values into equations (2) and (3) gives a
range of estimates emissions from 0.11 ton to 2.5 tons per year of chromium
for industrial cooling towers. Adding the upper and lower estimates for both
utilities and industrial towers gives the following estimate for the total

emission rate:



Lower Upper

Estimate Estimate Average
Utilities 0.12 1.3 0.7
Industrial 0.1 2.5 1.3
Total Chromium Emissions 0.23 3.8 2.0
(tons/year)
Method 2:

This method uses estimates from a Radian reporti/ on chromium emissions
from cooling towers and some values from the SAI report. Equation (6) was

used to calculate chromium emissions.

Cr Ems = C, * F * D * Cep (6)
Where:
C2 = Units concersion factor (4.2 x 1077 ton/gallon)
F = The fraction of cooling towers using chromates
D, = The amount of water lost to drift
CCr = The concentration by weight of chromium in the circulating water

Because the Radian report estimated emissions nationwide, equation (6)
was changed to include a correction factor for the number of towers in
California compared to the nation. It was assumed the fraction of towers in
California was the same as the fraction of the population in California.
Thus, equation (5) was used for the California estimates.

(7)

- x* * *
Cr. Ems C2 F Fp Dw * CCr

Where:

F = The fraction of the population in California
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The fraction of the population in California is approxiately 0.10. The
fraction of cooling towers using chromate, F, was taken from Method 1.
Because the chromium concentration, CCr’ usea in the Radian report was not
specific to the measured concentration in California cooling towers, an
average of chromium concentration of 15.8 ppm from method 1 was used in the
method 2 equation. The water lost to drift nationwide in 1983 was estimated
to be 1.436 x 109 gallons per year for industry and 2.656 x 109 gallons
per year for utilities. Using the above values in equation (7) gives:

Industry estimate:

Cr. Ems (4.2 x 1072 ton/gal)(0.10)(0.191)(1.436 x 10° gal/yr)
(15.8 ppm)

1.8 tons/year

Utilities estimate:

(4.2 x 1077 ton/gal)(0.10)(0.191)(2.65 x 10° gal/yr)

Cr. Ems

(15.8 ppm)

3.4 tons/year

The Radian reporti/

also included a second estimate for the water lost
from utility cooling towers. This second method estimates the drift based on
the amount of water needed for cooling per kilo-watt-hour of power produced.
The estimate for Dw from this approach is 5.83 x 109 gallons per year
nationwide.

Using equation 5 the estimates for utility emissions is

9

(Cr. Ems = (4.2 x 10”0 ton/gal)(0.10)(0.191)(5.83 x 10° gal/yr)

(15.8 ppm)

7.4 tons/year
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Using the two estimates for utility emissions, an upper and lower

estimate can be determined.

Lower Upper
Estimate Estimate Average
Utilities 1.8 1.8 1.8
Industrial 3.4 7.4 5.4
Hexavalent Chromium 5.2 9,2 7.2

Emissions (tons/year)

Because there was no reason to select either method 1 or 2 as the "best"
estimate, results from both methods were used for the report.

The estimate for the average chromium emissions from cooling towers was
the average of the methods 1 and 2 estimate or (2.0 + 7.2)/2 = 4,6 tons/year.
The possible upper and lower estimates were taken to be the highest and the
lowest estimate determined by either method or 0.23 tons per year from method
one and 9.2 tons per year from method two.

3. Waste Incineration Emissions

Chromium emission factors are usually presented as a weight percent of
the particulate matter (PM) emissions. The chromium content of PM is highly
dependent on the amount of chromium in the waste being burned. Unfortunately,
the chromium content of waste is usually not known and an average emission
factor has to be applied to the PM emissions.

A review of six reports indicates that the percent chromium in PM
emissions can range from 0.017 percent to 0.13 percent with an average for
refuse and/or slude incinerators of 0.058 percent,éll&§lgill/ The total PM
emissions form refuse/sludge incineration in 1981 was estimated to be 126.2

tons .—]—0-/
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Using the above numbers, the estimates for chromium emissions are:

Lower estimate Cr. Ems = (0.017)(126.2 tons) = 0.021 tons/year
100

Upper estimate Cr. Ems = (0.13)(126.2 tons) = 0.16 tons/year
100

Average Cr. Ems = (0.058)(126.2 tons) = 0.074 tons/year

]

4, Residual 0il1 Combustion:

In 1981, 85.5 million barrels of residual oil were burned within
California which resulted in an estimate of 18,300 tons of particulate matter
(PM) being released to the atmosphere. Of this oil use, the electric utility
industry consumed for 45.0 million barrels and released 9,000 tons of PM
emissions.lg/

In 1983, electric utilities in California consumed 10.4 million barrels
of residual oillg/ which are estimated to emit 2,080 tons of PM,

A1l other sections, except electric utilities, are estimated to consume
38.8 million barrels of residual oil and emit §,730 tons of PML&/; the total
California consumption of residual oil and its PM emissions in 1983 would be
49,2 million barrels (10.4 MMbbl + 38.8 MMbbl) and 10,800 tons (8,730 tons +
2,080 tons) of PM emissions, respectively.

Chromium emissions based on residual oil combustion are estimates as
follow:

Cr Ems = (8.47 x 106 tons/yr)(1.2 x 103 1b.Cr/ton 0i1)15/
(ton/2,000 1b) = 5.1 tons
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In another method, chromium emissions are calculated as a fraction of PM
emissions. The emission factor was calculated based on tests using #6 fuel
0i1. The calculation is presented below:

3

Cr Ems =(10,800 tons PM/yr)(1.85 x 10"~ ton Cr/ton PM)lé/

= 20 tons
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4.1

4.2

4.3

.4.4

Procedure for the Sampling and Analysis
of

Atmospheric Total Chromium, Lead, Manganese and Nickel

Method 105

Introduction

This procedure describes a method of sampling and analyzing
atmospheric concentrations of total chromium (Cr), lead (Pb),
manganese (Mn) and nickel (Ni).

Normal concentrat1ons of total chromium usua11y are about
0.007 ug/M lead usua]ly is about 0.2 ug/M3; manganese is about
0.01 pg/M3 and nickel is about 0.005 ug/M3.

With a sample volume of 24 cubic meterg the Tower detectable
1imit for Cr, Mn, and Ni 1s 0.002 ug/M°, while the lower detectable
1imit for Pb is 0.005 ug/M3.

Me thod

A low-volume sampler is used to collect ambient suspended
particulates containing total chromium, lead, manganese and nickel
in air parcels.

A measured volume of air passes through a Teflon filter where
particulates are collected.

The procedure and apparatus for low-volume sampling is descr1bed
in Appendix C, "Procedure for Lo-Volume Sampling."

The Teflon filter is removed from the sampler and returned to the
laboratory for elemental measurement by X-ray fluorescence (XRF)
analysis:

The sample is irradiated with X-rays, which knock out inner-shell
electrons.

When the inner-shell vacancies are filled by valence electrons,
the excess energy may be released in the form of (fluorescent)
X-rays whose energies are characteristic of the atom from which
they originate.

Both the number and characteristic atomic energies of the fluorescent

X-rays are measured by a solid-state detector.

The XRF simultaneously measures concentrations of most elements,
including Cr, Pb, Mn, and Ni, at the nanogram to microgram level.

D-2
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Aggaratus

3.1 The XRF analyzer consists of the following:

3.1.1 A sample holder which contains an X-ray tube, detector, preamplifier
and liquid nitrogen trap.

3.1.2 Amplifier

3.1.3 Multichannel analyzer

3.1.4 Buffer unit

3.1.5 Calculator with printer

3.1.6 The buffer unit and calculator can be replaced by a computer.
3.1.7 A separate unit houses the X-ray tube power supply and control.

3.2 Figure 3.2 is a block diagram of the instrumentation employed. The
detector is sold-state, lithium-drifted silicon. Its resolution is
about 150 electron volt (eV) full width half maximum (FWHM) at an
X-ray energy of 2.3 KeV; its resolution decreases with increasing
X-ray energy. The multichannel analyzer sorts the pulses from the
amplifier into channels according to the energy of the pulse, which
is proportional to the energy of its parent X-ray. It may be used
to process the spectrumina number of ways. The buffer stores
pulses from the analyzer and feeds them into the calculator at an
acceptable rate. The calculator is programmable; its program
substracts the background of the raw spectrum, removes contributions
from secondary X-rays, calculates net atmospheric concentrations and
sends them to the printer.

Procedure

4.1 The sample is placed in the X-ray sample holder where a molybdenum
X-ray tube irradiates the sample.

4.2 The resulting fluorescent X-rays are detected and converted into
electrical pulses, amplified, and sent into a multi-channel analyzer.

4.3 After a scan is completed, the pulses are converted intoc elemental
concentrations of Cr, Pb, Mn, and Ni and the results are typed out
automatically on the printer.

Calculations

5.1 Elemental concentrations are obtained assuming a proportionality
between net counts and concentration; the proportionality constant
is obtained from calibration standards, staored in cassette types
and entered into the Tektronix 31 calculator.

5.2 ~ The standards are thin films obtained from umatter Company or dried
solutions on filters obtained from Columbia Scientific Industries.

D-3
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5.3

6.1

6.2

Fluorescent count rates from these standards are proportional
to elemental concentrations of Cr, Pb, Mn and Ni expressed in
micrograms per cm<.

Critiques and Comments

Molybdenum L X-rays were chosen to maximize count rates from
elements which fluoresced in the region between 5 and 12 KeV,
particularly manganese and lead. The molybdenum L X-rays near
the sulfur K region were absorbed using two thicknesses of
Whatman 41 filter paper.

X-ray fluorescence analysis is a rapid, non-destructive analytical
method.
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DRAFT

DRAFT
ADDLUGE
METHOD FOR THE SPECIATION AND ANALYSIS OF

HEXAVALENT CHROMIUM AT AMBIENT ATMOSPHERIC LEVELS

SCOPE

Tnis document describes the cetermination of chromium +6 in aqueous media
after sampling anbient air. The metnod has been ;ai]ored to concentra-
tions which would be expected in ambient air. Although the procedure
described is known to conplex other metal icns, the procedure has not been

validated for any metal species otner than nexavalent chromium.

SUMMARY OF METHOD

If sampling is performed by aqueous impinger, the water may be treated
directly. If sampling by low volume filter, tne filter is adaed to 100 ml
of water and the complexation procedure carrieg out in the presence of the

filter.

The aqueous solution is buffered to pH 7/ an< an aqueous solution of APDC
added. After mixing, the solution is filtereg through a aisposable
cartriage containing C]d-bonded silica gel. Tne complex is absorbed

onto the gel. The water, remaining ions, &nd uncumplexea APDC are passed
through into a filtering flask and discardea. The absorbed Cr+6-complex
is desorbea with acetone, the acetone evapcrated, and ihe resultant

residue diluted to 1.U nl witn 10% nitric &zic 1n water.
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This solution is then analyzed by flameless atcmic absorption spectro-

photometry (FAAS) for chromium.

3. LIMITATIONS AND INTERFERENCES

3.1 The concentration ranges expected for Cr+6é in ambient air (1-5
ng/m3) require that extreme care must be taken to insure that
glassware and reagents do not contribute to the measured levels.

Blanks must be analyzed with every batch of samples.

3.2 Trivalent chromium at levels ten times the Cr+6 concentration does
not interfere in the method. I;on (Fe+3) does not interfere, except
that excess ferric ion will compete with Cr<6 for available complex-
ing agent. This effect has been minimized by performing tne
complexation step at pH 7. The other metals known to form APDC

complexes at pH 7 (copper and cobalt) co not occur at sufficiently

high levels to deplete the complexing agent.
3.3 Matrix effects have been reduced or eliminated by the extraction of
the complex into an organic solvent and matching the final aqueous

diluent to the 10% nitric acid solution used for diluting standards.

4. APPARATUS

4.1 Varian liodel 375 Atomic Absorption Spectrophotometer equipped with a

CRA-S0 flameless accessory and strip chart recorder,



4.2

4.3

4.4

5.1

5.2

5.3

5.4

5.5

DIRART

Vacuum filtering apparatus equipped wit~ Sep-Pak (g cartridge

adaptor and teflon tubing.
micro-Snyder concentrator, 5 ml capacity.
Sep-Pak cartridge: Waters Assoc. #519iu. Prepare cartridge for use

by first filtering 5 ml cf methanol througn it, then washing with 10

ml distilled water,

REAGENTS

Nitric acid, Ultrex grade,

Stock standard, 250 mg/1: Dissolve 141.4 mg K2Cr207 in 10%
nitric acid solution and dilute to 200 =1 in a volumetric flask, 1

nl = 0.25 mg Cr+6.

Intermediate standard, 0.5 mg/1: Diluze 100 ul of the stock standard
in 50 ml of 10% nitric acid in a volumstric flask. 1 ml = 0.5 ug

Cr+6.
iorking standard: Dilute 2.0, 4.0, &.<, 12.0 ml in 100 ml of 10%
nitric acid. These correspond to 10 nz/ml, 20 ng/ml, 4U ng/ml, and

60 ng/ml Cr+6. Prepare working standa-ds daily.

Buffer, pH 7: 0.05 N KH2P04/NaOH buffzr, Fisner Scientific.
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5.6 APDC solution: Dissolve 3 gms ammonium pyrrolidine dithiocarbamate
in 100 m1 distilled water. Filter the solution through a glass fiber
to remove the insoluble sediment. The resultant solution will be a
clear yellow. Filter entire 100 ml through a prepared Sep-Pak C]B

cartridge. The resultant solution will be coloriless.

INSTRUMENT CALIBRATION

6.1 Prepare instrument for the flameless analysis of chromium. Insure

that the carbon tube is properly aligned.

6.2 Inject 10 ul of 10% nitric acid solution. Start CRA-9U heating
cycle. Auto zero the data system using this value. The absorbance

value should be no more than 0.005.

6.3 Inject 10 ul of 60 ng/ml standard. After the analysis, calibrate the

data system to 60 ng/ml. Repeat Step £.2 to insure that the system

reads 0.0,

6.4 Inject 10 ul of 60 ng/ml standard twice more. Recalipbrate if values

differ from 60 ng/ml by more than +15%.

6.5 Inject 10 ul of 40 ng/ml, 2V ng/ml, and 10 ng/ml standards in
triplicate. Determine the least squares‘fit of the resultant data;

the analysis must result in a slope of 1.U0 + 15%. This calibration

procedure must be performed weekly.
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6.6 The blank and vl ng/ml standard must be analyzed at least every ten

samples.

SAMPLE ANALYSIS

7.1 If the sample has been taken using a 37 mm glass fiber or teflon
filter, place the filter in a 125 ml glass stoppered flask, add 100
m! deionized water, 2 ml of pH 7 buffer, and 1 ml of APDC solution.

Place on horizontal shaker for 30 minutes.

7.2 1f sample has been collected in a liquid impinger, add 2 m1/100 ml
solution pH 7 buffer; mix well, and then add 1 m1/100 ml solution

APDC solution. Mix well.
7.3 Aspirate aqueous solution through a prepared Sep-Pak C]B cartridge.

7.4 Using a 10 ml syringe, desorb the trapped Cr+6-APDC complex with 5 ml

acetone directly into a micro-Snyder concentrator.

7.5 Using a hot water bath (more than 80°C), concentrate the acetone
solution to dryness. Note: There will be a small liquid residual,
mostly residual water. As much acetone must be removed as possible,

since it causes problems during the analysis step.

7.6 Wnhile hot, add 0.1 ml concentrated Ultrex nitric acid (2 drops); let

cool.
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7.7 Add deionized water to the micro-Snyder receiver and quantitatively

transfer the solution to a 1.0 ml1 volumetric flask. Dilute to 1.0 ml.

7.8 Inject 10 ul of the concentrate in triplicate for analysis using the

calibrated FAAS system.

7.9 Record tne analysis results on the strip chart trace with identifying
laboratory identification number and di];tions, if any. Record
results and calculations in the AAS laboratory workbook. Record the
calculated concentration in nanograms/m3 on the laboratory data

sheet. The concentration may be calculated as follows:

Concentration Found, ng/ml

Chromium +6, ng/m3 =
Volume Sampled, m°

x Dilution Factor

8. METHOD VALIDATION

8.1 The calibration curve from 10 ng/ml to 60 ng/ml was constructed. The

results of this procedure are shown in Table I.

8.2 Deionized water was spixed with 20 ng, 40 ng, and 50 ng Cr+6. The

analysis was pertformed using this method with the following results:

Spike, ng Recovered*, ng % Recovery* RSD, %*
20 14 70 17
40 37 92 6.5
50 48 Y6 11

* RQesults of three spike sample analyses.
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8.3 Field spike studies have not yet been performed, results to be

submitted at a later date.

TABLE 1
Chromium +6 by Flameless Atomic Absorption

Results of Standard Analysis

Concentration {ng/ml) Average Recovery, ng/ml RSD**, %
10 8.9 25
20 24.4 6.6
40 39.0 , , 3.2
60 (calibration) 60 1.2

** Relative Standard Deviation, n = 4
Correlation Coefficient: U.Y94
Slope: 0.978
Intercept: 1.2 ng/mil
LoD: (i + 3¢) = 2.1 ng/m1 (0.2} ng/m3, 10 m3 sample, but may be higher

due to sample media contamination).
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Chromium 1is a substance that <can exist as several>different chemicel
species. The trivalent form (Cr(III)) and the hexavalent form (Cr(VI))
are believed to be the bioclogically active species, but their health iz-
pacts are mnot 1dentical, in part because Cr(VI) readily penetrates
biological membranes while Cr(III) generally does not. Cr(III) is an es-
sential trace element while Cr(VI) compounds aré associated with cancer

induction.

Exposure to chromium in occupational settings has resulted in nasal ssp-
tum perforation, respiratory irritation, and skin reactions. However, a:=
current ambient chromium levels, no acute or noncarcinogenic chronic ad-
verse health effects, with the possible excepticn of adverse reprocductive
effects, are expected to occur. Chromium has demonstrated adverse
reproductive effects, including teratogenesis in animals. However, ex-
perimental data are inadequate to assess potential human reproductive

risks from ambient exposures

Genotoxicity tests, animal cancer bioassays, and epidemiologic stucies
provide evidence for a carcinogenic response to chromium exposure. All
short-term assays vreported show that Cr(VI) compounds possess genotoxic
capabilities, while tests of Cr(III) compounds are generally negative or
generate positive results at much higher doses than those used in Cr(VI)
tests. Animal studies show similar findings with respect to cancer &s

the outcome, i.e., the evidence for the carcinogenicity of Cr(III) :s



weak, but several hexavalent chromium compounds have demonstrated statis-
o
tically significant increases in cancer incidence‘ rétes. Yo direct
inhalation animal studies have,resulted in statistic;lly significant in-
creases in tumor incidence. Rather, the evidence from animal studies
supports carcinogenesis at the site of contact. Several epidemiologic
studies have shown a strong high association between chromium exposure in
the workplace and respiratory cancer. However, these studies were not
designed, mnor in general did their authors attempt, to systematically

identify noncarcinogenic adverse health effects or link the increased

cancer mortality to a specific form of chromium.

In reviewing the health information on chromium, the Internationzl Agenc:

for Research on Cancer (IARC) has concluded that there is sufficien=

gvidence to demonstrate the carcinogenicity of chromium in both enimzls

and _humans. The Department of Health Services (DHS) concurs with these
findings and believes, at this time, that there are inadequate data to

confirm or refute the carcinogenic potential of trivalent chromium. 1In

addition, the DHS has not found compelling evidence demonstrating the ex-
istence of a threshold with respect to chromium carcinogenesis.

The staff of DHS recommends adopting the risk assessment performed by the
Environmental Protection Agency (EPA), in which a linear nonthreshoid
model was applied to the epidemiologic study (Mancuso, 1975) judged to be
most methodologically sound and to contain the best exposure data to
derive dose-response curves for hexavalent chromium. Data froz anical
studies were judged to be inadequate for quantitative risk assessment bx

the staff of DHS.



One of the strengths of the DHS risk assessment is its reliance on huxman
4
airborne exposures, which obviates uncertainty related,to extrapolation
between species and from noninhalation routes of exp;;ure. In addition,
the wuse of a 1linear nonthreshold extrapolation model yields risk es-
timates that are public health protective. Conversely, there are
limitations in the epidemiologic data which create uncertainty in the
risk assessment. Uncertainty enters the risk assessment by virtue of ex-
trapolating from high occupational exposure levels to low ambient levels,
the reliance on imprecise historical exposure levels ;s the basis for es-
timating potency, the lack of data differentiating between chromiuc

oxidation states and compound specificity, and the lack of control for

potential confounding factors (e.g., cigarette smoking).

However, making certain assumptions, it is possible to describe dose-
response curves for hexavalent chromium. Based on the results derived
from application of the linear nonthreshold model and the Mancuso data,

the staff of DHS recommends that the Air Resources Board consider the

increased lifetime carcinogenic risk from a continuous lifetime exposure

to hexavalent chromium as falling in the range of 12 to 146 cancer cases

per nanogram hexavalent chromium per cubic meter of air per million

people exposed (12-146 cancers(ng[m3(million2. This range is illustrated

in Figure A, where the solid line represents the curve based on the EPaA
assessment using total chromium as the exposure,. the dotted line is based
on the EPA assessment adjusting for the hexavalent chromium fraction of
the exposure, and the dashed line was generated by taking the upper limi:

of the 95% confidence interval for carcinogenic risk due to chromium and



adjusting for the hexavalent fraction of the workplace exposure. Trnere
are not, however, sufficient data from this or other epidemiologic

studies to estimate the risk, of specific hexavalent compounds for air-

borne exposures,

The risk model and potency estimates can be applied to populations living
near point source emitters of hexavelent chromium as well as to the
general population. In estimating risks to populations around such "hot
spots”, however, it should be noted that while the excess theoretical
cancer risk among individuals most heavily exposed can be considerzble
(e.g., .006), the number of people so exposed may be relatively low
(e.g., a few thousand people) and therefore the actual number of addi-

tional estimated cancer cases will also be relatively low.
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This document presents an evaluation of the health effects resulting from
exposure to chromium compounds. The purpose of thi; undertaking was to
determine if exposure to chromium at current ambient levels is likely to
produce adverse effects on human health. To achieve this objective, data
on the chemistry, toxicology, and epidemiology of chromium were reviewed
by the staff of the California Department of Health Services. Salient

features of this review are presented and a quantitive risk assessment

based on the carcinogenicity of hexavalent chromium is provided.
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2.

CHEMISTRY

3

4

The chemistry of chromium has been reviewe& elsewhere (EPA, 1984;
Hayes, 1980) and only the relevant chemical pfoperties of this sub-
stance will be briefly summarized here, relying on the above
secondary sources. The issues of principal chemical concern regard-
ing chromium compounds’ toxicity are oxidation state and solubility.
It is 1important to bear in mind that the physical and moleculzar
characteristics of the interaction of chgomium compounds with
biological systems are not well known. Thus, mechanisms of toxicity

.

are uncertain. ‘ ' ;

Chromium is a transition element (subgroup VI B of the periocdic
table) with an atomic weight of 52.01. The most cemmon oxidation
states are 0,+2,+3 and +6, although it can occur in all oxidation
states from -2 to +6. Trivalent (Cr(III)) and hexavalent (Cr(VI))
compounds have been the most extensively studied in biological sys-
tems, and with the exception of relatively unstable species, such as
Cr(V), are thought to be the only biologically significant forms of

chromium,

Cr(III) 4is the most stable oxidation state, forming coordination
complexes that tend to hydrolyze and chelate in liquids. The cooz-
dination complexes are exclusively octahedral, with ligands such as
water, urea, sulfates, ammonia and organic acids (EPA, 1984). Stzble
complexes can thus be formed with amino acids, peptides, proteins,

nucleic acids and other macromolecules.



y
Cr(VI) 1is virtually always bound to oxygen in ions such as chromates

(CrOA-z) and dichromates (Cr207-2). Atffphysiologic pH, the
dichromate ion dissociates into the chromate ion. Cr(VI) ions are
strong oxidizing agents and are readily reduced to Cr(III) in acid or
by organic matter (NAS, 1974). Although chromium is the sixth most
abundant element in the earth’s crust, Cr(VI) is rarely found in the

biosphere because it is so easily oxidized by organic matter (Love,

1983; EPA, 1984).

Certain biological activities of chromium compounds (e.g.,
carcinogenicity) have been considered to be related to their water
solubility. Table 2-1, which lists solubilities of some common
chromium compounds, is intended as a reference for subsequent dis-

cussions.



Table 2-1.

Compound

*
Chromite ore (III)

Chromium metal (0)

Barium chromate (VI)

Calcium

Chromic

Chremic

Chromic

Chromic

chromate (VI)

acetate (III)

chloride (III)

oxide (I1I)

phosphate (III)

Chromium carbonyl (O)

Chromium potassium

sulfate

(I11)

Chromium sulfate (III)

Chromium trioxide (VI)

Solubility of Chromium Compounds

‘ Description of Solubilitw
no information available
insoluble in water

prgctically insoluble 1in water (4.4 mg/l at
287°C)

soluble in water (163 g/1 at 20°C and 182 g/l ax
45°¢)

soluble in cold water,'insoluble in ethano?

anhydrous form 1is insoluble in cold water and
slightly soluble in hot water; in its hydrated
forms it is very soluble in water (583 g/l) and
insoluble in methanol, ethanol, acetons and
diethyl ether

insoluble in water

slightly soluble in cold water; reacts with rost
acids and alkali but not with acetic acid

insoluble in water

soluble in water (243.9 g/1 at 25°C)

tge heptahydrate is soluble in water (124 g/l at
0°C); the anhydrous salt is slightly soluble i=
ethanol

soluble in water (625.3 g/l at ZOOC)



Ferrochromium (0)

Lead chromate (VI)

Lead chromate
oxide (VI)

Potassium chromate (VI)

Potassium

dichromate (VI)

Sodium chromate (VI)

Sodium dichromate (VI)

Strontium chromate (VI)

Zinc chromate (VI)

Zinc chromate
hydroxide (VI)

insoluble in water
R
-
practically insoluble io water (580 pg/l at
257C) -

insoluble in water

solgble in water (629 g/l at 20°¢C and 792 g/l at
100°C)

solgble in water (49 g/1 at 0°C and 1020 g/1 at
100°C)

soluble in water (873 g/1 at 30°C)
soluble in water (2380 g/l at 0°C)
slightly soluble in water (1.2 g/l at 15°¢)

soluble in acids and liquid ammonia; insoluble
in cold water and acetone; decomposes in hot
water

slightly soluble in water

* »
Oxidation state is
substance.

noted 1in parentheses adjacent to the nare of each

Source: Adapted from IARC, 1980.



3. PHARMACOKINETICS

)

»

The absorption, distribution and excretion of chromium conmpounds hLave
recently been reviewed elsewhere (EPA, 1984). Therefore, relevan:

issues are only presented in summary form below.

3.1 Absorption

The extent of absorption of chromium compounds via the respiratory
tract, gastrointestinal tract or skin depends on the chemical form.
In general, Cr(VI) is better absorbed than Cr(III) because of its

facility in crossing cell membranes.

Biological membranes have traditionally been considered permeable to
Cr(VI), but not Cr(III) (e.g., IARC, 1980). However, with ap-
propriate heterocyclic aromatic ligands, Cr(III) can also enter cells
(Warren et al., 1981). The magnitude of a toxic effect resulting
from Cr(VI) exposure may depend in part on whether the reduction of

Cr(VI) to stable Cr(III) complexes occurs intra- or extracellularly.

3.1.1 Inhalational Deposition and Absorption

Deposition and retention of inhaled chromium depend on the dose, size
and solubility of the substance under investigation. Chromiuz in
ambient air has been reported to contain principally respirzble
particulates, with a mass median diameter of about 1.5 to 1.9 uz

(EPA, 1984).

-9 .



In this size range particles can reach and be deposited in the deep
s

lung (i.e., respiratory bronchioles and alvgoii), though a large
percentage may be carried out in the exhal;d airstream (Langard,
1982). Soluble particulates will be taken up fegardless of deposi-
tion site; insoluble compounds need to be deposited in the deep lung
in order to be taken up (Langard, 1982). Particles deposited on the
ciliated bronchial epithelium will be cleared via the mucociliary
escalator and swallowed. Clearance of such particles occurs zore
quickly than those deposited in the alveoli, which will be cleared to

some extent by pulmonary macrophages that migrate to the mucociliary

escalator or lymph channels.

In a report on the distribution of chromium in the lungs of 35 ran-
domly selected autopsies conducted in a highly industrialized city,
Bartsch et al. (1982) found the greatest quantities in interbronchial
lymph nodes (reflecting clearance processes), with the remainder
distributed over a gradient increasing towards the lung apices,
suggesting a relationship to normal breathing. In other words, the
asymmetric pulmonary distribution of chromium was due to inhaled
chromium, in contrast to the uniform distribution of constitutive
elements in the 1lung, such as potassium, calcium, copper and zine.
Using particle induced x-ray emission anélysis, the concentration of
chromium averaged 2.85 ug/g dry lung tissue (Bartsch et al., (1982).
In itself, this number is of little valge, since there was no infor-
mation on the correlation of chromium content with age distribution,

smoking habits (chromium is found in cigarette smoke), possible

- 10 -



occupational exposures, or concentrations of chromium in the lungs of
an "unexposed" population. 13

There is insufficient information to estimate accurately the percent-
age of chromium absorption from the lungs (EPA, 1984; Langard, 1982).
A few rodent experiments involving exposure to chromiunm dusts or
intratracheal instillation of water-soluble chromium compounds indic-
ate that Cr(VI) compounds are absorbed much more quickly than those
containing Cr(III), probably because the lattef bind to extracellular
macromolecules while the former readily penetrate cell zembranes.
Langard et al. (1978) reported that after short-term (about 6 hours)
exposure to zinc chromate dust (mean concentration was 7.35 mg/m3,
99% of particles were less than 5 pm in diameter), mean blood con-
centrations in two rats increased from 0.007 ug/ml to 0.31 ug/ml.
After several. months of repeated exposures mimicking occupational
exposure patterns (6-1/2 hr/day, 5 days/week), mean blood chromiuz
values in 12 rats were about 0.5 pg/ml. Thus, significant ebsorption
of this insoluble chromate occurred relatively quickly: near steady-

state values were achieved in a small sample of rats within z few

hours’ exposure.

Clearance patterns following intratracheal instillation of sevsrel
water-soluble chromium compounds (sodium chromate (VI), potassium
dichromate (VI) and chromic chloride. (II1)) 1in guinea pigs were
- reported by Baetjer et al. (1959). The analytical method cculd not
distinguish Cr(III) from Cr(VI), so that the percentage of Cr(VI)

reduced in tissue to Cr(III) could not be ascertained. Ten minutes

- 11 -



post-instillation, 15% of the Cr(VI) was retained in the lungs com-
pared to 69% of the Cr(III). At this time 29%,0% the aczinistered
dose of Cr(VI) was found,in the blocod and 5% L; the liver, spleen and
kidney. For Cr(III) only 4% was found in the blood and other
tissues. The authors assumed that the remainder had been cleared
from the 1lungs up the trachea and swallowed. At 24 hours post-
instillation, only 1l% of the Czr(VI), while 45% of the Cr(III)
remained in the lungs. Another early study cited by EPA (1984)
indicates that, at least for intratracheal instillation, a substan-
tial portion of the administered dose (55% of chromic (III) chloride
during the first week after exposure) was found in feces, also sug-
gesting substantial tracheal clearance (Visek et al., 1933). (The
latter estimate may be too high, since biliary excretion was not

investigated.)

3.1.2 Gastrointestinal Absorption

Chromium compounds are poorly absorbed £from the gastrointestinal
tract of humans and animals, although Cr(VI) is better absorbed than
Cr(IiI). Most studies have traced the fate of orally administered
SlCr C13(III) and Na251CrOa(VI). Based on fecal analysis or on whole
body radioactivity, absorption estimates ranged from less than 0.5%
for CrCl3 to about 11% for NaZCrOQ in hgmans and less than 1% to 3%
for both salts in rats (EPA, 1984). Others have estimated that up to
3-6% of Cr(VI) may be absorbed by rats (IARC, 1980). Absorption was

increased by fasting or duodenal administration (EPA, 1984; Donaldson

and Barreras, 1966). The facility with which Cr(VI) crosses cell

- 12 -



membranes is not reflected in a significantly higher absorption in
the animal experiments, possibly because acid gasgric fluids reduce
Cr(VI) to Cr(IlII) (bongldson and Barreras, 19&6) (See Section 3.2).
Furthermore, constituents of gastric juices bind Cr(III), inhibiting
absorption (Donaldson and Barreras, 1966). In any case, for purposes
of the risk assessment in Section 8, gastrointestinal absorption of

chromium swallowed after tracheal clearance 1is not considered to

contribute significantly to total chromium absorption.

3.1.3 Dermal Absorption

Dermal absorption of chromium was recently reviewed (Polak, 19£3).

The principal relevant aspects are that:

(1) Cr(III) binds to skin components, particularly in the epidermis,
and thus generally does not penetrate intact skin (but see =(4),
below). However, all Cr(III) salts tested penetrate skin

stripped of the stratum corneum.

(2) Cr(VI) compounds in aqueous solution readily penetrate intact
skin and are systemically absorbed at high concentrations (lz),
but do not pass beyond the skin at lower concentrations (0.1 to

0.001%).

- 13 -



(3) Some Cr(IlI) salts (e.g., CrClB) penetrate intact skin alzmost as
well as Cr(VI) compounds. v
(4) Cr(VI) 1is reduced to Cr(III) by skin constituents, particularly

proteins containing sulfhydryl groups.

(5) Penetration of Cr(VI) increases with increasing pH of the solu-
tion, which correlates with decreasing reactivity as an oxidant,
and thus a decreasing probability of Cr(VI) being reduced to

Cr(1ll).

Particulate forms of chromium are wunlikely to be absorbable per-
cutaneously unless dissolved. Even in the latter situation it is
unlikely, in view of the above findings, that either Cr(III) or
Cr(VI) would be systemically absorbed in quantities significant

enough to consider for purposes of the risk assessment in Section 8.

3.2 Transport and Distribution

Although most studies of chromium transport, distribution and
elimination have been conducted in animals, the general model (at
least for Cr(IIl)) has been confirmed in human ;ubjects using
intravenously administered 51Cr(III), followed by whole-body scintil-
lation scanning and counting and plasma.counting (Lim et al., 1983).
Cr(I1I) is transported in the blood bound mainly to transferrin, with

uptake by kidney, bone marrow, liver, spleen and soft tissues.

- 14 -



Transferrin 1s taken up into cells (e.g., reticulocytes) by en-
docytosis (Light and Morgan, 1982): Cr(III).ma;;thus enter celils
bound to this protein, as does iron, the usua}’occupant of transfer-
rin binding sites. Liver and spleen appeaf to act as long-term
storage depots for chromium, perhaps reflecting patterns of transfer-
rin metabolism. Inhaled Cr(III) would follow a somewhat different

distribution pattern, since a large percentage is retaired in the

lungs (See Section 3.1.1)

The transport and tissue uptake patterns of Gr(VI) are probably
similar to those of Cr(III), but, because of different experimental
designs, inter-study comparisons are problematic (EPA, 1984).
Furthermore, clearance of chromium from whole blood after adzinistra-
tion of Cr(VI) 1is slower than after that of Cr(III), due to facile
erythrocytic wuptake of the former, followed by intracellular reduc-
tion to Cr(IIl), with binding to erythrocyte proteins, especiall

hemoglobin. (See Section 3.3, "Metabolism®™) Unlike Cr(III), Cr(VI)

is not significantly bound to plasma proteins (Love, 1983).
3.3 Metabolism

In vitro studies have demonstrated that cell membranes are substan-

tially more permeable to chromate (VI) solutions than to Cr(III),
which may result from transport via an anion channel (Kitigawa et
al., 1982; Levis et al., 1978). Chromate metabolism has recently
been reviewed by Connett and Wetterhahn (1983), whose relevant fin-

dings are summarized in the next paragraph.
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Absorbed Cr(VI) can react with multiple cellular components, result-

,

ing in reduction to Cr(Ill) by reaction with cellular macromolecules
or small molecules, such.as cysteine, reduced glutathione, and ascor-
biec acid. Few purified proteins will reduce chromate at physiologic

pH. However, in erythrocytes chromate rapidly oxidizes and binds to

hemoglobin; oxidation 1is potentiated in yitro by the presence of

reduced glutathione (Kitigawa et al., 1982). In vitro studies of

liver microsome preparations containing cytochrome P-450 and NADZH-
dependent cytochrome P-450 reductase indicate that Cr(VI) is reduced,
with the formation of a Cr(V) reactive intermediate (Wetterhahn
Jennette, 1982; Polnaszek, 1981). There is also substantial Cr(VI)
reduction within mitochondria by as-yet-unidentified substances.
Reduction of Cr(VI) is not a random process, since most macro-
molecules and small molecules studied do not appear capable of
effecting this process under physiologic conditions (Connett and

Wetterhahn, 1983).

Cr(III) resulting from intracellular Cr(VI) reduction is capable of a
variety of interactions with cellular constituents, many of which may
result in toxieity. Cr(III) can form stable coordination complexes
with amino acids and nucleic acids, and can cause intra- and inter-
molecular cross-linking of proteins and polynucleotides (See Section
S, “"Genotoxicity"). Cr(IlI) wmay also affect enzyme activity by
binding to enzyme protein or to substrate (Levis et al., 1978).
About half of intracellular Cr(III) complexes formed are found in the

nucleus (Leonard and Lawreys, 1980).
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3.4 Elimination
N

Elimination of chromium was revigwed by EPA (1984) and Langard

(1982), from which most of the following summary is adapted.

The major routes of chromium elimination are via the kidneys and
gastrointestinal tract (i.e., by biliary excretion). Some is also
eliminated in hair, nails, milk and sweat. (Guthrie, 1682,;: Leonard
and Lawreys, 1980). It is unknown which pathway predominates for the
elimination of nutritionally required, ingested trace zmounts of
Cr(III)(See Section 3.5), since the kinetics of elimination have been

studied at higher dose levels,

Clearance from plasma, representing tissue wuptake &and renal
clearance, is rapid, occurring within hours, while eliminztion from
tissues is much slower, with half-times (for Cr(III)) ranging from
several days to about 12 months for storage sites (e.g., liver and
spleen). Numerous experimental studies in animals indicate that
urinary excretion of chromium predominates (>50%), with less than 10s%
appearing in bile, while a substantial percentage appears to deposit

in storage compartments.

Several studies compared elimination of Cr(III) and Cr(VI) ad-
ministered intravenously, subcutaneously.and by gavage. Generally it
appears that Cr(VI) is more rapidly excreted than Cr(III) (EPA,
1984). This observation was supported in a recent study exacmining

clearance kinetics of chromium in mice dosed intraperitoneally with
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1/6 the LDy, of Cr(III) or Cr(VI) (Bryson and Goodall, 1983). Afcer
a single intraperitoneal dose of chromium tr;chlgride (Cr(1I1l)) or
potassium dichromate (Gr(Vl1)), mice were seri;lly sacrificed. &t 3
days 87% of Cr(III) was retained, while only 31% of Cr(VI) was; at 7
days these numbers were 73% for Cr(III) and 16% for Cr(VI); and after
3 weeks they were 45% and 7.5%, respectively. (Retention sites were
not specified since the method of analysis involved whole body acid
digestion.) In a treatment regimen consisting of once-weekly doses
of the same substances, Cr(III)-treated mice retained about 9 times
as much of the administered doses as those treated with Cr(VI)
(totalling  approximately 70% of the total injected chromiua).

Analyses of excreta showed that Cr(V1) was eliminated more rapidly in

urine and feces than Cr(III).

The differential excretion and retention of Cr(III) and Cr(VI) prob-
ably reflect the greater ability of Cr(III) to form complexes with
components of biological systems and of Cr(VI) to cross cell
membranes. However, in view of the ready biological reduction of
Cr(VI) to Cr(III) both intra- and extracellularly, this distinction
in the clearance kinetics of the different oxidation states cannot be
complete. In any case, it 1is clear that exposure to chromiuz in
either oxidation state can result in long (years) residence times in
human tissues. For example, Tsuneta et al. (1980) reportecd that the
mean concentration of chromium (not speciated) in the upper lobes of
lung cancer patients who were former chromate workers was 72 tirmes
greater than that in non-exposed control lungs (36.7 pg/g wet weight

compared to 0.5lug/g), even many years after the exposures had endasd.
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3.5 Chromium as an Essential Nutriznt

-

Although chromium has Jbeen recognized as amn essential nutrient in
animals for more than two decades, the 'precise nutritional
biochemistry has yet to be elucidated. Cr(III) was identified as the
active component of a glucose tolerance factor found in brewer’s
yeast, which could correct an induced deficiency state. The latter
is characterized by glucose intolerance (measured by an intravenous
glucose tolerance test in animals), glycosuria, hypercholesterolenia,

decreased 1longevity, decreased sperm counts and impaired fertility

(Mertz, 1969; Anderson and Polansky, 1981). ’ C

Guthrie (1982) reviewed 12 clinical studies on chrozium supplexzenta-
tion, reporting that both inorganic Cr{(III)(usually as chrocium
chloride) and chromium administered in brewer's yeast extract sig-
nificantly ameliorated glucose intolerance and hypercholesterolezia
and decreased fasting 1insulin 1levels in some subjects, including
diabetics, asymptomatic hyperglycemic individuals, and healthy con-
trols, Chromium’s nutritional role has mnot been thoroughly
delineated, but appears at least to potentiate insulin activicy
(Mertz, 1975). The biologically active Cr(IIIl) complex, which also
includes nicotinic acid and several amino acids, strongly binds

insulin (Guthrie, 1982).



Although there are inadequate data to formulate a recommended dietary
allowance for chromium, an adequate and saﬁe,f;take of 50 to 20C
ug/day for adults has been suggested (NAS, 1980;). Daily intakes for
adults in the U.S. are probably less than 200 ug/day, although it is
unclear what percentage of Cr(III) intake would be in biologically
active forms (Guthrie, 1982). Gastrointestinal absorption of organi-
cally bound chromium (as in food) is higher than for inorganic
Cr(III), which, as noted in Section 3.1.2, is poorly absorbed frorm
the gastrointestinal tract (NAS, 1980a). The Safe Drinking Water
Committee of National Academy of Sciences has reported estimates of

[y

the daily intake of chromium by different routes as: ‘

(a) food: mean 62 ug/day (range 37-130) from "typical self-selected
American diets";

(b) drinking water: mean 17 ug/day (range 1-224) assuming consump-
tion of 2 liters/day; and

(c) air: less than 0.5% of dietary intake in areas where arbient
chromium concentrations average 0.015 pg/m3 and less than 4% in
highly polluted areas with an ambient chromium concentration of

0.35 pg/m3 (NAS, 1980b).
It should be noted that the estimated average daily chromium intakes

from food and water refer to Cr(III) and thus are not relevant to the

cancer risk assessment for Cr(VI) in section 8.
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4. ACUTE AND CHRONIC TOXICITY

4.1 Acute Toxicity . -,

4.1.1 Animal

Because of its poor gastrointestinal absorption and biocavailability,
Cr(III) is considered to be relatively nontoxic when orally
administered. Oral LDSOS in rats are chromic chloride, 1.9 g/kg;
chromic nitrate, 3.3 g/kg; and chromic acetate, 11.3 g/kg (E?A,
1984). Intravenous LDSOS for wvarious Cr(III) salts in mice zre:
chromium sulfate, 85 mg/kg; chromic chloride, 400-800 mg/kg and

chromic acetate, 2290 mg/kg (IARC, 1980).

Cr(VI) compounds are more toxic than those of Cr(III), regardless of
the route of administration. The range of oral LDSOS in rats has
been reported to be 80 to 114 mg/kg, with death occurring within
hours to about 3 days. Symptoms and pathologic findings included
cyanosis, gastric ulceration, diarrhea and tail necrosis (EPA,1984).
The principal potentially lethal effect of acute Cr(VI) exposure is
renal toxicity, resulting in acute renal failure. Microscopic
pathologic changes have been reported in the glomerulus and proximal
and distal convoluted tubules in a variety of species, including
rats, monkeys, and rabbits, given toxic parenteral doses of Cr(VI),
usually as potassium dichromate or sodium chromate. It has been
estimated that renal toxicity occurs at a dose level of 1-2 mg

Cr(VI)/kg body weight (Tandon, 1982).

- 21 -



Other organs and systems affected by high-dose parenteral administra-

3

tion of both Cr(lIl) and Cr(VI) include the cencfal nervous system,

»

myocardium and liver (Tagdon, 1982).

The estimated range for a lethal dose of ingested Cr(VI), based on
reported fatal cases, is between 1.5 and 16 g (IARC, 1980). Reported
pathology includes gastrointestinal hemorrhage, intravascular
hemolysis and acute renal failure. No such cases have been reported
for Cr(III) compounds, which are considerably less toxic by irgestion
(see below). As of 1973, no fatalities had been reported due to
exposure to airborme Cr(VI) (NIOSH, 1973). Exposure to Cr(VI)
aerosols results in mucous membrane irritation and probably bron-
chospasm, although the latter 1is not well-documented in the
literature (Bidstrup, 1983). Since occupational exposure measure-
ments were not often taken and in the past were not often reliabile,
no dose-response estimates have been made here, although one would
not expect any such effects in the general population from current
levels of ambient chromium concentrations. This observation follows
a fortiori from the conclusion in Section 4.2.2, infra, that current
ambient levels of chromium would not be expected to result in any

chronic effects discussed in Section 4.2.

4.2 Chronic Toxicity
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Chronic toxic effects (other than genotoxicity, reprocductive effzcts

s

and carcinogenicity) from chromium exposure baQe been observed in
experimental animals and among individuals égcupationally exposed.
The occurrence of all of the effects listed below is expected to be
governed by a threshold, even if the threshecld ezposure level has not
been precisely quantified. In the case of chromium, the difference
between current ambient exposure 1levels and the levels at which
chronic toxic effects have occurred (several orders of magnitude)

leaves enough of a margin of safety so that none of these effects is

expected to occur in the general population.
4.2.1 Animal

Most of the 1literature on chronic exposure to chromium compounds
consists of reports of no observed effect levels ("NOELs") (ZPA,
1984). The studies reviewed by EPA are of licited wvalue, however,
since few animals were used in each study. All but one of these
studies involved ingestion. The one inhalation study reviewed in-
volved intermittent short exposures (10-60 minutes each) over a 4-
month period of two cats to chromium (III) carbonate dust at an
average concentration of 58.3 mg/m3 (range 3.3 to 83 mg/m3) (EPA,
1984). The poor statistical power of this last investigation lizits

its usefulness for purposes of risk assessment.

Other inhalation experiments using Cr(III) aerosols have shown that
chronic effects occur at levels lower than 358.3 mg/m3. Three studies

cited by Tandon (1982) showed that: (1) 1inhalatien by rats of



chromium (III) oxide or trisubstituted chromium (III) phosphate at a
concentration of 42-43 mg/m3 for 5 hr/day forra months produced
chronic inflammatory changes in the bronchi agd lung parenchyma and
dystrophic changes in 1liver and kidney; (2) exposure of rats to
chromium ore residue dust at 19 mg/m3 for 1, 3 or 7 days produced
swelling and desquamation of alveolar cells, while exposure to lower
concentrations (1 or 10 mg/m3) for 3 weeks resulted in alveolar wall
thinning and filling of alveoli with dust-laden proteinaceous

materials.

There were mno Cr(VI) inhalational NOEL studies found. Two rocent
inhalational assays produced chronic effects (Steffee and Baetjer,
1965; Nettesheim et al., 1971). Rabbits, guinea pigs, and rats were
exposed to mixed chromate (VI) dusts and mists at a mean concentra-
tion of 3-4 mg/m for 5 hr/day, 4 days/wk for the anirmals' lifecti-es
(Steffee and Baetjer, 1965). Treatment-related effects included
nasal septal perforation, alveolar and interstitial inflammation,
alveolar hyperplasia, and granuloma formation. No systemic pathology
was found. In another experiment, mice were exposed to calcium
chromate (VI) dust at a concentration of 13 mg/m3 for 5 hr/day, 5
days/week over their lifetimes (Nettesheim et al., 1971). After six
months of exposure, pulmonary effects included epithelial atrophy,
necrosis, and hyperplasia, bronchiolar‘ epithelial replacemen: of
alveolar cells, alveolar proteinosis and other pathology. There was
decreased weight gain in relation to control animals. Other effects
included tracheal and submandibular lymph node hyperplasia, and

atrophy of liver and spleen.

-2 -



The above discussion demonstrates that there are inadequate animal cz:a

i

from which to calculate a chronic inhalational NOEL. DHS staff mecbers

therefore believe that, the human experience with chromium cozpounis

should be used for purposes of risk assessment (See Section 4.2.2)

Parenteral administration of wvarious chromium compounds at doses
greater than 1 mg/kg to a variety of animal species has resulted in
damage to liver, brain, myocardium, and testis, with the effects rcore

severe for Cr(VI) than Cr(III) compounds (Tandon, 1982).

In occupational settings the most commonly reported chronic effects
of chromium exposure include contact dermatitis, skin ulcers, irrita-
tion and ulceration of the nasal mucosa and perforation of the nasal
septum (NIOSH, 1975). Less common are reports of hepatic and renal
damage and of pulmonary effects (bronchitis, occupational asthma and

bronchospasm) (IARC, 1980; NIOSH, 1975; Bidstrup, 1983).

Chromium is the most common cause of occupational dermatitis ané is
the second most common skin sensitizer in the general population
(Polak, 1983). This condition has an immunqlogic etiology determined
by Cr(VI) penetration of skin, followgd by reduction to Cr(IlI) by
sulfur-containing proteins in the dermis. The resulting Cr(III)-
protein conjugate 1is then thought to act as a sensitizing antigenic

complex, with Cr(III) as the hapten (Polak, 1983).
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Skin wulcers, ulceration of the nasal cucosa and perforation of the
nasal septum are corrosive reactions due to thg ox;da:ive actions of
Cr(VI) and chromic acid (Pedersen, 1982; ngrows, 1983; Bidstrup,
1983). Skin ulcers are believed to occur only where the exposed skin
has been damaged (Pedersen, 1982). Similarly, a major factor in
nasal wulceration and septal perforation is thought to be a lapse in
personal hygiene -- i;e., nose-picking (Bidstrup, 1983). Skin ulcers

and nasal perforation often occur in the same individuals (ACGIH,

1982; Burrows, 1983).

Occupational asthma due to sensitization to chromium has occurred in
industry, but is uncommon (Bidstrup, 1983). Only recently was an
immunclogic basis for such asthma confirmed in a case report of a=n
electroplating worker (with a positive inhalational challenge) in
whose serum specific IgE antibodies were demonstrated (Novev et
al., 1983). Bronchospasm in occupational settings, due to the
primary irritant effects of chroﬁium (particularly chromates and
chromic acid mist), has occurred, but is not well-documented in the
literature (Bidstrup, 1983). It is unknown what levels of pulmonary

exposure would be required to induce chromium sensitization.

NIOSH (1975) thoroughly reviewed the health effects from exposure to
Cr(VI) compounds. On the basis of this review NIOSH recommended a
permissiblé exposure limit of 25 pg/m3 of Cr(VI) as adequate to

protect against noncarcinogenic effects for a 40 hr/wk time-weighted

average exposure. Assuming such levels are protective agzainst the
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*

above-noted effects, L adjusting for continuous exposure (168
o

hr/wk), there 1is still an approximately 3 orders of magnitude dif-

ference  between this, recommended level. and current acbient

concentrations. Thus, DHS staff members conclude that none of the

chronic effects discussed in this section 1is likely to occur at

t

current ambient levels of exposure'. From this conclusion it can be

inferred that no acute toxic effects would be expected either.

*EPA (1984) «cited a NIOSH Health Hazard Evaluation of an electroplating
plant in which typical symptoms and signs of chromium toxicity occurred at
Cr(VI) exposure levels of 1 to 20 ug/m~. DHS staff has reviewed this NIOSH
report, which indicates that the chromium-associated toxicity was due to
inadequate work practices rather than airborne chromiux.

TAs noted in the text, there 1is not enough information to determine =
threshold for immunologic sensitization.



5. CGZUOTOXICITY

Mutagenic and clastogenic effects have beea reported almost in-
variably for Cr(VI), but not Cr(III), compounds. The nature of
chromium’s genotoxic effects 1is complex and has been extensively
investigated. Chromium’s interactions with genetic materiazls have
been reviewed by Leonard and Lawreys (1980), IARC (1980), Heck and

Costa (1982), Levis and Bianchi (1982), and EPA (1984).

5.1. Mutagenicity

Cr(VI) has been indisputably demonstrated to induce genotoxic effects
in all of the major assay systems, suggesting that the car-
cinogenicity of this substance (See Section 7) is at least partially
explicable on a genotoxic basis. Principal aspects of the

genotoxicity of chromium are summarized below.

(1) Bagterial assays

In the standard Ames S. typhimurium test, Cr(VI) compounds
induced mutations in tester strains responsive to both base-pair
substitution and frameshift mutagens at doses of 10-20 pg/plate,
while Cr(III) compounds were observed to be nontoxic and non-
mutagenic at concentrations of up 20 mg/plate. The mutagenic
potency of Cr(VI) compounds could be diminished by addition of
liver microsomal 5-9 preparations, erythrocyte lysates, ascorbic

acid, sodium sulfite, sodium nitrate, and several reducing
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metabolites (i.e., GSH, NADH, UNADPH), presumably due to ex-
A
tracellular reduction of Cr(VI) to Cr(III) (ILARC, 1980; Petrilli

and De Flora, 1978). Addition of pot;ssium permanganate, a
strong oxidizing agent, to liver microsome and erythrocyte
preparations completely blocked the ability of the latter to
inhibit Cr(VI)'s mutagenicity (Petrilli and De Flora, 1978).
Petrilli and De Flora (1978) observed that rat lung microsome
preparations were only very weakly active in reversing Cr(VI)
mutagenicity, which is interesting in viewxof chromium’s ability

to cause lung cancer in humans (See Section 7).

Similarly, mixing potassium permanganate with Cr(III) compounds
resulted in a positive Ames test, which was attributed to ex-
tracellular oxidation of Cr(III) to Cr(VI). While most Cr(III)
compounds are nonmutagenic in the Ames assay, some containing
aromatic ligands cross bacterial cell walls and membranes zand
are active mutagens in the Ames test and in the E. Coli repair

assay (Warren et al., 1981).

In E. Coli assays, experimental results with Cr(VI) were not as
consistently positive as those in Ames tester strains. However,
several Cr(VI) compounds (including salts of potassium, calcium,
lead and sodium as well as stainless steel welding fumes) have
been reported as positive in a variety of E. Coli mutagenesis
assays. Generally Cr(III) tested negative, although chromic
acetate was positive at very high concentrations (16-130 o) in

one E. Coli arg strain (Heck and Costa, 1982).
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(27 Cultured Mamralian Cell Assavs

)
In V79 Chinese hamster cells, soluble poxgssium dichromate (VI)
and slightly soluble zinc chromate (VI) both induced cose-
related mutagenesis, while soluble chromic (III) acetate and
insoluble 1lead chromate (VI)(both given at substantially higher
doses than KZCrZO7 and ZnCrOa) did not. In the same cell line,
potassium chromate and dichromate and welding fumes, but not
chromic acetate, caused 6-thioguanine resistance (Levis and
Bianchi, 1982). In C3H mouse cells, potassium dichromate and
chromium (VI) trioxide induced chrozosomal aberrations and 8-
azaguanine resistant mutants, while potassium chromzte (VI) and
chromic (III) sulfate did not. 1In the L5178Y mouse ly=phoma
cell TK+/. assay, potassium chromate and dichromate both tested
strongly positive (IARC, 198C). In the above assays, all Cr(VI)
compounds, with the exception of lead chromate, tested positive.
The 1insolubility and hence low biocavailability of lead chrozarte

may have affected the outcome of this investigation.

5.2 Chromosomal Damage

Numerous studies have demonstrated that chromiuz compounds, par-
ticularly those of Cr(VI), cause clastogenic effects ip vwisro and in
vivo. These studies have been extensively reviewed elsevhers
(Leonard and Lawreys, 1980; IARC, 1980; Levis and Bianchi, 1982; EPA,
1984). Relevant conclusions from the review articles are presented

in this section.
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Every Cr(VI) compound tested in at least 8 different in vitro cell
culture systems has produced chromosomal aber:aui;ns, most commonly
gaps and breaks. Cr(VI) ., compounds tested incluéed chromium trioxide,
lpotassium chromate and dichromate, sodium chromate and dichromate,
lead chromate, calcium chromate, =zinc chromate and welding fume
particles (EPA, 1984; Levis and Bianchi, 1982). Cell culture sources
included human lymphocytes, primary human embryo fibroblasts, primary
hamster embryo cells, three hamster cell lines (CHO, DON and V79),
primary mouse fetal cells, and a mouse mammary carcinoma line.
Cr(III) compounds have also occasionally tested positive for clas-

togenicity in vitro, but only at doses substantially higher (by one

to two orders of magnitude) than those for Cr(VI) compounds tested in
similar systems. Such anomalous results may be partially explairned
by Cr(VI) contamination of Cr(III) compounds and possibly by the
action of 1lysosomal nucleases released through destabilization of

lysosomal membranes (IARC, 1980; Levis and Bianchi, 1982).

Consistent with the above observations, sister chromatid exchange
(SCE) was 1induced by every Cr(VI) compound tested (including all of
those 1listed in the previous paragraph) in primary human lymphocyte
and fibroblast cultures, 2 hamster cell lines (CHO and DON), and a
primary mouse lymphocyte culture. Except where contaminated by
Cr(VI) or when mixed at dose levels 3Q0 to 1,000 times higher than
those of Cr(VI), Cr(III) compounds were invariably negative in the

SCE assays (EPA, 1984).
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Observations of chromium’s chromosomal effects in vivo have generally
confirmed the results of the in yitro expe;im;nCS. Micronuclei
(nuclear fragments due ,to chromosomal breaksf;r a delayed anaphase)
were found ‘in immature erythrocytes in mice administered potassium
chromate (VI) intraperitoneally. However, chromic (III) nitrate and

the carcinogen calcium chromate (VI) did not produce significant

increases in micronuclei (Levis and Bianchi, 1982).

Chromosomal aberrations have been reported invfish and rats treated
with sodium dichromate (EPA, 1984; Levis and Bianchi, 1982). Workers
exposed to a variety of Cr(VI) compounds, including sodium chromate,
chromium trioxide and others, have had significant increases in
chromosomal aberrations in peripheral lymphocytes compared to unex-
posed controls (IARC, 1980). Similarly, workers exposed to chromium
trioxide showed significantly increased number of SCEs and
chromosomal aberrations (EPA, 1984). Interestingly, this phenomenon
was observed only in the youngest workers, allegedly because these
were the least experienced and would thus be more likely to incur

significant exposures.

In summary, there is overwhelming evidence that Cr(VI) compounds are
capable of causing chromosomal damage. Cr(III) compounds may also be
clastogenic, but it is unclear whether this is a real effect or an

artifact.
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Transformaticn

r

Morphological transformation of mammalian cells 1is considered to

provide a good, short-term method for assessing carcinogenic

potential. All Cr(VI) compounds tested have been shown to be capzble

of

cell transformation in several jin vitro systems, while, with one

exception, Cr(III) (as chromic chloride) has not. Levis and Bianchi

(1982) reviewed these experiments and their conclusions are sum-

marized below.

(L)

(2)

(3

(&)

Potassium chromate (VI) and dichromate (VI) and sodium
chromate (VI) transformed mouse and hamster primary cell
cultures. Chromic chloride also did so in fetal rouse cells,

but not Syrian hamster embryo cells.

Cr(Vl) salts of calcium, lead, zinc, and potassium enhancecd

viral transformation of hamster cells.

Cr(VI) (as potassium chromate) enhanced benzo(a)pyrene-inducec
transformation of hamster embryo cells, whereas Cr(III) (as

chromic chloride) did not.
Cr(Vl) (as potassium dichromate or calcium chromate) induced

anchorage-independent growth in hamster cells, whereas Cr(III)

(as chromic chloride) did not.
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(5) Sodium chromate (VI) administered intraperitoneally to pregnant
mice resulted in transformation of cell cultures derived froz

»

the embryos. Cr(IIl) was not tested in this systen.

Thus, assays for in vitro transformation provide additional qualita-

tive confirmation of the carcinogenic potential of Cr(VI) comzpounds.

5.4, Mechanisms Proposed for Gemetic Toxicitv

Cr(VI) compounds are active in every major assay for genotoxicity,
while Cr(III) compounds show activity in some Systems only at high
doses, which has led numerous investigators to propose that Cr(VI) is
genetically active, whereas Cr(III) typically is not (lLevis and
Bianchi, 1982). This hypothesis 1is <clearly correlated with the
relative abilities of these oxidation states of chromium to cross
biological membranes. As noted earlier, the site of reduction of
Cr(VI) to Cr(Ill) may well be determinative of the extent of genetic
toxicity. Extracellular reduction diminishes or  abolishes
mutagenicity of Cr(VI), while oxidation of Cr(III) has the opposite
effect (Petrilli and DeFlora, 1978). Intranucle;r reduction of
Cr(VI) appears to be the key element in chromium'’'s genotoxicity,
resulting in direct oxidation of DNA and/or the formation of stable

Cr(III) coiplexes with nucleophilic sites in DNA (Langard, 1982).
Since Cr(lII) compounds possess clear abilities to darmage DNA in
cell-free systems and, when complexed to certain ligands, in bac-

terial assays, it is possible that Cr(III) is the ultimate carcinogen
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(Fornace et al., 1981; Warren et al., 198l). Interactions of Cr(III}
with nucleic acids include birding to cytosine'gnd guanine and to
phosphate groups. Unlike Mg (II), which stabglizes DNA through its
interactions with phosphate groups, Cr(III)’'s effects include inter-
and probably intramolecular cross-linking between phosphate moieties,
chelation between bases and phosphates, and cross-linking with

proteins (Tamino et al., 1981; Levis and Bianchi, 1982).

Experimental evidence from several laboratories supports the notion
that intracellular reduction of " Cr(VI) to Cr(IIl) is crucial.
Fornace et al. (198l) reported that in several mammalian cell cul-
tures, including bronchial epithelial cells, Cr(VI)‘(as potassiuz
chromate) produced persistent, dose-dependent protein-DNA cross-
linking, measured by alkaline elution. However, in isolated nuclei
and in buffered solution with [BH] DNA and bovine serum albucin,
Cr(IIl) (as chromic chloride), but not Cr(VI), induced DNA-protein
cross-links. Sirover and Loeb (1976), using a cell-free systen,
found that Cr(III) decreased the fidelity of DNA synthesis by avian
myeloblastosis virus DNA polymerase at a concentration 25 times lower
than that of Cr(VI) required to achieve the same result, which may be
due to DNA-protein cross-linking (Fornace et al., 1981). Similarly,
Tkeshelashvili et al. (1980) reported that <Cr(III) (as chromic
chloride) was more effective than Cr(VI) (as chromium trioxide) in

diminishing the fidelity of DNA synthesis by E.Coli DNA polymerase I.
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Using a rat liver microsome/NADPH systez, Tsapakos and Wetternahn

i

(1983) showed that enzymatic reduction of Cr(V;))in the presence of
NADPH was required to effect chromium binding c; double-stranded DNA.
Cr(III) binding was 2 - 3 times lower and was not dependent on the
presence of NADPH or microsomes. Binding to single-stranded DNA was
substantially higher for both Cr(VI) and Cr(III), with binding of
Cr(VI) greater than that of Cr(III). The Cr(VI), microscmes and
NADPH bound substantially more protein (bovine serum albumin in this
system) to DNA than did Cr(III). Protein and chromium binding to DNA
and RNA were linearly correlated. Incubating Cr(VI) with DNa&
homopolymers showed that binding to poly(G) was favored (by an erder
of magnitude) over the other homopolynucleotides. This last observa-
tion is consistent with the suggestion by Venitt and Llevy (1974) that
Cr(VI) mutagenicity is due (at least in part) to attack on GC base-
pairs, causing GC-->AT transitions in subsequent DFA replication,

which is typical of electrophilic mutagens.

Thus, there are at least two pathways in the uptake-reduction model
of chromium's genotoxicity. Damage to DNA, with protein cross-
linking, 1is caused most effectively when Cr(VI) is enzymatically
reduced in close proximity to DNA (e.g., by the electron transport
system cytochrome P-450 complex located in the nuclear cezbrane).
(Tsapakos and Wetterhahn, 1983). Thi; may involve reactive Cr(V)
intermediates (Wetterhahn Jennette, 1982; Polnaszek, 1981). Cr(III)

produced by other reducing systems may also interact with DNA and
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protein, but at a slower rate because of its kinetic stabilicy.
Common to botn pathways, however, is reduction of Cr(VI) to Cr(III),

with cross-linking of macromolecules.

6. REPRODUCTIVE EFFECTS

Potential reproductive effects of chromium have not been investigated
epidemiologically. In view of Cr(VI)'s genotoxicity, however, there
is reason to believe a priori that it may adversely afféct reprocuc-
tion, unless germ cells or the fetus were resistant to such toxicity.
This 1is «clearly not the case, since animal experiments demonstrate

adverse effects on male reproductive systems and fetal development.

6.1 Male Reproductive Effects

Both Cr(III) and Cr(VI) are capable of crossing the blood-testis
barrier and damaging the testis. Administered intraperitoneally to
rabbits at a dose of 2 mg/kg for 3 or 6 weeks, Cr(IIi) (as chrozium
nitrate) and Cr(VI)(as potassium dichromate) caused depression of
enzyme activity, degenerative histological changes and spermatotoxic
effects (i.e., multinucleated germ cells and spermatocyte degensra-
tion in the lumen of the seminiferous tubules)(EPA, 1984). Pagano et
al. (1983) showed that Cr(VI)(as sodium chromate) in sea urchins
depressed mitotic activity in sperm. Consistent with these observa-
tions is the report by Paschin et al. (1981) that potassiux

dichromate was positive in a dominant lethal mutation assay in mice



given a single dose at 20 mg/kg or daily doses for 21 days at 2.0
mg/kg. Male rats treated with a daily intrapgric;neal dose of 1 g
Cr(II1)/kg were found to have a mean testicula; Cr(III) concentration
of 3.2 ug/g tissue, lower than the liver and kidney concentrations of
14.1 pg/g and 8/1 ug/g, respectively (Lee, 1983). The lower ac-
cumulation in the testis was attributable in part to the protective
effect of the blood - testis barrier. Chromium has also been
reported to accumulate in the testes of men exposed occupationally,
which may be due to reduction of Cr(VI) bf testicular microsomes
(Levis and Bianchi, 1982). Both Cr(III) and Cr(VI) are thus capable
of crossing the blood-testis Dbarrier and of affecting

spermatogenesis: the risk ¢to humans cannot be assessed from these

data, however.

6.2 Placental Transport

There is direct as well as indirect evidence that chromium can cross
placental membranes. As an essential nutrient, chromium (III) must
be transported to the developing fetus. Fetal chromium concentra-
tions reportedly increase during gestation, peaking in the neonate,
with  subsequent declines in wvarious tissues during chiléhood

(Guthrie, 1982).

Cr(III) placental transfer has been examined in several znimal
studies. In a study using whole-body radicautography, Cr(as
chromic (III) chloride) was detected in fetal skin and bone one hour

post-injection to the mother, with increasing amounts detectable in
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later gestation (Langzrd, 19382). Similarly, Iijima et al. (1983)
reported that concentrations of 51Cr mouse em_br:y.‘:)s increased at 4-
hour intervals after a single intraperitonealjinjection of 51CrCl3,
to the point where the concentration of radioéctivity in the fetus
exceeded that in maternal blood. Relatively 1little 1inorgznic
chromium (III) («<0.5% of the administered dose) has been found to
cross the placenta. In contrast, when administered in a biologically
active form (brewer's yeast) by gavage, twenty to fifty percent of
the initial maternal radioactivity was fouﬂd in the litters (EPA,
1984). In one study comparing transplacental uptake of intravenously
administered Cr(I1I)(as chromic chloride) and Cr(VI)(as  scéiuc
dichromate), 0.4% of the dose of Cr(III) and 12% of the dose of
Cr(Vl) were recovered in embryonic mice (Danielsson et al., 1882).
The embryotoxicity and fetotoxicity of these chromium compounds (see

below) provides additional, but indirect evidence of chromivm’s

transplacental passage.

6.3 Effects on Fetal Development

Gale (1978) gave single intravenous injections of Cr(VI) (as chrozium
trioxide) to early gestational (day 8) hamsters at dose levels of 5,
7.5, 10 or 15 mg/kg. Fetuses taken from the treated dams were ex-
amined for extermal, internal and skeletal malformations. There was
a dose-dependeﬁt increase in the frequescy of resorptions and inter-
nal and external anomalies. The most common malformation was clef:
palate (up to 84% of treated animals in the high-dose group compared

to 2% in controls) and the most common internal anocmaly was
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hydrocephalus (55% of the low-dose group versus 03 in controls).

4

Other fetotoxic effects included delayed ossification and edema.
There was maternal toxicity, as evidenced by decreased weight gain
and renal tubular necrosis, at dose levels of 7.5 mg/kg and above.

On the basis of this experiment, the author concluded that chromium

trioxide is embryolethal and teratogenic.

To evaluate the possible contribution of genetic backgrounéd te
chromium teratogenesis, Gale (1982) treated 5 inbred hamster stains
and 1 outbred strain with one, 8 mg/kg intravenous injection of
chromium trioxide. Similar outcomes (high incidence of resorptions,
cleft palate, hydrocephalus) were detected in 3 strains, while zhe
others were noted to be relatively resistant to the embryotoxicicy cf

chromium trioxide.

Cr(III) (as chromic chloride) was shown to be teratogenic in cice
given a single intraperitoneal injection on the 7th, 8th or 9th day
of gestation (Matsumoto et al., 1976). Doses ranged from 9.76 mg/kg
to 24.4 mg/kg. The only statistically significant effect observed in
the low-dose group (9.76 mg/kg) was decreased fetal weight. Possible
maternal toxicity was mnot reported. The most common external
anomalies were exencephaly, anencephaly and open eyelids. The
authors suggested that the more severe cranial anomalies might be due
to 1incomplete neural tube closure. ié suggestion received support
in later experiments in which pregnant mice treated with z single
dose of chromic chloride on day 8 of~ gestation were serially

sacrificed at &4-hour intervals post-injection (Iijima et al, 1983).
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Embryos examined histologically had numerous pyknotic neurcepithelial
p

cells 1in the neural ectoderm at 8 hours post-injeétion. The authors

suggested that Cr(III) has a direct effect onf;he neural tube, which

closes at about 8 1/2 days of gestation. However, an indirect effect

on the placental or maternal system cannot be ruled cut by this

investigation.

EPA (1984) reviewed these and other studies, summarized in Table 6-
1. Since the lowest administered dose of Cr(VI) (Smg/kg) noted wvas
teratogenic without significant maternal toxicity, a risk assessment
for humans using a safety factor approach cannot be used. A similar
rationale applies to the study of Matsumoto et al. (1976), in which
(except for fetal weight gain) a no effect level of 9.76 wg/kg for
Cr(I1I) administered intraperitoneally was reported. However, inter-
nal malformations were not investigated and it cannot be stated
definitively that, from the standpoints of embryolethality and
teratogenesis, this dosage is truly a no observed effect level.
Furthermore, this represents a single dose exposure while, for pur-
poses of risk assessment, chronic exposure by a more relevant route
would be more appropriate. (Single dose studies do, however, il-
lustrate the intrinsic potential of chromium to induce reproductive
failure and demonstrate that only one exposure is required to elicit
the response.) Thus, the experimental dgta are inadequate to calcu-
late reproductive risks to humans from ambient exposures to either

Cr(VI) or Cr(III).
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7. CARCINOGENICITY

L
Epidemiologic studies of cohorts exposed to chromi;m aerosols occupation-
ally provide clear evidence of carcinogenicity. However, because of mixed
exposures and the dearth of reliable -exposure data, the relative car-
cinogenic potencies of different compounds cannot be distinguished on the
basis of epidemiologic data alone. However, animal studies invelving
inhalational exposure to various chromium compounds have been unsuccessful
in even confirming the results of these epidemiologic studies, much less
resolving issues of 1identities and potencies of different chromium-
containing compounds as respiratory carcinogens. Several chromiuz
compounds have been demonstrated to be carcinogenic when administered to
animals by invasive methods. In this section the results of nonhuman
studies will be summarized briefly, with greater attention given to the

epidemiologic evidence.
7.1 Animal studies

There have been at least eighty reported attempts to induce cancer in
rodents by administration of chromium compounds by various routes. These
have been reviewed by TIARC (1980, 1982), Hayes (1982) and EPA (1984).
Appendix I consists of a summary table of studies adapted from EPA (1984).
Most early studies have inadequate experimental designs by today’s stan-

dards. Relevant findings from the above literature reviews are:

(1) No chromium compound has been unequivocally shown to cause a sig-

nificantly increased number of neoplasms in experimental animals after
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exposure by inhalation. At least 7 experiments involving dusts con-
taining Cr(VI) and/or Cr(III) compounds have been canducted. Although
Nettesheim et al. (1971),reported a significanély increased incidence
of alveologenic (not bronchogenic) adenomas and adenocarcinomas in
mice exposed to calcium chromate dust (13 mg/m3) over their lifetimes
for 5 hr/day, 5 days/wk, this conclusion cannot be confirmed on the
basis of the data reported. The authors’ statistical methodology was
not reported. Fourteen treated animals (6 males and 8 femzles)
developed tumors, whereas only 5 control animals (3 males and 2
females) did. However, the numbers of exposed and control animals
were not reported, nor was the distribution of tumor types, 'so that
the claim of a significant increase of treatment-related tumor in-

cidence cannot be validated. IARC (1980) considers that there was no

statistically significant increase in this experiment,

The failure of inhalational cancer bicassays to confirm the results of
human experience is puzzling and may have no satisfactory explanation.
Since respiratory neoplasms have been produced by intratracheal in-
stillation and intrabronchial implantation of Cr(VI)-containing
substances, a partial explanation for the negative results in the
inhalational studies is that insufficient doses of the carcinogenic
materials were deposited and retained in the lung. To some extent
this may have been due to deficiencies.in experimental methodology.
The animal experiments almost all used whole-body inhalation chambers,
in which exposures to particulates can be difficult to control. For
example, there can be significant losses of particulate materials to

the chamber surface due to electrostatic precipitatiocn (Phalen, 1976).
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Unlike head- or nose-only exposures, in inhalation chambers animals
may be able to avoid exposure by burying their_noé;s in their own or
others’ fur, which may also be capable of prec{pitating particulates.
An additional impediment to the deposition of particulates in the
lungs is the filtration efficiency of rodent nasal turbinates

(although for particles < 2um in diameter--as was the case in the

studies cited here--this may not be an important consideration).

It should be noted that similar difficulties in confirming positive
results in epidemiologic studies have been encountered with other
metal particulates, such as arsenic and éadmium. Thus, it may be
that, for metals and other particulates, bioassays involving rodents
may not be a good experimental model for inhalational carcinogenesis.
For example, pulmonary clearance in rats and mice appears to be more
efficient than in humans, so that the latter tend o accumulate a
greater burden of particulate materials , as was reported in the study
of Baetjer et al. (1959). This phenomenon may be a reflection of
significant interspecies anatomic differences: nonciliated
respiratory bronchioles are not found in the lungs of rats and mice

whereas they are in humans (Tyler, 1983; Phalen and Olcham, 1983).

Recently a cadmium bioassay produced positive results after 2& months
of exposure (Takenaka et al., 1983). Tumpr development in animals, as
in humans, was characterized by a very long latency, so that a sig-
nificant increase probably would not have been detected in a standard
bioassay protocﬁl, which involves termination at 24 months.. Such a

latency period may also apply to chromium inhalational aséays. It is
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(2)

interesting that in the only chromium inhalational study purporting to
4
find an increase in pulmonary tumors, the mice were exposed until

their demise, wunlike the other experiments, .which inveolved terminal

sacrifices (See Appendix V).

Other considerations that may explain the discrepancy between the
results of animal inhalation studies and cccupational epidemiologic

investigations include the following:

1. Humans may be more susceptible to pulwonary carcinogenesis

.

than rodents.

2. The occupational cohorts were exposed to other carcinogens and
cocarcinogens (e.g., such as those in cigarette sooke),

whereas the animals were not.

No chromium compound has been unequivocally shown to cause a sig-
nificantly increased number of neoplasms in experimental animals
(rats, mice, guinea pigs, and rabbits) after exposure by ingestion.
Only three studies of orally administered chromium (III) coxpounds (as
chromic acetate or chromic oxide) were noted by IARC (1980) and EPa
(1984), and each of these involved dose }evels that produced no overt
signs of toxicity, indicating that higher exposure levels could have
been tolerated. No ingestion studies using Cr(VI) were reported. In
view of the poor gastrointestinal absorption of Cr(III), its nearly

nonexistent genotoxicity in systems where cellular mecbranes are
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(3)

intact, and the suboptimal dosing used in these biocassays, the nega-
tive results are not surprising. o
‘

When administered by methods other than ingestion or inhalation,
several Cr(VI) compounds have been shown to be carcinogenic. Since
these all have involved injection or implantation of chropiuz-
containing compounds, the lack of correspondence to typical routes of
human exposure render these experiments of dubious utility for risk
assessment. These biocassays, which are by far the most nuxerous,
provide the basis for the conclusion by IARC (1980, 1982) that there
is sufficient evidence for carcinogenicity of calcium chromate, which
produces tumors in rats after administration by a variety of routes.
Following subcutaneous, intrapleural and/or intramuscular administraz-
tion in .rats, the following substances produced application-site
sarcomas: lead chromate (VI), lead chromate oxide (VI), cobalt-
chromium alloy, sintered calcium chromate (VI), sintered chromium (VI)
trioxide, strontium chromate (VI) and zinc chromate (VI) (IARC, 1980).
Lead chromate also reportedly caused systemic (renal) carcinomas after
intramuscular application. IARC (1980) concluded that there were
inadequate data to> evaluate the carcinogenicity of numerous Cr(III)

and Cr(VI) compounds, including:
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Cr(I1l) Cr(VI) Cr(d

chromic acetate barium chromate - chromiuvz me

chromic oxide chromium trioxide '

chromite ore mixed chromate dust
chromium carbonyl potassium chromate
chromium sulfate potassium dichromate
roasted chromite ore sodium chromate

sodium dichromate
zinc potassium chromate

zinc yellow

It has been proposed that water solubility of chromates in-
fluences their carcinogenicity (NIOSH, 1975). Hueper and Payne
(1959) had proposed that chromium carcinogenicity is a function
of a compound's biological availability, which would depenc on
solubility, total dose, and “"the proper rate of releass of
chromium ion from the introduced chrozium compound.” Compounds
of greater solubility would be expected to be rapidly transported
away from application or deposition sites and inactivated in
erythrocytes (NIOSH, 1975). With respect to pulmonary car-
cinogenesis, however, solubility may be less important than other
factors, such as the size distribution of chromium aerosols,
total dose received, and host factors affecting deposition and

clearance.

In view of the observation that both soluble and insoluble Cr(VI)
compounds are genotoxic and may be implicated in carcinogenesis,
it has more recently been suggested that the issue of water

solubility has probably been overemphasized (Bidstrup, 1983). In
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any case, resolution of the solubility/carcinogenesis issue,
although relevant, 1is not necessary for the purposes of risk

assessment. .
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7.2 Epidemioloric Studies

7.2.1 Introduction

Several reviewers have recently summarized the epicemiologic studies per-
taining to chromium (EPA, 1984; IARC, 1980; Hayes, 1982). The purpose of
this section is to evaluate key studies with the goal of determining the
general health effects associated with chromium exposure and, in par-
ticular, whether chromium or certain classes or compounds of chromium are
carcinogenic in humans. A summary of some salient features of thase

studies appears in Table 7-1.

Virtually all epidemiologic studies regarding health effects of chromium
were conducted in occupational settings. The studies arose following case
reports of lung cancer in workers in the chromium industry dating back to
the late 1800s. Based on these reports, in 1936 German authorities recog-
nized lung cancer associated with chromate dust as a possible occupational

disea. =,

7.2.2 Chro.aite Producing Indust

The most studie: ector of the chromium industry has been the chrorate
producers.  Here, mite ore (Cr(III)) is the raw material and socium
chromate (Cr(VI)) and calcium chromate (Cr(VI)) are the principal inter-

mediate and end products, respectively, of the chromate extraction
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process. Thus, chromium exposure 1is 1likely to encompass a mixture of
oxidation states, solubilities and specific compounds.. ;l/

Machle and Gregorius (1948) reported on the mortalis? of workers in 6 of 7
chromate producing plants in the U.S. Wofker cohorts were not defined; in-
stead, life insurance records were reviewed for cause of death for all
previous years in which each plant had adequate employment and mortality
records. This time period ranged from 4 to 17 years for the different
plants. Comparing cancer mortality rates to those of oil refinery workers,
statistically significant (p < 0.05) increases in the‘crude rates of cancer
at all sites (4.17/1000 chromate vs 0.78/1000 refinery), cancer of the
respiratory system (2.9/1000 vs 0.14/1000), and cancer of the digestive
tract (0.09/1000 wvs 0.05/1000) were found. Though the data were not age-
adjusted, the differences persisted when the data were stratified into two
groups: age 50 and under and age greater than 50. This suggests that the

higher rates observed among chromate workers is not likely to stem froz a2

disproportionate number of older workers in this group.

Limited exposure data were available in this study. The overall range of
airborne “"chromates" reported by 4 plants was 0.003 -21.0 mg/m3. but there
was considerable variation by plant and by location within each plant. The
authors stated_that the incompleteness of these data render them inadequate

for further epidemiologic application.

Baetjer (1950) conducted a case-control study of 290 lung cancer patients
in two Baltimore hospitals to determine if a relationship existed with
employment in the 1local chromate plant. (The plant in question and the

time period covered are part of the Machle and Gregorius study above.)
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Controls were age-matched males randomly selected from each hospital’s
records. Statistically significant (p < 0.05) crude odds ratios were found
for having lung cancer and exposure to chromium at each hospital. The odds

ratios were 32 and 23, respectively.

Mancuso and Hueper (1951) studied the lung cancer-chromium aésociation in
employees of the Painesville, Chio chromate plant. A cohort of workers was
defined as consisting of employees who had worked for at least one year
during the period 1931-1949. The male population of the county in which
the plant was located served as the comparison group. Denominater dats
were not reported; rather, the results were presentéd as proportionate mor-
tality ratios (PMR). The PMR for cancer of the respiratory system was
18.2% (6/33) among chromate workers and 1.2% among the general zale
population. This difference is significant at p < 0.01. The authors also
stated that about 96% of the workers were exposed predominantly to in-
soluble chromium (chromite ore Cr(III)), suggesting that insoluble
chromium, because of its relatively 1long pulmonary retention time (see
Section 3.4), may have played a causal role in carcinogenesis. However,
since all work environments were contaminated with both trivalent and
hexavalent chromium, (i.e., both insoluble and soluble chromium) the data

are too limited to ascribe the carcinogenic form.

Mancuso (1975) followed up a segment of this population (new employees for
the years 1931-37). A major concern of the author was to determine whether
an association existed between lung cancer deaths and exposure to chromium
of different oxidation states and solubilities. Data from a 1949 in-

dustrial hygiene study of the plant were used to derive weighted average
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exposures to insoluble, soluble and total chremium which were then applied
to the worker cohort. Water-soluble chromium was ;cénsidered to be
hexavalent while insoluble <chromium was assumedf.to be trivalent. The
author noted that since the plant’s inception in 1931, production had
dramatically increased, possibly increasing chromium dust concentrations.
This was 1likely to have continued until 1949, when the company institutad
control measures, ‘which markedly reduced the exposure. Thus, the 1949 ex-
posure data probably represent an average exposure for the cohort; that is,
the data underestimate exposure from 1931 to 1949 and overestimate it sub-

sequently.

0f the 332 cohort employees, 173 (52%) had died by 1974, including 41 from
lung cancer. No comparison to a reference group was made. The age-
adjusted data showed an increase in lung cancer rates with increasing
exposure to chromium, regardless of solubility (and hence oxidation state).
No statistical evaluation of those trends was reported, but the staff of
DHS tested the data and found a statistically significant positive trend (p
< 0.001). Mancuso concluded that the carcinogenic potential of chromium
extends to all forms. However, given that employees were exposed tc both
trivalent and hexavalent compounds and that increases in one form were

positively correlated with the other, this conclusion appears unwarranted.

The mortality experience of 723 workers in ;he bichromate-producing in-
dustry in Great Britain was studied by Bidstrup and Case (1956). Lung
cancer mortality was significantly higher among workers than would be ex-
pected using national death rates: 12 lung cancers were observed versus

3.3 expected (p = 0.005). Mortality from other neocplasms or other causes
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of death was not elevated. The authors discuss, but do not adjust for,
place of residence, social class and smoking habits,lnoting that dif-
ferences between the worker ,cohort and the geneéal population for the
factors were minimal and therefore could not account for the 3.6 fold in-

crease in lung cancer mortality that was observed.

Taylor (1966) identified a cohort of 1212 workers from 3 U.S. chromzte
plants who had worked for at least 3 months during 1937-40. The cohort was
followed for 24 years using Social Security records; mortality data were
obtained from death certificates. Seventy-one deaths due to cancer of the
respiratory system were observed while 8.3 were expected using the U.S.
male population for comparison (estimated relative risk = 8.51, p < 0.001).
A dose-response effect was seen using specific cumulative years of chromate
experience as an indicator of "dose™ (no exposure data were reported).
This effect was also observed for cardiovascular deaths and noncancer

respiratory disease.

Hayes et al. (1979) reported on a cohort of 2101 workers who were initially
employed between 1945 and 1974 and who worked at least 90 days in a
Baltimore chromate plant. The plant was partially rebuilt ian 1950-51 and
in 1960 in an effort to reduce chromium exposures. In mid-1977 the vital
status of 88% of the cohort had been ascertained. Compared to the male
population of Baltimore, workers initially employed between 1945 and 1959
experienced a two-fold increase in 1lung cancer mortality (p < 0.05).
Employees beginning work after 1959 were deemed to have had insufficient

follow-up in view of the presumed long latency period and were not included
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in the analysis. Chreomium comnz:intrations were not reported, but a dose-
response effect was found bat:ecen duration of emp}oymént and mortality
(adjusted for age). Also, & bhistory of employsént in the departments
producing chromic acid and other hexavalent compounds was associated with
increased lung cancer (estimated relative risk = 2.9, p < 0.05) in contrast
to workers with a history of work in the chromite ore Cr(IIl) processing

departments (estimated relative risk = 1.3, p > 0.05).

Other groups in the chromium industry have been less extensively studied
than chromate producers. However, epidemiologic investigations have been
reported for the chromium pigment and plating industries as well as the

ferrochromium industry.

7.2.3 Chromium Pigment Industry

Exposures in the chromium pigment industry are mainly to hexavalent com-
pounds, including sodium chromate (soluble), lead chromate (insoluble), and

Zine chromate (insoluble).

Langard and Vigander (1983) reported the results of a study of a cohort of
133 employees who began work in ﬁorwegian chromate pigment plants in 1948;
the followup period extended through 1980. Workers commencing exployment
after 1972 were excluded. Early e#posure was to both lead and zinc
chromates, but production of 1lead chromate terminated after 1956.
Histo;ical exposure levels were not known, but routine measurements between
1975-80 showed chromium levels of 0.01 - 1.35 mg/m3. Thirteen cancers were

observed in the cohort: 7-were lung cancer. Among 24 workers who had been
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exposed more than 3 years, 6 lung cancers were observed versus 0.135 ex-
pected based on the Norwegian male population (estimated.relative risk

- 44, p < 0.001). 4

Davies (1978, 1979, 1984) reported on lung cancer mortality among workers
making lead and zinc chromate pigments at 3 English factories. No specific
cohorts were defined; instead all non-office male workers completing at
least one year's service by June 30, 1975, from as early a date as records
permitted were followed. Exposure levels were Anot reported. Rather,
workers were classified into low, medium, and high categories depending on
work activity and likely exposure to chromates. Also, the exposure in one
of the plants (plant C) was exclusively to lead chromate. For workers on
the job for at least one year and for whom plant records were available, no
significant increases in lung cancer among the low exposure group were
noted in any plant relative to the general male population of England and
Wales. However, since there were less than 100 men in this exposure class
in any plant, these results should be interpreted cautiously. Also, since
cohorts were not defined there may well have been large numbers of recently
employed workers for whom the followup period was too short (i.e. - all
tﬁose starting work after 1960). Statistically elevated increases in lung
cancer mortality were found for workers with high or mediuz exposures in
only two plants (plant A estimated relative risk = 21/9.5, p < 0.001; plant
B estimated relative risk = 11/2.5; p < 0.001). Davies interpreted the ab-
sence of lung cancer excesses in the 167 workers in Plant C as an
indication that lead chromate is not carcinogenic in man. The qualitative
nature of the exposure data and the small worker cohort in plant C militate

against such a definitive conclusion.
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7.2.4 Chrome Plating Industrv

Exposures in the chrome plating industry are predominantly to hexavalent
chromium compounds, including chromium trioxide, sodium and potassium

dichromate, and chromic acid. These compounds are soluble in water.

Royle (1975) studied 1238 past and current plater workers in 54 plants in
the United Kingdom. A wminimum of 3 wonths of consecutive ecployment in a
plant was required for entry into the cohort. A reference population con-
sisting of manual workers from non-plating departments of the larger plants
and from other industrial plants was the source of individually matched
controls for the platers. Matching was based on age, sex, and when last
known to be alive. The rate of death due to zmalignant neoplasms acong
platers was 3.2/100 (39/1238) versus 1.6/100 (21/1284) in the control group
(p < 0.05). Mortality rates for cancers of the lung and pleura, gastrecin-
testinal tract, and "other sites” were elevated zzong platers, but did not
reach statistical significance. Increases were also reported for death due
to non-neoplastic respiratory disease. No exposure concentraticn data were

reported.

Franchini et al. (1983) reported on the mortality of a cohort of 178
chromeplating workers from 9 plants in Pzrma, Italy. Workers employed for
at least one year between 1951 and 1981 were included. Though airborme
chromium concentrations were reported, it is not clear when the zeasure-
ments were made; there is, however, some indication that the measurercents
were taken in recent years when the hygienic conditions in the plants had

substantially improved. The air levels in the plants engaged in the use of



"thick" plating were 7 mg/‘m3 (range 1 - 50) near the plating baths &and 3
mg/m3 (range 0 - 12) 1in the middle of the room. The authors refer to
another industrial hygiene survey of these plants G%eporting levels about
ten times higher) which indicated air levels would bte about one-tenth as

great where thinner plating was used.

Stratifying on thick/thin plating and restricting the cohort to those who
had a minimum of 10 years of follow-up, there was a significant increase in
lung cancer mortality among the thick plating workers: 3 cases were ob-
served versus 0.6 expected, based on the general Italian male populaticn
(adjusting for age), (p < 0.05). Since only 62 men were in the thin plat-
ing subcohort, the lack of an observed response in these workers may be

related in part to the small sample size,.

7.2.5 Ferrochromium Industry

A limited number of epidemiologic studies have also been published concern-
ing the cancer mortality of workers in the ferrochromium industry. This
industry wuses both trivalent and hexavalent chromium in the production of

steel alloys.

Pokrovskaya and Shabynina (1973, as cited in EPA, 1984) compared the cancer
mortality of a group of ferroalloy workers in the Soviet Union to the localb
population for the time period 1955-69. No specific cohort was defined nor
were the numbers of cancer cases, individuals in the comparison groups, and
person-years at risk given. Workers in the plant were reported to be ex-

posed to  low-solubility chromium compounds with concentrations of



. . + s 3
hexavalent chromium exceeding the allowable level of 0.01 mg/m™ by 2 te 7
times. In addition, some workers were exposed to smelting process fuzes

for the chromium ore, which included benzo(a)pyrene. -

Age-specific cancer mortality ratios (MR) were reported. The ratios for
cancers in males aged 50-59 were significantly increased (p < 0.001) for
all sites (MR = 3.3), lung (MR = 6.67), and esophagus (MR = 2.0),.
Esophageal cancer mortality was also elevated among 60-69 year old males
(MR = 11.3, p < 0.001). However, the 1lack of methodological cdecail
reported as well as the absence of a defined worker cohort leave the

results of this study open to question.

Axelsson et al. (1980) investigated the mortality and incidence of tuzszs
among 1932 ferrochromium workers in a Swedish plant. A cohort of 1836 zen
was defined as all male workers who had workad at the plant for at lsast
one year during 1930-75 and who were alive on January 1, 1951. Expected
rates were based on the county in which the plant was located. Exposures
in their plant were predominantly to trivalent and metallic chromium, z1-
though hexavalent chromium was present in some stages of production.
According to the  authors, "recent" measurements and discussions with
various plant personnel allowed estimation of exposure levels; the range
for Cr(0) and Cr(III) was 0 - 2.5 mg/m3 while that for Cr(VI).was 0 - 0.25
mg/m3. Of specific work categories, arc-furnage and maintenance exployvees

were most heavily exposed.

The total number of deaths from tumors was less than expected (69 versus

76.7) for the entire cohort but a non-significantly elevated number was
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found among maintenance workers (18 vs 13.6). The elevation in maintenance
workers was due in part to an increase in mortality from respiratory
cancers (3 wvs 1.3, p > 0.05),. This latter finding-was paralleled in the
incidence data, where 4 respiratory cancers among maintenance workers were
observed against one expected (p = 0.038). Two of these cases were pleural
mesotheliomas and could be related to exposure to abestos, which was used

in the plant. Exposure data for asbestos was not presented.

Langard et al. (1980) studied the incidence of cancer in male workers at a
Norwegian ferroalloy plant (chromium and silicon alloys were produced).
The cohort studied included all men who had worked at least one year in the
period 1928-77, but the analysis focused on 976 workers who started before
January 1, 1960. Both overall cancer mortality and incidence were lower
than would have been expected based on national data. Lung cancer in-
cidence was elevated; however, 7 cases were found among ferrochrecmiuzm
workers while 3.1 were expected (p > 0.05). The authors note that the ex-
pected rate may be inflated because the age-corrected lung cancer rate in
the population of the county in which the plant is located is only 58% of
the incidence in the whole country. Applying 58% to the expected rate
results in a significant increase in the incidence ratio (p < 0.01).
Furthermore, using non-ferrochromium workers as an internal referent
population resulted in an 8.5-fold increase in lung cancer incidence (p =

0.026).

Exposure data were based on a 1975 industrial hygiene survey of the plant.
The total chromium content of dust was "with few exceptions” below 1 pg/m3.

This 1level probably underestimates past exposures. Water-soluble chromium
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(assumed to be hexavalent) ranged from 11-33% of the total. The presence
of high levels of Cr(VI) in previous years was also confirmed by the find-
ing of 2 workers with nasal septum perforations. Exéosure to asbestos and
low levels of polycyclic aromatic hydrocarbens also occurred, but con-
centrations were not reported. However, since the 243 ferrosilicon workers
studied were similarly exposad yet experienced no lung cancers, the effect

of these exposures may be minimal.

7.2.6 Other Epidemiologic Studies

Epidemiologic studies have also been conducted in users of chrozium
products, particularly welders. Certain welding fumes contain chromium,
manganese, nickel, and trace amounts of arsenic and lead. Stern (1983)
reviewed the literature and found 22 studies of cancer incidence and
welding. Five studies showed statistically significant (p < 0.05) in-
creases in the relative risk (range of relative risks: 1.3 - 5). The
results in all 22 studies were consistent with a relative risk of 1.3,
based on a 95% confidence interval. Because of the mixed exposure to
several metals, each of which has demonstrated mutagenicity or is suspected
of being a human carcinogen, these studies are not as useful for identify-

ing chromium as a carcinogen and will not be further discussed.

Only one study was found that Jlooked at the carcinogenic potential of
chromium in a nonoccupational setting. Axelsson and Rylander (1980)
studied 1lung cancer mortality in communities exposed to chromium emiss;ons
from the ferroalloy industry. No statistically significant difference was

found for lung cancer mortality rates between communities affected by the



emissions and rural communities having no industrial emissions. Though
chromium exposure levels were measured, they were not ;peeiated in terms of
chromium oxidation state or specific compounds. Since the ferrochromium
industry predominantly uses trivalent chromium, the absence of an effect in
this study may be due to exposure to the form of chromium that is not es-
tablished as a carcinogen. Moreover, any Cr(VI) formed during the
processing of Cr(III) could have been subsequently reduced to the trivalent
form in the atmosphere (NAS, 1974), which could also account for the lack
of increase in 1lung cancer mortality in the communities. Another pos-
sibility to account for the lack of increased lung cancer could be that the
chromium was on particles whose size would preclude them from being

respired or deposited in the lung.

7.2.7 Summary of Epidemiologic Studies

The health outcomes studied in the published chromium epidemiologic studies
are narrow in scope. Based on case reports from the chromium industry, in-
vestigators quickly focused on testing the lung cancer hypothesis. Total
mortality and mortality from all cancers were also routinely reported and,
occasionally, data on cancer for non-respiratory sites were presented.
Few authors mentioned any acute effects or other chronic conditions, al-
though nasal perforations were reported as an indication of high hexavalent
exposure in several studies. Therefore, the epidemiologic studies are not

adequate to evaluate non-carcinogenic effects.



Several different study designs and worker groups were used to study the
chromium-lung cancer relationships. The finding of;antistically sig-
nificant associations between, worker exposure to chfomium and lung cancer
on an international basis and from a variety of study designs provides
strong evidence to identify chromium as a human carcinogen. HKHowever, the
studies have not been able to answer all the questions concerning
chromium’s carcinogenicity for two reasons: control of potential confound-

ing variables and quality of the exposure data.

The major potential confounders are cigarette smoking and exposure to other
respiratory carcinogens, such as asbestos and benzo(a)pyrene. Because per-
sonal histories typically were mnot obtained, most authors made the
assumption that workers’ smoking habits were identical to those of the
general population (i.e. the usual comparison group). To the extent this
is not true, the observed number of lung cancer cases can be over- or
under-estimated. For example, if workers smoked more than their comparison
group counterparts, it would not be clear how much of the excess lung
cancer observed was due to cigarettes and how much to chromium. Some
authors did qualitatively consider the smoking issue and concluded that it
did not exert a confounding effect or that smoking could not by itself have
accounted for the excesses of the magnitude seen. Staff members of DHS
agree with this conclusion: it is not likely that the estimated relative
risks, which exceeded 20 in many cases, could be explained solely on the

basis of smoking.

Similarly, there cannot be a definitive resolution to the problem of ex-
posure to multiple carcinogens. Since exposure data were generally
lacking, quantification of exposure to other carcinogens is tenuous, at
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best. The impact of these exposures could reduce or invalidate the
chromium-lung cancer relationship. Invalidation does not seem likely,
however. For example, asbestos exposure is likely to occur in smelter
operations among selected workers (furnace operators and perhaps nain-
tenance workers). The finding of a positive association between chromium
exposure and lung cancer in other workers within the same plant and in
other chromium industries suggests that chromium has at least an independ-

ent role in carcinogenesis.

The second major problem with the epidemiologic studies -- the poor
chromium exposure data -- limits the specificity of the cancer-chronium
relationship vis-a-vis oxidation state, solubility, &and individual
compounds. As was indicated earlier, levels of exposure were rarely knowvn.
Where exposure levels were given, they were incomplete relative to the
period of worker exposure. Further, since employees were exposed to nix-
tures of chromium-containing materials, the available data are insuffient
to differentiate effects based on oxidation state, solubility or specific
compounds. The observation by Baetjer (1950) that respiratory cancer was
not associated with the mining of chromite ore (trivalent, insoluble) and
the findings of 1lower cancer risks in those industries mainly usin

trivalent chromium (e.g. ferrochromium) and those with exposure to
trivalent and insoluble hexavalent chromium (e.g. Davies, 1984 chrome
pigments) suggest that trivalent chromium may not be as carcinogenic as the

soluble hexavalent form.

In summary, the epidemiologic data identify chromium as a respiratory sys-

tem carcinogen, but are insufficient to refine the carcinogenic potential



in terms of individual compounds, the trivalent or hexavalen® oxidation
stare, or differing solubilities. Furthermore, while the findings of soce
studies suggest chromium 1is, associated with nonrespiratory cancers, the

evidence is insufficient to consider this to be of 2 causal nature.



8 QUANTITATIVE RISK ASSESSMENT

8.1 Introduction .

EPA has recently published a health assessment for chromium (EPA, 1984).
The report was independently peer-reviewed in public sessions of the
Environmental Health Committee of EPA’'s Science Advisory Board. The quan-
titative risk assessment of this document has been adopted for this report
based on the rationale given below. The assessment focuses on hexavalent
chromium, since Cr(VI) compounds have demonstrated both mutagenic and car-
cinogenic effects while evidence implicating Cr(III) as either a mutégen or
carcinogen is weak. The staff of DHS believes this is a reasonable and ap-

propriate interpretation of the health effects data on chromium.

To be protective of public health, a risk assessment should be based on the
adverse health effect which arises from the lowest exposure to a substance.

Both carcinogenic and non-carcinogenic effects must be considered.

8.2 Non. “ciprgenic Risks

Noncarcinogenic fects of hexavalent chromium include skin ulceration and
dermatitis, nasal : sa irritation and septum perforation, and kidney and
liver damage, while 1r(TII) has been implicated in causing pulmonary
fibrosis (see Section 4...2; ACGIH, 1984). These effects have been
reported from exposures in occupational settings. As a result, occupa-
tional standards have been set at levels presumed not to cause.these

effects given repeated exposures, The American Conference of Governmental
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and  Industrial Hygienists (ACGIH) has established the occupational
threshold 1limit wvalue (TLV) for Cr(VI) at 0.05 mg/m3 whilé the permissible
exposure level (PEL) recommended by NIOSH is 0.025"mg/m3 (water-soluble,
noncarcinogenic Cr(VI)) and 0.001 mg/m3 (water-inéoluble, cgrcinogenic
Cr(VI)). The TLV for Cr(III) is 0.5 mg/m3. These occupational standards
are not necessarily directly applicable to the general population because
of the potential greater susceptibility to disease among the general
population. In fact, the ACGIH has cautioned against the general applica-

tion of TLVs stating that:

These 1limits are intended for wuse in the practice of in-
dustrial hygiene and should be interpreted and applied only by
a person trained in this discipline. They are not intended
for wuse, or for modification for use, (1) as a relative index
of hazard or toxicity, (2) in the evaluation or contrel of
community air pollution nuisances, (3) in estimating the toxic
potential of continuous, uninterrupted exposures or other ex-
tended work periods, (4) as proof or disproof of an existing

disease or physical condition...(ACGIH, 1984).

However, temporarily holding these caveats in abeyance, the lowast PEL of
0.025 mg/m3 can be modified to account for a 24 hour per day and 365 day
per year exposure Yyilelding a concentration of about 0.01 mg/m3 which is
"theoretically" protective against nasal irritation, septal perforation,
dermatitis, and liver and kidney dysfunction. Further, to be rore
cautious, an additional conservative safety factor can be applied, e.g.,
100, yielding a "population threshold" of 100 ng/m3. This level is 5 to 6

times greater than ambient levels. Thus, using this crude and extrezely
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conservative zpproach, noncarcinogenic respiratory, renal, hepatic or

cutaneous effects would not be expected to appear at ambient levels.

8.3 Carcinogenic Risks

8.3.1 Sources of Data

Typically, bioassays and/or epidemiologic studies are used for quantitative
risk assessment of carcinogens. Both sources of data are available for
chromium. In general, however, the use of epidemiologic data is preferable
since effects in humans are being evaluated, obviating the need for inter-
species extrapolation. Moreover, in the case of chromium, the route of
exposure 1in the epidemiologic studies, inhalation, is the route of primary

concern to the ARB,.

Animal carcinogenicity studies have not been successful in demonstrating =
significant increase in tumor incidence following inhalation or ingestion
(see Appendix 1I). This finding holds for both trivalent and hexavalent
compounds. However, some studies have shown significant tumor increases at
site of contact, particularly for some hexavalent compounds, following sub-
cutaneous injection, intratracheal instillation, or intrabronchial,
intrapleural, intramuscular or intratracheal implantation. While support-
ing the identification of chromium as a potential carcinogen, these latter
studies are not used for quantitative risk assessment for reasons described

below.



Determination of comparable inhalational dose levels froa éhe above-noted,
atypical routes of exposure, that yielded carcinggenic excesses is
problematic. In the case of implantation studies, since tumors appear to
develop only at the site of contact, the dosage producing the effect (as
opposed to the amount of material implanted) is not readily discermible:
high local concentrations are likely to appear at the site of exposure and
without good absorption data, it is difficult to quantify dosage. For the
instillation studies, difficulty arises with respect to relating the
delivered dose, to the ambient levels that would have to exist to produce
this dose through inhalation, given the anatooy and physiology of the
animals’ upper respiratory tract. The differential cancer response by
route of administration indicates that the dose distribution is affected by
the route of exposure., It also points to the need for physiochemical and
pharmacokinetic information relating the distribution of chromium in lung
tissues after inhalation or intratracheal administration. Such information
is not available. Furthermore, the physiologic mechanism of dese distribu-
tion by intratracheal administration may depend in a non-linear fashion on
the dose levels used in the experiment (EPA, 1984). The study by Steinhoff
et al. (1983), in which a weekly dose of sodium dichromate induced a car-
cinogenic response in rats but failed to do so when one-fifth this dose was
given five times per week, supports this contention. Thus, the staff of
.DHS believes that it 1is not appropriate to attempt to derive the dose-
response curve for an inhalation exposure where the dose parameter is as
poorly defined as in the case of the chromium animal studies, particularly
when adequate epidemiologic data are available for quantifying the excess

risk.
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8.3.2 Selection of Chromium Compound(s) For Risk Assessment

As the toxicological data suggest, chromium’s health'éffects are related to
the oxidation state, solubility, and the metal elements in the test com-
pounds (e.g. lead, =zinc, calcium). In general, trivalent chromium
compounds do mnot show evidence of mutagenicity in short-term genotoxicity
tests. Experiments in several animal species further suggest that Cr(III)
compounds (e.g. chromic acetate, chromic oxide, chromite ore) are not
likely to be carcinogenic. IARC (1980) concluded, however, that these data
were inadequate to either confirm or refute the carcinogenicity of

trivalent chromium. The staff of DHS agrees with this conclusion,

In contrast, several hexavalent chromium compounds have been shown to cause
genotoxic effects in prokaryotic and eukaryotic systems, both in vitro and

in wvivo. Morecover, studies in rats have demonstrated the carcinogenicity

of several Cr(VI) compounds: lead chromate (insoluble), zinc chromate
(insoluble), strontium chromate (insoluble), and sintered chromium trioxide

(insoluble).

Since these data are not in conflict with the epidemiologic findings, the
staff of DHS believes the risk assessment should be based on hexavalent
chromium compounds. However, because the DHS assessment will use
epidemiologic data to estimate risk, and becagse these data do not permit
differentiation of risk with respect to solubility or compound specificity,
the assessment will pertain to the general class of Cr(VI) compounds. The
staff of DHS recognizes that, in assuming all hexavalent chromium compounds

are equally carcinogenic, the estimated risk per unit dose (potency) may be
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underestimated due to the inclusion of potential noncarcinogenic'compounds
in the cancer potency calculation. The staff also recognizes that the ap-
plication of this potency factor to a mixed .C;(VI) exposure rmay
overestimate the predicted cancer risk (by assuming exposure to a higher

dose of carcinogen than is actually present).
8.3.3 Threshold

A threshold in classical toxicology is a level at or below which a toxic
response does not occur. The concept of a threshold is accepted for health
effects which are not self-propagating. In theory the threshold represents
an absolute 1level; however, in practice the threshold level is defined
where no effect can be detected. The practical threshold is thus a func-
tion of technology, 1i.e., the ability to measure small effects, and of
sample size, i.e., the ability to observe a rare event in a given exposed
population. Practical thresholds are typically determined by applying a
safety factor to the lowest no observed effect level (NOEL) or no observed
adverse effect level (NOAEL) among all health effects of concern, as deter-
mined from experimental data or observational reports. The safety factor
provides an additional degree of protection to account for more susceptible

individuals in the genetically heterogerous general population.

Whether carcinogenesis (a self-replicating process that may continue after
the exposure has ended) is characterized by a threshold is controversial.
Empifically, a threshold level cannot be proven using either animal or
human studies (e.g. if there were no effect observed in 25,000 animals, one

could not be absolutely assured of a similar outcope in 100,000 animals or
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1 million animals). Therefore, the issue of a carcinogenic threshold can
only be resolved based on knowledge of the mechanism by'ghich a substance
causes cancer. Science has ,yet to validate propoged mechanisms. It is
believed, however, that cancer 1is a multistage process that can be in-
itiated with an attack by a carcinogen on DNA. The result can ultimately
be expressed as a tumor. Theoretically, despite the body’'s defense
mechanisms, the initiating event can be caused by a single molecule of the
carcinogen, making the threshold dose indistinguishable, for practical pur-
poses, from =zero. This 1is 1in contrast to other toxic effects that are
believed to occur only after the reserve capacity of the biologic target to

withstand and rapidly repair damage has been exceeded.

Some compounds associated with carcinogenic responses do not appear to in-
teract directly with DNA. Although it is possible that these compounds may
have thresholds, their mechanisms of action are not well-understood. These
compounds are currently treated for purposes of risk assessment as non-

threshold substances.

The mechanism by which chromium induces cancer is not known. Levis and
Bianchi (1982) have described a possible mechanism which requires exposure
to hexavalent chromium because, in contrast to trivalent chromium, Cr(VI)
can readily penetrate the cell membrane. However, as noted in Section 5.4,
trivalent chromium, formed from either intracellular enzyme-mediated reduc-
tion or by reaction with reducing agents, may be the ultimate carcinogen.
Thus, it 1is not known if the "initiating" event is the binding of Cr(III)

to DNA, the reduction of Cr(VI) to Cr(III), or some other process. In any

-77-



case, the proposed mechanism predicated on the occurrence of a genotoxic

event is consistent with the assumption of a nonthreshold process.

One critic of the EPA chromium health assessment document (Hathaway, 13985)
interpreted the findings from some short-term genotoxicity studies, metabo-
lic studies, and an animal study as demonstrating the existence of a
threshold. The points cited to support this were: 1) Cr(III) appears to
be neither mutagenic nof carcinogenic, 2) treatment of Cr(VI) with chemi-
cal or biological reducing agents renders Cr(VI) nonmutagenic, 3)
treatment of Cr(III) with strong oxidizing agents results in a positive
mutagenic response, &) Cr(Vi) is reduced to Cr{III) both extra- and in-
tracellularly, and 5) an unpublished animal study in which a weekly dose
of sodium chromate (Cr(VI)) for life yielded a carcinogenic respomnse while
one-fifth this dose administered five times per week resulted in no tumors
(Steinhoff et al., 1983). 1In other words, the genotoxicity tests suggest
that exogenous Cr(VI) 1is a carcinogen whereas Cr(III) is not, even if
Cr(III) 1is the valence state with which DNA is ultimately complexed. The
implication 1is that, to the extent that Cr(VI) is reduced extracellularly
or even intracellularly prior to reaching the nucleus, the likelihood of a
significant genotoxic effect is correspondingly diminished. If the reduc-
tion process occurs in a non-linear fashion, a practical threshold may
exist. The differential carcinogenic response observed in the animal study

also supports the concept of a practical threshold.

The staff of DHS agrees that some of these findings may be consistent with
the existence of a metabolic threshold, but do not believe that they con-

stitute compelling proof of a threshold or, in particular, of a threshold
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that could be numerically applicable to humans. Other factors need to be
considered. For example, possible pharmacokinetic diffefénces between the
aforementioned test systems and man limit the diéect generalization of
these findings to man. Also, even if the reduction of hexavalent chromium
were a non-linear process, these metabolic defenses have not convincingly
been demonstrated to be completely effective. Furthermore, the demonstra-
tion of a dose-rate response (Steinhoff et al., 1983) does not exclude the
possibility that a carcinogenic response could have been seen in the low-
dose group had a larger population been studied. Alternatively, the dose-
rate response observed by Steinhoff could be interpreted as showing that
the lifetime-averaged daily dose may not be appropriate for medelling the

risk of chromium.

The evidence presented in support of a threshold is inconclusive and per-
haps 1is more suggestive of a nonlinear low-dose response than an absolute
threshold. Hathaway (1985) acknowledged these difficulties: "... this
evidence does mnot permit quantification of the threshold or a description
of the dose-response at low doses." The staff of DHS concurs with Hathaway
on these latter points, Therefore, in accordance in Section 39650 of the
Héalth and Safety Code which stipulates that DHS should be protective of
public health, and given that the assumption of low-dose linearity is comn-
servative (i.e., public health protective) the hexavalent chromium risk

assessment should be based on a linear non-threshold model.
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8.3.4 Extrapolation Mcdels

=
Chromium exposures in the occupational epidemiologig studies tended to be
in the milligram/m3 range. Ambient exposures to atmospheric chromium are
in the nanogram/m3 range, or about one million times lower. Therefore, a
model and a procedure are required to estimate effects resulting from ex-
posure to ambient levels, when the only demonstrated response occurred at

much higher occupational levels.

Empirically, most extrapolation models fit the observable dose-response
data equally well, but can giye vastly disparate results in the low-dose,
nonverifiable range of concern. However, mutagenic studies with both
ionizing radiation and a wide variety of chemicals support a linear, non-
threshold, dose-response relationship, particularly for low-dose exposures
(EPA, 1984). Epidemiologic studies of radiation-induced leukemia, breast
and thyroid cancer, and liver cancer induced by aflatoxins in the diet also
support this type of relationship (EPA, 1984). Therefore, the DHS risk as-
sessment will adopt the EPA linear nonthreshold model to estimate low-dose
chromium exposure carcinogenic risks, recognizing that such a model, al-
though biologically plausible, has scientific limitations. A linear
nonthreshold model is also likely to be health-protective because, for ex-
ample, the 1linearity assumption may provide an upper limit to the dose-

response.
Two procedures were used by EPA to calculate the potency. The first re-
quires age-specific mortality data and calculates the carcinogenic potency

taking competing risks of death into account. (A more detailed description
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of this procedure 1is given in Appendix II.) The lifetime probability of
lung cancer given continuous lifetime exposure to dose d is given by:

L S )
P(L,d) = [ h(s,d)exp{-[f h(y,d)dy + A(s)]}ds,
0 o

where L 1is the maximum human lifetime, exp [-A(s)] is the probability of
surviving to age (s) without acquiring lung cancer, and h(t,d) is the age-
cause-specific mortality after adjusting for the background rate. Once the
function h (t,d) is specified, its parameters can be estimated from the

epidemiologic data; A(s) is estimated from vital statistics,
The second procedure is less complex and is applicable where age-specific
information is not given. The method assumes that the risk among exposed

individuals (Re) is a function of the exposure dose (d) and background

cancer rate (Rb):

Re - R.b + Bd,

where B is the potency factor. The relative risk (i.e., the ratio of risk

between exposed and non-exposed individuals) is therefore:

Solving for B yields:
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B= ((RR - 1) xJ/d.

Data from epidemiologic studies are used to estiﬁate the relative risk
while information concerning dose levels, if available, is typically
presented in either an epidemiologic study or in an associated industrial
hygiene survey. The background rate of cancer is typically obtained from

vital statistics data.

The excess lifetime probability of lung cancer, given a continuous lifetine

dose of hexavalent chromium, P(L,d), is then given by:

P(L,d) = 1 - exp (-Bd).

8.3.5 Selection of Studies for Vuantitative Risk Assessment

Many epidemiologic studies have demonstrated the carcinogenicity of
chromium, but few have been able to quantify the exposure, particularly in
a manner representative of the experience of exposed individuals. Indeed,
only one study (Bourne and Yee, 1950 with reference to Mancuso & Hueper,
1951) addressed the issue of particle size which could be a critical factor
in establishing dosage. Since the inhalation exposure was most likely due
to chromium dust or aerosol (chromic acid mist), actual worker exposures
would probably be restricted to respirable particles that would be retained
in the 1lungs (i.e., less than 5 um (Task Group on Lung Dynamics, 1966)).
Thus, it 1is possible that the exposure data available to calculate the
potency are inflated which has the practical effect of underestimating the

potency factor. Similarly, the use of respirators would decrease actual
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exposures vrelative to ambient measurements, resulting in an underestimated
potency factor. The extent of respirator usage was not, however, discussed

in the epidemiologic studies used for the risk assessment.

Exposure data were reported for the Mancuso (1977), Langard et al.(1980),
Axelsson et al. (1980), and Pokrovskaya et al. (1973) studies. The
analytic group in the Langard study consisted of a cohort of men who began
work some time between 1928 and 1960 but the exposure data were based on an
industrial hygiene study conducted in 1975. The authors noted that several
changes in production routines occurred during the plant’s 50 years of
operation and that no data were available on chrdmium'exposure levels for
previous years. Since the industrial hygiene of the plant undoubtedly im-
proved during the period the cohort was exposed, the 1975 exposure data are
likely to significantly underestimate the cohort’'s average exposure. These
data will then yield a spuriously high potency factor. For this reason the
staff of DHS do not believe the Langard et al. study should be used for the

hexavalent chromium risk assessment.

The Axelsson et al. study also provides exposure data, but the ill-defined
sources for these data and the ambiguity of the health findings in this
study render it inappropriate for a quantitative risk assessment. The ex-
posure data are based on "recent measurements and discussions with retired
workers and foremen employed in the 1930s" (Axelsson et al., 1980). As
such, the accuracy of these exposure data is questionable. More impor-
tantly, however, was the finding that the subcohort of maintenance workers,
which was the only group found to have a statistically significant elevated

respiratory cancer risk, was also exposed to asbestos. Two of the four
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respiratory cancers observed were mesotneliomas, a neoplasm generally con-
sidered to be almost exclusively associated with pfior exposure Lo
asbestiform  fibers. With ,one cancer expectea and excluding the
mesotheliomas, the observed relative risk (2/1) was not statistically
significant. Given the synergistic relationship between cigarette szoking
and asbestos exposure (i.e., a 50-fold increase in lung cancer risk among
smokers who are also exposed to asbestos) and the absence of smoking data
for cohort members, the staff of DHS does not belisve that the one extra
case of 1lung cancer observed in the Axelsson study can be reliably at-
tributed to chromium. Therefore, this study will not be included in the

DHS cancer risk assessment.

0f the remaining studies, the investigation by Mancuso is most approprizte
for use in a quantitative risk assessment. The inadequate reporting of ﬁhe
Pokrovskaya et al. study in terms of cohort definition and details concern-
ing the results renders the validity of study’'s findings somewhat
questionable. Therefore, this risk assessment will focus on the Mancuso
study. An estimate of chromium’s potency based on the Pokrovskaya et zl.
study is also presented for comparative purposes only with the understand-

ing that it may be less valid.

8.3.6 Risk Assessment Based on the Mancuso Studv

Mancuso (1977, see Appendix III) reported on the cancer mortality of 332

men who began work in the chromate (Cr(VI)) producing industry between 1931
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and 1937. Forty-one lung cancer deaths had occurred by 1974. Since age-
specific deaths were reported, both the cozpeting risk and crude

extrapolation models are used to estimate potency.

The risk assessments are based on data in the table below, (Table 8-1)
which includes the exposure, lung cancer mortality given this exposure, and
expected lung cancer mortality without chromium exposure for the study
cohort. The reported weighted average worker exposures were assuzed to be
equivalent to the continuous exposure d (in ug/m3) calculated by:

D 8 240

3 .
d = X3, X 33 ¥ 107 pg/ng

where D 1is the reported exposure (in mg/m3-years), Le is the midrange of
the age category, f is the fraction of time expcsed to chromium, and 8/24
and 240/365 are the fractions of a day and year, respectively, that a
worker spent at the plant. It was assumed that f = .65 which implies that

the cohort exposure to chromium began approximately at age 20.
Exposure data are in units of total chromium and are based on a 1949 in-

dustrial hygiene study of the plant (Bourne and Yee, 1950; see Appendix

). Since exposures occurred between 1931 and 1972 (the life of the
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Table 8-1. Combined Age Spcclfic Lung Cancer Death Rates and Total Chromium Exposure (lin ug/mj)
for the Mancuso Study (Mancuso, 1975).

“"Average Lifctime

Age at Exposure Person yecars Background Estimated Expoaure Range
Death A (,.g/m.j)h l)nnthnc AL Niak Imtcd Relative Riak (my_/m3 - yi')
50 5 .66 3 3 6.05 x 107" 3.7. IRy
%0 RO O 93 6.0% x m_" 10.7 2.0 - 4.99
50 no. %3 0 99 605 x 10" 33.2 6.0~ 1.99
60 168 ] 100 4 Lok ox 103 2.6 N
60 20,79 8 T, RIE BRI h.9 2.0 - 5.9
60 39.08 . 2 NIRBLE 16.5 6.0 -~ 7.9v
10 nohy A o oy ox 109 3.2 [ Ty
10 D) 0 3 YR B 7.0 2.0 Lud

"Nhlpninl. of 1o=year fnterval,

L., . . -
fhese values are caleulated by Fiest using the formala glven 1o Lthe Lext (pg 86) and then taklng the person yoar
wa lghled average Cor Lhe Hancuso-reported exposwre subeategorles (which have been combined in this table becane
of small numbaers),
)

o .
Onty 3% deathn suce tocebaded bn e e ok aaaseaament..  The vemadodng abx were among vorkers with exposure:s greater

than d le'./mj-'yn.n' but. the exact level 1o unknown and fa andikely to be Indentleal acrosa all age groups,

| , . . . ; - .
Back/roainl eate i ot fmated from o UG Vital Statistien, the year 19060 1o sceleebled becaune fL v
eatimaed by RFA that o darge proportion of  bayg caneor deatha ocenrred dueing that year,



plant), exposures based on 1949 data represent an average exposure. Bourne
and Yee indicate that, in wview of the improverments in equipment and
processes after 1946, it is extremely likely that chromium levels pre-1949
were greater than post-1949 levels, which supports the notion that the 1949

data represent average levels.

A review of the EPA risk assessment (Hathaway, 1985) raised the point that
the use of the 1949 exposure data would underestimate the true exposure by
20- to 40-fold. This is based on the cumulative effects of three factors.
First, the exposure data represent normal plant operating conditions and
not plant upset conditions. Using maintenance workers’ exposures, which
were five to ten times greater than production worker exposures, as z basis
of upset exposure levels, Hathaway indicated that a 2- to 4-fold underes-
timate had been used by EPA. Since it is not known what percentage of the
general workforce was exposed to upset conditions or for how long,
Hathaway's estimate cannot be verified. However, other estimates for this
effect are consistent with the data. For example, if non-maintenance
workers were exposed to five times (based on DHS' calculated average of
maximum maintenance worker exposures) their usual exposure for three hours
per weék (based on Bourne and Yee), their increase in exposure is only 30%:
[37(x) + 3(5%)}/40 = 1.3x, where x is the exposure estimate based on nor-

mal operating conditions.
Second, Hathaway stated that Mancuso had assumed that worker exposure post-

1949 was zero. This assumption was based on their finding that Mancuso had

not obtained worker job assignments after 1949. Hathaway presumed that the
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failure to account for post-1949 exposures might result in a two-fold un-
derestimation of exposure. Third, Hathaway alleged that exposures prior to
1949 could have been five times, greater than those measured in the 1949 in-
dustrial hygiene survey. Thus, these latter two points account for a ten-
fold underestimation of exposure levels. Clearly, exact exposure levels
cannot be calculated because the requisite data have not been collected.
However, by invoking some crude assumptions, alternatives to Hathaway's es-
timate of exposure underestimation can be formulated. For example, Mancuso
has indicated that although post-1949 work histories were not obtained,
only about 25% of the worker cohort could have been exposed beyond 1949

(Mancuso, 1985 personal communication).

Therefore, assuming all cohort members were exposed to 5 times the 1949
levels for an average of 15 years (i.e., the median tire between cohert
formation and 1949) and additionally, 25% of the cohort was exposed to one-
half the 1949 levels (estimated from Bourne et al., 1951) for the remaining
23 years that the plant was in operation, the overall weighted average ex-

posure can be estimated as:

;75[((15yrs)(5x) + (Oyrs) (.5%)}/(15yrs)] +

.25[{(15yrs) (5x)+(23yrs) (.5%}/(15+23yrs)} = 4.3x
where x is the 1949 exposure level.

The total underestimation of exposure may be only 5.6-fold (1.3 x 4.3) and

not 20 to 40 fold, i.e., if indeed it has been underestimated at all. With
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knowledge of Hathaway’s comnents, EPA still felt that the exposure data
might be underestimated by a faz:ior of two. |

Estimation of the hexavalent fraction of the total chromium levels reported
by Mancuso can also be calculated from the industrial hygiene survey data.
Bourne and Yee reported that the ratios of trivalent chromium to hexavalent
chromium concentrations in the airborne dust in nine major departments
ranged from 1 to 3, except for two departments where chromite ore (Cr(III))
was extensively used; the Cr(III) to Cr(VI) ratios here were 6 for the lime
and ash operation and 52 for the ore preparation. Excluding the ore
preparation department, exposure data yield an estimate for hexavalent
chromium levels no 1less than one-seventh the amount reported for total

chromium.

8.3.6.1 Potency Based on Competing Risks Model

Applying the competing risks model to the exposure and mortality data from
Table 1 and estimating the probability of survival to age t (exp[-A(£)])
from U.S. Vital Statistics yield an estimate for the excess lifetime prob-
aﬁility of cancer from exposure to chromium of 1.16 x 10-5 per ng/m3.
Assuming that the hexavalent chromium fraction alone is carcinogenic yields
an excess lifetime risk of 8.12 x 10'5 per ng/m3. Alternately, assuming
the chromium levels have been underestimated by a factor of 5.6, the excess

risk per ng chromium/m3 would be 2.07 x 10-6.

8.3.6.2 Potency Based on "Crude" Model
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Estimation of the potency factor, B, using the "crude" model is also based
on the data in Table 8-1. The estimated relative risk is calculated by
taking the weighted average .of the age-exposure-specific relative risks
where the number of person-years is the weighting factor. Thus, the cochort
average RR equals 7.2. The dose, d, is estimated as the weighted average
of the age-exposure specific concentrations also weighting by person-years.
The dose estimate is 15.5 x 103 ng/ms. The background rate of lung cancer
(Rb) is based on the lung cancer mortality rate for the 1964 U.S. popula-

tion and is equal to 0.036. Therefore, the potency is calculated as

follows:

B = [(7.2 - 1) x 0.036]/(15.5 x 10°) = 1.44 x 10™°/ng/m>.

Accounting for the estimated hexavalent fraction of the exposure or the
possible underestimation of the total exposure yields potency estirmation of

10.1 x locs/ng/m3 and 2.57 x 10-6/ng/m3, respectively.

These risk estimates may be too high if the workers smoked more than the
general white male population, which the background rates are based upon.
Mancuso provided no data on smoking habits, but it is generally accepted
that the proportion of smokers is higher among industrial workers than the
general population. EPA explored the impact of differential smoking habics
on the risk assessment (EPA, 1984). As an exa&ple, if the background rate
of lung cancer mortality for the Mancuso cohort is increased by 40% the
5

corresponding potency would be reduced by 25%, or from 1.16 x 10~ to 8.70

X 10-6/ng/m3. A 40% 1increase in background lung cancer mortality could
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arise assuming that 80% of the chromate workers are ever-smokers while only

50% of the general white male population are ever-smokers.

EPA concluded that the application of other reasonable assumptions about
smoking habits of the cohort compared to the general white male population
would not reduce the potency estimate by more than 50%. Therefore, the
lowest estimates of potency "adjusting® for smoking and the possible under-
estimation of dose (e.g. a factor of 5.6 from the sample DHS calculation)
would be 11.2 times lower than those previously given or 1.04 x 10-6 /mg/m3

for the competing risks model and 1.29 x 10.6 /ng/m3 for the crude model.

A summary of potency estimates under different scenariocs is presented in

Table 8-2.
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Table £-2. Excess Cancer Pisks from Continuous Lifetime
Exposure Lo Hexavalent Chremium

=B ECESICESSSESSESSSCSSSS=SSSSZSSSCSZIM=ZS-ZEZSTISSSSsSZSSEISCESESSESCSECSTSESSsSSSS==ZSEZZIIST
Estimated Excess Lifetirs mize

per nc/m3 per-Millign Croylzeien
Competing Risks

Model Crudsz Mod2”
Mancuso Data
'Exposure = Total Chromium1 (best estimate) 11.6 12,4
a) underestimated exposure by 3.6 2.1 2.5
b) smoking rate higher amocng workers 5.8 7.z
c) a+b 1.0 p
d) 95% UCL? for bast estimate ' .- 23.¢
Exposure = Hexavalent Chromium® (best estimzte) 81.2 ics.z
a) underestimated exposure by 5.6 1.5 2.8
b) smoking rate higher among worksrs 40.6 2.4
c) a+b 7.3 I
d) 95% UCL® for best estimais .- 1822
Pokraovskava et al. Datac
a) high dose estimate -- .3
b) low dose estimate -- j€2.C
c) geometric mezn of a = b -- :7.C

1Potency calculated based on total chromiun levels.
Zlzser 1imit of the 35% confidence interv
availeble for parameters in competing i

ary
3 - . - : - - - - .
Comcentration of hexavalent chromium essumed to bBe 1/7 the level of tot:z’ chez=iv-
See text for further explznation. '

A .
TInsufficient data provided to calculate confidence 1imits.
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8.3.7 Risk Assessment Based on the Pokrovskaya et al. Studyv

This is a Russian study that was not published in.English and hence, was
not directly reviewed by the staff of DHS. The potency estiration below is
excerpted from the EPA chromium health evaluation (EPA, 1984). The data

reported by the authors are only appropriate for use in the cruce model.
POTENCY ESTIMATION BASED ON POKROVSKAYA ET AL. (1973)

Although this study showed a significant increase of lung
cancer mortality over the control group, the validity of the
data is questionable because the study cohort is not clearly
defined. The report indicates that the cancer mortalities
over the period 1955-1969 in workers from a ferrocalloy plant
in the Soviet Union were compared with the population of
similar ages in the city where the plant was locatea, but it
fails to indicate the criteria by which workers were included
in the cohort. The lung cancer mortality ratios were reported
to be 4.4 (not statistically significant) for the age group
30-39 and 6.6 (p = 0.001) for the age group 50-59 among male
workers. Concentrations of hexavalent chromium were reported
to exceed the marginally allowable value (0.01 mg/m3) by 2 to
7 times on the average. The length of employment was from 7

to 20 year, with an average of 15 years.

Based on the information that the averazge ambient concentra-

tions of hexavalent chromium exceeded the marginally allowable
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value 0.01 mg/m3 by 2 to 7 times, workers’' exposure to
hexavalent chromium ranged from 0.02 mg/m3 to 0.07 mg/m3.
The lifetime doses corresponding to 0.02 mg/uB‘and 0.07 mg/m3

are, respectively, as follows:

4, = 0.02 x 10° x (8/24) x (260/365) % (1/4) = 1.1 ug/m’

and
d, = 0.07 x 10°x (8/24) x (260/365) x (1/4) = 3.8 ug/a’

(where the factor of 1/4 represents the 15-year average ex-
posure among the 60-year-old cohort members). If €.6 is tzaken
to be an estimate of the average relative risk for the cohort,
then the carcinogenic potency for hexavalent chromium (Cr(VI))

is calculated to range from:
-2 3
B = (6.6-1) x 0.036/3.8 = 5.2 x 10 “/ug/m
Co

B = (6.6-1) x 0.036/1.1 = 0.18/ug/u-.

The geometric mean of the two limits is 9.7 x lo-z/ug/m3. It
-2
is about 8 times larger than 1.2 x 10 ~/ug/m3, the potency

calculated on the basis of the Mancuso (1977) data.
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. : . 3 . ;
Converting  to ambient levels (i.e. nanograms/m”) yields an estimate of 9.7
-5 3 . : . s N
x 10 “/ng/m”. This potency estimate is about § times greater than the Dest

estimate derived from the Mancuso data using the competing risks model.

8.3.8 Summary of the Risk Assessment

Both animal and epidemiologic studies have demonstrated that chromium
causes cancer. However, for the purpose of quantifying the carcinogenic
potential of chromium, no animal study and only one epidemiologic study was
found to be appropriate. This conclusion was also reached by the

Carcinogen Assessment Group (CAG) of EPA (EPA, 1984).

The cohort of chromate workers studied by Mancuso is the basis of the DHS
risk assessment. While providing the best data for a risk assessment, four
important issues could not be completely resolved. Thus, the carcinogenic
potency contains some degree of uncertainty. The four issues are: (1)
speciation of exposure with respect to trivalent and hexavalent chromium,
(2) possible underestimation of worker exposures, (3) separation of the
effect of chromium from that of cigarette smoking, and (4) potency of

specific chromium compounds.

Speciation of chromium was based on the assumption that the trivalent form
was insoluble in water whereas the hexavalent form was water soluble. This
is not completely accurate since some Cr(VI) compounds are insoluble (e.g.
lead chromate) and some Cr(III) compounds are soluble (e.g. chromium potas-
sium sulfate). Therefore, the assumption that hexavalent chromium is one-

seventh the amount of tota chromium in the plant Mancuso studied, and



hence the carcinogenic potency of hexavalent chromius is seven tizes
greater than that based on the total chromium concentration, should be

recognized as as source of uncertainty in the risk assessment.

The assertion that chromium levels have been underestirmated must also be
viewed cautiously, because it is not based on documented evidence frem the
plant in question. Thus, while the staff of DHS has provided potency es-
timates assuming a 5.6-fold underestimation in the exposure levels, the
staff does not recommend that such an assumption or any assumption with
regard to a possible exposure underestimation be used as the basis for a

recommended potency level.

With respect to cigarette smoking, Mancuso did not address the potential
confounding effect this may have had on the chroniun-lung cancer
relationship. Rather, the risk assessment assumes that the chrocate
workers had the same smoking habits as their generzl population
counterparts. EPA, assuming no synergistic effect between chromiuz and
smoking, estimated that even if the Mancuso cohort smoked more than their
comparison group it would be unlikely that the potency factor could have
been overestimated by more than a factor of 2. (If there is a synergistic
effect, the independent role of chromium would be much less than indicated
in this risk assessment. Available data are insufficient to verify ox
refute the existence of a synergistic relationship.) Again, while the DHS
risk assessment has shown the estimated impact of smoking, stzff mecbers do
not believe that the recommended range of potency levels should be b;sed,on

possible differential smoking patterns.



The matter of potency for specific chromium compounds cannot be resolved
with current epidemiologic data. Exposures tended to -be rmixed or, where
only a single compound was present, exposure levels were not quantified.
Thus, the staff of DHS recommends that the carcinogenic potency of dif-

ferent hexavalent chromium substances be considered equivalent.

The above 1issues notwithstanding, the conclusion of the staff of DHS is
that hexavalent chromium is a human carcinogen without a threshold. The
estimated excess cancer risk incurred from continuous lifetime exposure to
hexavalent chromium 1is given by the range: 1.16 x lo-s/ng/m3 to 14.6 %
10'5/ng/m3. The 1lower 1limit represents the estimate based on using the
average total chromium exposure data in the Mancuso study and the upper
bound is based on the upper limit of the 95% confidence interval for the
estimate of the relative risk in that epidemiologic study and assuming the
concentration of hexavalent chromium was one-seventh that of the total.
The staff of DHS does not present a lower confidence limit for potency es-
timates because the true risk may be considerably below even the lower
boundary of the 95% confidence interval limit, yet there is no scientific
basis for locating this risk. The upper boundary for the confidence inter-
val 1is given since it represents a conservative estimate that is unlikely
to be exceeded by the actual risk and is thus in accordance with Section
39650 of the Health and Safety Code which stipulates that DHS "shall util-
ize scientific criteria which are protective of public health consistent

with current scientific data."

The risk estimates can also be applied to smaller geographic areas, such as

those around point source emitters of chromium. In Part A (section III.C)



data from two point sources located in sopulated areas were given (this is

reprinted below). One area was compris.d of a 20 x 20 kilometer area cen-

tered

on a

chromium plating facility.

The other a

kilometer area centered on a bank of cooling towers.

Blating Facility

Annual Average Chrogium

Population

Concentration, ng/m Exvosed  Population
550 1,960 1,960
450 -0- 1,960
350 -0- 1,960
250 1,925 3,885
150 5,825 9,737
100 -0- 9,737
90 -0- 9,737
80 -0- 9,737
70 8,803 18,540
60 1,945 20,485
50 7,742 28,227
40 14,870 43,097
30 22,982 66,079
20 61,829 127,908
10 452,709 508,617
.05.t0 5.0 2,400,000 2,993,262
Cooling Towers
Annual Average 3 Population Cumulative
Chromium Concentration, ng/m Expvosed Population
5.0 8,886 8,886
4.0 2,993 11,879
3.0 23,942 35,821
2.0 96,565 132,386
1.0 730,336 862,722
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Table 8-3 shows the theorectical cancer impact each of these point sources
would have on the surrounding population using potency estimates of 1.16 x
‘.LO-S /ng/m3 and 14.6 x 10-5 /ng/m3. For each source these are small ;ub-
groups within the population that are exposed to (relatively) high chromium
levels and they would be subject to a correspondingly high estimated excess
lifetime cancer risk. However, because so few people are exposed, the ek-
pected excess number of cancer cases would be small. Conversely, core
cases would be predicted among population groups with low exposure because
of the large number of people so exposed. It should be noted that the
average 1lifetime risk of lung cancer in the U.S. pbpulétion is about 8,700
per 100,000 in white males and 4,200 per 100,000 for white females (Seidman
et al., 1985). Some of the incremental risks in table 8-3 would be large

enough to be detected epidemiologically.
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Table 8-3. Theoretical cancer impacts of lifetime exposure to Cr(VI) in

populations near high point source emission locations.#*

Plating Facility Cooling Tower
Range of Exposure#** 0.05 - 550 ng/m3 1 -5 ng/m3
Population Exposed 2,993,262 862,722
Population-weighted 3 3
average exposure 7.55 ng/m 1.22 ng/m
EXCESS LIFETIME CANCER
RISK AND NUMBER OF CASES
A. Potency = 1.16 x 10™>/ng/m’ s ]
Overall Population Risk 8.8 x 10 1.4 x 107°
a) No. of cases 262 ’ ’ 12
Risk at Highest Exposure 6.4 x 10-3 5.8 x 1.0'5
a) No. of cases 13 (pop. 1,960) <1 (pop. &8,88%
Risk at Lowest Exposurex#*% 5.8 x 10-5 1.2 x 10-5
a) No. of cases 139 (pop. 2,400,000) 9 (pop. 730,236)

B, Potency = 14.6 x 10‘5/na/m3

Overall Population Risk 1.1x 1072 1.8 x 1074
a) No. of cases 3,299 153

Risk at Highest Exposure 7.7 x 1072 7.3 x 107%
a) No. of cases 151 7

Risk at Lowest Exposuresw* 7.3x 107" 14.6 x 10°°
a) No. of cases 1,752 107

* Based on data provided in Part A, Section III.C "Concentrations Close to Sources.

** For this table, it is assumed all chromium is hexavalent although the reported
levels are for total chromium.

***For Plating Facility, the lowest exposure was taken as the upper bound of the
range i.e., 5 ng/m".
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Summary of Bioassays
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7.2.3.1.2, Choice of Dose-Recponse Model ~-- It has been widely recognized
(e.g., Doll 1971) that the age-specific incidevce curve tends to be linear on
doubly logarithmic graphs, or equivalently, the age-specific incidence follows the

mathematical form
I(T) = bTK-!

where b and k are parameters .that may be related to other factors such as dose,
and T may be one of the following three cases:

1. T is age when cancer is observed,

2. T is the time from the first exposure to observed cancer, or

-

3. T is the time from exposure to cancer nminus the minimum tice for a
cancer to be clinically recognized.

This model has been shown to arise from the somatic mutation hypothesis of
carcinogenesis (Armitage and Doll 1954, Whittemore 1978, Whittemore and Keller
1978). It has also been shown to arise from the epigenetic hypothesis when the
reversible cellular change is programmed to occur randomty (Watson 1977).

These authors and many others have used this model to interpret and/or estimata
potency from human data.

Since the data that could be used for risk estimation are limited, a simple
model that fits the data should be used. Therefore, the observed age-specific

incidence is assumed to follow the model
I(t,d) = B(t) + hit,d)

whera B(t) is the background rate at age t and h(t,d) = Q(4) ekl wien
Q(d) = qld + q2d2, a function of dose d.

Once the parameters q}, q2, and k are estimated, the lifetime_cancer‘risx
associated with an exposure d by age t, taking into account the competing risk,

can be calculated by



t 3
P(t,d) = , h(s,d)exp {—[ ! h{y,d)dy + A(s)] }da
o o

vhere exp[-A(s)] is the probability of surviving to age s and h(t,d) =

I1(c,d) - B(t), the age-specific incidence after adjusting the background rate.

7.2.3.1.3. Estimation of the Risk Model == To estimate the paraceters in
h(t,d) we assume, as is usually done, that the number of lung canzer deaths, X,

at age t, follows the Poisson distribution with the expected value
E(X) = N x (B + Q(d) tk-1)

where N is the person4year associated with X, B is the background rate af age
t, and Q(d) = q;d + g d2.

Using the BMDP computer program P3R and the theory relating the maxigua
likelihood and non-linear least square estimation by Jennrich and Moore (1975),
the parameters q), q3, and k are estimated by the method of maximum likelihocd
as q; = l.11 = 10-7, qp = 1.8 x 10'9, and k¥ = 2,915; the corresponding standard
deviations are respectively 7.8 x 10~7, 1.2x1078, and 1.7.

Thus, the age-specific cancer death incidence at age t due to chromium

exposure d ug/=3 is given by
h(e,d) = Q(d) £l.915

vhere

Q(d) = 1.11 x 10~7d + 1.84 x 10-942

The model fits the data well, es can be seen from the goodness of fit

statistic

. X2 = ¢ (0-E)2/E = 1.60



‘where (tj_|, tj) is a 5-year interval and Pj is the probability of survival a3

which has, asymptotically, a chi=-scuzre distribution with 5 degrees of freedon
under the model specificd. The obsérved and predicted values used in calculazing
X2 are (3, 2.5), (6, 7.2), (6, 5.1), (&, 3.1), (5, 6.7), (5, &.1), (2, 1.4)
and (4, 4.3).
Taking into account the competing risk, the lifetime probability of luag

cancer death due to exposure to chromium d ug/md is given by

i | .

P(L,d) = ; h(t,ddexp [=[(Q(d)/2.915) t2.915 + A(e)] }dt

-0

where L is the maximum human lifetime and is mathematically equivalent to
infinity, since the probability of surviving beyond L is O.

At low doses, approximately,
P(L,d) = d x P(L,1)

vhere P(L,1) is the lifetime cancer risk due to exposure to 1 ug/ed of
chromium. The unit risk, P(L,l1), has been adopted by the CAG as an indicator

of the carcinogenic potency of a chemical compound.

7.2.3.1.4, Calculation of the Risk atl pg/m3 == To calculate the unit
risk, P(L,1), it is necessary to know exp[-A(t)], the probability of surviving

to age t; Since this probability can only be estimated, it is assumed that the
survival probability is constant over a 5~-year interval, as provided in the U.S.

Vital Statistics.

Using this approximation and by integrating the formula P(L,l), we have

P(L,1). = glexp(-3.87 x 10—8 t. 2'915)

i-~1 - exp(=3.87 x lo-st-z'gls)] x P

1 1

=1.16 x 1072

P~



to the age tj.;. P; is assumed to be a constant over the interval and is

estimated from the 1975 U.S. Vital Statistics.
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ABSTRACT

Cuhorts of cmployces (1931-1937) of a chromate plant were folloned 1o 1974,
Lunp cancer dcaths accounted for 6277 of the total cancers observed, The clusterng ot
lung, cancer deaths occurred after 27-36 years of observation, ke lung cancer death rates
increased by gradient level of exposure to insoluble (trivalent) chiomium, soluble
(hexavalent) chromium and to total chiromium, The lung cancer risk is primarily re -4
to the total chromivm exposure regardless of the form of chruinivn, ! xicnsive
depositions of chromiom  were found in the lungs many years after caposure to
chiromium ceased. The identification of the lung cancer 1isk for insoluble (irvalent) form
of chromium among workers broadens extensively the potential risk 1o other popularions
exposed to chrominm in other industries. It is conclhuded that all forms of chiramium ase
carcinogenic,

RESUME

On a examind en 1974 des cohortes d'employds d'unc udine de chiamate nfs entee
1931 et 1937, Au totad, 627 de 13 mottalitd due au caacer provenit J'un cancer da
poumon, La martalitd due d o0 cancer s produisait aprds 27 4 36 ans d'obsenvanon, fe
taux de mortslitd par cancer du poumon variait avee Fexposition an chisoine msalutle
(trivalent), ae chrome soluble (hexavalent) ct au chrome total, fe nique de caneer
dépend avant tout de Uexpusition et au chrame, quelle que soit sa Torme. D unpos
tants dépiots de chrome ont dtd observ's dans les poumons plusicis anndes apads iue
Fexposition cut cessé, Le fait que la forme soluble du chrome puisse provequer un cancet
dn poumon chez les ouvricrs en dhrpit considduublement ke danger aus auvtiets cypowds
an produit dans dawtres secteurs. Nous concluons que toutes bre loames de chiame sont
arcmopénes,

INTRODUCTION

The excessive lung cancer death rate identiticd with workers engaped an
the manutaeture of chromates has been previously established (Machle 1948,

M3
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Mancuso 1949 Bactjer 1950; Public Health Service 1953, T;'.)'Ior |()()(l)..”¥t‘lc
has been anuch speenlation, during the past 27 ycars, since the ung:.lnul
cpidemivlogical obscrvation, concerning the cllcmical'lurm' of the chromiun
which mav be icsponsible for the development of the high death rate for
cancer of the lupg among chromate workers. )

In bricf, virtually all of the postulations conceming the etiology of Iung'
cancer  during the span of years, has centered on the hexavalent form of
chromium. The principal exception has been the report 'by Mancuso and
Hueper (1951), who emphasized the importance of the insoluble form of
chromium (teivalent) in the development of tung cancer and further conclu.dcd
that exposure 1o other not seadily soluble chromium compounds (chromium
pigments, chromium alloys) also be considered. ) o .

The present study is a continuation of the first fludy |n|l|:ucd‘ in
1943-1949, in which cpidemiological, medical, engincering and chemical
investigations were carried out (Bourmne and Fosdick 1950; Bourne and Yee
1950; Urone ¢f al. 1950; Urone and Anders 1950; Mancuso 195}; Mancuso
and Hueper 1951; Bourne and Rushin 1951). A sufficient number of years
has now clapsed, with a comresponding increase in lung cancer dca!l.\s, to
provide the basis for further cvaluation of the carcinogenic  potential of
chromium in various forms. .

Our present study is concerned with the following major qucsllu'ns:

I What is the span of the latent period and how does this affect
abseevations of Jung cancer at differeal points in time? ‘

2 Do suceessive groups of cnployees new to a chromium exposure
sustam stmidar high rates for lang cancer?

3 Is there any association between lung cancer death rates and c.xp(')surc
to 3 particelar form of chromium, insoluble, sotuble or 1o otal chromivm?

METIIODS

dn the carly part of 1949 the industrial hygicae cngiuccrh'\g study of this
chiomate plant was conducted. Careful time studics, for the full 8 hours a.ml
40 hour week, were made for cach of the occupations of the production
workers and together with air sampling, the true cxposuic in lcun.s of the
weighted average of cxposme to insoluble, soluble and I‘nlul chromium (pet
cubic meter) was calculated for cach occupation and for cach worker for
every departiment. : ‘ " e

Al personnel records of the chromate plant since its incephon, '
were microfilned. A complele wak history was prepated on cach warket.

13
.
e wmsmaat

CHROMIUM INDUSTRIN CARCINDGY N :

Fach job held in cach department was identified and the duistion oo
cmployment in the respective occupations and changes SOrupa by and
departinents were 1ecorded. In essence then, for every worker i the plant. we
had established the weighted average exposure to the type of chiominm a1
the duration of exposure in cach respective job the man had. The duranen i
time (ycars and months) for cach job held was multiplied with its correspond-
ing weighted average exposure for caleulation of the exposuie ycears.

The atmosphieric concentrations of chromium in our industrial hy - one
study of this plant were expressed in terms of elemental chromnnn,
departure from the customary industrial hygiene procedure in which concen-
trations are expressed in terms of chromic acid (Cry05). This ancibod was
adopted at the inception of the study in 1949 10 avoid the inlerense of
implicating any specific compounds in subsequent cancer effects.

This mcans that the concentsations caleuluted per elemental chronmmn
would be lower, by about one half of the level for that calewtaled as chrome
acid (Cry04). Therefore, whatever associations are prexented in the tusdies
with levels of concentration of chromium, it is in terms of the elesncsitsl
chiromivm. fa the weports of the chemical analyses, the soluble chroman
essentially hexavalent and the insoluble (in water) is chiefly tavalent .

There is another more apparent point, and that is the comparability <
the  concentrations  of  chiromium  found  (insoluble, soluble  and  1ot.!
chromium) in the cavitonmental appraisal of the plant in the carly part 1
1949, with the concentrations in the carly years of operation, 19311917

The tremendous progressive increase in production i the suceee i
years from zero could have brought about a concomitant mcrease in the da
concentrations 1o P29 hat could have exceeded the level of the fisst Veatrs o
operation, The company instituted control measures after the 1949 00
which markedly reduced the exposue.

Since no precise environmental study had ever been conducted i the
carly years of operation for this®plant and none theretore was avatlable,
1949 weighted average exposuies (insoluble, soluble and total chromium) w sre
applicd” 1o al) workers employed 1 year of mare in the 1931-1937 cohore and
the 1938-1948 cohaat. (The initial cxploration of the 19381934 cohort has
been started and 9 deaths due to lung cancer and 2 cases of cancer of the
sinuses have abseady been identitied.)

The data to be presented are contined to the 19311937 colnrt with 41
lung cancer deaths. Al deaths were upitorindy caded by an expeacnced
nosologist acconding to the Tth Reviston of the International Classilication ol
Canses of Death,
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The ape adjusted mortality rate for the cohorts was calculated by the
direct method using as the standard the distribution of person years by age
group for the total chromate population. .

RESULTS

The chromate plant under study began operations in the 1931-1932
period and we have established a cohort of all employees for the period
1931-1937, which has been followed through 1974,

Table 1 shows the number and distribution of chromate workers by the
years of first employment in the chromate plant, arranged into successive
;uhons. representing new employces who entered employment in the years
designated, according to age at the time of first employment. ’

There were 332 employees in the combined cohort (1931-1937) in
which 173 fover S0%) died by 1974. A higher percentage of deceased occurred
in the 1931-1932 cohort, which had the longest period of observation and
conversely the lower percentage of deaths occurred in the 1935-1937 cohort
with the shortest period of observation.

The number of employees, as cohorts, is indeed exceptionally small (78,
151 and 100) for an cpidemiological study. Nevertheless, this approach was

TABLE 1

Number of White Male Employees® in a Chromate Plant According to Age at First Empioy-
ment. Successve Cohorts and Those Living and Deceased.

1931-32 1933-34 1935-37 1931-37
Cohort Cohort Cohort __Cohort.
Ape ar First T R e
Fmployment L D L D L D 1 D .
<25 12 2 k] 19 44 19 87 10
2534 12 20 26 26 15 11 s3 57
3544 A 17 13 n 2 5 18 4-?
45.54 0 10 0 14 1 2 1 2
5564 0 2 0 3 0 1 0 6
65+ 0 0 0 0 0 0 0 i
Total 27 51 70 84 62 s 159 173

*includes 3 deaths due to war casualty and 1 death without death certificate.

ey 3

» o ——

e e
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utilized to reflect and detect whether simitar observations of a4 hugh lun
cancer rate would occur among the successive new cmployees, w!
the same work place and were similarly exposed to the same work process
and air concentrations of chromium. Further, the observation on suce
cohorts would reflect and provide some indication whether there kad bes
any change in the nature, extent, or degree of exposure jin the work place
the succeeding years, as measured in terms of similar or lesser mortabty du
to lung cancer. Because of the small numbers of employees in the cai!
cohorts, a few deaths not found have more importance thaa wsual. In th
respect, the interpretation which can be made of the 1935.1937 cohort v
only 7 lung cancer deaths is markedly limited.

Table 2 shows, for the successive cohorts of new erplovees e,
according  to years of first employment. and  the combined Coitos
(1931-1937). the ratios in percent of cancer of the lung to all deaths and
all cancers.

For the fiist two cohorts (1931-1932 and 1933-1924) with the Lonoew
interval of observation, the percentage of lung cancer among all canvers wo
63.6 and 62.5. The 1935-1937 cohort had 58.3% und the combined coho-
(1931-1937) had 62.1% lung cancer. It is evident that the lung cancer msd w
higher in cach of the cohorls of new cruployees in succecding time perod.
Not shown in the table is one case of lung cancer ol a worker emiployv.d
1934, who had a pncumonectomy (1956) and is still hving.

Figure 1 shows the latent period for the 19311937 cohorr an -
denmonstrates the clustering of lung cancer cases at the 27.36 vear laens
period. This is one illustration of the importance of the long-term toflow.un y
industrial epidemiological studies.

10 ¢nitere

eea

TARLE 2
<4

Ratios (in percent) of Deaths from Cancer to Total Deaths in a Chiomate Producine Pl

All Causes Al Canters o Cancer of Lunyg

Percentape of  Percenta, e of
No. Percentage No. Percentage No.  All Deaths Al Canvers

1931-1932 Cohost 51 100.0 22 43.1 14 275 614
19331934 Colort - 84 100.0 2 kL] 20 LR, 6} f
1935-1937 Cohont 3K 18,0 12 316 7 N4 AR
1931-1937 Cohost 173 100.0 66 4.2 41 217 621
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Lig. 1. Latent period for 1931-1937 cohort of new employees in plant manu-

tactannye chromates.

Table ¥ demonstrates the influence of the length in years of the period
of observation of the successive cohorts, over designated periods of time, o
mortality ates due to ung cancer for workers employed five ycars or moc.

for the combined cohost {1931-1937) at less than 15 years period of
ubservation, with a rate of 97.2 there is no reflection of the true magnitude
of the exvess of lung cancer risk. Yet this period, precisely 14.5 years, was the
Limited pegiod ot ohservation in the Public Health Scrvice study of a chromite
tuick plant, (1953). The observation by the PHS of only one lung cances
within that period of 14.5 years has been repeatedly cited in the literature as
conclusive evidence that the trivalent form of chromium was nol carcinogenic
(National Academy Science Review 1974).

We know, of course, that for any industrial carcinogen the magnitude of
the risk is rellected over a much gicater number of years of observation,
because of the latent period required for the development of cancer. Although
the occupational cancers may occur early, nevertheless, the largest number of
cases appear after a long latent period of many ycars, as has been observed in
ahestos warkers and now is shown for chromate plunt werkers,

CHROMIUM- INDUSTRIAL CARCINOGY N

TABLY 3

Age Adjusted Mortatity Rates® for Cancer of the Lung for Eniployees in 4 O

HOmate Plane

Followed Accurding te Designated Years of Observation lor Workers Employved § yve

more, ;”\'L‘!
L=
(‘nllU[‘ Cuh()l‘ B —*-d_c;:;‘.;'»——-v - - ’ 7
rl Cohe
Venor  _1OLI9R 193193 _eseisy e
Observation No. Rate No. Rate No ;(.'):c _7& . k
IR e N . ~ | (A Rate
< :f 3168 P BT % S s e b
20 TR 4 131s 1 275 1o Lot
L S ma 7 2301 ) 175 i3 s
o 6 3256 9 2959 775 16 N
1) B 434 10 3287 2 1549 20 T
5 :‘;' 22u 123945 3 aaaa = e
W Y61l 16 50 g " Ny con
526. 404, R EI
< 3 12 6511 17 ssug v > o
43 13 7054

o i 006 " R

l"lnc rates f(\r the combined 19311937 cohort shosw, very clenly | e
f;;:.tu.ﬁlng qnuﬂahly rate for lung cancer with increasing yemrs of Hh\('l\:.'!h"a
e mortality rate obsetved for the period of 135 years or Joss was 07 5 e

when the cohort was followed for 39 years, the rate (60-4.1) was SRR
caealer, ' o B
‘l iy > .- > - H
'.\hul glu yeats of observation are held constant at 36, the age adpu.r
martality rates are: 6511 for 1931-1932. 526 65 1o
are: . 1932, 526.0 93301934 and 4645

o35 102 , for 19331934 ynd 4645 14

l'l.nl)lc 4 shows the murlufuy rate for lung cancer by age ar 1y
coployment [ ) bor ot L.
~;:|||-(yl:“,“|‘ for the successive cohorts, Because the total number of g
:,, ..;'r "L:I H w.:s only 7 in the 19351917 cohort, comments are contine.d 1.

¢ st two cohorts. (We belicve our j

! s. . ur follow-up of the 19351937
eamplte p 54937 cohon g
| The table demonstrates that for those employed at age 235 or less at the
¢ ate plant f s ) the i
w:ns«nlnlu'«. pi.;l(n)l tor the 19311932 aud 1933.1934 cohorts, the mortabity rate
|4;;| 1;,‘)1‘1 .»l and 370.4 respectively. This plant began operations in he
“"‘h l.- penod, so these workers at this young age would teprescnt thiose
U t ‘ [ H i 93 ?- ) '

Wty pror industeial employment, who were exposed tor the farst tige
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TABLL 4

Age Adjusted Mortality Rates* for Cancer of the Lung for Employces in a Chromate Plant
by Age ot Virst Employment for Successive Cohorts Followed to 1974,

Cohort Cohort Cohort Cohort
Age at First 1931-1932 19331934 1935-19317 1931-1937
Fmployment No.  Rate No.  Rate No. Rate No. Rate
<25 2 340.1 7 3704 3 1343 12 2547
25-34 8§  TN4 8  438.1 K} 3367 19 496.6
3544 2 3436 5  485.0 0 0.0 7 382.7
45-54 .2 8032 0 0.0 0 0.0 2 3140
55-64 ¢ 0.0 0 0.0 1 10,000.0 1 1,136.4
65+ 0 0.0 0 0.0 0 0.0 0 0.0
Al 14 5445 20 3938 7 203.4 41 369.7

*Per 100,000,

to the dust of chiomium compounds in a plant just startling operations in a
tural community. This age group provides a good index of the lung cancer 1isk
. due to exposure to chromium compounds.

For those employed at ages 25-34, the rate rose to 721.4 and 438.) for
the first two cohorts. Any further consideration must be deferred until the
aumber of deaths in these respective age groups is enlarged by additional
tollow-up. .

Table 5 shows the age adjusted lung cancer death rates per 100,000 by
eradient of insoluble chromium exposures, from less than 0.25 milligrams per
cubic meter to over four milligrams. The mortality rate has a “zero” death
rate at cxposure less than 025 milligrams and rises consistently with the
merease in levels of exposure, 144.6, 174.6, 3279, 630.7 and 649.6.

Table 6 shows the age adjusted lung cancer death rate by gradient of
soluble chromium exposures. There is a corresponding rise in death rate with
the rise in level of exposure. The rates were 80.2, 306.0, 441.5, 462.2 and
998.7.

Table 7 shows the age adjusted lung cancer death rate by total
chromium exposure, The mortality rate has **zcro” death rate at less than
0.50 milligrams of chromium per cubic meter, with an increase in rate by rise
of level of exposure. There was a slight dip at the 2.00-3.99 milligrams per

B i ¥~
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TABLL S

[ATN s djl cd | ng € encer De date [OO b lllS(lluhll‘.
\re A 15te ath R 1t 100
/ N » ¥

Chiomsum 1 \paosyres

-

m:;/]:::l.l_h\'lc,s Person )’cars Number of Are Adjusted

) > at Risk Deaths Dcmnju e

<0.25 1,399 e T
0.25-0.49 1,499 ’ ? 00
0.50-0.99 1,708 2 l j”
ot i 3
2.00-3.99 2,409 s 302
2 4.00 2,037 14 ﬁ,‘?f'";
Tota) Chromium 11,091 41 ;;: .

TABLE 6

Ape Adjusted Lung Cancer D
[ cath  Rates/ by .
e 1 eath Rates/ 100,000 4 y Sotubl

Chroruam Faposs:e

Suluble

SIS T S I R
- e e b vt Bty

~ 't’»z'in 49 3.612 3 N2
5.0, 1.690 5 e
0H.50-0.99 2.206 J i) RO
Lon.1 .99 2.358 | NS
- 200 1.225 ,! e
Total Chromim ) 11,09) 4 b
—— . . * 3.7

<

cubic meter exposure
Xposure range. The rates were 0.0, 2057 300~ s: 0.7
and 7.1.8. I A
e Since the lung cancer death rates are relate
tnso L rC i i
e uble J':]d soluble chromium, the question was posed whether the relation
Y was due incip: i ‘ .
i,m’,|u|,|.( ue, prlm.fpally, to one form of chromium compound, ¢ither
3 T; .pmn.mly trivalent) or solubje (chielly hexavalent)
O investipate is » adjus ] .
st m”nng.m this, the age adjusted mortality rates were caleulated by
(-;,‘,“ ying the wurke'rls by the levels of insoluble and by the levels of tog
v exposure. This is shown in Table 8. Within the table

d to the gradicnt of both the

Vit s seen duat
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TABLE 7

Are .";djuslcd Lung Cancer Death Rates/100,000 by Total Chromium Levels.

Tolal Person Years Number Age DAc(:j:;lsucd
e of
Ch/w"mu\r',: Rai:k Deaths Ratces
me/m? -Yr.
Tas0 0.0
<. 0.50 2,051 (; ey
0.50-0.99 1.558 : s
1.00-1.99 1,758 . oyl
2.00-199 2.336 . s
4.00-5.99 1,397 0 o
» 6G.LO 1,991 . iy
‘Total Chronpum 11,091 ‘
TABLLE S

Ape A-']Ilsll‘d I.I"\‘.' Cancer Death RalcsIlO0.0ﬂ(l by fnsofuble Chromium and Total
R
Chrominm 1 NPosuies in "‘FI"\ - Ycars.

Total Chiomivm __

Me/in®- Yo
Totad
Tnwolubie

All Levels
< 0.50 0.500.99 100199 2.00-3.99 400599 .. 6.00 Tolal lasuluble

ST 0.0
B[P 0.0 . Lare
0.28 0.49 0.0 309. e
0S0-099 1352 198 .1 3179
.00 4514 260.4 s iy
039 2605 047 1LT25 63
o W) AL 6496
NE XA
Al Levels P 1692
Fotal Chyomm 0.0 225.7 2.7 255.6 7707 741

Blank cclls indicate no person years at aisk,

: i : 0.99-the cancer
for a fixed level of idsoluble chromium -example: 9.50 0.99-the IL!?[; G
risk appears 1o increase as the total chrominm increased. In s;;nc o

X ung cane
relatively small aumbers of person years at risk and the n-mubc;‘ of . |,|;ﬁ,-.,|u|y|¢
deaths in individual cells in the table, this sesult is consistent for a
k)

fevels, except one (1.00-1.92 mg/in” yr.).

CHROMIUN INDUSTREAL CARUINOGEN

In essence, the data in Tables 3 to 8 are consisient with the ong cancer
risk being a function of both e soluble and insotuble chromium: e
chromium rather than to ops class of chromium compound.

In Table 9, which shows the age specific death rates by sradien:
exposure to chromiun, there is un increase by age group: 328.7 for age 45.34,
685.2 for age 55-64, and 1,088.3 for age 65.74.

Further, although the numbers are small in cach cell, there

1S 4 pattery
of increasing death rates by increasing level of 1ot chromiuni fur cach o e
age groups.

to Lol

Comprehensive data on the deposition of chromivm in every iy
tissue from former chromate workers have been deveboped
presented as a separate eport,

peoo)

and well b

Table 10 is confined 10 the chemical analyses of the fungs and shows,
for six deaths due 1o lung cancer, the level of chrominm remaning e
lungs according to the time inteival since fast ExXposure o chrommun, ranging
from 15 months to 16 years and 3 months, It s readily apparent that there

an extensive deposition of chromium in the dungs renained ovey fong ponnds

TABIEY

Ape Specific Rates Por L0000 for Canver of the Lungt for Ape Groups 4554, 54 404 anl
65-74 by Gradivin Expusure to Tatal Cheonuum.

——— o _Ape Group 4554

vl e AN LD L0 99 20.199 L0590 60699 7.0.7.99 8+

[} whal,
Deaths t 2 2 4 3 S a s
Pesson Years B 4549 583 AE 1S 159 140 262 2R
Rage R 415.7 343 11494 1 8068 21400 0.0 5387
X G AR GOUp S5 64
Deaths | 3 1 4 2 b) 1 35
Person Years 707 156 4062 250 113 9y 203 2%y
Rate 1184 8427 2165 1.000.0 1,769.9 A6l EN AN 6382
— e e ArE Gloup 65474 S
Deatha 1 | ) 1 ] 0 3 9
Person Years 235 66 182 80 41 41 H) 327
Kate 4288 G024 |.09’.9 1L.250.0 23810 VO 37037 308K
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TABLL 10

; : ince Last Exnpusare to Chromium.
Cremical Analysis by Interval Since Last Expu

Case Nu. S

Caxe No. 3

Case Nu. 6

Case No. 4

Case No. 2

Case No. |

nterval Since last

14 Yrs. 16 Yrs. 3 Mos.

3Yrs § Mos. 8 Yrs. 9 Mos. 10 Yrs.

15 Mos.

Exposure

W/Tumotr

Lung

1. I. MANCUSO

Lung (Preumcnectomy

3370
227.0
1170

429.0
5140

And Biopsy)

11.7
46.9

78.7

1575.0

156.0
155.0

Right Lung

68.5
-114.0

975.0

21.4

094

450.0
250.0
625.0

With Tumor

Left Lung

39.1

63.2

3300
380.0
456.0

260

312.0
330.0

572
1410

4.1

With Tumor
Bronchus

1450.0

CHROMIUM SINDUSTRIAL CARCINOGIN

of time. In control analyses, the lung showed 3.0 micrograimns of chuomivm
per 10 grams of rissue.

The table provides adequate confirmation of the hypothesis expressed
by Mancuso and Hucper, relative to the retention of chrominm. its slow
release and the development of lung cancer.

We did find high levels of chromium in the testicle among chromate

workers, which confirms the animal experimental observation of
Hopkins (1965), who found a dramatic uptake of trivalent chromivm m the
testes. We have also noted a high level of chromium in the adrenal and this
niay be important in the consideration of the cancer mechanism.

We also have analyzed the chromium content of the lung of a chiorie

plater at the time of biopsy and found 58 micrograms per 10 grams of tisue.
Subsequently, he died of lung cancer.

plant

CONCLUSION

The study demnonstrated a high lung cancer risk amonyg new cniployees
entering the same chromate plant and work exposure in successive time
periods (1931-1932, 1933-1934, 1935-1937).

Epidemiological  evidence is  provided that the
chromivm includes the insoluble form of chromivm,

The data indicate that the carcinogenic potential extends to alt forms of

chiomium aad is directly related to the total amount of chromium taken o
the respiratory syslem.

carcinogenicity - of

The national cancer  impact  of

exposttre  to chromium  sheuld b
1eassessed.
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APPENDIX IV

Industrial Hygiene Study of Plant in Mancuso Study



Occupational Cancer in a Chromate Flant
—An Environmental Appraisal—

H. G. BOURNE, JR., and H. T. YEE,
Division of Industrial Hygiene, Ohio Department of Haalth,
Columbus, Ohio

IN 1948, Muachle and Gregorius reported! the
crude death rate for cancer of the lunyg amony
workers in seven United States plants engaped
in the extraction of chromates from ore az 25
times the normai. They suggest that mono-
chromates may be the compounds responsible.

With the object of adding to the knowledge
of the role of chromium compounds in the in-
cidence of respiratory cancer, epidemiological
and environmental studies were conducted by
the Ohin Department of Health in a single plant
manufacturing sodium bichromate from chromite
ore. A mortality study by Mancuszo® revealed
that the proportion of deaths from cancer of
the respirvatory svstem to that of all emplovee
deaths in this plant was 117 times that in a
nun-exposed contro! group. The environmental
phase presented here was undertaken to ascer-
tain as far as possible the specific chromium
compounds and magnitude of exposure experi-
enced by workers according to their occupation
and location.

Althourh a maximum allowable concentration
of chromic acid and chromates was approved? in
1943, the role of chromium compounds as car-
cinogenic agents was not suggested in this coun-
try until 194%. There is no useful guide at
present by which one may compare the carcino-
genic hazards associated with exposure to spe-
cific corcentrations of chromium compounds.
Monochromates, as has been suggested, may be
the causative agents, yvet the evidence is frag-
mentary and one cannot exclude at the present
time elemental chromium (Cr"). trivalent
(Cr+3), or bichromate which also has a valence
of 6. Therefore, the atmospheric chromium
concentrations reported are expressed in terms
of chromium ion, a departure from the customary
industrial hvgiene procedure in which concen-
trations are expressed in terms of chromic acid
(CrO.). Adopting this method of expression
avoids the inference of implicating any specific
chromium compounds for cancerous reactions.

The plant in which this study was under-
taken has been in operation since 1932. In order
to meet price and quality competition, improve-

{EpiTor's NoTE: This engincering material, deal-
ing with the cnvironmental hackground deading to
chromium exposurcs, is to be followed by a report
of elinical investigation. This report is not im-
mediately available for examination and publication.
While these present enginecring duta embrace sev-
erul chromium compounds, it will not necessarily
follow that all may act or act equally as canceri-
2ens.]

ments in equipment and processes have hecn
made periodically during the past 1R years, and
it is the univerzal experience of industrizi hy-
giene personnel that greater process efeinney
is almost invariably associated with a more
health{ul working environment. Therefore, there
seems little doubt that atmespheric contamina-
tion in the past was greater thun in early 1949
when the present work was commenced. Later
in the same year the company initiated a enm-
prehensive program designed further to im-
prove the manufacturing efliciency and to reduce
the expozure of the employees., Thus it iz evi-
dent that the cencentrations which have teen re-
corded do not represent a static condition but
only the situation prevailing during the first
half of 1949. .

The mean latent period for respiratory cancer
in the chromate producing induztry, aceording
te Machle and the German literature, iz approxi-
nately 15 vears. Thus any prezent relatiorship
hetween envirenmental exposure and incidernce of
cancer in the plant under study mus* be predi-
cated on the assumption that the ccncentrations
which are reported are probabiy the minimum
values attained in the past 15 years.

Raw Material

CHROMITE (Fe0.Cr.0,), lime, soda ash and sul-
furic acid are the raw materials commenly

used for the manufacture of sodivm bichromate.*

Typical proximate analysez «f twn South Afri-

can ores,” the ccuntry of origin of tne ore used
by the plant under study. are shown in Table 1.

Table 2 gives a spectrographic analysis of 2
sample of ore dust obiained from the ore prep-
aration department.

TABLE 1.
PROXIMATE ANALYSIS TYPICAL SOUTH AFRICAN
CHnroMITE OrE

Fercontage
Country CroQ- teld AlLO 8i0= MgO Ca0
Rhodesin Sl 11.4 i5.2 4.8 12.7 0.5
Transvaal 45.6 23.8 4.2 i1 11.e trace
TABLE 2.

SPRCTROCRAPIIC ANALYSIS oF A CiROMITE ORZ
Filement Dererniuge Flement Percentaze
Aliminum fl— D0 Magneeium 2.9
Calerum wl -—2.0 Margzanesc .91 «—0.09:
Cadmium 7 Nowbium 001
Colaht val - dl Niskel Tanl —o0.601
Chrumium =t Prospbocus 9
Copper ez 000 of s

Tron vl —C2.9 ~on 'L.l - 2.0
Potrssiun: 0 Titaniim < 9.7
Vaaadiam G061 — 86.r)1
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Weighted exposure according to occupations hav-
ing Cr+3: Cr+0 ratio of | or less. Sedium bi-
chromate and sulfate cenirifuges are known in com-
pany nomenclature a3 soda and sulfate baskets re-

spectively

- in Fig. 1. The values are based on 121 samples

collected by the flter paper technique and ana-
lyzed using the polarographic method. The rate
of air flow was measured with an orifice-variable
area meter.?

Exposure of Preduction Workers by Occupations
N THE basis of company employment classi-
fieations, observation of work performed and

degree of exposure as estimated by visual ob-

servation, the 128 production workers were
grouped into 21 ovcupational classifcations. One
or more representative individuals of each occu-
pation were then time-studied for eight-hour
periods, and the data so obtained were applied
by a method described in the literature!! to arrive
at a weighted average eight-hour duily exposure.
From tne weighted exposures the ratio of

Cr+2:Cr+% was also computed for vach occupa-

tional classification.

On the basis of Cr+%:Cr+¢ ratio, the 21 work
classifications were sorted into three groups.
Group I has a ratio 1.0 or less. It contains the
individuals processing sodium monochromate
and bichromate liquor and those required to
work in close physical proximity to such oper-
ations. Their exposure in total chromium is
shown in Fig. 2. Group II with a ratio greater
than 1 and less than 4.9 +Fig. 3) appears to
huve a distinetly dual expasure, i.c., sodium mono-
chromate and ore dust; shippers (bagging. load-
ing) are exposed to hichremate and ore. Group
111, whose ratio is 4.9 or greater (Fig. 4,
comprises occupations primarily exposed to tri-
vadent chromium. Jt should be pointed out that
vhile the averayge Cr=+:Ce=% ratio for all kiln
operators is 7, for thuse whose work lucation
adjoins the fiitering department it is 1.1, There-
fore, these particular operators might be in-
ciuded in Group II. )

* Distribution of Maintenance Workers' Time

’I‘HE TH mainteiance wockers comprised approxi-

mately 306 of the total plant persennel,
and ubseprvation of the cunditions under which
nmuech of thelr work was performed indicated a

Fig. 3.
Weighted exposure according to occusations hav.
ing Crti: Crt0 ratio of LI to 49
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Weighted eaposure according to secuzations hav.
ing Cr+7: Cr+% ratin of 5 or mare

potentizily high degree of exposure. [t was
deemed necessary, therefore, to time situdy this
group as thoroughly as the production work:rs.
Ouviousiy, the nature and iweation of repair
wurk is nen-repetitious and must be perisrmed
as the occasien demands. A time study s.milar
to that used f{or production workers could not
be properly applied to muintenance personnes:
hehce a different approach became necessary.
Using the cost of maintenance lzhor nver a
vear's tinie us charged o eagh depariment vy
the company accounting office the average man-
hours of maintenance expended in euch dopare.
ment per dar were caleulated. Pased on the
records of the maintenance superintendent and
types of process erquipment repairad and insculled,

man-hotrss maintenance acenrding to crafts were
then ascsrunned fur ench departmernt. Since tim

charged to & specific work order micht nvoive
work in hoth the plont and the mol

Do nnne
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building, further adjustments were necessary.  samples in (he conrse of muking cont ol anidyses 2 Masais T
In Table 4 the time distribution of five crafts  undoubtedly account for the higher eX1slire Amenran S-S
B % tme-tys G
according to selected departments is shown as  of laboratory persennei - Table 69, Lt Cheine f
an example, VoSt daeds. Sevs
Conclusions - ‘N_‘f‘*"’;c' :
. . . . MarMillan
Exposure of Maintenance Workers LTHOUGH the envirenmental investigation pre. g 5 Aces.

Chremigm.”™

sented here pertains to a single piant, it j. Lameon, 195
believed that the vonclusions that follow may pe oBovese H

NLIKE production employees, maintenance
workers seldom work vnder normal conditions
Paser for Culm:

in a plant. The work necessary to complete their
assignments almost invariably results in ab-
normally high local exposures. The plant under
study is no exception since it was abserved
huge volumes of dust were generated during
the repair and cleaning of dust collectors, process
equipment or building structure overlaid with
an accumulation of dust. It is thus logical to
assume the maintenance group receives, in most
instances, a greater exposure than production
workers.

In Table 5 a minimum and maximum weighted

TaBLE 5.
I XPOSURE OoF MAINTENANCE EMPLOYEES BY CRAFTS

Weighted Average & Hour
Exposure, mg.'m? Total Cr Cr=+*:Cry

applied to other plunts manufacturing sodium
bichromate from chromite ore.

1. Where unit cperations are not isolated or
adequate dust and mist control established em.
plme!’\ may be subjected to a dual exposyr e,
i.e, trivalent chromium (chromite) and hexa.
valent chromium (chromates}. In the plan:
studied the predominant exposure, based on bnth

magnitude of chromium concentration and num.-
ber of employees, was to the trivalent comprung.

In the plant_ studied, 2ll employvees were
exposed to measurable amounts of chromium
The lowest concentration which is curcinagenie.
ally cignificant is yvet to be determined.

3. Observations during the course of this stugy
convince the authors that the carcinarenic hag.
ard in the chromate producing industry can be

w

Craft Minimum Maximum ratio controlled successfully by utilizin industr jal
Handy Men 1.15 1.62 27.8 hygiene engineering methnds emploved in the
Millwrights 0.66 3.34 7.8 safe handling of other toxic chemicals, ie.:
Electrieiuns. et e 20 (a) Undertake through adeguate ventilatign
Boilermukers oo 4.43 2.4 the control of dust and mist with the ultimare
:)mr:m und Riggers gﬁ ::g“;’ b goal of securing the minimum concentratioy !
Pipefittors 0.28 2.31 X consistent with good engineering practice. Re.
(‘ifn']l;cnlor.a g.g; 0-3:; 2: moval of toxic matter {rom air exhausted tn the 3
Mochinists 007 013 50 out-of-doors is essential to prevent a mneighbor.
T= 0,03 .31 hood pubiic health hazard.
average exposure derived from time study and tbY Isolate dust and mist contributors cpe;.
concentrations, as well as Cr+3:Cr+¢ ratio, of ations, and mechanize where practicable to pe.
maintenance employees by crafts are shown. The duce the number of empluyees exposed.
minimurmn levels are based on average depart- t¢y Provide under pesitive pressure uncep.
mental concentrations measured under normal taminated air to personal services and proces;
operating conditions, and the maximum levels are _ observation rooms or lncate such rooms in uj.
repurted on the basis of the highest concentra- contaminated areas. 1
tion recorded in each department. (@) Insure good huuseheeping by prozer ujla. :
’ ing design and adeguate janitor services. 1

Exposure of Administrative and Technical Personne! ter Educate employees [t persenai hvgiers !

HE administrative and technical staffs to- and acquaint them with provisions made for thejy

- gether constituted only a small minority of safety.
the plant’s personnel. accounting for the remain- (£ Supply persenal  respiratory  proceceics
ing 21 of the 226 plant emplovees. With the devices approved by the UL 8. Bureas of 3Miyeq
exception of the plant superintendents and 4. Establish laboratory fucilities and
supervisors, this group’s work was largely car- technica! personrel to measure the cuncen
ried out in an office building situated nearby of air-borne chrominm  compunds. ('"
the production buildings, and it is believed their knowledge of the \devree of atmespl }
exposure is the result of infiltrated air apd ¢on-  taminatton will.provi fndex ol the t‘.u\t.‘(- ;

=% s Welt s direr
;.I.H'Llﬁl)!l that rave bair,

ness of the contial m
attention to scurec~ of
overlaoked.

taminated apparel.  Grinding and  handling

TARLE 6.
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That Tired Feeling

THE STATE ¢f being tired is experienced by almost everyone at some time or
other. It is a ratural feeling at the end of a hard working day, but one that
is supplanted with new energy after a refreshing sieep. The fatigue that is
always present is the fatigue brought about by a long period of overwork. or late
hours with little rest, or meals that do not provide the fuel necessary ‘¢ maintain
the machinery of the hedy. The maximum of production cannot he obirined from
long hours of overwork. Efiiciency is lessened to the degree that a warker comes
to his job as tired as he left it the night before, The phyvsical fatigue result:ing
from overwork, either mental or physical, is responsible for the srayving “too tired
to eat.” The body needs fuel, it needs to replenish its stock of energy with enercy-
producing foods. and this can be done by means of a well-baianced diet. Sugar
is needed to combat fatigue. When the blood sugar is depleted, many cazes of
fatigue and tiredness occur, even to the point of collapse. Numerous conditions
stem from fatigue. Again fatigue may stem from various diseases, infectinn.
improper hygiene, too much mental etfort, inadequate nutrition. Many accidents
can be charged to fatigue. For that tired feeling in the overworked persern. a
- ¢hange of hours is recommended. There should be a shorter working day and a
Lricf speil of relaxation, as recreation is important. For exhausticn in a rervoys
person, it has Leen found that complete rest in bed aggravates rather than re-
licves the condition, particularly for chronic nervous exhaustion. Such a persen
should be cncouraged to carry on consistently from day to day. if only in a
limited way. In general, however, rest is the best treatment for ail types of
fatigue.  Physical activity should be decreased as much as pnssibie. ang such
stimulants as cofee, tea and “cokes” should he abandoned or, at leu-t the use of
them cartasiled. Consuil your doctor. He is the person to investigate the reas.ns
r vour fatigue. IJf a glandulir disturbance is responsible, he will detees it
f.medicatiun won't help. Let yvour doctor lead you into a balanced soeinl and
tusiness way of living. The fatigued person is one who, in his tired stat:, c¢on-
tributes little to his own enjoyment and notking to that of any one eise. Time
nusses too quickly to be too tired Yo enjoy its interest. :
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APPENDIX V

Comparison of Risk Estimates from Mancuso Study
and Inhalational Bioassays
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to compare the results of risk estio
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caiculate the lower confidence interval of thz sliope przcictes oy tns

epidemioicgic mocel and compare it with statistical upper eonfidence l:iz:it oo

one or more of :tne animal stucies, Unfortunately, ncne 2f trhe znizzl stuzizs
was conducted in anticipation #f 2 risws 2£seéssment enc tns Jz2t: Irs T

reportec¢ in a formet readily usable teward tnet end. The Innalatl

are summarized in Tables A-V-1.



Study

Bactjer
ol., 1959

gactjer
ct ol., 1959

Onctjer
et al., 1959

Doctjer
et ot., 1959

Bact jer
et al., 1959

Bactjer
et al., 199

Staffen i)

taotjer, 1965

) TABLE A-V-1: CANCER BIOASSAYS FOR
CHROMIUM COMPOUNDS ADMINISTCRED BY IHUALATION

Duration
1 2 3 of Iumber
Compound MHAD Gim Concentrotion (mq/m ) Exposure Animals Lxgosgg Results
. - 3
Mixcd chromate 0.8 2 0.6-1.2 4 hr/day, Strain A Mice 241 N.S. , although ct
dust 5 days/wk for pulmonary adenomas
16-46 wks oppeared at younser
nges.
. . . 3
Mixed chromate 0.8 2 0.6-1.2 4 hr/day, Swiss Nice 148 N.S. , although
dust 5 duys/uk for pulmonnry adcnona
39-58 uks oppearcd ot youngor
ages.
3
Mixed chromnte 0.8 D 0.6-1.2 4 hr/day, c570L Mice 1 #.S. , although
duit S days/uk for pulmonary adenomas
41-42 uku apprared at ycunger
6905,
. ‘ : 3
Hixed chromnte 0.8 2 8-13 172 hafday for Stroin A Hice 36 H.S.
dust 20 vka
. 3
Mixed chromate o.n 0 a-13 172 heyday for Suisna Mice 25 N.S.
dust 43-52 uks
Hined chromote 0.8 21.2-1.7 4 /iy, Mixed steoin 100 4 cxposcd rats de
dust 5 dayn/fuk ratu (Wntm/ veloped Lymphoaar -
for up to MeCol Luw) comng vercua once of
151 ueceks of 85 cuntrol rats
(Lut see below)
below)
3
Mixedd ol st o.n "n1.6-r.1 o el fiy, Wintor vito 70 H.S.

dat

4 dayifuk fur



Study

Steffce ond
Baetjer, 1965

Steffce ond
Baetjer, 1965

Nettesheim
et ol., 1971

1
Coumpound MMAD __Qum)
Mixed chromate 0.8
dust plus

chromate mist

Mixed chromate 0.8
dust plus
chromate mist

Calcium chromate
dust <1

TABLE A-V-1 (cont'd)

2 3
Concentration {(mg/m )

Duration

of
Exposure

31.6-2.1

2 1.6-2.1

a4.33

1. Mcan mass nerodynamic dinmeter

2. Concenteation aa chromium

4-5 hr/day,
4 days/wk for
40-50 months

4-5 hr/day,
4 days/wk for
40-50 months

5 hr/day,
5 days/wk for
life

3. no signiticant Inercane in tumor Incidence in exposed vernua control animnla.

. jumber
Animals Xpos
Rabbits 8
Guinca Pigs 50
C578L/6 2272
Hice

Results

H.S.

H.S.

Authors reported

14 adenomas in
exposced versus 9§ in
control animals.
Statfisticol signi-
ficonce is indeter-
minnte (Sce text).



Tre results of tne rinaszays condueted oy sa-=tier 2t al. (12530 zrz 2lonte
o v h

n

in a variety of ways {incluaing percentage of mice surviving 7 tne end 3¢ -
experiment with lung tumors, average nuZber ¢f lung tuzIfrs in tuzZor-hearing an:t
all surviving mice, and percentage of tuger-bearing cice with zZulstiplis lung
tumors), none of wnich would allow a calculation of the ruzder or ;erce::;~e ol
experimental mice at ris< that developed lung tu—crs at z given ¢sse level, Tzr
the rats in this experiment, 4 of 10C expcocsed anizzls develcped ly-snoszreczzs
at various sites, while 1 0f 85 control rats cdid, a difference whnich 1z ==t
statistically significant., Hewever, tne auihors roted Shzt "exzgrizants war:

not designed to study patholmzical changes in tae tissues oTher izl 2nz

lungs." Thus, liziting the findings to pathslogic cnanzes inm ths lunzs, ther:
vas one lymonesares=z originating in tne Lungs ©f zn exzIssei rat ani ntne oo

the control animzls. Since spcnteaneously o0Courring lymihssS=ricozs zrs it won-
commeon in rats, 2aetjer et al. (19%3) repeatsasc tng exzerizsnt [rsportsd

Steffee and Baetjer, 1965).

In the second study, Steffee and Baetjer (19€3) wers unetle tz resliczts ths:in
earllier results, Uncer similar experizental conditicns - o2 73 eipsszd aister

rats compared with 4 of 75 controls developed lyzphosarcozas invslving tns

lungs. It was nct stazted whether these wsre grizzry tuzsrs =r pulzznezry
metastastes. Tnree exposed rats cevelnped &lveslogerni: 2dsnszzs, wnils tw:

controls did. Steffee arnd 2aetjer (12€35) a2lsc zxpzsed gifns ranizits =

chromate cust, none of whicnh developed any pulzonary tussrs. I8 Tifty sugess:

g1inea pigs, tnhree cevelcped alveologenic adenczzs, ¢oopared with norne n 2%n-

trol animals, wnile on2 of each group nad & lyzphcsarsdzz invilvini the lunmcs.



Finally, uettesheim et al. (1971) reported that CI73L 0 micCe €xpIsSet 22 Zalli.o
chromate for S nours/day, 5 days/week for 1ife shewed an increzsed incigense =f
pulmonary adenomas and adenocarcincmas. This conclusion was fzssl 2n tns

authors' observation that fourteen animzls exposzd to czlciuz chreozate {eign:

females and six males) developed adenomas, whereas only five centrel znizals

O

did (two females and three males). As noted on pege 45 of the gein text <7
this document, the conclusions of Nettesheim et 21, cannot be confirzesd frec
the reported data. The authors' statistical cethodology wes rot recortez, Tns
dencminator~-numbers of controls and exposed aznizals &t risk--carnot Lz

precisely ascertained from the publisned repert. Tne experizsntal cesizn In-

volved exposure of 1,090 C57BL/S mice in 2 inhal
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males and 273 females/chamber). All the mice i cne cheazser were infectszl witl
influenza virus two weeks prior to the initizticn cf czleoiuxm cnrlIztie exX:ilsure,
Half the mice ir each chamber were subjected to 1C0 R whole-bDocy & raciztizn

four weeks prior to exposure., Tnhe gender distribution ¢f the irradlizticn pre-

n
0
'e

treatment was not specified: One might guess that roughly equzi nuzbsr

‘males and females were irradiated, but the exact nuchers of cenroziuz - sxpessad

percent of the animals that cied curing the experizent were fanniZalizsl z-
were thus unavailable for necropsy (distributison beslween CcORIrol Versus expesss
animals and pretreztment status were not given).
exposed only ton calcium chromate dust arnd the perisds o exgosure can 1z 21°-

Jjectured but not identified with certainty.



Cther dif

Tlenliies with this o1oassay Iniliucz tne following:

During the first half of the experizent

the zortaliity rate 28 <o 23n-

trol mice was substantizlly higher than that of the chrozium - exscoses

mice, attributed by lettesnheim et al. to an epidezic cf "ur

disease" in the former, Until about 70 weeks into the soxszricsnt tns

cumulative mortality of the control mice was absut

treated group, and the cuxs ulatlve cortality curves (tne dztz wsrs 20nly
reported graphically) crossed only after zore %nzn 107 wes-g 27

exposure, No data on the cusulative mcrtali:y Ty £2nC3r wWers
presented. Althcugh vettesheiz et al, were zwzrs o0f ths non-iyzzir-
related early rportzlity in tne contrcls, they Zid rnst 2srrezs ool
in tne statistical zralysis.

Both aiveclogenic adenomzs and zdencgarcingscDas wers repsrtsc s nzvs

occurred., However, the distributinn of these tuzor types by gsniscs
¥: ¥y g

and by exposure status was not repgorted.

Thus, for purposes of cancer risk assesszsnt, the study o2 lettesneiz et al, -2
clearly inadeguate. However, to réspond to the raguest of SAP zZsztar I, Joyis
HeCann to evaluate tae compatibility of risk estimztes tassC zn anizzl inmnsl:z-
tion versus human studies, DHS stall cexlers nave ss2leetsd T2 us: tnis stul
because (1) the nunpber of exposed animals was larg:sr than in zny 2° tne 2:nsrs;

(2) there may be anr exposure-relzted

exposure laste¢ until they dieg,

Whnerezs tne 2%taer

terminated prieor _to the cemise of all the animals,



To calculate upper

[}

onfidence intervals for risus ‘rCc3 tnis study, I:538

members did tne following:

(1) Assumed that the number of animals initizlly &t ris« in the experizacnt

(Al

fluenza, minus 545/2 =~ 273 subjected to ¥ radiaticn, minus 45/2 = 23 serizlly
sacrificed during the course of the experiment, MNost of the latter wsr

removed prior to tne appearance of the first turccr in either group.)
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the cumulative mortality and the time to fipst tuZor were gpressnisi in graonil
czl form only, this correction was of rnecessity sozewnzt cerude.) Corrects:

numbers were 164 controls and 222 exposed mice.

(3), Combined tumor incidence for both sexes in eagh groug, sinze the cuzulatiy
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mortality data were not displayed by gencsr. 7ot

tumors were five controls and fourteen exposed Zice,

(4) Calculated average daily dose to be coapatitle wWith tng humzn Cose unlt

used in the risk assessment as follows: <.2: =g/=” x /24 % =/

where the latter two numbers correct for tne fragt:ionzl czily &nt weexly =x
posures of the animals. Since there are only two Cose groups (eontrecl = J an
g linzar

expnsed = ,66 mg/m3), the dose-responss cury
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curve equals the carcinogenic potency.
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(5, Usec thest velues :n the lineariZes multistags mocel of Crumd ani Hoac
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fidence intervals on the slope of the dose-respense curve,

The maximum likelihood estimate of the slope (g )} is 0.052 and the u:pe
1
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confidence limit (UCL) on the slope (g*) is C.1 (mg/m’)-?. Convertirz to
1 .

7 -1

nanograms gives a 95% UCL of 1.1 x 10 ng/a®) . To coampare this with <he

dose-response curve derived from the Mancuso stucy, the lower confiderce I:zic

%
on the SMR was calculated using method of Liddell (i3984). This yielcded &

&

sinpe ©0f 9.3 x 10-5 (ng/m’)-1. Thus, there is az

[$%

ference ¢f zloost two or-

ders of ragnitude betweer the lower conficernce lizi

£ . - < * .
ope 0f =He risx

ot
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estimate dérived from the Mancuso study &ni the upper ccnfidence 1izis eon <has
derived from the largest animal study by Nettesh2icm et z2l. As notzsz in the
text of part 3, this discrepancy may be cue to a variety of fagtors, inclucing
differential species sensitivity to carcincgenesis, differences in delivsred
dose to susceptible tissues, and so forth., It is not possible to provize 2

FoRe

compelling explanation for this discrepancy.

* The SMR for lung cancer in the Mancuso study was 7.2, basad on 35 ¢tserve:z cz:

: - . . . - A3 it -
where 4,86 were expected. The gotency cr sicpe is 1.54 x 10 (ngr=?) . 3
section 8.3.6.2 for calculaticn.,) 7Tne lower lizit on the SNMR osteinsd vy =
method of Liddell (1984) was 5.0 and the corresponding potency on slszs wzs 3.7

1078 (ngra®) ",
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PART C - PUBLIC COMMENTS AND RESPONSES



NOTE:

A1l information which was submitted as supporting documentation for
public comments on the draft Report has been forwarded to the Scientific
Review Panel. However, in some cases, supporting documents have not been
included here because of their length. The cases where this has been done are
indicated in the report, and where a summary was provided it has been
included. These documents are available upon request from:

Toxic Pollutants Branch
California Air Resources Board
ATTN: Chromium

P. 0. Box 2815

Sacramento, CA 95812

ii



IT CORPORATION Aprit 29, 1985

Mr. William Loscutoff
California Alr Resources Board
P. 0. Box 2815

Sacramento, CA 95812

Dear Bill:
SubJect: Part B "Health Effects of Chromlum"™ Report
On page 25 of the "Health Effects of Chromium" report,

dated February 1985, the EPA Mode!, or "crude" mode!l is
described.

= [(R—1)xPO]/d ' (1)
where B = Potency per Unit Dose
R = Relatlive Risk of Cancer
P = Background Mortality Rate
d = "Lifetime averaged exposure concentration®

Subsequently, P(L,d), the "excess lifetime probabilities
of lung cancer for a glven dose of chromlium" Is deflned as:

P(L,d) = 1 = exp (-Bxd) (2)

f 1 substitute (1) Into (2), | get:

P(L,d) = 1 - exp [-(R=1)P ] (3)
which Is independent of dose.

I think something needs fo be clariflied here. The unlts

of "potency" and dose seem to be different than In standard
usage. There Is an lmpllicit use of dose In determinng R, the

relative risk of cancer, since that wiil be dose-dependent.
The problem, however, probably Iles In the use of "d" to mean

two different things: In the first equation, d and R are

Corporaie Otfice
IT Corporation » 23456 Hawthorne Boulevard ¢ Box 296 S « Torrance, California QO509 » 213.378.9933

> $~
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Mr. ¥illiam Loscutoff

Apritt 29, 1985 IT CORPORATION
Page 2

used to calculate B. The best estimate of B is then used In
the second equation to predlct an Incremental probability due
to0 some observed amblient chromlum concentration.

Incidentally, when Bxd in (2) Is small, as It will be
for alrborne chromium, the power serles expansion of the
negative exponential will lead to:

P(L,d) = Bxd _ (2a)
which is llnear In dose. This really is the model | think

you end up with on page 28,
Feel free to call if there are any questions,
Very truly yours,
R. Nichols Hazelwood, Ph.D.
Environmental Affalirs

Director of Programs

RNH:vh



“TATE OF CAUFORNIA YGEORGE DEUKMEIILN, Governor

AIR RESQURCES BOARD
110z © STREET
SOX 2815
AAMENTO, CA 95812

June 18, 1985

R. Nichols Hazelwood, Ph.D.
Environmental Affairs
Director of Programs

IT Corporation

23456 Hawthorne Blvd.
Torrance, CA_ 90509

Dear Dr. the%yboﬁ:
SV

comments on the Draft Chromium Report

Thank you for your comments and suggestions on the Draft
Chromium Report. We have referred your comments to the :
Department of Health Services (DHS) for response. Your comments, :
their responses, and this letter will be included in Part C of
the Report to the Scientific Review Panel. We will send you a
copy of that report. ' '

If you have any gquestions concerning this matter, you
may contact Cliff Popejoy at (916) 323-8503.

Sincerely,

wiélw:w -Or O et

William V. Loscutoff, Chief
Tcxic Pollutants Branch
Stationary Source Division

cc: Peter D, Venturini



McCLINTOCK. KIRWAX, BENSHOOF, ROCHEFORT & WESTON
ATTORNEYS AND COUNSELORS AT LAW
811 WEST SIXTH STREET SUITE 2100
LOS ANGELES. CALIFORNIA 80017
TELEPHONE (213) 623-2322

A L.LAW PARTNERSHIP
OF PROFESSIONAL CORPORATIONS

May 10, 1985

Federal Express

¥Mr. William Loscutoff, Chief
Toxic Pollutants Branch
Califeornia Air Resources Board
1102 Q Street

Sacramento, California 95814

Re: Listing of Chromium as a Toxic Air Contaminant

Dear Bill:

Enclosed are the comments of the Metal Finishing
Ascsociation of Southern California to the Report to the
Scientific Review Panel on Chromium.

Very truly yours,

Betty-JanééZ:rwan, P.C.

McCLINTOCK, KIRWAN, BENSHOOF,
ROCHEFORT & WESTON

BJIK:vb
Enclosure



COMMENTS
ON BEHALF OF
THE METAL FINISHING ASSOCIATION OF SOUTHERN CALIFORNIA
ON THE
REPORT TO THE SCIENTIFIC REVIEW PANEL ON CHROMIUM

o May 13, 1985

The Metal- Finishing Association of Southern California
("MFASC" or "Association") is a nonprofit trade association of
companies in the fields of metal finishing, electroplating,
powder coatings, enameling, galvanizing, plating and related
processes., it has almost 250 members, the vast majority of whon
are job shops.l These comments are submitted in response to the
Report to the Scientific Review Panel on Chromium prepared by the
Air Resources Board and the Department of Health Services, dated
March 1985. 1In general, after a careful review of the Report,
the MFASC believes that not enocugh is known concerning the health
effects of chromium emissions, in general, and chromium (VI)
emission, in particular, to warrant regulation at this time.
Unfortunately, the Association cannot offer further comment on
the health impact of chromium emissions because it has not
conducted independent research on this topic. In the remainder
of these comments, we will highlight some confusions and inac-
curacies in the Report as it relates to the metal finishing

industry with the hope that a more accurate picture of the

1l This is in contrast with captive corporate metal finishing
companies.



industry and its emissions can be developed by a cooperative
effort between the ARB and the industry.

Our review of the Report found five problem areas: (1)
the Report incorrectly estimates the number of chrome platers;
(2) the Report incorrectly assumes all chrome plating is hard
chrome; (3) the Report incorrectly assumes that the emissions
from the Long Beach Naval Shipyard operations are representative
of chrome plating:; (4) the Report incorrectly assumes that all
chromic acid sold in cCalifornia is used for chrome plating and
generates the same emissions; and (5) the Report incorrectly
assumes that all chrome plating operations are uncontrolled.
Based on this confusion, the Report incorrectly concludes that
the emissions from chrome plating operations in California amount
to between 18 and 21 tons per year. We will take up each of
these points in order.

The Report estimates that between 1,500 and 1,800
electroplaters operate in California and that if three-fourths
are chrome platers there are between 1,100 and 1,300 chrome
platers in California. (Report, p. I-2.) The source of the
first estimate is a report by Citizens for a Better Environment.
Insofar as we are aware, it is not accurate.

As noted above, the MFASC principally represents job
shops, which are companies which perform on a piecework basis.
It reéresenté.very few "captive" ghops =-- facilities owned by
manufacturers facilities which solely service products they

manufacture. We estimate that between 50 and 75 percent of the



metal finishers in Southern California are job shops. Of the
almost 250 membérs of the MFASC, only 68 companies (28%) are
chrome platers. Assuming, at most, an additional 70 captive shop
chrome platers, that would make up to 140 chrome platers in
Southern California. We estimate that in Northern california the
ratio of chrome platers to electroplaters in general is similar.
Based on this information, there are nowhere near 1,100 chrome
platers in California. A better estimate is 300. We will
attempt before the next submission to develop more detailed
information on this topic. This is significant information
because the inflated number of California chrome platers is used
to estimate in the Report the amount of chromium emissions
from the metal finishing industry in this state.

Next, the ARB assumes that all chrome plating is hard
chrome. (Report, p. I-5.) By way of background, chrome plating
can use either a hard chrome or decorative chrome process.
For a hard chrome coating, a part is electroplated with heavy
thicknesses of chromium to fcrm a corrosion-resistant and wear-
resistant surface. By contrast, decorative chrome is a process
by which a part is first plated with nickel and then electro-
plated with a very thin coating of chromium. Emissions from hard
chrome may be significantly greater than from decorative chrome
due to the longer time of processing to achieve the heavier
depoSit. Thé KRB‘states,'and we agree, that probably three-
fourths of chromium use is for hard chrome and one-fourth for

decorative chrdme. Approximately 46 member companies in the



MFASC (19%) do decorative chrose and 22 (9%) do hard chrdme.
Eight companies (3%) do both. The likely difference in emissions
from these two processes should be acknowledged and taken into
account in the emissions calculations.

Further, the Long Beach Naval Shipyard report is used
as the basis for establishing an emission factor for chrome
plating. (Report, p. I-4.) This likely overestimates emissions
significantly. Usually, military facilities do not have the same
constraints as does private industry. Additionally, we assume
that a shipyard has very large parts which generate substantially
more emissions than do typical chrome plated parts. We will be
able to comment further on the applicability of this facility
once the ARB makes available the Long Beach Naval Shipyard
report, which has already been requested.

The Report incorrectly assumes that all chromic acid
sold to the metal finishing industry is used for chrome plating.
(Report, p. I-4.) A large amount of chromic acid is used for
chemical processes, such as dichromating, which is a process
whereby a part is treated with cadmium or zinc first and then
dipped in a solution of chromium salts to convert the surface
metal to a chromate. It is not an electrolysis process. No
bubbles are generated, such as in the case of electroplating of
chromium, and no emissions are created. It is simply a quick
chemical reaétion. Secondly, chromic acid is also used to etch
parts, both metal and plastic. Similarly, there is not the same

type of buildup sf_bubbles or gas. We estimate that more chromic



acid is used to chemically treat or etch parts than is used in
electroplating operati&ns. Thus, the amount of chromic acid sold
in california is not directly relevant to the emission report
from the Long Beach Naval Shipyard or the emission of chromium
into the air.

Finally, the Report calculates the emissions of
chromium from the metal finishing industry based on the assump-
tion that all chrome plating is done without air pollution
controls. (Report, p. I-5.) Chrome platers located within the
South Coast Air Basin -- Los Angeles, Orange, Riverside and San
Bernardino Counties -- are required to have air pollution control
eguipment on all chromium electroplating operations because of
concern by the South Coast Air Quality Management District with
chromic acid mist. The District's concern rests on the pos-
sibility that without controls the sources will create a public
nuisance. Chrome electroplating tanks are equipped with mist
inhibitors or are controlled by air scrubbers. Air scrubbers are
a closed system with virtually no emissions to the atmosphere.
We believe that most facilities in the Basin are equipped with
such scrubbers. The District checks the efficiency of these
units at least once a year. Therefore, use of an emissions
factor from the Long Beach Naval Shipyard is misleading.

The information concerning the number of chrome platers
and the emissions factors to be applied led the ARB to estimate
that the emissions are between 18 and 21 tons per year. As

more information is developed, we believe that figure will be



shown to be seriously overstated. The Association looks forward
to working with the ARB to develop a more accurate picture of the
industry's contribution to the question of the chromium

emissions.



STATE OF CALIFORNIA GEORGE DEUKMEIIAN, Governor

AIR RESOURCES BOARD
Q STREET
BOX 2815

SACRAMENTO, CA 95812

July 10, 1985

B. J. Kirwan

IncClintock, Kirwan, Benshoof
Rochefort &nd Weston

611 West Sixth Street, Suite 2100

Los Angeles, CA 90017

Dear Ms. Kirwan:

comments on the Draft Chromium Report

Thank you for the comments of the Metal Finishes
Lssociation of Southern California (MFASC). Your letter and their
comments were incluaed in Part C of the draft Report, and changes to
draft Part A were made 1in response to their comments, This letter
describes those changes and our responses to the MFASC's comments,
ané has been forwarded to the Scientific Review Panel as an addencum
to part C.

I &m aadressing your comments in the same orcer in which
tiiey appeared in your letter,

(1) Number of chrome platers.

Using information from surveys done by the South Coast Air
-Quality Management District &nd by the ARB, we have revised the
estimate of chrome pleaters to 400 statewide,

(2) Hard chrome and decorative chrome plating are done in
California.

The draft report presented a range of emission estimates;
the upper value was basea on the assumption that only hard chrome
plating is done, and the lower value was based on the assumption
that & combination of hard and decorative plating are done, After
the draft report .was released, we received information from the
MFSAC on the breakdown of decorative and hard chrome plating in
Calitornia. Consequently the emission estimate for chrome plating



B. J. Kirwan -2- July 10, 1985

has been revised to reflect this ratio of the numbers of hard and
decorative platers in California, and the emission estimate based on
the assumption that all plating was hard chrome has been removed
from the report.

(3) Long Beach Naval Shipyard plating operations are not
representative c¢f private industry.

The Long Beach Naval Shipyard Report used to develop
emission factors for chrome plating was based on testing done in
1984, &nd we believe it is the best available information on chrome
pleting emissions. A copy of the Naval Shipyard Report was sent to
MFESC representatives at their request on May 17, 1985; as of
July 5, ARB staff had not received MFASC comments on that report.
After the MFASC has reviewed the Naval Shipyard Report, ARB staff
would welcome specific information and suggestions to improve
emission estimates,

(4) Not &ll chromic acid scld to the metal finishing
inausctry is used for chrome plating,

The draft report states that "the largest supplier of
chromic &acic in the United States estimated that 1,500 tons of
chromic é&cia were sola in California in 1984 for chrome plating
veace" (araft Report, page I-4). The estimate of chromic acid usage
was fcr chrone plating only and did not include any other uses,

(5) Emission estimates are based on the assumption that
&ll chrome plating 1s done without air pollution control.

Emissions from chrome plating were calculatea basead on the
sumption that no controls are used on chrome pleting operations,

&3
veceuse there are no &air gquality regulations which specifically
rescrict nexéavalent chromium emissions from chrome platers. Any
controls 1n place were aesigned to control chromic acid mist

emissions from a nuisance standpoint, as you pointed out, and were
not besea on the long-term health effects of hexavalent chromium

e, posure, The fraction of chrome plating operations which employ
emission controls, ana the efficiency of those controls, is not
known, To proviae & range of estimates, we have revised the report
to 1nclude an estimate based on the theoretical assumption that all
chrome platers have controls which are 92 percent efficient. This
was the control efficiency of wet scrubbers reported in the Long
Beach Naval Shipyard Study. We believe that the efficiency of such
controls in industry will be lower than this, but that 92 percent is
a technically achievable level of control, and represents a
theoreticel lower-limit emission estimate. The estimate of
emissions pased on the no-control assumption has been retained, and
represents an upper limit value,
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Thank ycu again for your comments., If you have gquestions
concerning these responses, please contect Cliff Popejoy at
(Sle) 323-8503.

Sincerely,

| 'Zé%;%;;,/izijjéjﬁ/?%?/

William V. Loscutoff, Chief
Toxic Pcllutants Branch



Southern California Edison Company

P O. BOX 800
2244 WALNUT GROVE AVENUE
ROSEMEAD. CALIFORNIA 81770
EDWARD J. FAEDER, Ph.D. YELEPHONE

MANAGER OF ENVIRONMENTAL OPERATIONS (818) 302-2009

May 10, 1985

Mr. William V. Loscutoff, Chief

Toxic Pollutants Branch

California Air Resources Board -
P. 0. Box 2815

Sacramento, California 95812

Dear Mr. Loscutoff:
SUBJECT: Report to the Scientific Review Panel on Chromium

Southern California Edison Company has reviewed the document
entitled "Report to the Scientific Review Panel on Chromiunm"
(Parts A and B) and would like to submit these brief comments on
several important issues which are addressed in this report.
These issues include the following:

Exposure Estimates - In the absence of exposure data for
hexavalent chromium, a risk assessment cannot be performed at
this time and chromium should be reclassified as a "Level 1B"
compound since this essential information is not yet available.

Emissions Estimates - Emission estimates from sources which
pertain to the electric utility industry have been overestimated
due to certain assumptions and methods used in these
calculations.

Risk Estimates - The unit risk estimates for hexavalent chromium
are being developed from epidemiological studies of widely
differing quality. These differences should be reflected in the
choice of studies used to develop these risk estimates. We also
feel that the boundaries on the estimates develcped from these
studies should be differentiated from statistical confidence
limits since they result from a lack of data rather than the
uncertainty inherent in a series of observations.

These issues are described in more detail below.
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EMISSIQONS INVENTORY

Although this is not the final inventory which may be used
to develop control strategies for chromium, it is important that
emissions estimates are at least reasonably correct. Several
errors are evident in the methods used to calculate chromium
emissions from electric utility sources such as cooling towers
and residual fuel o0il combustion.

Fuel 0il Consumption

The calculations for residual fuel oil burned within
California are inaccurate. The State's petroleunm tracking
system does not differentiate between o0il burned in California
and that sold for vessel bunkering which will be burned outside
of California. Federal data indicates this is a significant use
of residual fuel o0il in California (1). This is shown in Figure
1« In the past, ample supplies of high sulfur residual fuel oil
in Southern California have tended to drive prices lower,
encouraging ships to purchase enough fuel for a round trip (2).
Thus while the economic data prepared by the California Energy
Commission (and used by the ARB to calculate chromiunm em1351ons)
indicates that there are marketer receipts for 74 million
barrels of residual fuel oil supplied to California in 1983,
utilities burned only about 10 million barrels, much of which
was purchased in previous years (3). This lack of accounting
for vessel bunkering represents a significant overestimate in
emissions of chromium from residual fuel oil consumption.

Cooling Tower Emissions

Electric utilities in California are no longer using
chromate additives in cooling tower water to the extent they did
in the past. SCE has not used these additives since 1982, and
other utilities have reduced, or are in the process of
coupletely phasing out, the use of these compounds. The
emissions estimates for cooling towers included in the chromium
report are, therefore, probably too large, since it was assumed
that these compounds are used in approximately 20 percent of the
utility industry cooling towers.

The combined effects of these assumptions with regard to
residual fuel oil consumption and the use of chromium additives
in cooling towers is to overestimate chromium emissions from
electric utility sources by a substantial amount. The methods
used to calculate these estimates should be reevaluated.



Figure 1. DELIVERIES OF RESIDUAL FUEL OIL BY USE IN CALIFORNIA

(REFERENCE: PETROLEUM SUPPLY ANNUAL, 1933)
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TRACE ELEMENT SPECIATION

The health assessment portion of the chromium document
points out the differences in toxicity of various chromiunm
compounds, particularl§ the difference in cagcinogenic potential
between trivalent (Cr*°) and hexavalent (Cr* ) chromium.

The exposure data essential for conducting a risk assessment
relates human population exposure to airborne hexavalent
chromium in California. This information is not currently
avalilable because: a) there3are no vglidated methods for
differentiating between cr*3 and Cr*° at the low

concentrations observed in ambient air, and b) given the lack of
meagurement techniques, the necessary ambient monitoring of

cr*® has not been performed. Speciation techniques have been
developed for workroom air (4) and progress has been made in
speclating emissions from ferrochrome smelters (5). However,
the dusts emitted from these smelters contain several percent
chromium by weight. Samples of particulates from ambient air
and sources emitting lesser amounts of chromium may contain only
microgram per gram quantities. The techniques used on smelter
dust might also work at concentrations 1000 times lower, but
these techniques must be tested and extensively validated before
they can be used in an air quality monitoring program. When
thege techniques have been validated then the measurements of
Cr™® can be made in ambient California air.

RISK ESTIMATES

Earlier risk assessments of toxic air contaminants by DHS
have exzmined different risk estimates, and then made the policy
decision to present a "conservative range of estimates" to the
risk managers at the ARB. This was not the approach taken with
chromium. A table of risk estimates was extracted from the
EPA's health assessment document on chromium and these were
presented as if they are all equally valid. This treatment of
the data is inappropriate, as outlined below. .

Comparative Quality of the Studies

All epidemiologic studies have some problems which cause
uncertainty in the results. Some studies are considered more
reliable because of the size of the study group, the quality of
exposure information, and the thoroughness in tracking subjects
who leave the work place. The more reliable studies are
generally given more weight for developing risk estimates. EPA
considered the Mancuso study more reliable than the others and
this was reflected in the risk estimate they chose from all
those which were calculated. Figure 2 shows the wide range of
risk estimates presented by DHS and tEese can be compareg with
the estimate chosen by EPA (1.2 x 10™° per lifetime ug/m
exposure). Specifically EPA stated that the studies by Langard
(6), Axelsson (7) and Pokrovaskaya are "less adequate than the



RANGE OF UNIT RISK ESTIMATES

PRESENTED B8Y DHS AND EPA

@ -

Upper il g g '
Bound %, T
0.035 0.93 0.084 0.098 0.18

Best
Estimate Y,
0.035 0.012 0.014 0.092
Lower
Bound
0.018 0.003 0.0038 0.052
AXELSSON LANGARD MANCUSO/COMP MANCUSO/CRUDE POKROVASKAYA

Figure 2. Block Chart of Unit Risk Estimates Derived

From Three Studies. (comp= competitive risk,

all others= crude model).
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Mancuso study for purposes of risk assessment™ and that the
deficiencies in these studies tend to overestimate the risk.
DHS should state why they do not agree with EPA's assessment of
the quality of these studies for purposes of developing risk
estimates.

The major problem with the Langard (6) and Axelsson (7)
studies is the quality of the exposure data. These problems are
recognized by the authors. Axelsson et al. state;

"The information on levels of chromium exposure in
different parts of the industry was based on
approximations, and no measured data existed for the
period when a possible occupational cancer could have
been induced."

"The estimated exposure data should not be used to
construct general dose response relationships or to
define threshold values." [emphasis added]

Langard et al. have made similar statements;

"In the present investigation one can only guess at
what level the exact chromate concentration has been in
previous years."

The EPA Health assessment document on chromium also notes
problems with respect to the characterization of the worker
cohort in the study by Pokrovaskaya.

While the studies cited above may be useful for purposes of
comparison, quantitative risk estimates should be based on the
highest quality epidemiologic studies available.

Uncertainty in Risk Estimates

The parameters of interest in toxicological and
epidemiological studies, such as exposure and observed
responses, are known to vary. This variation can be described
in statistical terms, e.g., a mean and the confidence intervals
around the mean. These techniques are useful in risk assessment
‘because they can provide an Iindication of the uncertainty around
a risk estimate.

The real parameters of interest may be essentially unknown
in some cases. In the Axelsson study, for example, exposure
"data™ were based on estimates and approximations rather than on
actual measurements. One can subjectively estimate a possible
range of a variable, but the estimate has little statistical
validity and cannot provide the same kind of information as a
confidence interval. This type of expert "guess"™ must be
distinguished from statistical confidence limits based upon
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multiple observations (such as those presented by DHS for
benzene and other toxic air contaminants reviewed to date.)

Another technique for dealing with a lack of data is to use
the highest and lowest values of a parameter which were observed
to "bound" the analysis. In the Langard study, 89 air
measurements of hexavalent chromium were taken to characterize
the workplace environment. In deriving upper and lower bounds
on risk for hexavalent chromium, both EPA and DHS have assumed
that all workers were exposed to either the highest, or
conversely, the lowest concentration observed in all of these
samples. Thes-s calculations provided the lowest and highest
estimates on carcinogenic potency respectively. This type of
bound or limit must also be distinguished from statistically
derived confidence limits. While such estimates may be
interesting for comparison, risk estimates which are to be used
for risk assessment studies should be based upon the best
estimates of individual worker exposure or the best estimates of
the overall exposure to the worker population.

Comparison of Risk Estimates With Observed Mortality

One way to judge whether the risk estimates have any bearing
on reality is to compare the predicted lung cancer mortality
with the observed rates. The annual mortality rate for lung
cancer in California is about 40 per 100,000. In a population
of 10,000,000 people (such a&s the South Coast Air Basin) we
would expect an annual cancer mortality rate of 4,000 per year.
If we used the upper limit of risk presented in the DHS report
on chromium, as many as 2,285 cancers would be due to chromium
exposures. This is an extraordinarily high estimate of risk and
is clearly erroneocus in light of the fact that smoking is
considered to be responsible for the majority of lung cancer

cases.

CONCLUSIONS

SCE recognizes the desire of the ARB to proceed with the
review of toxic air contaminants of concern in California in a
timely manner. However, it appears that in the case of
hexavalent chromium, the fundamental data necessary for
conducting a population exposure assessment is not yet
available. The risk assessment cannot proceed until methods for
the speciation of hexavalent chromium in ambient air have been
validated and ambient monitoring data have been obtained. Since
the DHS health assessment indicates that hexavalent chromium is
the form most likely to be carcinogenic in man, we suggest that
hexavalent chromium be listed as a "Level 1B Compound" (a
compound for which "significant additional information is
pending®) until ambient monitoring techniques have been
developed and an adequate exposure assessment can be performed.
The ARB has conducted a risk assessment assuming that all
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airborne chromium is hexavalent. This assumption is
inappropriate and should be discontinued.

We also suggest that DHS focus only on those studies with
reliable exposure data when calculating risk estimates for
hexavalent chromium and that the best estimates of worker
exposure to hexavalent chromium (rather than extreme limits) be
used for calculating risk estimates.

Methods for calculating emissions estimates from residual
0il combustion and cooling tower emissions should also be
reviewed for accuracy since they appear to overestimate actual
emissions by a significant amount.

Sincerely,
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June 18, 1985

Edward J. Faeder, Ph.D. - - -
Manager of Environmental Operations
Southern California Edison Company

PC Box 800

Rosemead, CA 91770

Dear Dr. Feeder:

Comments On Draft Chromium Report

Thank you for your comments on the Draft Chromium
Report. Your comments on Part B have been referred to the
Department of Health Services for response, which, zlong with
your comments and this letter, will be included in Part C of the
Report to the Scientific Review Panel on Chromium. We will send
you a copy of that report. OQur responses follow the same
headings you used in your letter.

{Summary of Issues)

EXPCSURE ESTIMATES:

There are data available which have been used to
estimate exposure to total and to hexavalent chromium. U.S. EPA
llational 2erometric Daté Bank data for totel chromium, were used
to assess exposure to total chromium. ARB data on ambient
hexavalent ana total chromium concentraticns were used to
estimate excess cancer risk due to ambient hexevelent chromium.
We believe that these data establish the presence of chromium &nd
chromium(Vvl) in the ambient air of California to a degree
sufficient to Jjustify listing chromium(Vl) as & toxic air
contaminant.
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HNISEION ESTIMATES:

]

The emisgion Timates fc: sources related to the
electric utility incusc we melde using date from several
indepenadent sources, We agree that &n improved emission
inventory will be necessary in &any control development process
for chromium(VI}). Your specific comments on our emissions
ectimates are discussed below

t (D

el (I)

FUEL OIL CONSUMPTION:

Since the Zdraft Report on Chromium was released, we

alized that the residuél 01l consumed by vessel bunkering was
£ taken 1nto &cCQUNt when chNromium emissions were estimated,
wever, there ere no avéeilable deta to estimate how much
sidual oil was consumec by vessel bunkering in 1983, fTherefore

revised our calculetions as follows: Residuel oil consumption
r non-utilities wes estimeted bzsecd on 1981 data in ARB's
ission Date System &ndé the consumption of residuel oil by
ectric utility incustry 1in 1983 wz2s assumed to be 10 million
rrels &s estirmetec ry SCE. This cranges the estimated
nsumption from 74 miliion berrels to 49.2 million barrels, The
revised calculations result in &n enission estimete of 5.1 tons
of chromium from resicu&al o1l compustion in 1983. 1In another
method, chromium emissions were czlculated as & fraction of
perticulsaste matter emissions. This é&pproach yielded &n estimate
of 20 tons of chremium per year. Thése changes have been
reflected in the Report &nd are discussed in Aippendix C of Part A
of the Report.

O O ® 1t n g 13 m
omr-J:»,aommoom

1

CQOLING TOWER EMISEICHS

X}

We recognize that the electric utility industry in
California may not use chromate acaitives 1in cooling tower water
es extensively as it ¢id¢ in the pest. Eowever, chromium
emissions from coolinc towers were calculated based on the best
evaileble deta for inventory year 12¢1 and/or 1979, Lower and
upper estimates of 0.23 to 9.2 tons per vear were also given in
the Report. Therefore, without more specific information on the
ecutual number of coolinc towers or concentration of chromium(VI)
for all utilities, we think the renge given in the Report is the
best estimates at this tine. We will be trying to get more
current and specific informetion on chromate use in cooling
towers in the near future. We, therefore, would like to work
with SCE and other ucilities to obtain the best information
available for future estimates,

- i

_TRACE ELEMENT SPECIATION:

We recognize that, because the DHS has indentified
dose-response relationships for airborne chromium(vi),
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information on hexavalent chromium exposure from enbient &ir
proviaes the most accuréete assessment of thne healtn impact of
atmospheric chromium. There &re limited ceta &vailable on
eambient concentrations of chromium(Vl) in Celifornia; we have
used¢ these deta in revising the overview to include an estimate
of the health impact of atmospheric hexeavelent chromium., Methods
do exist to differentiate between chromium(VI) and totel chromium
at ambient levels. We recognize that the methods for determining
chromium(VI) and total chromium at low concentrations in ambient
air have not yet received extensive evaluation. ARB method 106,
Procedure for the Sampling and Analysis of itmospheric Hexavalent
Chromium(VI), is based on validated methocds for the determination
of hexavalent chromium in workplace air, andéd water and wastewater
samples. We have included a copy of Method 106 in Appendix D of
Pert A. A limited interlaboretory study of this method has shown
egreement within 25 percent., Method development of a
chremium(VI) anelyticsl method is presently being done by the
Inorcanic Toxics Analytical Subcommittee of the Toxics Air
Konitoring Technicel xdvisory Committee (TANTAC) vwhich is
comprised of technical representetives of Federal, State, end
local air gqué&lity é&nd public heelth acgencies.

Chromium(IIi) is determined by cdifference between totel
chromium &and chromium(Vvi). Total chromium measurements used in
the exyposure &assessment were done using & vériety cf analvtical
methods, inclucing x-ray fluorescence (XR?) methcds similear to
LRB method 105: Procecdure for the Sampling &nd anelysis of Total
rtmospheric Chromium, Lead, Manganese, and Nickel, We have
included a copy of this method in Appendix D of Part A. The
ARB s Heagen-Smit Laboratory D1"1Slon has characterized the

accuracy of Method luS as + 2 ng/m or + 10-20 pe*cer; at the
levels of 10-20 ng/m of total chronlum observed in the ambient
air of california,

. We believe the available informetion on &tmospheric
levels of total &né nexavelent chromium in Celiforrnie
cuantitetively establishes the presence of these species in
embient air to the extent necessery to justify listing
chromium(VI) as a toxic eir contaminant.

The ARB is working to better chearacterize ambient
levels of chromium(Vi) in California. As more temporally and
spatially representative data on chromium(VI) concentrations in
the state become available, it will be possible to make a more
precise estimate of the health impact of ambient chromium(Vvli},

CONCLUSIONS:

We believe, for the reasons stated above, that
sufficient evidence of population exposure to &mbient
chromium(VI) exists to regquire evaluation of chromium(VI) as a
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t2yiC eir conueninént., We &lso believe cesed on zrne nhealth
effects inforréetion suppliec by the LES anc csace &né emission
ectiraces, that chromiirn(vl) snoulc te listeC &g & tecxic eair
cecrteaminent end treatec &s & substance heavinc nc ce c1nogen1c
trnreshola level.

he have deleted risk estimetes basec on the assumption
tnat &ll ambient chnromium 1s hexavelent, ané have included
revised risk estimetes based on measured ambient concentrations
0f hexavalent chromium. AS you reguested, we heve reviewed the
methods used for calculéeting emission estdimates frcem residuzl oil
corbustion &nd cooling towers &s cescribec previcusly in this
r, Besec on informetion which you proviced, we revised the
ion estirmate for chromium emission from fuel cil ccensumption,

khgein, thank you for your cornments,.

I heve other
ons, please contact Cliff Popejoy at (¢1%

I yCu
) 223-8503, ¢f my

-

Sincerely,

/. /
s o ;; -7( ///
\//L,:J//’-/ JKJ © "a /

williar V. Lcscurof?, Cnief ;4J
Toxic PFollutants Breanch
Steticnary Scurce Division

cc: reter D. Venturini
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1512 - 14th Street, Sacramento, CA 95814 « (916) 443-8252

May 13, 1985

Mr. William V. Loscutoff, Chief
Toxic Pollutants Branch .
California Air Resources Board
P.0O. Box 2815

Sacramento, CA 95812

RE: Report to the Scientific Review Panel on Chromium
Dear Mr. Loscutoff:

" The California Council for Environmental and Economic
Balance (CCEEB) is a nonprofit organization whose board of
directors include leaders of business, organized labor, and
other public interest groups. CCEEB has reviewed the report
by the California Air Resources Board (ARB) and the Califor-
nia Department of Health Services (DHS) to the Scientific
Review Panel on chromium dated March 1985, and is presenting
the following comments for your consideration.

In summary, the Council believes:

(1) The risk assessment should be restricted in scope
t01ncludeonlychrom1um(VI)51ncethlslsthe
only species that has been associated with car-
cinogenicity in humans and animals.

(2) A more appropriate range of risk of the cancer
potfncy of chromium (VI) is 8.3 x 10™* to 1.3 x

(3) The ARB/DHS should review the studies used to
determine the risk associated with chromium (VI)
exposure and should focus on those studies with
the most valid data when developing risk esti-
mates. The report should more clearly state the
quality problems associated with the studies cho-
sen for inclusion in the document and the uncer-
tainties these problems impose on the resultant
risk estimates. -

We believe a significant deficiency of the report is

-the lack of distinction between the different chromium spe-

cies when drawing conclusions on the risk associated with
exposure to chromium. In Part A of the report (Overview,



	This record consists of multiple electronic files
	Second electronic file

	Technical Support Document Table of Contents
	Parts A, B, and C
	Part A Table of Contents
	Page i, Section I through III.D., and Appendices
	Page ii, Tables
	Page iii, Figures

	Part B Table of Contents
	Page i, Section 1 through 7.2.7
	Page ii, Section 8 through 9 and Appendices
	Page iii, Tables and Figures



	Critique of the California Air Resource Board Document Entitled, "HEALTH EFFECTS OF CHROMIUM" Table of Contents
	Page i, Section A through E, Bibliography and Attachments


	CONT: 


