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("ARB" or the "Board") and DHS are required to give priority to the evaluation
and regulation of substances based on factors related to the risk of harm to
public health, amount or potential amount of emissions, ma&ner of usage of the
substance in California, persistence in the atmosphere, and ambient
concentrations in the community (Health and Safety Code § 39660). Cadmium
appears on the priority 1ist based on its evaluation using the above factors.
The current priority 1ist, approved by the Board on February 26, 1987, is
appended as Attachment 1.

The Scientific Review Panel {SRP) was established to advise the Board
in its evaluation of the health effects toxicity of substances (Health and
Safety Code § 39670). The SRP reviewed the report on cadmium and found it to
be without serious deficiency. The findings of the SRP are on pages 12 and 13
of the Initial Statement of Reasons.

A notice of pub]ic hearing on whether cadmium should be identified as
a toxic air contaminant with no identified threshold was issued on December 5,
1986, and a public hearing was held on January 23, 1987 pursuant to Goverﬁmenfhi
Code §§ 11340 et seq. and Health and Safety Code § 39662.

The AB 1807 procedure for developing and adopting control measures to
'redhce toxic air contaminants is separate and distinct from the procedure for
identifying sﬁbstances as toxic air contaminants., After a substance is
identified as a toxic air contaminant, the Executive Dfficer, with the
participation of the air pollution control districts, will prepare a report on
the need and appropriate degree of regulation for the substance (§ 39665).

Sections 39565-39567 set forth the issues which the Board must consider with

respect to control measures.




IT. ENVIRONMENTAL AND ECONOMIC IMPACTSL/

The identification of cadmium as a toxic air contaminant will not
result in any adverse environmental impacts. After identifying cadmium as a
toxic air contaminant, the Executive Officer and the Board will evaluate the
need for and appropriate degree of control measures, in accordance with the
provisions of §§ 39665-39667. Potential adverse environmental impacts
associated with control measures will be analyzed and addressed in the
consideration of such control measures.

The identification of cadmium as-a toxic air contaminant is not
expected to result in any economic impacts. Economic impacts assotiated with
any control measures which might be developed pursuant to §§ 39665-39667 will
be addressed in connection with the Board's consideration of such control
measures,

The Board has determined that this regulatory action creates nejther
costs nor savings, as defined in Government Code § 11346.5(a)(6), to any state
agency or in federal funding to the state, costs or mandate to any local
agercy or school district whether or not reimbursable by the state pursuant to
Part 7 {commencing with § 17500) of Division 4 of the Government Code, nor

other nondiscretionary savings to local agencies.

1. The staff did not consider or propose other specific requlatory
alternatives to the proposed regulation because there are no alternatives
to the regulation which would serve the purpose of identifying cadmium as
a toxic air contaminant. In some rulemaking proceedings, Government Code
§ 11346.14(b) requires the consideration of a performance standard as an
alternative to a proposed regulation requiring the use of specific
equipment or procedures., In this case, however, the proposed regulation
would not mandate the use of specific technologies eor equipment or require
any action by sources to reduce emissions of cadmium.




In developing the proposal, the staff considered the potential cost
impact of the proposed action on private persons or busine;ses directly
affected. The Board expects that the regulatory proposal will not cause any
significant increased costs for such persons or businesses. The Board has
determined that the proposed action will not have a significant adverse

economic impact on small businesses.

IT1. STAFF RECOMMENDATION AND SIMMARY OF EOARD ACTION

Cadmium, which is known to be emitted in California, is an animal
carcinogen with epidemiological evidence of carcinogenicity in humans. 1m its
health effects evaluation, DHS concluded that in the ahsence of compelling
evidence of a threshold, the mechanism of cadmium carcinogenesis is a
nonthreshold process; The SRP found that based on available scientific
information a cadmium exposure level below which carcinogenic effects are not
expected to occur cannot be identified....Therefore, the ARB staff recommended

that cadmium be listed as a toxic air contaminant for which there is not

~sufficient aveilable scientific evidence to support the identification of an

exposure level below which no significant adverse health effects are
anticipated.

At a public hearing on January 23, 1987, the Board by Resolution 87-9
approved an amendment to Title 17, Californiz Administrative Code, § 93000
which added cadmium {metallic cadmium and cadmium compounds) to the 1ist of
toxic air contaminants set forth therein. A threshold level below which no
significant adverse health effects are anticipated from exposure to cadmium

was not identified., At the Board hearing the Board approved the proposed

amendment with modifications to the originally propesed text.




The originally proposed text listed "cadmiun™ as a toxic air
contaminant. Airborne cadmium is generally understood to mean both airborne
metallic cadmium and airborne cadmium compounds. Further, the analysis in the
Staff Report to the Board applies to both metallic cadmium and cadmium
compounds, Staff believes that the term cadmium refers to both forms of
cadmium, but decided that the 1isting of cadmium in the regulation should be
made explicit in order to avoid confusion as to the scope of the Board's
action. The Board approved the staff's modified recommendation to include
“metallic cadmium and cadmium compounds' in parenthesis after "cadmium,"”

In accordance with § 11346.8 of the Government Code, the Board
directed the Executive Officer to adopt the approved regulatory amendments
after making them available to the public for 15 days for comment regarding
the changes to the regulation as originally proposed. On February 9, 1887,
the 15-day availability notice, the text of the requlation as originally
proposed, with the proposed change clearly indicated, and the Board's
resolution were sent to all persons reguired by Title 1, California

Administrative Code, § 44, No comments were received regarding the changes to

the regulation.

IV, SUMMARY OF CDHMENTS.AND AGENCY RESPONSES

At the January 23, 1287 public hearing concerning the proposed
regulation 1isting cadmium as a toxic air contaminant, oral comments were
presented by a represenfative of the Cadmium Council, Inc. 1In addition, the
Board received written comments regarding the proposed action from McKenna,
Conner and Cuneo (on behalf of Miller Brewing) ("licKenna"), the Cadmium

Council, Inc., the California Council for Environmentel and Economic Balance




(“CCEEB" ), and the Central City South Association ("CCSA"). A summary of
those comments and the agency's responses follows., Responses to comments

relating to health effects have been prepared in cooperation with DHS staff.

1. Comment: The commentor supports the proposal to identify cadmium
as a toxic air contaminant having no identifiable threshold. Commentor agrees
with DHS' conclusion that there was a difference in health effects between
ingested and inhaled cadmium. Commentor refers to the potential increase in
emissions of cadmium to the atmosphere from the operation of a proposed
waste-to-energy facility., {(McKenna)

Agency Response: The Staff Report includes discussions of inhalation

and non-inhalation health effects (pp. 15-20; pp. 167-173) and of the
potential for cadmium emissions from proposed waste-to-energy facilities (pp.

55-56).

2, Comment: The commentor asserts that the Technical Support
Document may understate the potential problems associated with cadmium
emissions from municipal waste incinerators because no total statewide
esti%ate of potential emissions for this source category is given and a
relatively small (1,000 tons per day) incinerator was used as the basis to
calculate the emission rate given in the report. The commentor urges the ARB
to specifically consider municipal waste incinerators when developing control

measures, (CCSA)

Agency Re§ponse: The Staff Report included cadmium emission

estimates for source categories currently emitting cadmium. Because no
municipal waste incinerators were operating in the state at the time the Staff
Report was released, the report did not include a statewide emission estimate

for this source category.




The municipal waste incinerator (Horth Counties) for.which cadmium
emissjons were calculated is the largest capacity facility of this type in the
state which has received a pefmit to operate (an emission permit). The
Jargest capacity municipal incinerators which have been proposed are about
twice the cépacity of the North Counties facility; however, these larger
incinerators have not received permits to operate. Because these larger
facilities have not received permits, the parameters used as a basis to
calculate cadmium emissions are subject to change. For this reason, we chose
to provide emission estimates for the North Counties incinerator.

During the control measure phase of the AB 1807 process, the ARB will
update its information on sources of cadmium emissions, including municipal
waste incinerators, and will evaluate the need for control measures for each

category of sources.

3. Comment: The commentor recommends that cadmium be identified as
a toxic air contaminant with a risk of 0-12 cases per million persons exposed
over a8 70-year 1ifetimg to an average of one narogram of cadmium per cubic
meter of air. The commentor offers the following arguments to support this
recommendation.

a. "“This recomﬁendation reflects the Environmental Protection
Agency's June 1885 final cadmium risk assessment conclusion that 'an empirical
threshold model that is also consistent with the observed data gives a unit
risk estimate of zero' (see the Council's August 20, 1986 comments)."

b. The SRP. found on October 30,.1986 that "The available data are
also consistent with the possibility that the risk of lung cancer from current

ambient exposures to cadmium in California may be 'vanishingly small.'"




¢. The commentor states, "... Health and Safety Code Sections
39660(c) and 39662(c) address a threshold of significant adverse effects. We
would suggest that DHS' characterization of 'vanishingly smg1]'lrisks should
not be regarded as ‘significant.'" The commentor further states, "The range
of risk of 0-12 is 'the more health protective interpretation consistent with
the data,' and fully satisfies Health and Safety Code requirements.”

d. Adoption of a 0-12 range would heighten public awareness of the
uncertainties regarding Tow-dose risk extrapolations and would give ARB and
the air pollution control districts more freedom to adopt reasonable emissions
control rules. (CCEEB)

Agency Response: The range of risk of 2-12 excess cancers per

m111ion persons exposed over a 70-year lifetime to an average of one nanogram
of cadmium per cubic meter of air is based on the available scientific
evidence and the DMS stéff's and the SRP's interpretation of that evidence,
all of which were summarized in the Staff Report and at the Board hearing.
The fof{E;}ng is a summary discussion of that information, corresponding to
each of the commentor's points.

. a. The commentor has taken the quotation from the EPA report out of
context, and has intimated that the EPA's hypothetical discussion of threshold
model data fit is an “ﬁPA conclusion” whigh supports the commentor's |
recommendation of a threshold model. The CCEEB's August 20, 1886 letter
{pp. 375-6 of the Staff Report) referred to by the commentor includes the
statement, "In its 1985 'Updated Mutagenicity and Carcinogenicity Assessment

of Cadmium,' EPA ijective]y presented the possibility that a threshold might

exist, and indicated that under such a threshold assumption, a constant

1ifetime exposure to 10 micrograms per cubic meter would produce zero risk.,"




These assertions appear to be based on an incomplete reading of the
EPA document or on a misunderstanding‘of its content,

In the EPA document to which the commentor referred, the EPA
discussed the fit of an “empirical™ threshold model to the data only to make
the point that a threshold model qou1d be consistent with the data, and that
criteria other than "fit to the data" should therefore be used to choose a
model. The following text is from the summary of the EPA document (from which
the commentor quoted) and from the body of the EPA document (which provides a
context for the earlier mention of threshold model consistency with the data).

"Based on respiratory cancer rates from the Thun et al,
(1985) study of cadnium smelter workers, and using a 1inear
model that is consistent with the data, the upper-bound
incremental cancer risk from 1ifetime exposure to ] ug/m3
of cadmium in the air is estimated to be 1.8 x 10-3,

"The 95% confidence bound on this estimate, which takes into
account only the statistical varighility of the cancer
rates, gives a range of 3.5 x 10-3 to 1.7 x 10-%,

However, this range does not account for possible deviations
of the true {unknown) model from the 1inear model or of
actual exposure from estimated exposure. For example, an
empirical threshold model that is also consistent with the
observed data give & unit risk estimate of zero, Even with
the uncertainties surrounding the estimate based on human
data, it is felt that this estimate is more reliable for
environmentally exposed humans than the estimate based on
animal data." (pp.8-9)

"To show how a different assumed model could influence risk
estimates, the following ad-hoc 'threshold' model can be
considered. This model is not based on any biological
information. It simply uses the highest dose group with no
observable statistically elevated risk as the threshold and
assumes linearity in accumulated dose beyond that point.

* %k * k %

"We note that both the ‘threshold' and linear models give an
adequate fit to the data. As a result, arguments other than
purely statistical rust be used to select the appropriate
model." (p. 159)




With respect to the EPA's comment that "... arguments other than
purely statistical must be used to select the appropriate model," DHS
presented in the Staff Report (p. 250) the rationale it useh as a basis to
reject a threshold model. DHS cited the lack of evidence for the existence of
& carcinogenic threshold. After evaluating the scientific evidence concerning
the mechanism of cadmium carcinogenesis (as related to the existence of a
carcinogenic threshold), DHS staff concluded that, because of the absence of
compelling evidence of a threshold-mediated carcinogenicity mechanism,
cadmium's carcinogenicity should be treated as a non-threshold phenomenon,
This is a health-protective (health conservative) interpretation of the
evidence. DHS made this point previously (Staff Report, pp. 488-490, 492) in
response to CCEEB's similar comment (Staff Report, p..375) on the draft staff
report. The SRP's findings (Staff Report. pp. 11-13) coincide with DHS'
health-protective conclusion regarding the lack of evidence to support
identification of a threshold. The SRP, after review of the report, in part
found that: R

"4, Based on available scientific information, a cadmium

exposure level below which carcinogenic effects are not

expected to occur cannot be identified.”

b. The commentor reférred to a statement included in the SRP's
findings of October 30, 1986 which concerned the possibility of a near-zero
("vanishingly small") lower range of risk. It should be noted that these
findings also included the following {SRP findings, Staff Report, P. 12).

"Based on_an interpretation of available scientific evidence

by DHS, the range of_l1ifetime excess cancer risk from

exposure to one ng/md of atmespheric cadmium based on the

best estimate of risk and the upper 95 percent confidence
1imit s estimated to be 2 to 12 cases per million people
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exposed; it is unlikely that the risk will exceed this
range, and may be lower."

Thus, the SRP concurred with the health-protective interpretation of the
scientific data presented by DHS staff in the Staff Report. The note in the
SRP findings was intended to indicate that other, less health-protective
interpretations of the evidence are possible.

This was explained as foliows by Dr, Thomas Mack of the SRP at the
Board hearing {January 23, 1987 Transcript, pp. 12-14). |

"Again, let me remind you that the goal of this particular
exercise is to try and make a best estimate of what the per
dose cost in human 1ife would be for human individual cases
of cancer and to make a best estimate of what the most
pessimistic boundary of the reasonable range of estimates
would present, and that's where the two figures, two and 12,
presented themselves. In this case because we were dealing
with extrapolation from humans rather than from animals,
some of the problems with the usual process did not occur,
but the principal problem, namely, trying to decide whether
or not that 1ine is really a straight 1ine that goes all the
way down was just as great.

"We recognize that we have a large room for error in these
estimations. However, we have to do the best we can and the —
best judgment we agreed that the Health Department had
provided us with.

"We did, however, have enough of a discussion to warrant a
paragraph in the form of & note, and the note rajses really
one issue., The one issue is the possibility that what we
refer to as dose rate might be pertinent in cadmium. I,
myself, think it might well be pertinent in a2 number of the
compounds we discussed before. The point of the note is
that with cadmium it's possible that a relatively intensive
exposure over the course of a shorter period of time might
not be the same as that same exposure if divided cut over a
much longer period of time.

“We have no basis for saying it would or would not be, but
1ike threshold it might be reasoned to think that our
estimates are conservative and the point of the note was to
say that.
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"The crucial sentence in the note for your purposes,
however, is the following. The available data are also
consistent with the possibility that the risk of lung cancer
from current ambient exposures to cadmium might be
vanishingly small, That simply means that it's possible
there is no risk, but our best estimate of the risk is stil}
two per million persons exposed to one nanogram per cubic
meter over their lives.

"For these reasons, we agree with the ARB staff

recommendation that cadmium be 1isted as a toxic air

contaminant. We agree that there's not sufficient available

scientific evidence to support the designation of an

exposure level below which carcinogenic effects would not

have some probability of occurring.”

¢. We have responded above to the commentor's view that a risk of
0-12 is more consistent with the data than a risk of 2-12, Clearly, a range
of risk of 2-12 (which predicts a greater endangerment of public health} is
also more health protective than a range of risk of 0-12.

The commentor refers to two sections of the Health and Safety Code.

Health and Safety Code § 39660(c) states:
"... The evaluation shall also contain an estimate of the
levels of exposure which may cause or contribute to adverse
health effects and; in the case where there is no threshold

of significant adverse health effects, the range of risk to
humans resulting from current or anticipated exposure.”

Section 39662(c) states:

"If a substance is determined to be 3 toxic air contaminant,

the regulation shall specify a threshold exposure level, if

any, below which no significant adverse health effects are

anticipated."

The commentor has {incorrectly) attributed use of the phrase
"vanishingly small" to DHS when in fact the phrase was used in a note to the
SPP's findings, wherein the SRP nevertheless found, based on DHS'
interpretation of the data, that the best estimate of the range of excess

cancer risk from one nanogram per cubic meter of atmospheric cadmium is 2-12




cases per million people exposed., Also, the commentor has evidently
misunderstood the Health and Safety Code sections to which he referred. The
commentor suggests that §§ 39660(c) and 39662 (c) include a reference to
"significant risk" of adverse health effects, when in fact the sections refer
to "a range of risk of significant adverse health effects." Clearly, cancer
is a significént adverse health effect.

d. The recommendation of a range of risk was based on DHS staff's
interpretation of the available scientific evidence concerning the potential
adverse health effects of cadmium and the-SRP’s review of and concurrence with
those interpretations. The adoption of emission contrel rules (i.e., control
measures) is not within the scope of this rulemaking_action, which Eoncerns
the 1isting of cadmium as a toxic air contaminant only; issues related to
control of cadmium emissions will be taken into account in the future
development and consideration of control measures for cadmium, pursuant to

Health and Safety Code §§ 39665-39667.

4. Comment: The commentor recommends that the Board delay its
decision to identify cadmium as a toxic air contaminant having no identifiable
threshold.” This recommendation is based on the commentor's belief that it
will be possible to make a more accurate judgment concerning cadmium
carcinogenicity and evidence of a threshold when more definitive data on the
role of cadmium exposure in producing lung cﬁncer becomes available (within

six months to a year,)

The commentor states that in a reanalysis of Globe smelter worker

health data (which was the basis of the study by Thun used by DHS in their
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quantitative risk assessment), Dr. Steven Lamm concluded that the increase in
incidence of 1uﬁg cancer attributed by Thun to cadmium exposure may have been
due primarily to other factors: concurrent arsenic exposur;, differences in
smoking histories (between the exposed workers and the control group),
methodological perculiarities, or to cadmium exposures that were markedly
greater for workers hired prior to 1940, Dr, Lamm is quoted by the commentor
as saying, "Clearer documentation of their specific jobs and the exposure on
those jobs is necéssary to resolve many of the issues in this study.”

The commentor submitted with his.comments a draft copy of Dr., Lamm's
unpublished paper titled "Analysis of Mortality Studies of Globe, Colorado
Cadmium Workers," which was cited in his comments. (Cadmium Council)

Agency Response: The commentor has suggested delaying action on the

identification of cadmium as a toxic air contaminant with no identifiable
threshold because an alternative interpretation has been offered for the Globe
sme]tef data. The Globe smelter study was the study used by DHS in its
quantit&%?&e risk assessment. The commentor does not address other evidence
discussed in the Staff Report which in the opinion of DHS staff and the SRP
also establishes the carcinogenicity of cadmium. A review of this other
evidence is contained in § VII.J. of the Staff Report (pp. 203-249) and
includes animal exposure studies and supporting evidence from other human
exposure studies {both of the Globe workers and of other exposed groups).

This review is summarized on page 229 of the Staff Report:

"The evidence from epidemiology strongly supports the
hypothesis that cadmium exposure is associated with an
increased risk of respiratory cancer. Since this site has
also been implicated in animal biocassays of carcinogenicity,
DHS staff members concluded that there is a high probability
that the observed association is not spurious and that an
inference of causality is justified."




_ After review of the available studies of human exposure to cadmium,
DHS staff concluded that the evidence is suggestive of an association between
cadmium exposure and renal cancer and is inconclusive concerning an
association between prostatic cancer and bladder cancer and cadmium exposure
(due to 1imitations in the power of the studies to statistically detect an -
effect). (Staff Report, pp. 220-225)

Dr. Lamm's conclusion that other factors may be the primary cause of
the increase in incidence in lung cancer attributed by Thun to cadmium
exposure is discussed in the Staff Report: the poésib1e effects of arsenic
e*pqsure, pp. 240-243; smoking, pp. 233-239; methodological peculiarities, pp.

229-232, DHS staff offered this summary of its consideration of these factors:

"Finally, to summarize the DHS staff's findings with regard

to the study by Thun et al.: The standardized mortality

ratio {(SH¥R) of 2.3 in those with more than two years of

cadmium exposure and the dose-response relationship are

unlikely to be explained by chance, by bias, or by

confounding from smoking and/or arsenic exposure. The staff

of DHS concludes that the excess of lung cancer deaths in

the study by Thun et al. is best explained by exposure to

high levels of cadmium. The DHS staff further concludes

that while other confirmatory studies are desirable this

study constitutes strong evidence of human carcinogenicity."”

(Staff Report, pp. 243-246)

The last issue raised by the commentor concerns the accuracy of
cadmium exposure estimates for workers at the Globe smelter. This issue is
"discussed in the Staff Report (p. 265). DHS staff describes (1) adjustments
- made to area sample results to estimate personal exposure, and (2) adjustment
of personal exposure estimates to account for respirator effectiveness, The
resulting uncertainties in the exposure estimates are discussed, including the

direction of possible biases. DHS staff concluded that there was no way to

guantify the uncertainties. Although the accuracy of the exposure
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measurements has bearing on the range of risk derived by DHS, the exact level

. of exposure of the Globe workers was not the basis upon which DHS made its
determination of causality between cadmium exposure and resbiratory cancer,
{See-discussion of § VII.J. of the Staff Report, above. )

Dr. Thomas Mack, representing the SRP at the Board hearing, made the
following comments concerning Dr. Yoder's a11egdtion that the Thun study is
inadequate evidence of cadmium's respiratory carcinogenicity (Transcript, pp.
27-29): .

"Well, 1 think we would like to see it [Lamm's paper]

publ ished and we'd certainly 1ike to see a complete
presentation before we'd want to incorporate it into our
considerations. There do seem to be interesting gquestions,
As you pointed out, interesting questions will come up about
each of these compounds on a monthly or every six-month
basis, and I think there's no way that it would be prevented
that people will reevaluate the questions from time to time
on each compound.

to assume that this information was of better quality than
everything we've considered and that there wzs no good
evidence from the human studies that cadmium was a
carcinogen, we would then be forced to fall back upon the
animal studies. If that's the case, the extrapolation from
the animal studies actually produced a higher estimate of
what individual Californians would suffer from over the next

years.,"

. "1 guess [ would point one thing out, and that is if we were

With respect to the commentor's specific regquest for a delay in the
Board's decision on whether cadmium {s a toxic air contaminant, there is a
statutory provision for review and consideration of new information after a
toxic air contaminant determination has been made., Specifically § 39662{e) of

the Health and Safety Code provides that:

"Any person may petition the state board to review a
determination made pursuant to this section. The petition
shall specify the additional scientific evidence regarding
the health effects of a substance that was not available at
the time the original determination was made and any other
. evidence which would justify a revised deterrination."




ATTACHMENT 1

A . B
TE OF CALIFORNIA GEORGE DEUKMEIAN, Goremor

JR RESOURCES BOARD
02 Q STREEY

D. BOX 2815

. O, CA 93812

-,

- _ : March 17, 1987

Dear Sir or Madam:
- This letter is to apprise you of changes in our list of
substances being considered as part of.our toxic air contaminant
program. In January, 1986, we circulated for review and comment a
draft list with three categories of substances proposed for review
es possible toxic air contaminants. - Bzsed on comments received,
wve revised that list to clarify the meaning of the categories and
to reflect the identification of. several zdditional substances as
toxic air contaminants., The Air Resources Board approved the
revised list at its meeting on February 26, 1987,

. The enclosed list, "Status of Toxic Aiir Contaminant
Identification" includes three categories. Category I contains
those substances. which the Board hes alresdy identified as—toxie
air contaminants (7 substances). Category II contains those
substances which the staff has nominated for reviev (24 substances
in e11), Category II-A inrludes substances which are already
‘under review or have bren scheduled for review (9 sibstances);
Categery II-B includes substances wvhich are expected to be

~scheduled for review within-three jears (15 substances). It will
be necessary to develop information on public exposure in
California to scme substances in this categoery (II-B) before
pursuing review.

_ Category I1I contalns substcnces which are of possible
concern as toxic air contaminznts, but for which evidence of
adverse hezlth effects is not yet sufficient to support review znd
identification (19 substances). The stsff will not seek to review
and identify these substances as toxic 2ir contaminpants unless and
until stronger health evidence indicaztes that they pose a public
health risk. The presence of substances in this category reflects
concern about the large volumes of these cozpounds used in the
state and the possibility of adverse health efiects,




-2- March 17, 1987

If you have questions about the list, or about the
inclusion of substances in any particular category, please call
Peter D, Venturini, Chief, Stationary Source Division, at .(916)

Sincerdly,

Harmon Wong-¥oo

ﬁeputy Executive Officer

‘cc: Yenneth Kizer, DHS
"Clare Berryhill, DFA

Enclosure




dI.

III.

State of Cazlifornia
AIR RESOURCES BOARD

March 1987
STATUS OF TOXIC AIR CONTAMINANT IDENTIFICATION

Substances identified as toxic air contaminants by'the air
Resources Board, pursuant to the provisions of AR 1807.

Asbestos, Benzene, Cadmium, Chlorinated Dioxins and
Dibenzofurans (15 species), Chromlum(VI), Ethylene
Dibromide, Ethylene Dichloride

Substances currently under review. for identificztion as
toxic air contaminants, scheduled for review, or nominated
for review, but not yet scheduled. It will be necessary
to develop information on exposure in California to some
substances in this category before pursuing review.

A. (Substances already in the review process,) Carbon
Tetrachloride, Chlorcoform, Ethylene Oxide, Inorganic
Arsenic’, Methylene Chloride, Nickel, Perchloroethylene,
Trichloroethylene, Vinyl Chloride

B. (Substances not yet under review.,) Acetaldehyde,
Acrylonitrile, Beryllium, 1,3-Butadiene, Coke-oven
Emissions, Dizlkyl-nitrosamines, 1l,4-Dioxane,
Epichlorohydrin, Formaldehyde, Inorgénic Lead, Mercury,
N-Nitrosomorpholine, PAHs, PCEs, Radioruclides

Stbstances of possible concern for which hezlth effects
information is limited or not yet sufficient to support
review which could lezd to identificztion as toxic air
contaminants. Substances in this category ere produced
and emitted to the 2ir in quantities which might make them
of concern at some time in the future if hezlth effects
infermation is strong enouvgh to suvpport review.

Acrolein, allyl Chloride, Benzyl Chloride, Chlorobenzene,
Chlorophenols, Chloroprene, Cresols, p-Dichlorobenzene,
Hexachlorocyclopentadiene, Maleic Anhydride, Manganese,
Methyl Bromide, Methyl Chloroform, Nitrobenzene, Phenol,
fhosgene, Propylene Oxide, Vinylidene Chloride, Xylenes




INTRODUCTION AND RECOMMENDATION

State law defines a toxic air contaminant as an air pollutant which the

Air Resources Board or the Department of Food and Agriculture finds "may cause
or contribute to an increase in mortality or an increase in serious illness,
or which may pose a present or potential hazard to human health". The staffs
of the Air Resources Board and Department of Health Services have reviewed the
available scientific evidence on the presence of cadmium in the atmosphere of
California and its potential adverse effect on public health, Based on the
conclusion of the Department of Health Services staff that cadmium meets this
definition, the staff of the Air Resources Board recommends that cadmium be
identified by the Board as a toxic air contaminant. The ARB staff is unable

) to, based on available scientific information, identify a level below which

"-"'.adverse health effects are not expected to occur, and therefore is unable to

recommend a threshold level.

Cadmium was chosen for evaluation because: it had been identified by the
International Agency for Research on Cancer (IARC) as an animal carcinogen
with epidemio1ogical evidence of carcinogenicity in humans; its presence in
the atmosphere had been documented; it is emitted from many sources in the

state, and may be emitted in increased amounts in the future.

SOURCES OF CADMIUM

Cadmium is emitted from both stationary and mobile sources. Stationary

sources which are 1ikely to emit cadmium include secondary smelters, cement




manufacturing plants, cadmium e]ectrop]ating facilities, plants burning oil or
coal, and sewage sludge incinerators. Mobile sources which emit cadmium
include gasoline and diesel vehicles and particles resulting from tire wear.
An emissions inventory compiled by ARB staff indicates that a total of from 16
to 18 tons/year of cadmium are emitted in California; stationary sources
account for eighty percent or mdre of cadmium emissions. Cadmium emissions
from fossil fuel combustion and vehicles are projected to increase due to

expected increase in fuel use,

EXPOSURE TO ATMOSPHERIC CADMIUM

General population exposure to atmospheric cadmium was estimated using
data on cadmium concentrations for the first six months of 1985 in various
locations in the state. We believe that these averages are reasonably
representative of annual average concentrations. We estimate that 10 million
people are exposed to an average cadmium concentration of 1.0 to 2.5 ng/m3,
and that one million people are exposed to an average cadmium concentration of
1.8 to 5.6 ng/m3. Neither size distribution nor the compoﬁnd forms of
cadmium were determined in the ARB's measurements. Work done by others on the
size distribution of atmospheric cadmium indicates that atmospheric cadmium
occurs principally on the surface of respirable particles (those less than 2.5
micrometers {um) in diameter).

Exposure to atmospheric cadmium near sources is expected to be higher than
general population exposure, To estimate exposure to atmospheric cadmium near
sources, ARB staff used on air quality hode] to calculate the ambient
concentration of atmospheric cadmium in the South Coast Air Basin due to

emissians from three secondary copper smelters. These emissions were




estimated to result in annual average exposure‘to atmospheric cadmium of up to
40 ng/m3 for a population of 57,000 and 14 up to ng/m3 for a popultation of
285,000, |
HEALTH -EFFECTS OF CADMIUM

Concentrations of cadmium measured in the atmosphere are much lower than
those which are associated.with chronic adverse health effects in occupational
settings or which have produced acute effects in animal experiments. Because
of this, and because cadmium is thought to exhibit a threshold effect for
noﬁ-cancer health effects, adverse health effects other than cancer are not
expected to occur due to inhalation of cadmium at current or anticipated
atmospheric concentrations.

Two separate cancer risk assessments were developed, both of which assumed
that cadmium carcinogenicity operates through a nonthreshold mechanism. One
was based on a mortality study of workers in a cadmium production plant; for
exposure to 1 ng/rn3 cadmium, a best estimate of excess lifetime cancer risk
of 2 per million, and an upper 95% confidence 1imit (UCL) of 12 per million,
were derived. The other cancer risk assessment was based on rat lung tumor
incidence; risk estimates derived from these studies were higher than the
human-based estimates. The DHS staff has determined that the possible roles
of chance, bias and confounding factors in distorting the true dose-response
relationship in the occupational study were Tikely to have been small.

Because the human data for exposure and for response were not found to have
any major deficiencies, and because a conservative linear extrapolation was

used, DHS staff recommends reliance on the human-based risk assessment.




RISK DUE TO ATMOSPHERIC CADMIUM

The hazard posed by atmospheric cadmium to residents of California was
estimated by applying the unit risk estimate to cadmium concentrations
measured in the state. The upper-bound excess lifetime cancer risk from
estimated atmospheric concentrations of cadmium in California has been
estimated to be 30 per miliion. For people near emission sources of cadmium,
the upper-bound estimated excess lifetime cancer risk from 24-hour-per-day
exposure to an average of 40 ng/m3 of cadmium is 480 per million persons
exposed. These are health-conservative estimates; the actual risks may Tie
below these values.

Exposures to cadmium via routes other than inhalation of ambient air were
not considered in the risk assessment. The major nonoccupational exposures to
cadmium are through food and smoking. While the bulk of human intake is via
food ingestion, this route of exposure has not been associated with an
increased risk of cancer either in humans or in experimental animals.

DHS staff emphasizes that the risk estimates derived in conducting a risk
assessment are not exact predictions, but rather represent best estimates
based on current scientific knowledge and methods,

Based on the findings of cadmium-induced carcinogenicity and the results
of the risk assessment, DHS staff finds that ambient cadmium is an air
pollutant which may cause or contribute to an increase in mortality or an
increase in serious illness, or which may pose a present or potential hazard

to human health,

SUMMARY OF ENVIRONMENTAL IMPACTS OF THE IDENTIFICATION OF CADMIUM AS A TOXIC
AIR CONTAMINANT '

The identification of cadmium as a toxic air contaminant is not in itself

expected to result in any environmental effects, The identification of




cadmium as a toxic air contaminant by the Board may result in the Board and

air pollution control districts adopting toxic control measures in accordance .
with the provisions of state Taw. Any such toxic control measures may result

in reduced emissions of cadmium to the atmosphere, resulting in reduced

ambient concentrations, concurrently reducing the health risk due to cadmium.

Therefore, the identification of cadmium 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 measurés pursuant to Health and Safety Code

Sections 39665 and 39666,




Amend Title 17, California Administrative Code, Section 93000 to read as

. follows:

93000, Substances Identified As Toxic Air Contaminants., Each substance
identified in this section has been determined by the state board to be a
toxic air contaminant as defined in Health and Safety Code Section 39655. 1If
the state board has found there to be a threshold exposure level below which
no significant adverse health effects are anticipated from exposure to the
identified substance, that level is specified as the threshold determination,
If the board has found there to be no threshold exposure level below which no
significant adverse health effects are anticipated from exposure to the
identified substance, determination of "no threshold" is specified. If the
board has found that there is not sufficient available scientific evidence to
support the identification of a threshold exposure level, the "Threshold"
column specifies "None identified."”

Substance Threshold
Benzene {Cghg) None identified
Ethylene Dibromide None identified
{BrCHoCHoBr;
1,2-dibromoethane)
Ethylene Dichloride None identified
. (C1CHACHACT; |
; 1,2-dichloroethane)
Hexavalent Chromium, Cr{VI) None identified

Asbestos [asbestiform varieties None identified
of serpentine (chrysotile)
riebeckite (crocidolite)
cummingtonite-grunerite
(amosite), tremolite,
actinolite, and
anthophyllite]*

Dibenzo-p-dioxins and None identified
Dibenzofurans chlorinated

in the 2,3,7 and 8 positions

and containing 4,5,6 or 7

chlorine atoms¥*

Cadmium None identified




NOTE: Authority cited: Sections 39600, 39601 and 39662, Health and Safety
Code. Reference: Sections 39650, 39660, 39661 and 39662, Health and Safety .
Code,

*Note: Compounds identified by an asterisk have been identified as toxic air
contaminants by the Air Resources Board but not yet approved by the Office of
Administrative Law.




Notice of Public Availability of Modified Text

Public Hearing to Consider the Adoption of a Regulatory Amendment
Identifying Metallic Cadmium and Cadmium Compounds as Toxic Air
Contgminants

Public Hearing Date: January 23, 1987
Public Availability Date: February 9, 1987

At a January 23, 1987 public hearing, the Air Resources Board ("ARB"
or the "Board") considered the adoption of a proposed regulatory amendment
to 1ist cadmium as a toxic air contaminant for which there is not
sufficient available scientific evidence to support the identification of
a threshold exposure level. At the hearing the Board approved the
proposed amendment with modifications to the originally proposed text.

The modification to the originally proposed text is described below.
Attached is a copy of Board Resolution 87-9 approving the proposed
amendments with modifications. Attached to the resolution is the approved
tanguage, with additions to the original proposal shown by double
underlining. The unchanged portion of the original proposal is shown by a
single underline.

The originally proposed text 1isted "cadmium" as a toxic air
contaminant. Airborne cadmium is generally understood to mean both
airborne metallic cadmium and airborne cadmium compounds. Further, the
analysis in the staff report to the Air Resources Board applies to both
metallic cadmium and cadmium compounds. Staff believes that the term
cadmium refers to both forms of cadmium, but decided that the listing of
cadmium in the regulation should be made explicit in order to avoid any
confusion as to the scope of the Board's action. The Board approved the
staff's modified recommendation to include "metallic cadmium and cadmium
compounds" in parentheses after "cadmium.,"

In accordance with Section 11346.8 of the Government Code, the Board
directed the Executive Officer to adopt the approved regulatory amendments
after making them available to the public for comment regarding the
changes to the regulation as originally proposed for a period of at least
15 days provided that the Executive Officer shall consider written
comments received and make minor modifications to the Tanguage as
appropriate in response to comments, and shall present the regulations to
the Board for further consideration if he determines that this is
warranted in light of the written comments received. Only comments
concerning the modified definition of cadmium will be considered during
this comment period.

Comments must be submitted to the Board Secretary, Air Resources
Board, P. 0. Box 2815, Sacramento, CA 95812, no later than
March 2, 1987 for consideration by the Executive Officer.




State of California
AIR RESOURCES BOARD

Resolution 87-9
January 23, 1987
Agenda Item No.: 87-2-1

WHEREAS, Sections 39600 and 39601 of the Health and Safety Code authorize the
Air Resources Board (the "Board") to do such acts and to adopt such
requlations as may be necessary for the proper execution of the powers and
duties granted to, and imposed upon, the Board by law;

WHEREAS, Chapter 3.5 (commencing with Section 39650) of Part 2 of Division 26
of the Health and Safety Code establishes procedures for the identification
of toxic air contaminants by the Board;

WHEREAS, Section 39655 of the Health and Safety Code defines a "toxic air
contaminant" as an air pollutant which may cause or contribute to an increase
in mortality or an increase in serious illness, or which may pose a present
or potential hazard to human health;

WHEREAS, Section 39662 of the Health and Safety Code directs the Board to
list, by regulation, substances determined to be toxic air contaminants, and
to specify for each substance listed a threshold exposure level, if any,
below which no significant adverse health effects are anticipated;

WHEREAS, in California, cadmium (metallic cadmium and cadmium compounds,
hereinafter "cadmium") is emitted from certain industrial processes such as
secondary smelting operations, cement manufacturing, and combustion of fossil
fuels, and has been measured in the atmosphere;

WHEREAS, pursuant to the request of the Board, the Department of Health
Services (DHS) evaluated the health effects of cadmium in accordance with
Section 39660 of the Health and Safety Code;

WHEREAS, DHS concluded in its evaluation that cadmium is an animal carcinogen
with epidemiological evidence of carcinogenicity in humans; cadmium should be
treated as a substance without a carcinogenic threshold; health effects other
than cancer are not expected to occur at existing or expected ambient lavels
of cadmium; and the maximum excess lifetime cancer risk from cadmium exposure
is estimated to range from 2 to 12 cases per million people exposed per
nanogram per cubic meter;
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WHEREAS, for the reasons set forth in its evaluation, DHS has concluded that,
in the absence of strong positive evidence that cadmium acts only through
mechanisms which ought to have a threshold, cadmium should be treated as
acting without a threshold, and DHS has determined that there is not
sufficient available scientific evidence at this time to support the
identification of a cadmium exposure level below which carcinogenic effects °
would not have some probability of occurring;

WHEREAS, upon receipt of the DHS evaluation, staff of the Board prepared a
report including and in consideration of the DHS evalvation and
recommendations and in the form required by Section 39661 of the Health and
Safety Code and, in accordance with the provisions of that section, made the
report available to the public and submitted it for review to the Scientific
Review Panel (SRP) established pursuant to Section 39670 of the Health and
Safety Code;

WHEREAS, in accordance with Section 39661 of the Health and Safety Code, the
SRP reviewed the staff report, including the scientific procedures and methods
used to support the data in the report, the data itself, and the conclusions
and assessments on which the report was based, considered the public comments
received regarding the report, and on October 30, 1986, adopted for submittal
to the Board findings which included the following:

"1. Cadmium is an animal carcinogen for which there is epidemiologic
evidence of carcinogenicity in humans exposed in occupational
settings.

"2. Cadmium is emitted into the air by a variety of sources in
California, and its presence has been documented in the ambient
air around the state.

The SRP notes that the sub-population of Californians who smoke
tobacco or breathe second-hand tobacco smoke will be exposed to
cadmium at concentrations several orders of magnitude greater
than the exposure of the general population.

The SRP also wishes to emphasize that estimates of cumulative
exposure to cadmium should account for cadmium levels in indoor
air which, in the absence of tobacco smoke, may be lower than
those in outdoor air.

"3. Adverse héa]th effects other than cancer are not expected to
occur at measured or predicted cadmium concentrations in the
ambient air.

"4, Based on available scientific information, a cadmium exposure:
level below which carcinogenic effects are not expected to occur
cannot be identified.
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"5. Based on an interpretation of available scientific evidence by
DHS, the range of lifetime excess cancer risk from exposure to 1
ng/m3 of atmospheric cadmium based on the best estimate of risk
and the upper 95% confidence Timit is estimated to be 2 to 12
cases per million people exposed; it is unlikely that the risk
will exceed this range, and may be lower,

“NOTE: DHS has assumed that the carcinogenic dose response of cadmium
is linear and that dose rate does not influence tha magnitude of
carcinogenic effects. These assumptions are justified by DHS on the
basis of being health conservative. While the SRP understands the
reasons for this, weighing of the available scientific evidence
indicates that the upper bound of the low dose risk estimate obtained
by using these assumptions is likely to be high. The available data
are also consistent with the possibility that the risk of lung cancer
from current ambient exposures to cadmium in Califonia may be
vanishingly small."”

WHEREAS, the SRP found the staff report to be without serious deficiency, and
included in its findings the statement that it agreed that cadmium should be
listed by the Air Resources Board as a toxic air contaminant, and that there
is not sufficient available scientific evidence at this time to support the
designation of an exposure level below which carcinogenic effects would not
have some probablility of occurring;

WHEREAS, the California Environmental Quality Act and Board regulations
require that no project having significant adverse environmental impacts be
adopted as originally proposed if feasible alternatives or mitigation measures
are available; -

WHEREAS, a public hearing and other administrative proceedings have been held
in accordance with provisions of Chapter 3.5 (commencing with Section 11340},
Part 1, Division 3, Title 2 of the Government Code;

HHEREAS. in consideration of the staff report, including DHS' evaluation and
recommendations, the available evidence, the findings of the SRP, and the
written comments and public testimony it has received, the Board finds that:

Cadmium is an animal carcinogen with epidemiological evidence
of carcinogenicity in humans;

Health effects other than cancer are not anticipated at
existing ambient cadmium exposure levels;

There is not sufficient available scientific evidence to support
the jdentification of a threshold exposure level for cadmium; and
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Cadmium is an air pollutart which, because of its carcinogenicity,
may cause or contribute to an increase in mortality and an increase
in serious illness, and poses a hazard to human health; and

WHEREAS, the Board has determined, pursuant to the requirements of the
California Environmental Quality Act and Board regulations, that this
regulatory action will have no significant adverse impact on the environment.

NOW, THEREFORE BE IT RESOLVED, that the Board approves the proposed regulatory
amendments to Section 93000, Title 17, California Administrative Code, as set
forth in Attachment A,

BE IT FURTHER RESOLVED that the Board directs the Executive Officer to adopt
the amendments, as set forth in Attachment A, after making it available to the
public for a period of 15 days, provided that the Executive Officer shall
consider such written comments regarding the changes in the regulations as
originally proposed as may be submitted during this period, shall make such
modifications as may be appropriate in light of the comments received, and
shall present the reguiations to the Board for further consideration if he
determines that this is warranted.

I hereby certify that the above is a true
and correct copy of Resolution 87-9, as
adopted by the Air Resources Board.

[ ity H o)

dﬁﬁafb]d Z;Egés, Board Secretary




Attachment A

Amend Title 17, California Administrative Code, Section 93000 to read
as follows:

83000, Substances Identified As Toxic Air Contaminants. Each
substance identified in this section has been determined by the state board to
be a toxic air contaminant as defined in Health and Safety Code Section
39655. If the state board has found there to be a threshold exposure level
below which no significant adverse health effects are anticipated from
exposure to the identified substance, that level is specified as the threshold
determination. If the board has found there to be no threshold exposure level
below which no significant adverse health effects are anticipated from
exposure to the identified substance, determination of "no threshold" is
specified., If the board has found that there is not sufficient available
scientific evidence to support the identification of a threshold exposure
level, the "Threshold" column specifies "None identified."

Substance Threshold
Benzene (CgHg) None identified
Ethylene Dibromide None identified
(BrCHaCH2Br;
1,2-dibromoethane)
N Ethylene Dichloride None identified
. {C1CHoCH2CT ;
N 1,2~dichloroethane)
Hexavalent Chromium, Cr(VI) None identified
Asbestos [asbestiform varieties None jdentified

of serpentine (chrysotile)
riebeckite (crocidolite)
cummingtonite-grunerite
(amosite)}, tremolite,
actinolite, and
anthophyllite]

Dibenzo-p-dioxins and None identified
Dibenzofurans chlorinated

in the 2,3,7 and 8 positions

and containing 4,5,6 or 7

chlorine atoms*

Cgﬁm1ggd metallic cadmium None identified

"NOTE: Authority cited: Sections 39600, 39601 and 39662, Health and Safety
Code. Reference: Sections 39650, 39660, 39661 and 39662, Health and Safety
Code.




contaminants by the Air Resources Board but not yet approved by the Office of

*Note: Compounds identified by an asterisk have been identified as toxic air .
Administrative Law,




SCIENTIFIC REVIEW PANEL FINDINGS ON
THE REPORT TO THE AIR RESOURCES BOARD ON CADMIUM




NOV 14 1986

Findings of the Scientific Review Panel on
. the Repert on Cadmium
as adopted at the Panel's October 30, 1986 meeting

In accordance with the provisions of Health and Safety Code
Section 39661, the Scientific Review Panel {SRP)} has reviewed the
reports of the staffs of the ARB and DHS on the public exposure
and biologic and health effects of cadmium, and the public
comments on these reports. Based on this review, the SRP finds

that the reports are without serious deficiency and further finds
that:

1.

Cadmium is an animal carcinogen for which there is
epidemioclogic evidence of carcinogenicity in humans exposed
in occupational settings.

Cadmium is emitted into the air by a variety of sources in
California, and its presence has been documented in the
ambient air around the state, R

The SRP notes that the sub-population of Californians who
smoke tobacco or breathe second-hand tobacco smoke will be
exposed to cadmium at concentrations several orders of
magnitude greater than the exposure of the general
population. -
The SRP also wishes to emphasize that estimates of
cumulative exposure to cadmium should agcount for cadmium
levels in indoor air which, in the absence cf tobacco smoke,
may be lower than those in outdoor air.

Adverse health effects other than cancer are not expected to

‘'occur at measured or predicted cadmium concentrations in the
ambient air.

Based on available scientific information, a cadmium
exposure level below which carcinogenic effects are not
.expected to occur cannot be identified.

Based on an interpretation of available scientific evidence
by DHS, the range of lifetime excess cancer risk from
exposure to 1 ng/m3 of atmospheric cadmium based on the best
estimate of risk and the upper 95% confidence limit is
estimated tobe 2 to 12 cases per million people exposed; it
isunlikely that the risk will exceed this range, and may be
lower,




NOTE: DHS has assumed that the carcinogenic dose response
of cadmium is linear and that dose rate does not influence

the magnitude of carcinogenic effects. These assumptions

are justified by DHS on the basis of being health
conservative. While the SRP understands the reasons for
this, weighing of the available scientific evidence
indicates that the upper bound ©of the low dose risk estimate
obtained by using these assumptions is likely to be high,
The available data are also consistent with the possibility
that the risk of lung cancer from current ambient exposures
to cadmium in California may be vanishingly small,

For these reasons, we agree with the ARB staff recommendation to
its Board that cadmium be listed by the ARB as a toxic air
contaminant, and we agree there is not sufficient available
scientific evidence at this time to support the designation of an
exposure level below which carcinogenic effects would not have
some probability of occurring.

I certify that the above is a
true and correct copy of the
findings adopted by the
Scientific Review Panel on
October 30, 1986 -

//cu // “”///f/f//

Dr. Emil M. Mrak,” Chairman
Scientific Rev1ew Panel

-
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OVERVIEW AND RECOMMENDATION

. I.  SUMMARY AND RECOMMENDATION

The staffs of the Air Resources Board and Department of Health Services
collected, assessed and integrated the available scientific evidence on the
presence of cadmium in the atmosphere of California and its potential adverse
effect on public health. This is a summary of the information presented in
the resulting report.

State law defines a toxic air contaminant as an air pollutant which the
Air Resources Board or the Department of Food and Agriculture finds "may cause
or contribute to an increase in mortality or an increase in serious illness,
or which may poée a present or potential hazard to human health". Based on
the Department of Health Services staff conclusion that cadmium meets this
definition, the staff of the Air Resources Board recommends that cadmium be

. identified by the Board as a toxic air contaminant. In making this
recommendation, the ARB staff is unable to, based on available scientific
information, identify a level below which adverse health effects are not
anticipated to occur, and is therefore unable to recommend a threshold ievel.

Cadmium was chosen for evaluation because: it had been identified by the
International Agency for Research on Cancer {IARC) as an animal carcinogen
with epidemiological evidence of carcinogenicity in humans; its presence in

the atmosphere had been documented; it is emitted from many sources in the

state, and may be emitted in increased amounts in the future.
Cadmium is emitted from both stationary and mobile sources. Stationary

sources which are likely to emit cadmium include secondary smelters, cement

manufacturing plants, cadmium electroplating facilities, plants burning oil or




coal, and sewage sludge incinerators. Mobile sources which emit cadmium

include gasoline and diesel vehicles and particles resulting from tire wear.

An emissions inventory compiled by ARB staff indicates that a total of from 16
to 18 tons/year of cadmium are emitted in California; stationary sources
account for eighty percent or more of cadmium emissions, Cadmium emissions
from fossil fuel combustion and from vehicles are projected to increase due to
expected increases in fuel consumption.

Available evidence suggests that cadmium from certain combustion sources
undergoes atmospheric reactions which lead to increases in the water
solubility of the emitted cadmium. Other reactions such as the formation of
carbonate salts from cadmium oxide may also occur.

Cadmium is removed from the atmosphere through physiqa] processes. Both
wet and dry deposition have been judged to be significant. A number of

deposition models have been proposed for atmospheric particles, and a wide

range of cadmium deposition velocities has been measured or predicted,
General population exposure to atmospheric cadmium was estimated using
data on cadmium concentrations throughout the state determined for the first
six months of 1985. Review of other data, both from California and elsewhere,
suggests that concentration averages calculated using data from the first six
months of the year are reasonably representative of annual averages. Data
from 21 sites in six air basins were used to calculate population-weighted
estimates of exposure. We estimate that 10 million people are exposed to an
average cadmium concentration of befween 1.0 and 2.5 ng/m3, of which one
million peopie are exposed to an average cadmium concentration of between 1.8
and 5.6 ng/m°. |
Neither size distribution nor the compound forms of cadmium were

determined in the ARB's measurements. Work done by others on the size .




distribution of atmospheric cadmium indicates that atmospheric cadmium occurs
principally on the surface of respirable particles (those less than 2.5 um in
diameter). An average mass median diameter of 0.84 um has been calculated for
atmospheric cadmium from ambient air measurements inciuding data from an urban
site in California. Although the compound forms of atmospheric cadmium have
not been determined, it is known that atmospheric cadmium {in California and
elsewhere) is 60-80 percent water soluble. Based on the possible compounds
that could be present, we conclude that most atmospheric cadmium exists as the
soluble sulfate form, with the insoluble oxide and carbonate salts comprising
the rest.

To estiﬁate exposure to atmospheric cadmium near sources, ARB staff used
an air quality model to calculate the ambient concentration of atmospheric
cadmium due to emissions from three secondary copper smelters in the South
Coast Air Basin, These emissions were estimated to result in annual average
exposure to atmospheric cadmium of up to 40 ng/m3 for a population of 57,000
and up to 14 ng/m3 for a population of 285,000,

| Concentrations of cadmium measured in the atmosphere ave much lower than
those which are associated with chronic adverse health effects in occupational
settings or which have produced acute effects in animal experiments. Because
of this, and because cadmium is thought to exhibit a threshold effect for
non-cancer health effects, we do not expect adQerse health effects other than
cancer to occur due to inhalation of cadmium at current or anticipated
atmospheric concentrations,

Two separate cancer risk assessments were developed, both of which

assumed that cadmium's carcinogenicity operates through a nonthreshold

mechanism. One was based on a mortality study of workers in a cadmium




production plant; A direct linear model that incorporated an adjustment for
the "healthy worker effect" was fitted to the exposure data and corresponding
standardized mortality ratios for resﬁiratory cancer. For exposure to 1
ng/m3 cadmium, a best estimate of excess lifetime cancer risk of 2 per
million and an upper 95% confidence limit (UCL) of 12 per million, were
derived. The other cancer risk assessment was based on rat lung tumor
incidence in a 31-month inhalation bioassay of soluble cadmium chloride
aerosol. Application of the multistage model to these data yielded excess
lifetime cancer risk estimates of 110 per million (maximum 1ikelihood
estimate) and 180 per million (upper 95% confidence limit) for exposure to 1}
ng/m3 cadmium,

Considering the degree of uncertainty associated with extrapolation of
three to four orders of magnitude, the differences between the two risk
assessments are relatively small. Nevertheless, the ranges of risk provided
by these two sources of data do not overiap. Because the human data for
exposure and for response were not found to have any major deficiencies, and
because a conservative linear extrapolation was used, DHS staff has determined
that reliance on the human-based risk assessment is unlikely to underestimate
risk. The range of reéommended risk estimates is therefore provided by the
human-based risk assessment. Therefore, the excess lifetime cancer risk used
in this report is 2 to 12 per million persons exposed throughout their lives
to one ng/m3 cadmium.

Exposures to cadmium via routes other than inhalation of ambient air were
not considered in this risk assessment. The major nonoccupational exposure to
cadmium is through food and smoking. Intake of cadmium from food and watef

has been estimated at 39 ug/day. While the bulk of human intake is via




ingestion, this route has not been associated with an increased risk of cancer
either in humans or in experimental animals. Cadmium intake from smoking 20
cigarettes per day has been estimated at 2 to 4 ug/day. Typical daily
exposure to cadmium from ambient air (not in close proximity to sources) may |
range from less than 0.02 ug/day to 0.10 ug/day. Occupational exposure,
primarily through inhalation of airborne cadmium, is the greatest source of
exposure for the cadmium worker population,

DHS staff emphasizes that the risk estimates derived in conducting a risk
assessment are not exact predictions, but rather represent best estimates
based on current scientific knowledge and methods. Uncertainty in this risk
assessment stems from: (1) limitations in the data on which the assessment was
based, (2) an extrapolation from occupational exposure levels to current
ambient cadmium concentrations ranging over three to four orders of magnitude,
{3) generalization from the mortality experience of adult white males in
Colorado to the general population in California, (4) possible differences
between occupationa} and nonoccupational exposures in terms of particle size
distribution, and (5) potential inaccuracy and variability of ambient exposure
measurements.

The DHS staff has determined that the possible roles of chance, bias and
confounding factors in distorting the true dose-response relationship in the
occupational study were likely to have been small. The DHS staff has also
concluded that inaccuracies in the evaluation of exposure and cancer mortality
in that study were likely to have been small. In addition, the net direction
of these potential errors was likely to result in an overestimate of cadmium's

carcinogenic potency. For these reasons, the DHS staff believes that the use

of these epidemiologic data in a quantitative risk assessment is appropriate.




Furthermore, fhe use of human data eliminates uncertainty arising from
interspecies extrapolation. Since the occupational exposures were by
inhalation, there is also no extrapolation between routes of exposure.
Therefore the DHS staff recommends that the range of risks for ambient
exposures to cadmium be based on the best estimate and upper 95% confidence
1imit predicted from fitting a linear model to the human data. The hazard
posed by atmospheric cadmium to residents of California was estimated by
applying the risk estimate to cadmium concentrations measured in the state.
Noncancer health effects are not expected to occur at concentrations of
cadmium measured in populated areas of the state (long-term averages ranging
from 1 to 2.5 ng/m3). The range of estimated excess lifetime cancer risks
from 24-hour-per-day exposure for a lifetime to average ambient airborne
concentrations, estimated to be 1 to 2.5 ng/ms, is 2 to 30 per million
persons exposed.r For people near emission sources of cadmium, the range of
estimated excess lifetime cancer risks from 24-hour-per-day exposure for a
lifetime to an average of 40 ng/m3 of cadmium is 80 to 480 per million
persons exposed. Based on air quality modeling of three sources of cadmium
emissions, the ARB staff has estimated that approximately 57,000 people may be
exposed to this concentration. |

Based on the finding of cadmium-induced carcinogenicity and the result of
the risk assessment, DHS staff finds that ambient cadmium is an air poliutant
which may cause or contribute to an increase in mortality or an increase in
serious illness, or which may pose a present or potential hazard to human

health.




Based on interpretation of the available scientific evidence, ARB staff
. concludes that cadmium meets the definition of a toxic air contaminant, and
recommends that it be 1isted as such. In making this recommendation, the ARB
staff is unable to, based on available scientific information, identify a

level below which adverse health effects are not anticipated to occur, and is

therefore unable to recommend a threshold level,
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IT. EVALUATION OF CADMIUM

Cadmium is a rare element, making up on the average between one and two
parts in ten million of the earth's crust, It is found in oil and coal at
higher.concentrations than are normally found in the earth's crust; it is also
a contaminant of zinc and copper ores, from which it is recovered commercially.

Cadmium is used in a wide range of industrial applications. Cadmium
metal s used as a component of certain alloys, as a corrosion inhibiting
coating, and in certain types of electrical storage batteries., Its compounds
are used as pigments and stabilizers, and in semiconductor manufacturing.

This wide usage of cadmium and its compounds, its presence as a natural
contaminant in fossil fuels, other metals, and industrial raw materials, along
with its high volatility relative to other metals, create a high potential for
release of cadmium to the atmosphere. We estimate that between 16 and 18 tons
of cadmium are emitted yearly into the State's atmosphere.

Exposure

Atmospheric cadmium concentrations were measured by the ARB in urban
areas of the state during 1985. High-volume (hi-vol) samplers were used to
collect 24-hour sémp]es of particulate matter of 50 micrometer and smaller
diameter; atomic absorption spectrophotometry was used tp determine cadmium in
the acid-soluble fraction of each sample.

Data are available for the first six months of 1985 from 21 sampling.
sites; these data were used to estimate exposure to atmospheric cadmium in the
six areas in which the samplers were located. Data on atmospheric cadmium
concentrations in Catifornia collected by the U.S. EPA in 1977, and

information on seasonal variation of atmospheric cadmium in England suggest

that January through June averages may be representative of annual averages.




Exposures in the San Francisco Bay Area and the South Coast air basins
were calculated by interpolating site values to census tract centroids,
yielding population-weighted averages. Exposures in the San Joaquin Valley,
San Diego, and South Central Coast air basins, and in Sacramento County, were
estimated by assuming the population in each area was exposed to the
arithmetic mean concentration from sampling sites in that area. Values below
the VTimit of detection (LOD) (1.0 ng/m3) were found in one-half of the
samples. To provide a range of average concentrations, we developed two
treatments for values below the LOD which are referred to below as "zero
values": a minimum average estimate was calculated assuming values below the
LOD equal zero; a maximum average estimate was calculated assuming values

below the LOD equal the LOD. Table I presents these exposure estimates.

TABLE I

Atmospheric Cadmium Exposure Estimates
Based on Zero Value Treatments
{Jan - June 1985 data)

Exposed
Range of Average Population
Air Basin/Area Cadmium Concentration (ng/m3) {millions)
min, max.
San Francisco Bay Area 2.3 2.5 4,34
South Coast 1.3 1.8 10.1
San Joaquin Valley 0.7 1.3 2.31
San Diego 0.8 1.0 2.13
 South Central Coast 0.5 1.0 1.12
Sacramento (County) 0.3 1.0 0.89
A1l areas 1.3 1.8 21

The range of exposure estimates provided by different treatment of zero
values does not reflect uncertainty resulting from the small number of samples
collected at each site (n = 10 to 36) or from variance in measurements. To

better estimate exposure, we calculated 95 percent confidence intervals for




the mean concentration at each site. These confidence intervals reflect
uncertainty due to sample size and the accuracy of the measurement method, in
addition to the uncertainty from values below the detection 1imit, The
estimated 95 percent confidence intervals for the average cadmium

concentrations in the areas studied are given in Table II.

TABLE II

Atmospheric Cadmium Exposure Estimates
95% Confidence Intervals
{Jan - June 1985 data)

95% Confidence Limits of
Average Cadmium Concentration (ng/m3) Population

Air Basin/Area Lower Upper (miltions)
San Francisco Bay Area 1.5 4.7 4.34
South (oast 1.0 2.3 10.1
San Joaquin Valley 0.7 1.5 2.31
San Diego ‘ 0.6 1.2 2,13
South Central Coast 0.5 1.0 1.12
Sacramento (County) 0.5 0.9 0.89
A1l areas 1.0 2.5 21

Comparison of thé estimated ranges in average concentration shows that
uncertainty from values below the detection 1imit is small compared to the 95%
confidence intervals, except when averages are near the LOD, when both methods
give ‘comparable ranges. Figure 1 shows cadmium concentrations plotted against
cumulative population for the mean and the upper and lower 95 percent
confidence 1imits. We estimate that approximately 10 million people (50
percent of the population in the areas studied) are exposed to at least 1.5
ng/m3 cadmium (range: 1.0 - 2.5 ng/ma), and that approximately one

million people (five percent of the population in the areas studied) are

exposed to at least 3.5 ng/m3 cadmium (range: 1.8 - 5.6 ng/ma). The

exposures discussed here are based on cadmium measured on particlies 50
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micrometers (um) and smaller in diameter; the fraction of cadmium on
respirable particles (less than 2.5 um diameter) was not determined. The size
distribution of'cadmium on atmospheric particles has been found by others to
be bimedal; the larger peak is seen at 0.3 - 1 um, with a smaller peak at 3 -
10 um. This tendency is observed among studies which differed in sampling
location {industrial, urban, and remote/background), year (1965 - 1979), and
measurement method., Milford and Davidson (1985) calculated an average
particulate cadmium mass median diameter of 0.84 um from particle size
distributions in 14 studies of industrial, urban, and remote areas, including
an urban area in California.

Data used to assess atmospheric cadmium exposure reflect total or acid
extractable cadmium. The probable compounds of cadmium occurring in
atmos pheric particulate matter can be inferred from data on the solubilities
of atmospheric cédmium particles, the combustion chemistry of major sources,
and the solubilities of cadmium salts. Analyses of emitted particulate from
fossil fuel fired boilers, and from a primary copper smelter, indicate that
metals are emitted principally as the sulfate, and to a lesser extent as the
oxide or carbonate. This is consistent with the observed water solubilities
of cadmium aerosels in California (84 percent of cadmium particulate matter
collected at an urban costal location was water soluble), and elsewhere (74
percent of continental aerosol collected in rural Tennessee was water
soluble). |

Sources and Fate

Although cadmium occurs as a trace element of crustal materials,

comparisons of the compositions of atmospheric particulate matter and crustal

materials strongly suggests that atmospheric cadmium originates mainly from




high temperature industrial processes. The ratio of the cadmium to aluminum
concentration ratio in air to their ratio in crustal materials is defined as
the enrichment factor (EF) for cadmium. EF values less than 5 are generally
considered to be indicative of a crustal or soil source; higher values of EF
are suggestive of sources causing enrichment in cadmium, i.e., high
temperature sources (combustion or pyrometallurgical). An average EF of 1,900
for cadmium at urban, rural, and remote sites in the U.S. and elsewhere has
been reported. No California-~specific data are available, but the enrichment
phenomenon observed elsewhere supports the supposition that atmospheric
cadmium in California is emitted principally from high temperature industrial
sources,

An inventory of cadmium emissions in the state indicates that most (about
90 percent) cadmium is emitted from high temperature processes. These sources
have been shown to emit cadmium on particulate matter principally less than 2
um in diameter, with typical mass median diameters of 1 um. The enrichment of
cadmium on smaller diameter particles has been attributed to condensation of
cadmium {volatilized during combustion) on the surface of emitted particles as
cooling of combustion gases occurs. Because small particles have greater
surface to mass ratios than large particles, the concentration of cadmium on a
mass basis is greater for small particles.

Cadmium is emitted from a number of different sources. Approximately 80%
of the cadmium accounted for in a statewide emission inventory was from
stationary sources with the balance emitted by motor vehicles.

Stationary sources of cadmium emissions include secondary smelters,

cement manufacturing plants, cadmium electroplating facilities, sewage sludge
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“incinerators, and industrial, commercial; and utility plants where coal or ofl
. “is burned.
Cadmium is also emitted from mobile sources. Cadmium is a component of
diesel fuel and gasoline, and is emitted when these are burned, Also, cadmium
is present in vehicle tires and consequently in the particles resulting from

tire wear, Table III gives a summary of ARB statewide emission estimates for

cadmium.
TABLE III
Statewide Cadmium Emissions
Estimated
Statewide
Inventory - Emissions
Stationary Sources Year (tons/zr.!
. Secondary Smelters 1981 8.5
: Cement Manufacturing 1984 0.02-1.1
0i1 Combustion 1983 3-4
Coal Combustion 1981 0.2
Cadmium Plating 1982 0.6
Sewage Sludge Incineration 1982 0.4
Total Stationary Sources 13-15
Mobile Sources
Motor Vehicle Fuel Combustion 1984 1.7
Vehicle Tire Wear 1984 0.9
TotaT Mobile Sources 2.6
Total A1l Sources 16 - 18
There is evidence of atmospheric reactions of cadmium emitted from coal
combustion. An increase in the solubility of cadmium on coal fly ash has been.
attributed to reaction of emitted cadmium oxide in the plume to form cadmium
. suifate, phosphate, or fluoride. In addition to this group of reactions,
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which would account for observed increases in the solubility of emitted
cadmium, the reaction of metal oxides in fly ash with carbon dioxide to form
metal carbonates has been observed. If this reaction occurs with cadmium, it
would not affect the solubility of atmospheric cadmium directly, because both
the oxide and carbonate salts of cadmium are insoluble.

Cadmium is removed from the atmosphere through both wet and dry
deposition., The rates of trace metal deposition are bélieved to depend on
meteorology, vegetation (canopy} characterisitics, and differences in local or
regional emissions.

Non-Cancer Health Effects

Cadmium has been found to induce a number of noncarcinogenic toxic
effects in experimental animals and humans. Cadmium has moderate acute
toxicity, producing gastrointestinal or pulmonary effects from ingestion or
inhalation, respectively. Chronic and subchronic exposures to cadmium have
been associated with a widé range of adverse outcomes that include
cardiovascular, endocrine, hepatic, bone, hematological, immunological,
respiratory, renal, reproductive, and teratogenic effects. DHS staff has
concluded that renal toxicity is the most sensitive noncarcinogenic effect, in
that it has been reported to occur at lower exposure levels than other effects.

The staff of the Air Resources Board has estimated that long-term
atmospheric concentrafions of cadmium in California are in the range of less
than 1, to & ng/ms. A dajly retention rate of cadmium estimated to induce
renal toxicity in 10 percent of the population has been estimated to be 6.6 to
24.6 ug/day over a 50-year period. Ambient air concentrations necessary to
attain this range of retention rates have been estimated to be 650 to 250d

ng/ma, assuming 50 percent pulmonary absorption. Although no threshold
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exposure level has been determined for renal toxicity, the staff of DHS
believes that such a level does exist. The staff of DHS has concluded that
the two to three orders of magnitude difference between the estimated
atmospheric concentrations of cadmium and those concentrations necessary to
attain a retention rate at which 10 percent of the population would develop
renal toxicity is sufficiently large that atmospheric cadmium does not pose a
significant hazard for renal toxicity. Since renal toxicity is the most
sensitive noncarcinogenic endpoint, any other acute or chronic noncarcinogenic
toxic effects from current ambient levels are not expected.

Carcinogenic Effects

Cadmium has induced cancer in experimental animals and has been
associated with an increase in human cancers in epidemiological studies.
Cadmium has produced injection site tumors (in rats) and remote tumors {in
rats and mice) following subcutaneous or intramuscular injections, and has
produced lung tumors in rats exposed to cadmium chloride aerosol. Several
studies in which cadmium was given by the oral route have been negative,
perhaps because of poor gastrointestinal absorption and low susceptibility of
gastrointestinal epithelial tissue to carcinogenesis induced by cadmium. The
International Agency for Research on Cancer (IARC) has concluded that there is
sufficient evidence of carcinogenicity in animals and that, for practical
purposes, cadmium should be regarded as if it presents a carcinogenic risk to
humans., DHS staff concurs in these conclusions.

Epidemiological evidence has suggested an association between cadmium
exposure and neop]asié, including respiratory, renal, prostatic, and bladder
cancers. For the latter three cancers, the evidence is suggestive or

inconclusive; however, there is strong evidence of an association between
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cadmium exposure and an increased risk of respiratory cancer. Several
occupational studies have shown some association between cadmium exposure or
potential exposure and lung cancer. A recently published, well-designed study
which evaluated a cohort of cadmium-exbosed workers found a highly
statistically significant dose-response relationship. Neither bias nor
confounding appeared to be responsible for the observed excess lung cancer
risk.

A variety of studies have indicated that cadmium is mutagenic and
clastogenic. However, a number of similar studies have given negative
results. The staff of DHS has concluded that there is only limited evidence
that cadmium is mutagenic and clastogenic.

There is also evidence that cadmium can bind to DNA and cause mispairing
of synthetic polynucleotides. This type of activity may cause a mutagenic or
carcinogenic effect. The mechanism of action for this type of effect is
believed to have nolthreshold associated with it. In the absence of
compelling evidence of a threshold, the staff of DHS considers the mechanism
of cadmium carcinogenesis to be a nonthreshold process.

Risk Due To Atmospheric Cadmium

*At ambient concentrations, cadmium was estimated to present a potential
carcinogenic risk to humans. This conclusion was based on two separate risk
assessments, one utilizing animal data, the other utilizing human data.

In a 31-month inhalation bioassay, rats were exposed to cadmium chloride
aerosol at concentrations of 0, 2.2, 4.1 and 8.3 ug/m3 pure cadmium. The
tumor incidence rates for these four dose groups were, respectively, 0%, 15%,
53% and 71%. Several models were fit to these‘data. The most |

health-conservative extrapolation was achieved by fitting the multistage
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model, which predicted an excess lifetime cancer risk of 110 per million
persons continuously inhaling 1 ng/m3 cadmium in ambjent air throughout
their 1ives. The upper 95% confidence limit for this risk estimate was 180
per million persons,

The human data used for a risk assessment was based on an occupational
cohort study of 585 workers exposed to cadmium in a production plant., Based
on cumulative exposures, the follow-up years for these workers were divided
into 3 exposure categories. At median cumulative doses of 184, 796 and 2762
ug/m3 of cadmium, standardized mortality ratios (SMRs) of 53, 152 and 280
were observed. A linear excess relative risk model with an adjustment for the
healthy worker effect was fitted to these data by an iterative least squares
algorithm. The model predicted an excess 1ifetime cancer risk of 2 per
‘million persons inhaling 1 ng/ma cadmium in ambient air throughout their
lives. The upper 95% confidence 1imit for this risk estimate was 12 per
mitlion.

The upper 95% confidence 1imit for lifetime cancer risk based on the rat
study was about 15 times the upper 95% confidence limit of risk predicted by
the epidemiological study. The maximum 1ikelihood estimate from the animal
data is about 10 times the upper 95% human-based estimate. Members of the DHS
staff have concluded that the human-based quantitative risk assessment is
sufficiently health conservative because: (1) it is based on a linear
extrapolation, (2) potential inaccuracies in the human data regarding exposure
or response are likely to be small, and (3) the net direction of these |
inaccuracies are 1ikely to result in an overestimate of potency. Therefore,
the DHS staff believes that the human-based risk assessment provides the mbst

appropriate range of risks. The range of estimated excess lifetime cancer
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risks from 24-hour-per-day exposure for a lifetime to atmospheric

concentrations of cadmium (1 to 2.5 ng/ms) is therefore 2 to 30 per million
persons exposed. In the vicinity of sources of cadmium emissions, ambient
exposures may reach an annual average of 40 ng/m3, with the estimated excess

lifetime cancer risk being 80 to 480 per million persons exposed.
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III. ENVIRONMENTAL IMPACTS

The identification of cadmium as a toxic air contaminant is not in itself
expected to result in any environmental effects. The identification of
cadmium as a toxic air contaminant by the Board may result in the Board and
air poliution control districts adopting toxic control measures in accordance
with the provisions of state laﬁ. Any such toxic control measures may result
in reduced emissions of cadmium to the atmosphere, resulting in reduced
ambient concentrations, concurrently reducing the health risk due to cadmium.
Therefore, the identification of cadmium 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 39666,

IV. REGULATORY BACKGROUND AND PROCEDURES

Division 26, Chapter 3.5 of the Health and Safety Code** (HSC) and Food
and Agriculture Section 14021 et seq. set forth the procedure for identifying
and controlling toxic air contaminants in California. (These provisions were
enacted in September 1983 as Assembly Bil1l 1807, Stats. 1983, ch. 1047.) The
Department of Food and Agriculture is responsible for identifying and
controlling TACs in their pesticidal uses. The ARB has authority over TACs in

all other uses.

**  Health and Safety Code Section 39650; all statutory references are to the
Health and Safety Code, except as otherwise stated. :
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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,"”

The findings also 1nc1udé 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."
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."

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

The Board's determination of whether or not a substance is a toxic air
contaminant includes several steps specified by the HSC. First, we request
the DHS to evaluate the health effects of a substance (Section 39660). The
evaluation includes a comprehensive review of all available scientific dafa.

Upon receipt of a report on health effects from DHS and in consideration of

21




their recommendations, we prepare and submit a report to the Scientific Review
Panel (SRP) for its review (Section 39661). 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.

After receiving the SRP's written findings on the report, the Board
issues a public hearing notice and a proposed regulation identifying the
substance as a toxic air contaminant., 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 1dentifiedras TACs

(Sections 39665-39667).
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I.  INTRODUCTION

Cadmium and its compounds are significant from both a commercial and an
environmental perspective, Cadmium or its compounds is used to inhibit
corrosion of other metals, to color and to stablize plastics, and to achieve a
number of other unique or beneficial properties in industrial and commercial
applications. |

Cadmium is present at trace levels in fossil fuels and some metal ores.
Because cadmium is volatile (relative to other metals), there is a high
potential for its release to the atmosphere during ore smelting of some metals
and during fossil fuel or waste combustion. Cadmium may also be emitted to
the atmosphere during its direct industrial use. Cadmium has been measured in
the atmosphere of California, both in special studies and on an ongoing basis,
for more than thirty years.

This report presents statewide estimates of present and future usage and
emissions of cadmium, a discussion of the available information on the nature
and fate of that emitted cadmium, and an estimate of exposure to atmospheric
cadmium for both the general public and for people living close to major
sources of cadmium emissions. In discussion of each of these topics areas of
incomplete knowledge are identified, and, where possible, inferences are drawn

using available information,
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II. PROPERTIES

Cadmium is a soft, silver-white metal which is found as the sulfide at
trace concentrations in the earth's crust. In its elemental form, cadmium is
resistant to corrosion by alkalies and salt water,'and retains its metallic
luster in air. The molecular weight of metallic cadmium is 112.4, and its
boiling point is 767°C. The relatively high volatility of cadmium and some of
its compounds compared to other metals is significant from an air pollution
standpoint; cadmium vaporized during combustion or other high temperature
processes, condenses on particles as the gas cools., Preferential enrichment
of cadmium on fine particles (less than 2 micrometers) occurs as a result,
Because some air pollution control devices have lower removal efficiencies for
small particles than for large, cadmium is emitted predominantly on small
particies, which are respirable.

The most common oxidation state of cadmium is +2, although there are a
small number of compounds in which cadmium occurs in the +1 oxidation state
(Hollander and Carapella, 1978). Commercially and environmentally significant

compounds of cadmium exhibit a wide range of properties; selected properties

of several compounds are given in Table II-1.




TABLE I1-1

Physical Properties of Selected Cadmium Compounds .
| Molecular Solubility!) Boiling
Species Weight Water Acid Paint (°C)
Cadmium 112.4 i s 767
acetate 230.5 s s decomposes
carbonate 172.4 i 3 decomposes
chloride 183.3 s ] - 960
fluoride 150.4 3 s 1758
oxide 128.4 i s 1559
orthophosphate 527.1 i s .
sulfate 208.5 $ $ ———-
sulfide 144.5 i 5 980 (sub. in Np)
Sources: IARC, 1976; Hollander and Carapella 1978; Weast, 1973, Germani, ‘
et al, 1981
1} i = insoluble
s = soluble
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IIT1. SOURCES AND FATE OF ATMOSPHERIC CADMIUM

A. Production and Usage

Cadmium is a rare element, found mainly as a sulfide in ores of zinc,
copper, and lead. Because of its rarity, because it occurs with metals of
economic importance and because it can be recovered during the refining of
these Bther metals, cadmium is not mined separately; it is always a byproduct
of other mining operations. It is most commonly produced commercially as a
by-product of zinc (and to a lesser extent, copper and lead) smelting and
refining. During 1984, five plants in the United States produced cadmium
metal from zinc ores; none of these were located in California (U.S.
Department of Interior [DOI1, 1985a).

Cadmium consumption in the United States during 1984 has béen estimated
to be 4,200 tons. Domestic production of cadmium during 1984 was 1,800 tons
{48 percent of consumption), with imports and reserves making up the
difference. During the period 1973 to 1984, approximately 58 percent of
cadmium consumed in the United States was imported, mainly from Canada,
Australia, Peru, and Mexfco (U.S. DOI, 1983; U.S. DOI, 1985a,b).

Historical national production, importation, and consumption estimates
are given in Figure III-1. The U.S. Department of the Interior has forecast
an annual increase in cadmium consumption of approximately 1.9 percent during
the period 1983-2000 (U.S. DOI, 1985a).

Figure III-2 depicts the national demand for cadmium in 1984 by major use
category. The main user of cadmium (as cadmium chemicals) is the plating
industry, Cadmium plating provides excelient protection for iron, steel,

brass and aluminum against corrosion, especially in marine and alkaline

environments, Historically, 37 percent of cadmium consumption in the United
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States was for plating, which yields an estimate of 1,550 tons in 1984 (U.S.
DOI, 1985a and 1985b; CARB, 1985a). The number of cadmium platers in
California is not known; however, 31 cadmium platers have been listed in the
South Coast Air Quality Management District (SCAQMD) inventory of potentially
toxic chemicals (Zwiacher et al,, 1983).

Cadmium is also used extensively by the battery industry to produce
nickei-cadmium, silver-cadmium and mercury-cadmium batteries, Nickel-cadmium
batteries are commonly used in aircraft, alarm systems, cameras, calculators,
etc. (U.S. DOI, 1985a). There are no nickel-cadmium battery manufacturers in
California.

Cadmium pigment and stabilizer production accounted for consumption of
1,390 tons of cadmium nationally in 1984 (U.S. DOI, 1985b and CARB, 1985a).
Cadmium sulfide and sulfoselenide are the most important compounds used in
pigments. High temperature stability, brilliant colors, high opacity, and
resistance to chemical attack and degradation by 1ight are characteristics of
cadmium pigments. Cadmium compounds are used as stabilizing agents in many
polyvinyl chloride products such as clear sheet, film and tubing, and
cushioned floor covering.

Cadmium and its compounds are employed in a variety of other uses.
Cadmium sulfide and cadmium telturide are used in the electronics industry to
produce photocells and 1ight emitting diodes. Cadmium metal alloyed with
copper is used in the production of automobile radiators, In tires, cadmium
sulfide is used &s a curing agent. Cadmium salts such as cadmium sebacate,
are used in fungicides, and cadmium phosphate is used in fertilizers

(Anderson, 1973; Tierney et al., 1979). The cadmium content of American

phosphatic fertilizers range from 3.48 to 156 ppm (Hammons et al., 1979).




B. Sources of Current and Projected Cadmium Emissions

Approximately 90 percent of cadmium emission in California are the result .
of either the combustion of fuels or the smelting of metals which contain
cadmium as a trace contaminant. Because of cadmium's high volatility relative
to other metals, cadmium is vaporized by high-temperature processes and then
condenses on the surface of particies in the gas stream. Because it is
deposited uniformly on the surface of all particles, small particles with a
larger surface area to volume ratio are found to contain higher concentrations
of cadmium. For many types of sources significant in California, cadmium has
been determined to occur on particies mostly 2 um in diameter or smaller:
(Miiford and Davidson, 1985; Davison, et al., 1974). Available information
suggests that cadmium is emitted from these source types principally as oxide

and sulfate compounds, and also possibly as fluoride, chloride, and phosphate

compounds.

The remaining 10 percent of cadmium emitted in the state is from either .
low-temperature sources such as cement manufacturing and tire wear, or from
direct emission of cadmium compounds from cadmium plating operations.

Table III-1 summarizes statewide cadmium emissions.

Stationary Source Emissions

Although electroplating represents the largest use of cadmium, estimated
emissions from cadmium plating in California are less than three percent of
estimated total emissions. Most cadmium plating operations use cadmium-

cyanide baths (Davis, 1970 and Graham, 1971), which are made up of cadmium
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Table III-1

. _ Estimated Cadmium Emissions in California
Source Emissions Inventory
Source Type {tons/year) Year Reference
Secondary Smelters
Copper Area B.1 1981 9,17
Steel Mills Area 0.1 1981 9,17
Zinc Area 0.3 1981 9,17
Fuel Combustion
Coal Point 0.2 1981 24,32
Distillate 071 Area 0.6 1983 5,11.,30
Residual Qil Area 1.5-3.1 1984 1,4,5,6
Diesel Area 0.4 1984 1,4,18
Waste 01l Area 0.1 1983 6,10,28
Cement Manufacturing Point 0.02-1.1 1984 5,6,7,8
Cadmium Plating Area 0.6 1982 41
Sewage Sludge Incinerators Area 0.4 1982 3,8,22
. Motor Vehicles
Fuel Combustion Area 1.7 1984 5,26,36
Tire Wear Area 0.9 1984 4,26,36

oxide or cadmium cyanide and sodium cyanide. During the plating process
electric energy decomposes water in the bath, evolving hydrogen and oxygen
gases; these gases carry cadmium in the plating bath to the surface of the
bath and cause it to be entrained with the gases and emitted to the
atmosphere. If the efficiency of the plating process is low, gassing will be
high and cadmium emissions from plating process will also be high. Based on
the South Coast AQMD survey {Zwiacher, et al., 1983), and assuming the
distribution of cadmium platers is similar to chromium platers, it is
estimated that approximately 80 cadmium platers operate in California.
Cadmium emissions from this source are estimated to have been 0.6 ton in 1982

. (see Appendix C for calculation).
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Fuel combustion at stationary sources is responsible for approximately
3-4 tons of airborne cadmium per year. Residual oil combustion is the largest
source of cadmium emissions in this category and accounts for well over haif
of the estimated cadmium emissions from fuel combustion,

The largest source of cadmium emissions from fuel combustion is oil and
gas production activities. Utilities account for 0.7% to 17% of cadmium
emissions from fuel combustion with the remainder being divided among ships,
chemical manufacturers, industrial boi]erﬁ, and other fuel oil users. Waste
0il also contains cadmium, concentrations of which have been measured at
levels as high as 110 ppm (Franklin Associates, Ltd., 1983).

During combustion, the trace levels of cadmium in distiilate, residual,
diesel, and waste oil are emitted into the atmosphere. There is a large
variation in the cadmium content of residual oil., Southern California Edison
(SCE} sampied oil in 1986 at its power plants and reported an average of 0.01
ppm cadmium (Southern California Edison, 1986). PGAE sampied oils at its
power plants and reported an average cadmium concentration of 0.39 ppm (range
. 0.31 ppm to 0.52 ppm) (Pacific Gas and Electric Co., 1986). Several documents
(Menczel, et al., 1984; U.S. EPA, 1984; John J. Yates & Associates, 1983;
Krishnan and Hellwig, 1982) indicated the cadmium concentration of residual
0oil to be as high'as 1 ppm. Lower trace metal concentrations, specifically
cadmium, in residual oil burned at power plants in the South Coast are
attributed to the South Coast Rule 431.2 which 1imits the sulfur content of
any liquid fuel burned at power plants and refineries to 0.25 percent (SCAQMD,
undated), This is half the 0.50 percent sulfur 1imit applied to 1iquid fuels
burned in the Bay Area (BAAQMD, 1984), Staff have revised the estimated
cadmium emissions from residual o0il combustion based on cadmium content of

fuel oil reported by SCE and PG&E (see Appendix C).
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Residual fuel oil used by the California utilities has declined steadily
since 1977, falling from 124 million barrels in 1977 to 4.5 million barrels in
1985 (CEC, 1986a; CEC, 1986b). 1In 1984, utilities used approximately 16
percent of all residual oil burned in the state (CARB, 1986a; CARB, 1986b).
The California Energy Commission (CEC) forecasts a three-fold increase in
residual oil use by the utiiity industry from 1985 to 1997 (CEC, 1986a; CEC,
1986b). By 2005, residual oil used by the utility industry would return to
the 1984 level (CEC, 1986a). The use of residual oil in the industrial,
commercial and transportation sectors is forecast to remain about the same
through the year 2005 (CEC, 1986b). Because cadmium emissions from residual
0il combustion is directly proportional to the amount used, cadmium emissions
from residual o011 combustion are therefore expected to increase in the next
decade and then return to the 1984 level by 2005.

Cadmium emissions from coal combustion are expected to increase due to
the increase in coal consumption by various industries. Five California
cement plants have converted or plan to convert from a wet production process
which uses natural gas as a fuel, to a more efficient dry process which often
uses coal. Coal consumption from cement manufacturers will also rise due to
the ‘increase in their capacities. In 1984, 11 cement manufacturers in
California produced 8.7 million tons of cement (U.S. DOI, 1985d) and consumed
a total of approximately 1.6 mi]]idn tons of coal. In 1985, the Department of
the Interior forecast the U.S. cement production in 1990 and 2000 to be 77
million tons and 87 million tons, respectively (U.S. DOI, 1985¢c). Based on
United States and California cement production data for 1980 through 1984,.
California produced an average of 11.2 percent of the cement production in the
nation (U.S. DOI 1985c,d). Assuming the ratio of the California cement

production to the United States is the same in the future, California cement
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production is forecast to be approximately B.6 million tons in 1990 and 9.7
million tons in the year 2000.

Approximately 0.17 ton of coal is required as fuel to produce 1.0 ton of
cement. Assuming the recent degree of coal use continues into the future, the
California cement industry is forecast to use approximately 1.5 million tons
of coal in 1990 and 1.6 million tons in 2000.

Although a number of coal gasification programs have been or are being
considered by the utility industry, only one plant is currently known to
gasify coal in Southern California. This plant used 108,000 tons of coal from
June 1984 through January 1985 {Wolk and Holt, 1985).

The compound form of cadmium emitted from fossil fuel combustion has not
been determined, The general composition of particulate matter emitted from
coal and oil combustion (fly ash) has been studied, and provides some insight
into the possibie compound forms of cadmium. Eatough, et al., (1981) reported
syl fate to be essentially the only acid-extractable anion present in 0il-fired
power plant fly ash smaller than 3 um (chioride was present at 0.1 mole
percent of sulfate}. Henry and Knapp (1980) found that an average of 65
percent of o0il combustion fly ash was water soluble; exclusive of carbon, an
avérage of 86 percent of the fly ash was water soluble, Sulfate was the only
anion found above trace values in the water soluble phase; metal oxides were
determined to comprise the balance of the fly ash, The range of water
solubility in six samples ranged from 23.3 to 98.5 percent, and the percentage
of sulfate ranged from 12 to 58, This range of values is consistent with
Dietz and Weiser's (1983) conclusion that metal sulfate emissions from
oil-fired power plants are related to fuel composition (sulfur and vanadium

concentration), combustion parameters (excess oxygen and temperature
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in the combustion chamber), and air pollution control device type and
performance.

Cadmium in fly ash emitted from coal combustion was determined by Hansen
and Fisher (1980), and by Davidson, et al,, (1974) to be concentrated at the
surface of particles. Because the volatile non-metals have also been
determined to occur on the surface of fly ash particles {Smith, 1981), Hansen
et al., {1984) have postulated that cadmium may occur in coal fly ash as the
fluoride, phosphate, or sulfate. The occurrence of these compounds on the
particle surface is thought to depend on the concentration of the metal oxide
at the particle surface, the concentrations of HF, 503, and P40]0 in the
flue gas, and the temperature and contact time of the particles and flue gas.
Hansen and Fisher (1980) showed that 65 percent of acid-soluble cadmium on
respirable fly ash from coal combustion was water soluble; this suggests that
most cadmium occurs in the water-soluble sulfate, fluoride, or phosphate form,
and that the balance is the acid-soluble oxide or carbonate form (Gendreau, et
al., 1980).

The size distribution of cadmium on fossil-fuel combustion fly ash has
been investigated by Davidson, et al., {1974), Jacko and Neuendorf (1977),
Toca, et al., (1973), Hansen and Fisher (1980), and others. The common
conclusion is that cadmium shows a pronounced concentration trend with
particle size, occurring at increasing concentrations on smaller particles.

Emissions from secondary smelters result from cadmium present in scrap
metal or feedstock., Cadmium is nof recovered from these smelters, cadmium
present in the feed materials which is not collected by air pollution control
devices is released to the environment. Table III-1 lists cadmium emissioﬁs

from secondary copper, steel and zinc smelters. Together, secondary smelters

are estimated to have emitted 8.5 tons of cadmium in 1981.




The compound forms of cadmium emitted from primary smelters have been
detefmined to be the sulfate and oxide forms (Eatough, et al., 1981; Radian,
1985). The extent to which cadmium would be emitted from secondary smelters
as the sulfate would depend on the amount of sulfur present during smelting.
We expect this to be much less in secondary than in primary smelting;
therefore, we hypothesize that cadmium will be emitted from secondary smelting
primarily as cadmium oxide, and to a lesser extent as cadmium sulfate.

Cadmium emitted from secondary smelters is expected to exhibit tendencies
of surface enrichment, and therefore, a trend of increasing concentration on
small particles. Jacko and Neuendorf (1977) showed that particles emitted
from pyrometallurgical processes have mass median diameters of less than 1.0
um, and that a large percentage {30 to 50) of cadmium emitted from such
processes is found on particles in the respirable range (less than 2.5 um
diameter). This observation has been corroborated by Van Graen, et al.,
(1983), who concluded that surface enrichment of trace elements in particies
from high temperature processes is universal, based on analysis of dust from
an electric steel making furnace,

0f the secondary smelters, copper smelters are the largest source of
cadmium emissions. Processes in secondary copper include: a)‘sweating scrap
to remove low melting point metals or burning to remove insulation from copper
wire; b) smelting and refining to obtain a certain type of copper; and ¢)
alloying to modify the final product. No control devices are employed in wire
burning; however, smelters and furnaces are usually equipped with hoods and
baghouses (Coleman, 1970) to reduce direct cadmium emissions.

The ARB's Emissions Data System (EDS) includes 71 secondary copper
smelters in California for inventory year 1981, Using an emission factor of 3

1b. Cd per ton of scrap and assuming 90 percent control, cadmium emissions
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from copper smelters were estimated to be 8.1 tons in 1981 (Coleman, et al.,
1979 and CARB, 1985d),

The.production of secondary lead consists mainly of melting down lead
batteries, lead oxide drosses, recycled dust and metal scrap in reverberatory
or blast furnaces at 930 degrees C. Cadmium is released in this process
(Anderson, 1973). Based on available data, the amount of cadmium emitted from
secondary lead smelters in Ca]ifbrnia is expected to be small.

Cadmium is present as an impurity in the material used to produce cement
and is emitted during cement production. Currently, cement is produced by
either a dry or a wet process. Particulate emissions, including cadmium, from
these two processes differ primarily due to the nature of the processes
invelved. Cadmium emissions from cement production for both the dry and the
wet process were estimated to be between 0.02 and 1.1 ton during 1981 (see:
Appendix C).

As the result of conversion from wet to dry processes in the cement
industry and expected increases in the plants® capacities (Sierra Energy &
Risk Assessment, Inc., 1982), cadmium emissions from cement manufacturing are
expected to increase.

The estimate of cadmium emitted from sewage sludge incineration was based
on the fraction of cadmium in the particulate matter and particulate matter
emissions from municipal sewage sludge incinerators (Bennett, et al., 1982,

Jacko et al., 1977 and CARB, 1985b). Cadmium emitted from séwage sludge

incineration has been shown to occur primarily on particles less than 2 um in
diameter (Bennett, et al., 1984; Radian, 1985); this is consistent with the
distribution observed in other combustion emissions. The compound form

emitted may be similar to those from municipal waste incineration, which is

believed to be the oxide,




Resource recovery facilities are potential sources of cadmium. In
municipal solid waste (MSW)-to-energy piants, cadmium present in batteries, in .
plastics (as stabilizers or dyes), or in other forms, will volatilize during
the combustion process. The amount of cadmium emitted depends on the amount
of cadmium present in the waste burned and on the efficiency of emission
control equipment used to remove particulate matter from the exhaust gas. For
example, the potential emission of cadmium from a planned MSW-to-energy
facility (based on certain assumptions about the concentration of cadmium in
the feed and the efficiency of removal), is about 5.9 kilograms (Kg) (13
pounds} per year (see Appendix C).
At this time, one MSW-to-energy facility is operating in California.
Four more have received the approval of regulatory agencies. More than thirty
resource recovery facilities are proposed for construction in California.
Cadmium emitted from municipal incinerators has been determined to be in .
the oxide form, and in the respirable size range (Radian, 1985). Measurements .
by Greenberg et al., (1978a, b), of cadmium on pért1c1es from municipal
incinerators showed that 80 to 95 percent of cadmium is found on particles of
2 um diameter or smaller,
‘Cadmium emissions from fertilizer and pesticide applications are
e;timatéd to be less than 4.6 Kg (10 pounds) per year statewide,

Mobile Source Emissions

Cadmium occurs as a trace component in diesel fuel, gasoline and
lubricating oil. When these fuels are burned, cadmium is emitted. Combustion
of gasoline, diesel, and lubricating oil from motor vehicles is a source of
1.7 tons of cadmium emissions per year. Cadmium emitted on exhausf |

particuiate exhibits surface enrichment (Keyser, et al., 1978).
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Because cadmium sulfide is used as a curing agent in tires, particulate
matter resulting from tire wear contains cadmium. Based on the number of
vehicle miles traveled in California and estimates of cadmium emitted in tire
particulate, tire wear is a source of 0.9 ton/year of cadmium emissions (see
Appendix C for details).

Cadmium emitted from attrition of tire rubber is thought to occur as
large particles which are rapidly deposited in the immediate vicinity of the
roadway. This is consistent with a study by Johnston and Harrison (1984), who
measured cadmium deposition rates near a major English motorway; they found
the highest concentration of particulate-associated cadmium occurred 3.8
meters from the road. Deposition rates declined to background levels at a
distance of 25 meters,

Cadmium emissions from on-road motor vehicles are expected to increase
due to an increase in vehicle population, vehicle miles traveled, and changes
in fuel consumption. Projected cadmium emissions from on-road motor vehicles
from 1985 to 2000 are depicted in Figure I1I1I-3.

c. FATE OF ATMOSPHERIC CADMIUM

Consideration of the fate of atmospheric cadmium includes both
atmospheric reactions of cadmium compounds emitted from sources, and

mechanisms of removal of atmospheric cadmium. There has been no

characterization of atmospheric reactions of cadmium; however, there is
evidence of atmospheric reactions of metal oxides. It is possible that such
reactions occur with cadmium oxides emitted from combustion sources. The

mechanisms of removal of cadmium from the atmosphere have been studied in many

areas, including an urban area in California.




Figure III-3 .
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Atmospheric Reactions

Study of the plume constituents of a large coal-burning power plant by
Lindberg and Harriss (1980) indicated that as the distance from the stack
increased, the water solubility of cadmium increased, and that cadmium on the
smallest particles (less than 0.14 um) exhibited the greatest relative
increase in concentration. It was hypothesized that this increase in
solubility was due mostly to vapor condensation on the fine aerosols, causing
the formation of thin, highly soluble coatings. Hansen, et al., {1984) have
subsequently'identified possible specific reactions of metal oxides (on coal
fly ash) which explain the increase in cadmium solubility with plume "aging".

These reactions include the formation of phosphates, fluorides, and sulfates:

6 MO(S) + P4010(g)-%>-2M3 (P04)2(s) (1)
MO(S) + 503(9) -=> MSO4(S) (2)
MO(S) + ZHF(g) > MFZ(S).+ HZO(g) (3)

Another reaction of metal oxides on coal fly ash has been identified
{(Bauer and Natusch, 1981). It was observed that metal oxides in coal fly ash

could react with C02 to form metal carbonates. The rapid chemisorbtion of

C0, was Judged favorabie for some metal oxides. If such a reaction occurs

2
for emitted cadmium oxide, the solubility of the cadmium aerosol will remain
unchanged, since both the oxide and carbonate salts are insoluble in water.

Removal of Cadmium

Cadmium is removed from the atmosphere through physical processes; both

wet and dry deposition have been judged to be significant. Lindberg, et al.,

(1982} identified a wide range of trace metal deposition mechanisms and rates,




depending on the meteorology, canopy characteristics, or differences in local

or regional emissions. ' .
Davidson (1980) found that the rough surface dry deposition velocities of

cadmium varied over a 20-fold range. For & site in Pasadena, estimates of the

deposition flux of cadmium ranged from 0.30 to 0.67 ng/cm2 day, depending on

the deposition model used. Struempler (1975) measured the deposition of

cadmium in precipitation to be 0.033 ng/cmzlday at a rural site in Nebraska.

Based on the residence time of aerosols, cadmium is expected to have a

residence time of seven days in the atmosphere (U.S. EPA, 1980)}.

III-16




REFERENCES FOR CHAPTER III

1.

10.

1.

Anderson, D., 1973, Emission Factors for Trace Substances U.S.
Environmental Protection Agency, Research Triangle Park, N.C.
EPA-450/2-73-001

'Bauer, Christopher F. and David F. S. Natusch, 1981. Environmental

Science and Technology 15(7}, p. 783.

BAAQMD, 1984, Rules and Regulations. Rule 10-2-601. Bay Area Air
Quality Management District, San Francisco, CA.

Bennett, Roy L. & Kenneth 7. Knapp, 1982. Characterization of
Particulate Emissions from Municipal Wastewater STudge Tncinerators,

Environmental Science & Technology, 16(12}, 1982, pp. 831-836.

Bennett, Roy L., Kenneth T, Knapp, and Donald L. Duke. 1984. "Chemical
and Physical Characterization of Municipal Sludge Incinerator
Emissions", U.S. EPA Office of Research and Development.
EPA-600/3-84-07.

California Air Resources Board (CARB), 1983. "BURD1983", computer report
dated 9/2/83, Emission Inventory Branch, Technical Support Division,
Sacramento, CA.

CARB, 1984a., Data retrieved from Emission Data System (EDS} for
inventory year 1981 (computer reports dated 3/6/84), Emission Inventory
Branch, Technical Support Division, Sacramento, CA.

CARB, 1984b, Letter from Peter Venturini, Chief of the Stationary Source
Division, to Richard Smith of the San Diego County APCD regarding
Emission Factors for North County Recycling and Energy Recovery Center in
San Diego. Stationary Source Division, Sacramento, CA.

CARB, 1985a. Cadmium File. Emission Inventory Branch, Technical Support
Division, Sacramento, CA.

CARB, 1985b. "Waste Incineration." Data retrieved from EDS on 3/13/85,
Emission Inventory Branch, Technical Support Division, Sacramento, CA.

CARB, 1985c, Data retrieved from EDS on 7/24/85. Emission Inventory
Branch, Technical Support Division, Sacramento, CA.

CARB, 1985d. Assessment of Used Solvent and Used Qil as Fuel in
California, Toxic Pollutants Branch, Stationary Source Division,
Sacramento, CA.

CARB,, 1985e. Data retrieved from EDS on 6/4/85, Emission Inventory
Branch, Technical Support Division, Sacramento, CA.

111-17




12.

13.

14‘

“5'

16.

17.

18.

19-

20.

CARB, 1986a. Data retrieved from the EDS, Inventory Year 1984, run date
9.9-86. ARREPORT JOB 8643. Emission Inventory Branch, Technical Support
Division, Sacramento, CA.

CARB, 1986b, Data retrieved from the EDS, Inventory Year 1983, run date
9-13-86., ARREPORT JOB 1954, Emission Inventory Branch, Technical
Support Division, Sacramento, CA.

California Department of Food and Agriculture, 1983, Pesticide Use
Report, Annual 1982, Sacramento, CA.

CEC, 1986a. Biennial Fuels Report, Fossil Fuels Assessment Office,
Assessments Division, California Energy Commission, Sacramento, CA.

CEC, 1986b. Quarterly 0il Report: First Quarter 1986. Fossil Fuels
Assessment Office, Assessments Division, California Energy Commission,
Sacramento, CA.

Coieman, R., et al., 1979. Sources of Atmospheric Cadmium Energy and
Environmental Analysis, Arlington, VA, for U.S. EPA, #EPA-450/5-79-006.

Davidson, C1iff I. "Dry Deposition of Cadmium from the Atmosphere" in
admium in the Environment, p. 1, 1980. New York: John Wiley and Sons.

Davis, 1970. Davis, W. E. and Associates. National Inventory of Sources
and Emissions: Cadmium, Nickel and Asbestos - 1968. Leawood, KS, NTIS

#PB-192250. Feb. 1970.

Davison, Richard L., David F. S. Natusch, John R. Wallace, and Charies A.
Evans, Jr., 1974. Environ Sci Technol. 8:(13), p. 1107.

Dietz, R. N., and R. F. Wieser, 1983, Sulfate Formation in Oil-Fired
Power Plant Plumes (V.1) Electric Power Research Institute, Palo Alto, CA.

Eatough, Delbert J., Bruce E, Richter, Norman L. Eatough, and Lee D.
Hansen. Atmospheric Environment, 15: (10/11), p. 2241,

Farnsworth, Marcie, 1980. Cadmium Chemicals, International Lead Zinc
Research Qrganization, Inc., New York.

Franklin Associates, LTD, 1983. Composition and Management of Used 0il
Generated in the United States, Prairie Village, KS.

Gendreau, Michael R,, Robert J. Jakobsen, William H. Henry, and Kenneth
T. Knapp, 1980. Environ Sci Technol., 14:(8), p. 990.

Germani, Mark S., Mark Small, William H. Zoller, and Jarvis L, Moyers,
1981. Environ. Sci. Technol, 15:(3), p. 299.

Grandara et al., 1984, Annual Petroleum Review California Energy
Commission, Assessments Division, Sacramentc, CA.

Graham, A. K., 1971, Electroplating Engineering Handbook, Third Edition,
vVan Nostrand Reinhold Company, New York, NY,

I11-18




21,

22.

23,

24,

25.

Greenberg, Robert R., Glen E. Gordon, William H. Zoller, Robert B. Jacko,
David W. Neuendorf, and Kenneth J. Yost, 1978a. Environ. Sci. Technol.
12:{12), p. 1329,

Greenberg, Robert R., William H. Zoller, and Glen E. Gordon, 1978b.
Enviran. Sci. Technol., 12:(5), p. 566.

Hémmons, A. S. et al,, 1980. Reviews of the Environmental Effects of
Pollutants: IV Cadmium, Prepared by Oak Ridge National Lab. for U.S.
Environmental Protection Agency, Cincinnati, OH. NTIS No. PB-283085.

Hansen, Lee D., David Silberman, Gerald L. Fisher, and Delbert J.
Eatough, 1984. Environ. Sci. Technol. 18:(3), p. 181.

Hansen, Lee D., and Gerald L. Fisher, 1980. Environ. Sci. Technol.
14:{9), p. 1111,

Henry, William M., and Kenneth T. Knapp, 1980, Environ. Sci. Technol.
14:(4), p. 450. ‘

Hollander, M. L. and S. C. Capella, Jr. in Kirk-Othmer Encyclopedia of
Chemica]l Technology, 3rd ed. Mark, H. F., Othmer, D.  F,, Overberger, C.
G., and Seaborg, G.T., eds. New York: John Wiley and Sons, 1978, V.4.

IARC (International Agency for Research on Cancer) Cadmium and Cadmium
Compounds. IARC Monogr. Eval. Carcinog. Risks Chem. Man. 1976, 11.

Jacko, R. B. and David W. Neuendorf, 1977. J. Air Pollution Control
Association, Vol. 27(12), 1977.

Jacko, Robert B., and David W. Neuendorf. JAPCA 27:(10), p. 989.

John J. Yates & Associates, 1983, "The Operational and Environmental
Effects of Burning Unprocessed Used 0i1." Prepared for Association of
Petroleum Re-refiners. Washington, D.C.

Johnston, W. R. and Roy M. Harrison, 1984, The Science of the Total
Environment, 33, p. 119,

Keyser, T, R., David F. S. Natusch, C. A. Evans, Jr., and R. W. Linton,
1978. Environ. Sci. Technol. 12, p. 768.

Krishman, E.R, and G.V. Hellwig, 1982. "Trace Emissions from Coal and
0i1 Combustion."” Environmental Progress, V.I(4), pp. 290-295. 1982.

Lee, Robert E., Jr., and Darryl J. vonLehmden, 1973. J. Air Pollution
Control Association, 23, pp. 873-B57.

Lindberg, Steven E., Ralph R. Turner, and Gary M. Lovett. “Processes of

Atmospheric Deposition of Metals and Acids to Forests" Conf. Proc. Oak
Ridge National Laboratory, Oak Ridge, TN. Conf-82-0627-11 (DE 82 017442),

IT1I-19




26.

27.

28.

29.

30.

31.

32.

33,

34. .

Lindberg, Steven E., and Robert C. Harriss, 1980. "Trace Metal
Solubility in Aerosois Produced by Coal Combustion", in Environmental and
Climactic Impact of Coal Utilization, Academic Press.

Lucas, J. M., 1980. "Cadmium,” reprint from Mineral Facts and Problems,
1980 edition, U.S. Department of the Interior, Bureau of Mines,
Washington, D.C.

Menczel, et al., 1984. The Regulation of Hazardous and Toxic Substances
in Waste 0ils Used as Fuels. Presented at the 77th Annual Meeting of the
Air Pollution Control Association, San Francisco, CA. June 24-29, 1984,

Milford, Jana B., and Cliff I. Davidson, 1985, Environ, Sci. Technol.
35:(12), p. 1249,

Morgester, J., 1985. "Report on Gasoline Lead Additives for Consumption
in California," Compliance Division, California Air Resources Board,
Sacramento, CA, '

Nagda, N. L., 1979, Environmental Carcinogens and Human Cancer:
Estimating of Exposure to Carcinogens in tne Ambient Alr, GEOMET Inc.,
for U.S. Environmental, Research Triangle Park, NC. Protection Agency,
EPA-600/1-79-002, NTIS No, PB 291-742

Pacific Gas and Electric Company {PGRE), 1986. Comments to the "Draft
Report to the Air Resources Board on Cadmium“, letter dated August 20,
1986. PG&E, San Francisco.

Radian Corporation, 1985. Background Information Document for Cadmium
Emission Sources U.S. EPA Pollutant Assessment Branch. Research Triangle
Park, N.C., May 1985.

Sierra Energy & Risk Assessment Inc., 1982, Coal Use in California,
SR-82-3, Sacramento, CA.

Smith, R. D., 1981 in "The Trace Element Chemistry of Coal During

* Combustion and Emissions from Coal-Fired Plants", Pergamon Press: New

York, 1981; Prog. Energy Combust. Sci. 6 {1), pp 53-119.

South Coast Air Quality Management District (SCAQMD), undated. Rules and

Requlations. SCAQMD, E1 Monte, CA.

Struempler, A. W. Environment International. V.2, pp. 63.

Southern California Edison (SCE), 1986. Comments to the "Draft Report to
the Air Resources Board on Cadmium", letter dated August 14, 1986.
Southern California Edison, Rosemead, CA.

Taback, H. J., et al., 1979, Fine Particle Emissions from Stationary and

Miscellaneous Sources in the South Coast Air Basin, KVB, Inc., for
California Air Resources Board, Sacramento, CA.

I11-20




35,

36.

37.

38.

39.

40.

Tierney, D.R., et al., 1979. Status Assessment of Toxic Chemicals:
Cadmium, Final Report by Monsanto Research Corp. and PEDCO Envirgnmental
Inc,, for U.S. Environmental Protection Agency, NTIS No. PB80-146350,
Cincinnati, OH.

Toca, Frederick M., Charles L. Cheever, and Clyde M, Berry, 1973,
American Ind. Hygiene Assoc. J. 34, p. 396 (Sept.).

U. S. Department of Interior, (USDOI) 1985a. Cadmium: A Chapter from
Mineral Facts and Problems, 1985 Edition. Bureau of Mines, Reprint from
Bulletin 6/5, Washington, D.C.

UsDOI, 1985b., Mineral Industry Surveys, Prepared in the Division of
Nonferrous Metals, May 24, 1985. Washington, D. C.

USDOI, 1983. Mineral Yearbook, 1983: Cadmium, Bureau of Mines,
Washington, D.C.

U.S. DOI, 1985¢c. Mineral Facts and Problems, 1985 edition, Bureau of
Mines, U.S. DOI, Washington, D.C.

U.S, DOI, 1985d. Mineral Industry Surveys, Cement in 1984. August 28,
1985, Bureau of Mines, U.S. DOI, Washington, D.C.

U.S, EPA, 1980. fate of Toxic and Hazardous Materials in the Air
Environment, Environmental Sciences Research Laboratory, U.S. EPA,
Resgarch Triangle Park, N.C., August 1980. EPA Report Number
EPA-600/3-80-84. NTIS# PB80-221948.

U.S, EPA, 1984, "Composition and Management of Used 0ils Generated in
the United States." EPA/530-SW-013. Office of Solid Waste and Emergéncy
Response., MWashington, D.C. .

Van Graen, Marc J., Eric A, Denoyer, David F. S. Natusch, and F. Adams.
Envir., Sci. Technol. 17:(7), p. 435.

Weast, Robert C., Handbook of Chemistry and Physics, 54th ed. Cleveland:
CRC Press, 1973.

Wolk, R. H. and N. A. Holt, 1985. "The Cool Water Project - Clean Power
from Coal", Electric Power Research Institute, Palo Alto, CA.

Iwiacher, W. E., et al., 1983. Emissions of Potentially Toxic/Hazardous
Air Contaminants in _the South Coast Air Basin, South Coast Alr Quality
Management District, Engineering Division, E1 Monte, CA.

ITI-21



IV. PUBLIC EXPOSURE

A. Atmospheric Concentrations

During 1985, ARB staff collected tofa1 suspended particulate matter (TSP)
at 21 air monitoring stations in California to be analyzed for trace metals.
High-volume samplers were used to collect 24-hour samples of atmospheric
particulate matter of 50 um and smaller diameter (50 percent size cutoff).
Monitoring sites met criteria for population oriented exposure for the
criteria pollutants; all sites are in populated urban areas. Samples were
collected at most sites every eight days.

Analysis was performed for each filter individually; fiame atomic
absorption spectrophotometry was used to determine acid-extractable cadmium,
The method is described in Appendix D. A detection timit of cadmium in air
of 1.0 ng/m3, with a precision and accuracy of + 15 percent, has been
determined for the method.

Data are available for the first six months of 1985. The range of
samples at each site above the detection 1imit ranged from 13 to 100 percent,
with an average of 50 percent above the detection 1imit for all data. To
estimate thg possible range of the average concentration at each site, two
methods were used. The first, termed the zero treatment method, estimates
the range by assigning maximum and minimum values to all data below the
detection 1imit. The second method, a statistical treatment, assumes the
data is 1ognorma11y distributed and uses standard statistical techniques to
estimate the uncertainty of the average concentration. Although the second
method is believed to give the best estimate for the average, the first

method is included to show the uncertainty that arises
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from having data below the detection 1iﬁit. In most cases the possible range
of average concentration is small.

The zero treatmenf method assigns two different va1ues to the data below
the LOD in order to calculate the range arithmetic averages: 1in the first,
or minimum average estimate, zero was substituted for values reported below
the detection limit. For the second, or maximum average estimate, the
detection limit value (1.0 ng/ms) was substituted for values reported below
the detection limit., These "min" and "max" values therefore represent the
upper and lower estimates of mean concentrations possible at each site. The
average concentrations derived using this zero treatment method are shown in
Table IV-1. |

Data from the ARB's monfitoring stations were used to estimate residential
population exposure to ambient cadmium in the South Coast Air Basin, the San
Francisco Bay Area Air Basin, the San Joaquin Valley Air Basin, San Diego Air
Basin, South Central Coast Air Basin, and Sacramento County. Exposures over
the San Francisco Bay Area and the South Coast air basins were estimated by
interpolating station values to census tract centroids. Exposures for the
remaining air basins were estimated by assuming the entire population in each
area is exposed to the arithmetic mean concentration from all sampling sites
in the air basin., Table IV-2 shows the average cadmium concentrations for
each air basin. For the South Coast and the San Francisco Bay Area air
basins, these are population weighted averages based on the concentrations
interpolated to each census tract. Average cadmium concentrations range from
less than 1 ng/m3 for Sacramento County to 2.5 ng/m3 for the San
Francisco Bay Area air basin.

The 1985.residentia1 population in California was about 26.4 million

people. The population represented in the six areas covered in our exposure
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TABLE Iv-1

. 1985 AVERAGE CADMIUM CONCENTRATIONS
ARB CADMIUM SAMPLING NETWORK
BASED ON DIFFERENT ZERC VALUE TREATMENTS*
(Six Months Data)

AVERAGES (ng/m3) # SAMPLES TOTAL #

RANK SITE ID LOCATION MIN MAX ABOVE LOD  SAMPLES

1 0700440 Concord 5.5 5.9 22 36
2 7000579 E1 Monte 4.1 4,1 15 15

3 0700433 Richmond 2.9 3.0 30 32
4 9000304 San Francisco 2.5 2.6 26 31
5 2400521 Merced 1.9 Z2.0 13 15
6 7000087 Los Angeles 1.1 1.7 13 29
7 4300382 San Jose 1.1 1.5 18 30
8 6000336 Fremont 0.8 1.3 16 3
9 1000234 Fresno 0.7 1.1 12 22
10 8000131 E1 Cajon 0.8 1.0 15 21
11 4200378 Santa Barbara 0.7 1.1 11 18
12 0700430 Pittsburg 0.7 1.0 7 10
13 7000085 Pico Rivera 0.5 1.2 11 31
o 14 3600175 Upland 0.5 1.2 9 30
. 15 3900252 Stockton 0.4 1.1 8 24
16 5000558 Modesto 0.4 1.0 12 29
17 5600413 Simi Valley 0.3 1.0 6 19
18 7000072 No. Long Beach 0.3 1.0 8 31
19 1500203 Bakersfield 0.3 1.0 b 27
20 3400293 Citrus Heights 0.3 1.0 7 24
21 3300144 Rubidoux 0.2 1.0 4 31
STATEWIDE 1.2 1.7 269 536

*7Zero value treatment assigns all observations which are below the [OD a value
of 0 ng/m3 in calculating the "MIN" average and ] ng/m3 in calculating
the "MAX" average.
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TABLE 1v-2

1985 AVERAGE AMBIENT CADMIUM EXPOSURE ESTIMATES
BASED ON ZERO VALUE TREATMENTS
(Six Months Data)

1985 AVERAGE CADMIUM EXPOSURE

{ng/m3)

AIR BASIN/COUNTY MINIMUM MAXIMUM POPULATION

{(millions)
San Francisco Bay Area 2.3 2.5 4.4
South Coast 1.3 1.8 10.1
San Joaquin Valley _ 0.7 1.3 2.3
San Diego ' 0.8 1.0 2.1
South Central Coast 0.5 1.0 1.1
Sacramento County 0.3 1.0 0.9
TOTALS 1.3 1.8 20.9

analysis is about 21.0 million people. No cadmium exposure estimates have

been made for the remaining 5.4 million people. The following discussion of

population exposure is based on an exposed population of 21 million people.
Figure IV-1 shows estimated cumulative population exbosure for this
population using both zero value treatments. The results of this method
indicate that approxmately 10 million people-are exposed to annual average
concentrations of cadmium of at Teast 1.3 ng/m3 for the minimum average
estimate and 1.8 ng/m3 for the maximum average estimate. Approximately one
million people are exposed to annual average concentrations of cadmium of at
Teast 3.4 ng/m3 for the minimum average estimate and 3.6 ng/m3 for the
maximum average estimate,

The range of cadmium exposure by using the two zero treatments does not
include uncertainty arising from the small sample size or from large variénce
iﬁ measurements. To better estimate the probable range of the average

atmospheric cadmium concentration, we have developed a statistical treatment .

for calculating 95% confidence intervals for the mean concentration at each
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station. This treatment is believed to provide a better estimate of the true

uncertainty associated with the calculated mean because it includes factors
such as sample size, standard deviations of the data, and an estimate of the
uncertainty of the sample collection and analysis procedures., A description
of the statistcal treatment follows, A scatter plot of the cadmium data
indicated that the data is probably distributed Tognormally. Since this is
commonly the case for atmospheric pollutants, it was assumed that the real
distribution of ambient cadmium concentrations is lognormal. Because
available software only analyzes data that is normally distributed, the’
cadmium data was first converted from a lognormal distribution to a normal
distribution. This was done by using the logarithm of the data for the
aﬁa]ysiﬁ. The logarithms of data that is lognormally distributed are
themselves normally distributed. The statistical analysis system (SAS, 1982)
software package was used for the analysis. Additionally, to complete the
analysis, it was assumed that the uncertainty for sampliing and analysis was
15% and that data below the LOD was equal to 1/2 of the LOD value. Setting
all values below LOD to 1/2 the LOD value is expected to bias the confidence
intervals to the high side of the mean.

‘The resulting 95% confidence interval for each station is shown in Figure
IV-2. The calculated range of exposure is different from that based on the
zero value treatment. For example, the 95% confidence interval calculated
using the statistical treatment for the Concord site is 2.96 to 10.81
ng/m3. This compares to a range of 5.5 to 5.9 ng/m3 calculated using the
previously discussed zero value treatment. We believe the confidence
intervals from the second method provide a more realistic estimate of the
uncertainty in the actual average., The estimated 95% confidence intervals

for each station are shown in Table IV-3. Comparisons of the estimated
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TABLE IV-3

1985 AVERAGE CADMIUM CONCENTRATIONS
* ARB CADMIUM SAMPLING NETWORK
WITH 95% CONFIDENCE INTERVALS
(Six Months Data)

AVERAGES (ng/m3) # SAMPLES TOTAL #

RANK SITE ID LOCATION MIN MID MAX ABOVE LOD  SAMPLES
1 07004440 Concord 3.0 5.7 10,8 27 36
2 7000579 - E1 Monte - 2.6 4.1 6.4 15 15
3 0700433 Richmond 1.9 3.0 4.6 30 32
4 9000304 San Francisco 1.6 2.5 4.0 26 31
5 2400621 Merced 1.2 1.9 3. 13 15
6 7000087 Los Angeles 0.9 1.4 2.2 13 29
7 4300382 San Jose 0.9 1.3 1.9 18 30
8 6000336 Fremont 0.7 1.1 1.6 16 31
9 1000234 Fresno 0.6 0.9 1.3 12 22
10 8000131 E1 Cajon 0.6 0.9 1.2 15 21
11 4200378 Santa Barbara 0.6 8.9 1.2 11 18
12 0700430 Pittshurg 0.6 0.8 1.2 7 10
13 7000085 Pico Rivera 0.6 0.8 1.2 11 31
14 3600175 Upland 0.6 0.8 1.1 9 30
15 3900252 Stockton 0.5 0.8 1.0 8 24
16 5000558 Modesto 0.5 0.7 1.0 12 29
17 5600413 Simi Valley 0.5 0.7 0.9 6 19
18 7000072 No. Long Beach 0.5 0.7 0.9 8 n
19 1500203 Bakersfield 0.5 0.6 0.9 6 27
20 3400293 Citrus Heights 0.5 0.6 0.9 7 24
21 3300144 Rubidoux 0.4 0.6 0.8 4 3

STATEWIDE 0.9 1.5 2.3 269 536
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ranges in annual average concentrations on a site by site basis (Tables IV-1
and IV-3) show that the zero value treatments become unimportant when
confidence intervals are used to estimate uncertainty in annual averages.
The use of the zero value treatment usually results in a smaller range of
uncertainty when compared to the confidence interval method except when
averages are near the LOD. When averages are near the LOD both methods give
comparable ranges.

" Population exposures were also interpolated for the upper and lower
confidence intervals for the South Coast and San Francisco air basins., The
resulting average exposures for each air basin are shown in Table IV-4. The
range in exposure is greater than shown in Table [V-2, while the mean is the
same. The annual average cadmium concentration (weighted by population) for
the San Francisco Bay Area Air Basin is now estimated to range from 1.5 to
4.7 ng/m3 while Table 1V-2 (reflecting differences due to zero value
treatments) shows a range of 2.3 to 2.5 ng/ms. On a statewide basis, we
now estimate that 50% of the population is exposed to at least 1.5 ng/m3
cadmium, as before, but the range increases from 1.3 - 1.8 ng/m3 to 1.0 -
2.5 ng/m3. Five percent of the population is exposed to at least 3.5
ngym3 with the range being expanded from 3.4 - 3.6 ng/m3 to 1.8 - 5.6
ng/m3. Figure IV-3 shows cadmium concentrations plotted against cumulative
population for the mean and the lower and upper 95% confidence limits,

Data are available for only six months (Jan ~ June) of 1985, To
investigate whether concentration averages calculated from this data are
representative of annual average concentrations averages, data from other

sources were used to compare seasonal averages with annual averages.
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TABLE IV-4
1985 ANNUAL AMBIENT CADMIUM EXPOSURE ESTIMATES
WITH 95% CONFIDENCE INTERVALS
(Six Months Data)

1985 AVERAGE CADMIUM EXPOSURE

(ng/m3)

AIR BASIN/COUNTY LOW MEAN HIGH POPULATION

(mitlions)
San Francisco Bay Area 1.5 2.4 4.7 : 4.4
South Coast 1.0 1.5 2.3 10.
San Joaguin Valley 0.7 1.0 1.5 2.3
San Diego ‘ 0.6 0.9 1.2 2.1
South Central Coast 0.5 0.8 1.0 1.1
Sacramento County 0.5 0.6 0.9 0.9
TOTALS 1.0 1.5 2.5 20.9

Data collected by EPA in 1977 in California show that the ratio of the
first half (Jan-June) to second half (July-Dec) of the year for cadmium
concentration averages varied from site to site (Table IV-5). The ratios
ranged from 0.4 to 2.4 with the overall ratio being 1 for all sites, We are
uncertain whether the différences in ratios between sites represent real
differences in the ambient concentration or a consequence of the small sample
size. When the data is examined for regional trends, the ratios for the San
Francisco Bay Area range from 0.6 to 2.4 and there is a range of 0.4 to 1.9
for the Los Angeles Area., The seasonal variation of atmospheric cadmium at
an urban and at a rural site 1n‘EngIand showed that winter (Oct-March) means
were higher than summer (April-Sept) means. (Harrison and Williams, 1982);

This may be due to increased emissions of cadmium from increased fossil fuel
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TABLE IV-5

AVERAGE CADMIUM CONCENTRATIONS DURING 1977 - FROM EPA DATABASE .
| FIRST HALF SECOND HALF :
CADMIUM TOTAL # CADMIUM TOTAL # RATIO

LOCATION (ng/m3) SAMPLES (ng/m3) SAMPLES

Anaheim 0.7 15 | 1.3 15 1.9
Berkeley 1.0 15 0.8 15 0.8
Burbank 2.7 15 2.5 15 0.9
Fresno 1.2 15 1.0 - 15 0.8
Los Angeles 2.6 15 2.6 15 1.0
Long Beach 1.0 13 1.2 14 1.2
Oakiand 1.8 15 _ 1.1 14 0.6
Ontario 2.4 15 2.2 15 0.9
Pasadena 1.3 14 1.0 15 0.8
Sacramento 0.6 15 0.7 15 1.2
San Bernadino 1.7 14 1.8 15 1.1
San Diego 1.1 15 0.9 15 0.8
San Francisco 0.7 15 1.7 15 1.0
San‘Jose 0.7 15 1.7 15 2.4
santa Ana 0.7 15 0.8 14 1.1
Torrance 3.8 14 1.7 15 0.4

OVERALL AVERAGE 1.0

Iv-12




combustion during the colder winter months, The January through June period
for which we have 1985 data includes both ‘winter' months and ‘summer'
months. Because the overall ratio for the first-to-second half mean
concentrations was 1.0, the sampling period includes both summer and winter
months, and ARB sites cover the same areas as the EPA sites, we believe that
the average concentrations calculated from the available data provide a
reasonable estimate of annual average concentrations for all of the
California sites, However, the annual average concentration at individual
sites could be different from the ARB average by a factor of 2; site-specific
ratios are between one-haif and two,

Further evidence to support this conclusion is that the estimates of
average cadmium concentration presented in this report are in the range of
concentrations measured by others in California. Saltzman, et. al., (1985)
calculated a annual geometric mean cadmium concentration for the Los Angeles
area of 2 ng/m3. Sam§1ing was carried out at eight sites during 1968-1969;
1,841 samples were collected. The authors reported that only a small
fraction of samples were below the detection limit, in which case a value of
one-half the detection limit was substituted. Also, data on atmospheric
cadmium in California were gathered by the U.S. EPA during 1977. The U.S.
EPA data contained a greater percentage than current ARB data of values below
the detection 1imit, which 1imited its usefulness in estimating population
exposure.

The size distribution of cadmium and its compounds were not determined in
the ARB's measurements. Work by others on the size distribution of cadmium
have shown that cadmium exhibits a tendency to be present at higher

concentrations on small particles and to be distributed bi-modally, with a
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concentration maximum in the 1 um range, and a smaller mode in the 3-10 um
range. Harrison, et. al. (1971) showed this for urban aerosols in Michigan.
Lee, et, al., (1968) estimated the mass median diameter of cadmium at an
urban and a rural site to be 3.1 um and 10 um respectively. However, the
sampling procedure employed by Lee, et. al,, has been shown to bias the data
to larger particle sizes, due to large particle bounce off in the first
impactor stages (Dzubay, et. al., 1976; Lawson, 1980). Work on cadmium size
distribution in remote areas (Davidson, et., al., 1985) yielded gstimates of
mass median diameters (MMD) of 0.28 and 0.56 um. Measurements in Europe of
cadmium particle size (away from known cadmium sources) gave an estimate of
0.4 um MMD, and a fraction of 64 percent below 1.1 um (Duc and Favez, 1981).
The MMD of atmospheric cadmium in Glasgow was determined to be 0.6 um
(McDonald and Duncan, 1979)., Davidson, et. al., (1981) reported a cadmium
MMD of 1.5 um in an industrial section of Pittsburg, with a bimodal
distribution observed. Milford and Davidson (1985) have surveyed work done
on atmbsphéric cadmium particle size and calculated the MMD for atmespheric
cadmium using data from 14 studies of remote, urban, and industrial sites.
This average MMD was 0.84 um. Data from an urban California site was
inciuded in that survey; the California data (Davidson, 1977) were consistent
with data from other locations. Because of the nature of cadmium sources in
the State (principally high-temperature sources emitting cadmium on particles
in the micron to submicron range), and the surprisingly consistent size
distribution of cadmium in different studies, we believe that atmospheric
cadmium in California occurs largely on particles in the respirable size

range (less than 2.5 um diameter).
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The compound forms of cadmium present in the atmosphere have not been
determined, Study of the solubility of cadmium on particulate matter both in
California (Hodge, et. al., 1978), and elsewhere (Lindberg and Harriss,
1983), indicate that 70 - 84 percent of atmospheric cadmium that is acid
soluble is also water soluble, Based on the expected forms of metals emitted
from combustion processes and other high-temperature processes {see Section
IIT B, C), we conclude that atmospheric cadmium occurs primarily as the
soluble sulfate, phosphate, and fluoride, with the balance occuring as the
insoluble oxide or carbonate.

Because cadmium is an element found in most crustal materials at
concentrations typically between 0.1-0.2 parts per million, we evaluated the
contribution of crustal materials to concentrations of atmospheric cadmium.
Comparison of the cdmposition of atmospheric particulate matter to that of
crustal materials has been made to assess the contribution of crustal
materials to the atmospheric burden of trace metals, including cadmium. The
degree of enrichment of an element in atmospheric particulate matter had been

calculated as the enrichment factor, EF:

Ced/Car

ch,crust/cA1,crust

where CCd and CA1 are the atmospheric concentrations of these metals, and

. . .
cd, crust and CA], crust are the concentrations in the earth's crust.

In most cases, average values of crustal abundance are used; in some cases,

c

values specific to the region under study are employed. Values of EF less

than 5 are considered indicative of a crustal or soil source of the element:




higher values suggest non-soil sources, inctuding high temperature industrial

processes and fuel combustion. Certain natural processes may also lead to
atmospheric enrichment of certain elements: volcanism, direct sub1imatidn
from crustal materials, emissions from vegetation, and sea spray enrichment
(Duce, et. al., 1975). In most urban areas, however, large EF factors are
considered to be indicative of anthropogenic sources (Heindryckx, 1976).
Large cadmium enrichment factors have been determined in remote areas (EF
2500) with increasing value of EF with decreasing particle size (Davidsbn,
et. al., 1985). Lindberg and Harriss reported lower EFs for cadmium {7-23)
in continental aerosols; the tendency to increasing EF with decreasing
particle size was. observed. Davidson et. al., {1981) found an average
cadmium EF in Pittsburg of 630, and observed the same trend in increasing EF,
with decreasing particle size. McDonald and Duncan (1979) Eeported EFs for
cadmium in Glasgow ranging between 750 and 8,400, with particles in the range
of 0.43 - 0.7 um exhibiting the highest EF. .
Milford and Davidson (1985) provided summary statistics including cadmium
EF from 14 studies in urban, rural, and industrial sites; an average EF of
1,900 was reported. This average included results of one study done in
California urban area (Davidson, 1977). Based on this information, we
believe it is reasonable to assume that atmospheric cadmium in Californié
results predominantly from non-crustal sources.
Because a large amount of data on total suspended particulate matter
(TSP), collected by both ARB and EPA, is available, an effort was made to
determine a relationship between TSP and cadmium measurements. First, EPA
cadmium data from samples collected throughout California during 1977 throﬁgh

1983 were analyzed to determine if cadmium concentrations were correlated to
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simultaneous occurences of total suspended particulate matter (TSP). If the
tﬁo were highly correlated, cadmium concentrations could be'estimated using
the much larger TSP database. No significant correlations were found using
the EPA data. Correlation coefficients (r) were below 0.53 at nineteen of
twenty sampling sites having both cadmium and TSP data; an r value of 0.69
was calculated for cadmium-TSP data collected at Long Beach. The overall
correlation coefficient was less than 0.01 for 1409 pafred observations.

The same statistical calculations were made using the 1985 ARB cadmium
data. To do this, we extracted twenty-four hour average TSP concentrations j
from the ARB air quality database for the same time periods and stations as
the cadmium data contained in the ARB toxics ajr quality database. The
cadmium-TSP correlation results for each station are given in Table IV~6. As
with the EPA data, the ARB data showed little correlation between ambient
cadmium and TSP concentrations, except for a few stations. Fresno data
showed a very high correlation coefficient, 0.94, for a sample size of 22.
The next highest correlation coefficient was 0.68 at the Upland station for
30 samples. The r value calculated for the North Long Beach site, 0.67, was
quite similar to the r value calculated for the EPA Long Beach data (0.69).
Thirteen of the seventeen ARB stations having comparable cadmium and TSP data
had correlation coefficients below 0.54; scatter plots for the remaining
three stations showed almost no variation in cadmium concentrations. As a
result, we again find no useful correlations between cadmium and TSP,

A11 of the above discussion concerns outdoor concentfations of cadmium,
ARB has made no measurement of indoor concentrations. However, Seifert, et.
al., (1984) studied indoor heavy metal exposure near a secondary lead

smel ter,
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TABLE IV-6

1985 CADMIUM AND TSP CORRELATIONS
ARB CADMIUM SAMPLING NETWORK

CORRELATION # SAMPLES TOTAL #

STATION ID LOCATION COEFFICIENT ABOVE LOD SAMPLES
0700430 Pittsburg - 7 10
0700433 Richmond 0.07 30 32
07004400 Concord 0.22 22 36
1000234 Fresno 0.94 12 22
1500203 Bakersfield - 0.16 6 27
2400521 Merced - 0.1 13 15
3300144 Rubidoux - 0.06 4 3
3400293 Citrus Heights - 7 24
3600175 Upland 0.68 9 30
3900252 Stockton - 0.57 8 24
4200378 Santa Barbara - 0.02 11 18
4300382 San Jose 0.53 18 30
5000558 Modesto 0.16 12 29
5600413 Simi Valley - ) 19
6000336 Fremont 0.23 16 31
7000072 N. Long Beach 0.67 8 31
7000085 Pico Rivera - 0.26 N 31
7000087 Los Angeles 0.47 13 29
7000579 E1 Monte - 15 15
8000131 E1 Cajon 0.19 15 21
9000304 San Francisco - 0.41 26 31
STATEWIDE - 0.09 269 536

and found that the indoor metal burden coﬁ]d be very different in adjacent
_houses. The "maintenance conditions" {window tightness) of the building
(i.e., air excﬁange rate), and the nature of the building's immediate
surroundings (vegetation), which would effect deposition and reentrainment,
were believed to be significant factors in influencing indoor metal
concentrations. Because of the lack of available data relating indoor to
outdoor cadmium concentrations, no attempt was made to estimate indoor

cadmium exposure.
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C. Exposure Close to Sources

To evaluate increased exposure to atmospheric cadmium for people living
close to sources, we calculated the cumulative air quality impact of three
secondary copper smelters in the South Coast Air Basin. Emissions from the
three facilities were estimated by making certain assumptions using
information on the process rate (tons of scrap processed per year), facility
operations, and an emission factor of 3.0 1b cadmium/ton of scrap. This
emission factor was derived from information on the cadmium content of
various types of copper scrap. Cadmium emissions from three smelters were
estimated to range from 1.7 to 3.4 tons/year. The upper value represents
maximum worst case emissions, and the lower value represents a
worst-plausiblie case.

The range of emissions rate estimates for each of the three smelters was
used as input to the Gaussian air quality model Industrial Source Complex -
short term (ISCST). Historical meteorological data from a station close to
the sources for three years (1976, 1977, and 1978) were used to run the
model, The difference in meterological conditions among the three years
yield variations in results which were small., Results produced using 1977
met data (the highest results) are discussed here. Where stack parameters
for the sources were available, they were used; in some cases, the data were _
unavailable and the stack parameters which would yield worst case ambient
concentrations were used. Because of the assumptions made, we do not expect
cadmium exposure due to emissions from these sources to be higher than our
estimates. To estimate exposure, the modeled ambient concentrations were

superimposed on the population data for the area based on census tract

centroids. The area contained a residential population of 5.7 million.




Figure IV-4 shows the cumulative exposure attributable to emissions from
these three smelters.

The modeled exposure levels were: 20 ng/m3 for 57,000 peop1e;A5—7
ng/m3.for 290,000 people; and 0.5 - 0.6 ng/m3 for 2.8 miliion people.

The exposure estimates, based on maximum possible emission rates, are double
these values. The general exposure in the South Coast Air Basin {based on
direct measurement of atmospheric cadmium) has been estimated to be 1-2.3
ng/m3.

In interpreting data on exposure close to sources of cadmium, it should
be realized that sources of cadmium emissions usualiy are also emitters of
other metals and compounds which may have potential adverse health effects.
It is beyond the scope of this report to quantitatively address this issue;
Table IV-7 lists non-criteria pollutants which may have chronic health

effects which are known or are likely to be emitted from cadmium emission

sources.
Table IV-7
Selected Non-Criteria Pollutants Which May be Emitted from
Sources of Cadmium

Source Type : Pollutants

Combustion processes Metals (arsenic, mercury,
nickel)}; polycyclic
aromatic hydrocarbons
(PAH); chlorinated dioxins

Smelters Lead; arsenic; chromium;
chlorinated dioxins

Gasoline~powered vehicles Benzene, ethylene

dibromide; ethylene
dichloride; PAH

Iv-20




TZ-AI1

Z0O0-—HA>IrCUVOov

M= ~H2>2rrCcCZCoO

-

w:c)l—l-l-—-h-—lp_a.aj

Figu. IV-4

ESTIMATED CADMIUM OSURE DUE TO EMISSIONS
FROM THREE SECONDARY. SMELTERS

NG/CUBIC METER




'REFERENCES - CHAPTER IV

]l
2.

3.

5.
6.

9.

10.

11.
12.

13.
14.
15.

]6.

]7.

18.

Davidson, Cliff I., 1977. Powder Technology, 18, 117.

Davidson, C1iff I., W. D. Goold, M. A. Nasta, and M, T. Reilly, 1981.
Proc. 74th Annual Mtg. of the Air Pollution Control Assoc. 81-28.6

Davidson, Cliff I., W. D. Goold, T. P. Mathison, G. B. Weirsma, K. W.
Brown and M. T. Reilly, 1985. Environ. Sci. Technol. 19(1), p. 27.

Duc, T. Vu and C. M. P. Favez, 1981. J. Environ. Science and Health
me(6), 647.

Dzubay, T.G., L.E. Hines, and R, K, Stevens, 1976. Atmos. Environ. 10.
p. 229

Duce, R. A., G. L. Hoffman, and W. H. Zoller, 1975. Science, 187:59.

lLee, Robert E., Ronald K. Patterson, and Jack Wagman, 1968. Environ,
Sci. Technol. 2(4), p. 288.

Harrison, Paul R., Wayne R. Matson, and John W. Winchester, 1971,

Atmospheric Environment 5, p. 613.

Harrison, Roy M. and Clive R, Williiams, 1982, Atmospheric Environment
16(11), p. 2669.

Hodge, Vern, Susan R. Johnson, and Edward D. Goldberg, 1978. Geochemical
Journal., 12, p. 7.

Heindryckx, R., 1976. Atmospheric Environment, 10, 65.

Lawson, D. R., 1980. Atmos. Environ. 14, p. 195.

Lee, Robert E., Ronald K. Patterson, and Jack Wagman, 1968. Environ.
Sci. Technol. 2(4), p. 288.

Lindberg, S. E., and R. C. Harriss, 1983, Journal of Geophysical
Research 88(9), p. 5091.

McDonald, C. and H., J. Duncan, 1979. Atmospheric Environment, 13, p. 977.

Milford, Jana B. and C1iff I. Davidson, 1985. J. Air Poll. Control
Assoc. 35{(12), p. 1249,

SAS, 1982, SAS Institute, Inc. "SAS User's Guide: Statistics 1982
Editor", Box 8000, Cary, North Carclina

Saltzman, Bernard E., Jacob Cholak, Lawrence J. Schafer, David W. Yeager,
Bernard G. Meiners, and Jozef Svetlik, 1985. Environ., Sci. Technol.
19(4), p. 328.

Seifert, Bernd, Marianne Drews, and Karl Aurand, 1984, Indoor Heavy .
Metal Exposure of the Population Around a Secondary Lead Smelter. W.H.O.
et al., 3rd International Indoor Air Quality and Climate Conference,
Stockholm. Aug. 20-24, 1984. v.2, p. 177,
- Iv-22




APPENDIX A

INFORMATION REQUEST LETTER WITH
ATTACHMENTS AND RESPONSES




STATE OF CALIFORNIA ) o > GEORGE DEUKMESIAN, Governor

AIR RESOURCES BOARD | -
"y sox 2818 G2

MENTO, CA 95812

February 4, 1985

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

I am writing to request information on the health effects of cadmium 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 cadmium 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
. cadmium, we will consider available health information on all forms and

’ compounds of cadmium. Additionally, we are soliciting information regarding
environmental and biological transformations of cadmium and its compounds.

Before the ARB can formally identify a compound as a toxic air contaminant,
several steps must pe 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 available to the
public. Information submitted in response to this request will be considered
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., _




-2- _ February 4, 1985

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

contaminant.

In January 1985, ARB staff received a reference search on cadmium health
effects using the MEDLINE and TOXLINE Information Services. These information
services include material available to the public on or before September

1984, The attached bibliography lists the references from this information
search. MWe are requesting pertinent information on cadmium 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 subject
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 required 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 Section 91011, Title 17, California

Administrative Code. Section 81011 requires that the claim of confidentiality

be accompanied by specified supporting information.

I would appreciate receiving any relevant information you wish to submit by
March 22, 1985. 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: Cadmium

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. .
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. 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 let
us know whether you would like to continue to receive information inquiries
for other candidate compounds, and if not, if there 1s anyone in your
organization to whom such requests should be sent.

Sincerely,

. y
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, Chairwoman, Committee on Toxic Materials
Senator Ralph Dills, Chairman, Committee on Governmental Qrganization
Senator Art Torres, Chairman, Committee on Toxics and
Public Safety Management
Emil Mrak, Chairman and Scientific Review Panel

. Members
APCOs

Attachment
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