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OFFICE OF
THE ADMINISTRATOR

Hon. William D. Ruckelshaus
Administrator

U.8. Envirommental Frotection Agency
401 M Street, 5.W.

Washington, D.C. 20460

Dear Mr. Ruckelshaus:

The Environmental Health Committee of EPA's Science Advisory Board has
completed its review of a draft document entitled "Updated Mutageniciry and
Carcinogenicity Assessment of Cadmium” which was prepared by the Office of
Health and Environmental Assessment (OHEA) in the Agency's Office of Re-
search and Development (EPA-600/8-33-025B: April, 1984; External Review
Draft). The Update is an addendum to the Health Assessment Document for
Cadmium, which also was prepared by OHEA (EPA-600/ 8-81-023: May, 1981;
External Review Draft).

The stated purpose of the draft Update is to serve as a source docu-
ment for Agency-wide use, and to evaluate adverse health responses associatred
with envirommental levels of the substance. The Update evaluates new informa-
tion acquired since publication of the Health Assessment Document in May 1981
about the mutagenicity and carcinogenicity of cadmium. The attached report
presents the Committee's key findings and conclusions.

The Committee agrees with the qualitative findings in the Update. These
include:

¢ cadmium should be regarded as an environmental mutagen.
o inhaled cadmium chloride aerosols are carcinogenic for rats.

o workers exposed to elevated airborne levels of cadmium (in
the form of cadmium oxide) show some evidence of an increased
incidence of lung cancer.

The quantitative estimates of risk, and related technical points, need ravision
before the Update is sclentifically adequate.

The Committee bhelieves that, with the exception of rhe mutagenicity
chapter, many comments from Sclence Advigory Board reviews of previous
drafts of this document failed to be incorporated inte the current document.



The Committee received a meworandum from the Office of Air Quality
Planning and Standards that suimarized current information regarding ex-

posure to cadmium.

The Commitree wishes to express its appreciation for

this informarion, because it assisted us in the evaluation of the toxicity

data base.

More detailed technical comments from a consultant te the Committee

have been communicated directly to OHEA.

We appreciate the opportmmity to

review the cadmium health assessment document and provide advice on this
public health issue.- We request a formal response to owr aivice.

cc: Alvin L. Ala (A-101)

Joseph A. Cannon (ANR-443)
Bernard D. Goldstein (RD-67Z)
John A. Moore (T5-788)

Jack E. Ravan (WH-5356)

Milton Russell (PM-219)

Lee M. Thomas (WH-5624)

Terry F. Yosie (A-101)

Attachment

Sincerely,

Herschel E. Griffin, M.D
Chair, Environmental Health Committee
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Norton Nelson, Ph.D.
Chair, Executive Committee
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REPORT OF KEY FINDINGS AND CONCLUSIOWS BY THE METALS®
SUBCOMMITTEE TO THE ENVIRONMENTAL HBEALTH COMMITTEE ON OHEA's DRAFT
UPDATED MUTAGENICITY AND CARCINQGENICITY ASSESSMENT OF CADMIUM

INTRODUCTION

On October 22, 1984, the Metals Subcommittee of the Envirommental
Haalth Committee of EPA's Science Advisory Board reviewed z draft document
entitled "Updated Mutagenicity and Carcinogenicity Assessment of Cadmium™
prepared by the Office of Health and Environmental Assessment (OHEA)
in tha Agency's Office of Research and Development [EPA-—600/8-83-0253;
April, 1984; External Review Draft]. The current Update is an addendum
ta the Health Assessment Document for Cadmium which also was prepared by QHEA
[EPA-600/8-81-023; May, 1981; External Review Drafe].

The Subcommittee, chaired by Dr. Bernard Welss, submitted its findings
and conclusions to the full Committee which further reviewed the draft docu-
ment and concurred with the Subcommittee's report. This attachoent summarizes
the Subcommittee's weview of key issues in the various chapters of the Updare.

MUTAGENICITY

The Committee agrees with the position taken in the Update that
several types of studies indicate that cadmium salts are nutagenic,
probably acting by interference with spindle formation. The Subcommittae
notes thar cell culture studies support the animal carcinogenicity studies
in that clastogendic action has been proposed as a mechanism of carcinogenesis.
The Update does not make this latter point.

The mutagenicity section was both clearly written and well organized.

CARCINOGENICITY

A+ Animal studies

(1) The Update summarizes a mumber of studies in which tumorigenesis
- occurred in animals under varying experimental conditions including
different routes of administration. Overall, the Subcommittee agrees
with the posgition taken in the Update that water soluble cadmium salts
tends to induce tumors Iin mammalian tissues.

In virtually all of the studies of testicular tumors that were induced

by injection, administration of cadmium appeared to destroy testicular
tizsue. Cadnium salts caused testicular necrosis (tissue death) in all
of the studies summarized in Table 10 of the Update., The resulting
tumors may arvise from Leydig cells that repopulate this area rather thap
transformed cells. There are no convineing studies in which these poten—
tially transformed Leydig cells have heen demonstrated to be capable of



(2)

tunorigenesis by transfer to other animals. This interpretation

may explain the lack of testicular carcinogenesis of cadmium salts

by oral routes of administration. In addition, certain mouse strains

are resistant to testicular necrosis. If necrosis of the testes is re-
quired for tumorigenesis, it is difficult to interpret the relevance of
these findings to human tumorigemesis. No evidence exists for testicular
necrosis by cadmium salts in humans. Similarly, many of the animal studies
raise problems of Interpretation because of administration by injection.
In general, however, the Subcommittee agrees with OHEA's view (page 62 of
the Update) that compounds which usually produce distant tumors by injee-
tion are usually tumerigenic by another reoute of administration.

Exposure by iIingection, howsver, 1s not associated with tumorigenesis. The
most definitive study of the carcinogenicity of cadmium administered orally
1s that of Loger which iz well summarized in the Update. The results of the
study give no evidence that cadmium administered orally is carcinogenic.
Given this lack of evidence for any effect after oral administration, calcu-
lation of a wmit risk for oral exposure should not be justified om a scientif-
1c basis. While discussion of the implications of the negative results in
the Loser study for setting an upper limit on potency would be appropriate in
the main text, the statement on page 2 of the Update could be misinterpreted
as implying support for the hypothesis that cadmium may be carcinogenic by
the oral route. The Committee recommends that the statement be deleted from
page 2 of the Update.

One study, by Takenaka and co-workers, is critical to OHEA's conclusions.
This study had some important characteristics:

(a) Since inhalation was the specified route of exposure, it
nimicked the human route of most concern.

(b) The study included low exposure concentrations (12.5, 25, and
30 micrograws per cubic meter). Urine samples indicated no
- excess cadmium excretion.

(¢) The inhalation period was of chronic (18 months) durationm,
followed by a thirteen month observation period. Health mon-
itoring showed no weight gain retardation or renal toxicity.

(d) Environmental exposures were mimicked as the study included
contineus exposures of 23 hours per day rather than the usual
8 hours per day.

(e) Most lung tumors were of alveolar origin. Rowever, up to
40% of the observed tumors in the highest cadmium exposure



concentration group were of bronchiogenic origin. In humans,

most of the tumors associated with cadmium exposure are of bron—
chiogenic origin. The difference in tumer pathology between man

man and rats may point out the impertance of particle size and/or
differences in cadnium metabolism in the respiratory system. The

rats were exposed to particles of about 0.55 micron (aerodynamie

mass median diameter) size. In occupatiomal settings, humans usu-—

ally are exposed to fumes which, although initially of submicronic
particle size, also contaln larger particle sizes after aging of the
fume in the air. Evidence should be sought to describe the size dis—
tribution of cadmium particles under ambient conditions where the pub-
lic 1s likely to be exposed. Some effort might be made to estimate

and compare the effective doses in the lung in the experiment of Taken—
naka and coworkers with typical human exposure. Any differences should
be compensated for in the quantitative risk assessment.

{3) Other than the Takenaka data, experimental data are very limitad and can
only suggest that cadmium is an animal carcinogen. The Takenaka data re-
sult from a carefully designed and executed inhalation study and vield
sufficlently unambiguous results that implicate cadmium a2 an animal car-
cinogen. The studies capable of suggesting carvcinogenicity are limited to
the Takenaka study and the intratracheal instillation study.

(4) The Subecommittes wishes to be sure the the Agency is aware that the lesser
solubility of certain cadmium salts affects their toxicity. The magnitude
of this potency difference may be less when exposure occurs by inhalatioen
because solubiliry in the lung differs from water solubility, but differ-
encesd can persist. For example, Glaser and co-workers have noted in an
abstract* that aerosels of cadmium oxide (Cd0; very little solubility in wa-
ter) are more bio—available to the lung on an acute basis than cadmium dichor-—
ride (CdCly; highly soluble in water) and that cadmium sulfide (CdS; insoluble
in water) Is less bio-available than CdO.

B+ Human studies

(1) The Update reviews nineteen (19) epidemiologic studies of cadmium. The
Subcommittee believes that, except for the study by Thun and co—workers,
the other (18) studies provide circumstantial evidence in support of the
possibility of cadmium carcinogenicity. The document should analyze the
incidence of different diseases thought to be associated with exposure to
cadmium {or to the confounding factors) across all of the epidemiological
studies. The Subcomittee reviewed current data from two of these eighteen
studies in detail, one by Varner and co-workers (a study of workers at the
ASARCD Globe Plant) and one by Armstrong and Kazantzis (a cohort study of
male ecadmium workers in five British industries). Although neither of these

* U. Glaser, D. Hochraine, and H. Kloppel, "Pulmonary Bioavailability of Cadmium

Aerosols in Wistar Rats,” in N. Schmiedsberg's Arch. Pharmacol., 323 and Suppl.,
R-25 (1984); 25th Spring meeting of thé German Pharmacological Seciety.
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(2)

studies has convincing evidence of carcinogenicity or a positive dose—
response trend, some segments of both populations do exhibit slightly in-
creased lung cancer rates. The Agency has not attempted, however, to in-
tegrate quantitatively all of the epidemiclogic data.

The cohort examined by Armstrong and Kazantzis contains a number of persons
exposed to cadmium. The Subcommittes advises that this study, which is
evolving, bears close serutiny in part because it sugpgests some mon—carcine-
genic health effects associared with cadmium exposure.

One unpublished epidemiologic study is critical in asessing the carcinogen-—
ieity of cadmium for humans. It was conducted by Thun and co—workers, and

it is an update of an earlier published study by Lemen and co-workers. ‘This
study is more convineing than the other currently available epidemiolegic evi-
dence. It presents more detziled information about the population, quantita-
tive exposure data and the presence of a positive exposure-response relation-
ship.

New evidence and revised interpretations of this study were presented to the
Suhcommittee by Dr. Thun. Some of this informatien (for example, Figure 1,
page 19 in the written report from the presentation) helps allay sone of the
Subcommittee's doubts about some aspects of the study such as the possible
confounding with smoking exposure. Cadmium expesure has heen documented.

In their oral presentation, OHEA staff assured the Subcommittee that revised
datz from the study of Thun and co-workers would be incorporated into the
Update and that typegraphic errors in the Update would be corrected. The
Subcommittee believes that further revision of the epidemiologic estimates of
risk will be necessary before the Update is scientifically adequate for its
stated purposes. The essence of the problems with the current estimates are
as follows:

(a) The qualirative conclusion of carcinogenicity may be an
artifact of the exposure groupings or dynamicg of the study
population (length of employment, duration of exposure, age
during employment, length of time from exposure to illness,
and so forth). The best approach to avoid problems with
these factors is to compile data on exposure of individualsg
in the cchort, to the extent possible. Although adopting
this approach would exceed the time limitas for OHEA to re-
vise the Updare far current Agency needs, its desirability
should be cited In the Update, and the possibility that ic
may not fully confirm the conclusions derived from grouped
exposures needs to he addressged at least qualitatively. It
is clear that, hecause of wmusual intervening events, such
as wars and changes in economic conditions, the status of
the worker population probably was subject to instability.



(b) Two confounding factors which bear on the qualitative conclusion
of ecarcinogenicity are cigarette smoking and exposure to arsenic.
Corrections can best be made, if data on exposures of individuals
to these confounding factors are made available, simultanecusly
with data on individual cadmium exposures. Several analyses,
however, can be performed with the current dara to amplify or mod-
ify the evidence of cadmiunm carcinogenicity in humans.

° An analysis of the extent to which ciparstte smoking
might confound the effects of cadmium was presented by
Dr. Thun. It showed that the conclusion of carcinegenic
effects of cadmium was somewhat robust after changes were
made in the assumptions about the smoking habits of the
the study population. The Subcommittee reviewad this
analysis and agrees that the assumptions in it are
reasonable.

The epidemiology section of the Update was not as clear as
it could be, however, because the issue of confounding fac—
tors is not fully explained. Since cadmium is present in
cigarette smoke, the exposure of smoking cadmium workers -
should be higher than when matched workers who do not smoke.
The Update should indicate the magnitude of the contribution
of cigarette smoke to the cadmium dose of smokers within

the study. For example, smoking 20 cigarettes daily may

add about ten (10) micrograms per day of cadmium to rhe

lung burden whieh at exposure concentrations of several
hundred micrograme per cubic meter at the workplace in

the past will not be significant. This contribution will

be significant at levels around forty (40) nicrograms per
cubic meter which is the NIQOSH recommended level.

The Subc¢ommittee concurs with the cut—off year of 1926,
used by Dr. Thun and OHEA, to mark the sharp decrease inp
gimultaneous exposure to arsenic in the cohort. The Sub-
committee heard statements from the public, however, to the
effect that post—1926 arsenic exposures were higher than
Dr. Thun's estimates.

Dr. Thun also presented an analysis of the extent to

Which arsenic exposures might influence the zelationship

of cadmium exposure to cancer. Although this analvsis
indicated that his conclusions would not be modified
significantly by correcting for presumed arsenic expos-—

ure, the Subcommittee does not agree that the assumptions

used in this analysis to set exposure to arsenic are reason=~
able. Specifically, it would be desirable to have available
individual arsenic exposure levels instead of averaged exposure
concentrations.

* Neither OHEA nor Dr. Thun presented calculations of the
Joint effect of ciparerte azmoking and arsenic exposure on



the cohort. At the Subcommittee meeting OHEA staff indicated

that the effects of cigarette smoking and arsenic exposure may

be antagonistic; that is, the joint effect is less than expected
from the gum of the individual contributions. The document assumes
independent effecta. A Swedish investigation, however, states that
the joint effects exceed the sum of the individual contributions.
This study may introduce further complexity inte calculations of
risk.t

() The net affect of the two confounding effects cited above, cigarstte
smoking and arsenic exposure, could either reduce or strengthen the
qualitative conclusion of human carcinogenicity based on epidemiolog—
ic evidence. Further research, particularly to estimate individual
exposures, is required. The current conclusions of the revised study
by Thun and co-workers should also be supplemented by additional san—
gitivity testg ro held reveal uncertainties using different assumptions
(if workers wear respirators, for example).

C+ Overall carcinogenic risk to humans

The Subcommittee agrees with the Agsency's evaluation, based on the current
welght of the evidence, that cadmium falls into group 2A under the criteria adopt-
ed by the Interaational Agency for Research on Cancer (IARC) for the evaluation of
the carcinogenicity of chemicals (...prohably careinogenic to animals when inhalad
with limited evidence for carcinogenicity in humans).

UNIT RISK ESTIMATE

A. Suggested revisions

In their oral presentation to the Subcommittee, OHEA staff agreed to revise
quantiftative estimates of risk to include cumulative estimates of exposure which

" were not available ar rhe time the first estimates were calculated. In addition,

Thun and co-workers appear to have used an estimare of 365 days annual occupation-

al exposure te cadmium. To their studies this estimate is entered twice, so as to

factor itself out. The same correction is not applicable to the Agency's risk

estimate. Since anmual occupational exposure usually is about 200 days, this correc—

tion will resulr in close to a 50% change in the level of risk.

OHEA staff presented risk estimates for various statistical models includiag a
statistically-derived no-effect level based on a threshold model. Such calculations
are useful in a document like the Update because they quantitatively highlight un-—
certainties in the evidence and highlight repulatory concerns. The Subcommitiee points
out, however, that the evidence for (or agaimst) a threshoeld cannot be obtained from
statistical analysis alone. Instead, biological information must be considered. In
many cases, the absence of biological information forees the adoption of assumed

t G. Pershagen, 3. Wall, A. Taube and L. Linnman, "On the Interaction
Batween Occupational Arsenic Exposure and Smoking and its Relationship
to Lung Cancer,” Scand. j. work environ. health, 7 (1981), 302-309.

- & -



linearity to derive a plausible upper bound estimate. In the case of cadmium,
several factors, ineluding uptake, protein binding and excretion, suggest a
rationale for nonlinearity. The document should consider these factors at least
qualitatively.

The application of quantitative measures to the confounding factors des-—
cribed above will change the estimared level of risk. In evaluating the applica-
ticn of correction factors te the risk estimate derived from human data, the Sub-
committee notes that, if the exposure of the cohort described by Thun and co-work—
ers to arsenic was less than half the exposure to cadmium, then cadmium will have
had more effect than arsenic based on the potency caleulations in Table 21 of the
Update. Since ir is difficult to attribute the cancer risk of smelter workers to
a specific chemical exposure such comparisons should be incorporated into the risk
assessment. ' ‘

The Subcommittee has reservations about the potency measures in Table 21. Sone
of the potencies are derived through the uge of epidemiologic data using one method.
Others are derived from animal data using the upper confidence limit. Given the
hodge-podge of methods, weights-—of-evidence, and assumptions, the list is mislead-
ing. .

The quantitative estimates of risk based on animal data on pages 134-135 also
need tvevision. It 1s not necessary (and is somewhat misleading) for OHEA to review
models pertaining to gas inhalatien since for cadmium, aerosols are of cencern.
Similarly, on page 137, a formula for gases is given which should be omitted. For
particles, deposition (not absorption) detarmines the dose. The formula given for
rodent minute-ventilation has no references. Experimental information does exist
regarding the fraction of particles deposited in lungs of rodemts, and it should be
noted. '

Aerosol deposition (see page 139) is not proportionmal to breathing rate onlv.
In one instance (page 140) the formula given is for inhaled dose, not deposited dose.

- This topic needs clear presentation and definition. In this case, the estimate is

in error hy a factor of ten. OHEA correctszs the estimate for ionic concentration
(page 140). In the original paper on which the estimate is based, however, corrasc-
tion for lonie concentration has already been made. The net effect of correcting
the two factors described din this paragraph will be a different estimate of risk.

The Subcommittee encourages OHEA to use available experimental data in the
estimate of risk. ¥For example, in the Takenaka study the particles were 0.5
micron in size (zerodynamic mass median diameter). Eleven to twelve percent were
deposited within the lung, and 607 of these wera immediately absorbed and deposit-
ed Iin the liver. The remaining cadmium was slowly absorbed with a half-time of
60 days.

B. Integration of human and animal-based estimates
The Subcommittee encourages OHEA to compare the quantitative estimates of

risk based on human data to those based on animal data and to comment on the
differences. The particle sized distributions to which humans are typleally



exposed, compared to the particles in the asrosol to which the rats were expos-—
ed by Takenaka and co-workers, are important determinants of exposure. Besides
differences in particle size, the deposition and retention characteristics of
cadnium particles in the rodent and human lung are dissimilar. Alveolar deposi-
tion is about 10X in rats compared to 20% in humans for 0.5 micron particles.
Humans clear more slowly and, therefore, will accumulate more in the lung. Al-
though these corrvections to the quantitative estimates of risk need to be made,
they may exert little practical impact since similar comparative data for rat and
human biochemical and physiological mechanisms of cadmium carcimogenicity are not
available. These data gaps point out the difficulty in basing human risk assess-—
ments for cadmium on animal data.

SUMMARY

The statement on page & that "...the human risk is considered te be reasomnable
+++" neads to be corrected. The Update surely means to state that the estimate of
human risk is reasonabla.

The Subcommittee believes that, with the exception of the mutageneity chaptrer,
many comments from Science Advisory Beoard reviews of previous drafts of this docu-
ment failed te be inecorporated inte the current (April, 1984) version.



