PART C - PUBLIC COMMENTS AND RESPONSES



NOTE:

A1l information which was submitted as supporting documentation for
public comments on the draft Report has been forwarded to the Scientific
Review Panel. However, in some cases, supporting documents have not been
incTuded here because of their length. The cases where this has been done are
indicated in the report, and where a summary was provided it has been
included. These documents are available upon request from:

Toxic Pollutants Branch
California Air Resources Board
ATTN: Chromium '

P. 0. Box 2815

Sacramento, CA 95812

ii
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IT CORPORATION April 29, 1985

Mr. William Loscutoff
California Alr Resources Board
P. 0. Box 2815 '
Sacramento, CA 85812

Dear Bill:
Subject: Part B "Health Effects of Chromlum" Report

On page 25 of the "Health Effects of Chromium" report,
dated February 1985, the EPA Model, or "crude” model is
described.

B = [(R-T)xPojld ' - (1)

wvhere B Potency per Unit Dose

R = Relative Risk of Cancer
P = Background Mortailty Rate
d = "Lifetime averaged exposure concentration®

Subsequently, P(L,d), the "excess l1fetime probabllities
of tung cancer for a given dose of chromium" Is deflned as:

P{L,d) = 1 - exp (~Bxd) (2)

If 1 substitute (1} into (2), | get:

P{L,d) = 1 - exp [-(R-1)P0] (3)
which Is Independent of dose. |

| think something needs to be clarified here, The units

of "potency" and dose seem to be different than In standard
usage. There Is an lmplicit use of dose in determinng R, the

relative risk of cancer, slince that wlli be dose~despendent.
The problem, however, probably Iles In the use of "d" to mean

two different things: 1In the first equation, d and R are

Corporaie Office
IT Carporation » 23456 Hawthorne Boulevard « Box 2965 » Torrance, California 0509 « 213-378-9933
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uscd to calculate B. The best estimate of B Is then used In
the second cquation to predlct an Incremental probablti+ty due
to some observed amblent chromium concentration.

fncidentaliy, when Bxd In (2) Is small, as 1t will be
for alrborne chromium, the power serles expansion of the
negative exponential will lead to-

P(L,d) = Bxd (2a)
which Is linear In dose. This really Is the modet ! think

you end up with on page 28.
Feel free *o call 1f there are any questlons.
Very truly yours,
R. Nichols Hazelwood, PhH.D.
Environmental Affalrs

Director of Programs

RNH:zvh




STATE OF CALFORNIA ) : ‘ “GEORGE DEUKMENLN, Governor

AIR RESOURCES BOARD

V107 Q STREET

T 3% 2815
MENTO, CA 95812

June 18, 1985

R. Nichols Hazelwood, Ph.D.
Environmental Affairs
Director of Programs

IT Corporation

23456 Hawthorne Blvd.
Torrance, CA_ 90509

Dear Dr. Hﬁge-wboﬂz
v

Thank you for your comments and suggestions on the Draft
- Chromium Report. We have referred your comments to the :
(\ Department of Health Services (DHS) for response. Your comments, :
their responses, and this letter will be included in Part ¢ of
the Report to the Scientific Review Panel. We will send you a
copy of that report. ' ‘ '

Comments on the DPraft Chromium Report

If you have any questions concerning. this matter, you
may contact Cliff Popejoy at (916) 323-8503.

Sincerely, : ,
ZQU%Z&ZWMJQKZZ D et
William V. Loscufoff, Chief
Tcxie Pollutants Branch

Stationary Source Division

cc: Peter D, Venturini

(‘\



MeCLINTOCK. KIRWAN, BENSHOOF. ROCHEFORT & WESTON
ATTORNEYS AND COUNSELORS AT LAW
611 WEST SOITH STREET  SUITE £100
LOS ANGELES, CALIFORNIA HOOL
TELEPHONE 2313 6232082

A LAW I"ARTNERRMIT
OF FROFERHTON AL CORIOMATIONA

May 10, 1985

) Federal Ewxpress

Mr. William Loscutoff, Chief
Toxic Pollutants Branch
California Ailr Resources Board
1102 Q Street

Sacramento, California 95814

Re: Listing of Chromium as a Toxic Alr Contaminant

Dear Bill:

Enclosed are the comments of the Metal Flnlshlng
Association of Southern California to the Report to the
Scientific Review Panel on Chromium.

Very truly yours,

Betty-Jane 9,

Kirwan, P.cC.
McCLINTOCK, KIRWAN, BENSHOOF
ROCHEFORT & WESTON

BIK:vh
Enclosure




| COMMENTS
ON BEHALF OF
THE METAL FINISHING ASSOCIATION OF SOUTHERN CALIFORNTA
ON THE \
REPORT TO THE SCIENTIFIC REVIEW PANEL ON CHROMIUM

- May 13, 1985

The Metal. Finishing Association of Southern California
("MFASC" or “Association") is a nonprofit trade association of
companies in the fields of metal finishing, electroplating,
powder coatings, enameling, galvanizing, plating and related
processes., It has almost 250 members, the vast majority of whom
are job shops.l - These comments are submitted in response to the
Report to the Scientific Review Panel on Chromium Prepared by the
Air Resources Boarg end the Department of Health Services, dated
March 1985. 1In general, after a careful review of the Report,
the MFASC believes that not enough is Xnown concerning the health
effects of chromium emissions, in general, and chromium (VI)
emissieon, in particular, to warrant regulation at this time.
Unfortunately, the Association cannot offer further comment on
the health 1mpact ©f chromium emissions because it has not
conducted indepenoent research on this topic. In the remainder
of these comments, we will highlight scme confusions and inac-
curacies in the Report as it relates to the metal finishing

industry with the hope that a more accurate picture of the

1 This is in contrast with captive corporate metal finishing
companies.



industry and its emission; can be developed by a cooperative
effort between the ARB and the industry.

Our review of the Report found five problem areas: (1)
the Report incorrectly estimates the number of chrome platers;
(2) the Report incorrectly assumes all chrome plating is hard
chrome; (3) the Report incorrectly assumes that the emissions
from the Long Beach Naval Shipyard operations are representative
of chrome plating; (4) the Report incorrectly assumes that all
chromic acid sold in California is used for chrome plating and
generates the same enissions; and (5) the Report incorrectly
assumes that all chrome plating operations are uncontrolled.
Based on this confusion, the Report incorrectly concludes that
the emissions from chrome plating operations in California amount
to between 18 and 21 tons per year. We will take up each of
these points in order.

The Report estimates that between 1,500 and 1,800
electroplaters operate in California and that if three-fourths
are chrome platers there are between 1,100 and 1,300 chrome
platers in california. {(Report, p. I-2.) The source of the
first estimate is a report by Citizens for a Better Environment.
Insofar as we are aware, it is not accurate.

As noted above, the MFASC principally represents job
shops, which are companies which perform on a piecework basis.
It reﬁresenté.very few "captive" shops -- facilities owned by
manufacturers facilities which solely service products they

manufacture. We estimate that between 50 and 75 percent of the
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metal finishers in SOuthgrn California are job shops. Of the'
almost 250 membérs of the MFASC, only 68 companies (28%) are
chrome platers. Assuming, at most, an additional 70‘captivelshop
chrome platers, that would make up to 140 chrome platers in
SOuﬁhern California. We estimate that in Northern California'the
ratio of chrome platers to electroplaters in general is.similér.
Based on this information,-thefe are nowhere near 1,100 chronme
platers in California. A better estimate i€ 300. We. will

attempt before the next submission to develop more detailed

information on this topic. This is significant information

because the inflated number of California chrome platers is used
to estimate in the Report the amount of chromium emissions
from the metal finishing industry in this state.

Next, the ARB assumes that all chrome plating is hard
chrome, (Report, p. I-5.) By way of background, chrome plating
can use either a hard chrome or decorative chrome process.,
For -a hard chrome 'coating, a part is electroplated with heavy-
thicknesses of chromium to ferm a corrosion-resistant-and wear-
resistant surface. By contrast, decorative chrome is a process
by which a part is first plated with nickel and then electro-
plated with a very thin coating of chromium. Emissions from hard
chrome may be significantly greater than from decorative chrome
due to the longer time of ﬁrocessing to achieve the heavier
deposit. The ARB states, and we agree, that probably three-
fourths of bhromium use is for hard chrome and one-fourth for

decorative chrdme.' Approximately 46 member companies in the



MFASC (19%) do decorative chrome and 22 (9%) do hard chrome.
Eight companies (3%) do both. The likely difference in emissions
from these two processes should be acknowledged and taken into
account in the emissions calculations.

Further, the Long Beach Naval Shipyard report is used
as the baéis for establishing an emission factor for chrome
plating. (Report, p. I-4.) This likely overestimates emissions
significantly. Usually, military facilities do not have the same
constraints as does private industry. aAdditionally, we assume
that a shipyard has very large parts which generate substantially
nore emissions than do typical chrome plated parts. We will be
able to comment further on the applicability of this facility
cnce the ARB makes available the Long Beach Naval Shipyard
report, which has already been . .requested.

The Report incorrectly assumes that all chromic acid
sold to the metal finishing industry is used for chrome plating.
(Report, p. I-4.) A large amount of chromic acid is used for
chemical processes, such as dichromating, which is a process
whereby a part is treated with cadmium or zinc first and then
dipped in a solution of chromium salts to convert the surface
metal to a chromate. It is not an electrolysis process. No
bubbles are generated, such as in the case of electroplatiné of
chromium, and no emissions are created. It is simply a quick
chemical reaétion. Secondly, chromic acid is also used to etch
parts, both metal and plastic. Similarly, there is not the same

type of buildup Bf_bubbles or gas. We estimate that more chromic
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acid is used to chemically treat or etch parts than is used in
electroplating operatiéns.‘ fhus, the amount of éhromic'acid sold
in California is not direcﬁly relevant to the emission report
from the Long Beach Naval Shipyard or the emission of chromium
into the air.

Finally, the Report calculates the emissions of
chromium from the metal finishing industry based on the assump-
tion that all éhrome Plating is done without air pollution
contreis. (Report, p. I-5.) Chrome platers located within the
Scuth Coast Air Basin -- Log Angeles, Orange, Riverside and San
Bernardino Counties == are required to have air pollution coﬁtrol
equipment on all chromium electroplating opérations because of
cencern by the South Coast Ai: Quality Management District with
chromic acid mist. The District's concern rests on the pos-
sibility that without controls the sources will create a public
nuisance. Chrome electroplﬁting tanks are equipped with mist
inhibitors or are controlled by air scrubbers. Air scrubbers are
2 closed system with virtually no emissions to the atmosphere.
We believe that most facilities in the Basin are equipped with
such scrubbers. The District checks the efficiency of these
units at least once a year. Therefore, use of an emissions
factor from the Long Beach Naval Shipyard is misleading.

The information concerning the number of chrome platers
and the emissions factors to be applied led the ARB to estinmate
that the emissions are between 18 and 21 tons per year. As

more information is developed, we believe that figure will be

5



shown to be seriously overstated. The Association looks forward

+o working with the ARB to develop a more accurate picture of the
industry's contribution to the guestion of the chromium

emissicns.




STATE OF CALIFORNIA - o - ‘ GEORGE DEUKMEMHAN, Governor

AIR RESOURCES BOARD
y STREET

L x 2815

SACRAMENTO, CA 95812

July 10, 1985

B, J. Kirwan

heClintock, Kirwan, Benshoof
Rochefort and Weston

¢ll West Sixth Street, Suite 2100

Los Lngeles, CA %0017

Dear Ms., Kirwan:

comments on the Draft Chromium Report

Thank you for the comments of the Metal Finishes
Lssociation of Southern california (MFASC). Your letter and their
e comments were incluced in Part C ¢of the draft Report, and changes to
(_ draft Part & were made in response to their comments., This letter
describes those changes &nd our responses to the MFASC's commen:s,
ané heas been forwarded to the Scientific Review Panel as an addendum

to part C.

1 am aadressing your comments in the same oraer in which
they eppeared in your letter.

(1) wNumber of chrome platers.

Using information from surveys done by the South Coast Air
-Quality Management District and by the ARB, we have rev1sea the
estimate of chrome pleters to 4060 statew1de.

(2) BHBard chrome and decorative chrome plating are done in
- California. .

The draft report presented a range of emission estimates;
the upper value was based on the assumption that only hard chrome
pleting is done, and the lower value was based on the assumption
that & combination of hard and decorative plating are done. After
the draft report._was released, we received informetion from the
MFSAC on the breakdown of decorative and hard chrome plating in

zlifornia. Consequently the emission estimate for chrome plating



B. J. Kirwan | -2- July 10, 1985 .

heg been revisec to reflect this ratioc of the numbers of hard ano
decorative plsters in Celifornia, and the emission estimate based on
the assumption thet all plating was hard chrome has been removed
from the report.

(3) Long Beach Naval Shipyeard plating operations are not
representative of private industry.

The Long Beach Naval Shipyard Report used to develop
emission factors for chrome plating was based on testing done in
1984, &and we believe it is the best available information on chrome
Pleting emissions. A copy of the Neval Shipyard Report was sent to
PFESC representatives at their request on Kay 17, 1985; as of
July 5, ARB staif bhaa not received MFASC comments on that report.
After the KFASC has reviewed the Naval Shipyard Report, ARB staff
woula welcome specific information and suggestions to improve
Emission estimates.

(4) nNot &ll chromic acid sold to the metal finishing
ingustry is used for chrome plating.

The craft report states that "the largest supplier of
chromic &cic in the United States estimated that 1,500 tons of
chronic écia were sold in california in 1984 for chrone plating
veece” (drafc Report, page I~4). The estimate of chromic acid usage .
was for chrone plating only and di¢ not include any other uses,

{5) Emission estimates are based on the assumption that
all chrome plating is done without air pollution control.

Zniissions from chrome plating were czlculetec based on the
&35UumpTion thét no controls are used on chrome plating operations,
beceuse there are no &ir gquality regulations which specifically
restrict nexéevalent chromium emissions from chrome platers. any
contrels in place were cesigned to control chromic acid mist
emissions from a nuisance standpoint, as you pointed out, and were
not bé&sea on the long-term health effects of hexavalent chromium
eiposure. The fraction of chrome plating opera-ions which employ
emission controls, and the efficiency of those controls, is not
known. Jo proviae & range of estimates, we have revised the report
to incluce an estimate based on the theoretical assumption that all
chrome platers have controls which are 92 percent efficient. This
was the control efficiency of wet scrubbers reported in the Long
Beach Naval Shipyard Study. We believe that the efficiency of such
controls in industry will be lower than this, but that 92 percent 1is
@ technically achievable level of control, and represents a
theoretical lower-limit emission estimate. The estimate of
enissions beced on the no-control assumption heas been retained,  and
represents an upper limit value.
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Thank yecu again for your comments,

concerning these responses, please contact
(¢16) 323-8503.

Sincerely,

-July 10, 1985

If vyou have QueStions
Cliff Popejoy at

Y

William V. Lo
Toxic Pclluca

scuteoff, Chlef
nts Branch



Southern California Edison Cbmpany

P.O. BOX 800
2244 WALNUT GROVE AVENUE
ROSEMEAD. CALIFORNIA 51790
EDWARD J. FAEDER, Ph.D. TELEPHONE

MANAGER OF ENVIRONMENT AL OPERATIONS (218) 302-2009%

May 10, 1985

Mr. William V. Loscutoff, Chief

Toxie Pollutants Branch .

California Air Resources Board y
P. 0. Box 2815 _

Sacramento, California 95812

Dear Mr. Loscutoff:
SUBJECT:. Report to the Scientific Review Panel on Chromium

Southern California Edison Company has reviewed the document
entitled "Report to the Scientific Review Panel on Chromium™ .
(Parts A and .B) and would like to submit these brief comments on
several important issues which are addressed in this report.
These issues include the following:

Exposure Estimates - In the absence of exposure datz for
hexavalent chromium, a risk assessment cannot be performed at
this time and chromium should be reclassified as a "Level 1B"
compound since this essential information is not yet available.

Emissions Estimates - Emission estimates from sources which
pertain to the electric utility industry have been overestimated
due to certain assumptions and methods used in these
calzculations. ' '

Risk Estimates - The unit risk estimates for hexavalent chromium
are being developed from epidemiological studies of widely

differing quality. These differences should be reflected in the
choice of studies used to develop these risk estimates. We also

studies should be differentiated from statistical confidence
limits since they result from a lack of data rather than the
uncertainty inherent in a series of observations,

These issues are described in more detail below.



EMISSIONS INVENTORY

Although this is net the final inventory which mey be used
to develop control strategies for chromium, it is. important that
emlssions estimates are at least reasonably correct. Several
errors are evident in the methods used to calculate chromium
emissions from electric utility sources such as cooling towers
and residual fuel oil combustion.

Fuel 0il Consumption

The calculations for residual fuel oil burned within
California are inaccurate. The State's petroleun tracking
systerm does not differentiate between oil burned in California
and that sold for vessel bunkering which will be burned outside
of California. Federal data indicates this is a significant use
of residual fuel oil in California {1). This is shown in Figure
1. In the past, ample supplies of high sulfur residual fuel oil
in Southern California have tended to drive prices lower,
éncouraging ships to purchase enough fuel for a round trip (2).
Thus while the economic data prepared by the California Energy
Commission (and used by the ARB to calculate chromium emissions)
indicates that there are marketer receipts for 74 million '
barrels of residual fuel oil supplied to California in 1983,
utilities burned only about 10 million barrels, much of which
was purchased in previous years (3). This lack of accounting
for vessel bunkering represents a significant overestimate in
enissions of chromium from residual fuel oil consunmption.

Cooling Tower Emissions

Electric utilities in California are no longer using
chromate additives in cooling tower water to the extent they did
in the past. SCE has not used these additives since 1982, and
other utilities have reduced, or are in the process of
completely phasing out, the use of these compounds. The
emissions estimates for cooling towers included in the chromium
report are, therefore, probably too large, since it was assumed
that these compounds are used in approximately 20 percent of the
utility industry cooling towers.

The combined effects of these assumptions with regard to
residual fuel o0ll consumption and the use of chromiuvm additives
in cooling towers Is to overestimate chromium emissions from
electric utility sources by a substantial amount. The methods
used to calculate these estimates should be reevaluated.

’




Figure 1. DELIVERIES OF RESIDUAL FUEL oi1. gy USE IN CALIFORNIA

(REFERENCE: PETROLEUM SUPPLY ‘ANNUAL, 1983)
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TRACE ELEMENT SPECIATION

The health assessment portion of the chromium document
points out the differences in toxicity of various chrogium
compounds, particularly the difference in cagcinogenic potential
bpetween trivalent (Cr”~”) and hexavalent (Cr*°) chromium.

The exposure data essential for conducting a risk assessment
relates human population exposure to airborne hexavalent
chromium in California. This information is not currently
avallable because: a) thereBare.no vglidatgd nethods for
differentiating between Cr*> and Cr*° at the low

concentrations observed in ambient air, and b) given the lack of
meigurement techrniques, the necessary ambient menitoring of

Cr has not been performed. Speciation techniques have been
developed for workroom air (4) and progress has been made in
speciating emissions from ferrochrome smelters (5). However,
the dusts emitted from these smelters contain several percent
chromium by weight. Samples of particulates from ambient air
and sources emitting lesser amounts of chromium may contain only
microgram per gram quantities. The techniques used on smelter
dust might also work at concentrations 1000 times lower, but
these technigues must be tested and extensively validated before
they can be used in an air quality monitoring program. When
thege techniques have been validated then the mezsurements of
Cr™ can be made in ambient California air.

RISK ESTIMATES

carlier risk assessments of toxic air contaminants by DES

have examined different risk estimates, and then made the policy
decision to present a "conservative range of estimates™ to the
risk nanagers at the ARB. This was not the approach taken with
chromium. A table of risk estimates was extracted from the
ZPA's health assessment document on chromium and these were
presented as if they are all equally valid. This treatment .of
the data 1s inappropriate, as outlined below. o

Comparative Quality of the Studies

All epidemiologic studies have some problems which cause
uncertainty in the results. Some studies are considered more
reliable because of the size of the study group, the gquality of
exposure information, and the thoroughness in tracking subjects
who leave the work place. The more reliable studies are
generally given more weight for developing risk estimates. EPA
considered the Mancuso study more reliable than the others and
this was reflected In the risk estimate they chose from all
those which were calculated. Figure 2 shows the wide range of
risk estimates presented by DHS and Egese can be compareg with
the estimate chosen by EPA (1.2 x 10 per lifetime ug/m
exposure). Specifically EPA stated that the studies by Langard
(6), Axelsson (7) and Pokrovaskaya are "less adequate than the
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Mancuso study for purposés of risk assessment™ and that the
deficiencies in these studies tend to overestimate the risk.
DHS should state why they do not agree with EPA's assessment of
the quality of these studies for purposes of developing risk
estimates.

The major problem with the Langard (6) and Axelsson (7)
studies is the quality of the exposure data. These problems are
recognized by the authors. Axelsson et al. statey

"The information on levels of chromium exposure in
different parts of the industry was based on
approximations, and no measured data existed for the
period when a possible occupational cancer could have
been induced.m" ‘

"The estimated exposure data should not be - -used to
construct general dose response relationships or to
define threshold values,™ [emphasis added)

Langard et al. have made similar statements;

"In the present investigation one can only guess at
what level the exact chromate concentration has been in
previocus years."

The IZPA Health assessment document on chromium also notes
problems with respect to the characterization of the worker
cohort in the study by Pokrovaskaya. :

While the studies cited above may be useful fof purposes of
comparison, quantitative risk estimates should be based on the
highest quality epidemiologic studies available. _

Uncertainty in Risk Estimates

The parameters of interest in toxicological and
epidemiological studies, such as exposure and cbserved
responses, are known to vary. This variation can be described
in statistical terms, e.g., a mean and the confidence intervals
around the mean. These techniques are useful in risk assessment

‘because they can provide an indication of the uncertainty around

a risk estimate.

The real parameters of interest may be essentially unknown
in some cases. In the Axelsson study, for example, exposure
"data" were based on estimates and approximations rather than on
actual measurements. One can subjectively estimate a possible
range of a variable, but the estimate has little statistiecal
ralidity and cannot provide the same kind of information as a
confidence interval. This type of expert fguess" must be
distinguished from statistical confidence limits based upon
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multiple observations (such as those presented by DHS for
benzene and other toxic air contaminants reviewed to date.)

Another technique for dealing with a lack of data is to use
the highest and lowest values of a parameter which were observed
to "bound” the analysis. In the Langard study, 89 air
neasurements of -hexavalent chromium were taken to characterize
the workplace environment. In deriving upper and lower bounds
on risk for hexavalent chromium, both EPA and DHS have assumed
that all workers were exposed to either the highest, or
conversely, the lowest concentration observed in all of these
samples. Thes: calculations provided the lowest and highest
estimates on carcinogenic potency respectively. This type of
bound or limit must also be distinguished from statistically
derived confidence limits. While such estimates may be
interesting for comparison, risk estimates which are to be used
for risk assessment studies should be based upon the best
estimates of individual worker exposure or the best estimates of
the overall exposure to the worker pepulation.

Comparison of Risk Estimates With Observed Mortality

. One way to judge whether the risk estimates have any bearing
on reality is to compare the predicted lung cancer mortality
with the observed rates. The annual mortality rate for lung
cancer in California is about 40 per 100,000. In a population
of 10,000,000 people (such as the South Coast Air Basin) we
would expect an annual cancer mortality rate of 4,000 per year.
If we used the upper limit of risk presented in the DHS report
on chromium, as many as 2,285 cancers would be due to chromium
exposures. This is an extraordinarily high estimate of risk and
is clearly erroneous in light of the fact that smoking 1is
considered to be responsible for the majority of lung cancer
cases. :

CORCLUSIONS

SCE recognizes the desire of the ARB to proceed with the
review of toxic air contaminants of concern in California in a
timely manner. However, it appears that in the case of
hexavalent chromium, the fundamental data necessary for
conducting a population exposure assessment is not yet
available. The risk assessment cannot proceed until methods for
the speciation of hexavalent chromium in ambient air have been
valldated and ambient monitoring data have been obtained. Since
the DHS health assessment indicates that hexavalent chromium is
the form most likely to be carcinogenic in man, we suggest that
hexavalent chromium be listed as a "Level 1B Compound" (a
compound for which "significant additional information is
pending"”) until ambient monitoring techniques have been
developed and an adequate exposure assessment can be performed.
The ARB has conducted a risk assessment assuming that all
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airborne chromium is hexavalent. This assumption is
inappropriate and should be discontinued.

We also suggest that DHS focus only on those studies with
reliable exposure data when caleculating risk estimates for
hexavalent chromium and that the best estimates of Wworker
exposure to hexavalent chromium {(rather than extreme limits) be
used for calculating risk estimates.

Methods for calculating emissions estimates from residuail
0il combustion and cooling tower emissions should alse be
reviewed for accuracy since they appear to overestimate actual
emissions by a significant amount.

Sincerely,
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STATE OF CAUFDENIA ) Crlr ot Lo v W Govrenes

AIR RESOURCES ROARD

1182 O STFEET

ECx 285
( AARENTD, CA 9512

June 1§, 1985

Edward J. Faeder, Ph.D. - - -
Yanager of Environmental Operations
Southern Celifornia Eaison Company

PO Box 800

Rosemead, CA 91770

Dear Dr. Feeder:

Comments On Draft Chronium Report

Thank you for your comments on the Draft Chromium
Report. VYour comments on Part B have been referreg to the
= Department of Health Services for response, which, slong with
( your comments and this letter, will be included in Part C of the
Report to the Scientific Review Panel on Chromium. We will send
you a copy of that report. Our responses follow the same .
headings you used in your letter, .

(Summary of Issues)

EXPOSURE ESTIMATES:

Tnere are data available which have been used to

" estimete exposure to total and to hexavalent chromium, U.S. EPa

: Hational 2erometric pate Bank datz for total chromium, were used
LO assess exposure to total chromium. ARE data con ambient
hexavalent ana total chromium concentraticns were used to
estimate excess cancer risk due to amoient hexavelent chromium.
We believe that these data establish the presence of chromium &ng
chromium(vl) in the ambient air of California to a degree
sufficient to justify listing chromium(Vi) as z toxic air
contaminant,
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THISIION ESTIMALTZE:

The ernission sstimeater for sources related to the
eleciric utility incosizy we made uTing detz from several
ingepenaent sources. we acree thev an improved emission
inventory will be necessarv in eny control development process
for chromium(vi). vour gpecific comments on our emissions
estinates ere discussed below

FUIL OIL CONSUMPTION: i
Since the Zraft Report on Chromium was released, we
&lizee that the residuzl o0il consumed by vessel bunkering was
S T&KEn 10to acceunt when chromium emissions were estimated.
wWEVer, there ere no zveilable dzte to estimete how much
sicduzl oil was consumsad by vessel bunkering in 1983. fTnherefore
revised cur calculetions as follows: Resicual oil consumption
© non-utilities wes estimated bzsed on 1981 data in ARB's
Emisgion Date System andé the consumztiion of residuzl oil by
lectric vtility incustry in 1983 wz2s assumed to be 10 million
rels &s estiretec £y SCS. This crenges the estimeted
sumption from 74 nilliion berrels to 29,2 million tarrels. The
evisea celculations result in an emission estimate of 5.1 tons
of chronium from resicuzl o0il comoustion in 1983. In another
method, chromium emiscions were czliculated as & fraction of
Férticulete matter emissions. This gpgroach yielded zn estimate
of 20 tons of chromium per year. Tnese changes have been
reflected in the Report znd are discussed in kppendix C of Part A
of the Report.

at
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COQLING TOWZR ENIESSICNS:

We recognize that the electric utility industry in
Caliifornia may not use chromate acaitives in cooling tower water
&5 exXtensively &s it ¢id in the pPést. Eowever, chromium
emissions from cooling towers were calculated based on the best
evaileble data for inventory vesr 19é&l and/or 1979. Lower and
upper estimates of 0.23 to 9.2 tons PE€r vear were also given in
the Report. Therefore, without more specific information on the
ecutuel number of coclinc towers or concentration of chromium({VI)
for &l1 utilities, we think the range given ir the Report is the
best estimates 2t this time. We will be trying to get more
current and specific informztion on chromate use in cooling
towers in the near futire. We, therefore, would like to work
with SCE and other utilities to obtzin the best information
available for future estimates.

¢

_TRACE ELEMENT SPECIATION:

We recognize that, because the DHS has indentified
gose-response relationships for airborne chromium(vi),
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information on hexavalent chromium exposure from eénmbient zir
provides the most accurzte assessment of tnhe health impact of
atmospheric chromium, There are limited deata available on
embient concentretions of chromium(Vvi) in Celifornia; we have
usec these data in revising the overview to include an estimate ‘
of the health impact of atmospheric hexavealent chromium. Methods
do exist to differentiate between chromium(Vi) and total chromium
at ambient levels. We recognize that the methods for determining

air have not yet recejved extensive evaluation. ARB method 106,
Procedure for the Sampling and Analysis of Atmospheric Hexavalent
Chromium(VvIi), is based on validated methods for the determination
of hexevalent chromium in workplace air, eané water ang westewater
sa&nples. We have included & copy of Kethod 106 in Appendix D of
Part A. A limites interlaboratory study of this method has shown
egreement within 25 percent., MNethod development of a
chremium(VI) analytical method:is presently being done by the
Incroanic Toxics Amalytical Subcommittee of the Toxics Air
Konitoring Technical Advisory Committee (TAETAC) wvhich is
Comprised of technicel representatives 0f Federal, Steate, .and
local air guality and public health agencies.

Chromium(III) is determined by difference between tota]
chromium end chromium(VI). fTotal chromium measvrements usedé in
the exposure zssessment were done uvsing & vVeériety cf analvtical
methods, including X-ray fluorescence (XEF) methods similar to
ERB method 105: Procedure for the Sampling ang Anelysis of Total
Ztmospheric Chromium, Lead, Manganese, and Kickel, We have
included a copy of this method in Appendix D of part k. The
ARB's Heagen-Smit Laboratory pivision has characterized the
accuracy of Method 1025 as + 2 ng/m3, or + 10-20 percert at the
levels of 10-20 ng/m3 of total chromium observed in the ambient
air of cCalifornia., :

We believe the available informetion on etmospheric
levels of total znd hexavalent chromium in Californies
guantitatively establishes the presence ¢f these species in
ambient air to the exten: Deécesseary to justify listing

chromium(VI) &s & toxic air contaminant.

The ARB is working to better characterize ambient
ievels of chromium(VI) in Califeornia. s nmore temporally and
spatially representative data on chromium(Vvi) concentrations in
the state become availeble, it will be possible to make a more
precise estimate of the health impact of ambient chromium(vi).

CONCLUSIONS:

We believe, for the reasons stated above, that
sufficient evidence of population €Xposure to ambient
chromium(VI) exists to require evaluation O0Z chromium({Vi) as a
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TCYIC &1r cornLeninent. Ve &lfo believe mesed on

€Zlelts infornmerion sugpliec ov the TES and uEeC€ &nc emission
efTiretes, what chrormiun{Vl) snould re listed zg & texice zir
CirTiminant &nc Tre€dtec &s & substance having nc ¢ cinogenic
toresncla level.

We héeve deleted risk estimztes baseé on the essumption
tnat 21l ambient coromium is hexavelent, anc have included
revised risk estimates based on measured ambient concentrations
¢i hexzvalent chromium. AS VvOU reguested, we nave reviewed the
methods used for celculeting emission estdimetes from residuzl oil
combustion enc cooling towers &s cescribed orevicusly in this
letier. Basec on information which you orovicded, we revised the
enission estimate for chromium emission from fuel cil censumption.

kgein, thank you for your comments. If vcu nave other
cuestions, ple&ase contect Cliff Popejoy &t. (£15) 223-8503, of ny
steff.
,'-\
Sincerely, e ,
- /' /"—'“Tl’/
'/ o s - : P ‘ ™ '?
(s \:-...J’I"’/-/ \-/ L (lé{
Williarn V. Losciiofs, Cnief

\ -
Toxic rellusants Brench
Steticnzry Scurce Divicion

cc: reter D. Venturini
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- California Council for
Environmental and
" Economic Balance

1512 - 14th Street, Sacramento, CA 93814 « (916) 443-8252

May 13, 1985

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

Sacramento, CA 95812

RE: Report to the Scientific Review Panel on Chromium

Dear Mr. Loscutoff:

' The California Council for Environmental and Econonic
Balance (CCEEB) is a nonprofit organization whose board of
directors include leaders of business, organized labor, and
other public interest groups. CCEEB has reviewed the report
by the California Air Resources Board (ARB) and the Califor-
nia Department of Health Services (DHS) to the Scientific
Review Panel on chromium dated March 1985, and is presenting
the following comments for your consideration.

In summary, the Council believes:

(1) The risk assessment should be restricted in scope
to include only chromium (VI) since this is the
only species that has been associated with car-
cinogenicity in humans and animals.

(2) A more appropriate range of risk of the cancer
potfncy of chromium (VI) is 8.3 ¥ 10™% to 1.3 x
107+, ' -

(3) The ARB/DHS should review the studies used to
determine the risk associated with chromium (VI)
exposure and should focus on those studies with
the most valid data when developing risk esti-
mates. The report should more clearly state the
gquality problems associated with the studies cho~
sen for inclusion in the document and the uncer-
tainties these problems impose on the resultant
risk. estimates.

We believe a significant deficiency of the report is
-the lack of distinction between the different chromium spe-
cies when drawing conclusions on the risk associated with
exposure to chromium. In Part A of the report (Overview,
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Part Il., Page 6, Paragraph 2) ARB stztes that "Because toxicological'.
data implicating chromium (III) as =2 carcinocen are weak, and because
there is strong evidence that highly insoluble chromium (VI) compounds
are carcinogenic, the DHS identifies chromium (VI) as a human carcinoe-
gen and provides dose-response relationships." ARB concludes that
(Overview, Part IV., Page 11, Paragraph 1) "...we recommend that
chromium (VI) be listed as a toxic air contaminant and be treated as a
substance having no carcinogenic threshold.”™ The Executive Summary of
the Part B Health Effects Assessment (Page 3), however, states, "The
DHS recommends that the ARB take the increzsed lifetime carcinogenig
risk from exyosure to chromium as falling in the range of 3.0 x 10~

to 9.3 x 107" per microgram per cubic meter.” There is no indication
whnether the DHS is referring to total chromium or chromium (VI} in
this key statement of the Summary. It should be clearly stated that
this range assesses risk from chromium (VI) exposure, derived from
chromium (VI) dose-response curves.

The ARB then uses this range of risk estimates (3 to 930 per
ug/m3/million people) and applies it to ambient air quality data
representing the total chromium present in California's ambient air
(since there are no validated methods for differentiating between
chromium (VI) and chromium (IXII) a2t the low concentrations present in
ambient air). This is clearly inzppropriate, since the very conserva-—
tive chromium (VI) risk estimate a2pplied to this broad air quality
data base may greatly overstate chrorium risks in California. .

Preliminary data (which should be validated before any conclu-
sions are drawn} suggest. .that only about one-third of ambient total
chromium may be in the hexavalent form, according to Part B of the ARB
report. Applying the DHS derived risk estimate to the ambient chrom-
ium data in the ARB report, therefore, overstates the risk by a factor
of three or more. Clearly the reporr needs to be made consistent. We
believe the focus should be on chromium (VI), since this is the only
specles that has a defensibly demonstrated relationship with cancer.

A better ambient air quality data base which expresses the concentra-
tions of chromium (VI) found in the zir over California, must be
established to adequately address the risk associated with chromium
(VI}) exposure.

The Council further believes that the data support a different
range of risk from exposurf to chromium (VI). We feel that the lower
"limit"™ of risk (3.0 x 107° per microgram per cubic meter for a con-
tinuous 70 year lifetime exposure) is not the lowest scientifically
plausible estimate,, that a still conservative lower estimate night be
as low as 8.3 x 1077, and the actual risk as low as zero. As can be
seen from Attachment C of the enclosed critique performed by Roth
Associates, this value is the lower 95% confidence limit of relative
risk obtained when the best estimate of cancer potency from the
Mancuso study (1.4 x 107 “), which is considered by ARB/EPA to be the
most scientifically validated of the epidemiological assessments, is
adjusted for smoking, exposure, and relative risk. We further feel
that a more appropriate upper bound on risk is the most conservative
of the best estimates of cancer potency, which comes out to be 1.3 x
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10™1 in the Langard et al study (see Attachment A). The Council
therefore believes that the range of risk from exposure to chromjum
(VI) (i. eI the cancer potency) should be expressed as 8.3 x 107 % to
1.3 = 10 The Roth Associates' assessment details the data support-
ing this broader range. This report also expresses some of the con-
cerns we have with the quality of the available epidemiclogic data
associating chromium (VI) with cancer that the EPA and the DHS relied
on when performing their risk assessments, the validity of the use of
some of this data (i.e., the negative Langard et al and the Axelsson
et al studies}, and the uncertainties that we feel should be more
clearly expressed when data of somewhat questionable quality must be
included in risk estimations.

CCEEB believes that with these additional qualifications to the
report, the intent of AB1807 will be met. That is, the availability
and guality of data on health effects, and the range of risk to humans
from exposure, will be appropriately represented to assist the Board
in determining whether to list chromium as a toxic air contaminant,
and if listed, in maklng risk management decisions with respect to
chromium emissions in California.

The Council and its members appreciate the opportunity to submit
these comments.

Very truly yours,

&uv(lt}tk%\i ’“ﬂ*&%

Evelyn F. Heidelberg
Vice President

EFH:cpr
enclosure
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CRITIQUE OF THE CALIFORNIA AIR RESOURCE BROARD DOCUMENT ENTITLED,

"HEALTH EFFECTS OF CHROMIUNM®

| Frepared by:

Roth Associates, Inec.
6115 Executive Boulevard
Rockville, Maryland 20852

AN

May 7, 1985
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A.  INTRGDUCTION

This report contains an z2ssessment of some of the
conclusions in the California Air Resource Board (CARB) document
entitled "Health Effects of Chromiupg™, (February, 1985). The
CARBE report evaluates both the toxicological and epidemiological
-data on hexavalent (Cr VI) as well as trivalent (Cr III)
chromium. On the basis of animal studies CARB concluded that Cr
III is @ "weak carcinogen" while several Cr VI compounds have
demonstrated statistically significant increases in the rate of
cancer. Also CARB concluded that "no direct inhalation animal
studies have resulted in statistically significant increases in
tumor incidence.”

Despite the findings of a weak assoéciation between Cr VI and
lung cancer, a critical pcrtion of the CARB document is devoted
to estimating the risk ofllung cegncer in human populations due %o
Cr VI exposures. To-.computeé this risk CARB relied upon human
epidemiclogical data. The objective of this report is to
evaluate this risk assessment and, hence, CAKB's evaluation of
the epidemiologiczl data as well. Qur evaluation of the
epidemiological data entailed examination of factors such as the
experimental design of studies, the sample sizes, guality of
data, and validity of statistical computations. The evaluation
of the risk calculations consisted of an assessment of the
mathematical models used in thne analysis.

Sscope of Report: In addition to this section, this report
contains four additional seetions., Section B gives an overview
of CARB's results. CAﬁB used two different methodologies to
calculate the risks of Cr VI; the erude model and the competing
risks model.’ Secf&on C evaluates CARB's crude model calcula~
tions; Section D competing risk calculations., Finally, Section
E contains our conclusions.

B. OVERALL CARB FINDINGS

CARB's assessment of chromium contains an analysis of the
toxlcology, epidemiology, and exposure of the substance. The
heart of CARB's analysis, however, involves the calculation of
the risk of lung cancer mortality due to lifetime exposure of
hexavalent chromium (Cr VI). The indicator that CARB used to
assess this risk is "cancer potenéy" or the added risks



associated with ezch 1 ug/mE, increment of lifetime exposure to
Cr VI. CLRB relied on four studies z2nd two different
mathematical models to calculate cancer potencies. The studies
are Mancuse (1675}, Langard et z1l., (1980), Axelsson et al.,
(1980), and Pokrovskaya (1977).

The mathemztical models that CARB relied upon are the
competing risk and the crude models. Both the competing risk and
the crude models were applied to the Mancuso data, but only the
crude model was applied to the three other studies. Alse for
€ach study CARB calculated a lower, uppeéer, and best estimate of
urit risk. In totzl, fifteen dlfferent Scenzrios were examined,
but in one case there was insufficient data to complete the
analysis. CARB's results are presented in Attachment A.

Results: it can be seen from Atfachment A that CARB's

estimate of the unit risk of Cr VI ranges from 9.3 x 10-1 - the
upper limit in the crude analysis of the Langard et al., (1980)
cdzta ~- to 3.0 x 10™~ CANS the lower limit in the competing risk

analysis of the Mancuso (1975) data. Thus, even according to the
most liberal estimate, the unit risk of Cr VI is at least 10-3.
Using CARB's best estimates of cancer Poctency the unit risk
ranges from 1. 3 x 10“1 (the curde analysis of Langard et al.'s
study) te 1.2 x 102 (the comperting risk analysis of Mancuso's
study). Finally, it should be pointed out that CARB's cancer
potency estimates are actuvally EPA derived results (Health
Assessment Document of Chromium, page-7-79 to 7-97). Thus,
hereafler, we refer to CALRE's resulis as the CARB/EPA results.

-

e
C. ASSESSMENT OF ~5E CARB/EPA CRUDE MODEL CALCULATIONS
. “/;,_ |
In the first part of this section we describe the CARB/EFPA
crude model "calculations and in the second part we evaluate them.

Description: The general formula that CARB/EPA used for
caleculating unit risk was:

1-exp-[(R=-1) P,/d1,

where R is the relative risk, P. is the background risk in the:

0
absence of exposure, and d is the lifetime effective dose in

ug/m3. In cases where (R~1) P,/d is small the value of (R-1)
PO/d is approximately equal to the unit risk of cancer potency.
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In the analyses of all the studies the value EPA used for P WESs
0.036, which is approx1mately the lung cancer mortality rate in’
the United States. The relative risk (R), which is the observed
number of lung cancer deaths compzared to the expected number,
however, varied from study to study. In addition the lifetime
expected dose varied.

The lifetime expected dose was taken to be the product of
the average concentrations of Cr VI in the workplace and the
fraction of time spent in the workplace. Mathematically, this is
{exposure at workplace) x (fraction of day spent working) x
(fraction of year spent working) x {(fraction of years at rick) or

Exposure at Workplace x 8/24 x 240/365 x 1/4.

The values CARB/EPA used for R and d and their sources are given
in Attachment B.

An 'sis: There are many problems with CARB/EPL's.crude
model calculations., * Some of these are of a general nature and
others deal with CARB/EFPA's analysis of specific . studies. Below
we discuss both kinds. -

Genefal

One of the 'general problems is that as the name implies the
cerude model is extremely "erude®. It is based on the unproven
assunptions that (1) there is a linear relationshihp between lung
cancer mortality amd Cr VI _exposures and (2) lifetime exposures
can be categorized by a Tew selected measurements in the
workplace. If. either Q?’these assumptions are incorrect then the
CARB/EPA estlmatea of utnit risk can be off by orders of
magnitude. .

Secend, as can be seen from the following comments from the
EPA Health Effects Document, even the Agency recognizes that the
studies by Langard et al., Axelsson et &sl., and Pokrovskya are
"of poor quality™:

"From the quantitive risk assessment viewpoint, these
studies are less adequate than the Mancusc study...In an
effort to provide alternative potency  estimates, the data
from these less adequate studies have alsc been used by
the CAG to calculate the potency of hexavalent chremium.?



Specifics

In addition to the gererzal shortcomings with the CARB/EPA
gnalysis there are problems with the CARE/EPL treatment of
specific studies. We outline some of Lhese below,

1. Mancuso

Lt least seven problems exist with the CARB/EPA analysis of
the Mancuso data. First, even according to EPA it is question~
able whether the Mancuso study showed zn "associztion between Cr
VI ancd lung cancer. This can be seen from the following comment
in the EPL4 Hezlth Assessment Document:

"Thus, it is questionable whether the author's conclusion
with regard to a dose~response to both hexavalent and
trivalent chromium is correct. Furthermore, the lung
cancer death rates, which purport to show this dose-
response, are based on very small numbers, and thus the
finding of dose-response is probably questionable.” (Page
T=54.) =

It can be seen from the above that there is no basis for CARB/EPA
to use the Mancuso study for assessing the risk of Cr VI.

Second, EPA hypothesized that the true dose in Mancuso might
be double the dose used to calculate its best estimate.
Therefore, it multiplied the best estimate by 1/2. In addition,
EPA noted that it might have .overestimated worker risks because
it assumed similar smokigpg habits for werkers znd the general

population. Because of./this, it again multiplied its best
estimate by 1/2. Th;;end result, then, was to multiply the best
estimate by 1/% to obtain a lower limit. There is no

Justificatidn for these assumptions, an issve of extreme
importance because they alter cancer potency estimates by four-
fold.

Third, from the discussion in the EPA criteria document it
appears that Mancuso overestimated the relative risk of deaths
due to lung cancer .by a factor of 2. In Mancuso's study it was
calculated that the expected proportion of lung cancer deaths out
of all deaths was approximately 0.015. In the real world the
rate is approximately double this amount or 0.030.
Unfortunately, because Mancuso's study was not a published paper,
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we could not cbtain a copy of it to vérify his computations.
Mancuso's results were presented a2t a conference on heavy metals
in Toronto. :

Fourth, a close look at the results presented in the EPA
document indicates that some of the workers in the cohort started
working quite laste in their life at the chremium facility. By
the time they started working at the chromium facility they might
have already been exposed to carcinogens at other places. This
aspect of the study has not been factored into the CARB/EPFA
analysis. | |

Fifth, worker exposure was based on total chromium rather
than only on those compounds known tc be carcinogenie. This
underestimated cancer potency. LCPA estimated that this under-
estimation was unlikely to be more than seven-fold. To obtain an
upper limit, then, EPA multiplied the best estimate by 7. Again,
there is no data to support this adjustment. '

Sixth, EPA states (p. 7-90) that it estimated the relative
risk to be 7.2 by "combining the relative risks...in easch of the
age-expocsure categories, weighted by the relative magnitude of
person-years, as shown on table 7-19.," There are, however, no
relative risks in table 7-19 and it is not clear how EPA used the
information in that table to obtain them. (The denominator is
clearly the background rate given in this table¢; but the deriva-
tion of the numerator is not clear.)

Finally, EPA's calculafion of average lifetime exposure is
faulty, because it fails7fo adjust for the faet that workers are
exposed for only a ﬁ;a’ icn of their lifetime. AS'thg caleculz-
tion was done, Q?A/ﬁssumed expesure for 100% of the individual's
lifetime. This resulted in CARKB/EPA's underestimation of unit
risk. The degree to which it is an underestimate depends upon
the fracticn of years at risk which includes the period of first
expcsure until death, If this is L and 1l is the number of years
actuzlly exposed then CARB/EPA underestimated the risk by L/1.

2. Langard et al.

At least three major problems exist with the CARB/EPA
analysis of Langard et al. Exposure measurements were taken in
1975, while some workers could have been expecsed as early as
1928, when the ambient dust levels were much higher. Thus, the



cconcentrations te which workers were exposed were underestimated
and the cancer potency was coverestimated. Even in calcﬁlating a
lower bound toc cancer potency, EPA does not make any sdjustments
for the overestimation noted zabceve. The Agency states that
"these concentraticns [.01 and .134 mg/maj are used in our
potency celculations, with the understancing that the potency so
estimated can only be considered an upper bound estimate® {(p.. 7-
93). In fact, however, EPA presents both upper and lower limits
based on the above concentrations, in contradiction to its stated
caveat.

Second, Langard et al., reported a relztive risk which is
not statistically significant (7/3.1 = 2.26). However, EPA
drbitrarily inflated this value to 8.5 and made it statistically
significant and used it to calculate cancer potency. By doing
this, the Agency overinflated their unit risk estimate by six-
fold. Thus, instead of 2.3 x 101 their best estimate should be
3.9 x 1072 due to this factor alone.

Finally, the workers in the study were exposed
simultaneously to other lung carcinogens such as asb&stos zand
smoking. An adjustment for these factors would reduce the value
of the relative risk and consequently reduce the estimate of
cancer potency.

3. Axelsson et al.

There were three major problems with the CARB/EPA analysis
of Axelsson et al. rirst, Ehis study did not show a significant
increase cof lung cancgﬁf:nd the Agency concluded, "and thus only
the statistical upper dound of the response [relative risk] can
be used in potenc¥ estimation” (p. 7-81). The use of the gc%
upper bound on relative risk is atsurd. There is no rationzle
for it (and none is given}. It falsely inflates the potency
estimate from a study that did not even show =z statistically
significant risk. The CARB/EPA best estimate of unit risk was
3.5 x 10_2, based on the actual relative risk the number should
have been 1.3 x 10~2.

Second, the}e were four groups of exposed workers and one
contreol group in the study. The EPA took only the group of
maintenance workers for cancer potency estimates. The group of
metal grinding sampling workers, who were supposedly a2t the szme
exposure levels as the maintenance workers in respect of




hexavalent chromium, shédld hzve also been included in the
analysis. And zlso, the group of arc-furnzce workers who were at
higher levels of exposure should have been included.

Finally, it is not known how and when the levels of
exposures to Cr were determined. There is an indication that
there were other lung carcinogens, viz asbestos and smoking, to
which the workers were epxosed simultaneously.

4, Pokrovskaya

At least two major problems exist with the CARB/EPA analysis
of Pokrovskaya. First, the cohort in this study is not well
defined and, thus, the validity of the data is uncertain.
Second, lung cancer mortality ratios were given as 4.4 for the
age group 30-39 and 6.6 for the age group 50-59 among mzle
workers. Without any justification EPA simply takes 6.6 as its
estimate of the average relative risk. Based on the 6.6 value
the best estimate is 6.2 x10"2 whereas based on the relative risk
of 4.4 it will be 5.6 x 10™2,

-

D. ASSESSMENT OF CARB/EPA COMPETING RISK CALCULATIONS

As with Section C, this section is divided into two parts.
The first part describes the CARB/EPA methodology and the second
part assesses it. - | : ‘

Description: Injgpgcnlating unit risk using the competing
risk model CARB/EPA gssumed that, (1) the occurence of lung
cancer mortality at~a particular age follows a Poisson distribu-
tion (2) the oeturence of lung cancer incresses with age and (3)
the increased incidence of lung cancer due to expesure increases
with age. The general model EPA used for age-specific incidence
of lung cancer is '

I (t,d) = B{(t) + h(t,d)

where B (t) is the background rate at age t and h (t,d) is the
rate due to dose d at age t and is assumed to have the following
functional form:

t

h (t,d) = Q (a) tK=7 with Q (d) = qqd + gpd?.



The parameters 41, Qo2, and kK were estiracted based on the
assumption that the number of lung cancer deaths at age t, X,
fellows a Poisson distribution with the mezn value:

EX = N x (B(t) + Q(d)tk-1),

where N is the person-years azssociated with X. Once h (t,d) is
cetermined the lifetime risk associzted with an exposure d, F
(L,d), can be determined as follows:

L s
P (L,d) :jrexp-[A(s)] h (s,d) exp {-[-/h (y,d) dyllds
0 0

Here exp [-A(s)] is the probability of surviving to age s and L
is the entire life~span possible. The entire expression under
outer integral sign is the probability of surviving to age s and
then dying between the ages s and s + ds of iung cancer as a
result of exposure. to a dose d. P (L,d) gives the lifetime
probability of dying of lung cancer as 2 result of expesure to a
dose d. P (L,1) is the unit risk (i.e., the risk 2ssocizted with
lifetime exposure to a dose of 1).

Apnalysis: As stated above EPA based its competing risk
calcuiations entirely on the Mancusc study to do competing risk
analysis. All the problems with the Mancuso study. listed zhove
are, thus relevant in this 'case as well. In addition, the
following other problems exist with EPA's competlng risk
computations. . .

."‘AV .

First, EPA's c&épetlng risk formula is based aon the

assumption that/ﬂncreased incidence of lung cancer due to

expasure is_dose dependent and a2lso increases with age. These .

ascumptions, however, are not supported by epidemiological
studices. Further, the dose-response valie of the Mancuso study,
in EPA's own words, is "questionable" and therefore, EPA's use of
the Mancuso study for competing risk calculztions is absurd.

Second, EPA based the value of A(s) (the probability of
surviving to age s) on U. 8. Vital Statistics. This fails to
take into account the risk factor of exposure, and is therefore,
incorrect. Because risk factor data are unavailable we do not
know the magnitude of error that was introduced because of this

probiem.




E. CONCLUSION AND RECCMMEKDATIONS

In summary, CARB/EPA have anzlyzed the toxicological and
epicdemiclogical data on Cr VI and Cr III. With respect to Cr III
CARE/EPA found hardly any evidence of an association between
exposures and cancer. CARB/EPA, however, found stronger but
still weak evidence of an asssociation between Cr VI exposure and
Cancer, To estimate the human population risks eof Cr VI
exposures CARB/EPA relied upon two mathematiczl models (the crude
‘model 'and the compeéting risk model) and four epidemiclogical -
studies (Mancuso, Langard et al.,, Axelsson et al., and
Pokrovskaya). ' '

The CARB/EPA estimates of the lung cancer risk due to each
inerement of 1 ug/m3 of Cr VI ranged from 9.3 x 10~ to 3.0 x
10-3, with the best estimates ranging from 1.3 % 10~1 to 1.2 x
102, There are, however, many serious problems with CARE/EPL's
estimates which wheén corrected raise the guestion if Cr VI is &
lung carcinogen at'all. In any event strong indications exist
that the CARB/EPA's unit risk estimates might be 1ncorrect by
several orders of magnitude.

One of the problems with the CARB/EPA analysis is that the
results are not supported by the data. Two of the studies that
the CARB/EPA uses in its analysis did not show any significant
association between lung cancer and Cr VI (Langard et al. and
Axelsson et 'al.). In iaddition, the epidemiclogical study EFA
relies upon most heavily AMancuso) is of "™questionable quality"
in the Agency's own wprds. Lastly, the fourth study upon which
CARB/EPA relies on .#n its calculations (Pokrovskaya) has a
population whlcgfgs’not well defined.

In addition, there are many problems with the EPA calcula-
tions because they fail to consider factors such as smoking and
exposure to other lung carcinogens such as asbestos, critical
factors in analyzing the causes of lung cancer. Furthermore, the
sample sizes and quality of both the health data as well as the
exposure are questionable. Moreover, there are serious questions
about the assumptions underlying both the crude and competing
models which could easily have altered the CARB/EPA estimates of
cancer potency by orders of magritude.

Finally, given all the problems with the data it would be
highly speculative to estimate the cancer potency of Cr VI from



the studies and models discussed in the CARB/EPL report.’ Despite
this we have tried to adjust for some of the quantitative
problems with the CALAEB/EP. calculzations of cancer potency. In
this analysis we started With the CARB/EPL best estimate of
cancer potency (based on the Mancuso data and the crude mode]
calculations) and adjusted for the following factors: smoking,
€Xxposure, and relative risk (fttachment C). A discussion of
these factors is given in the Mancuso section of this repert.

As can be seen from Attachment ¢ the CARB/EPA best estimate
¢l cancer potency is 1.4 x 1072, Adjusting for smcking alone
recduces the best estimate to 7.0 x 10‘3, for exposure alone to
7.0 x 10“3, and for relative risk alone to 4.8 1073, Adjusting
fer all three factors simul taneously reduces the cancer potency
to 1.2 x 1073, In addition, if the lower 95% confidence 1imit of
relative risk is used then the cancer potency 1s 8.3 x 10‘“.
Caution should be obse}ved, however, in overinterpreting these
values beczause they Ere based on highly questionzble data and
zcsumptions. Furthermore, they neglect to consider factors which
We were unable to quantify. These latter factors might be of
greater importance than the varizbles for which ve adjusted.

Ir conclusion, the CARB/EPA best estimate of cancer peotency
ranged from 1.4 x 10~ to 1.3 x 1071, Adjusting for some of the
quantitative problems with the CARB/EPA analyses we obtain a
range of 1.3 x 10~ to 8.3 x 1074, This range, however, fzils to
take into account severazl factors which might extend the lower
end of the range by several orders of magnitude.

.;.?‘." ’
P4
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Table IV-1%,

Arr/*\1anr A

HEXAVALENT conontun IN AIR AT A CONCEHTRATION CF-1 ug/nﬁ

CONPARISON OF UNIT RISKS FROM A LIFETIME-AVERAGED EXPOSURE T0

Pata Source -

Hodel

‘ Hancuso

(1975

Hancuso

(1975)

l.Langard et al.
(1980)

Axel sson et al,

(1980)

Pokrovaskaya
(1973)

competing

risks

crude

. ¢rude

crude

crude

I

. Dest
Lower Limit" Estimate  Upper Limit#
3.0 x 1073 1.2 x 1072 8.4 x 1072
3.5 x 10~3 1.4 x 10°2 9.8 «x
1.9 x 10™2 1.3 x 10~ 9.3 x 10~
Mot available 3.5 x 10~2 3.5 x 1072
.
5.2 x 1072 9.2 x 1072 1.6 x 107!

10-2 -

"Criterfa for establishing the lower and upper limits are study dependent
(See text for explanatlon.)



ATTACHHENT B

CIRONTIH:  EPA CALUCLATION OF DEST ESTTHATES USTIG CRIE HIDEL:  OVERVIEW

“ (2)
N1 EXPOSURE AT (3) ()
M1AIVE © REF. WOIKITACE  REF. LINUTTHE  BEF. CANCFR POTLICY (ng/m3)-!
STINY __,L‘l:_li:\.__\-,_s FAGEY  _{ug/ud) . PAGE!  _pogete PAGEY 2 [{1)2).01_x 0.0%0/(3)_
) b -
1. Mincuso 7.2 7-00 - 15.5 7-90 1.4 X 1072
. (Y
(197%)
2. Langard et al. 8.5  7-92 1.9 7-93 0.1 7-93 1.9 x 107°
(1980) 251 ,6 1.0 9.3 X 10!
(iecmelric mean:
1.3 x IU"|
3. Axclsson et al, 3.7 7-04 50 7-94 2.1 1-95 3.5 x 102
(1980) :
H, Pokrovskaya 6.6 7-95 0.02 x 103 T-95 1.1 7-96 N 5.2 x 10~°
et al. (1973) 7-90 0.07 x 103 - 3.8 1.6 % 107}
Gecmelrie mean:
r 9.2 x 107°

Yiclerence: fieallh Assesament Document for Chramlim.  Fiml Report. U.S. EPA, August 1984,

.“etime Dose (in “g/m'i) = (Exposure at Horkplace\. 8721) x (210/365) x (1/0), ’




ATTACHHENT C

QUANTITATIVE FACTORS INFLUENCING EPA'S BEST ESTIMATE OF THE
CANCER POTENCY OF Cr. VI USING THE CRUDE MODEL: MANCUSO (1975)

\\\ 1

Y
\ . |
' W, o :
SMOKING EXPQSURE LE!EL% RELATIVE RISK LOWER_CORFIDENCE LIMIT CANCER_POTENCY
(Y 2
Ne No No No 1. x 10~
Yes No No No 7.0 x 1073
No Yes No No 7.0 x 10°3
No No Yes - No n.,8 x 10-3
Yes Yes “Yes No - 1.2 x 10"3
Yes " Yes Yes Yes 8.3 x 10-Y



STATE OF CALIFORNIA ‘ 3 . - _____ GEORGE DEUKMEIIAN, Govemor

AIR RESOURCES BOARD
1102 O SIREET . '
P.O. BOX 2815

SACRAMENTO, CA 95812

June 13, 1985

Ms. Evelyn F. Heidelberg

Vice President

California Council for Environmental
and Economic¢ Balance

1512 - l4th Street

Sacramento, CA 95814

Dear Mr. Heidelberg:

Comments on Part A of the Draft Chromium Report

Thank you for your comments and suggestions on the -
Draft Chromium Report. The Department of Health Services will
prepare responses to your comments on Part B. Those responses,
this letter, and your coments will be included in Part ¢ of the
Report to the Scientific Review Panel. We will send you a copy
of that report. I am responding to your comments in the Same
Sequence as in your letter, :

Several people commented, as you did, that the
application of dose-response data for hexavalent chromium to
total ambient chromium concentrations provides estimates of
€xcess cancer risk which, because they represent worst case or
upper bound estimates, are unrealistically high. We have revised
the overview to inclade estimates of excess cancer risk which
reflect current knowledge of ambient hexavalent chromium
concentrations. The resulting risk estimates are approximately
one-third the value of the upper-bound estimates.

Please note that the Department of Health Services has
revised the upper-bound dose-response relationship, and that the
ranges.of excess cancer risk have been changed accordingly,

We recognize that the methods for determining
"chbromium(VI) and total chromium at low concentrations in ambient
air have not yet received extensive evaluation., ARB method 106,
Procedure for the Sampling and Analysis of Atmospheric Hexavalent.



Ms. Evelyn P. Heidelberg -2~ , June 13, 1985

Chromium(Vi), is based on validated methods for the determination
of hexavalent chromium in workplace air, and water and wastewater
samples. We have included a copy of Method 106 in Appendix D of
part A. A limited interlaboratory study of this method has shown
agreement within 25 percent. Method development of a
chromium(Vl) analytical method is presently being done by the
Inorganic Toxics Analytical Subcommittee of the Toxics Alr
Monitoring Technical Advisory Committee (TAMTAC) which is
comprised of technical representatives of Federal, State, and
local air quality and public health agencies.

Chromium(IXI) is determined by difference between total
chromium and chromium(Vvi). Total chromium measurements used in
the exposure assessment were done using a variety of analytical
methods, including x-ray fluorescence (XRF) methods similar to
ARB method 105: Procedure for the Sampling and Analysis of Total
Atmospheric Chromium, Lead, Manganese, and Nickel. We have
included a copy of this method in Appendix D of Part A. The
ARB's Haagen-Smit Laboratory Division has characterized the
accuracy of Method 105 as + 2 ng/m3, or + 10-20 percent at the
levels of 10-20 ng/m3 of total chromium observed in the ambient
air of california.

We believe the available information on atmospheric
levels of total and hexavalent chromium in California
quantitatively establishes the presence of these species in
ambient air to the extent necessary to justify listing
chromium(Vi) as a toxic air contaminant.

The ARB is working to better characterize ambient
levels of chromium(VI) in California. As more temporally and
Spatially representative data on chromium(VI) concentrations in
the state become available, it will be possible to make a more
precise estimate of the health impact of ambient chromium(vI).

Again, thank you for your comments. TIf Yyou have any
questions, please contact Cliff Popejoy of my staff at
(915) 323-8503.

Sincerely,

ng&lﬁu;- {%&;;xgbaxizi
William vV, LosTutoff, ief

Toxic Pollutants Branch
Stationary Source Division

cC¢: Peter D. Venturini.
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Mr. William V. Loscutoff
Chief .

Toxic Pollutants Branch

Air Resources Board
Attention: Chromium

P. 0., Box 2815

Sacramento, California 95812

Dear Mr. Loscutoff:

Allied Corporation would 1ike the Air Resources Board, the Department
of Health Services, and the Scientific Review Panel to consider our
comments and the additionati informaticn included therein. We are
attaching copies of comments provided to the United States Environ-
mental Protection Agency dated January 15, 1985 and the assessment
report by the EPA's Science Advisory Bozrd dated January 4, 1985,

This information combined with that previously submitted causes us to
believe that the unit risk estimate is far too high even using the
standard conservative EPA upper bound, linear low dose model,

It is hoped that this information w11l be given serious consideration
since it appears that public comments have not been given any
significant consideration thus far in the proceedings.

Sincere]y,

kkjﬁtLNl§A37—*\

jf A. Hathaway, M, D,

Direcior - Medicael Services
Chemical Sector

J&Y/ hmw
Enclosures

4%ZL



In response to the ARB's request for comments on the draft Report,
Allied Chemical submitted, with a cover letter, its January 15, 1985 comments
to the U.S. EPA, and an assessment report by the EPA's Science Advisory Board
dated January 4, 1985. These documents were provided to the Scientific Review
Panel, and are available upon request from the Toxic Pollutants Branch of the
California Air Resources Board.*

* See note on page ii.



STATE OF CALIFORNIA GECRGE DEUKMEJNAN, Governor

(t"‘ RESOURCES BOARD

2 STREET
BOX 2815
SACRAMENTO, CA 95812

June 18, 1985

J. A. Hathaway, M.D.
Director, Medical Services
Allied Corporation
Chemical Sector

P. 0O, Box 113SR
Morristown, NJ 07960-1139

Dear Dr. Hathaway-

Comments on the Draft Chromium Report

- Thank you for your comments and suggestions on the Draft
( Chromium Report. We have referred your comments to the
- Department of Health Services (DHS) for response., Your comments,
their responses, and this letter will be included in Part C of
the Report to the Scientific Review Panel. We will send you a
copy of that report.

If you have any questlons conccrnlng this matter, you
may contact Cliff Popejoy at (916) 323-8583.

Again, thank you for your comments.
Slncerely,

N7

Wllllam V. Loscutoff, ief
Toxic¢ Pollutants Branch
Stationary Source Division

cc: Peter D. Venturini



Biamond Shamrock '
Chemicais Company Technical Center

May 10, 1985

Mr. William V. Loscutoff, Chief
Toxie Pollutants Branch

Air Resources Board

Attention: Chromium

P.0. Box 2815

Sacramento, California 95812

Dear Mr. Loscutoff:

. These comments are being submitted by Diamond Shamrock Chemicals Company
in response to the Draft Report to the Scientific Review Panel on Chromium,
dated March 1985. Diamond Shamrock is the largest domestic producer of
Chromium Chemicals. OQur bssic products are sodium bichromate and chromic acid.
Diamond”s manufacturing facility, located at Castle Hayne, North Carolina, is
the newest chromium chemicals manufacturing facility in the United States,
being completed in 1972 and reflects state of the art process, hygiene and
environmental technology. We appreciate the oppartunity to participate in this
evaluation of chromium, We would be glad to discuss our assessment of chromiuvm
health effects further with ARB/DHS/SRP members either in person or over the
phone.

-~

’/'

We disagree with the Califormia Air Resources Board ({ARB) recommendation
that chromium (VI) be identified as a potential cancer causing tozic air
contaminant with no threshold. While chromium is a measurable air contaminant,
we do not feel that the body of data on the health effects associated with
exposurTe to chromium from ambient air sources supports the Eealth and Safety
Code Section 39655 requirement that the air pollutant "may cause or contribute
to an increase in mortality or an increase in serious illmess, or which may
pose a present or potential hazard to human health.” Although the informatiom
on chromium clearly shows that there are both acute and chronic hezlth effects
associated with overexposure, we feel very strongly that these data also
indicate the presence of a carcinogenic threshold. The bhuman body can detoxify
chromium (VI) at low levels of exposure, and only when the system is overloaded
is there & carcinogenic risk. As a result, we do not feel that chromium (VI)
causes or contributes to-an increase in mortality and/or serious illness, nor

- does it pose a present or potential hazard to human health at the ambient
(; concentrations encountered in the State of California or other locations.

Diamond Shamroclk Chemicals Company A SuBsid:ary of Diamond Shamrozk
P.O. Box 181. Painesvilie. Oni¢ 44077 Prone! 216 357-3800



Page 2

To date, there is no convincing datas showing a cause effect relationship
between exposures to chromium at current ambient concentrations and cancer.
The omly link presented by CARB between exposure to acwbient levels of chrome
and cancer is a wmathematical risk assessment model which by its design (linear
response) required a finite cancer risk even on an exposure level of one
molecule per cubic meter of sir.

In gemeral, we feel that the "Part A" report overestimates the total
emission of chromium into the atmosphere from the wvarious source segments
mentiomed. This 1s evidenced in at least two segments; that of plating and
container glass manufacturing. A better inventory of emission of total &
chromium (VI) for the State of California is needed.

Additional efforts should be made to estimate emissions to the atmosphere
from natural sources; i.e. beach sand. There should be a comparison of natural
sources with anthropogenic (man-made) emissions contributing to ambient levels.
The more Ttecent dichotomous data which indicates much lower levels of
potentislly respirable total chromium should be used in favor of the 1977 EPA
data used by CARB to estimate ambient air total chromium. CARB also describes
information on chromium (VI) ambient levels which it labels as preliminary
(Page III-7, Part A) ~ apparently without the peer review that DES would
require on health effects data. The combined overestimate of ambient air
concentrations resulting from the use of the 1977 data and using their
prelimivary chromium (VI) data would result in a calculated chromium (VI)
ambient concentration of approximately one billionth of a gram per cubic meter
of air. This is 125,000 times less than our menufacturing facilities current
action level of 0.0125 mg/M3. The health record at our Castle Hayoe facility
has not shown a case of lung cancer during its 13 years of operatiom. We
believe that the typical levels of exposure presently maintained at the Castle
Hayne facility adequately protect the health of our employees and that these
exposures represent a no-risk (or below threstold) limit over an eight hour per
day, forty hour work week; exposures many times greater than current ambient
alr levels. ‘

It 15 also noteworthy that the ﬁverage daily exposure to chromium due to
ambient air 1s approximately 800 times less than the Estimated Adequate and
Safe Intake (EASI) of 200 pg/day required for good health.

Specific comments on the document have been categorized and are summarized
below:
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RISK ASSESSMEKRT

- The data of Mancuso are of limited value, particularly in that the
exposures were not well characterized., Given the limitations of these
data, we would expect that the statistical treatment of the available data
on a matter as sensitive as estimating lung cancer death rates omn exposure
to industrial materials would be as rigorous as our current knowledge
about statistical estimation procedures makes possible. Complete work
histories were available for each worker. With such & datz set it is
unfortunate & statistical method was selected that smoother over worker to
worker exposure differences and age differences. The analytical treatment
is incapable "of accommodating any data on smoking habits or race
differences, bothk known to influence significantly lung cancer death
rates. Moreover, the estimates of background lung cancer death rate was
chosen from U.S. Vital Statistics for 1964. No figures are provided that
would allow one to assess the effect of this choice on the estimated risk
over background of lung cancer deaths among workers exposed to chromium.

- The dose-response data available from the Mancuso study and other
epideriological studies are 1uadequate to allow a quantitative risk
assessment, linear extrapolation is not justified and therefore this
precludes an evaluation of risk at low levels of exposure. In addition,
substantial scientific evidence is ztcumulating to suppoort the concept of
a threshold for chromium (VI) carcinogenicity.

- It 1is disappointing to see the Department of Health Services
scientists not being critical of the U.S. EPA derived risk assessment.

- The original intent of the EPA was to use risk assessment as a tool
to rate the relative carcinogenic potentisl for various substances.,
The estimated lifetime risk has not changed from the very crude estimate
that it really represents to an “etched in stome fact® which used
inappropriately by many government agencies and can be grossly abused by
non-technically trained people,

- CARB“s use of the ng/M3 unit in its estimate of lifetime risk
assessment isn”t consistent with the pg/M3 exposure levels estimated by
EPA. TUse of nanograms per cubic meter implies present ambient air levels
are a risk. This is an extrapolation of three orderof magnitude beyond
the date used in the model.

.- A Canazdian University study (McMaster University) on chromium heslth
effects titled "Effects - of Chromium Compounds on Human Health" and
prepared for the Occupational Health and Safety Division of the Oumtario
Ministry of Labor on pages 1-4, paragraph 1.10 concludes "Dose-response
data available from epidemiological and animal studies of chromium
carcinogenticity are of limited value in quantitative risk assessment."

A copy of this document has been included for your review.
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THRESHOLD

- There¢ 1is a growing amount of scientific evidence supporting the
concept of 2 threshold for chromiuvm (V1) carcineogenicity. Results of a
lifetime study in which hexavalent sodiue dichromate was given
intratracheally to rats demonstrated that doses distributed over 5 days
per week had a weaker carcinogenic effect than the installation of a
single dose once per week. Lung tumors were found in 20 of 80 rats
exposed to 1.25 mg/kg of sodium dichromate omce a week. There were no
tumors in 80 rats exposed to the same weekly dose given at 0.25 mg/kg of
sodium dichromate 5 days per week.

The interpretation of this observation is that the defense mechanisms
(physiological and/or biochemical) are capable of inactivating Chromium
(V) and a carcinogenic respounse occurs only when these mechanisms are
overwhelmed. Even though this study is as yet unpublished, it was
submitted to DHS for review. No specific mention of the report was made
to indicate that its support of & threshold was even considered.

- Metabolic systems have been found to reduce the mutageﬁicity of
sodium dichromate {(Cr VI) in the Ames Test. Human gastric juice,
erythrocyte lysates and 59 fractions from liver, lung and kidney cell
decreased chromium (VI) mutagenicity. Mutagenicity is reduced as the
Cr VI 15 vreduced to Cr III. These findings contribute to the
interpretation that: (1) the reductiorn by gastric juice is comsistent
with the lack of oral carcinogenicity for chromates and (2) the activity
by erythrocyte lysates is consistent with the lack of tumors at sites
distant from chrome implant sites. The activity of $9 fractioms for
reducing Cr VI was through NADPH-requiring pathways snd receat studies
suggest this pathway may be induced by exposure to low levels of chromium
(VI). Simce Cr III is readily trapped by cytoplasmic ligands, this
phencmenon indicates an intracellular detoxification of chrome and support
for the conclusion of a threshold for chromium (VI) carcinogenicity.

- Representatives of IHF from Diamond Shamrock would be pleased to
discuss this study and the interpretation of its results with SRP/ARB/DHS
members sbould it be desired.

TERATOGENIC EFFECTS

There is no human evidence that chromium compounds are associated with
birth defects or other reproductive disorders, therefore Chromium (VI) should
not be considered to pose a human teratogenic risk. The older animal srudies
which reported teratogenic effects for various chromium chemicals should be
closely reviewed and reevaluanted ag to dosage and matermal toxicity. The
definition of maternal toxicity has been a relatively crude index and recent
reviews have suggested that underlying mechanisms should be investigated and
employed to define "“maternal toxicity" with grester precision (Khera, K.S.
(1985) Teratology 31:129-153). It may be that teratogenic effects were
observed in these studies only when the matermal health was adversely affected,
thus compromising the conclusion of positive teratogenic response for chromium
compounds. g
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ESTIMATE CT AMBIERT ATR CONDITIONS

- The statement that "Health effects other than cancer are not expected
to occur at ambient levels (Page 6) implies that chromium (VI) ezposure at
ambient levels causes cancer. This has not been demonstrated. It should
be reworded. The only link between cancer and ambient chromism (VI)
exposures is a mathematical model predicting a risk by virtue of the model
form selected (i.e. linear response).

- CARB does not present information to support its statement that
controlling man-made chromium emissions will ‘impact and reduce sambient
concentrations of chromium (Page 10). :

- ARB Dichot. sampling data show significantly lower ambient zir levels
than the 1977 EPA information used to develop ambient air estimates for
California. Page III-20, #4 points this out as a potential weakness.

Even though the data was collected for less than one year, these ambient
levels indicate a change in air quality since 1977. The conclusion on
Page III~22 is definitely not correct for total chrocium. "In summary,
intake of chromium from ambient air represents by far the most significant
exposure route to chromium, especially for chromium (VI)." Daily intake
of food on Page III-22 is shown as 90 ug/dsy. Inhalation would result in
.24 pg/day.

EMISSYON IRVENTORY

The estimate emissions from the plating industry seex to be overstated.
Estimates were calculated assuming all emissions were uncontrolled. A plater
we contacted in California indicated that scrubbers were already required in
their a2ir basin. :

Conversations with members of the container glass industry indicated that
emissions from Galle Glass do not appear typical of other green . glass
manufacrurers.

Additional and more accurate emission and ambient concentration data for
Chromium (VI) are needed before meaningful regulations can be written,

MISCELLANEOUS

The use of the relative terms — weakly and highly - to describe mutagenic
effects of chromium on Pg. 1 of the DAS executive summary should not be used.
The report doesn”t give any indication as to how chromiuz compared to other
mutagens.

Sincerely,

Vebl s

Ralph E. Temple, Manager
Research & Development
Chromium Chemicals

RET. kjv



§127E OF CAIFCTIA o : GEOSGE DEUKMEJIAN, Governor
AR -RESOUR C S BOARD
L1t 2 SYREET

JX 2815

AMERTO, CA 95E12

June 20, 1985

Kr. Ralph E. Temple, Manager
Research & Development
Chromium Chemicals

piamond Shamrock Chemicals Co.
PO Box 181

painesville, OB 44077

Dear Mr, Temple:

Comments On Draft Chromium Report

= , Thank you for your comments on the praft Chromium

( Report. We have referred your comments on Part B to the

~ pepertment of Eealth Services for response. Their response, your
cormments and this letter will be included in Part C of the Report
to the Scientific Review Panel. We will send you a copy of that
report. I am responding to your comments under the same headings
you used in your letter.

(General Comments)
.page 2z, Paragraph 3:

Because chromium found or occurring in the natural
environment (i.e., chromium from non-antropogenic sources) exists
in the trivalent state, as chromium(III), &nd because it is
chromium(VI) that the DHEHS has identified as & human and aninal
cércinocen, we believe that specific efforts to estimate
er.icsions of chromium from naturel sources are unnecessary. AS
edditional date become aveileble on ambient total and hexavalent
chromium concentrations, it will be possible to better assess the
relative atmospheric levels of chromium(III) &nd chromium(VvI).

the ARB dichotomous sampler data is lower than the EP2
data used to assess exposure because of differences in sampling
method. fThe ARB dichotomous samplers collected atmospheric

-
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perciculate matter with & diamecter cf 10 ricrometers {um) or
less; the ZPA total suspended particulate (7SP) semdlers
collecteqa atmospheric péarciculate metter with & diameter of 50 um
or less. Tnerefore the ARB dicnotomous dete is &ifferent than
the EPA TSP data because it represents a swmaller size fraction of
chromium—containing particles. We feel it is appropriate to use
the EpPaA TSP data for the exposure assessment becaise the the
methceds used to gather chromium concentration date in the studies
used by the Department of Health Services to develop the
chromium(VI) dose~response curves were not selective for particle
size, and therefore more closely resenble TSP crllection methods.

The ARB data on ambient chromium(vI) concentrations
which was lableled "preliminary" in the dreft report have been
deemed final, subseguent to internal review. We recocnize that
the d&ta on ambient chromium(VI)} concentretions heéve not received
peer review in the same way as heelth effects date used by the
Department of Health Services. The seémpling &nd anélysis method
used to collect the data (ARB methoc 106, included in zppendix D
to the Report) is being reviewed by & subcommittee of an
interagency technical adviscry committee, the ~oxics Air
Monitoring Technical Advisory Ccommitte. 2 limited
interlezboratory study of the method snowed acreement within 25%.

We believe that zpplication of industriel workplace
standarads for chromium(Vi) to ambient &ir is ineppropriate, and
we will continue to rely on the dose-response relzationships for
chromium(VI) supplied by the Department of Kezlth Services.

If you have a formal peer~reviewed epidemiological
study of the workers at your facility, please provide it to us,
and we will feorward it to the Department of Eezlth Services (DES)
for evaluation.

Evidence shows that chromius ingested in food is in the
trivalent state, whereas a significant portion of ztmospheric
chromium may occur in the hexavalent form. Beczuse the DHS hszs
identified chromium(VI) to be a humen carcinocen, &né indicated
that insufficient evidence exists to classify chromium(III) &as a
carcinogen or non-carcinogen, anca beczuse chromiun(IIl) is poorly
absorbec from the gut, we believe tna:r comparisons of
chromium(III) ingestion in diet and chromium(Vi) inbalation are
unjustified,.

(Specific Ccomments)

Estimate of Ambient Air Concentrations

Available information indicztes that neturelly-occuring
chromium occurs in the trivalent stzte. There is no informaticon
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I'r. Felph E. Temple T - June 20, 1C&5

to sugcest that chromium({IIl) emitted from neturel sources
{ertrainment of chromium(III) conteining soil, for instance)
wocula be oxidized in the ztrosphere to coromium({VvVi). Because
there are no natural sources of chromium(VI), we believe there is
& hich likelihood that decrezsing chromium(VI) emissions to the
etmosphere will decrease ambient concentrations. We have chanced
the report to read "...may reduce...” instead of "...will )
reduce..." to reflect this, ‘

There is a difference between EPA date and ARB data on
embient chromium concentrations because &ifferent sampling
technigues were used. This bas been described in more detail
previously.

As you point out, a ¢rezter guantity of chromium({III)
is consumed as part of the average diet that is innaled. The
stetement maae in the Draft report that "intske of chromium fron
ambient &ir represents by far the most significeant €xposure route
to chromium, especially chromium{Vi)* is bzseé on the difference
in the health effects of ingested chromium(III) and inheled
chromium(vi). -

Emission Inventory

We &are unaware of any 2air Folliution Control District or
Lir Quelity Management District regulation in californiz which
specifically limits emissions of chromium(Vi) from chrome pleting
operations. However, controls may be reguired by some éistricts
to limit emissions from platers because of potential nuisance or
property damage problems, It is not well known to what extent,
on a statewide basis, controls are reguired on chrome plating
emissions, or how efficient controls in plece may be, aveaileble
information on achieveble chrome plating emission control
efficiency has been used to provide &n estimate of enissions if
&ll chrome plating operations used controls.  This estimate is
included in the Report.

Information provided to us by the Ad EBoc Environmental
Group of the glass industry subsecuent to release of the praft
Report suggests that the emission estimetes from Gello Glass were
not typicel of the green-glass incustry, We have revised the
report to reflect this information. :

Lastly, we agree that additional emission and ambient
data for chromium({VI) will be an important part of any control
development for chromium(vI), if chromium(VI) is listed as &
toxic air contaminant



Mr. Felph . Temple . June 20, 19£5

Thenk you aczin for your coments. Plezse czll
Cliff Popejoy of my steff at (916) 323-8503, if you have any
guestions.

Sincerely,

@4&4}, 0, D0 CiT
William V. Losctfoff, chi
Toxic Pollutants Branch
Stationary Source pivision

cc:  pPeter D. Venturini
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HEUBACH INC.

256 VANDERPOOL STREET

NEwaRK. NEw JERSEY 07114
201-242-1800

May 7, 1985

Air Resources Beard

1102 Q Street

P.0. Box 2815

Sacramento, CR 95812

APTN: Mr., William V. Loscuteoff
Toxic Pollutants Branch

Dear Mr. Loscutoff:

We have reviewed the ARB Draft report on Chromium to be presented to
the California Scientific Review panel and would like to offer some
brief comments.

The draft is very detailed and draws on a very extensive set of
references. Of concern to us as a pigment manufacturer is the fact
that little distinction is drawn between the very insoluble lead
chromate based pigments and more soluble materials such as calcium
chromate.

We believe that there is sufficient data availzble on the health
hazards of various chromates to suggest that lead chromate pigments

are in a lower hazard class than the more soluble chromate compounds.

Epidemiclogical studies indicate a slight increase in respirator
cancer in chromate pigment production workers. However, subseguent
studies wvhere lead chromate production was distinguished from other
chromate pigment production showed no statistically significant

_increase in cancer from lead chromate manufacture.l

An extensive animal study, underwritten by the Dry Color
Manufacturer's 2ssociation and submitted to the ARB for inclusion in
this review, shows a substantial difference in the bioclogical effect
of various chromate based products and again suggest that lead

chromate based pigments (Chrome Yellow and Molvbdate Orange) present a

significantly lower rlsk of cancer then many of the more soluble
chromate compounds. ¢ Lead chromates, especially encapsulated lead

chromztes such as our Krolor(R) pigments, provide significantly lower
soluble chrome (VI) levels than do products such as zinc chromate and

calcium chromate.
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We strongly believe that this difference in hazard potential should be
considered when developing regulatory levels on chromium exposure.
Lead chromates are already controlled by OSEAR under existing Lead
Standzrd 29 CFR 1910.1025. Meeting lead workplace exposure limits
(TWh-8 hour) of 0.05mg/m” auromatically controls Cr (V1) exposure below
.01 mg/m*?, based@ on the stoichlometry of lead chromate.

In summary, the draft repcrt should draw a clearer distinction between
the various Cr(VI) containing materials, especially in the chromate
pigment area where evidence suggests that not all chromate pigments
provide the same hazard.

Sincerely,

L Do

P. A. Wriede
Vice President, R&D

PAW:mr

REZERENCES:

! pavies, J. M. Brit. J. Ind. Med 41, 158-160 (1984)
Lung Cancer mortality among workers making lead chromate
and zinc chromate pigments at three English factories.

2 L. s. Levy, P. A. Martins, and P. L. Bidstrup

."The Carcinogencity of a Range of Incdustrial Chromiur
Containing Materials on Rat Lung”.

University of Aston in Birmingham




STATE OF CAUFORNIA : o ) . GEORGE DEUKMENIAN, Governor

AIR RESCURCES BOARD
<" 2 STREET _
( 0% 2815

LACRAMENTO, CA 95812

June 17, 1985

Mr. P. A. Wriede

Vice President, R & D
Heubach, Inc.

256 Vanderpool Street
Newark, NJ 07114

Dear Mr. Wriede:

Comments on the Draft Chromium Report

Thank you for your comments and suggestions on the Draft
(”' Chromium Report. We have referred your comments to the —
Department of Health Services (DHES) for response. Your comments,
their responses, and this letter will be included in Part C of
the Report to the Scientific Review Panel. We will send you a
copy ©f that report.

If you have zny questions concerning this matter, vou
may contact Cliff Popejoy at (916) 322-8503, ‘

Sincerely,

| CQyzﬁf;MQIZ%E:7£;DCZA7?

William V. Leccutoff, ief
Toxic Pollutants Branch
Statichnary Source Division

cc: Peter D. Venturini



MOCLINTOCK, KIRWAN, BENSHOOF. ROCHEFORT & WESTON
ATTORNTYS AND COUNSELORS AT LAW
Gl WEST SINTI! STREET  SUITL 2100

LO= ANGELIIS, CALIFORNLA 40017
TILILETREIONNLL 210 2d iy

A AW DPARTNERSIN
OF PROPITRION AL CORIMORATIONS

May 14, 1885

Federal Exprecss

Mr. William Loscutoff,. Chief
Toxic Pollutants Branch
California Air Resources Board
1102 Q Street

Sacramento, California 95814

Re: Listing of Chromium as a Toxic Air Contaminant

Dear Bill: | .

Enclosed are the comments of the Ad Hoc Environmental
Group o©f the glass industry to the Report to the Scientific
Review Panel on Chromium.

Very txruly yours,
Betty-Jahe Kirwan, P.C.

McCLINTOCK, KIRWAN, BENSHOOF,
ROCHEFORT & WESTON

DIK:vh
Enclcesure
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COMMENTS OF THE
AD HOC ENVIRONMENTAL GROUP
TO THE DRAFT REPORT TO THE

SCIENTIFIC REVIEW PANEL ON CHRCMIUM

March 1885
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These cormments are being submitied by an ad ﬁoé group
cf 20 glass manufacturéfs, refractory manufacturers and material
suppliers ("ad Hoc Eﬁvirchmental Group") in response to the Draft
Report to the Scienfific Review Panel on Chronmium ("Dfaft
Report"), dated March 1985. Part A of the Draft Report reviews
the uses of, the emissions’ from and the public exposure to
chromium and its compounds in California. Part B of the Draft
Report evaluates the health effects of chromium and itsléom-
pocunds. On the basis of this report, the ARB has proposed
identification and control of chromium (Vi} as a toxic air
contaminant ("TAC") under AB 1807 without the establishment of a
threshold limit.

We have been advised that at this first stage of Ehe
regulations thetARB will determine whether all chromium or
chromium (VI) should bé listed as a TAC and whether a threshold
limit could be set. Welare offering at‘ﬁhis time, in reéponse to
the Draft Report, information.and reports on chromium that may
not have been available to the ARB and that we believe worthy of
consideration. We recognize that this is a difficult and complex
issue and hope that this information wili be helpful.

At this stage the Ad Hoc Environmental Group strongly -
opposes régulation of any other chromium compounds, such as
chromium (III), or *he consideration of all chromium compounds as
a TAC. Further, the Ad Hoc Environmental Group believes that a
thresheld emission liﬁit can and should be set for chromium (VI)

£ it is i1identified as a TAC.

'J-
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2éciticnally, as reviewved in more deteil kelew, in P
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A o0f *the Draft Report, cértain information abcut *the glass
industry is presented that we believe to be premature and perhzps
misleading. We reguest that these comments and results reported
cencerning the glass industry be termed preliminary, if retained
in the report at all.

The second stage of the regulation prccess, we have
been informed, will concern the evaluation of specific sources of
emissions to determine the reductions that could be achieved. At
this stage, the ARB will work more directly with +he industries
involved. The Ad Hoc Envircnmental éroup believes that the
ongoing test program will prove that chromium (VI) emissions from
glass manufacturing facilities in California are insignificant.
When the current *test program being conducted by the ARB and the
industry is complefed, there will be mofe factual information to
determine whether the industry should even be included for

consideration.

2. Background

Glass manufacturing is one of the cldest industries
known and of key significance to the agricultural industry. Most
glass 1s made with sand, soda ash and limestone as the primary
ingredienté. Other components provide cclor and other character-
istics. Chromium is a color additive, used to make green
container glass. Chromium is normally introduced in its

trivalent form, as chromium (III).
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esponse to Eealth Effects Inalvsis

2 significant aﬁéunt of medical iﬁvestigation znd
anglysis hés been evaluated by the DOES and will be studied by
the Scientific Review Panel ("SRP"). The DOES has concluded that
the health effects from the trivalent and hexavalent forms of
chromium differ. The body of scientific evidence has led the
DOES to determine there is no substantial evidence implicating
trivalent chromium compounds as carcinogens. (Draft Report, Part
B, pp. 10-11.) To the contrary, Chromium (III) is a necessary
part of the body chemistry.

Chromium {VI), on the oﬁher haﬁd, in the opinion of the
DOHS, has been assodiated with increased rates of cancer from
injection exposure in some formé. There remains, however,
further guestion, even among the medical community, about the
validity of the test results as they apply‘to humans.

In this regard, we.generally support the analysis cof
existing health effects studies providéd‘in the Hathaway Report.?
Dr. Hathaway concluded that the EPA‘Héalth Assessment Document
for Chromium seriously overestimates the health risks éssociated
with chromium exposure and that there is sufficient data to set a

threshold for chromium exposure.

I pr. 7. a. Hathaway, M.D., Director - Medical Services,
2llied Corpcration, to Dr. Bernard D. Goldstein, M.D., Assistant
Administrator, U.S. EPA Office of Research and Development. A
copy 1s attached as Exhibit 1.



We have also reviewed cther reooris ani documents and
nave found acditionzl infcecrmaticn which we belicve is worthy of

AREE and DOHS consideration, as follows:

Table 1 - chromiun levels and standards with
referenced
Table 2 - carcinogenicity of chrcmium compounds in

experimental animals irhalation exposure
with references

Table 3 - Carcinogenicity of chremium compounds on
experimental animals oral exposure with
references

Table 4 - Toxic effects of chremium compound on

experimental animals inhalation exposure
with references

Table 5 - Toxic effects of chronium conpounds on
experimental animals cral exposure with
references

These takles, along with a further list of referenbes, is
attached as Exhibit 2.
Just as important as the health effects discussion,

Part A of the Draft Report is confusing because, while it
recognizes the significant differences bétwéen chromium (IZI) and
chromium {(VI), its estimate of the excess cancer burden in
California is based on the assumption that all ambient chromium
is hexavalent (Draft Report, Part A, p. 10). If the ARB and the
DOHS have concluded that conly chreomium (VI) has a toxic poten-
tial, then only health assessment studies relating to hexavalent‘
chromium should be used in the determination of chromium as a
TAC. The inclusion ¢f information on total and trivalent
chromium is ﬁisleading and improperly inflates exposure levels.
misleading and cbnfusing the puklic, even inadvertently, on

4
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health concerns will,‘in cur opinicn, eventually damage the
credibility cf the AR3, DOES, and SRP in the éyes of the public
and may potentially injure the reputation of our products.

Once chromium in a particular form, such as hexavalent,
" is described as toxié, there is a responsibility for the govern-.
ment to ﬁarticipate in educating the pubklic that hexavalent
chromium does not mean that all Chromium is dangerous. Perhaps
cspecific chemical terms only should be applied to the designated
toxic forms.

In spite of the conclusions by the ARB staff that only
chromium (VI) be listed, the Draft Report continually references
chromium in general and does not separate cut chromium (VI) in
the industry references or sources.. This is extremely signifi-
cant because by plurring the lines between all chromium fofms the
Draft Report increases the cancer risk, from chromium exposure
beyond the facts. The ARB should develop acﬁurate information
about usage of chromium (VI) before it décides upcn regulation as
a TAC.

On a related topic, the Draft Report recommends that
chromium (VI} should be treated as a substance having no
carginogenic threshold level. This is not supported by the facts
or by the actions of other responsibkble governmental agenéies._
The state Occupational Safety and Health Administration ("OSHA")
lists a permissible exposure limit ("PEL") for chromium (VI) at
¢.05 mg/M3. The American Conference of Governmental Industrial

Hygienists ("ACGIH") has also established a threshold limit value

[&]]



(NTITY) fcry chromium (WI) atw 0.cC:Z mg/M3. Tederal OSHA has set 2z

FZIL Zor c¢chreomic aclid and chromates, including chromium (VI), a%

0.1 mg/¥?. Finally, the National Institute for Occupational
Salety ancd Health ("NIOSH") has a recommended PEL for carcino-

genic chromium (VI) compounds of 0.001 mg/M3. The Ad.Hoc
Environmental Group does not have sufficient information at this
time to allow it to choose between these limits. The point is
that four eminent grcups of administrators and scientists have
already taken on the task and with available information have set

2 threshold limit for chromium (VI). The ARB should as well.

a. The Part A Report

In addition to general comments about listing chromium
(VI) as a TAC, the glass container industry strongly belieﬁes
that the data being develcped shows that it as an industry should
not be part of the listing effort. In this section, we will
review the Part A comments concerning thé glass manufacturers and
our responses.

The Draft Report states that the eight green container
glass manufactures in California may be a significant source cf

chromium emissions. (Draft Report, Part A, p. I-6). There are

only six container glass manufacturers in california that use.

chromium compounds to produce green glass. Some of these
manufacturers produce green glass only on an intermittent
basis by glass furnace color change. At this time, all green

glass colorant used is iron chromate or trivalent chrome.




The test results reported in the Draft‘Report by the
ARE are suspect and additional tests are scheduled, We-héve been
infcrmed by the‘ARB fhat this data will not be used for any
regulatery decisions. Under these circumstances, and in view of
the fact that additiohal tests of several sources are in process
and scheduled, we reguest that the initial reported test resul:is
be termed preliminary and be withdrawn frem the Draft Report and
from its conclusions.

The test reports communicated to glass manufacturers by
telephone indicated levels of chromium. (VI} in a range of less
than ecne peound per year. The telephone results on other furnaces
are proof that the amount of chromium air emissions are neglig-
ikle and that the use of chrome bearing (trivalent) refractories
in glass melting furnaces results in no significant chromium air
emissions. The unsupported prior concerns of the ARB about
chrome beariﬁg refractories in glass furnaces producing toxic air
emissions have not been proven incorrectfby ARB testing. The use
of refractories shpuld, therefore, not be questiorned from a
heailth impact point of view.

Refractory manufacturing emissions have been studied
and reported to the ARB and EPA. Four sources were tested at the
Moss Landing facility for chromium emissions. .Chemical analysis .
cf the samples showed that no chromium (VI} was detected 'in any

sample.? An industry study, including a comprehensive survey of

2 Raiser Aluminum Corporation Repert, Moss Landing Magnesia
and Brick Plant Chromium Air Emissions Survey, 11-21i-84, Exhibit
3. '
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&2l refractory wnlant locaticns in the U.S., concluded that the
rrinclipal forms of chromium used 3in making refractory‘brick de
rot appear to be linked with cancer and the group of materials
were I1dentified aé trivalent chromium compounds from their
chemical structures. Further, that exposure to trivalent
chremium compounds does not cause cancer is supported by negative
findings drawn from a variety' of sources.=:

Additicnally, the table of estimated chromium emissions
in Cealifornia presented in Part A of the Draft Report does not
list glass furnaces -- another indication of the insignificance
of the source. (Draft Report Part A, p. I-5.) Similarly, since
a2t least the fgll of 1984, EPA has been considering the listing
of chromium as a hazardous air pollutant under Section III of the
Clean Air Act. The categories of scurces for which EPA will
establish emission limits ("NESHAPS") will be determined on the
basis of a risk assessment, the availability of control
technology and benefits of controls. In July 1233, the 0fifice cf
Alr Quality Planning and Standards of EPA nade a request for a
scilentific assessment of chromium. The document, "Health
Assessment Document for Chromium," lists in Table 3-6 chromium

sources, emissions and risk. A copy of the Table is attached

hereto as Exhibit 5. The table lists chrome plating, refractory .

2 Evaluation of the Potential Health Effects of Trivalent
Chromium Compounds in the Refractory Industry, Battelle
Laborateories, 2~18-83, Exhibit 4.
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rgduction, chemicals production, steel production, nunicipal
incineration, sewage sludge, incineration, ferrochrohe produc-
tion, cement production, ore refining, coal and oil combustion,

ncluding power plants, industrizl bolilers and commercial zand

}--

" residential heating and cooling towers -- eleven sources in all.
It is significant that the glass industry was left out.

The Draft Report states that review of the "EPA-
spensored tests have indicated extensive emissions of chromium
from green glass furnaces in states other than California."
(Draft Report, Part A, p. I-6.) This, too, is guestionable. As
noted in the recent attached letter from EPA, EPA is seekiné test
results and information from the industry due to lack of verifi-
able tests and data on hand. (Exhibit 6 hereto.) Regquests for
data and the use ¢f a contractor to locate data would not be
occurring if tests were available to EPA.

Most importantly, there is no indication even in the
guotes that there is hexavalent chrome in glass operations.
If the EPA reports are sﬁeaking of ﬁrivalént or even total
chrome, the guotes should not be used and incorrect references
corrected.

5. Conclusion

We suggest that further study and analysis of medical.
reports be conducted before a decision is reached to list
chromium as-a TAC. We urge that the ARB carefully separate the

data on the_yarious forms of chromium. Total and trivalent



chrcmium studies should not ke included in any
condemnation of chromium (VI).

rurther testing of the glass industry, which uses
trivalent chromium as a green colorant and in the furnace
refractories will be expensive. It will likely prove tc be
unnecessary and nonproductive when viewed in the light of other
potential emitters. Additionally, the tests conducted ang
reported to date offer evidence to support nonregulation of the
refractory manufacturing industry for chromium emissicns. We
hope that our comments will be considergd in the deliberaticns of
the Scientific Review Panel and loock forward o working with the

ARB and DOHS on their test program.

10
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P.O. Box 1139R
Momstown. NJ 07960-113

'R - s = - . ‘ -
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January 15, 1985

Bernard D. Gecldstein, M. D. _
-+ United States Environmental Protection Agency -
'Assistant Administrator
Office of Research and Development
401 M Street, S. W.
Washington, D. C. 20000

Dear Dr. Goldstein:

I want to thank you for the oppertunity to discuss the concerns of
the Industrial Health Foundation's Chromium Chemicals Environmental
Health and Safety Committee regarding the Health Assessment Document
for Chromium with members of EPA's Carcinogen Assessment Group. As
you requested, the following comments will cover the topics which
were discussed on December 21, 1984. Some additional information
which has more recently been brought to our attentiocn will also be
included.

<‘ . The two main issues discussed were our concerns: (1) that the unit
risk estimated in the document for hexavalent chromium was higher
than could be supported by all the evidence and (2) that there was
inadequate discussion in the document of the scientific evidence
supportive of a threshold for chromate carcinogenesis.

Unit Risk Estimate: .

The unit risk for chromium was estimated using exposure
information and lung cancer rates from Mancuso (1975).
The exposure data presented by Mancuso was based on
earlier industrial hygiene sampling by Bourne and Yee
(1950) . We believe there are a number of "problems" with
the Mancuso data that result in an overestimate of the
unit risk. Members of CAG indicated they had previously
considered seme of these arguments as presented in my
October 1983 correspondence to the SAB and felt that the
arguments would impact the final unit risk estimate by
only a factor of two or three which would not be
significant in terms of regulatery action. It is our
contention that a combination of factors when multiplied
together result in a much larger degree of overestimation
of between one to two orders of magnitude. The "problems"
include:



January 15, 1985

Bernard D. Goldstein, M. D.
United States Environmental Protection Agency
Washington, D. C. 20000

.Onit Risk Estimate - continued -

1.

Exposures were measured only in 1949 although
exposure started between 1931 and 1937 and
continued for some members »f the cohort to 1972.
Exposures in years prior to 1949 were substan-
tially higher than in 1949 as indicated by
statements quoted from the Bourne and Yee paper
on page 7-83 of the Assessment Document. Data
from the 1975 Mancuso paper is also supportive of
such a conclusion. 1In Table 2 of his paper the
cohort is divided into groups based on year of
first hire. There is a steady decrease in the
portion of lung cancer deaths in succeeding
cohorts: 1931-1932 (27.5%); 1933-1934 (23 KA
and 1935-1937 (1B8.4%). Since deaths were
followed through 1974 it seems likely that this
decrease may be related more to reduced exposures
over time than simply to a difference in latent
pericds among the cohorts.

It is also important to note that information on
chromate related lung cancer from Germany was
available in 1946. Technical representatives
from the United States' Chromate producers
visited German chromate plants following World
War II and heard of the adverse lung cancer
experience. Dr. Baetjer of Johns Hopkins who
worked closely with Allied's Baltimore Plant also
learned of this problem at about the same time
through scientific contacts. In 1946, Allied
performed an initial review of their mortality
experience and concluded that a lung cancer
problem existed. This was discussed among the
three United States chromate producers who asked
the Metropolitan Life Insurance Company (an
insurance carrier for the producers) to conduct
an epidemiology study (Machle and Gregorius,
1948) . sStarting in 1946 lung cancer cases were
awarded Workers Compensation under stipulation by
the chromate producers. HMajor efforts were
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January 15, 1985

Bernard D. Goldstein, M. 'D.
United States Environmental Protection Agency
Washington, D. C. 20000

‘Unit Risk Estimate - continued -

initiated to control chromium dust levels in 194%
through improved work practices, personal
protection, and plant modifications and continued
into 1947. Discussions with individuals working
in our plants indicate that very substantial
reductions in chromate exposures occurred during
1946 and 1947 at United States' plants well
before the facility modifications that took place
in 1949 and 1950.

In 1947 over 2,500 industrial hygiene samples
were taken to evaluate chromate exposures at
Allied's plant. These samples were used to
evaluate improvements in dust exposures based on
work place controls or minor equipment modifi-
cation. The average exposure level for all plant
locations was 0.9 mg/m” of chromate as Cro.. for
an eight hour time-weightéd-average. Exposure
levels prior to 1946 were substantially higher
than this value and exposure levels immediately
after (194B-1950) were lower. Similar changes in
exposure levels occurred at the Diamond Shamrock
pPlant studied by Bourne and Yee, and the exposure
levels measured in 1949 were substantially lower
than those present prior to 1946.

The exposure estimates used in Mancuso's 1975
paper reflect exposures under normal operating
conditions only {derived from data presented in
Figure 1 of the Bourne and Yee 1950 paper). The
much higher exposures that occurred under
maintenance or upses conditions were not factored
into Mancuso's mg/m. -year figures. According to
Table 5 (Bourne and Yee, 1950) eight hour time-
weighted-average exposures. for maintenance

" workers were often 5-10 times higher than under

normal coperating conditions. Thirty percent of
the workforce was involved in maintenance work
and the higher exposures that occurred during
maintenance undoubtedly impacted other producticn
workers as well.
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‘Onit Risk Estimate — continued —

3.

We have been troubled with the exposures noted in
Table 9 of the Mancuso paper for some time. This
data, which is the basis for the unit risk
estimate, Seems too low considering the average
1949 work place exposure levels reported even
under normal operating conditions by Bourne and

Yee. Since exposures averaged over 1.0 mg/m3 for
3 of 9 work areas and 0.4 to 0.7 mg/m3 for 3

other areas it seemed very strange that such a
small number of person years would be represented ’

by the higher exposure groups- The ratioc of
™

person years for exposures of 6.0 mg/m -—years or
greater compared to all exposures were 561/2837
for ages 45-54, 414/2189 for ages 55-64, and
164/827 for ages 65-74. Considering that
employment started between 1931 te 1937 and
continued possibly until 1972 when the plant
closed, it seems odd that such a high proportion
of persons (as reflected by person years) would
have had relatively low exposures.

Since our meeting on December 21, 1984, I asked
Diamond Shamrock to check whether job assignment
information had been provided to Mancuso for time
periods subsequent to 1949. I discovered that
such data had not been provided and that the
exposures noted in his 1975 paper reflect
exposures only to 1949. In evaluating Mancuso's
data (page 7-83) the CAG assumed that work
experience post-1949 was assigned exposure
ratings based on the 1949 industrial hygiene
data. In fact all post 1949 work experience is
treated 23 zero exposure by the Mancuso paper,
even though this is not indicated in the paper
and one could easily conclude incorrectly (as was
done by CAG) that exposure ratings included
post-1949 exposures. .
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United States Environmental Protection Agency
Washington, D. C. 20000

In their discussion on page 7-91 CAG indicates that they
feel the Mancusoc data might underestimate the actual
chromium exposure by a factor of 2. We feel the
underestimation is much greater than this. A 2 fold
factor might be applied for lack of Tonsideration of post-
1949 exposure, Failure to factor higher exposures from
maintenance work might have resulted in about a 2-4 fold
underestimation of exposure. From Table 4, Bourne & Yee,
(1950) maintenance time by crafts in production areas
averaged 3 hours. {3 hours/B hours] x 5-10 fold higher
levels of exposure during maintenance approximately eguals
2~4. We feel the actual difference in exposure between
1949 and periods before 1946 was greater than a factor of
2 and could well have heen in the range of 5 fold.

-
When the potential factors for underestimation are
multiplied together (2 x 2-4 x 5) the result is a 20~-40
fold underestimation of exposure. This in turn results in
an overestimation of 20-40 fold in the unit risk estimate.

The veracity of our argument is supported by an
examination of Table 7-21, page 7-99 of the Health
Assessment Document and a comparison of the relative
potencies of benzolalpyrene and chromate as listed in that
table with the results of the chromate intratracheal
instillation study repert we provided to the EPA in 1983.
Our study used benzo[alpyrene as a positiwve control so
that carginogenic potency can be compared directly with
chromate. Benzo{a]lpyrene at a lifteime dose of 350 mg/Kg
produced squamous cell carcinomas in 9 of 10 rats.. These
tumors caused the death of the rats at about 15 months of
age. Sodium dichromate at a lifetime dose of 160 mg/Kg
(equivalent to 63.5 mg/Kg chromium) caused small, non-
fartal squamous cell carcinomas in 6 of B0 rats noted at

L

/
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'Onit Risk Estimate — continued -

necropsy after 30 months of administration (total lung
tumors, benign and malignant were found in 20 of B0 rats).
Dsing the one-hit model (similar in Tesults to the

linearized multistage model and easier to calculate)
3

P{(D) = l—e_Bdt  Where t = age at tumor/life span,
results in a calculation of the slope (B} for sodium
dichromate (as chromium) of 0.00126 for squamous cell
carcinomas or 0.00456 for all lung tumors. The slope (B)
for benzol[alpyrene is 0.053. In this study benzol[a]-
Pyrene was 12 to 42 times more potent than sodium
dichromate depending on whether all tumors or only
squamcous cell carcinomas are considered. This compares
to Table 7-21 where chromium is 3.56 (41/11.6) times more
potent. Comparing relative potencies of benzo(alpyrene
and chromates in our rat study with the opposite ratio
indicated in Table 7-21 we estimate the unit risk for
chromates is overestimated by 42 (12 x 3.56) to 149 (42 x
3.56) fold. This estimate compares favorably with the
20-40 fold overestimate of unit risk that we believe
results from underestimates of exposuré in the Mancuso
work. It should also be remembered that the rat data we
used in the previous calculations was for rats exposed
once a week. For rats exposed to the same total lifetime
dose 5 days per week no lung tumors were seen.

Evidence Supportive of a Threshold for Chromate Carcinogenicity:

v

We feel there is substantial evidence supporting the concept
of a threshold for chromate carcinogenicity. This evidence is
derived from both animal studies and biochemical studies of
chromate metabolism. It is further supported by findings in
human epidemiological studies.
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‘Evidence Supportive of a Threshold for Chroma Carcinogenicity
- continued -

In animal studies chromates produce caucers only at the
site of contact (lung carcinomas frohm intracheal
implantation or instillation and muscle sarcomas from .
intramuscular injection). No tumors have been found at
distant sites. We believe the explanation for this
observation is that hexavalent chromium is rapidly
converted to trivalent chromium and that only the
hexavalent form is capable of causing cancer. Carefully
performed epidemiology studies have also failed to
identify any excess risk of cancer in organ systems other
than the respiratory tract. N
The rat intratracheal instillation study that we have
previously referenced found lung tumors in 20 of 80 rats
exposed to 1.25 mg/Kg of sodium dichromate once a week.
There were no tumors in 80 rats exposed to the same
lifetime dose at 0.25 mg/Kg of sodium dichromate 5 days
per week. One cbvious explanation is that the animals
were able to detoxify the 5 times per week dose but were
not able to completely detoxify the once a week dose and
hence some tumors developed.

Several studies on the metabolism and/or detoxification of
chromates have been published or are in press (references

and/or prepublication copies are enclosed). These studies
have demonstrated that:

- s .
1. Hexavalent chromium (Cr 6) is converted to

trivalent chromium (Cr+3) ocutside of target cells
by saliva and gastric juice.

2. Cr+6 is converted to Cr+3 in red blood cells.

. +
3. Cr+6 is converted in cytoplasm to Cr 3 by
endogenous glutathione and other reducing

compounds.
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‘Bvidence Supportive of a Threshold for Chromate Carcinogenicity
— continued -

4. Cr+6 is metabolized to Cr+3 in certain cells
probably by DT diaphorase. ~ This reduction is
very potent in liver cells, is weaker in lung
tissue but based on recent continuing research
appears to be quite potent in human lung
macrophages. :

+6 . +3 .
5. Cr is mutagenic while Cr is not. Trivalent
chromium is an essential mineral when
incorporated into glucose tolerance factor.

+3 .
6. While scme scientista have suggested Cr 3 as the
ultimate carcinogen binding DNA (perhaps

following reduction from Cr+6 in the immediate
vicinity of DNA) there is some evidence that the

. . . +5
ultimate carcinogen may be the more reactive Cr
; ‘ +3
ion (Jennette 1982). In any event, whether Cr

+5 . . : .
or Cr is the ultimate carcinogen, reduction of
+6 +3 . o o .
Cr to Cr results in the practical elimination

of carcinogenic risk as demonstrated by
mutagenicity studies and the lack of tumors at

distant sites following Cr+6 administration in

animals.
As we discussed during our meeting this evidence does not
permit quantification of the threshold or description of
the dose-response curve at low doses. However, there is a
firm theoritical basis for expecting a non-linear response
between the administered dose of chromates and the
induction of lung cancer. This is further supported by
the animal carcinogenicity study results. We are
interested in pursuing studies that would more
quantitatively suppcrt the concept of a threshold for
chromates. At our meeting you indicated that the
demonstration of significant non-linearity between
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='ﬁw:l«:lem:e'Supportiwne of a Threshold for Chromate Carcinogenicity
- continued -

administered chromates and the formation of chrome-DNA
adducts would provide strong support for a threshold. We
would appreciate a response from the CAG on how they would
evaluate such data, and under what circumstances they
would consider it adequate to support the concept of a
threshold. Any suggestions the CAC might have regarding
other studies that would be helpful in.cbtaining
regulatory agency recognition of a threshold (assuming, of
course, that the study results supported such a
conclusion) would be appreciated.

Summary:

In view of the information presented in this letter
regarding the substantial underestimation of exposure in
the 1975 Mancuso paper, it is our opinion that continued
use of the unit risk estimate presented in the Final
Report Health Assessment Document for Chromium can no
longer be justified. The fact that Mancuso did not
consider any post-1949 exposures invalidates the unit risk
estimate. The marked change in work practices in 1946-
1947 following discovery of a lung cancer hazard also
invalidates use of 1949 exposure data in calculating a
risk estimate. Based on the fact that Mancuso's data did
not include post-1949 exposure data and the marked
discrepancy between the relative potencies of
benzola]pyrene and chromates in Table 7-21 and our rat
intratracheal instillation we feel that a revision or
amendment to the Health Assessment Document is in order.
We recommend that a unit risk assessment be calculated
based on our rat intratracheal instillation study. If
Mancuso's data is to be used for unit risk estimation, we
recommend that appropriate adjustments be made for
underestimation of exposures. If an amendment or revision
is drafted we reguest that our position regarding support
for a threshold also be discussed even if the agency does
not concur with all of our interpretations of scientific
data.
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I want to thank you again for the chance we had to express our view-
points on chromium. The interchange of thoughts and ideas with you
and members of the CAG appeared to be productive and I believe it
lead to a better understanding of each others position. Hopefully
thesz can be a change of peosition when the facts warrant it. If
there are questions that arise as you or }our staff review this
letter and the enclosures please do not hesitate to call me for
clarification or more information. My telephone number is

(201) 455-4228.

Sincerely,

NOTERE

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

JAH /i
Enclosures ‘
CC: Members, ITHF Chromium Chemicals Environmental
Health and Safety Committes
Members, SAB, Environmental Health Committee

BCC: Messrs. G. £. Crawford - Chesterfield W/0 Report
W. 5. Ferguson "
S. C. Gad "

B. J. Hansen

G. V. Loewengart
J. M. Quinn

W. M. Reiter

A. F. Ritardi

R. Sobel

L. R. Taunton

- 10 -
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Addendum 1

References Supportive of a Threshold
For Chromate Carcinogenicity

DeFlora, Nature, 271: 455-457, 1978,
Petrilli and DeFlora, Mutat. Res., 54:139-147, 1978.
Petrilli and DeFlora, Mutat. Res., 58: 167-173, 1978.

Petrilli and DeFlora, in Chromate Symposium 80. Focus of a
Standard, IHF, Pittsburgh, pp 76-99, 1980.

Petrilli and DeFlora in Mutagens in Our Environmens,
Alan R. Liss, New York pp 453--464, 19B2.

Bennicilli, et al., Mutat. Res.: 122: 1-5, 1983.

DeFlora et al., Mutat. Res., 139, 9-14, 1984.

Petrilli et al., Cancer Res., in press (prepublication copy
attached).

DeFlora et al., Cancer Res., in press (prepublication copy
attached).



Addendum 2

Recalculation Of Unit Risk Using Alternative Method
From Alexsson, et a).

.The CAG might be tempted to argue that the Alternative (Crude)
Approach for Calculating the Carcinogenic Potency of Chromium
described in paragraph 7.2.3.1.5 on page 7-90 was supportive of the
unit risk calculated from the Mancuso raper. Howevex, if the
exposures estimated by Mancuso were in error on the low side as we

contend, the unit risk of 1.4 x 10_2 /ug/m3 calculated on page 7-90
is also in error. The subsequent calculations based op papers by
Langard, et al., Alexsson et al., and Pokrovskaya et al. represent
selective use of the literature. The high unit risks calculated are
sometimes more the result of statistical uncertainty in the 95%
vpper bound limit due to small number of cases than truly high risk.

For example using the Alexsson et al. paper, if all exposed workers
are considered as opposed to maintenance workers only then 6 lung
tumors were seen versus 5.2 expected. Three of these lung tumors
were mesotheliomas (two in maintenance workers and one in arc-—
furnace workers). The 95% upper confidence limit of the relative
risk for lung cancer for 3 observed (6 lung tumors minus 3
mesotheliomas) and 5.2 expected is 1.48 {7.7/5.2) . Using the
formula to calculate unit risk B = (1.48-1) x 0.036/6.95 = 2.5 x

-3 . .
10 /mg/m3 where the "standarized dose" is calculated from an eight

hour TWA exposure of 0.13 mg/m3 of hexavalent chromium which is a
werghted average of the exposures from Table 1 in the Alexsson paper

based on 622 arc-furnace workers with exposuré of 0.25 mg/m3 and 315
maintenance workers with exposure of 0.05 mg/m” and 543 transport,

. . . 3
metal grinding, and sampling workers with exposure of 0.03 mg/m".

The above calculated unit risk is 14 times lower than the unit risk
calculated from selective use of only the maintenance workers in the
Alexsson study. Even this relatively high risk is based on a
negative study where the exposed workers had a higher proportion of
smokers and some workers had concurrent exposure to asbestos: both
factors which may have exaggerated the number of lung cancers.
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TARLE 1 CHROMIIM LEVELS AND STANDARDS

U.S. CsEAx ‘
Sol.. chromic, chromous salts as Cr

Metal and insol, salts

California OSHA

Chromates, as CrC3

Chromates, certain insoluble (excluding
lead chromate), as Cr

Chromic acid, as CrQ3

Chromium, soluble chromic and chromous
salts, as Cr

Chromium metal, as Cr

TIV's
Chromium Metal
Chromium (IT) compounds, as Cr
Chromium (III) compounds, as Cr
Chromium (VI) compounds, as Cr
Water soluble
Certain water insoluble

U.S. Interim Primary Drinking
Water Standard

Quality Criteria for Freshwater
Aquatic Life

Safe Level Estimate by EPA Panel of
Public Health Experts ‘

Background [evels

Average concentration in continental
crust

Average concentration in soil

Concentration in sea water
Average concentration in freshwater

Average concentration in marine plants

500 ug/m3 (TWA)
1000 ug/m3 (TWA)

100 ug/m3 ({TWA)
50 ug/m3 (TWA)

100 ug/m3 (TWA)
500 ug/m3 (TWa)

1000 ug/m3 (TWA)

500 ug/m3 (TWA)
500 ug/m3 (TWA)
500 ug/m3 (TWA)

50 ug/m3 (TWA)
50 ug/m3 (TWA)

0.05 pom

0.1 ppm

1.5 ug/m3 (24 hrs)

Concentration/level
125 ppm

40 ppm
100 pom

0.00004-0.0005 ppm
0.00018 pmm

1.0 ppm

29 CFR 1%810.1000

8 Cal. Adm, Tode 51°¢

ACGIH,

4 CFR 141.11

EPA, 1976

Wilcox, 1973

Reference

NAS,

NAS,
EPA,

NAS,
NAS,

NAS,

1974
1974
1981
1974
1974
1974

1983-84



" TABLE 1 - Continued

Backaround Ievelg

Concentration in marine animals

Average concentration in land plants
Bverage concentration in mammals
Concentration in drinking and surface
waters in U.S.

Annual mean concentrations in urban air

(0.01 ug/m3=detectable minimum)

Annual mean concentration in rural air
National average for Cr in air
Air concentration in Jasper National

Park, Alberta, Canada

Air concentration in Riding Mountain
National Park, Manitcba, Canada

Air concentration in Prince Albert
National Park, Saskatchewan, Canada

Concentrations of professional industry
exposures

Concentration in cigarettes

Tissue Distribution

Concentration in plasma

Concentraticn in urine

Concentration in human hair

Cmsenmngnzleﬁl

0.2-1.0 ppm

0.2 ppm

0.3 pmm
0.001-0.112 pom
(mean=0.0097 pom)
(mean=0.0023 ppm)
0.01-0.03 ug/m3
Seldom reaches

0.01 ug/r3

0.015 ug/m3
{(max=0.350 ug/m3)

0.00032 ug/m3

0.00092 ug/m3
0.0011 ug/m3

10-200 ug/m3

0.0014 ug/cigarette

foncentration/level

0.001-0.005 ppm

<0.001 prm

0.2-2.0 ppm

- Referepce

NAS, 1974
NAS, 1974
NAS, 1974
NAS, 1974
CEC, 1978
Nas, 1974

NAS, 1974
NAS: 19803
Rahn, 1971

Rahn, 1971

Rann, 1971

CEC, 1978

Norman, 19877

Reference
Doisy et al., 1976

Guthrie, wolf, and
Veillon, 1978

Mertz, 1969




TARLE 1 - Contimued

. b

Concentrations in persons in
New York/Chicago area:

> lung
> liver

> Kkidney

Concentrations in persons in Denver area

> lung
> liver
> kidney

Total human body content

Intake apd Fxcretion levels
Daily intake from diet

Daily intake from "typical®™ U.S. diet

Estimated mean daily intake in man from

> food
> water
> air

Urinary excretion per day

' . . ‘ ] E .

Necessary daily intake of Cr
> furnished in the best available form
> supplies in form of inorganic salts

Estimated adequate and safe daily intakes
> Infants 0-0.5 yr

0.5-1 yr
> Children 1-3 yr
4-6 yr
7-10 yr
11+ yr
> Adults

Concentration/level
5-400 mg

37-130 ug
{avg.=62ug)

280 ug
4 ug
0.28 ug

7-10 ug

Wm C i " g“

. 40 ug

2000 ug

10--40 ug

. 20-60 ug

20-80 ug

30-120 ug
50-200 ug
50-200 ug
50-200 ug

Reference

Schroeder, Balassa,
and Tipton, 1962

Schroeder, Balassa,
and Tipton, 1962 .

Burrows, 1978

Reference
NAS, 1974
NAS, 1980z

NAS, 1974
NAS, 1974

ere ce

NAS, 1574

NAS, 1980b



TARIE 1 - Continued

Critical Tevels of Fxposure
Septal ulceration after 2 weeks and per-

foration after 2 months in workers
exposed to zinc chromate

Ne ulceration or perforations in workers
after 18 months exposure to zinc chrcmate

Perforation in workers exposed to chromic
acid mist

Lethal dose of Cr+6 compounds by
ingestion in humans

No adverse effects in cats exposed to
trivalent Cr salts 1 hr daily/4 months

No adverse effects in dogs given Cr+6
in drinking water for 4 years

Minimal lethal dose (i.v.) for sodium
chromate in dogs

Concentration associated with growth
depression and liver and kidney damage
-in laboratory animals

Concentration/level
1000 ug/m3

20-100 ug/m3
180-1400 ug/m3
1.5~16 ¢

80,000-
115,000 ug/m3

25 ppm

75,000 ug

50 ppm

Reference

Langard and

Norseth, 1979
Langard and
Norseth, 1979

Kleinfeld and
Rossc, 1965

Langard, 1980
Bkatsuka and
Fairhall, 1934

Arwar et al.,
1961

NAS, 1974

MacKenzie et .
1958
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TABLE 2

CARCINOGENICITY OF CHROMIUM COMEOUNDS IN EXPERIMENTAL ANIMALS

CCHPCUND

Chromium
containing
dust

Cr03 (+6)
Cr2C3 {+3)
K2Cr2C7 (+6)

Chromium
containing
dust

Cr03 (+6)
Cr2C3 (+3)
K2Cr2C7 (+6)

Chromium
containing
dust/mist
Cr03 (+6)
Cr2C3 (+3)
K2Cr2C7 (46}
Ra2CrC4 (+6)

CaCr04
dust (+6)

Minute Volumes

Mice

Rats

Rats

Rabbits

Guinea pigs

Mice

Mice
Rats

INHALATION EXPOSURE

EXFOSURE
-/ROSE

0.5-1 mg,/m3
4h/d,5d/wk
16-58 wk

(11.5-83.5

mg/kg Cr)

1-1.5 mg/m3
4h/4, 5d/wk
> 70 wks
{54.6-81.9
mg/kg Cr)

1-1.5 mg/m3
4h/4d, 548 /wk
for life

(81.1-19.2

mg/kg Cr)

1.5-2 mg/m3
4-5h/d, 44 /wk
Rabbits =
11,5-1%.2

m’m:ssm
Baetjer
et al,

No increase
in lung
tumor
incidence

(1859)

Increased
incidence of
lymphosarcomas
involving lungs
3/100 rats

Steffee and
Baetjer (1965)

No increase
in lung
tumor
incidence

No increase Steffee and
in lung Baetjer (1965)
tumor

1nc1dence

mg/kg Cr (50 mos)

Guinea pigs =
50.9-84.9
mg/kg Cr (life)

4.33 mg/m3
5h/4d,5d/wk
for life
(811 mg/kg
Cr)

6/136 males . Nettesheim
8/136 females et al. (1971)
developed

lung tumors

1.2 liters/minute x kilogram’
6.6

5 liters/minute x

kilogram

Rabbits = 0,04 liters/minute x kilogram
Guinea pigs = 0.34 liters/minute x kilogram



" TABLE 3

CARCINOGENICITY OF CHROMIUM QOMPOUNDS IN EXPERIMENTAL ANIMALS

QCMEQUND

Chromium
acetate
(+3)

Chromium
acetate
(+3)

Cr2C3
(+3)

ANIMAL

Mice

Rats

Rats

ORAL EXPOSURE

EXPOSURE

5 ppm in
drinking
water for
lifetime

5 ppm in
drinking
water for
lifetime

1,2,0or 5%
in diet

5 days/week
2 years

EFFECTS

No increase
in tumor
incidence

No increase
in tumor
incidence

No increase
in tumor
incidence

REFERENCE
Schroeder
et al. (1964)

Schroeder
et al. (1965)

Ivankcvic
and
Preussman
(1975)

* No studies could be found that tested chromium (+6) compounds




TABLE 4

TOXIC EFFECTS OF CHROMIUM COMPOUNDS IN EXPERIMENTAL ANIMAI.S

QOMPOUND |
Cz03 (+6)

CaCrC4 (+6)

Minute Volumes

INHALATION EXPOSURE

- EXPOSURE

EFFECTS ~ REFERENCE .

ANIMAL
Rabbits 3-4 mg/m3 15% of Steffee &
Guinea pigs 5h/d,48/wk rabbits & Baetjer (1965)
Rats for life rats had
Mice Rabbits = granulomata
17.5 mg/kg Guinea pigs
Guinea pigs = had alwveolar &
148.5 mg/kg interstitial
Rats = inflammation
283.9 mg/kg
Mice =
524.2 mg/kg
Mice 13 mg/m3 Depressed Nettesheim
5h/4, 5d/wk weight gain, et al. (1971)
lifespan lung effects,
(2434 mg/kqg) spleen & liver
_atrophy,
stomach & =
intestional
ulceration
Mice = 1.2 liters/minute x kilogram
Rats = (.65 liters/minute x kilogram
Rabbits = 0,04 liters/minute x kilogram

Guinea pigs = 0.34- liters/minute x kilogram

* No studies could be found that tested chromium (+3) conmpounds



TABLE 5

TOXIC EFFECTS COF CHRCMIUM COMPOUNDS IN EXPERIMENTAL ANIMALS

SCMPCUND |
K2Cro4 (+6}

ZnCr4 (+6)

Cr2C3 (+3)

Rats

Rats

Rats

CRAL EXPCSURE

EXRQSURE

0.125-1%
in diet

0.125-1%
in diet

2 or 5%
in diet
90 days

2 years

EFFECTS REFERENCE

Rough,dirty  Gross and
coats, Beller (1946)
subnormal

young,

diarrhea,

sterility

Subnormal
appearance,
rough,dirty
coats,
sterility

Spleen & Ivankovic &
liver weight Preussman
depression (1975)

No treatment
related
effects
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SAMPFLING PROCEDURES

A standard test method for determining chromium emissions from stationary
sources has not as yet been written by either EPA or the State of California.
Both agencies have, however, sampled sources for chromium cmissions based on
modifying EPA Method 5 techniques. Contacts were made with the two agencies
(Mr. Joe Noll of EPA, and Mr. Dean Simeroth of the State of California Air
Resources Board) to discuss the sampling methods employed. The sampling method
used in the present study used suggestions of the two agencies in addition to
incorporating the experiences of CFT in analyzing samples for chromium. The
method used in collecting the samples was basically EPA Method 5 with several
modifications. The probe liner was glass to avoid any contamination from metal
liners. Filter material was Teflon, manufactured by Membrana Inc. to avoid
pes:ible blank levels of chromium in other filter media. The 1.0 um pore size
filters exceed the performance criteria for filters specified in EPA Method 5.

A nylon brush with Teflon tubing rod was used to clean the probe after each test.
Probe washes were made using pH 2 sulfuric acid, since laboratory testing at CET
has shown this to preserve the oxidation state of chrome-containing particulate.
100-m1 of distilled water was used in each of the first two impingers instead of
the 200-ml amount specified in Method 5. This was done to. improve the sensitivity
of measuring small amounts of Cr in thesc solutions.

Except for the modificaticns noted above, EPA Method 5 procedures were
followed in isokinetically sampling the sources. EPA Method 1 {as modified in
Federal Register, V.48, no 191, p. 45034, 9/30/83) was followed to locate .
traverse points. Fyrite test kits were used in the 0; and €0, determinations.

ANALYTICAL PROCEDURE

Samples collected in each test were recovered from the sample train and placed
into four containers: probe and nozzle rinse, filter, first impinger catch, and
second impinger catch. Each of the four fractions were analyzed separately. All
impinger samples were analyzed for Cr*? and Cr*® content, while solids were
analyzed for pH 2 sulfuric acid soluble Cr*” and Cr"®, and pH 2 sulfuric acid
inscluble Cr*’. The analytical methodology was a colorimetric diphenylcarbazide
procedure and is found in Appendix A.

TEST RESULTS

Source conditions for each of the four stacks tested are given on Table I.
Analytical results for the samples are shown on Table II. Chemical analysis of
the impinger samples are not shown since all samples showed less than quantifi-
able levels of chromium (less than 0.00001 mg Cr*? or Cr*® per ml of impinger
solution). Cr*® in particulate samples was also not found at 2uantitation levels
(less than 0.005 mg cx'® per filter, and less than 0.001 mg Cr*® per 100-ml probe
and nozzle rinse}. Table III shows calculated grain loadings and mass loadings
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for the chromium emissions for the four sources. Samples identified as
"insoluble" Cr on the Tables result from the way the particulate samples were
prepared during analysis. In the analytical workup, Cr*® and soluble Cr*?
were extracted from the particulate matter using dilute sulfuric acid (pH 2}.
The extract was analyzed for €r % and Crt® content, and the residual particu-
late matter underwent additional analysis for insoluble Cr*? determination.
The "inscluble" values listed in the Tables are therefore the Cr'? content
of the particulate matter after dilute acid extraction to remove Cr*® and
soluble Cr*®,  Results of the chemical analysis of the field blank samples
are shown in Table IV. Process data for the sourcés tested are given in
Table V.

Sample data sheets and calculations are given in Appendix B. Calibra-
tion data for the EPA Method 5 meter case and pitot tube is given in Appendix C.

RJS:dn
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- SUMMARY

Four sources were tested at the Moss Landing facility
for chromium air emissions. Chemical analysis of the sanm-
ples show that no Cr*® was detected in any sample, Cr*?
emissions were quantified for the Magnesia Plant Kiln S,
Brick Plant Kiln 2, and Brick Plant chrome drier. No de-
tectable amounts of chromium were being emitted from Kiln 2
at the Magnesia Plant.

* k kK X & k % Kk *

INTRODUCTION

Recent interest in toxic air pollutants at-the State and local levels
prompted a chromium emissions survey at Kaiser Aluminum & Chemical Corporations
{KACC} Moss Landing Magnesia and Brick Plant. Four sources were identified for
testing at the Moss Landing facility - kilns #2 and #5 at the Magnesia Plant,
and tunnel kiln #2 and the "chrome drier" at the Brick Plant. The sources were
tested on September 12, 13, 17, and 19, 1984, Each source was tested twice.

Regulatory agency visitors during portions of the testing were Mr. Kenneth
A. Xitts and Mr. Bob Nishimura of the Monterey Bay Unified Air Pollution Control
District, and Mr. Cliff Popejoy of the State of California Air Resources Board.

KACC's Ceﬁter for Technology (CFT) and the Moss Landing Plant Technical
Department performed the source testing, and the CFT Analytical Department pro-
vided sample analysis.



Test No. Date

~ -

Table 1 - MOSS LANDING MAGNESIA AND BRICK PLANT STACK GAS PROPERTIES

Stack Gas Conditions

Source Temp, " F Static Press.-  ACFM SCFM(dry) % H,0 % 0, % CO,
1 9/12/84  Magnesia-Kiln #2 80 -29.0 16,300 13,900 ° 4,9 3.0  12.3
2 9/12/84  Magnesia-Kiln #2 87 ©-29.0 . 16,500 13,900 5.5 4.0  12.8
3 9/13/84  Magnesia-Kiln #5 146 © 40,05 5330 3420 26.5 5.5 7.3
4 9/13/84  Magnesia-Kiln ¥5 - 148 +0.05 6020 3850 26.4 5.0 - 7.5
5 9/17/84  Brick-Kilm #2 792 +0,20 14,900 5620 10.4 2.5 5.0 .
6 9/17/84  Brick-Kiln #2 . 778 , 40,20, 15,400 5860 10.9 3.5 5.0
7 9/19/84  Drick-Cr Drier 113 40,10 6980 5870 9.2  19.5 -
8 9/19/84  Brick-Cr Drier 110 +0.10 6800 5800 8.2 19.5 -

Note: 1. In inches of water



Table IT - ANALYTICAL RESULTS - MOSS LANDING MAGNESIA AND BRICK PLANT SAMPLES

Probe + Nozzle

Filter Catch-mg Cr Rinse-mg Cr
Test No, Source cr*3 ‘Insoluble crt? Insoluble
1 Magnesia-Kiln #2 ND ND ND ND
2 Magnesia-Kiln #2 ND ' ND ND . ND
3 Magnesia-Kiln #5 0.01 0.10 ND ND
4 Magnesia-Kiln #5 0.01 0.30 ND ND
5 Brick-Kiln #2 0.01 3,22 0.36 0.23
6 Brick-Kiln 42 0.06 + - 1.88 0.09 0.21
7 Brick-Cr Drier 0.01 0.65 0.22 4,60
8 Brick-Cr Drier 0.02 0.u1 0.31 7.20

Note: ND - not detected at method quantitation levels
- less than 0.005 mg Cr*? per filter
less than 0.01 mg insoluble Cr per filter
less than 0.001 mg Cr*? per 100-m1 probe and nozzle rinse
less than 0.05 mg insoluble Cr per 100-ml probe and nozzle rinse




Table III - MOSS LANDING MAGNESIA AND BRICK PLANT TEST RESULTS

grains/scf 1b/hr o
Test No. Source Sample Volume (scf) cr'? insoluble cr'? Insoluble  Isokinetic
1 Magnesia-Kiln #2 31.490 _ ND ND ND ND 97.8
2 Magnesia-Kiln #2 30.608 ND “ND ND ND 95.4
3 Magnesia-Kiln #§ 20.963 7.3x10°%  7.3x10"%  2.2x10"" 2.2x107° 96.4
4 ' Magnesia-Kiln #5 29,314 5.3x10° ¢ 1.6x10 * 1.7x107* 5.2x10 ? 94.7
5 Brick-Kiln #2 20.671 2.8x10™" 2.6x10 3 1.3x10 2 1.2x10"! 104.5
6 . Brick-Kiln #2 21.598 1.1x107*  ~1.5x10°?  5.4x107° 7.5x10°%  105.0
7 Brick-Cr Drier 20.125 1.8x1074 4.0x10? 8.9x10 ? 2.0x10"* 93.4
8 Brick-Cr Drier 37.322 1.4x107% - 3.3x10"°®  6.8x10 ° 1.7x107! 94.6

Note: ND - Not detected at mcthod quantitation levels given in Table II.



Table IV - FIELD BLANK ANALYTICAL RESULTS

Total Found - mg

Sample Cr*? Cr*® Insoluble mg/m)
Distilled Water - 9/10/84 <0.0022 <0.0022 - <0.00001
Distilled Water - 9/19/84 <0002l <0.0021 - <0.00001
4" Teflon Filter- 9/11/84 <0005 <0.7005 <0.01 -
4" Teflon Filter- 9/19/84 <0.005 <0.005 <0.01 -
Probe Rinse - 9/10/84  <0.0012 <0.001% - <0.00001
Probe Rinse - 9/19/84 <0.0012 <0.0012 - <0.00001

1. Using 200-ml as an avera

plus rinses.

ge volume of impinger soiution

2. Using 100-ml as an dverage volume of probe Tinsings.




Table V - MOSS LANDING PLANT PROCESS DATA

Magnesia Plant Brick Plant

Kiln 2 Kiln 5 Kiln 2 Cr Drier
1. Process Weight Rate (tons/hour) 13.4 2.5 1.6 8.0

2. Tuel Type 0il Gas Gas Gas

3. Fuel Rate (10° BTU/hour) . 60 17.9 : 10.2 2.6

e



7N

Appendix A (Analytical Procedures for Chromium Analysis) and -
Appendix B {(Data Sheets and Calculations) to the report "Moss Landing Magnesia
and Brick Plants-Chromium Air Emissions Survey" were provided to the
Scientific Review Panel, and are available upon request from the Toxic
Pollutants Branch of the California Air Resources Board.*

* See note on page ii.



EXHIBIT 4



The report entitled "Evaluation of the Potential Health Effects of
Trivalent Chromium Compounds in the Refractories Industry" was provided to the
Scientific Review Panel, and is available upon request from the Toxic
Pollutants Branch of the California Air Resources Board.*

‘ Only the Table of Contents and Executive Summary of the Report are
reproduced here.

* See note on page ii.
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DISCLATMER

This report was prepared by Battelle Columbus Laboratories, Columbus, Ohio.
The statements contained herein are based upon general information available
from a random examination of the refractories industry, certain testing of raw
materials and products, and from other data sources. Neither The Refractories
Inetituté, any member of The Refractories Institute, Battelle Columbus
Laboratories, nor any person acting on behalf of any of them assume any
liability with respect to the use of or for possible or actual damage
resulting from the use of any information disclosed in this report.

All Kights Reserved. No part of this publication may be reproduced, stored in
a retrieval system, or transmitted in any form or by any mears: electronic,
electrostatic, magnetic tape, mechanical, photocopying, recording, or
otherwise, without permission from The Refractories Institute.




EXECUTIVE SUMMARY

VThe Refractories Institute commissioned Battelle Columbus
Laboratories in the summer of 1981 to conduct an independent investigation to
determine the effects of exposure to chromium compounds on human health and
the environment. Battelle's study included a critical review of selected
publications relating to chromium toxicity, a comprehensive survey of all 30
refractory plant locations in the United States, site visits to a representa-
tive group of manufacturing plants, 4nd an analytical assessment to determine
if trivalent chromium compounds used in manufacturing refractories were con=-
verted to hexavalent materials during the manufacturing process. The key .
findings are summarized below:

(1) The principal forms of chromium used in making refractory brick
do not .appear to be linked with cancer. Tﬁis group of mate-
rials, identified as trivalent chromium compounds from their
chemical structures, have been used for decades to strengthen
the heat resistance of furnace brick produced for extremely
high temperature applicatious. The chromium content of these
chrome-bearing refractories ranges from 30 to 90 percent of
their total volume. The conclusion that exposure to trivalent
chrome compounds does not cause cancer iIs supported by negative
findings drawn from a variety of sources. These include in
vivo and in vitro bioassays, laboratory studies into the
effects of trivalent chromium on animals, and eﬁidemiologic
studies on human exposures.

(2) A second type of chromium compound, chromic acid, is used in
limited quantities for specific products at several refractory-
making plants. It is also known as hexavalent chrbmium, and it
is sometimes used as an additive by the refractories industry.
Less than 550 of the 4,300 refractory workers in chrome-using
facilities are potentially exposed to hexavalent compounds (325
of these exposed to trivalent and hexavalent, and 225 more to
hexavalent alone). Hexavalent compounds have been consistently

linked to an'increased risk of lung cancer in exposed workers.

ii



(3

(4)

(5)

(6)

Additional support for this relationship has been provided by
gimilar findings in laboratory animal experiments.

Active programs of occupational health have been established in
mogt of the plants surveyed. Their concerns vary, but typi-
cally include: i{instruction in special work safety practices,
the use of personal protective equipment to limit exposure to
particulates, monitoring of chromlum concentrations in the
workplace, and installation of equipment to control dust levels
in their plants. In additlion, most plants require pre—employ-
ment physical exams as periodic medical check-ups.

Those refractories plants using chrome are usually well within

0SHA's exposure limits for chromium compounds, according to

monitoring data retrieved during site visits. These limits,
which concern dust levels, are based on total chromium com—
pounds present, but do distinguish between hexavalent and total
chrome content. Of the 4,300 workers employed at the plants
using chrome, no more than 1,725 are potentially exposed tro
trivalent compounds, fewer than 325‘work with trivalent and
hexavalent compounds, and less than 225 work exclusively with
hexavalent compounds. In those plants where employees do work
with hexavalent chrome, adequate exposure control measures
appear to be in place.

Trivalent chromium is not transformed into significant quanti-
ties of hexavalent chrome during the manufacture of chrome-—
bearing refractory products. These refractory products, when
they are shipped frow the plant, usually contain trivalent
chrome only. This conclusion, which confirms a long-standing
impression among industry mineralogists, was substantiated by
analytical laboratory studies using both raw materials and
finished products from various plants.

The analyses of raw materials and finished refractory products
revealed that the trivalent chromium raw materials, such as
chromite, are not subjected to conditions which favor the
formation of hexavalent chrome compounds during the production

of refractories.

ii1
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| TABLE 3-6

Sources and Estizates of United States
Atmospheric Chromium Fmissions 1n‘1970a

Chromium Em{ssions, meiric tons/year .
: GCA Estimates " _Goldberg
Source Uncontrolled Controlled Cantrolled

Industrial Sources:
refining 18,700 11,200 3,80
steel arnd alloy 2,407 595 NR
material handling 1,100 750 | KR
chemlcal processing 835 1056 KR
refractory 4,784 . 1,650 6 -

Inadvertent Sources: '
coal combustion 7,500 1,420 7,030
oll combustion 336 ‘ f w336 P
cenent production NR 254 NR
incineration ‘ NR B 43 - NR

Asbestos Mining : 9 o - ' 7

-

CTetal U Tag5og ST

- "source: Gea Corporation, 1973; Goldberg, 1973 ‘ .-
... NR Z"Not reported Tt e e et . . . .-

WY
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| ATES ENVIRONMENTAL PROTECTION AGQGENCY
UNITED ngfice of Air Quality Planning and $:andards
Research Triangle Park, North Caralina 27711
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DEC-1 2 1094

Or. Robert Drake
2721 Qak Valley Drive
Vienna, Virginia 22180

Dear Dr, Drake:

In addition to the previously Tdentified 11 source Categories, Epa
is attempting to gather information on other sources of chromi um emissions
t0 determine if they may require furthep study as separate source Ccategories,
Included among these othep sources are glass melting furnaces,

Because there are limited data and available information, especially
with respect to the quantities and forms of chromiun actually emitted, £pa
has undertaken a program to develop additional background Information gn
each source Category, A major element of the Program consists of Tocating

As we have discussed previously on tha telephone, 1 have contacted

f California Af{p Resources Board and requested available '
information on the use of chromium additives in Gallo Glasg Company' g
glass melting furnaces 1n Modesto, Californfa. 1 am enclosing a Copy of
that request in this letter fop your fnformation, along with gz copy of the



2

If you have any questions regarding this request, please contact me
at (919) 541-5601.

Sincerely,

P wdidlr L,

Peter J. Schindier
Industrial Studies Branch
Emission Standards and
Engtneering Division

Enclasure




TABLE 1.

Chromium Sgurces,'Emissions and ﬁisk

Scurce Category No. of Emissions Max. Risk Annua1
Sources Mg/yr Lifetime Incidence
»Chrome Plating 9,750 50 6.5X10-5 20
->»Refractory Prod. 35 80 1.6X10-1 10=
— sChemicals Prod. 3 450-900 2.0X10-2 12
— tSteel Prod. 112 2,870 9.0X10-4 11
¢Municipal Incin. 129 25 2.8X10-4 3.5
¢Sewage Studge Incin. 141 3 1.0X10-3 0.8
j /),eFerr_ochrgme Prod.” X Z 43-. 2.8%X10-4 0.05
«Cement Production” 163 15 . 5.6X10-4 0.4
?0re Refining v x 3 3, 3.8X10-5 0.006
¢Coal & 0i1 Combustion
Power Plants - 1,100 560 4.1X10-5 3
Industrial 165,000 840 8.0X10-4 200
Boilers T
Comm. & Res. =.- 16,800,000 323 N.AX* 70
Heating ‘
+Cooling Towers' Many 296-527

N AT N.A.

=For 16 of 35 plants only

=xNot available, but 1ikely to be lower than other combustion sources.
wweNot available; disﬁersion model for aerosols being Qeveioped.
Note--Al1 emissions are assumed to be as potent as Cr+b. Th?s will 1ikely

overestimate risk. See text.



UKITED 37AVES ENVIRONMERTAL PROTECTION ~GENCY

NOV 1 § icaq

Mr. Al Jenkins

State of Cali1fornia Air Rescurces Board
‘Post Office Box 2B15

Sacramanto, Califarnia §5812

Dear Mr. Jenkins:

I would 1ike to thank you for providing the emission testing reports
and related infarmation on the glass melting furnaces at the Gallo Glasgs
Company in Modeste, California, as requested by Mr. Ron Myers in Jctoher.
After raviewing the contents of the test reports, we have determined thar
thers is need for some of the infarmation that has been omitted from tne
test raports due to Gallo's praoprietary concerns.

This letter is to reguest a copy of Table 1 an page 3 of Test Rencrt
Lo, C-82-Cl6, “"Imissions from Glass Helting Furnaces at Gallg Glass
Tamaany, " natad August 1924, which contains process weigat rates. 2nd grhar
crereting conzitioas for the Turpacas. Enclosure ) dstails 2 further
reruast for information which ma2y ha available on all five ¢lass melting
Tiornaces at Gallo in 2ddition to that datz proviged fn Tadle L. This

information would help yreatly in EPA's investigaticn of this scurce
cetegory teor chromium emissions.

Znclosure 2 summarizes Ageacy and Emission Standards and Engineering
Sivigizn policies and procedures far handling arivileged information and
cascrives @Ph contractor cormitments and procedures for use of confidentizl
c:terials. EPA has contracted with Midwest Research Instituze (M2 ] e
Plnntract fic. A3-02-3U17) to obtain iaformation sertinent to stationary
cateyories which emit chromium. Thus, MR has been cesignatsd by SPA

25 an 2uthorized repressntative of the Agency. It is EPA's solicy thaz
cnmaliance by an autharized reprasentative with iha requirersnts getailag
ir inclesure Z provides sufficient protectisn far tha rigrcs of

L

it - .

srivilennd informatian,
Vour arforts to proviae ZF5 with this reguested inforwzticn ar Foor
zarliest convenienca would Se craatly appraciated. If Yol nave any cuestions

recarding this request, please contact Mr. Peter Schindler 2t (519} 541-5501.

Sincerely,

Stanlay T. Cuffe, Chief
Industrial Studies Srznch

G
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ENCLOSURE 1

Please provide all of the information which may be available cencerning
these topigs:

<

Average feed rate and dverage preduct pull rate at each furnace
during a melt cycle.

Feed rate of NapCra0y or other chromium-containing additive
(1b/ton of virgin feed).

Cullet ratio-percent recycled from product.

Percent chromium in finished product,
Individual furnace stack parameters

~ diameter .
temperature
-~ gas flow rate _
- height .
- haight of tallest building within one stack height

Any other emission test results en chromium from class furnaces at
Gallo or other plants, '

—



STAT. OF CAUFGRNIA : C GEORGE DEWMEHAN, Governor

MR RESOURCES BOARD
! @ STREET
- ..0. BOX 7815
SACRAMENTO, CA 95812

June 18, 1485

Ms. B. J. Kirwan

McClintock, Kirwan, Benshoof,
Rochefort, and Weston

611 West Sixth Street, Suite 2100

Los Angeles, Ci 890017

Dear Ms. Kirwan:

Comments on praft Chromium Report

Thank you for the comments and suggestions of the AG

Hoc Environmental Group .of the glass industry on the braft

" Chromium Report. We have referred their comments on rart== to

( the Department of Health Services (DHS)} for response. Their
comments, the DHS response, and this letter will be included in
Part C of the Report to the Scientific Review Panel on Chromium.
You will received a copy of that report. I am responding to
their comments in the same Sequence in which they &ppear in your
letter, ‘

Page 4, paragraph 2: Several people commented, as you
did, that estimation of excess cancer burden based on the
assumption that all ambient chromium is hexavalent is confusing
Or inappropriate, Consequently, to reduce the possibility of
corfusion, we have, in revising the report: 1. removed the table
entitled "Excess Cancer Burden . , ." {overview, page 9); 2.
deleted discussions of excess cancer risk presented which are
based on the assumption that all ambient chromium is hexavalent;
and 3, provided an estimate of a range of excess cancer risk from
amoient hexavalent chromium based on measured chromium(vi)
concentrations,

Please note that the Department of Health Services has
revised the upper-bound dose~response relationship, and that the
ranges of excess cancer risk presented in the overview have been
changed accordingly.



Ms. B. J. Kirwan -2- June 1B, 1985

Page 5, paragraph 2 and 3: We understand your
sensitivity to possible public perception that all chromium may
be “toxic." We have endeavored throughout the draft report to
maintain a distinction between chromium(VI) and other forms of
chromium, whenever technical data allowed such a distinction to
be made. 1In cases where a lack of adeguate data on the form or
state of chromium in & particular usage or emission precludes its
classificaton as chromium(IV) or chromium(III), we have so
indicated, and used the more general term *chromium™ or "total
chromium," .

In the draft Report, we present the required estimates
of usage and emissions of chromium (differentiated as to its
oxidation state, wherever possible). Estimation of cancer risk
due to chromium(VvI} is based directly on measured ambient air
concentrations of total and hexavalent chromium and subsegquent
exposure éassessment. The fact that current limited knowledge of
certain sources does not permit the classification of chromium
emissions as hexavalent or otnerwise, does not affect thne
estimation of cancer risk from measured ambient chromium
exposure, nor does it "increase it... beyond the facts,™ as you
state. 1In the Dpraft report, the emission estimates and the
exposure assessment used to estimate excess cancer risk are
independent. ' =

We believe the information presented in the draft
report on usage and emissions of chromium, and specifically on
chromium(Vi), is adequate along with the exposure assessment and
DHS health effects information, to justify listing chromium(VI)
as a toxic air contaminant. A major part of any control effort
for chromium(Vvi) will be a refinement of the emissions inventory,
including direct measurement of emissions to detect and measure
mass emissions of chromium(VI) from various source types.

Page 6, paragraph 3: Thank you for the information
that there are six green glass manufacturers in California. We
will change our report to reflect this fact. Your statement
that, "At this time, all green glass colorant used is iron
chromate or trivalent chrome,™ is unclear. Typically, iron
chromite, which contains chromium in the trivalent state, or
hexavalent chromium, are used as green-glass colorants. If iron
chromate is being used in California, we would appreciate further
information on its usage, because ARB source tests indicate that
processes using chromate colorants have a greater potential for
hexavalent chromium emissions.

Page 7, paragraph l: The data concerning chromium(VvI)
emissions from a large green glass manufacturer and cited in the




Ms., B. J. Rirwan _ -3~ _ June 18, 1985

report are from a final ARB report {(given as ref. I-19 in the )
Dreft Chromium Report) which received public review and which was
modified to address the comments received. Further testing of
that large green glass manufacturer is scheduled because .
formulation changes have occurred which may affect chromium(VI)
emissions. Based on information supplied by industry, the
information gathered in April, 1984 on chromium(VI) emissions
from that large green glass manufacturer may not represent
current emissions; however, we believe that the 1982 test data
are technically supportable, and are representative of emissions
from the plant at the time of the tests.

Page 7, paragraph 2: The ARB's interest in potential
chromium(VI) emissions from clear glass plants is supported by
EPA or EPA-sponscred reports indicating that greater than trace
levels of chromium(VI) had been measured in the emissions of
clear glass plants; these were cited as references 20 and 21 of
Section I of Part A of the Draft Report on Chromium,

Supseguent to the issuance of the draft chromium
report, data became available on chromium (hexavalent and total)
emissions from a clear glass plant in california, AS you
indicated, emissions of chromium(VI) were very low in this test.
We will indicate this in the revised report. Any decisicns on
the source types to be evaluated for controls will be made dur ing
the control development phase. ¥We expect additional data from
ARB and industry emissions testing of glass plants will be
available if we do proceed to a control development phase for
nexavalent chromium .

Page 7, paragraph 3: The emissions listed in Table I-1
for refractory production were trivalent chromium. We have
estimated maximum chromium(VI) emissions basea orn the detection
limits of the source test performed for chromium(VI) at Kaiser
plant, and will indicate in the Report that emissions of
chromium{VI) are less than that amount.

Page 8, paragraph 2: Estimates of chremium(Vi)
emissions from glass manufacturing were not included in Table I-1
0f the Draft Report because there is insufficient evidence
available to make an accurate estimate of statewide emissions,
not because the source category is believed to be insignificant.
We have clarified this in the report.

We note that in the letter from Peter J. Schindler of
the U.S. EPA to Mr, Robert Drake {(dated December 12, 1984) which
you attached to your comments as exhibit. 6, Mr. Schindler states:



Ms. B. J. Kirwan, o —h- June 18, 19E5

"In addition to the previouslyv identified 11 source
categories, EPA is attempting to gather information on
other sources of chromium emissions to determine if
they may require further study as separate source
categories. Included among these other socurces are
glass melting furnaces."

We believe the omission of the glass industry in Table
3—-6 of the "Health Assessment Document for Chromium®™ reflected a
lack of information by EPA on emissions from the industry and is
not an implicit statement that glass plants do not have the
potential to emit chromium, or that these emissions are, or are
not, significant.

Page 9, paragraph 2: An EPA sponsored test, cited as
reference 20 in Part I, indicates that chromium was emitted €fromn
a green glass furnace in . which chromium(VI) colorants were used;
the oxidation state of the chromium was not specified. Because
the information is not specific to chromium(VvI}, and because ARB
testing of a California green glass plant using chromium(VI)
colorants showed significant chromium(VI) emissions, reference to
the EPA sponscored work in regard to this point has been removed
from the report. -

Page 9, 10 (conclusion): The best available emission
data and usage information on chromium({(VvI) have been used in the
report. Where data were insufficient te permit classification of
chromium emissions as hexavalent, total chromium was reported,
and deficiencies or uncertainties in the data identified in the
report. Any control decisions will be made during a control
gevelopment phase, if chromium(Vi) is identified as a Toxic Air
Contaminant by the Air Resources Board.

Again, thank you for your comments. You may contact
Cliff Popejoy at (916) 323-8503 if you have further guestions.

Sincerely,
William V. Lo toff, Chiet
Toxic Pollutants Branch

Stationary Source Division

cc: Peter D. Venturini




Chevron U.S.A. Inc.

57% Wermer Swrees, Sen Francisco, Cefiforniz  Phone (415 8320522

May 14, 1985

We Arzen FUOSna 7BAE Ser Fremnesr, DA 823237843

COMMENTS ON ARB/DHS
DRAFT REPORTS ON CHROMIUM

Mr. William V. Loscutoff, Chief
Toxic Pollutants Branch

Air Resources Boord

P.0O. Box 2815

Sacramento, CA

Dear Sir:

Chevron hes reviewed the draft reports on Chromium aond ‘we appreciate the
opportfunity to comment prior to submitting the reports to the Scientific Review
Panel. The following summarizes our major observations on both "Part A - A Review
of Chromium Uses, Emissions and Public Exposure” and "Part B - Health Effects of
Chromium." More detailed comments prepared by our experts at Chevron Research
Company and the Chevron Environmenta! Health Center are included as attachmients.

PART A

The overly concervative assumptions maode in the selection and handling of exposure
data result in an estimated exposure level of hexavalent chromium that may be as
much as a factor of six too high. When this overly concervative exposure estimate is
coupled with the Department of Health Service's dose response data, the result is on

estimated population risk that is also a factor of six oo high {See items | and 2 on
Attachment i), - .

PART B

The epidemiology studies used as a basis for the Department of Health Service's risk
assessment may be edequate for a qualitative evaluation of health risk, but each of the
studies sited has at least one major defect which seriously limits its use as a basis for
quantifative risk assessment {See Attachment Ii). Therefore, we believe:

Iy It is premature to produce statistical estimates of risk based on current
data, and .

2)  Risk management decisions should not be made until sufficient data is
available to make a quantitative risk assessment. )

We hope these comments will be of value in revising your draft documents. If you
have any questions, please contact Mark Nordhiem ot (415) 894-56107,

Sincerely,

wTDMI&‘/}’{L&)IJ



_ ATTACHMENT ]

CHEVRON COMMENTS ON
THE AIR RESOURCES BOARD DRAFT "PART A" REPORT ON CHROMIUM

The Air Resources Board Staff report recommends that only hexavalent
chromium be listed as a Toxic Air Contaminant since there is insufficient
evidence thot trivalent chromium causes cancer. However, annual ambient
concentration estimates used to predict excess cancer rates are based on
measurements of total chromium. At the same time, the Part A report states
that recent ambient data show hexavalent chromium represents up. to one-third
of the total chromium present in the air. Therefore, the estimated ambient
concentrations of hexavalent chromium and the resulting predicfed cancer rates
are uvnrealistically high by at least a factor of three.

The ARB measured chromium in nine cities during 1982-1983. However their
program did not cover a full year. For this reason, the annual ambient
concentration estimates for chromium are based on 1977 monitoring data from
EPA's National Aerometric Data Bank. These measurements were originally
obtained from various public agencies, which probably used a variety of
coliection and analysis methods. For the three cities included in both data bases,
gveroge chromium levels measured by CARB are a factor of two lower.
Therefore, using the EPA data results in predicted cancer rates that may be a
factor of two high. When this effect is combined with the effects of item one
above, the result is a cancer risk estimate that may be a factor of six too high.

The relative magnitude of hexavalent chromium emissions from various sources
needs to be better defined before an effective control program can be devised.
Cooling tower emissions illustrate this point. According fo the draft report, they
may be responsible for as little as 0.6% or as much as 20% of totel chromium
emissions from stationary sources. A more precise estimate is required to
determine whether controls should be considered for this source category.



ATTACHMENT Ii

| CHEVRON COMMENTS ON -
THE DEPARTMENT OF HEALTH SERVICES DRAFT "PART B" REPORT ON CHROMIUM

Following a review of the DHS/EPA risk assessment for chromium, we are concerned
that the epidemiology studies cited by both the DHS ond EPA are inadequate for the
quantitative estimation of cancer risk associated with ambient airborne concentrations
of chromium. Each of the studies selected has at least one charocteristic (such as
questionable quantitation and speciation of airborne chromium levels, concurrent
expesure of the cohort fo known carcinogens, and poor cohort definition) which
seriously limits their utility for quantitative risk assessment. Most of these
characteristics tend to overestimate the risk. The use of questionable dcta as the
basis for a risk assessment can only result in estimates of dubious accuracy. For this
reason, we believe it is both premature to perform rigorous mathernatical estimates of
risk based on the availabie data and misleading to present such estimates to risk
managers as accurate. Qur concerns for each of the studies cited are outlined below.

Pokrovskaya, et. al.:

i In reviewing this study EPA concludes "although this study showed o
significant. increase of lung cancer morfality over the control group, the
validity of the data is questionable because the study cohort is not clearly
defined." Thus, it is inappropriate to use this data for a rigorous risk
assessment. '

2. In addition to chromium, the study's authors reported that workers were
exposed to other potentially carcinogenic substances including benzo (q)

pyrene and furnoce gases. No attempts were made io account for these
confounding factors.

Axelsson, et. al.:

i. The authors of this study concluded that there was no association between
employment in the ferrochromium industry and risk of respiratory cancer.
Thus this data is theoretically useful only in calevlating an upper-bound
estimate of potency.

2. Because of the confounding effects of smoking and exposure fo asbestos
(two of the four cases of respiratory cancer observed were diagnosed as’
mesotheliomas), no definite conclusions should be drawn from this study.

Langard, et. al.:

l. Ambiguity exists over the guthors' classification of the observed cases of
"lung cancer." This raises questions as to the authors' comparisons of
observed and expected cases. If the observed number of "lung cancer"
cases includes mesotheliomas, then the stated Mung cancer" risk due to
chromium may instead be ¢ partial reflection of the asbestos exposure
believed to have also occurred in this cohort.



Mancuso:

o

Measurements of airborne chromium ievels were not taken until 1975, and
may seriously underestimate the actua! ambient levels to which most of
the workers were exposed. EPA states that "These concentrations are used
in our potency caluclations, with the understanding that the potency so

estimated can only be considered an upper-bound estimacte" (emphasis
added).

As in" the Pokrovskaya study, these ferrochromium workers may have been
exposed to two other carcinogens, asbestos and polycyclic aromatic
hydrocharbons.

In reviewing this study, the EPA concludes that the observed association
between chromium exposure and lung cancer is "based on very small
numbers, and thus the findings of a dose-response is probably questionable.”

Two factors that may result in an overestimation of the risk association
with exposure to chromium from the application of this study's results are:

a. The 1949 industrial hygiene data used in this study may
underestimate the workers' exposure.

b. An implicit assumption was made that the smoking habits of
chromate workers were similar to those of the general white male
popuiation.
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SACRAMENTO, CA 95812

June 13, 1985

Mr. W. T. Danker

Manager, Environmental Programs
Chevron U.S.A., Inc.

575 Market Street/P. Q. box 7643
San Francisco, CA 94120-7643

Dear Mr. Dankef:

comments on Part A of the Draft Chromium Reéort

Thank you for your comments and suggestions on the
Draft Chromium Report. The Department of Health Services will
prepare responses to your comments on Part B. Those responses,
this letter, and your comments will be included in Part C of the
Report to the Scientific Review Panel, We will send you a copy
(\ of that report. Briefly, our response to your comments in
Attachment I to your letter are as follows:

1. Several people commented, as you did, that the
application of dose-response data for hexavalent chromium to
total ambient chromium concentrations provides estimates of
excess cancer risk which, because they represent worst case or
upper bound estimates, are unrealistically high. We have revised
the overview to include estimates of excess cancer risk which
reflect current knowledge of ambient hexavalent chromium
concentrations. The resulting risk estimates are approximately
one~third the value of the upper-bound estimates, '

Please note that the Department of Health Services has
revised the upper-bound dose response relationship, and that the
ranges of excess cancer risk have been changed accordingly.

The ARB is working to better characterize ambient
levels of chromium(VI) in cCalifornia. As more temporally and
spatially specific data on chromium(VI) concentrations becomes
available, it will be possible to make a better estimate of the
health impact of ambient chromium(VvI).



Mr. W. T. Danker -2- June 13, 1985 .

2. Ambient concentrations of total chromium measured
by the ARB in 1982-83 are lower than those in the EPA National
Aerometric Data Bank for 1977 because different sampling methods
were used. The EPA data is from samples collected using
high-volume samplers, which collect particulate matter less than
50 micrometers (um) in diameter; ARB data is from samples '
collected using dichotomous samplers, which collect particulate
matter less than 10 um in diameter (inhalable particulate),

The difference between EPA and ARB data 1s indicative
of a difference in sampling techniques which provide information
on the particle size distribution of chromium particulate, rather
than of differences in ambient chromium concentrations.

3. We agree that an improved emissions inventory will
be an important part of any control program for hexavalent
chromium. a decision on whether or not to require controls on
specific source types will be made during the control measure
development phase.

Again, thank you for your comments. If you have any guestions,
please contact Cliff Popejoy of my staff at (916) 323-8503,

Sincerely,

ZQ%QZZM:' QC/
William V. Loscutoff, 1ef

Toxic Pollutants Branch
Stationary Source Division

Cc: Peter D. Venturini
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Diamond Shamrock

May 14, 1985

Mr. William V. Loscutoff, Chief
Toxic Pollutants Branch
California Air Rescurces Board
Sacramento, CA 95812

RE: March 1985 Draft .
Report to the Scientific Review Panel on Chromium

Dear Mr, loscutoff:

This letter is submitted to forward coments on the
above-referenced draft Report to the Scientific Review Panel on
Chramium. These comments should be considered as being -
additional to those previocusly submitted by our Mr. Ralph
Temple, :

If you have any questioﬁs on these caments, please let me know
at (214) 922-2739 on the letterhead address.

Sincerely,

el

M. M. Skaggs,<T.. ,
Technical Manager, Environmental Affairs

/kdv

Wi Y
Dismond Shamrock Corporation .
Worla Headguarters, 717 Norh Harwood Street. Dallas. Texas 75201 Phone: 214 §22-2000



COMMENTS QN PART A, SECTION IIT.
AMBIENT CONCENTRATIONS IN THE COMMUNITY

1. Non-Detectable" Data Handling: All ambient samples which contained
non-detectable chrarium levels were entered into the analvsis as positive
values. These data points were assumed 4o be equal to "one-half of the lowest
non-zero concentration measured" (Page ITI-1). This assumption forces the data
set minimms to be 4 ng/m3 of chramium. This method appears to have little
merit or statistical support, particularly where the data is then fed into a

linear carcinogenicity model.

2. Chrowium Valence State: This report bases its cancer incidence assessment
.on the assumption that ambient chromium is entirely hexavalent in form. This
assumption is invalid, particularly in light of the unreported S.C.A.B. data
reported on Page ITI-8. This non-peer reviewed data is quoted as showing that
only approximately one-third of the ambient chramium is hexavalent. Thus, the
total chromium figures fram Table YII-1, ITII-2, ITI-3, III~-4, IXT-5 and TII-6
should be evaluated in this context.

3. Synergism of Assurptions—Cancer Risk: The two assumptions cbjected to
abcve operated synergistically to bias the entire analysis. To see the
prcbiems with these paired assumptions, one should examine the application of
these assumptions to the zero ambient chromium theoretical condition. In this
case, while absolutely no chramium would be present, the model would be based
on uniform assumed values of 4 ng/m3 (all hexavalent). Application of these
assumed values to Figure A (Page 8) would result in an "estimated excess cancer
burden” of 130 to 18,000 cases. Thus, despite an absence of envirommental
chromium in this hypothetical case, the model used would predict major public
health impacts.

4. Monitoring Site Location: The monitoring sites at which the ambient
chromivum data were collected were not justified by modelling or other means as
being appropriately located to be representative of the public exposure in
their respective areas. Without such siting qualification, the assumptions of
population exposure made on Page ITI-8 through ITI-19 are invalid. Impacts
Zrom intermittent local sources, which would normally disqualify air quality
monitoring sites, were in fact used to explain away data variabilities. Thus,
without a clearer examination of the monitoring site locations, nearby sources,
and local meteorology, one should disallow much of the data as not being
representative of the nearby populated areas.

5. Data Accuracy: Page III-19 states that “the accuracy of the chromium

measurements is undocumented". Any data presented without adequate quality
controls should be removed, as should any data not subjected to prior peer

review.




STATE OF CAUFOFN-& - ' GEORSGE DEUKMELAN, Governor

4" RESOURCES BOARD
Q STREET

- .. BOX 2815

SACRAMENTS, CaA  $5812

June 17, 1985

Mr., M. M. Skaggs, Jr.

Technical Manager, Environmental Affairs
Diamond Shamrock Corporation

717 North Harwood Street

Dallas, TX 75201

Dear Mr. Skaggs:

Comments on Draft Chromium Report -

Thank you for your comments on the Draft Chromium
Report. Your comments and our responses will be included in
Part C of the Report on Chromium to the Scientific Review Panel.
We will send you a copy of that report. Our responses to=your
numbered comments are as follows:

TN

1, Non-Detectable Data Héﬁdllng

The replacement of zero values in the EPA National
Aerometric Data Bank data used for the exposure assessment with a
value one-half of the lowest’ reported non-zero concentration was
done to provide a better estimate of average concentrations than
would be the case if the zero values were either eliminated from
consideration, included as zero, or included as being equal to
the lowest non-zero concentration measured during the year. The
percentage of observations at each site reported as zero ranged
from 3 to 77. The overall average percentage of concentrations
reported as zero was 27. Two-thirds of the sites (10 of 15) had
33 percent or fewer zero values, and one-third of the sites (5 of
15) had fewer than 10 percent zero values,

2. Chromium Valence State

Several people commented, as you did, that the
application of dose-response data for hexavalent chromium to
total ambient chromium concentrations provides estimates of
excess cancer risk which, because they represent worst case or
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usper-bound estimates, are invalid. wWe have revised the overview
to include estimates of 'excess cancer risk which reflect the
current knowledge of ambient hexavalent chromium concentrations.
The resulting risk estimates are approximately one~third the
value of the upper-~-bound estirmates,

Please note that the Department of Health Services has
revised the upper-bound dose-response relationship, and that the
ranges of excess cancer risk have been changed accordingly.

The data on hexavalent chromium concentrations in the
South Coast Air Basin which were used to estimate risk from
aimbient chromium(VI) were based on ARB method 106, Procedure for
the Sampling and Analysis of Atmospheric Hexavalent
Chromium(VI). We have included a copy of Method 106 in Appendix
D of Part A. A limited interlaboratory study of this method has
shown agreement within 25 percent. Method development for
caromium(VI) analysis is presently being done by the Inorganic
Toxics Analytical Subcommittee of the Toxics air Monitoring
Technical aAdvisory Committee (TANTAC) which is comprised of
technical representatives of Federal, State, and local air
guality and public health agencies,

3. Synergism of Assumption Cancer Risk

The two assumptions which you object to were discussed
above; in summary, we believe the use cf one-half the lowest
non-zero concentration measured for observations reported as zero
yeilds the best estimate of concentration possible using existing
information. 1In addition, data on amkient hexavalent chromium
concentrations were used to estimate a range of risk from
hexavalent chromium. Because estimates of hexavalent chromium
enissions indicate that hexavalent chromium is enitted to the
atmosphere of California, the "hyvpothetical case” of "zero
ambient chromium” is unlikely. Efforts are underway to better
characterize ambient chromium{VI) concentrations at Sites
throughout the state. As additional data become available, we
will be able to better assess the public health impact of ambient
chromium(vI).

4. Monitoring Site Location

The monitoring sites at which the EPA NADB data were
collected were established to provide data reflecting
population-oriented chromium concentrations.d

Discussions of peak-to-mean ratios of TSP chromium and
of di-chot fraction- chromium were incuded in the report to
provide an indication of the homogeneity of source areas.
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Because chromium(VI) at the levels observed in ambient air is

expected to have a chronic effect, the lifetime exposure or dose
to the individual is used to estimate health impact. Therefore,
intermittent sources of chromium(vI) are significant and should
be considered in estimating population-oriented exposure., Based

- on these factors, we believe the data is representative of

population exposure, and its use is appropriate.

5. Data Accuracy

While the absolute accuracy of the EPA database is not
documented, certain procedures have been implemented to provide
for reliable data. The chromium &ata were originally sampled and
analyzed by a number of different agencies; these agencies
presumably applied acceptable quality assurance practices during
the collection and analysis phases. Additionally, after the data
were received by EPA, they were subjected to several checksZ?
to assure accuracy and completeness: edit checks, to determine
whether the data met minimum completeness reguirements; data
validation, to determine whether the data reflect true or
realistic situations based on guidelines values, reasonable range
checks, etc.; and certification, review of data after
validation. We feel that the EPA data used to assess exposure
was collected using adeguate gquality controls, and that Teview by
various agencies represents sufficient peer review.

Thank you again for your comments. If you have any
questions, please contact Cliff Popejoy, at (916) 323-8503.

Sincerely,

. / ,ﬁ-— " .
U s @ Kuaai?{
William V. Loscutoff, CHA f

Toxic Pollutants Branch
Stationary Source Division

Attachment

€c: Peter D, Venturini
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Attachment
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PACIFIC GAS AND ELEC ORIC COMPANY

PG=E

H. M. HOWE
CHIEF SITING ENGIHEER

—+_ 77 BEALE STREET + SAN FRANCISCO, CALIFORNIA 94106 « (415) 781-4211 = .TWX 910-372-6587

May 13, 1985

Mr. William V. Loscutoff, Chief
Toxics Pollutants Branch
Re: Chromium
California Air Resources
Board (ARB)
P.0O. Box 2815
Sacramento, CA 95812

. Dear Mr. Loscutoff:

Comments on Draft Chromium
Risk and Exposure Assessment

PGandE supports the draft assessment's apparent conclusion
that only hexavalent chromium could be considered for
possible identification as a toxic air contaminant at this
time. However, PGandE suggests that conclusion should be
more clearly stated, and the rest of the report should be
more consistent with that conclusion.

In August 1984, the Environmental Protection Agency (EPA)
final chromium risk assessment concluded on page 2-11 that
trivalent compounds have not been reported to be carcino~
genic by any route of administration. 1In its Part B report,
the Department of Health services (DHS) concluded that there
is inadequate data to confirm or refute the carcinogenic
potential of trivalent chromium. Nevertheless, the Part B
summary concludes "“The DHS recommends that the ARB take the
increased carcinogenic risk from exposure to chromium,
(emphasigladded) as.falling in the range of 3.0 X 10 - to
9.3 x 10— per yg/m”." That recommendation is the most
important part of this entire assessment. PGandE suggests
that it be clarified that the DHS is not recommending apply-
ing hexavalent chromium based risk estimates to all chromium
compounds.

The EPA assessment also concluded that hexavalent chromium
compounds have not induced lung tumors by inhalation
(page 2-11). We understand the health protective concerns

which have caused the DHS to nevertheless recommend that
hexavalent chromium be regulated as if we were certain it
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created the upper bound health risks implied by some
epidemiological studies. But the overview table entitled
"Estimated Excess Cancer Burden to Selected California
Populations" fails to acknowledge that the actual risk may
be zero. This is particularly misleading since one of the
"health conservative" estimates is labeled as "low." It
should be clarified that this is the lower upper bound, not
an absolute lower bound, estimate. A footnote should also
be added acknowledging the uncertainties of these health
protective risk extrapolations and the possibility that the
risk might actually be zero.

PGandE is disappointed that the “best" burden estimate is
based upon an assumption that all ambient chromium is hexa-
valent when the only data cited indicates that only one-
third of the ambient may be hexavalent. The ARB should
either delay finalizing the report until it has better data
or should base its "best" estimate on the best data avail-
able. In any event, it is clearly inappropriate to apply
the 100% hexavalent assumption to any “low" estimate.

Table I-1 in Part A lists sources of chromium emissions.
PGandE suggests that the ARB expand that table to include
HIGH, BEST, and LOW estimates of the fraction of total
chromium emissions from each source believed to be
hexavalent. Absent data to the contrary, PGandE suggests
that the ARB should rely upon the conclusion, implied on
page 2-3 of the final EPA assessment, that oil combustion
sources are unlikely to be sources of hexavalent chromium.

PGandE appreciates this opportunity to comment on the draft
chromium assessments. Please call Mr. J. T. Holcombe at
(415) 972-6910 if you have any questions regarding these
comments.

Sincerely,




EPA-600/8-83-014F
Apgust 1984

Health Assessment Document
for Chromium

Final Report

Environmental Criteria and Assessment Office
Office of Health and Environmental Assessment
Office of Research and Development
U.S. Environmental Protection Agency
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2. SUMMARY AND CONCLUSIONS
2.1. IRTRODUCTION

Trivalent Chromium (Cr III) is considered an essential picro-nutrient at

relatively low levels, largely because chromium deficienecy results in a buildup

of glucose in the blood. -A% much higher lévels, certain hexavalent chromium
(CrvI) compounds are known to be.carcinﬁgens. Thus, chromium is unique among the
metallic elements, given its paradoxical roles in both nutrition -and
carcinogenesis., The seemingly contradictory information on the effects of
chromium is being clarified through inereasing understanding éf the role'of the
differing oxidation states and types of chromium compounds, which apparently
determine the relative risks and benefits to human health. of chromium_in its
various forms.

In the ambient environment, however, most qf the monitoring ;nformation has

provided only total elemental chromium levels. Outside of occupational

settings, only limited iﬁformation exists on the types of chromium compounds to

which the public 1is exposed, although the tfivalent form is known to be

predominant. The &ssessment which follows focuses on several key areas which

‘bear on the kind and extent of effects assoclated with chromium compounds:

Sources and concentrations of important chromium compounds (particularly Cr{I11)
and Cr{VI)); measurement methods; pharwvacokineties and essentiality; toxic

effects in man and animals; and carcinogenie risks.

.2.2. FORMS, SOURCES AND CONCENTRATIONS OF CHROMIUM

Chrowmium is a metallic element whieh occurs in nature primarily as the

tinerzl chromite; elemental chromium does not occur naturally. Chromium exists

e A o e i e e, TS VPRI



in four oxidation stapes, but only twoc of them, Cr(IIT) and Cr{Vi), appear to be
important, owing io their predominaﬁce‘and stability in the awmbient environment.
All forms are influenced greatly by pH, which affects the solubility and
subsequent reactivity of chromium icns. Trivalent chromium is chemically basic,

“
while hexavalent chromium is acidic.

Trivalent 'chromium is the wmost stable oxidation state, and the wmost
important chemically. Tts foremost characteristics are its ubiquitousness in
the environment as part of the earth's crust, and its tendency to form
kinetlcally inert hexacoordinafe complexes. It reacts with aqueous hydroxides
to form insoluble chromium hydroxide. Hexavalent .chromium is the second most
stable state, but the most lwportant toxicologically; It occurs rarely in
nature, apart from man's interventlon, because it 1s readily reduced to Cr(ITI)
in the presence of organic matter. It is qulte soluble, existing in solution as
- a complex anion. However, in certaln soils and natural waters, it can remain
unchanged for protracted periqu of time.

Chromite ore 1s not mined in the United States, but Cr{VI) chemicals are
produced from imported ores, amounting to 21% of total U.S. chrowium consumption.
Metallurgical processes constitute approximately 60%, énd refractory uses about
184. Little direct information exists on the speciation of chromium compounds in
the environment, becauselof the limitations of existing measurement methods (as
described below}. Accordingly, knowledge of chronium chemlstry and its sources
sust be relied on in estimating the relative amblent contribution of different
species. Direct sources include chemical and refractory plants; indirect
sources include fossil fuel cowmbustion, waste incineraﬁion and cepent plant
emissions.

Some source categories are likely to ewit both trivalent and hexavalent

forms of chromium. These are steel, refractory, chenicals manufacturing, as well

2-2
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as sewage sludge and opunieipzl incineration. Cooling towers and chrome plating
fzeilities emit hexavalent chromium, and chromiur ore refiring, ferro-chromium

production, cement production, and coal and oil combusticn are likely to be

sources of trivalent chromium. Maxivuw annual average ambient (totzl) chrormium

1e§els within 20 kilometers of these sources range from zpproximstely 0.01-13.590
va/o3. | ‘

Background ambient air concentrations of total chromium have ranged from as
low as 0.005 ng/m3 {at the South Pole) to 1.1 ng/m3 in othep remote areas of the

world. In the United States, recent monitoring of the ambient air in many urban

and non-urban areas has shown total chromiurn concentrations averaging in the

range of approximately 0.005-0.157 pg/m3. The wmaximuz 24-hour average

3

concentration found for any one site was 0.684 pg/m” in the Baltimore, MD area.

Because Cr(IIT) is highly stable and Cr{VI) reacts over time to form Cr(III), it

is assumed that most chromium in ambient air occurs in the trivalent state.
Monitoring of.both the species and oxidation statés_of chromium in the ambient
air sﬁould be a priority for future research.

The chromium concentration in 0.S, waters varies with the type of
surrounding industrial sources.and the type of underlyiné soils. An analysis of
approximately 4,000 tap water samples in repfesentative D.3. cities showéd
chromium concentratiuns ranging from 0.4 to 8 ppb. Chromium lgvelé in soil vary
with soil origin and degree of contamination from anthropogenié sources, Tests
on domestic soil have shown chromium concentrations ranging from an average of
14-70 ppz. Because the-amount of chromium in food and food plants is relatively
low, ‘and because chromium does not appear to accumulate iﬂ mampalian systems,
biczceurulation in the: soil-plant-animal syétem does not appear to be a

significant exposure source.
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2.3. MEASUREMENT METHODS

One of the maln problems in assessing the effects of chroﬁium on human
health is the lack of adequate methods to measure the types and amounts of
chromium compounds. Prior to 1978, urinary chrowmium levels fell within the range
of 2 to 20 pg/%. In 1971, radio-tracer experiments indicated that approximately
0.5-1% of the chromium was absorbed throught the digestive aystew. Accordingly,
chromium excretion of 10 pg/day would correlate with a chromium intake of 1-2
mg/day. However, few diets contain more than 100 pg/day chromium; this anomaly
was resolved by showing that the background collection capabilities of the
analytical methods used to measure chromium (atomic absorption) were inadequate
for chromium determinations.

Several methods are avallable for measuring elemental chromium in both
environmental and bilological samples. These include atowmic absorption
spectiroscopy, instrumehtal neutron activation analysis, X-ray fluoroescence, and
particle-induced X-ray emissionsz (PIXE). While these methods are sensitive to
the ppb level, p;oblems in sample cbliééti;n,‘preparation and interferences are
shared by all. Tn blological samples, neutron activation analysis data tend to
be lower than atowmic absorption and X-ray.fluorescence data. In environmental
samples, neutron activation analysiS data are higher. Generally, a comparison of
the results indiéates that wodified atomic absorption spectroscopy provides
relatively reliable analyses. Another problem in chrowium determination is the
lack of adequate reference materials. Ideally, reference materials should match
the samples to be analyzed with respect to chromium levels and each reference
composition. Because the materials are not yet standardized, inter-laboratory
comparisons are difficult.

Techniques for wmonlitoring hexavalent chromium are also subject to

considerable error. For example, although the OSHA colorimetric method 1a the
-
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most commonly. used analytical,;opl, particularly in occupational settings, low
sample recoveries have been reported in chromium levels of less than 10 ug.

2.4. PHARMACOKINETICS AND ESSENTIALITY

2.4.1, Aﬁsorption, Transport and Excretion. An understanding of the role of
chromium as an essential nutrient and causative agent in toxieity and
carcinogenicity requires knpwledge of the rates of absorption, mechanisms of
absorption, transport and organ distributiocn of the.various chromium-containing
compounds. There are three primary routes of entry for chromiuw into'the human
body. For most people, the gastro-intestinal (GIS tract is the primary route of
uptake, while in occupational exposures the airways and skin are the most
ipportant routes of uptake, Rates of uptake in the GI tract depend on a number of
different factors, such as the valence state of chromium in the compodnd, the
water scolubility of.the compgund and the paséage of time through the tract.

Uptake in the airways is also influenced by the particle size distribution of the

inhaled aerosols, and on factors which govern the clearance time of the lung.

Limited wofk on humans has been carried out on the relationship between
exposure to trivalent chrouiﬁm compounds and lung uptake and urinary excretion of
chromium. In one study on workers exposed to chromium lignosulfonate, it was
demonstrated that while chromium in the chromium lignin was‘present in the
trivalent state, it acted pharmacokinetically 1like water soluble Cf(VIj
compounds; An average of 14 pg/% of urine was excreted, at an atmospheric
chromium lignin concentration of 50 ug chromium/mB. One to two percent of the
inhaled chromium was excreted in the urine.

For Cr(Vl), the urinary chromium oconcentrations corresponding to an

airborne concentration of 50 ug/m3 Cr(VI) were 40 pg/2 in one study, and 10 to 20



L

pg/f in another. Tt was noted that chromium-bearing particles stay longer in the

airways in smokers than in non-smokers.

The established norwal levels of chromium in whole blood and in serum have
declined with time, reflécting the changes and iwmprovements in ahalytical
methods. In the airways and in the GI tract, soluble Cr(VI) compounds are
apparcently taken up by epithelial cells by slimple diffusion through the plasma
wewmbrane. After entry, Cr{VI) reduction occurs from the action of enzymatically
mobilized electrons, which are available from GSH, NADPH, and NADH. The reducing
capacity inside the cell 1s limited, so that Cr(VI) and Cr(IIT) exist
simultaneously inside the cytoplasm; Cr(VI) is then released frém the cell by
simple diffusion into the blood stream and taken up into blood c¢ells. In spite
of the refined methods of analysis available, a reliable range of normal blood
chromium concentrations cannot be gilven with confidence. When uéing nodern
methods for analysis, the whole blood concentration way be suggested to be within
the range of 0.5 to 3 ppb, while the serum level is probably below 0.2 ppb.

The chromium concentration in human tissues has been shown to decrease with
increasing age. In'contrast to this, chrbwiuw concentrations in the lung have
been shown to increase with age. This increase in chrowmium content in thé lungs
may be due to deposition and retention of insoluble chrowium-containing

particles from the inhaled enviromnmental ailr, as well as from tobacco smoke.

2.4.2. Essentiality of Chromium. Anlmal ‘studies have demonstrated that
chromium-deficient rodents gain less weight and have a shorter life-3span than
animals wmaintained on a diet containing adequate chromium values. Chromium
deficiency results in glucose intolerance in rats. This intolerance can be
reduced with dietary treatment with Cr(IIT). 1In humans, symptons of chrownium

deficlency consist of glucose intolerance, weight loss and confusion. Those
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srone to chromium deficiency include the.élaerly, diabetiﬁs, pregnant women,:
zzlncurished childrén, offspring or-éiblings of éiabetics and persons with early
coronary heart disease. Altyough the exact level of chromium needéd for good
health is not known, the average American intake of 50 %o 200 pg/day is
conéidered adequate because at such levels sywptoms associated with chrowmium
deficiency are not observed. Tt should be noted that there is a considerable
difference between the low levels of intake that are associated ﬁith nutritional

deficiency and the high levels of exposure which are associated with toxie

effects.
2.5, EFFECTS OF CHROMIUM ON BITOLOGICAL SYSTEMS AND HEALTH

2.5.1. Toxic Effects 1n‘Han and Animals. The effects of both Cr(IIT) and
Cr{VI) have been studied in man and animals. Both Jlong-term and short-ternm
exposure conditions have been investigated, but Qost of the long-term exposures
have Tocused on earcinogenic effects (discussed in Section 2.5.2. below).

The relative chemical inactivity'of Cr{III) compared with Cr{VI} correlates
with various acute toxicity stﬁdies on chromium salts, 'Orallbbso (dose lethal to
50% of recipients).levels.;n rats have been béported to range from 535 mg/kg to
11,260 ﬁg/kg for Cr(IIT). As seen iﬁ the previous section on pharwmacokineties,
the relatively higﬁ amounts of Cr{IlI) which are required to cause death ariﬁe
frow the relative insolubility and poor intestinal absorption ofkmost Cr(III)
compounds, Unlike the trivalent compounds, ;hose of Cr(VI) tend to cross
biclogical membranes fairly easily, and are somewhat mo;e readily ébsorbed
through the gut or through the skin. The stroné oxidizing powersz of Cr(Vvi)
compounds explain mueh of their ifritating and toxic properties.

Exposure to Cr{VI) has been éssociated primarily with renal damage. For

humans no guantitative evidence of acute toxeity through oral ingestion has been
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reported. In various animal species, single injections of 2 wng/kg caused
cellular and structural damage in the kidneys.

The effects of chrowium on the skin were recognized over 150 years ago.
Many chrowiuw compounds c¢an damége the skin, but metallic chromium or chromium
alloys are chemically imert and are not harmful. The effects of chfgmium
compounds on the skin are caused primarily by direct contact. Most of the
effects have occurred in occupational settings, and, as expected, with more men
than women reporting effects. Cr(VI) derivatives can cause ulcers of the hands
and accompanying perforations of the nasal septum. Allergic contact dermatitis
may arise from exposure to either trivalent or hexavalent chromivw, although
hexavalent chromium is responsible for most of the reported cases.  Cr(vl)
penetratés undamaged skin, and subsequently reduces to Cr(III) which combines
with proteins or other skin components to form a whole skin allergin.

Effects on the upper rgspiratory tract have been obaerved‘in workers in
chromium-related industriea., . The major effects of chromium on this system
include ulceration of the nasal septum, with subsequent perforation, and chronic
rhinitis and pharangitis. Early studies indicated that approximately one-half
to four-fifths of the workers in chromate plants had perforated nasal septa, at

levels of exposure that approached 1 mg/mB. Subsequent werk indicated that

3

chromic acid levels exceeding 0.1 mg/m~ also caused perforated septums in sowe
workers.

Limit :d work bas been reported on reproductive effects of chromium. {r(VI)
and Cr(III) have been found to cross the placental bérrier in animals (hamsters
and wmice} and enter the fetus dufing mid to late gestation. Fetal uptake of
Cr(VI), however, was much greater than that of Cr(III}. Developwental effects

attributed to both Cr(VI) and Cr(I1I) differed between hamsters and mice, and

included such external abnormallities as qleft palate and skeletal defects, and
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activity "of Cr(VI) in the presence of such activating systems.

{in one study of a Cr(III) cozpound) neural tube defects. One researcher
concluded that Cr{VI} oeccurred at sufficiently high fetal concentrations to

cause direct effects on eabryonic structures, but also questioned whether all of

the teratogenicity and fetal toxicity associated with exposure to Cr(III) might

be attributed to extra-ewbryonid effects, for example, those on placental

tissues,

2.5.2. Genotoxicity, Carcinogenicity and Assessment of Risk.

2.5.2.1., GENOTOXICITY -- In recent Years, much evidence has accumulated to

show that compounds of chromium possess the ability to cause transformations and

putations, as evaluated in a wide variety of in vitro assays such as the reverse

and forward mutétion, gene conversion, and DNA modification tests., Genotoxic

effects have been demonstrated primarily for chromium compounds containing the

Cr{Vl) species, including effects such as:

- Hutagen;e responses in_bacterial strains.

Morphologic changes in mammalian fetal cells.

Cytogenic effects on mamﬁalian bone marrow cells,

-= Increased geﬁe conve;sion in yeast species.

~-= Tnereased transformation frequencies in mammalian cells.
«~ Chromosomal damage in cultures‘of human lymphocytes.,

In general, soluble Cr(VI) compounds are less active in the presence of
melabolic activating systems. The reduction of Cr(VI) to Cr(III) by cellular
agents in metabolic activation systems, in part, explains the reduced mutagenic
Some recent
evidence implicating both Cr(VI) and Cr(ITI) in induced mutagenesis has been .

reported in DNA interaction and DNA polymerase infidelity assays, and several

tests with apparently pure Cr(ITI) samples have foﬁnd chromosomal aberrations.
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STATE OF CAIFGRNIA o GEORGE PU'wiiitri Governss

AIR RESOURCES BOARD

1102 @ STREET
¢ BOX 2815
( SAAMENTO, CA 95812
June 18, 1985
MI - H - M - Howe -

Chief Siting Engineer -
Pacific Gas & Electric Company

77 Beale Street

San Francisco, CA 94106

Dear Mr. Howe:

Comments on Draft Chromium Report

‘Thank you for your comments znd suggestions on the
Draft Chromium Report. We have referred your comments on part B
to the Department of Health Services for response, which, along
with your comments and this letter, will be includegd in Part C of
- the Report on chromium tec the Scientific Review Panel. We will
- ( send you a copy of that report. I am responding to Your comments
in the same sequence as in-your letter, . :

‘ Page 2, paragraphs 1 and 2: we recognize that the
overview table, "Estimated Excess Cancer Burden...,™ overstates
the health impact of ambient hexavalent chromium, because it
presents the worst (or upper-bound) case. The table has been
removed from the overview, Also, the_discussion of excess cancer
incidence based on the assumption that &ll atmospheric chromium
is hexavalent hes been deleted. We have included an estimate of
€XCeSs cancer incidence based on ambient chromium(VI) data,

Please note that the Department of Health Services has
revised the upper-bound dose-response relationship, and that the
ranges of excess cancer risk presented in the overview have been
changed accordingly. ' o

Page 2, paragraph 3: Because the fraction of
chromium(VIi) in total chromium emissions is not known with
certainty for some sources, we feel that it is not justified . in
this report to separately list emissions for hexavalent

’.
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chromium. VWe have incluced whatever information is évailable on .
hexavalent chromium emiscions in the discussion of emnissicns for

€ach source. We have revised Lhe recort to reflect, in the
ciscussion of fuel-combustion relesec erissions, that chromium

emitted from oil combustion is prooecly chromium(III}. Further
research, including scurce testing to directly measure

chromium(Vvl) ané total chromium emissions from ©1l combustion and
other sources, will be an important part of eny control progrem

for chromium(vi).

Again, thank you for your comments. If you wish to
discuss these comments, or have further guestions on the report,
Please cell Cliff Popejoy at (916) 323-8503.

Sincerely,
Foal
ey - .
///u&m% e
Rillien V. Lostefoff, chief)

Toxic Pollutants Branch

cec: Peter D. Venturini




‘Western Oil and Gas Association
727 West Seventh Street, Los Angeles, California 90017
(213) 6274866

May 20, 1985

BY FEDERAL EXPRESS

William V. Loscutoff .
Chief, Toxic Pollutants Branch,
Stationary Source Division

Air Resources Board

1102 Q Street

Sacramento, California 95814

Re: Comments on Draft Report to the
Scientific Review Panel on Chromium

Dear Bill:

The Western 0il and Gas Association (*WOGA"), a
trade association whose members conduct much of the produc1ng,
refining, transportlng and marketing of petroleum and
‘petroleum products in the western United States, thanks you
for the opportunity to submit comments on the draft report to
the Scientific Review Panel ("SRP") on chromium. WOGA's
review of the draft report leads us to the conclusion that
while available epidemiologic data may support a gqualitative
decision to list hexavalent chromium (chromium VI) as a toxic
air contaminant, the available data simply are not of
sufficient quality to develop .quantitative risk estimates or
to form the basis for future risk management.

California law directs the Department of Health
Services ("DHS") and the ARB to evaluate the health effects of
substances considered for listing as toxic air contaminants
and states that the evaluation shall include, among other
things, an assessment of the guality of data on health
effects. (Bealth & Safety Code Section 39660(c).) WOGA
believes that when, as here, the quality of the available data
is gquestionable, the evaluation should recognize that fact and
qualify the conclusions drawn in an appropriate manner. 1In
this way, the accuracy and the confidence that can be placed
in the risk estimates will be communicated to the reader of
the report. This approach also avoids unduly alarming the
public by overstating risks in situations such as this, where
relatively high risks are predicted on the basis of results of
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guestionable studies, some of which even showed negative
results. -

Also, even if chromium VI is listed as toxic air
contaminant, as recommended in the draft report, it should not
be a foregone conclusion that regulation of emission sources
will be required. WOGA asks that the statement on page 10 of
the Overview that the identification of chromium VI as a toxic
air contaminant will lead to the adoption of toxic control
measures be changed to read that identification may lead to
the adoption. of such measures. This will conform to the
statute, which requires that after a substance is listed as a
toxic air contaminant, the staff must assess the "need and
appropriate degree of regulation™ (Section 39665(a)). It will
also reflect comments made by ARB members at the January 25,
1985 public hearing on benzene at which it was stated that the
Board members did not feel compelled to adopt regulations to
control benzene simply because it had been listed as a toxic
air contaminant.

With these general thoughts in mind, WOGA submits
the following comments on Parts A and B of the draft report.

Part A — A Review of Chromium Uses, Emissions and Public

E}EEOSUI'E.

: WOGA's primary concern is with the estimates of
average ambient concentrations of chromium in California and
their use in the draft report. It appears that the average
ambient levels used are too high and that total chromium
exposures are given instead of just hexavalent chromium. The
end result is that, based on these factors alone, the
population risk estimates are Six times higher than they
should be.

The draft report recommends that only chromium VI be
listed a toxic air contaminant, but the ambient exposure data
used is for total chromium and therefore the resulting
population risk estimates are based on total chromium. The
draft report indicates that a maximum of one-third of total
chromium is hexavalent chromium, based upon measurements
conducted by -the ARB in the South Coast Air Basin last year.
There is further support for this fact in the Langard study
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relied on by the Department of Health Services.1 That study
found that hexavalent chromium comprised approximately 11 to
33% of total chromium emissions in the industrial setting
studied.

It also appears the ambient concentrations given for .
total chromium are too high. The report uses 1977 monitoring
data from the Environmental Protection Agency's ("EPA")
national aerometic data bank. The staff report states that
these measurements were taken throughout California by various
public agencies (federal, state and local). The data were
collected at different times, by different agencies and,
presumably, analyzed by different laboratories. The draft
report states that "the accuracy of data contained in the EPA
database is not documented."™ (Draft report at III-1.) The
draft report then references more recent data collected by the
ARB. The ambient levels recorded by ARB are approximately
one-half of those shown by EPA. WOGA believes that this more
recent data is more reliable and should have been used in
place of the more questionable EPA database.

The use of the EPA database and total, rather than
hexavalent, chromium significantly overstates actual exposures
to chromium VI. If chromium VI exposure levels were used to
develop the population risk estimates, the estimates would be
approximately one-third of those shown in the staff report,
Likewise, if the more recent ARB ambient monitoring data were
used in place of the EPA data, the population risk estimates
would be one-half of those estimated by the ARB staff. When
both factors are combined, the. resulting population risk
estimates are six times higher than they should be. This
significant overestimate of population risk underscores the
need to develop a more accurate picture of ambient chromium VI
levels before a population estimate can be developed for use
in the risk management phase.

It should also be noted that the draft report states
that "intake of chromium from ambient air represents by far
the most significant exposure route to chromium, especially
for chromium (VI).* (Page III-22.) This does not appear to
be accurate based on other information provided in the draft
report. For -example, the report states that "chromium intake
from a typical American diet of 43% fat was determined to be

' Langard, S., A. Andersen and B. Gylseth. 1980.
Incidence of Cancer Among Ferrochromium and Ferrosilicon
Workers. British Journal of Industrial Medicine 114-120.
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68 + 28 ug/day; from a typical American diet of 24% fat,
intake of chromium was determined to be 89 + 56 ug/day."

(Page III-21.) Ambient concentrations are approximately 15
ng/m” (annual average; Draft Report, Overview, page 4). When
the ambient concentrations are multiplied by the amount of air
breathed on a daily basis (20 cubic meters/day), the daily
exposure to chromium is .3 ug as a result of daily breathing.
This is far less than the amounts estimated to occur as a
result of diet.

Lastly, more detailed information is needed on
emissions of chromium VI from individual point sources. The
relative magnitude of chromium VI emissions from sources such
as cooling towers needs to be much better defined before it
can be determined if a control program is necessary. The
draft report estimates that emissions from cooling towers
account for between 0.6% to 20% of total chHromium emissions
from stationary sources. Obviously, this is an imprecise
estimate. In addition, WOGA suspects that the effect of
chromium VI emissions from cooling towers may be highly
localized. Further investigation needs to be undertaken to
determine whether chromium VI emissions from cooling towers
are carried outside plant boundaries into the ambient air in
any appreciable quantities. WOGA offers to participate in
such an investigation.

Part B —— Health Effeéts of Chromium

The epidemiological studies upon which the DHS bases
its risk estimates for chromium are not adequate for
developing mathematical estimates of risk. ' Each of the
studies relied upon is seriously flawed for one or more
reasons. However, these flaws are not adeguately discussed by
the DHS nor are the risk estimates derived from the studies
appropriately gualified.

The limitations in each of the studies used by DHS
will be discussed. However, each study is flawed in one of
the following general ways:

1. Questionable gquantitation and speciation of the
exposure estimates. The exposure data 1s sketchy and 1s often
obtained from a period later than when the cohort was exposed.
Therefore, the exposure levels given are probably lower than
the actual exposures. From the reports, it is difficult to
determine the percentage of chromium VI, even where exposure
levels are given or estimated.
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2. Exposure to other carcinogens. Confounding
factors for lung cancer, Principally cigarette smoke or
asbestos, were not controlled. The level of "excess risk"
supposedly contributed by chromium (unspeciated) is therefore
not clear. At the very least, the “unit" risk estimates
should be revised to account for these factors or they should
be used to qualify the accuracy of the risk estimates.

A 3. Poor definition of the cohort. 1In most of the
studies, the cohort was loosely defined. For example, there
are serious questions as to whether some of the workers
‘studied were exposed to chromium VI at all and the duration of
such exposure, if any.

In the paragraphs that follow the major shortcomings
of each of the study will be discussed. '

1. Pokrovskaya. EPA concludes that "although this
study showed a significant increase of lung cancer mortality
over the control group, the validity of the data is
questionable because the stiudy cohort is not clearly defined.™
Thus, the study should not be used as a data source for risk
estimates. 1In addition, the study authors reported that
workers were exposed to other potentially carcinogenic
substances, but no attempts were made to account for these
confounding factors. '

2. Axelsson. The authors of the study concluded
that there was no association between employment in the
ferrochromium industry and risk of respiratory cancer. Thus,
this study cannot be used in risk estimation. Also, because
of the confounding effects of smoking and ‘exposure to asbestos
(two of the four cases of respiratory cancer observed were
diagnosed as mesotheliomas), no definite conclusions can be
drawn from this study about chromium 