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Comment Letters Received on the
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REGULATORY COMPLIANCE CONSULTANTS, INC.
600 Faye Lane
Redondo Beach, CA 80277
(213) 316-6653

August 9, 1990

As. Genevieve Shiroma, Chief

Toxic Air Contaminant Identification Branch
Stationary Source Division

Air Resources Board

Att: Nickel

P.0. Box 2815

Sacramanto, Ca. 95812

Subject: Proposed ldentification of Fickel as a Toxic Air Contamipant -
Technical Document June 1990.

A review of tbhe literature search of Part A and Part B of the the above
report raises more questions as to the conclusions of tbe findings than
it does to substantiate the position that quote "all insoluble nickel

compounds should be considered potentially carcinogenic to humane by
inhalation®.

It appears that only salected studies were used to arrive at the above
concilusion and cther studies listed in the report were rejected 1f they
did not confarm to the proposed above conclusions.

Section 8 Pg 116 ( Part B) Stated. * Animal inbalation studies of nickel

oxide were reviewaed in section 7.1.1.3 . Fo studies found increased lung
cancer incidence."

The reports listed in the study are not conclusive or even generally
supportive to the findings that have been recozmended.

The electroplating industry was listed as emitting 1.4 tons of nickal in ?
1984 by SCAQMD. This is an interesting statistic since nickel can only

be electroplated in the soluble form. What is the basis and accuracy of
this statistic?

EPI has limited its classification of Wickel as a hazardous material to
a specific classification of “¥ickel Dust®. '

The conclusions by The DHS based on this report appear to be stretched
to arrive at some preconceived concept.

Before the conclusions of this report are adopted further definitive
studies should be made to address the specific issue of all nickel
compounds being carcinogenic to humans by iahalation.

Sur zocietT is currently faced with the tritlem c? limited resources. .:
require TSgUlatsry agezcies, 1adusiTY. :S -he putlic IS use cur lizmitel

resources to addrese iseues that are hiz:ily speculative in their

copclusions and achievement is certainly 22t in the best int rest/ug the

public and its economic well being. 67 ,,,7f§:;?i//
Goi00eL Ll ?ﬂ
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August 22, 1990

Ms. Genevieve Shiroma, Chief

Toxic Air Contaminant Identification Branch
Stationary Source Division

Air Resources

Attn: Nickel

PO Box 2815

Sacramento, CA 95812

Reference: California Air Resources Board Technical Support

Document "“Proposed Identification of Nickel as a
Toxic Air Contiminant” .

Dear Ms. Shiroma:

We have received your subject report and make the following
comments with particular emphasis on the inclusion of nickel
chloride and nickel sulfate (soluhle nickel), and nickel
metal, which are the main nickel compounds we use. Comments
were also submitted by our association with the help of

Mr. Dean High. We fully concur with his comments.

Foss Plating Company has 35 employees and is engaged in

nickel plating as our primary process prior to chrome plating.
We have had in plant testing of our ambient air within our

shop and have found that nickel is well below the threshold

set by OSHA. Our only emissions to the outside air, if any, are
roof fans. -Emissions would be negligible because the

efficiency of our clating solutions is near 100%. Also, our
compounds are all water soluable.

We are concerned atout our listing in the SCAQMD 1984 study.
This material was given voluntarily and without the help of a
technical expert. We used formulas that we have since found
to be incorrect. We are in the process of recalculating our
actual emissions using new information. Thus I feel that other
companies like ocur own probably made similar errors. I feel
that the SCAQMD 1984 study vastly overstates the contributions

of nickel to the zrztzient air from our indus<tr-. It should be
redeon=.
GCogoz



I also feel that the weight c¢f evidence indicates that
soluble nickel does not pose a major threat o the
environment, and that reasonable thresholds should be
considered. There is no evidence that it is a carcinogen
and it should not be considered a TAC.

at the workshop on August 13, several industry sources
indicated that assumptions were used in connection with the
Ontario Cohort that can not be supported. In regards to the
risk assessment all current evidence should be taken into
account.

It is our feeling that soluble nickel and the nickel plating
industry should be removed from consideration as a source
of harmful emissions to the ambient air.

Consideration should also be made of the types of nickel
in the ambient air. Soluble nickel should be segregated
out in the risk assessment.

Respectfully submitted.

/J/My_ e

Larry D.
Air Quality Chairman MFASC
Vice President-Finance

CC3Cs
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~estern States Petroleumn Assocauon

Michaei D. Wang
‘lanacer
LerauNg anag ENVIFORMEenial 1Ssues

August 21, 1990

Ms. Genevieve Shiroma, Chief

Toxlic Air Contaminant Identification Branch
Stationary Source Division

Air Resocurces Board

Attn: Nickel

P.O. Box 2815

Sacramento, CA 95812

RE: WSPA COMMENTS ON THE JUNE 1990 PROPOSED IDENTIFICATION OF
NICKEL AS A TOXTC ATR CONTAMINANT

Dear Ms. Shiroma:

The Western States Petroleum Asscociation (WSPA) appreciates
the opportunity to comment on the June 1990 preliminary draft

report on nickel prepared by the Air Resources Board (ARB) and
Department of Health Services (DHS).

In response to the health risk assessment prepared by the
ARB/DHS, WSPA is submitting the attached comments. These comments
were prepared by a WSPA consultant, and are intended to present
more detailed and timely information necessary for ARB/DHS

censideration prior to being able to accurately estimate the risk
associated with nickel exposure.

In the Part A report, page A28, the CARB references 113.9
billion BTU’s from crude oil firing in 1985. This number is in
agreement with the total fuel oil usage in Kern County (according
toc KCAPCD’s Annual Fuel TUsage Survey). However, it is not
representative of crude oil firing in the Oildale-Bakersfield area
since it includes 49.1 billion BTU’s from the Western Kern County
oilfields. Central Kern County fuel oil usage in 1985 was reported
at 64.8 billion BTU’s. It is not clear from CARB’s report which
numbers were used in the calculations for nickel emissions
supporting table 11-6 on page A29. The use of old or inaccurate

—

27T infcermation in raising the issue <f pctential "hot spots”
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G. Shiroma
August 21, 1990
Page 2

WSPA encourages consideration and incorporation of these
comments in the final reports and looks forward to worklng with the
ARB and DHS to insure that high quality information is used for
determination of the most accurate estimation of risk posed by
nickel exposure.

Please call Scott Folwarkow or me if you have any questions
regarding these comments.

Very truly yours,

N LQT

MDW/sf
Attachment

o
Co
C3
)
is?
9



CAlifornia TECHnical PLATING, INC.

11533 BRADLEY AVE.
SAN FERNANDD, CALIFORNIA 91340
355-8208%

iugust 20, 1690

Ms. Genevieve Shiroma, Chief

Toxic Air Contaminant Identification Branch
Stationary Source Division

Air Resources

Attn: Nickel

P.O. Box 2815

Sacramento, Ca. 95812

Reference: California Air Resources Board Technical Support Document
"Proposed Identification of Nickel as A Toxic Air Contaminant”

Dear Ms. Zhiroma:

he have received the subject reports and offer comments on them as follows, with
particular emphasis on the inclusion of nickel chloride and nickel sulfate (soluble
nickel} which are essentially the only nickel compounds used in the electroplating
process. We make these comments from the perspective of our own knowledge and
experience: and also with the assistance of certain other experts in the field,
most particularly, Mr. M. Dean High, Vice President of Pacific Envirommental
Services, Inc. Further, we will attempt not to be entirely repetitious of those
comments made on behalf of the Metal Finishing Association of Southern California,
but certainly want to wholeheartedly endorse those comments.

We believe the following issues must be clarified:

1. Ve strongly encourage CARB to make a greater distinction between "soluble”
and "insoluble” nickel. 4is best as we can determine there is no data to
support the inclusion of soluble nickel as a carcinogen. Therefore, since
the eiectroplating process deals exclusively with soiuble nickel, we believe

the electroplating industry per se should not be identified as a potentially
regulated industryv.

<. CARB refers to an SCAQMD studv indicating 1.4 tons of nickel esmissions per

vear from electroplating sources. They do this, however, without citing the
specific reference or the test methodology. We would like this information
in order to better evaluate the unsupported 1.4 ton figure.

3. It seems questionable sampling procedure to use onlv nine samples to represent
a potentially wide range of insoluble nickel in ambient zir. Was the risk
2stirated of DHS based on onlv inscluble nickel ceomcentrzticn measured ic

N
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sugust 20, 1990

Ve
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10.

11.

5. Jenevieve Zhircma

Indoor exposure to Ni from wood burning or cigarette smoke is not properly
or completely presented.

Can CARB clarify the wav in which cigarette smoking was handled in the four
occupational refinery studies.

Why would CARB not use all available data (2 years) to estimate long term
exposures?

Nickel oxides are not quantified from various metal melting, production,

and recovery operations. Such emissions could be insoluble Ni, and could

be sgfnificant in total mass emissions. Nickel refinery dust most obviously
comes to mind as an example.

The fuel oil source category shows a range of 10.5 - 345 t/y. The range seems
too broad to prioritize the importance of this source.

Four cohort studies were referenced but three were discounted and only one was
used to estimate cancer risk. Ni exposure concentrations were one million times
higher than California air. How can anyone possible have anv confidence in the
science that could make that kind of extrapolation?

On page A2, the report states that "total nickel emissions from stationary sources

are estimated to be 18-353 tons per year." Again the breadth of that estimated
range begs questioning.

On page 4 of part B there is a statement that is apparently a disclaimer of sorts.
We recognize that it is in reference to risk assessments, but to state that this
report "represents plausible estimates” in any context in light of some of the
rather questionable data, unsupported data, data where the ranges are so broad

as to have little meaning, and extrapolations that are more a leap of faith
rather than science, we believe is disingenuous at best.

Thank vou for the opportunity to present our comments.

Tours veEv trUl%Zi;

David Anzures
Vice President

o
€
€
&
€
w1



ol
:éié!l“t; San Diego Gas & Electric

LOBLE AT e AN DJIEGD LA KT = e A58 J000

august 14, 1990 SILE N0

Ms. Genevieve Shiroma, Chief

Toxic Alr Contaminant
Identification Branch

Stationary Source Division
Alr Resources Board

P. 0. Box 2815

Sacramento, CA 95812

Attn: Nickel

SUBJECT: PROPOSED IDENTIFICATION OF NICKEL AS A TOXIC AIR

CONTAMINANT

Dear Ms. Shiroma:

The San Diego Gas & Electric Company (SDG&E) would like to comment
on the State of California Air Resources Board's (ARB) technical
suppert document entitled "Proposed Identification of Nickel as a
Toxic Air Contaminant". We believe that the document has been

carefully prepared and would like to discuss on only a few specific
conclusions as follows:

1.

In Part A, Appendix V, page 1, the nickel content of residual
fuel o0il used in the continental U.S. is preoposed to be 3 to
118 ppmw. California utilities are now required to burn low
sulfur ocil (normally 1less than 0.5% sulfur). Since the
metals and sulfur content of an oil are typically closely
linked, a low sulfur oil is also low in metals. For example
the nickel content of our residual oil {maximum 0.5% sulfur)
normally ranges from 6 to 16 ppmw.

Thus an upper emission 1level of 118 ppmw is only a
hypothetical value and does not represent actual California
utility emissions.

In Part B, Table 7.12, exposure was assumed to be zero when
the worker was not at the plant. This would appear o highly
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Tn Tart 3, Sectizon 2 concludes that based c¢n the Ttresently
available data nickel subsulfide aprears tO be & carcincgen.
Section 3 also concliudes that nickel oxide 1s a carcinogen
even though 1) no animal studies £cund an lncrease 1in lung
cancer incidence and 2) the cancers found in nickel refinery
workers was most likely due to exposure to nickel subsulfide.
It would seem more logical to conclude that the current data
does not show that nickel oxide is a carcinogen. Certainly
there is no reason to ascribe the same potency to nickel
oxide and nickel subsulfide. Further, assuming that all
nickel compounds are equally potent carclnogens seems
analogous to classifying all carbon compounds as carcinogens
because a few exhibit carcinogenistic properties.

Sincerely,

2475

. XK. Bishop, PhD

Prlnc pal Environmental Analyst
HKB:sl
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Ms. Genevieve Shiroma. Chief

Toxic Air Cantaminant [dentification Branch

Stationary Source Division -

ARir Resources Boara

Attn: Nickel

P.O. Box 281S

Sacramento, CA 2S812

Dear Ms. Shiroma:

Please excuse this belated response to Mr, Venturini's letter
dated June 22, 1990 reguesting comments an your draft report an
nickel and announcement of a pubilic meeting on the same subject.
We are unable to attend the meeting on August 15 so I request
that vou accept these comments by FAX for the ~ecord.

KCAC mines and mills short fiber echrvysotile asbestos from a
deposit in San Benito Countv. Our mill is five miles south of
King City in Monterey County. We have been 1in operation Yor 27

vyears ang our progducts are marketed in the U.S. and aroundg the
world.

Our only concermn with the Part A Report 1% the amcunt of
estimated nickel emissions from asbestos mining and milling
listed in the Stationary Sources Table (111-1) cm page A4l, The
amount noted of 0.65 tons/year is based on old data and
information and should net be considered as currently accurate.

KCAC is now the only miner and miller of asbestos in California:
and,., based on a 198& report prepared at the recguest of the ARE.
we estimate that our asbestos emissions are about 1209 pounds per
vear. Using the ARB formula in Appendix V of the FPart A Repert,
the estimated nickel emissions from chrvsotile asbestos mining
and milling would be 0.2 pounds/vear, or 0.0001 *ans/vear.

The ARB emissions testing done at this location in 1988 confirmed
that owur chrysotiie ashestos emissions are extremely low.
Ferftaps the amount of nickel in these samples could be determined

and you would have a much more accurate estimate than using old
EFA and ARB data.

Thanmk wvou for acceoting these comments and s lease advise 1€ vou
~ave anv guestions or reguilire additional info-=ation.

= - - cur s
: : Se.t vien DAY B oT.-327-730%
NG / ~ -r‘.':} I . ;
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@MVETAL FINISHING ASSOCIATION OF SOUTHERN CALIFORNIA INC.

jugust 5, 1990

M5, (enavieve Shircma, Chiet
Teoxic ailr Contaminaﬂt

Tle:

Air b ce

.22 ¢, Street

T.o0. Eox 2805

Soaroments, CA O 93812

Pef.: Dratt Technmiczl buppert
Docuzent  “"Fropoesed
Identificazion of HNickel As
a Toxic Air Contaminant"
Part A and Part ©

Dear Ms., Shiroma:

¢ have reviewed the subiect repcrts and cffer comments primarily on
tha use and iﬂﬁacts of nickel chleride and nickel sulfate which are utilized
n elzctronplating tanks for ulckel piating. We have identifled cur comments
T eizthner t"e arc A or Fart
. i erv

+2} r-

Reporrs. Mr. ¥. Dean Righ, Vice l'recicent
issisted ths sotal Finishing
review nf the J{oluments cnd the

the o-izctive of

t to consider
nickel cver z 70 e
D

data {Part & Re

s
Tartaes

ia the Part B Report, page 6, the report states thact the available data
row znimal studies was iosur orders of wagnitude (15000 tires) greater than
easx*ed ambient asir levels Available data for huzzn studies o were 6 to 7
: : -.II‘.B).J...\‘(-E {1l to 1 cmbient
in L--::ﬂ-“*d.
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II nictkel 1s Ttz identified as 3 LoXic cir I:In

z2 iznTaminant our LndusiTy
the following :zcmments. In the Zart & report, pag A4l, electro-
z emissions of nickel compounds are shown as 1.3 tens/vear. These
ssisns would prizzrilv te water soluble nickel :uifate or nickel chloride
droplets or mist siance these are the two compounds which are used in nickel
clatingz baths. The =ist is generated by hydrogen cr oxvgen bubbles breaking
the surface of the plaring solucion.

In the Part B Report, page 117, concerning soluble nickel salts the
report states: "...even if soluble nickel salts were carcinogenic by
inhalation, their potency would likely be lower than for the inscluble
nickel compounds. This follows from the fact that soluble nickel salts
would not remain in the lungs as do nickel subsulfide and nickel oxide.”
"Thus, DHS staff conclude that all insoluble nickel compounds should be
considered potentially carcinogenic to humans by inhalation."

Since the DHS, zt least at this time, considers onlvy insoluble nickel
compounds to be potentizlly carcinogenic to humans bv inhalation, we request
that the electroplating industry be deleted from the table (page A4l) as a
stationary source. a4t a minimum, the table should show nickel sulfate and
nickel chloride rather than nickel metral. Electroplating in a water based
solution can 2ot and does not liberate nickel metazl to the atmosphere.

Finally, the table shows l.4 tons/year of nickel metal emissions in the SCAQMD
for 1984. We note the secondary reference, SCAQMD's "Emissions of Potentially
Toxic/Hazardous Air Contaminants In The South Coast Air Basin - 1984 Update.”
If the electroplating category is not deleted, and if SCAQMD's 1984 estimate of
nickel emissions was based on source tests, the part A Report should identify
the specific reports, the testing methods utilized znd the form of the measured
nickel compounds: soluble nickel, sulfidic nickel, metallic nickel, or oxidic
nickel. If it was not based onsource test data, the basis for the estimate
should be clearly explained in the Part A Report.

The text on P-246 of the Part A Report descriles electroplating but
includes grinding, colishing and cutting in the same section. We recommend
that zrinding, polishing znd curting <f a nickel parts Se discussed separately
and emissions be estimated separately on P-a#l.

Verv Trulv Yours,

[
o =
Larry Foss, Chairman

Air Quality Committee

Metal Finishing Association
0f Scutherz Califcrnia

e
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1555 W. ANAHEIM ST.
LONG BEACH, CALIF. 90813
(213) 436-1203 OR 979-2313
{714) 891-5381

August 15, 1990

Ms. Genevieve Shiroma, Chief

Toxic Air Contaminant Identification Branch
Stationary Source Division

Air Resources Board

Attn: Nickel

P.C. Box 2815

Sacramento, CA 95812

Re: California Air Resources Board Technical Support Document
*Proposed ldentification Of Nickel As A Toxic
Air Contaminant"

Dear Ms. Shiroma:

The purpose of this letter is to state our comments on the draft
report that was prepared by the staffs of the Air Resources Board
and the Department of Health Services. This company is in the
business of chrome plating automobile parts and as such is
vitally interested in this report and any legislation based upon
it. We are familiar with the comments of Mr. M. Dean High of
Pacific Environmental Services, a recognized expert in the field
of plating issues, and of the Metal Finishing Association of
Southern California of which we are a member. We support their
comments and conclusions and wish to dispute the conclusions
contained in the referenced draft report.

Our position is that the referenced document and supporting
reports are flawed, inaccurate and incomplete. Intitially we
must state that we do not have trained statisticians as employees
but that those employees who have taken basic college statistics
courses find the reports to lack basic parameters sufficient to
produce meaningful results. The sample groups and definitions
cherecof are unclear or undefined. For example, we cite the
conclusicn ¢f SCAQMD that nickel emissicns zre 1.4 tons per year.
There 15 no <istincticn mentioneZ Zetween s¢olufle versus
insciuble nickel which in our opinion 1= very impecrtant.
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MS. GENEVIEVE SHIROMA, CHIEF
August 15, 1990
Page Two

The report seems to rely on only 9 samples to reach the
conclusion that there is a potentially wide range of insoluble
nickel in ambient air. Again, the sample number is too low to
meet good statistical criteria and the conclusion does not
distinguish between soluble and insoluble nickel which is of
major interest to our industry. The reason we feel the
distinction is necessary is because our industry uses nickel
chloride and nickel sulfate which are both soluble nickel. We
also wish to guestion the use of only the highest possible

result, 90% insoluble nickel concentration, by the Department of
Health Services. )

We have real concerns about the possible statistical consequences
that follow if there is no distinction drawn relative to wood
burning, cigarette smoke or metal melting, production and
recovery operations. If there is the possibility of regulation
of our industry, then any studies relative to the alleged

negative results of our operations should be based on exposure
therefrom.

Are we reading the fuel oil category incorrectly? The report
indicates a range of a low of 10.5 tons per year to a high of
345.0 tons per year. This range is far too large from our
perspective. We also reach this conclusion when we review the
estimates of total nickel emissions from stationary sources. A
range from 18 tons per year to 353 tons is just too large. More

studies must be completed before valid conclusions as to
emissions can be reached.

The subject document creates more issues than it resolves with
respect to claims of cancer risk. It seems that every time that
government wants to regulate or eliminate an industry it raises
the risk of cancer. In this case there is reference to four
studies but only one was used for the purposes of this document.
What was wrong with the other reports? Did they come to the
"wrong" conclusion? We believe that a conclusion based upon a



MS. GENEVIEVE SEIROMA, CHIEF
August 15, 1990
Page Three

concentration which is one million times higher than that found
in California air is without validity.

Based upon all of the above, we question all of the stated and
implied results of this document. We question whether the report
"represents plausible estimates® of contaminants, emissions,
results or risks. We believe that the statistical studies are
flawed to the point of error. To make any decisions based upon
the subject document would be a mistake of significant
proportions.

Very truly youfs,

CAL BUMPER COMPANY, FNC.

President

shiroma/cb/tb

TR AR =y
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August 6, 1990

Toxic Air Contaminant Identification Branch
Stationary Source Division

Air Resources Board

P. 0. Box 2815

Sacramente, California 95812

RE: NICKEL
Attn.: Ms. Genevieve Shiroma, Chief

Dear Ms. Shiroma:

The following are our comments regarding the preliminary
draft report on nickel as prepared by the staffs of the
ARB and DHS labeled as Part A and Part 3 dated June 1990.

It is our intention to restrict our comments to the issues
of nickel emission statistics, speciation of nickel
compounds, and the toxicity attributed ¢to nickel and
its various compounds.

Qur interest lies in the electroplating field and therefere
in the chemicals utilized in this industry. Among those
used for the electroplating of nickel are nickel metal
as anode material, nickel chloride, nickel sulfate, and
nickel sulfamate. The chemistry of these plating processes
is exclusively aqueous based. Therefore all chemicals
which are used in this industry are water soluble.

Comment 1s made that the staff of the DHS concludes that
"it 1s unlikely that noncancer adverse health effects
would be caused by the levels of nickel compounds currently

found in the ambient air". With this in mind it 1is
pertinent to reconsider the contribution of the
electroplating industry to the nickel air emissions
inventory.

The source data cf 1.4 tons of nickel emissions from
electroplating as shown on rzage A46 1s drawn from SCAQMD
data published in 1985 and cathered at some earlier date.

o
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Ms. Genevieve shircoma

August 6, 1990
Fage 2.
a) There has &2een a sharp nationwide decline 1in
nickel electreoplaring. From 1988 to 1989 usage
dropped 18% per a recent INCO study. Declines

have been occurring most vears since this report
was done due to the changes in autcmotive design
(fewer nickel/chrome bumpers, grills, and bright
trim), the advent of powder and electrophoretic
coatings, and the general shift of chemical
processing cffshore and to Mexico.

b) In California there has been improved enfcrce-
ment of OSHA standards on chemical processing
which reduces emissicns. Also many general

plating plants have closed or stopped nickel
plating due to the efforts of CARB to eliminate
hexavalent chromium (emissicns) which freguently
follows nickel electroplating.

c) The shrinkage of the printed circuit board
manufacturing industry in <California 1s well-
known as are the stories about how this has
moved offshore or to Mexico. Mest PCB manu-
facturing includes nickel plating.

It would appear that the contribution from the electro-
plating industry to the nickel air emissions inventory
is declining and as such current emission statistics
should be evaluated by the DHS prior to any further action
to establish standards for this industry.

Comment 1is made at page A46, Part A Report, that the
efficiency of a bath contributes <o the aeroscl Iormed;
whnile true, nickel paths operate  at efficiencies
approaching 100% eliminating <the formation of. aeroscls.
The air emissions <typically found :In an electroplating
shop would be composed exclusively of water socluble nickel
compounds generated as a result o¢f mechanical splashing
and toco rigorcus air agitation. An exception would be
a shop which mechanically polishes plated nickel.

In the Summary section of the Part B Report and throughout
this Part reference is made to the toxicity of nickel
metal, presumably as dust, and insoluble nickel compounds.
Since nickel gplating is an agqueous =>-ased <technigue and
ny rircus cf that solubilitvy in water =the use c¢i water
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Ms. Genevieve Shiroma
August 6, 1990
fage 3.

Throughout the rFart = =Report reference is made o health
=2ffect studies, mainly animal, which peint T2 LNCreases
in illnesses due to exposure to insoluble nickel compounds
througn various exposure -“routes. Wwork was also done
using specific compounds such as nickel oxide, nickel
dust, nickel carbonyl, and nickel subsulfide. Results
presented identify these compounds as the predominantly
dangerous forms of nickel. We would not argue the con-
clusions drawn from this body of work.

However, much of the work reported on the aguecus com-
pounds of nickel utilized routes of entry *o the body
which are not particularly pertinent to environmental

exposure to air emissions. These included ingestion,
intratracheal, and injection (subcutanecus and intravenous)
forms o©of exposure. Further, the conclusicn drawn at

page 88 that the "results of the dietary rat study appear -
adegquate to detect <the carcinogenic potential of nickel
sulfate in rats.." is somewhat unusual after <he lengthy
prior discussion of the Schroeder studies. Pricr comment
at page 85 stated that the results of these studies was
essentially inconclusive with respect to the carcinogenic

potential of soluble nickel salts in drinking water of
rats and mice,

If we are to agree with the tenous conclusion cof the
DHS staff that "based on the £findings of nickel-induced
carcinogenesis in humans and animals ...... nickel 1is
an air pollutant which may cause or contribute to an
increase in mortality or an increase in serious illness
....", then we must also strongly support the conclusion
that insoluble nickel compounds instead of =zotal nickel
compounds should be used as the exposure index. It would
follow, +therefore, <that the air emission standard would
be established for specific inscluble nickel compoundas
rather than all nickel compounds.

We urge that before considering the regulaticn of nickel
electroplating emissions +that the CARB review inclusive
and accurate current information on:

1. Accurate and reasonably current statistics
on nickel emissions throughout +hs geographic
area of intsnded regulaticn.
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Ms. Genevieve Shiroma

August o, 240
fage 4.
i A finding frem the ©CHS that air pollution from
nickel plating ‘'does' cause an increase
mortalitcy, serious ~llness, or 'does'’

a present hazard to human health.

We are looking forward to a review of the comments from

other affected individuals and your response to
comments.

Sincerely,

A

—_——

Dennis R. Masarik
Director, R & D

/ph
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' [ Nickel-Chrome Fiating
an Steel
!:iéfi:::h'::ilEE]I.'IIEi :l; an Ajuminum
PLATING WORKS T Decas:

2498 EAST i4th STREET
LOS ANGELES. CA 90023 -
PHONE (212) 269-8748
TAX (213) 269-5390

August 7, 1990

Ms. Genevieve Shiroma, Chierf

Toxic Air Contaminant Identification Branch
Stationary Source Division

Air Resources

Attn: Nickel

P.0. Box 2815

Sacramento, CA 95812

-

Reference: California Air Resources Board Technical Support lacument
"Proposed Identification of Nickel As A Toxic Air “ontaminant"

Dear Ms., Shiroma:

We have received the subject reports and offer comments on thzm as follows, with
particular emphasis on the inclusion of nickel chloride and nickel sulfate (soluble
nickel) which are essentially the only nickel compounds used I the electroplating
process. We make these comments from the perspective of our —wm knowledge and
experience; and also with the assistance of certain other exrsrts in the field,
mosSt particularly, Mr. M. Dean High, Vice President of Pacif:i: Envirommental
Services, Inc. Further, we will attempt not to be entirely rzpetitious of those
comments made on behalf of the Metal Fimishing Association of Southern Califormia,
but cerrainly want to wholeheartedly endorse those comments.

we believe the following issues must -e clariiied:
1. We strongly encourage CARB to make a greater distinction :2tween "soluble"
and "insoluble” nickel. is best as we can determine ther: is no data to
support the inclusion of soluble nickel ss a carcinogen. Therefore, since
the electroplating process deals exclusiveliy with soluble aickel, we believe

the electroplating industry per se shcuil nor be identifizé as a potentially
regulated industry.

2. CARB refers to an SCAQMD study indicating 1.4 toms of ni:z:el emissions per
vear from elctroplating sources. They do this, however, vithout citing the
specific reference or the test methodology. We would lii=z this information
in crder to better evaluate the unsupported 1.4 tonm <igus:.
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S 7. 1990
Genevieve Shircma

Sade o

%. Indoor exposure tec N1 from wood burninz or cigarette smoke is not properly
or completely presented.

5. Can CARB clarify the way in which cigarette smoking was handled in the Iour
occupational refinerv studies.

6. Why would CARB not use all available data (2 vears) to estimate long term
exposures’?

7. Nickel oxides are not quantified from various metal melting, producticn,
and recovery operatiocns. Such emissions could be insoluble Ni, and could
be significant in total mass emissions. Nickel refinery dust most cbviously
comes to mind as an example.

8. The fuel oil source category shows a range of 10.5 - 345 t/y. The range seems
too broad to prioritize the importance oI this source.

9, Four cohort studies were referenced bu:r three were cdiscounted and onlv one was
used to estimate cancer risk. N1 exposure concentrztions were one million times
higher than California air. How can anvone possibly have any confidence in the
science that could make that kind of extrapolation?

On page A2, the report states that "total nickel emissions from staticnary sources
are estimated to be 18-353 tons per vear.” Again the breadth of that estimated
range begs questioning.

11. On page & of part B there is a statement that is apparently a disclaimer of sorts.
We recognize that it is in reference to risk assessments, but to state that this
report "represents plausible estimates” in any context in light of some of the
rather questionable data, unsupported Zats, data where the rances sre so broad
as to have little meaning, and extrapolations that are more a leap cZ Zaith
rather than science, we believe is disingenuous at -ast,

Thank vou for the opportunity teo present cu:r ccmments.

Yours very trulv,

e {0 £
frm 1 5y
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MODERNPLATINGCOMPANY
2400 WEST 104TH STREET » =2 20X 45007
.05 ANGELES. CALIFORNIA 90045-0007
TELEPHONE (213)870-0455 1213 776-2440 FAX {2131 649-3957

AaUGUST 9, 1990 .

MS. GENEVIEVE SHIROMA, CHIEF

TOXIC AIR CONTAMINANT IDENTIFICATION BRANCH
STATIONARY SOURCE DIVISION

AIR RESQURCES

AaTTN: NICKEL

P.0O. BOX 2815

SACRAMENTO, CA 95812

REFERENCE: CALIFORNIA AIR RESQURCES BOARD TECHNICAL SUPPORT DOCUMENT
"PROPOSED IDENTIFICATICN OF NICKEL AS A TOXIC AIR CONTAMINANT"

DEAR MS. SHIROMA:

WE HAVE RECEIVED THE SUBJECT REPORTS AND OFFER COMMENTS ON THEM AS FOLLOWS,
WITH PARTICULAR EMPHASIS ON THE INCLUSION OF NICKEL CHLORIDE AND NICKEL
SULFATE (SOLUBLE NICKEL) WHICH ARE ESSENTIALLY THE ONLY NICKEL COMPOUNDS
USED IN THE ELECTROPLATING PROCESS. WE MAKE THESE COMMENTS FROM THE PER-
SPECTIVE OF OUR OWN KNOWLEDGE AND EXPERIENCE; AND ALSO WITH THE ASSISTANCE
OF CERTAIN OTHER EXPERTS IN THE FIELD, MOST PARTICULARY, MR. M. DEAN HIGH,
VICE PRESIDENT OF PACIFIC ENVIRONMENTAL SERVICES, INC. FURTHER, WE WILL
ATTEMPT NOT TO BE ENTIRELY REPETITIOUS OF THOSE COMMENTS MADE ON BEHALF OF
THE METAL FINISHING ASSOCIATION OF SOUTHERN CALIFORNIA, BUT CERTAINLY WANT
TO WHOLEHEARTEDLY ENDORSE THOSE COMMENTS.

WE BELIEVE THE FOLLOWING ISSUES MUST BE CLARIFIED:

1. GREATER DISTINCTION BETWEEN "SOLUBLE" AND "INSOLUBLE" NICKEL.

wE STRONGLY ENCOURAGE CARB TO MAKE A GREATER DISTINCTION BSETWEEN
THESE TwO NICKELS. AS BEST AS WE CAN DETERMINE THERE IS XO DATA TO
SUPPORT THE INCLUSION OF SOLUSLE NICKEL AS A CARCINOGEN. THE ELECTRO-
PLATING PROCESS DEALS EXCLUSIVELY WITH SOLUBLE NICKEL, WE BELIEVE

THE ELECTROPLATING INDUSTRY PER SE SHOULD NOT BE IDENTIFIED AS A
POTENTIALLY REGULATED INDUSTRY.

2. SCAQMD STUDY OF NICKEL EMISSICXNS

—Nem Amae s
PO S N
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GENEVIEVE SHIROMA
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SAMPLING PROCEDURE

TO USE ONLY NINE SAMPLES TO REPRESENT A POTENTIALLY WIDE RANGE OF
INSOLUBLE NICKEL IN AMBIENT AIR, SEEMS QUESTIONABLE. WAS THE RISK
ESTIMATES OF DHS BASED ON ONLY INSOLUBLE NICKEL CONCENTRATION MEASURED
IN CALIFORNIA AIR? WHAT IS TEE JUSTIFICATION FOR USING ONLY THE

907, IF THE RANGE WAS 537 TO 90%12

NICKEL FROM WOOD BURNING OR CIGARETTE SMOKE

INDOOR EXPOSURE IS NOT PROPERLY OR COMPLETELY PRESENTED OF NICKEL
FROM WOOD BURNING OR CIGARETTE SMOKE.

CARB CLARIFICATION OF OCCUPATIONAL REFINERY STUDLIES

WE WOULD LIKE CARB TO CLARIFY THE WAY IN WHICH CIGARETTE SMOKING WAS
HANDLING IN THE FOUR OCCUPATIONAL REFINERY STUDIES.

AVAILABLE DATA FOR ESTIMATE LONG TERM EXPOSURES

WAY WAS ALL AVAILABLE DATE (2 YEARS) TO ESTIMATE LONG TERM EXPOSURES
NOT USE BY CARB?

INSOLUBLE NICKEL SIGNIFICANT IN TOTAL MASS EMISSIONS

NICKEL OXIDES ARE NOT QUANTIFIED FROM VARIOUS METAL MELTING, PRODUCTION,
AND RECOVERY OPERATIONS. SUCH EMISSIONS COULD BE INSOLUBLE NICKEL, AND

COULD BE SIGNIFICANT IN TOTAL MASS EMISSIONS. NICKEL REFINERY DUST MOST
OBVIQUSLY COMES TO MIND AS AN EXAMPLE.

FUEL OIL SOURCE CATEGORY

THE FUEL OIL SOURCE CATEGORY SHOWS A RANGE OF 10.5 - 345 t/v. THE
RANGE SEEMS TOO BROAD TO PRIORITIZE THE IMPORTANCE OF THIS SOURCE.

CONFIDENCE IN STUDIES

FOUR COHORT STUDIES WERE REFERENCED BUT THREE WERE DISCOUNTED AND ONLY
ONE WAS USED TO ESTIMATE CANCER RISK. NICKEL EXPOSURE CONCENTRATIONS
WERE ONE MILLION TIMES HIGHER THAN CALIFORNIA AIR. HOW CAN ANYONE
POSSIBLE HAVE ANY CONFIDENCE IN THE SCIENCE THAT COULD MAKE THAT KIND
OF EXTRAPOLATION?

ESTIMATED RANGE BEGS QUESTIONING

42, THE REPORT STATES THAT "TOTAL NICKEL EMISSIONS In7M STATIONARY
RE ZETIMATIC TC BZ 33 TENS TTIR TEAR,T AZaIN TEI IREADTH
TV LTTT™ T TT OTToE
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AUGUST =, 1990
MS. GENEVIEVE SHIROMA
PAGE 3

[!. REPT2T "REPRESENTS PLAUSIBLE ESTIMATES”

ON PAGE 4 OF PART "B"™ THERE 1S A STATEMENT THAT IS5 APPARENTLY A
DISCLAIMER OF SORTS. WE RECOGNIZE THAT IT IS IN REFERENCE TO RISK
ASSESSMENTS, BUT TO STATE THAT THIS REPORT "REPRESENTS PLAUSIBLE
ESTIMATES" 1IN ANY CONTEXT IN LIGHT OF SOME OF THE RATHER QUESTIONABLE
DATA, UNSUPPORTED DATA, DATE WHERE THE RANGES ARE SO BROAD AS TO HAVE
LITTLE MEANING, AND EXTRAPOLATIONS THAT ARE MORE A LEAP OF FAITH
RATEER THAN SCIENCE, WE BELIEVE 13 DISINGENUQUS AT BEST.

THANK YOU FOR TEE OPPORTUNITY TO PRESENT OUR COMMENTS.

VERY TRULY YOURS,

e

et TS et
JOHN BOHACIK
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August 20, 1990

Ms. Genevieve Shiroma

Chief, Toxic Air Contaminant
Identification Branch

California Air Resources Board

1102 Q Street

P.O. Box 2815

Sacramento, California 95812

Dear Ms. Shiroma:

Department of Water and Power Comments
Technical Support Document on Proposed Identification
of Nickel as a Toxic Air Contaminant

This letter is to submit the comments of the
Los Angeles Department of Water and Power (Department) with
respect to the Technical Support Document (TSD) for the Proposed
Identification of Nickel as a Toxic Air Contaminant. We
appreciate the opportunity to provide these comments and hope

that they are received with ample time for consideration by the
Scientific Review Panel.

Comments on TSD, Part A

This part of the TSD is clearly presented and
accurately conveys staff's estimates of nickel (Ni) sources,
emissicns, and cupesures. Our comments on this part pertain to
the treatment of utility residual oil usage.

In Part A, the amount of Ni emissions from utility
residual oil combustion is stated at between 2.9 and 112 tons Ni
per year. This is based on Ni concentrations of 3 to 118 parts
per million (ppm) in the fuel. [Appendix V, Page 3] Two pages
before these calculations, though, staff cites Southern
California Edison's fuel oil testing results which average
4.71 ppm. Staff dismisses this concentraticn estimate because
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<, -
4

Toennone 13 dwaaTy Akmag g ~dY 173 ZaioaT,

e L n q p "_‘P e
CCCUC0



Ms. Genevieve Shiroma -2 - August 20, 1990

"rhese oils are foreign oils with relatively low sulfur and ash
content." We contend that, due to local ailr quality
regulations, this type of fuel is representative of what is used
in the South Coast Air Basin and most of California, and that
these Ni concentrations are accurate. Furthermore, the
concentration estimates used by staff are doubtful. Staff
states on Appendix V, Page 1, rhat these values, from Chansky,
et al, "were measured before 1874 and may not represent the
current fuel oil characteristics." This indicates that staff
should reinvestigate the appropriateness of the estimated fuel
Ni concentrations used for emission calculations, especially as
such estimates apply to utility residual oil usage. We suggest
that the Ni concentration proposed by Southern california Edison
be used as it is more appropriate for California utility
emissions than the Chansky Ni concentration.

on page A44, California Energy Commission fuel cil use
forecasts from 1986 and 1987 are cited as reasons that utility
fuel oil use will increase 250 percent by 19%7. At this time,
though, the South Coast Air Quality Management District
(District) has adopted or is considering new rules which will
restrict the use of residual fuel oil in such a way that the
increase described above will be highly improbable. The
District's intent, under these new rules, is to eliminate the
use of residual fuel oil in instances where it is not otherwise
possible to sufficiently reduce pollutant emissions. The effect
of these and other local residual fuel use restrictions need to
be considered when projecting future residual fuel oil usage.
staff should reassess projected fuel 0il use accounting for
these additional restrictions.

Comments on TSD, Part B

This part presents staff's summary of Ni health
studies done to date and assesses the effects of exposure to
various Ni compounds. Our comments on this part pertain to the
treatment of different Ni compounds in establishing health risks
due to Ni exposure.

The discussion of health risks in this part goes to
great lengths to differentiate between the effects of different
Ni compounds. For example, in section 7.1.4, evidence for
carcinogenic potential through inhalation is described as
conclusive for nickel subsulfide, less conclusive for nickel
carbonyl, and inconclusive for nickel oxide. Furthermore, staff
s-z—es in this section that "insoluble nickel compounds appear
-=rs lixelvy =c be carcinogenic" than soluble ccmpounds. Also,
-=z vesults -f non-carcinogenic eifects studies discusseld wers
derendent cn the particular Ni compound to wnhich the sukbjects
were exposed. These facts support the notion that different Ni
compounds snould be treated differently with respect toO health
_mpacts cf exposure.



Ms. Genevieve Shiroma - 3 - August 20, 1990

Instead, staff has opted for a simpler approach to
developing numerical guidelines for exposure to Ni. They
establish non-carcinocgenic observed effect levels for animals as
a function of exposure to "nickel", not as a function of
exposure to the particular Ni compound which produced the
harmful effects. This assumes that all Ni compounds are as
toxicologically potent as the most potent compound. The
research results presented and summarized in the TSD imply
otherwvise. Also, with respect to carcinogenic effects, a unit
risk factor is established for all Ni compounds of 230 to
290 per million per ng/l based on nickel carbonyl exposure.

This is contrary to staff's statements that certain Ni
compounds, particularly soluble Ni compounds, are less
carcinogenic than others. Unit risk factors, when appropriate,
should be established for each Ni compound due to the differing
carcinogenic risks posed by each compound.

- In establishing the exposure levels at which
thresholds are apparent, staff relies on studies which use
atmospheric Ni loading in excess of 50 ng/l and frequently use
Ni loading in excess of 500 ng/l. However, 50 ng/l is the
one-hour California standard for PM10 exposure. Staff should
address the possibility that the observed effects are
attributable not only to exposure to Ni compounds, but also to

exposure to particulate levels in excess of established ambient
standards.

The conclusions regarding carcinogenic effects are
based on the Ontarioc cohort study. We understand that one of
the assumptions of this study is that exposure to Ni compounds
occurred only during the work shift. This is likely to be in
error due to the fact that the workers probably lived in the
vicinity of the emitting facility, and that a lack of efficient
emission controls on the facility probably led to high ambient
Ni concentrations in the vicinity of the facility. This would
imply that the stated levels of cancer could have resulted from
a greater than estimated Ni exposure. Staff should investigate

this possibility as it would affect the resultant unit risk
factor.

Staff calculates a unit risk of 230 to 290 per million
per ng/l. Using the same cohort study, EPA calculated average
unit risks of 89 per million per ng/l. Staff should address the
possible reasons as to why its calculated risk is a factor of

three greater than the EPA's when both agencies used the same
data.
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Pacific Gas and Electric Company S o S Lwanze
August 22, 1990

Ms. Genevieve Shiroma, Chief -

Toxic Air Contaminant Identification Branch
Stationary Source Division

Air Resources Board

Attn: Nickel

P.0. Box 2815

Sacramento, CA 95812

Dear Ms. Shiroma:

PGLE Comments on ARB/DHS June 1990 Draft
Identification of Nickel as a Toxic Air Contaminant

e e i ol L2

Pacific Gas and Electric Company (PGXE) appreciates this opportunity to
comment on the draft nickel exposure (Part A) and risk (Part B)
assessments. To assist us in reviewing your document, we retained Risk
Focus, a division of Versar, Inc., to review Part B. Their comments are

detailed in the attached report, summarized in our “Comments on Part B",
and further summarized below:

1. DHS should only identify Insoluble Nicke} Compounds as Toxic Air
Contaminants at this time.

2. The unit risk derived from sinter-plant subcohorts of the Ontario
cohort should only be appiied to nickel subsulfide and nickel refinery
dust. Preferably insoluble nickel should be speciated between nickel
subsulfide and other nickel compounds, and a separate, non-sinter
worker cohort should be used for estimating risks from exposures to
other insoluble nickel compounds. If subsulfide is not separately
speciated, the unit risk derived from the 47,5980 non-sinter worker
Ontario cohort should be used for unspeciated inseluble nickel. Using
the non-sinter cohort, rather than the sinter-plant subcohort, would
reduce the estimated unit risk by a factor of approximately 5.7.

3. The unit risk should not be artificially increased by a factor of 1.33
to account for workers whose vital status could not be established. An
adjustment factor of 1.05 would adequately account for normal 1ife
spans, and would reduce the estimated unit risk by a factor of 1.27.

4. The unit risk should not based upon the presumption of no historical
non-occupational exposure but continuous ambient air exposure. It is
adequate to assume that individuals will not be exposed to current
ambient air concentrations more than twice as much as they were exposed
to historical occupational concentrations. Instead of artific-zily
increasing risks by a factor of 4.6, the DHS should increase r<sks by 2

factor no greater than 2. This would reduce the unit risk by z factor
of 2.3.



Ms. Genevieve Shiroma
August 22. 1990
Page 2

5. The proposed unspeciated insoluble nickel unit risk factor should be
reduced by a factor of 10 or more.

Page 118 should clearly state that nickel sulfate is not expected to be
carcinogenic by ingestion, and that ingestion of insoluble nickel is
expected to be far less carcinogenic than inhalation.

o

In addition, PG&E offers the following comments on Part A, some of which
may also require corresponding changes to Part B:

I. Table III-1 should subdivide the residual oil category into low sulfur
and high sulfur categories, using 0.5% sulfur as the dividing point.
Corresponding revisions should be made in Appendix V.

2. In Table III-1, the emission numbers shown for oil combustion shouid be
that expected to be emitted as insoluble nickel oxides, not that
expected to be emitted as soluble nickel sulfates or total nickel.

3. Table II-5 should be revised to more clearly show that projected total
body exposures from ingestion far exceed projected total body exposures
from inhalation. This information should then be prominently
incorporated into the Part A executive summary, and the significance of
this information should be addressed in Part B, and in the combined
summary.

4. The claim on page Al that 55 to 90 percent of total nickel is insoluble
should be restated as a preliminary result of limited and potentially
non-representative testing -- not as a definitive conclusion for all of
California.

Please call me, or Ted Holcombe of my staff at (415) 972-6910, if you have
any gquestions about these comments, or if the Department of Health Services
or the Scientific Review Panel Toxic Air Contaminants would like us to
arrange for one of our consultants to speak with you on these comments, or
to be available to answer questions at the Scientific Review Panel meeting

on nickel.
Sincerely, /
1 PR !
oA I ]
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PGSE COMMENTS on PART A of the Nickel Assessment -- August 22, 1990

1. Table III-1 should subdivide the residual oil category into lqw
sulfur and high sulfur categories, using 0.5% sulfur as the dividing
point. Corresponding revisions should be made to Appendix V.

Table III-1 on page A41 lists."residual oil" combustion as being
responsibie for 37 to 95% of the total nickel emissions identified.
Such a significant category deserves subdivision. Since the nickei
content of oils is generally proportional to the sulfur content,
high sulfur oils generally lead to greater nickel compound
emissions. 0i] field steam generators in the San Joaquin Valley may
have burned relatively high sulfur o1l during the period in which
the ambient air data was collected, while most utility power plants
are required to burn relatively low sulfur oil. Ffurthermore, we
understand that oil field emissions are being reduced and are unlikely
to ever return to their prior levels.

To enable the readers to evaluate emission trends, it is important to
separate high sulfur residual ¢il combustion from iow suifur residuai
0il combustion. We suggest 0.5% Sulfur as the most logical dividing
1ine, because that is the lowest international crude oil standard, and
the standard applicable to most of PG&E’s power plants.

In Appendix V, the references addressing the range of nickel
observed in combustion oil should be tied to the corresponding
sulfur content. For exampie, the report notes that nickel
concentration were up to 118 ppm, but did not exceed 90 ppm at U.S.
power plants. What the report fails to note is that some U.S. power
plants burn very high sulfur (and high nickel oil). For example,
the 1985 National Acid Precipitation Assessment Program Emissions
Inventory 1ists numerous eastern power pliants with average sulfur
oxide emissions approaching 3 1bs/million BTU, while the
corresponding maximum for a low sulfur power plant is 0.528
Tbs/miliion BTU. It should not be surprising that higher nickel
concentrations have been observed in power plants burning higher
sulfur oil. '

It is inappropriate to use nickel concentrations measured in high
sulfur oil when estimating power plant emissions, and also
inappropriate to use nickel concentrations measured in low sulfur
Indonesian crude for oil field steam generators burning higher
sulfur California crude oil. In 1984, PGXE tested oil in 11 fuel
tanks at 6 different power plants. The Nickel concentration in the
0il ranged from 8.4 to 23.2 ppm, with an average of 16.0. In 1990
PGEE did an additional three tests of at three different power
plants, one of which (Humboldt Bay) is authorized to burn higher
sulfur oil. That testing showed 23 ppm in the lower sulfur units.
and 2€ ppm in the higher suifur unit. Combining both grouss of
teote “ha = iaal

tests. the zverace for the "a suifur units was i7.] ppm nizkel
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PG&E 8/22/90 Comments on Part A of the Nickel Assessment (continued)

2. In Table III-1, the emission numbers shown for oil combustion should
be that expected to be emitted as insoluble nickel oxides, not that
expected to be emitted as soluble nickel sulfates or total nickel.

In Table III-1 on page A4l, the species listed as being emitted as a
resuit of residual oil combustion is identified as "nickel sulfate",
but the amount shown is that estimated for total nickel. According
to the Environmental Protection Agency’s September 1986 "Health
Assessment Document for Nickel and Nickel Compounds"
[EPA/600/8-83/012FF]}, pp. 3-18 through 3-19:

a. In fly ash samples collected from five oil-fired utility boilers
{in 1980), the nickel components were found to be 60 to 100
percent water soluble;

b. In the analysis of the leachate from the solubility test,
sylfate anion was the only anion present at more than trace
levels; .

¢. In the insoluble fraction of the fly ash sampies from oil-fired
boilers, nickel was determined by XRD to potentially exist as
nickel oxide; however, it is frequently difficuit to distinguish
bgt:e?n pure nickel oxide and complex metal oxides involving
nickel;

d. In similar testing in 1983, the portion of the total amount of

nickel present in the fly ash samples that was water soiuble
averaged 54%.

On page 90 of Part B of this assessment, DHS indicates that nickel
sulfate has been adequately evaluated, and has shown no evidence of
carcinogenic potential by oral exposure. On page 117 DHS states
that solubie nickel salts would not remain in the lungs as do nickel
subsulfide and nickel oxide. DHS goes on to conclude that only
insoluble nickel compounds should be identified as toxic air
contaminants. Therefore it is more appropriate to estimate the
amount of nickel oxides emitted from oil combustion, rather than the
amount of nickel sulfate or total nickei. Table III-1 should be
revised accordingly.

3. Table II-5 should be revised to more clearly show that projected
total body exposures from ingestion far exceed projected total body
exposures from inhalation. This information should then be
prominently incorporated into the Part A executive summary, and the
significance of this information should be addressed in Part B, and
in the combined A&B executive summary.
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PGRE 8/22/90 Comments of Part A of the Nickel Assessment (continued)

On page A24, it is estimated that dietary exposures are on the order
of 62 to 500 ug/day. On page A27 it is estimated that the average
concentration in California drinking water is 10 ug/1, or 20 ug/dag.
By comparison, the average inhalation exposure is only 0.0074 ug/m
or 0.03 ug/day. Although Table II-5 address indoor exposures, it
does not compare average ambient with average ingestion exposures.
That comparison needs to be highlighted and mentioned in the Part A
executive summary, the Part B executive summary, and the combined
executive summary.

This is an important factor, because airborne exposures are
insignificant uniess they are far more risky than ingestion
exposures, in which case the fraction of the airborne dust which
falls to the ground causes insignificant effects. Part A and Part B
need to address this relative significance/insignificance issue.

4. The claim on page Al that 55 to 90 percent of total nickel is
insoluble should be restated as a preliminary result of limited and
potentially non-representative testing -- not as a definitive
conclusion for all of California.

If 61 to 95% of total California nickel emissions come from oil
combustion (as suggested by Table III-1), and an average of 54-60% %
of oil combustion emissions are soluble {as suggested by EPA, see
comment A(2) above), it is not logical to expect 55-90% of total
exposures to be insoluble. Either the inventory under-estimates
emissions from such insoluble nickel sources, or the data was

collected at points more strongly affected by insoluble nickel
emission sources.

Possible confounding factors that should be considered include:

a. Relative proximity to insoluble nickel sources (such as
electroplating, waste incineration, foundries etc) versus
soluble nickel sources (such as 0il combustion);

b. The possible use of scrubbers on 0il combustion sources in Kern
County which may have preferrentially removed soluble nickei;

c. The possible contribution of wind biown dust. Most of the
sampies were taken in relatively dry or rural areas where wind
blown dust might be expected to be more significant, and where
the 1imited rainfall might preferrentially remove soluble
nickel to underground water tables while leaving insoluble
nickel on the surface. Note that Ficure IV-2 on page A57,
1ists wind blown dust =s the szcond “zrgest :ourzz of nicke} cn
a giobal basis.



PG&E 8/22/90 Comments on Part A of the Nickel Assessment {continued)

Appendix Il does not claim that the nine samples taken at the six
sites definitively characterized emissions from all sources in all
areas of California. That is appropriate since none of the samples
were taken near operating power plants or refineries in the San
Francisco Bay Area or aiong the coast of California (PG&E’s Kern
Power Plant Units 1 & 2, near Bakersfielid, are relativeiy small
units, and only operated at 4.3% and 8.0% of capacity, respectively,
in 1984, and even less thereafter). However, the last sentence on
page Al, implies that the results of this sampiing "showed that
insoluble nickel in California’s ambient air accounts for 55 to 90
percent of total nickel". Either the representativeness of those
nine samples needs to be better explained in Appendix II, or the the
statement on page Al should be reworded, or both. PG&E suggests the
following rewording of the last two sentences on page Al:

Since the DHS has indicated that inhalation of the insoluble
form of nickel as is the only known carcinogenic fraction, the
ARB conducted research to determine the percentage of insolubie
nickel in the ambient air. TFhe-result Lirited testing of nine
sampies at six sites showed that insoluble nickel in
California’s ambient air aeeednts might account for as much as
55 to 90 percent of total nickel. However, other testing has
shown that 0jl combustion, the largest identified source of

nickel emissjons in California, results in predominately
soluble nickel emissions. This will be studied further before

controls are proposed.
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PGLE COMMENTS ON PART B of the Nickel Assessment -- August 22, 1990

{. DHS should only identify Insoiuble Nicke! Compounds as Texic Air
Contaminants at this time.

The weight of evidence suggests that insoluble nickel compounds are
retained in the lung ionger and are more carcinogenic than soluble
nickel compounds. The limited epidemiological data regarding nickel
sulfates include significant confounding insoluble nickel exposures.
In addition, it has not been established whether the form of nickel
sulfate found in those occupational exposures is similar to that
found in ambient exposures resuiting from oil combustion. For
example, occupational sulfates can be anhydrous, while gil
combustion suifates tend to be already hydrated when emitted. For
these reasons, PG&E and Risk Focus strongly support the Department
of Health Services (DHS) decision to only identify insoluble nicketl
compounds (including nickel sulfates emitted from power plants) as
Toxic Air Contaminants at this time, pending completion of the
National Toxicolegy Program Inhalation Cancer Bicassay.

2. The unit risk derived from sinter-plant subcohorts of the Ontario
cohort should only be applied to nickel subsulfide and nickel
refinery dust. Preferably insoluble nickel should be speciated
between nickel subsulfide and other nickel compounds, and a
separate, non-sinter worker cohort should be used for estimating
risks from exposures to other insoluble nickel compounds. If
subsulfide is not separately speciated, the unit risk derived from
the 47,980 non-sinter worker Ontario cohort should be used for
unspeciated insoluble nickel. Using the non-sinter cohort, rather

than the sinter-plant subcohort, would reduce the estimated unit
risk by a factor of approximately 5.7.

The insoluble nickel to which sinter workers were exposed in Ontario
is known to contain a relatively high proportion of nickel
subsulfide. On the other hand, oil combustion, currentiy estimated
in Part A of this report to contribute 61 to 98% of all airborne
nickel emissions in California, is not believed to produce any
nickel subsulfide. The exposures of the non-sinter Ontario
subcohort are therefore more representative of the expected
California exposures.

Epidemiological studies of insoluble nickel exposures consistently
show lower risks for non-sinter plant worker exposures {subjected to
a lower percentage of nickel subsulfides and a higher percentage of
other insoluble nickel) than sinter worker studies (subjected to a
higher percentage of nickel subsulfides and a lower percentage of

other insoiuble nickzl). 2asing &'l Califernia insoiuble ---xel
risks on the sinter worker suscohert with the highest Sfarzz-cized
Martaiity Ratis (SMF <: -<rzrafpre Jnjustiviably conservat .z -- a3
ieast for the vast ~zjority of California Exposures.
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PG&E 8/22/90 Lomments on Part B of the Nickel Assessment (continued)

PGAE ana Risk Focus therefore recommend that if exposures are not
speciateg between nickel subsulfide and other insoiuble nickel, that
the non-sinter cohort be used to estimate risks (from unspeciated
insoluble nickel). Using the non-sinter cohort, rather than the
sinter-plant subcohort, would reduce the estimated unit risk by a
factor of roughly 5.7 (see Section [11.6.3 of the attached Versar
report). -

The preferred and recommended course of action would be to propose
separate unit risks for nickel subsulfide and for other inscluble
nickel compounds. In this case, a sinter plant cohort should be
used to estimate nickel subsulide risks, and a non-sinter plant
cohort should be used to estimate risks from other insoiuble nicketl
compounds. In choosing these cohorts, we recommend that the largest
possible cohort or combination of cohorts be used to generate the
best estimate of risks.

3. The unit risk should not be increased by a factor of 1.33 to account
for workers whose vital status could not be established. An
adjustment factor of 1.05 would adequately account for normail 1ife
spans, and would reduce the estimated unit risk by a factor of
1.27.

The draft unit risk estimate excludes that fraction of the cohort
lacking "vital status”. Because every attempt was made to locate
and identify known cancer cases, and the Canadians maintain an
excellent death registry, the investigators are believed to have
found most of the deaths, and those for which information is Tacking
are believed to be in the healthy fraction. What is uncertain is
whether they lived a normal 1ife span, a longer than normal life
span, or a shorter than normal life span after the most recent data
collection. Excluding this fraction artificially increases the unit
risk. The only adjustment that might e warranted is one assuming a
normal Tife span rather than a "still living” status. A "normal
Tife span” adjustment would reduce risks by about 5%. Multiplying
the unit risk by an adjustment factor of 1.0%5 rather than by the
factor of 1.33 used by DHS would decrease the estimated risk by a
factor of 1.27.

4. The unit risk should not based upen ‘the presumption of no historical
non-occupational exposure but continuous ambient air exposure. It
is adequate to assume that individuals will not be exposed to
current ambient air concentrations more than twice as much as they
were exposed to historical occupational concentrations. Instead of
increasing risks by a factor of 4.6, the DHS should increase risks
by 2 facii= no greater than 2. This would reduce the unit risk by 3
factor o7 Z.3.

)
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PG&E 8/22/90 Comments on Part B of the Nickel Assessment (continued)

DHS assumes that I ng/m3 of insgiuble nickel will cause 4.6 times
more risks in California’s ambient air than it is presumed to have
caused in the Ontario "historic worker" cohort. This "equivalent
lifetime exposure per year" adjustment factor is based upon the
assumption that the "public” will be exposed to the ampbient air 24
hours per day, 7 days per week, 52 weeks per year of exposure; while
the "historic worker" was only exposed 8 hours per day, 5 days per
week, 48 weeks per year of exposure.

However, the amount of time the average person in California spends
outdoors is only 13%. This is actually about 1.7 times less than
the 22% of time the average "historic worker" was assumed to spend
at the workplace. Furthermore, an historic worker’s exposures tp
nickel did not necessarily end when he left work. Nickel associated
dusts may have been carried home on clothing; and dusts at Copper
Cliffs were removed by roof fans which may have contributed to
elevated concentrations in the vicinity of the plant.

PG&E notes that it is the finer particles which tend to be captured

by the lung, the organ of concern in the current DHS assessment, and
that these same particles would be most readily removed by the roof

fans and most widely distributed in the ambient air outside the

plant. While exposures were undoubtedly higher at work than outside
of work, the question is:

What is the difference between the ratioc of historic "work" to
"after work" exposures; versus the ratio of modern particulate
exposures in the ambient air to the contribution that ambient

air particulate concentrations currently make toward indoor
particulate concentrations?

Given the poor corolation between ambient and indoor exposures, and
the ever increasing use of filters, drapes, rugs, vacuums, and more
air tight, more energy efficient, cars, homes and offices, the
ratios might not be all that different.

These considerations suggest that the differences in exposure
frequency and duration between the historical work place and the
ambient air may be far less than the factor of (24/8)*(7/5)*(52/48)
assumed by DHS. Risk Focus suggests that it would be adequately
health protective to use a factor of 2. Using a factor of 2 rather
than a factor of 4.6 would reduce the estimated unit risk by a

factor of 2.3, and would provide for those individuals who spend
more than a third of their time outdoors.

5. The proposed unspecizted insoluble nicke! unit risk factor should be
reduced by a facior 27 10 or more.
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PG&E 8/22/90 Comments on Part B of the Nickel Assessment {continueg)

Using the entire cohort, rather than the sinter-piant subcochort,
would reduce the estimated unit risk by a factor of roughly 5.7.

Using a 5% normal life span adjustment rather than the exclusion of
those lacking complete vital status would reduce the estimateg unit
risk by a factor of roughly 1.27.

Using a factor of 2 rather than a factor of 4.6 to correct for
differences between the duration of occupational and ambient
exposures during a year of exposure would reduce risks by a factor
of 2.3.

Combining the effects of these three recommended adjustments only
would suggest that the unit risk for the non-sinter cohort should be
a factor of 16 lower than that proposed for the sinter plant cohort.

PG&E notes that the last two adjustments would be in addition to the
average age adjustment factor of 3.3 proposed by Donna J. Sivulka of
Nipera at the August 15, 1990 consultation meeting. Combining the
"age", "vital status" and "equivalent lifetime exposure per year"
adjustments would reduce the unit risk based upon the sinter plant
cohort, which we suggest be considered as representative of nickel
subsulfide dominated insoluble nickel compound exposures, by a
factor of 1.27*%2.3*3.3 = 9.6 or almost 10.

Assuming that the non-sinter plant subcohort would qualify for a
similar age adjustment, the combined adjustments could reduce risks
by a factor of more than 50. This suggests that the risks for the
non-sinter plant cohort, which we suggest be considered as
representative of nickel oxide dominated inso%ub]e nickel compound
exposures, could be on the order of 4.8 x 107°.

6. Page 118 should clearly state that nickel sulfate is not expected to
be carcinogenic by ingestion, and that ingestion of insoluble nickel
is expected to be far less carcinogenic than inhalation.

On page 90, DHS indicates that nickel sulfate has been adeguately
evaluated, and has shown no evidence of carcinogenic potential by
oral exposure, and that insoluble nickel compounds have not been
adequately evaluated. The last two sentences on page 118 should
therefore be corrected so as not to suggest that the carcinogenic
potential for oral ingestion of nickel sulfate needs further study.

Since this risk assessment focuses on insoluble nickel, we suczest
at the minimum the word "insoluble" should be inserted beforz <-g
word "nickel” in the last two sentences.

l.ll)
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PGAE 8/22/90 Comments on Part B of the Nicke] Assessment (continued)

Also, since soluble nickel has no known carcinogenic effect, and
insoluble nickel compounds would be less likeiy to be absorbed when
ingested, it would not be unreasonable to conciude, pending further
study to the contrary, that ingestion of nickel compounds would
probably create lower cancer risks than inhaiation of a similar
amount of insolubie nickel. PG&E therefore suggests revising the
last two sentences to read:

In the absence of greater supportive evidence, it is not
possible to make conclusions regarding the carcinogenicity
following ingestion of insoluble nickel compounds. However, it
is etear likely that further studies are-neeessary-to-ascertain
would show that the carcinogenic potential of insoluble nickel
compounds from exposure by the aral route is significantly
lower than that for exposure by the inhalation_route. Unti)
better data is available, it would not be unreasonable to
assume that the risks from ingestion of nickel would to be

_ Insignificant.
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ASSESSMENT OF THE HEALTH RISKS
OF INHALING NICKEL COMPOUNDS PRESENT
IN AMBIENT AIR

I Introduction

In response to the State of California’s proposal to regulate nickel in ambient
air and the State’s preliminary technical support document regarding the "Proposed
Identification of Nickel as a Toxic Air Contaminant," RiskFocus was retained by the
Pacific Gas & Electric Company (PG&E) to review of the State’s technical support
document (State of California, 1990s; State of California, 1990b) with respect to it’s
scientific accuracy and consistency with historical and current scientific knowledge,
and to perform an independent risk assessment of the relative risk of nickel subsuifide
versus those nickel compounds associated with the generation of electric power,
Comments regarding Part B of the State's technical support document, "Health Risk
Assessment for Nickel" (State of California. 1290h) are incorporated throughout the

risy asszzsment presented herein.
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The framework used to conduct risk assessments was deveioped in 1983 by the
National Research Council®. Although cancer is the form of toxic injurv of
predominant concern, the framework is well suited to address other forms of toxic
injury systematically and objectively, whether from single ("acute") or repeated and
prolonged (“chronic”) dosing. Additional methods that focus on noncancer toxicity have
been published by the World Health Organization. RiskFocus uses these
methodological tools, and other authoritative texts, such as Toxic Substances and
Human RisksS, in performing multi-chemical, multipathway risk assessments. The
four major steps contained in a comprehensive risk assessment, as delineated by the
National Research Council, are summarized in Appendix A.

Section II of this report discusses potential human exposure to nickel
compeunds in California, particula.rly with respect to the types of nickel compounds
present in the ambient environment versus the occupational setting used as a basis
for estimating risks. A discussion of the hazards associated with exposure to different
examples of nickel compounds and the available dose-response data for these
compounds is presented in Section III. Section III also provides a discussion of critical
issues associated with guantitative risk analyses for nickel compounds. Section IV
characterizes the risk associated with potential exposure to nickel compounds in
ambient air by integrating information presented in Sections II and I Finally,
Section V summarizes recommendations based on the risk assessment presented in
this report.

9
“National Research Council, 1983, Risk deccooment in the Federai Gover~car: Mancmng the Proces:.
Washington. C: National Academy Prass. 191 pp.
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II.  Exposure Assessment for Nickel Compounds in Ambient Air

Human ambient exposures to nickel compounds largely resuit from ingestion
of both food and water, followed by inhalation of ambient air [to which the unit cancer
risk proposed in the State of California, Department of Health Services’ (DHS) risk
assessment (1990b) would be applied] which typically constitutes a relatively small
percentage of total body exposure (NAS, 1975; EPA, 1986; EPA, 1985). In contrast,
occupational exposures to nickel compounds (used as the basis for the proposed unit
cancer risk), largely result from inhalation and dermal exposures (NAS, 1975; State
of California, 1990b; Bernacki et al., 1978; Chovil et al, 1981; Cox et al, 1981;
Enterline and Marsh, 1982: Godbold and Tompkins, 1979; Kaldor e al., 1986; Langer
et al., 1980; Lessard et al., 1978; Torjussen, 1985; Magnus ez al., 1982; Polednak, 1981;
Shannon et al., 1984; Olse and Sabroe, 1984; and Mastromatteo, 1986.). Furthermore,
ambient inhalation exposures are likely to include forms of nickel, such as nicke}
sulfate or oxides, while occupational exposures have historically included, in addition

to these compounds, significant exposures to nickel subsulfide, or in some settings,
primarily nickel carbonyl?,

Tolieke. sirhoma dm ws ceieentes s e mn . L P, o Rt T s T ol T s Ve L O L R
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Nickel compounds are generally present in naturai waters and in practicaily ajl
sous and foods. The available evidence indicates that the naturaj concentrations of
nickel in waters. soils and foods do not constitute a biological hazard (NAS, 1975, EPA.
1986). Indeed, nickel may be an essential trace element for the nutritional
requirements of man and animals (NAS, 1975; EPA. 1986). Humans normally ingest
nickel in food and water at an estimated 300 to 600 ug/day (NAS, 1975)5. Although
it is not clearly explained, the State of California’s human exposure assessment for
environmentally occurring nickel compounds in California (1990a) focuses on the
inhalation route of exposure, presumably because it is of toxicological significance (see
Section III), because toxicity data on other routes of exposure are not adequate for
quantitative analyses, and because the assessment is prepared for an agency charged
with the regulation of air quality, rather than the quality of water or food.

With respect to inhalation exposure in California, the State (1990a) measured
- ambient nickel concentrations from their 20-station network, which collected 24-hour
samples on teflon filters during J anuary 1985 through February 1987. As cited in the
State’s report (1990a) the estimated mean, total nickel concentrations ranged from 2.8
ng/m? at Citrus Heights to 21.8 ng/m® at Bakersfield. Site specific standard
deviations ranged from 40 to 85 percent of the estimated mean concentrations
indicating a significant degree of variability in the data The mean statewide
population-weighted exposure for November 1985 through October 1986 estimated by

the State is 7.4 ng/m® with a lower bound of 6.0 ng/m? and an upper bound of 8.3

ng/m3. These concentrations may not necessarily reflect actual personal exposure
concentrations, because (1) indoor air’s contribution to total exposure is not included;

and (2) mean air concentrations for each of the SiX air basins included in the State's

OB} companson. if the mean statewide pcoui Jm:“ -weighted mean ccncentration of total rickel
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monitoring program assume that all the people in those areas were exposed to the

single mean value estimated for that air basin over their entire lifetime.

The State (1990a) also measured the proportion of insoluble nicke] in total
nickel associated with respirable ambient air particles in California. The State
reported that 55 to 90 percent of total nickel is composed of insoluble nickel. Using
this proportion of insoluble nickel, the State estimated that 20,339,250 people in
California are exposed to an average of 4.1 (7.4 ng/m3 x 0.55) to 6.7 ng/m® (ie., 7.4
ng/m® x 0.90) insoluble nickel in the ambient air. However, the State did not

determine the specific soluble and insoluble nickel species present and their relative
concentrations.

With respect to the nickel species which occur in ambient air associated with
particles, evidence suggests that nickel sulfates and nickel oxides represent the
primary components (EPA, 1986; Schroeder ez al., 1987). Oxidation of nickel species
present as aerosols may result from interaction with various atmospheric oxidants,
such as molecular oxygen, ozone, or hydrogen peroxide (Schroeder et al., 1987). The
concentrations of total elemental nickel associated with particulate matter in the
atmosphere has ranged from 0.01 to 60 ng/m3 in remote locations, from 0.6 to 78
ng/m? in rural locations, and from 1 to 371 ng/m3 in urban areas with in the US.
(Schroeder, 1987). However, the relative proportion of insoluble, soluble, or specific
nickel compounds were not determined.

It is useful to assess the nickel speciation of fly ash from combustion sources
to obtain an estimate of the relative proportion of different nickel species in ambient
air. This is because fly ash, particularly from fuel oil combustion, has been estimated
to comprise up to 81 percent of total nickel present in the South Coast Air Basin of
California (Cass and McRae. 1983) and 61 to 98 percent of the total California nickel
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from oil combustion have been estimated to account for 60 to 98 percent of the total
nickel present (Krishnan and Hellwig, 1982, Baig e al., 1981).

Analyses of fly ash from oil-fired boilers found that the nickel component was
60 to 100 percent water soluble. This led to the hypothesis that the predominant
form of nickel present was nickel sulfate, which was confirmed by analysis using
Fourier transform infrared spectroscopy (Gendreau et al., 1980). Further, the
insoluble nickel fraction of fly ash samples from oil-fired boilers was determined to
exist potentially as nickel oxide and/or complex metal oxides involving nickel (Henry
and Knapp, 1980). Dietz and Wieser (1983) have reported nickel oxide to be present
in oil combustion fly ash. Similarly, analyses of coal fly ash (EPA, 1986) from coal-
fired boilers have suggested that the soluble fraction of nickel (20 to 80 percent of
total nickel) exists primarily as nickel sulfate and the insoluble fraction contains nickel
as a nickel oxide or a component of complex metal oxides. There is no evidence that
nickel subsulfide is present in oil or coal fly ash emissions or is associated with
ambient air particles (EPA, 1986). As mentioned above, data collected by the State
of California (1990a) suggest that nickel associated with ambient air particulate
matter in California is comprised of approximately 55 to 90 percent insoluble nickel
species and by inference, 10 to 45 percent soluble nickel species.

The evidence for nickel sulfate and nickel oxide being the predominant forms
of nickel associated with fly ash and, therefore, with ambient air particles is supported
by the estimated nickel and nickel compound emissions in California (1990a).
According to the State of California, the species of nickel emitted from various
stationary and mobile sources in California include nickel sulfate, nickel oxide,
complex oxides of nickel, nickel magnesium silicate, nickel metal, and nickel carbonyl
(State of California, 1990a). Atmospheric transport and fate (e.g., chemical

transformations, deposition) of these compounds has not been fully elucidated

However, envirenmensal {ate datz are wvailable for nizkel carbenyi: 1213 compound is
reizatively unsiacle in ampient air 2s evidenced by ¢ half-life or agproxamately 100
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seconds (EPA. 1986) and would be expected to dissipate rapidly. In summary, the
weight-of-evidence suggests that atmospheric nickel is largely in the form of soluble
nickel suifate (EPA, 1986) and. as with many other metallic elements of anthropogenic
origin, insoluble oxides, particularly, nickel oxide (EPA, 1986, Schroeder et al., 1987).

In contrast to inhalation exposures to these nickel compounds in ambient air,
occupational inhalation exposures, particularly associated with nickel refining
processes, have inciuded nickel subsulfide. Table 1 illustrates an example composition
of flue-dust for a nickel refinery (Gilman, 1962).

TABLE 1. Analysis of Flue Dust from an Ontario Nickel Refinery

Nickel subsulfide, Ni,S, 57.0
Ilj’ickel sulfate, NiSO, * 6H,0 20.0

Moisture 7.3

Nickel oxide, NiO 6.3 Il
I Cupric oxide, CuQ 3.4 “
!I Miscellaneous 2.0

Ferric oxide, Fe.O, 18

Silicon diaxide, SiQ, 12

Cobalt oxide, CoO 1.0

It is not know whether this analysis is representative of flue dusts from other nickel
refineries (NAS, 1985). However, significant exposures to nickel subsulfide would be
expected for all nickel refineries using a sulfuric acid leaching step during nickel matte
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pyrometallurgical sulfide nickel matte refineries. With respect to nickel suifate
exposures in the occupational environment. electrolysis workers in Norway and
Canada were exposed to high concentrations of nickel chloride and nickel sulfate,
however, heavy exposures to other less soluble nickel compounds were also reported
to occur in these same workers (EPA, 1986; ICNCM, 1990). Of particular importance
are the levels of exposure to nickel compounds experienced by various occupational
cohorts (EPA, 1986; ICNCM, 1890). Air levels of total nickel in the workplace have
been reported to range from 0.01 to 5.0 mg/ m? in the West Virginia cohort to as high
as 400 mg/m3 in the Ontario cohort (EPA, 1986). It is important to note that these
exposures levels were four to eight orders of magnitude higher than exposures
potentially experienced by residents of California (i.e., statewide population-weighted
mean concentration of 0.0000074 mg/m?’). Section III, which follows, discusses the
toxicological and epidemiological data for nickel subsulfide, nickel oxide, and nickel

sulfate and the use of human dose-response data for quantitative risk analysis for
nickel compounds.



Ill. Hazard Identification and Dose-Response Assessment of Nickel
Compounds in Ambient Air

Although smail amounts of nickel have been shown to be essential to some
species of animals, including humans (NAS, 1975), high levels of inhalation exposure
to nickel and nickel compounds have been reported to cause pulmonary effects such
as asthma (NAS, 1975). In addition, very high inhalation exposure to nickel refinery
dust, which contains nickel subsulfide, has been associated with an increased risk of
nasal, laryngeal, and lung cancer (EPA, 1986).

Assessing hazards associated with ambient exposures in California to nickel
compounds should focus on potential carcinogenic effects and the relevant route of
exposure for this effect, i.e., inhalation, because the levels of nickel associated with
respirable particles in California are not likely to exceed levels associated with other
adverse effects in either humans or animals. This argument has been documented

in the State’s risk assessment (State of California, 1990b), and is discussed further in
this section.



The following section is based on a critical examination of the scientific
literature regarding the hazardous properties of nickel compounds and their behavior
(i.e., dose-response) in biological systems. This section includes a review of the
scientific merits of the State of California’s, June 1990, Health Risk Assessment for
Nickel (State of California, 1990b), and focuses on the toxicological evaluation of nickel
compounds of particular relevance to the electric utility industry, i.e., nickel oxide,
sulfate, which have been associated with trace emissions from fuel combustion
facilities. These two compounds and nickel subsuifide, are the focus of the
toxicological review of nickel compounds presented in the State of California’s risk
assessment (State of California, 1990b); largely because of the availability of
toxicological data on these compounds and because of their occurrence, albeit in
varying degrees, in occupational and ambient settings which have been documented
in epidemiological investigations and ambient air monitoring studies (Cass and McRae,
1983; Schroeder et al., 1987; EPA, 1986; ICNCM, 1990).

In addition, an evaluation was conducted concerning the quantitative risk
modeling based on epidemiological data (i.e., the occupational cohort from the
Sudbury, Ontario sintering plant) performed by the State to arrive at an estimate of
"lifetime added risk" resulting from ambient exposure to nickel compounds. An
extensive review of the substantial database of epidemiological studies of nickel
compounds raises important issues regarding the State of California’s use of the
Ontario "subcohort” of sinter plant workers to estimate the dose-response relationship
of nickel compounds in humans and the carcinogenic potency of the mixture of nickel
compounds to which these workers were exposed. The uncertainties, limitations, and
appropriate methods regarding the use of this occupational epidemiology study for
assessing excess cancer risk among persons exposed to environmentally occurring

nickel associated with ambient air particles are discussed in section III-C.
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Al Review of Key Toxicological Studies

This section reviews key pharmacokinetic and toxicological studies for nickel
oxide, nickel sulfate, and nickel subsulfide, and focuses on the inhalation route of
exposure. Of particular importance in assessing human health risks associated with
exposure to nickel compounds in ambient air is the observation that a significant
source of uncertainty exists because of the lack of knowledge regarding the
composition of specific nickel compounds occurring in ambient air of California. Lack
of quantitative speciation of the concentrations of the various nickel compounds which
are associated with respirable ambient air particles prohibits the use of compound-

specific pharmacokinetic and toxicity data in a quantitative manner, where adequate
data exist.

1. Pharmacokinetics of Nickel Compounds.

As mentioned in Section II, there are four potential routes of entry of nickel
compounds into the human body: oral (e.g., food and drinking water which may
contain nickel derived from cooking, beverages, and eating utensils), inhalation (e.g.,
from natural and anthropogenic sources of atmospheric nickel compounds),
percutaneous absorption (which is restricted to the passage of nickel through the
outermost layers of the epidermis, such that binding with apoantigenic factors may
occur, hence, the clinical importance of nickel dermatitis), and parenteral
administration (e.g., metallic implants and prostheses). The route-specific
pharmacokinetics and target organ toxicity of a number key nickel compounds (e.g.,
nickel oxide, nickel subsulfide, and nickel sulfate) has been substantially characterized
for humans and animal exposures. The pharmacokinetic behavior of nickel
compounds appear to be similar for humans and animals, aithough the studies
identifying similar hazardous effects (e.g., contact dermatitis, hepatic and reproductive
effects) in animals and humans are limited.



As noted by the State of California (1290b), inhalation absorption and target
tissue dose of nickel compounds is largely dependent upon the physicochemical
properties (e.g., solubility) of each nickel compound as well as the puimonary dynamics
of the exposed animal species. This process has been documented by pulmonary
clearance and deposition studies (Torjussen ez al., 1978; Torjussen and Anderson, 1978;
Tanaka et gl., 1985; Valentine and Fisher, 1984; Carvalho and Ziemer, 1982; and
Dunnick et al., 1989). These and other studies suggest that insoluble, particulate-
associated nickel compounds, e.g., nickel oxide and subsulfide, are deposited and
cleared from the lung as a function of particle size, physicochemical properties (e.g.,
water solubility), and species-specific compartmentalization of the pulmonary tract.
Absorption and clearance of insoluble nickel compounds is a very slow process, and is
accompanied by accumulation in the lung tissue (EPA, 1986; Dunnick ez al., 1989).
Thus, the subcellular, targ;et tissue dose present over time is 2 dynamic function of

pulmonary deposition and clearance, which depends on compound-specific
characteristics,

For example, the clearance half-life of nickel compounds as a mixture, from the
nasal muccsa of exposed workers was reported to be approximately 3.5 years
(Torjussen and Anderson, 1979). Whereas, the clearance half-life of nickel oxide has
been reported to range from 11.5 to 21 months, for 1.2 and 4.0 sm diameter particle
sizes, respectively (Tanaka ez al., 1985). Further, the target tissue dose of nickel oxide
has been shown to depend on the deposition rate (which is dependent upon particle

size distribution), and is relatively independent of the length of exposure (Kodama ez
al.. 1985).

As acknowledged by the State (1990b), the only tissue exhibiting age-dependent
accumulation appears to be the lungs (Mushak, 1980). This accumulation is believed
to be associated with inhalation of insoluble nickel compounds ‘EPA, 1986). Although

the State of California has rzcognized the imz srtance of cuim sz pharmacckinetics
in assessing the internai I:sss of nickel cocmpounds part.ozrly insoluble nickel
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compounds which California has reported to comprise 55 to 90 percent of total nickel
associated with respirable ambient air particulate) it was not inciuded in the
quantitative risk assessment. In the interest of inciuding state-of-the-art scientific
methods and supporting data, which yield the most accurate estimation of target
tissue dose for assessing health risks, the State should consider the usefulness of
pulmonary deposition data for nickei compounds.

Another issue of particular relevance to the pulmonary pharmacokinetics of
nickel compounds is their subcellular bioavailability as it relates to the proposed
mechanisms of nickel carcinogenicity. A complete understanding of the biological
effects of nickel is dependent on knowledge of nickel binding sites within the human
cell. Because relatively little is known about the molecular sites attacked by nickel
within the cells, it is of interest to consider reactions of nickel ions with molecules
that have been isolated from the cell. Nickel binding to biologically important
substances has usually been studied in the context of the binding of metal ions in
general. Nickel in its common oxidation state, i.e., 2+, is unusual in its potentialities,
in that it is capable of being interconverted among three geometric structures - square
planar, octahedral, and tetrahedral (NAS, 1975). As ackmowledged in the State’s risk
assessment (State of California, 1990b), the morphological transformation of
mamumalian cells by nickel appears to vary greatly between nickel compounds (Costa,
1981; Costa et al., 1982; Costa and Heck, 1984). The rate of cellular uptake and
intracellular bioavailability of nickel 2+ from various nickel compounds appears to
account, in part, for their respective carcinogenic potencies (Sunderman, 1989; IARC,
1987; Costa, 1981; Costa and Heck, 1984). Further, in vitro morphological
transformation of human cells by nickel compounds generally do not appear to be as
susceptible as other mammalian cell cultures (Sunderman, 1989). Use of compound-
specific bioavailability data is also contingent upon knowledge of the composition of

nickel compounds in ambient and occupational settings.
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Finally, the State of California. did not discuss data regarding the distribution
of nickel compounds in biological fluids in humans. The National Academy of Sciences
(1975) provided a summary of studies which quantified concentrations of nickel in
human serum, plasma, whole blood, and urine. Tables 2 and 3 summarize nickel
concentrations in human serum and plasma, and whole blood, respectively. The
significance of these data is their support of the use of biomonitoring as an index of
ambient exposure to nickel (McNeely ez al., 1972). It must be emphasized that there
18 not yet any evidence that ambient exposures of the general public to nickel, even
at Sudbury, Ontario, the site of the largest open-pit nickel mines in North Americe,
are associated with adverse effects in man or animals (NAS, 1975). In relating body
burden to occupational exposure levels, serum and urine are the most studied.
Grandjean (1986) has reviewed exposure and biomonitoring data from a number of
epidemiological studies. This review demonstrated a general positive relationship
between air nickel levels and urinary levels. Although biological monitoring in the
occupational setting has not been used to support quantitative estimation exposure

levels, it is indicative of whether or not absorbed doses are at concentrations below

those associated with systemic effects.
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TABLL .

Nickel Concentrations in Human Serum and Plasma
= — -

l[ No, of | Serum (S) or ick 100 m
~___Author* Method Area Subjects | Plasma (P) Mean Range
Cluett i Yoe Spectrophotomelry Virginia 1 P 12 10 -85
Kocherat Emission spectrography | New York ? P 3.0 1.0 - 60
Monacell et al. Emission spectrography | Virginia 12 P 4.0 0.0 - 18
Paixan and Yoe Emission spectrography | Virginia 39 P 2.3 00 - 27
Hering et af Emission spectrography | Virginia 109 P 6.0 00 - 18
Butt et al Emission specirography | California 48 S 53-62 —
Zhennad s Emission spectrography | Russia 154 8 55128 01-73
_ {male) o
Sudderniin Spectrophotometry Florida 2) S 2.2 01-73
Schalley v af. Atomic absorption Germany 26 P 2.1 06 -37
Monzeral Emission spectrography | Germany it S 0.78 0.06 - 460
Howand {peesonal Emission spuctrography | England 50 S 2.1 0.1-50
Lonmmunication)
Nomato and Sunderman Alomic ahénrpliun Connecticut 4 S 0.26 (.11 - (146
Micdeimenwr ef al Emission spectrography | Alabama 105 S 40 (1-25
MeNecly o af Atomic absorption Connecticut 26 S 0.26 008 - 052
o Canada® 25 S 0.46 0.20 - 0.73
Pekareh and Haver Alomic ahsorption Washington, DC 20 S 1.5: 05 —
MNomoto Atomic absorption Japan 23 S 0.21 1 0.11 —
N el o _— e

* Reterencen aie found in NAS (1975),
" Conlbdene e hants of mean value; nickel not detected in 18 serum samples.
“Includen 0% healthy subjects and 34 patients,
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* Nickel not detected in 57 percent of serum samples.
¢ Sudbury, Ontario.
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Nickel Concentrations in Human Whole Blood

Number of ickel 1

CAuthoe Method Arca Subject Mean Range
( lu:tl anl \m Spectrophotometry Virginia 8 4.1 25-67
I'.nx.m lml \nc Emission spectrography Virginia 4() 36° - |
lmhu, ctal Emission spectrography ) 153 42 09 - 9.8
Buth ot of Emission spectrography California 47 327 —
Sthalle ot r:! Atomic absorption Germany 63 2.7 06-70 I
Sradkosseki o al Atomic absorption Germany 20 23207 -—
Nnmulu ol Atomic absorption Connecticut 17 0.48 0.29 - 0.70
Delves ol Atomic absorplion England 76 22 —

* Relerences are found in NAS (1975).
" Calculuted from values for plasma and red cels.
© Industond workers from Ohio, New York, Florida, Colorado, and Oregon.

425 -9/ peicentile.
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2. Nickel Speciation and Noncancer Effects

The lung is the target organ of nicke.l toxicity in humans. Inhalation exposure
to varying mixtures of nickel compounds have been associated with lung pathology,
inciuding cancer, asthma, and increased susceptibility to pulmonary infections.
probably due to secondary effects of nickel on the immune system (EPA, 1986; NAS,
1975; IARC, 1987). Similar effects have been demonstrated in experimental animal
studies (Adkins et al., 1979; Ambrose et al., 1976; Benson ez al., 1987; Bingham et al.,
1972; EPA, 1983; Hueper, 1958; Johansson et al., 1983; Langer et al, 1980; Lu et al.,
1979; Machado et al., 1982; Port et al., 1975; Stoner et al., 1976; Sundermann et al.,
1976; Sundermann et al., 1978; Wehmer and Craig, 1972; Wehner et al., 1979; Wehner
et al., 1981; Weischer et al., 1980; Yarita and Nettesheim, 1978; and Ottolenghi ez al.,
1974). The adverse noncancer heaith effects of nickel compounds are not anticipated
to occur given the measured ambient air concentrations in California (i.e., 0.000001
mg to 0.00002 mg Nickel/ m3; State of California, 1990a) compared to the No-
Observed-Effects-Levels (NOELs) and Lowest-Observed-Effects-Levels (LOELs)
observed in humans and animals (which are presented below). However, comparison
of the toxic potency of various nickel compounds with respect to their noncancer
effects observed in humans or animals provides additional evidence regarding the need
for understanding the relative concentrations of each nickel species associated with
respirable particulate matter in California’s ambient air.

Specific dose-response data for the systemic, noncarcinogenic effects resulting
from repeated and prolonged exposure to nickel compounds in humans is not
available. However, the effects of various nickel compounds on the lungs of rabbits,

rats, mice, and hamsters have been observed in inhalation studies of short,
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intermediate, and long-term duration. The State of California summarized the
noncancer health effects levels data tl.e., NOELs and LLOELs) for inhalation of nickel
as follows (State of California, 1990b, p. 52):

Short-term repeated exposure {up to I month):
Humansg:  insufficient data

Animals: NOEL = 0.04 mg mckel compounds/m?; LOEL = 0.08 mg
nickel compounds/m? (Spiegelberg er al 1984)

Subchronic exposure (2 - 4 months):
Humans: insufficient data

Anima_ls: msuﬁicxent data; lowest dose tested to date, 0.02 mg
nickel/m® which resulted in alterations in alveolar
macrophage populations (Spiegelberg et al., 1984)

Chronic exposure: (greater than 4 months):

Humans: insufficient data; occupational asthma reported in
production plant where air concentration of mckel
compounds ranged from 0.013 to 0.067 mg nickel/m3
(Davies, 1986)

Animals: LOEL is assumed to be approximately 0.025 mg nickel /m?

based on effects to the immune system (Rittmann ez al.,
1981).

Although these NOELs and LOELs are consistent with our own independent
review of the available toxicological data for nickel compounds, additional comparative
potency data are available for discussion. Of particular importance is the study
conducted by Dunnick et al. (1989) which evaluated lung toxicity after 13-week
inhalation exposure to nickel oxide, nickel subsulfide, or nickel sulfate hexahydrate
:n F344 rats and B6CEF, mice. The signiﬁcance of this study is that it related nickel
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(22.3 percent nickel) was tested at aerosol concentrations of 0.0, 0.02, 0.05, 0.1, 0.2.
and 0.4 mg/m® nickel subsulfide (73.3 percent mickel) was tested at aerosol
concentrations of 0.0, 0.11, 0.2, 0.4, 0.9, and 1.8 mg/m? and nicke! oxide (78.6 percent
nickel) was tested at aerosol concentrations of 0.0, 0.4, 0.9, 2.0, 3.9, and 7.9 mg/ m> 6.
No exposure-related mortality was observed in rats or mice. The only treated animals
which demonstrated a decrease in final body weight relative to the control animals
were male rats in the 0.2, 0.4, and 1.8 mg/ m® nickel subsulfide exposure groups.
There were also no exposure-reiated changes in organ weights (i.e., thymus, liver,
kidney, brain, or testis); and no exposure-related effects were seen in sperm number,
sperm motility, sperm morphology, or in the length of the estrous cycle.
Inflammatory changes were observed in the lung, nasal cavity, and bronchial lymph
node after exposure to each of the nickel compounds tested. The toxic potency to the
lung and nasal cavity for noncarcinogenic effects, measured as increases in alveolar
macrophage hyperplasia, inflammation, and fibrosis, was as follows: nickel suifate >
nickel subsulfide > nickel oxide. It is important to note that adverse effects were only
observed by exposing the laboratory animals to concentrations of these nickel
compounds which were four orders of magnitude greater than the California ambient
air concentrations of nickel reported by the State (State of California, 1990a).

Further, NOELs for lung lesions was observed in male and female mice at a
dose level of 0.25 mg nickel sulfate/m® (0.02 mg Ni/m® and 0.15 mg mnickel
subsulfide/m® (0.1 mg Ni/m?), both of which are well above the ambient air
concentrations of total and insoluble nickel reported by the State (State of California,
1990a). At the lowest tested dose of nickel oxide, i.e., 0.6 mg nickel oxide/m3 (0.4 mg
Ni/m3), alveolar macrophage hyperplasia was observed in male and female mice and
rats. Again, this tested dose is well above ambient air concentrations of total and

insoluble nickel. Concentrations of Ni in the lungs of rats and mice increased with
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exposure concentration. Male and female animals had similar lung burdens of Ni.
Equiibrium levels of nickel were reached by 13 weeks in the lungs after nickel sulfate
and subsulfide exposures. However, the levels of nickel oxide in the lung continued
to increase. Although the lung burden of nickel oxide was the highest, the lung
lesions resulting from nickel oxide exposure were the least severe. These results are
in agreement with other studies which demonstrate that soluble nickel compounds
are cleared from the rat lung, while insoluble compounds accumulate (Menzel et al.,
1987; Tanaka et al., 1985). Further, the noncancer toxicity of nickel compounds

correlates with the solubility of each compound, rather than the amount of nickel in
the lung.

In addition, the State of California (1990b) cited a LOEL for reproductive and
development effects based on the study of Schroeder and Mitchener (1971) and
dietary/dosing estimates provided by the same authors (Schroeder et al., 1974). The
LOEL was based on an oral drinking water study using five pairs of Long-Evan rats
which were fed approximately 5 ppm nickel in the form of a soluble salt (the specific
salt was not specified). The study was terminated when three generations had been
weaned. The LOEL, based on increased number of runts and decreased litter size,
was observed at a dose level of 400 ug nickel salts/kg body weight/day in the rat.
Then using very conservative assumptions regarding route-to-route extrapolation, the
State’s report estimates that the maximally exposed human could have a daily
absorbed dose as high as 0.007 ug/kg/day which is over four orders of magnitude-
below the LOEL in the rat. The actual margin of safety with respect to potential
reproductive effects for most individuals in California is likely to be substantially
larger, given the conservative exposure assumptions used, for example: exposure at
the maximum concentration reported by the Air Resources Board (State of California,
1990a), breathing rate of 20 m? of air per day at this concentration, and 100 percent
pulmonary retention and absorption for humans, and 100 percent absorption by the
gastreintestingl tract in the rat. Howsver. the conciuzion that ambient exposures to

Liciel Wowil ol De expectel 10 De w3scciated with any reproductive efiect or
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developmental effect is consistent with the available data for such effects in animals
exposed to nickel compounds. These data aiso suggest that the most sensitive target
organs for nickel effects via inhalation are the lungs and the immune system, and not

the reproductive system.

3. Nickel Speciation and Carcinogenic Effects
With respect to the relative carcinogenic potencies of different nickel species,
as acknowledged by the State of California (1990b), to date, injection administration
is the only route of exposure for which data are available for direct comparison of the
respective carcinogenic potencies of the different nickel compounds. In a study by
Sunderman (1984), 18 nickel compounds were tested for carcinogenicity in 414 Fischer
rats by a single intramuscular injection at equivalent doses (i.e., 14 mg Ni per rat).
Animals were then observed for a two-year period. The relative potency’s of each
compound tested as determined by the incidence of sarcomas. The results have been
summarized and discussed elsewhere (EPA, 1986; State of California, 1990b). Nickel
subsulfide injections resuited in a 100 percent incidence of sarcomas; whereas, nickel
oxide resulted in a 93 percent incidence. The State of California (1990b) indicates
that nickel subsulfide and nickel oxide "possess approximately equal potency” following
injection administration; however, there are variables which suggest otherwise. For
example, the latency period for sarcomas in rats was 30 weeks and 49 weeks for nickel
subsulfide and nickel oxide, respectively. The median survival period was 39 weeks
for nickel subsulfide versus 58 weeks for nickel oxide, and the incidence representing
the number of rats with metastases per number with sarcomas was 56 percent for
nickel subsulfide and 29 percent for nickel oxide. It is important to note that this
study has no relevance with respect to the evaluation of the carcinogenic potential of

nickel compounds by any route of ambient exposure which may be experienced by
humans (e.g., inhalation, ingestion).

lung canzsr rizks associated with

Of rorucular reisvance to assess poiantd
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exposed by this route. Evidence of carcinogenicity following inhalation exposure in
experimental animals has been demonstrated for nickel subsulfide (IARC. 1987; NAS,
1975. EPA, 1986), and suggested for nickel carbonyl. However. the evidence for nickel
oxide is negative or inconclusive (EPA, 1986). Although nickel suifate has not yet
been assessed with respect to carcinogenic activity via the inhalation route, evidence
of carcinogenicity in experimental is negative based on the results of an ingestion
study (Ambrose et al., 1976). As summarized in Table 4, data for the evaluation of

TABLE 4. Summary of the results of carcinogenesis bioassays in experimental
animals for nickel subsulfide, nickel oxide, and nickel sulfate.

STUDY RESULTS
Nickel Subsulfide (inhalation)
Ottolenghi et al,, (1974) Positive i
Fisher et al., (1986) Negative
Nickel Oxide (inhalation)
Wehner et al. (1975) Negative
Tanaka et al., (1985) Negative
Horie et al., (1985) Equivocal
Nickel Sulfate (ingestion)
Ambrose et al. (1976) Negative

potential carcinogenic effects of nickel compounds by the inhalation route in hbumans
is based on animal studies using insoluble compounds (i.e., nickel subsulfide and nickel
cxude whereas. evidenceregarding the ingestion route iz Sased on soluble compzunds
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As mentioned previously, inhalation exposures of the general population to
nickel compounds is believed to be largeiy due to mickel associated with suspended.
respirable particles which have originated from various anthropogenic and natural
sources. Source assignments for nickel made on the basis of emissions data and
inferences from air quality measurements suggest than key anthropogenic source of
trace nickel emissions is associated with fine particles results from combustion
sources, including coal and oil burning units in utility, industrial, commercial, and
residential use (EPA, 1986; Cass and McRae, 1983). Fuel oil fly ash, which is similar
to coal fly ash with respect to nickel composition, is composed of approximately 2
percent elemental nickel; further, the nickel species present are largely nickel sulfates
and smaller amounts of nickel oxides and complex metallic oxides (EPA, 1988).
Therefore, of particular interest in evaluating the potential carcinogenicity of nickel
compounds associated with ambient air particulate is the assessment of the chronic
toxicity of inhaled fly ash.

Wehner ef al. (1981) conducted a 20-month inhalation study using hamsters
(102 animals per group) which were exposed to 70 mg/m3 respirable nickel-enriched
fly ash (NEFA) aerosol, 17 mg/m3 NEFA, 70 mg/m3 fly ash (FA), or sham exposures.
The NEFA particles of respirable size contained approximately 6.0 percent nickel,
compared to approximately 0.3 percent for FA”. Fly ash was enriched with nickel by
adding nickel acetate to pulverized coal before combustion.

The animals were exposed 6 hours per day, 5 days per week. From each of the
four groups of 102 hamsters, 5§ were randomly selected and sacrificed after 4, 8, 12,
and 16 months of exposure; all surviving animals were sacrificed after 20 months of
exposure. An additional 5 animals were withdrawn from exposure at the same time

intervals for lifelong observations. Exposures to NEFA were observed to have no
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significant effect on body weight or life span of the animals, although deposition of
NEFA in the lungs was observed. Dust was deposited (anthracosis) in the lungs of all
experimental animais groups. Further, the incidence and severity of interstitial
reaction and bronchiolization were significantly higher in the dust-exposed groups
than in the sham-exposed controls. The severity of anthracosis, interstitial reaction
and bronchiolization was significantly lower in the low-NEFA group than in the high-
NEFA group. No statistically significant increase in tumor incidence was observed.
The authors concluded that addition of nickel to fly ash did not significantly enhance
pathogenicity, including carcinogenicity, of fly ash in their animal model. Further, the
quantity of dust, rather than its nickel content, appears to be the major factor in

determining tissue response.
B. Review of Key Epidemiological Studies

1. Introduction

It is well documented in a number of epidemiological studies that occupational
exposure to nickel refinery dust and nickel subsulfide is associated with increased risk
of respiratory tract cancer, involving target organ sites including nasal, laryngeal, and
lung tissues (ATSDR, 1988). However, no epidemiological studies were found in the
literature which demonstrate an association between exposure to ambient forms of
nickel and increased cancer risk in the general population. Furthermore, as noted
previously, occupationally-exposed individuals may come into contact with numerous
potentially hazardous substances that are characteristic of the workplace, which
complicates the dosimetry for the risk assessment, and may lead to overestimation of

risk for the single chemical of interest.
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2. General Features of Occupational Cohort Studies

The results of epidemiological studies are often expressed in terms of the
Standardized Mortality Ratio, or SMR®.  While applied here to occupational
epidemiology studies, SMRs can be calculated for any other defined subgroups of a
population. Occupational cohort studies generally require a large sample size for
meaningfulness, and a long follow-up period, suggesting that SMRs calculated prior
to the death of all members of the study population will change as time elapses.
Some of the general limitations of cohort studies are (1) the need to adjust for the
"healthy worker" effect; (2) the use of sometimes inappropriate exposure classification
schemes; (3) incomplete ascertainment of the members of the study cohort; and (4)
the frequent lack of information on confounding factors such as smoking habits, the
latter of which would lead to an overestimation of risk (Blair and Spirtas, 1980).

The "power” or ability to measure an effect in a statistically significant way, is
limited at least partly by cohort size, length of follow-up, and the accepted level of
error. For example, assuming a 25-year follow-up and an error rate of 5 and 10
percent, respectively, for Type I and Type II errors®, the cohort size necessary to
detect a 50 percent excess risk (SMR = 150) for lung cancer would be approximately
5,000 individuals. Importantly, for shorter follow-up periods, the number of
individuals required for a cohort is substantially larger (Blair and Spirtas, 1980).
Other examples are shown in Table 5.

8The SMR is the number of deaths, either total or cause-specific (e.g., due to lung cancer), observed
in & given study population multiplied by one-hundred and divided by the number of deaths that would

have been expected if the age- and sex-specific death rates due to that same cause in e "standard"
population are applied.

9 . . .
A type [ error occurs when one rejects the null hypothesis iconcludes that the SMR is greater than
100) when the null h}‘pothesis ig true. I" the stwaustca! literatrre. the prezzrility of this kind of error is
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TABLE 5. Minimum Sample Sizes for Occupational Cohort Studies®

Mortality Rate Per 100.000
S
SMR 40 20 10
(e.g., Lung (e.g., Colon- (e.g., Pancreatic (e.g., Liver

Cancer) Cancer) Cancer) Cancer)
400 228 456 911 1,821
200 1,426 2,851 5,701 11,402
150 4,993 9,986 19,963 39,923
120 28,341 56,667 113,320 226,626

® Assumptions are as follows: Alpha-level = 5%, Beta-level = 10%,
Allocation ratio = 1,000, Mean follow-up = 25 years.

Occupational cohort studies should include a comparison worker population that
is similar in all aspects to the study group for all disease-related factors {e.g., age
distribution, race, sex, ethnicity, tobacco and alcohol use, and socioeconomic status),
except that they lack the exposure of interest (Blair and Spirtas, 1980). The practical
limitations of expense and/or inability to locate such a comparison population typically
forces investigators to resort to using national mortality rates for the general
population to estimate the expected number of cases. As a result, the "healthy
worker” effect is introduced because a typical population of active workers has a
mortality rate that is typically 10 to 40 percent lower than that of the general
population, which contains high risk subpopulations such as infants and the elderly.
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When weak associations are observed (i.e. SMR's from >100 to 120), five
criteria should be applied to determine if the apparent association between an

exposure and disease is real (Wynder. 1982):

Consistency, i.e.,, whether the association can be demonstrated
repeatedly from different studies, and for different subgroups within the
same study.

. Strength, i.e., whether the effect appears to be dose-dependent

. Specificity, i.e. whether the apparent association links a clearly-defined
exposure to a specific disease.

. Temporal sequence, i.e., whether the exposure precede the disease, and
for carcinogens, whether a reasonable time-to-tumor observed.

. Coherence, i.e.,, whether the apparent association is consistent with
known or postulated biological and pharmacokinetic mechanisms for the
chemical of interest, bearing in mind what is known concerning the dose,

exposure route, duration of contact, metabolism, and absorption-
excretion rates for the chemical.

Furthermore, an occupational cohort study must correctly define the duration
of exposure for each cohort member. Person-year allocation to exposure categories
must be time-dependent, e.g., the duration of exposure in the high dose category
should begin only when the worker enters that work category, regardless of other

positions held, unless in the same exposure category at a similar facility (Blair and
Spirtas. 1980).

27

L ¥ A )
o D



3. Summary of Key Epidemiological Studies On Nickel

Epidemiociogical studies of populations of workers in nickei refineries in
different countries demonstrate association between nickel exposures and excess
incidences of cancers of the respiratory tract, inciuding the nasal cavity, lung, and
possibly the larnyx (IARC, 1987). Unfortunately, none of the individual studies that
have been performed to date have been able to conclusively associate these increased
risks with a specific form of nickel (IARC, 1987). Furthermore, no epidemiological
studies have been reported that would associate exposure to nickel as found in

ambient air with increased cancer risks.

A number of key epidemiological studies regarding occupational exposure to
nickel have been reported in roughly the last decade. Enterline and Marsh (1982)
studied the health risks to three groups of workers (tof.al of 266) in a nickel processing
plant based on length of employment. Nickel exposures were reported as 5 mg/m®
for workers in the nickel processing area, and 0.01 to 0.75 mg Ni /m?® for workers at
the facility in non-processing job categories. The results showed an excess of nasal
sinus cancer deaths in nickel refinery workers (SMR = 2443), although an overall
excess of lung cancer was not detected. This SMR was calculated using age and
calendar-specific national and local mortality rates.

Doll et al. (1977) conducted a study of mortality in 937 nickel refinery workers
who worked at-the Clydach, Wales facility for at least 5 years. In this cohort, a total
of 145 lung cancer cases and 56 nasal cancer cases were identified. Highly elevated
SMRs for nasal cancer (9,900 to 64,900) and less elevated, but significantly increased,
risks for lung cancer (SMRs = 570 to 1005) were observed for workers who started
worked at the facility for at least 5 years prior to 1925. Virtually no cases of nasal
sinus cancer were reported in workers at the facility who began their employment in
1925 or later; however, a slightlv elevated lung cancer risk was noted (SMR = 250)
in workers who began emrtioymzn: between 1925 and 1929, These SMRs were

caicuiaied using age-specizic anc tute-specific moriailty rates for Engiand and Wales.
= > - =
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The meaningfulness of these SMRs in quantitative terms is lirnited by the small size

of the study cohort.

Chovill ez al. (1981) studied a small cohort of 495 workers at the Copper CLff
nickel sinter plant near Sudbury, Ontario exposed to nickel refinery dust between the
years 1948 and 1962. This study reported 37 lung cancer deaths in the cohort versus
4.25 expected (SMR = 870). The meaningfulnesss of this SMR in quantitative terms
is limited by failure to use the entire cohort that was available for evaluation, as
noted in the study below.

In perhaps the most rigorous study to date, the mortality of approximately
54,000 male workers employed in all aspects of extraction and refining of nickel within
the Canadian province of Ontario was evaluated by Roberts et al. (1983). This
included workers at the Copper Cliff, Coniston, and Port Colborne nickel refineries,
all of which contained sintering operations. The SMR for lung cancer and the SMR
for nasal cancer were reported to increase linearly with increasing duration of
exposure in sinter plant workers. Mortality was ascertained for each job category
during a 27-year follow-up period between 1950 and 1976. All SMRs were calculated
using age-specific, calendar-time-specific and cause-specific mortality rates for Ontario
males rather than the national population. Out of this cohort, men without sinter
plant experience had an SMR of 104 for all four cancer sites evaluated combined (lung,
larnyx, nasal, and kidney) versus statistically significant excesses (p<0.001) in cancer
deaths among the Copper CUff and Coniston sinter plant workers (the combined
Sudbury cohort), yielding an SMR of 463, with all cases reflected as nasal or lung
cancer. In addition 2 deaths from nasal cancer in sinter plant workers were found
which represents a 21-fold increase in risk from this rare cancer (SMR = 2100); even
though this represents a small number of cases, this difference was statistically
significant (p<0.001). For men involved in the leaching, calcining, and sintering

-

rrocesz in the Port Colborne nichel refinerv. nzsz’ cancer deathiz ztart to acpear 27ter

.o years afier the first exposure. when the =1.R increases 10 approximately 3.00C.
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