wEPA

TOXICOLOGICAL REVIEW

OF

HEXAVALENT CHROMIUM

(CAS No. 18540-29-9)

In Support of Summaty Infor mation on the
Integrated Risk Information System (IRIS)

August 1998

U.S. Environmental Protection &gcy
Washingon, DC



DISCLAIM ER

This docunenthas been reeived n accordance h U.S Environmentl Protecion
Agencypolicy and approved for publicatiorMention of trade names or commercial products
does not constitute endorsement or recommendation forTie document maynderg

revisions in thefuture The most up-to-dee version will beavailable eectronicaly viathelRIS
Home Rge at http://www.epa.gv/iris.



CONTENTS—TOXICOLOG ICAL REVIEW F OR HEXAVALENT CHROMIUM
(CAS No. 18540-29-9)

FOREWORD . .. e
AUTHORS CONTRBUTORS AND REVIEWERS . ....... ... ... . i Vi
LIST OF ABBREVIATIONS ... . ettt ettt e e e VI
L INTRODUCTION . . .o e e
2. CHEMICAL AND PHYSICAL INFORMATION RELEVANT TO ASSESSMENTS ..... 2
3. TOXICOKINETICSRELEVANT TO ASSESSMENTS .. ... i 4
3.1. ABSORPTDN FACTORS N HUMANS AND EXPERMENTAL ANIMALS . .4
B L. Oral .
3.1.2. Inhalation . ... 4
3.1.3. Metabolism. . ... 5
3.1.4. The Essentialitpf Chromium . ............. ... .. ... ... 6
4, HAZARD IDENTIFICATION . . e e 7
4.1. STUDES IN HUMANS . .. e e 7
A L. 0. Oral .o
4.1.2. Inhalation . . ... .. 7
4.2. SUBCHRONIC, CHRONEC STUDES AND CANCER BOASSAYS N
ANIMALS 7.1
4.2.1.Chronic Oral Studies. . . ... i 71
4.2.2.Subchronic Oral Studies. . . ....... ... . i i 71
4.2.3. Chronic hhalation Studies . . ... ... 81
4.2.4. Subchronicthhalation Studies. . . ... (0%
4.3. REPRODUCTVE/DEVELOPMENTALSTUDIES ....................... 2
4.3.1. Oral StUAIES . . ..ot 32
4.3.2. Inhalation Studies . . ... .. e 62
4.4, OTHER STUDES . . . ... e 62
4.4.1. Contact Dermatitis. . .. ..o oottt 62
4.42. Toxicant hteractions . . ...t e e 12
4.4.3. GENOLOXCILY . ..ottt e 72
4.5. SYNTHESIS AND EVALUATION OF MAJOR NONCANCER EFFECTS ... 28
45.1.0ral StUAIES . . ..ot 82
45 1.1 Human Studies . . ... ..o oot 82
45.1.2. Animal Studies . . ... 82
4.5.2. hhalation Studies. . . ...t 92
452 1. Human Studies . . . ...t 92



CONTENTS (continued)

4522 . Animal Studies . ... 03
4.6. WEIGHT-OF-EVIDENCE EVALUATION AND CANCER
CHARACTERIZATION . . e e 13
4.7. OTHER HAZARD IDENTIFICATIONISSUES. ........... ... .. ... ... ... 3
4.7.1. Possible Childhood Susceptibility. . . .......................... 3
4.7.2. Possible SeDifferences . ....... ... . . 23
5. DOSE-RESPONSE ASSESSMENTS ... e e 23
5.1. ORALREFERENCE DOSE (RfD) .. .o v it 23
5.1.1. Choice of Principal Studgnd Critical Effect ... .................. 3
5.1.2. Method of Analis . . . ... ... 43
5.13. RIDDerivation . . ..o 53
5.2. INHALATION REFERENCE CONCENTRADON (RfC) .................. 5
5.2.1. Choice of Principal Studgnd Critical Effect ... .................. 3
5.22. RfCDerivation . . ... e 83
5.2.2.1. Chromic Acid Mists and Dissolved Hexavalent Chromium
ABIOSOIS. . . e 83
5.2.2.2.Hexavalent ChromiumDusts . .............. ... ... .... B
5.3. CANCER ASSESSMENT . . ... . e 14
5.3 L. SUMMaANY. . . e 14
5.3.2.Dose-Response Data . . ..o 14
5.3.3.D0SE CONVEISION. . ..ottt e e 24
5.3.4. Extrapolation Method . .. ... ... ... ... .. . 34

6. MAJOR CONCLUSIONSIN THE CHARACTEREATION OF

HAZARD AND DOSE REPONSE . . ... .. e 64

6.1. HUMAN HAZARD POTENTIAL . ... e 64

6.2. DOSE RESPONSE . . . ... e 94
7. REFERENCES . . . . . 1.5
APPENDIX A. EXTERNAL PEER REVEW—

SUMMARY OF COMMENTSAND DISPOSITION . ... ...t )



FOREWORD

The purpose of this Tatogical Review is to provide scientific support and rationale for
the haard identification and dose-response assessmeRl $pertainingto chronic eposure to
Cr(VI). Itis not intended to be a comprehensive treatise on the chemicaiamidagecal nature
of Cr(VI).

In Section 6, EPA ha characterized its oveall confidence in thequantitative and
gualitative aspects of hazard and dose respdvisdters considered in this characterization
include knowledg gaps, uncertainties, qualityf data, and scientific controversieBhis
characterization is presented in an effort to make appaent thelimitations of theassessmat and
to aid and gide the risk assessor in the ensisteps of the risk assessment process.

For other gneral information about this assessment or other questions re@tiRIS,
the reader is referred to EPA’s Riskkdrmation Hotline at 513-569-7254.
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1. INTRODUCTION

This document presents backgnd and justification for the hazl and dose-response
assessment summaries in EPAitetyated Risk mformation Sgtem (RIS). IRIS Summaries
mayinclude an oral reference dose (RfD), inhalation reference concentration (RfC) and a
carchogenicity assessent

The RfD and RfC provide quantitative information for noncancer dose-response assessments.
TheRfD is baed on theassumption thiathresholds &ist for gertain toxic effects sut as cellular
necrosis but magiot exst for other toxc effects such as some carcien@ responsedt is
expresseal in units of mgkg-day. In generd, the RfD is an estimate (with uncertainty spaning
perhaps an order of maigude) of a dailyexposure to the human population (includsensitive
subgoups) that is likelyo be without an appreciable risk of deleterious effects dariifgtime.
The inhalation RfC is analogs to the oral RfDThe inhalation RfC considers tiaxeffects for
both the respiratorgystem (portal-of-entfyand for effects peripheral to the respiratsygtem
(extrarespiratonor systemic effects).It is generallyexpressed in units of nig°.

The carcinognicity assessment provides information on the car@nmghazard potential of
thesubstace in question and quantitative estimates of risk from orbexposureand inhdation
exposure. The information includes a wéigof-evidence judgent of the likelihood that the
agent is a human carcineg and the conditions under which the carcamig effects mape
expressal. Quantitative risk estimates ae presented in three ways. Theslope factoris theresult
of application of a low-dose &apolation procedure and is presented as the risk p&grdgy:.
Theunit riskis thequantitative estimate in terms of éther risk pe pg/L drinking water or risk
per w/m? air breathed Another form in which risk is presented is a drinkimgter or air
concentration providingancer risks of 1 in 10,000; 1 in 100,000; or 1 in 1,000,000.

Development of these harzl identifications and dose-response assessments farabent
chromium ha followed thegenera guiddines for risk essessmet as sd forth bythe Nationd
Research Council (1983EPA guidelines that were used in the development of this assessment
may includethefollowing: theGuidelines for Carcinogen Risk Assessnien. EPA, 1986a),
Guiddines for theHealth RiskAssesmat of Chenical Mixtures (U.S. EPA, 1986b)Guiddines
for Mutagenicity Risk AssessmgutS. EPA, 1986c¢)Guidelines br Devebpmendl Toxicity
Risk Assessme(t.S. EPA, 1991)Proposed Guidelines for Neurotoxicity Risk Assess(hkst
EPA, 1995a)Proposed Guidelines for Carcinogen Risk Assessthkst EPA, 1996a),

Guidelines for Reproductive Toxicity Risk Assessiuet EPA, 1996b), an@uiddines for
Neurotoxicity Risk AssessmébtS. EPA, 1998aRecommendations for and Documentation of
Biological Values for Use in Risk Assessn{ehE. EPA, 1988); (proposethterim Policy for
Particle Size and Limit Concentration Issues in Inhalation Tox{tit. EPA, 1994a)jylethods

for Derivation of Inhalation Reference Concentrations and Application of Inhalation Dosimetry
(U.S. EPA, 1994b)Peer Review and Peer Involvement at the U.S. Environmental Protection
Agency(U.S. EPA, 1994c)Jse of the Benchmark Dose Approach in Health Risk Assessment
(U.S. EPA, 1995b)Science Policy Council HandbooReer ReviewU.S. EPA, 1998b); and
memorandum from EPA Administrator, Caraio®/ner, dated March 21, 1995, Subject:
Guidance on Bk Characerization.



Literature search straieg emplogd for this compound were based on the CASRN and at
least onecommon nane At a minimum, thefollowing databases wae searched: RTECS,
HSDB, TSCATS, CCR$, GENETOX, EMC, EMICBACK, DART, ETICBACK, TOXLINE,
CANCERLNE, MEDLINE AND MEDLINE backfiles. Any pertinent scientific information
submitted bythe public to theRIS Submission Desk was also considered in the development of
this document.

2. CHEMICAL AND P HYSICAL INF ORMATION RELEVANT TO ASSESSMENTS

In the hexavalent state, chronium exists as 0x specgés such as©, and CrQ?) thatare
strondy oxidizing (Cotton and Wkinson, 1980). The CAS Retptry numbers and the
solubilities of a few important hexalent chromium compounds aregn in Table 1.

In solution, heavalent chromium eists as hgirochromate (HCr¢), chromate (60,%),
and dichromate (QD,?) ionic species.The proportion of each ion in solution is pH dependent.
In basic and neutral pH, the chromate form predomin#&esshe pH is lowered (6.0 to 6.2), the
hydrochromate concentration increas@s.very low pH, the dichromate species predominate
(U.S. EPA, 1984).

The primarysources of heaalent chromium in the atmosphere are chromate chemicals
usa as rust inhibitors in ooling towe's and emitted as mists, péaticulate mater emitted during
manufacture and use of metal chromates, and chromic acid mist from the ipldtistyy
(ATSDR, 1993). Hexavalent chromium in air eventualigacts with dust particles or other
pollutants to form trivalent chromium (NAS, 1974); however, thecerature of such
atmospheric reactions has not been studiéehsikely Both hexavalent and trivalent chromium
are removed from air bgtmospheric fallout and precipitationgfbein, 1981).The atmospheric
half-life for the phgical removal mechanism is dependent on the partidesi particle
density. Chromium paticles of sm#l aerodynamic diameter (< 10 pm) will reman airbornefor
a longperiod (U.S. EPA, 1984).

Hexavalent chromium m@ exist in aquaic media as water-solublecomplex anions ad
may persst in waer. Hexavalent chromum is a stongoxidizing agentand nay reactwith
organic mater or othe redudng agents to form trivéent chromium. The trivalent chromium will
eventudly beprecipitated as Cr,0O,-xH,O. Therefore, m surface wa rich in organic conent,
hexavalent chromium will ekibit a much shorter lifetime (Callahan et al., 1979).

Any hexavalent chromium in soil is gpected to bereduced to trivdent chromium by
organic matter. The primaryprocesses byhich the converted trivalent chromium is lost from
soil are aerial transport througerosol formation and surface water transport througoff
(U.S. EPA, 1984)Very little chromium is leached from soil because it is present as insoluble
Cr,0,:xH,0 (Fshbein, 1981).



The bioconcentration factor (B) for hexavalent chromium in fish muscle appears to be
< 1.0 (U.S. EPA, 1980), but values of 125 and 192 were obtaineddsiar @and blue mussel,
respectively(U.S. EPA, 1980).

Table 1. CAS numbers and aqueous solubilities ofelected hexavalent chromim

compounds
Compound CAS No. Water solubility
Ammonium chromate 7788-98-9 40.5 d100 mLat 3C0C
(NH,),Cro,
Calcium chromate 13765-19-0 2.23 d100 mLat 20C
CaCrO,
Chromic acid 1333-82-0 61.7 d100 mLat C
Cro,
Potassium chromate 7789-50-6 62.9 d100 mLat 20°C
K,CrO,
Potassium dichromate 7789-50-9 4.9 d100 mLat O*C
K,Cr2G,
Sodium chromate 7775-11-3 87.3 d100 mLat 30°C
Na,CrO,
Sodium dichromate dildyate 7789-12-0 230 d100 mLat °C

Sources:Weast, 1980:; Hartford, 1979.



3. TOXICOK INETICS RELEVANT TO AS SESSMENTS
3.1. ABSORPTION FACTORS IN HUMANS AND EXP ERIMENTAL ANIMALS
3.1.1. Oral

Gastointestinal absorpion of G (V1) occurs wih greaer efficiencythan absorpon of
Cr(lll), though absorption of ingsted heavalent chromium is estimated to be less than 5%.
Donaldson and &reras (1966) fed N&CrO, to rats and human®8ased on mean urinary
excretion,”Cr absorption was estimated to be 2.1% in humamsats, approxately2% of the
adninistered dose was absorbed based on fexakion of>'Cr when Na'CrO, was
administered intregastrically. Intestind absorption of hgavalent chromium gpears to be
significanty affeced bycontctwith gastric juices. When N&'CrO, was introduced to humans
intraduodenallyavoidingcontact with gstric juices), apprarmately half of the chromium was
absorbed based on fecakeation. Similar results were observed followingrajejunal
administrdion in ras. Incubaion of hexavalent chromium with @stric juices prior to
intraduodenal or intrajejunal administration in humans and rats, respectivielglly eliminated
absorption of romium. Absorption of trivéent chromium £*CrCl,) was notincreased by
intraduodenal or intrajejunal administratiofhe authors demonstrated that &eatent
chromium is reluced to thetrivalent form byincubaion with gastric juices and wnduded tha
redudion of hexavalent chromium to therivalent form in thestomah significantly reduaes
absorption bythe oral route of gposure. Gastric juices have peak reductive capa2itg 4 hours
after a meal and are at a minimum between meals andhat{DigHora et al., 1987) Anderson
et al. (1983) confirmed the low absorption of trivalent chromium in humans follawaig
administration of 200 guof CrCL.

MacKende et al. (1959) administered NarQ, to rats bygavage. Based on urinary
excretion, absorption was estimated to be 6% in fasted rats and 3% in nonfastétieatste of
absorption was twofoldrgater than that observed followiagministration of'CrCl, by gavace.
Absorption of heavalent chromium was found to be increasedHhvge- to fivefold following
intestind administraion of N&'CrO,, consistent with reduction of haralent chromium during
passag throudh the stomachAbsorption of heavalent and trivalent chromium was found to be
less than 1.4% in the hamster (Henderson et al., 1979), while Visek (1953) estimated that less
than 0.5% of ingsted CrC] was @sorbel throudn thegastrointestind tract of therat.

3.1.2. Inhalation

A number of factors can influence the absorption of chromium followinglation,
includingthesize oxidation stde, and solubilityof thechromium paticles; theactivity of
alveolar macrophagg; and the interaction of chromium with biomolecules followdegosition
in the lung(ATSDR, 1993).Absorption of inhaled chromium followingccupational gxosure
has been demonstrated fmgasurement of chromium in the serum, urine, and hair of workers in
the chromium industrgMinoia and Cavalleri, 1988; Randall and Gibson, 1987; Tossavainen et
al., 1980).



Langard et al. (1978) demonstrated that water-solubleMaent chromium, such as
chromic acid, is absorbed rapidillowing inhalation byrats. However, insoluble hexalent
chromium, suh as zinc chromde, is less wdl absorbel. Animals were exposel to zincchromde
dust at a level of 7.35 mg?®. After 0, 100, 250, and 350 min of@osure, the concentrations of
chromium in the blood (@ml) were 0.007, 0.024, 0.22, and 0.31, respectiviglythe second
part of this studyrats were gxosed to the same level for 6 hours on 4 consecutivse &hyod
concentrations appeared to peak at the end of the seqoosbex and then bagto decline
slowly. Mean blood chromium values measured at the end of epcdis@re period averad
0.03, 0.56, 0.46, and 0.34)iml for exposures I-4, respectivelyNo significant differences in
absorption as reflected yood chromium levels were noted between thesex between day
and nidnt exposures.

Suaiki et al. (1984) eposed rats to potassium dichromate) (& Cr(ll) trichloride by
inhalation and determined that while lucigarance of both valence states was dependent on
paticle sze, Cr(VI1) was absorbed with threefold greater efficiency than Cr(lll) .

3.1.3. Metabolism

In vivo redudion of Cr(V1) to Cr(lll) has been widdy studied, and some characterizations
can be madelngested heavalent chromium is efficientlyeduced to the trivalent form llge
gastric juices (Defora et al., 1987) Hexavalent chromium can also be reduced to the trivalent
form in the epithelial linindluid of the lung byascorbate andgtathione. The reduction by
ascorbae is morerapid than by glutathiong and results in ashorte residence time for chromium
in the lung (Suziki and Fikuda, 1990).

Once absorbed into the bloodstream,dvalent chromium readilgnters red blood cells
through the phosphate and sulfate aniocteang carrier pathwaythoudh a portion mayemain
in plasma for an éended period (\gand et al., 1985)While Cr(ll) compounds are unable to
cross the red cell membranethys pathwayGrayand Sterling1950), theynayenter red blood
cells, but onlywith verylow efficiency(Mertz, 1969; O’Haherty 1996). Hexavalent chromium
is reduced to the trivalent form in the red blood celti®yaction of tutathione (Debetto and
Luciani, 1988; Petrilli and Del&ra, 1978a).During reduction to the trivalent form, chromium
may interact with cellular macromolecules, includidbyA (Wiegand et al., 1985), or maye
slowly released from the cell {&hop and Surmgnor, 1964).

Visek et al. (1953) reported that an imsfigcant amount of*Cr crossedtte phcené of
rats in the 24 hours followinigtravenous injection regdless of the chemical form injected, the
valence stde, thegestaiond stage, or thesizeof thelitter. In no instace was theradioactivity
measured in the fetusermegter than 0.13% of the dogeanielsson et al. (1982) reported that
sodum dichronete crossedte pacenamore readiy than G(lll) trichloride following
intravenous injection of mouse danSaseyand Hembridg (1984) demonstrated that chromium
can betransfared to infants throudp breast milk. The breast milk of 45 lactating women was
found to have a chromium content aveéngd.3 Lo/L. These concentrations were taken to
represent backgund levels in women whose chromiunpegure occurs primarilthroudh the
diet.



A physiologically based radelfor chromum has recety been develped, wheh
incorporates absorption and dispostion schemes for Cr(VI) and Cr(lll) throughout the body
(O’Flaherty, 1996). The model was calibrated on the basis of published oral and intratracheal
kinetic sudies usng soluble Cr(lll) and Cr(VI) in therat, and accounts for most of the major
features of chromium kindtics, induding redudion of Cr(V1) to Cr(lll). Themodd suggests the
followingin vivo dispostion for chromium. Both Cr(lll) and Cr(VI) are poorly absorbed from
thelung and thegastrointestind tract. Following inhdation exposure chromium mg be
absorbed into the stemic circulation, transferred to thasgyointestinal tract bynucociliary
action, or remain in the lundgCr(V1) is reduced to CH() in dl tissues, induding the lungand
the gastrointestind tract. Both Cr(Ill) and Cr(VI) are better absorbed from the gastrointestind
tract in the fasted than in thefed state, and the absorption efficiency of Cr(lll) saltsislargely
dependent on the nutritional status of the animal as well as the nature of the anionupdkéeg
Cr(lll) salt. Themodd assumes tha redudion of Cr(VI) does notoccur in the plasma. Cr(VI)
enters cells byhe phosphate and sulfate aniorcteenge carrier pathway Cr(lll) travelsin the
bloodstream largly bound to amino acids, other anic acids, and plasma proteins such as
globulins The complexes of Cr(lll) tha are bound to lower molecular wehg ligands are most
likely to be able to traverse cell membranes (M&r@69). A significant amount of absorbed
chromium is taken up in the bone (Witmer and Harris, 1991; Weber, 1983), Chromium is also
concentrated in tissues of the liver, kidnagd spleenOnce in the cell, Cr(\Jlmaybe reduced
to Cr(lll) , which may subsequently interact with cellular macromolecules induding DNA
(Wiegand et al., 1985), or maye slowlyreleased from the cell {8hop and Sumgnor, 1964).

The model sugests that the bioaccessibilibf chromium to absorption processes rbaythe
singe most importat factor deermining thetoxicity of aspeific chromium soure (O’Flaherty,
1996).

Given therapid redudion of Cr(VI) to Cr(lll) in vivo, it is relevant to consider whether
environmental egosures to Cr(\Jlor administration of Cr(\jlin controlled animal eperiments
is essentialy identical to environmental exposures to Cr(lll) or administration of Cr(lll) in
controlled eperiments.Although considerablynore data are available for Crj\Mhan for
Cr(lll), it appears a present that expoures to Cr(VI1) have condderably different outcomes than
expoauresto Cr(lll). The Agency has prepared the toxicological summaries and IRIS files for
Cr(VI) and Cr(Ill) from this perspective.

3.1.4. The Essentiality ofChromium

Cr(lll) inits biologically active form (glucose tolerance factor, or GTF, adinicotinato-
chromium[lll] glutathionelike complex), facilitates interaction of insulin with its receptor site,
influendng glucose, protein, and lipid metabolism. Thus Cr(lll) is essential for animals and
human being Inorganic chromium compounds do not appear to have insulin-potentiating
activity. Chromium déiciency may causechanges in themeabolism of ducoseand lipids. In
some studies, dietasupplementation with chromium reversed clesrig ducose tolerance and
serum lipids. The National Research Council has identified an estimated safe and adequate daily
dietaryintake (ESADD) for chromium of 50-200 g/d (NRC, 1989), correspondinig 0.71-2.9
Hg/kg/dayfor a 70-kgadult. FDA has selected a Reference Dailyake for chromium of 120
ng/d (DHHS, 1995).



4. HAZARD IDENTIF ICATION
4.1. STUDIES IN HUMANS
4.1.1. Oral

Cr(V1) is condderably more toxic than Cr(lll) . A cross-sectiond study of 155 villagers
repored the effecs of envionment contaminaion of wel water adpcentto a chronum alloy
plant. Cr(VI) concentrations were reported as 20lmgith an estimated dose rate of 0.57
mg/kg-day (Zhangand Li, 1987). Reported effects at this dose included oral ulcers, diarrhea,
abdominal pain, indigstion, vomiting leukocyosis, and presence of immature neutrophils.
Effects data for lower gposure doses were not available.

Other reports of tax effects in humans are limited to case reports from accidental
poisoning. Some Cr(V) compounds (such as potassium tetrachromate and chromic acid) are
potent oxdizing agents, and are thus stromgtants of mucosal tissuezffects included
metabolic acidosis, acute tubular necrosis, kidaéyre, and death (Saay and Reedyl1988).

4.1.2. Inhalation

Occupational egosure to chromium compounds has been studied in the chromate-
production, chrome-platingnd chrome pigent, ferrochromium productionpfgl mining
leather tanningand chrome alloproduction industries.

Workers in the chromate indusiaye eyosed to both trivalent and reealent
compounds of chromiumEpidemiologcal studies of chromate production plantsapah, Great
Britain, West Germanyand the United States have revealed a correlation between occupational
exposure to chromium and lurmgncer, but the specific form of chromium responsible for the
induction of cancer was not identified (Machle and @Grery, 1948; Bejter, 1950a,b; i@strup,
1951; Mancuso and Hueper, 195%irBon et al., 1952; BIstrup and Case, 1956; Todd, 1962;
Taylor, 1966; Enterline, 1974; Mancuso, 1975; Ohsaki et al., 1978; Sano and Mitohara, 1978;
Hayes et al., 1979; Hill anddfguson, 1979; Alderson et al., 1981; Hagor et al., 1981; Satoh
et al., 1981; Korallus et al., 1982dntzl-Beyme, 1983; langard and Vignder, 1983; Vdtanabe
and Rukuchi, 1984; Davies, 1984; Mancuso, 1997).

Mancuso and Hueper (1951) conducted a proportional morsalithyof a cohort of
chromate workers (empleg for > | year from 1931 to 1949 in a Painesville, OH, chromate
plant) in order to investage lungcancer associated with chromate producti®nthe 2,931
deaths of males in the courvihere the plant is located, 34 (1.2%) were due to respiratory
cancer.Of the 33 deaths amortige chromate workers, however, 6 (18.2%) were due to
respiraory cancer. Within thelimitations of thestudydesign, this rgort strondy sugyested an
increased incidence of respiratamancer in the chromate-production plant.

In an update of the Mancuso and Hueper (1951) sMdgicuso (1975) followed 332 of
the workers emplad from 1931-1951 until 19748y 1974, > 50% of this cohort had die@f

v



these men, 63.6%, 62.5%, and 58.3% of the cancer deaths for menezmpl©931-1932,
1933-1934 and 1935-1937, respectivegre due to lungancer.Lungcancer death rates
increased with inaeases in exposureto totd chromium, ad significant deposition of diromium
was found in the lurggof workers longfter the eposure ceasedl he ag-specific lungcancer
rates from and gadient exposure to totd chromium from this studgre presented in Table 2.
Mancuso (1975) reported that these lgagcer deaths were related to insoluble (trivalent),
soluble (heavalent), and total chromium gasure, but the small numbers involved make
identification of the specific form of chromium responsible for the keemgcer uncertain.

Mancuso (1997) recentlypdated this stugyollowing the combined cohort of 332
workers until 1993.0f 283 deaths (85% of the cohort identified), 66 leagcers were found
(23.3% of all deaths and 64.7% of all cancets)ngcancer rates clearlgcreased bgradient
level of eyposure to total chromiumThe relationship betweemaglient level of egosure and
lung cancer rates is less clear for trivalent ancabxgbent chromium.The rates of lungancer
within the cohort are consistent with those reported in Mancuso (1975) and provide further
support for the cancer risk assessment based on those data.

Hayes et al. (1979) conducted a stumfy2,101 male workers in a chromium chemicals
production plant in Btimore, MD, to determine whether empiognt in a modernized facility
resulted in a reduction in the risk of luogncer in comparison with that seen in workers
employed in older production facilitiedMortality data for the workers were compared with
causespeific mortdity rates for Baltimore city mdes, and corrdations wee made beween a
history of havingworked in specific job positions and cancer of the lW\prkers with lung
cancer as an undenhg or contributorycause of death were individualtyatched to controls
sekckd fromplantworkers who déd of causes ber han cancerMany of the spedic causes of
death, includingseveral sites of maligancy showed results well below thepected number.
While the newer facility had been construded to reduce exposureto carcinogens, workes in the
new facilitywere still found to have an increased risk of leagcer.Both short-term and long
term workers were found to havecess risk for lungancer, but the effect was more pronounced
in the longterm workers.A dose-response relationship with respect totkeng employnent
was observed, and lorigrm laborers were found to have a imaxm risk (standard mortality
ratio [SMR] = 3.9) between 15 and 18ars after the initial gposure. A history of having
worked with hidnly soluble heavalent chromium compounds in the “wet end” of the production
process was pacularly assoated with an ncreased sk of lungcancer.Amongthe workersn
the low- exosure goup (n = 699), no eess risk was demonstratethe authors were unable to
obtain suitable data to account foragfte smokingn the studypopulation, and assumed that
the smokinghabits of workers were similar to those of the in teegal population.

Pastides et al. (1994) conducted a retrospective cohortisttit United States’ laegt
chromade chemicals manufacturing facility in Castle Hayne, NC. This plant was designed to
reduce the hig level of chromium gxosure found at most of the older chromate production
facilities. The studyutilized more than 5,000 personal breattange samples collected over a
15-year period.Occupational, medical, and smokidgta from current and former empéas
were collected using questionnaireA healthyworker effect was observed in the population.
There was no inceased risk of mortéity or cancer anongemployees who workel only at this
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Table 2.

Age-specific lung carcer death rates ard gradient exposures to total chromium

Mg/m? - Yrs. total insoluble chromium
Age <1.00 |[1.0-1.99 |2.0-3.99 |4.0-5.99 | 6.0-6.99 [ 7.0-7.99 8+
45-54 Deaths 1 2 2 4 3 3 0
Person-gars 886 459 583 348 159 140 262
55-64 Deaths 1 3 1 4 2 3 1
Person-gars 707 356 462 250 113 98 203
65-74 Deaths 1 1 2 1 1 0 3
Person-gars 235 166 182 80 42 41 81

®Data in the last column are not used ilAERisk assessment because the eaoigexposure in this class is not known,
and it does not appear reasonable to assume that all terg@ags had an identical pgsure distribution.

Source: Mancuso, 1975.



facility, thoudh a subgoup of workers who transferred from older facilities was found to have
higher risks of mortéty and cancer.

Rosenman andt&bury(1996) recentlyeported on a studyf lungcancer risk in a
population of former workers from four facilities that produced chromium compounds from
chromite ore.Workers at these facilities between 1937 and 1971 were found to have
proportionate cancer mortalitgtios (PCMR) of 1.51 for white men and 1.34 for black mEme
PCMRs were found to increase with duration of empient and time since first emplognt.
The authors also reported a PCMR for nasal/sinus cancer of Bhédungcancer risk remained
elevated for more than 2@ars followingthe cessation of @osure. While the studywas unable
to account for smokinbabits of the workers, the lack of increase in other smaialaged
diseases sygsted that the lungancer was not related to smokinthe authors were unable to
distinguish risk from trivalent and hexalent chromium, and were also unable taraie risk
by exposureestimates.

Alexander et al. (1996) reported on a stofljungcancer in chromate-prsed aerospace
workers with a minimum of 6 mo prsure to heavalent chromium.Standard incidence ratios
(SIRs) for lungcancer were determined on the basis of the duration of emeidyn chromate-
exposure jobs and cumulativeposure. The authors reported an inverse relationship between
lung cancer risk and estimates of axmuldive chromde exposurein sprg panters. Elevated lung
cancer risks were found for subjects who worked as chrome platers or surface processor tank
tenders, sanders/maskers, and polishers, but the numbers are too low to establish a clear
assocation betveen chrorate exposure andung cancer 1k in these workersThe auhors
suggested hatthe lck of ncreasedungcancer 8k anongspraypanters may reflectthe
exposureto chromde in pant mists, whit they suggestad may rende the hexavalent chromium
less biologcally active.

Studies of workers in chromate pignt production plants have demonstrated an
association with increased risk of luogncer.Hayes et al. (1989) studied workers empdy
between 1940 and 1969 in a lead ammt zhromate pigient production plant in Newedsey
The SMR for lungcancer was 160, based on comparison with U.S.danger rates for white
males. Workers in the hi-exposure goup were continuouslgxposed to geater than 2 nmig?®
chromate dust; workers in the moderatpeasure goup were occasionallgxposed to
concentrations between 0.5 and 2/mity and workers in the low-@osure goup were
infrequentlyexposed at concentrations below 0.1/mty Significant SMRs were also found for
lung cancer in nonwhite males and stomach cancer in white malesionitoring revealed that
exposures wereead chrorate.

Davies (1978, 1979) studied three chromatenpigt plants in Engnd, two of which
produced bothinc and lead chromate, and one which producedleaty chromateThe cohort
of exposed workers consisted of empeg with>1 year of service and for whom vital statistics
were available as of 197Usingthese gidelines, 396 and 136 subjects were obtained from the
plants producindpoth 2znc and lead chromate, and 114 subjects were obtained from the plant that
produed onlylead chromde. Theobseved mortdity from lungcancer in thedifferent plants
was compaed to theexpected mortdity based on néiond lung cancer mortdity rates for dl
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males in Entand and Vdles. An elevated risk of lungancer was present onfythe plants
producingboth znc and lead chromaté.he authors suggsted that these data indicated thatz
chronmete was assoeited with the etology of lungcancer, whereasdd chrorate was not

Davies (1984) conducted a follow-up stumlyworkers in the same three chromate
pigment production plantsWworkroom chromium concentrations and smokstafistics for the
workers were noavalable in anyof the facories. Elevaed SVIRs for lungcancer were
observed, particularlfor workers emplogd prior to improvements in industrialdigne.
Workers in the hig- and medium-gxosure goups in a plant producingad and inc chromates
had an SMR for lungancer of 232Workers in hidgp- and medium-gxosure goups in a second
lead and mmc chromate production plant had a SMR for leagcer of 373.The SMR for
workers in hitp and medium @ups eposed to lead,iac, and strontium chromate was 568.
the third plant, onlyead chromate pigents were produced, and nacegs lungancer deaths
were reported.

Langard and Norseth (1975) reported on threengigt plants in Norwayhat were in
operation between 1948 and 1972 (one of the plants washbramudjne in the gar the study
ended).A total of 133 workers were identified as emmeyg at the three plants duritings time
period. Of the 133, 24 had been empdaly> 3 ears, and of this cohort, 3 cases of laagcer
were identified throulg the Cancer Restry of Norway All of the lungcancer cases had been
employed for 5 yars or longr. Data from the cancer resgry indicated an gxected number of
lung cancer cases amotigpse emplogd of 0.079; thus, the observed number of cases was 38
times geater than epected, based on thergeral population Exposure levels determined by
personal monitoringvere reported for the plants for theay 1972, with chromium levels in the
two older plants rarigg between 0.04 and 1.35 /g and levels in the new plant between 0.01
and 0.08 min®. Although an increased risk of lurgancer was indicated, two of the individuals
with lung cancer were moderate to heavgokers.Nevertheless, a relative risk of lungncer of
38 could not be eplained bydifferences in smokingetween the studyohort and the Norwéan
population. Langard and Vignder (1983) conducted a follow-up stualy workers emplagd for
at least 3 gars in the same chromate mpent producingactories. Workroom monitoring
revealed sigificantly elevated concentrations of leealent chromium (0.01 - 1.35 rrg®), and
an SMR for lungcancer of 4,444 was reported/orkers in this goup were egosed over a
period of 6-9 gars.

Frentzl-Beyme (1983) reported that the observed number of damger deaths egeded
those epected amongvorkers in five chromate pigent plants in the Netherlands aneat/
Germany In onlyone factoryhowever, was this erss statisticallgignificant. The authors did
not find a lungcancer mortalitylose-response bgtensityor duration of egosure. The analgis
was limited bythe numbers of deaths in each catgg

Several studies of the chrome-platingustryhave demonstrated a positive relationship
between cancer andgosure to chromium compounds (Rgy1L975; FFanchini et al., 1983;
Sorahan et al., 1987Royle (1975) studied mortalityy the chromium platinghdustryin
Endand in a retrospective stubgtween 1969 and 1972Vorkers in this industrare eposed
to hexavalent chromium in the form of chromic acid mist and some sodium dichromate dust.
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The studytraced 1,238 chrome platingprkers emplogd for > 3 months alongith 1,284
manud labores usel as controls. There was little difference in smokinghabits béween the
groups. There was a sigficant (p < 0.05) difference in the death rate for cancer at all sites,
3.15% in chrome platers as compared to 1.63% in contb@aths from maligancyof the lung
and gstrointestinal tract were each increased, thaugs sigificantly.

Franchini et al. (1983) conducted a retrospective cohort stutiy8 workers in nine
Italian chromeplating plants to déermine the mortdity of worke's employed for & least 1 year
between anuary1951 and December 198The mortalityexperience of workers was compared
to that for thethlian male population of the sameeaturingthe follow-up period.Direct
exposure measures from the plants were not available, butpbsuees were related to airborne
chromium concentrations taken frotalian electroplatinglants in 1980, after industrial gigne
practices had improved considerab#y significant excess of all maligancies and lungancer
specificallywas found for the workers in “hard” chromeplatpignts, who were g@ected to
have the geatest chromium g@osures.While the small size of the cohort limited the statistical
power of the studgnd confoundindactors were not assessed, this stsdgken to provide
suggestive evidence of a causatlationshp betveen eposure ¢ chromc acd and cancer.

Sorahan et al. (1987) conducted a mortaitydyof nickel/chromium platers in Ehand
who were emplogd between 1946 and 198Bxposure in these the plants was to soluble
hexavalent chromic acid mist (C2 The cohort in the studycluded a population of 2,689
workers (1,288 men, 1,401 women)orkers’ eyposure to chromium was estimated based on
participation in anyf eight chromeplatingob categries and on cumulative duration of
employment in chrome bath jobS he mortalityexperience of the cohort was evaluated thifoug
comparison with that gpected for the gneral population of Edgnd and Vdles, as well as
throudh compaison of theestimated chromeexposures of worke's who diel in agiven year with
thoseof maching survivors in thesame follow-up year, controlling for se, year of stating
chrome employent, and ag startingn chrome emplayent. Overall, compared with the
general population, sigficant differences were found for all cancers, cancers of thedndg
brondus, @ncer of thenoseand nad cavities, @ncer of thestomah, and primay cancer of the
liver. The results were particularstriking for chrome bath workers, who were likéhe most
heavilyexposed to chromiumSignificant positive associations were found between cancers of
the lungand bronchus and duration of chrome bath work.

Some studies of the chromeplatingustryhave reported inconclusive results
(Silverstein et al., 1981; Okubo and Tsuehid®79; Takahashi and Okubo, 1990hlet al.,
1996). Okubo and Tsuchg/(1979) conducted a cohort stuofy889 Toky chrome platers, with
an unspecified number of controls selected from the same factdhesstudyincluded a 6-gar
follow-up period. The investigtion was conducted yquestionnaire sent to the magragf
each faabry, and vtal statistics were ascestned usng the records ofite Toky Heath Insurance
Societyof the Platingndustry The recoveryate of the questionnaire was 70.5%mongthe
889 male chromium platers, 19 deaths were observed, or about 50% of {hestedxhealthy
worker effect).In contrast, the authors reported alglighigher percentagof deaths in the
control goup. The authors reported nattye results for the relationship between chromeplating
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and lungcancer; however, the results were not related to well-defineosare data and the
studyutilized avery short follow-up paod.

Takahashi and Okubo (1990) reported on an epidemaabgtudyof metal platers in 415
small chromeplatinglants in dpan. Members of the cohort were all male workers emgdogs
platers for at least 6 mo between April 1970 and September I%i&stollow-up period
extended until 1987 and no members of the cohort were lost to followup members of the
cohort were classified into two sulogips based on their work histories2% of the cohort had
more than 6 mo gerience in chrome platirend 48% of the cohort had more than 6 mo plating
experience usingnetals other than chromiunThe mean duration of prsure before the follow-
up period was 12.3aars. The studylacked direct eggosure measures, and smokimstories for
the workers were not availabl@ll-cause mortalityin the cohort was sligly below the egected
number (healthyvorker effect). The studydemonstrated that pgsure to metal platinig
associated with a statisticaygnificant increase in lungancer, thougthe elevated SMR was
not statisticallysignificant in either of the two plater sutogips. While chromium platers with
initial exposure prior to 1960 had a 2.5-fold (thbuglatisticallyinsignificant) excess incidence
of lung cancer, there was no increase in numbers of deaths due talurey relative to the
length of timeexposeal to diromeplating. Theresults of this studwe consideed equivocl
regarding the relationship between chromeplatargl lungcancer.itoh et al. (1996)
subsequentlyeported on a prospective cohort stefiyhe same cohort of 1,193 workers at small
Japaneseplating facilities. While atrend towad stdistical significance for risk of lungcancer
was seen in the chromium platisgbgoup, the studyacked sufficient statistical power to form
a clear conalsion.

Silverstein et al. (1981) found a statisticalgnificant increasep(< 0.001) in the lung
cancer proportionate mortalitgtios for both male and female white empgley in a die-casting
and electroplatinglant. In this plant, workers were pased to chromium duringlectroplating
but nickel and copper were also used in electroplat®itner operations of the plant included
zinc alloydie-castingbuffing and polishingand cleaningf zinc and steel partdNo conclusion
can be made from this studygarding the association of chromium electroplatangd lung
cancer mortalitybecause of the emplegs’ eyosure to other potential carcireots.

A number of epidemioldgal studies have considered the association between inhalation
of Cr(VI) and noncarcinagnic endpoints, includingpper respiratoryritation and atrophy
lower respiatory effect, and sgtemc effecs.

Bloomfield and Bum (1928) eamined 23 men from 6 chromium platiptants in the
United StatesFourteen of these workergpigally spent 2-7 hours/dayver vats of chromic acid,
which generated airborne haxalent chromium rarigg from 0.12 to 5.6 mign®. These nan
experienced nasal tissue dareagcludingperforated septum (2), ulcerated septum (3), chrome
holes (6), nosebleed (9), and inflamed mucosal(®yeneral, the nine remainingorkers
examined, not directlgxposed to chromium vapors, had omflamed mucosaeThe authors
concluded that chromic acid at concentratiormster than 0.1 migy® is likely to causenasd
tissue injury However, no concentrations lower than 0.12migvere observed, and injuty
nasal tissue caused lmyver concentrations could not be ruled out.
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Machle and Gregyius (1948) reported an incidence of nasal septal perforation of 43.5%
in 354 emploges who worked in a chromate-producognt that manufactured sodium
chromde and bidhiromde. At thetime of thestudy arbornechromae concentraions ranged
from 10 to 2,800 g/m®. The plant had been in operation for at leastdaty, and some
employees probalylworked n the pantwhen reverberaty furnaces, a promentsource of lgh
chromate eposure, were used.

Mancuso and Hueper (1951) reported onspdat examinations of a random sample of 97
workers from a chromate-chemical plaiithe results indicated that 61 of the 97 workers (63%)
had septal perforationThe data suggsted to the author that Aff may bepatly responsible for
the perforations; however, there are insufficient data to make an unequivocal conclusion.

The U.S. Public Health Service conducted a stifdyorkers in seven
chromate-producinglants in the earl§$950s. Of 897 chromate industryorkers in the study
57% were found to have a nasal septum perforatt@rforated septum was observed even in
workers emplogd less than 6 mo The stuitigicated that gxosure to chromate results in severe
nasal tissue destruction, bufpasure levels were not measured; hence, the data are of limited
usefulness for risk assessment purposeddfral Securitdgency 1953).

Vigliani and Zirlo (1955) reported nasal septal perforation in workepesad to
chromic acid and chromates in concentrations of 0.11-0.1&ndhe lenghs of eyosure were
not known. Hanslian et al., (1967) reported on ototagglogc examinations of 77 persons
exposed to chromic acid aerosol durcigrome plating Amongthis goup, 19% were observed
to have septal perforation and 48% to have nasal mucosal irritdinenworkers averagl 6.6
years of eposure to an airborne chromium concentration of 0.4nhgn 14 persons,
papillomas of the oral caviignd laryx were found.The diagosis of papilloma was confirmed
by histologc examination. There were no sigs of atypical gowth or malighant degneration.

Kleinfeld and Russo (1965) reported somerdegf nasal septal ulceration in 7 of 9
workers in a chromeplatinglant, with 4 of 7 demonstratirfgank perforations Analyses of air
samples showed chromium concentrations of 0.18-1/mindata regarding thelength of
exposure and gosure concentration for individual workers were not available.

Gomes (1972) eamined 303 emplaes who worked in 81 electroplatingerations in
Sao Paulo, Bazl. More than two-thirds of the workers had mucous membrane or cutaneous
lesions, with manyf them havingulcerated or perforated nasal septae duration of egosure
was not stated, but the author mentioned that the harmful effects were noteckar.<A girect
correlation between workersgosed to aigen airborne concentration of Crj\dnd the
development of harmful effects could not be made.

Cohen and Kramkowski (1973) and Cohen et al. (197dnexed 37 workers (7 male
and 30 female) empley in the nickel-chrome department of an electroplatlagt in
comparison with 21 workers (15 male and 6 female) in other areas of the plantiimasitly
exposed to chromic acidSmokingdemogaphic data were not provide&nvironmental air
samples were collected from breath#ogmes of several workers in thepased and control
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groups to determine concentrations of total chrome and Lr@flef medical histories were
confined to the ear, nose, throat, and cutaneous struciigdsn | year of emplognent, 12
workers eyperienced nasal ulceration or perforatidvasal ulcers and perforations were
associated with total chromium concentrations of 1.4 to 4§18 uaveraing 7.1 pg/m?®, and
Cr(VI) concentrations of 0.09 to 9.bm?, averagng 2.9 pg/me. Ninety-five percent of the 37
workers studied exbited patholog changs in nasal mucosa in a concentration-duration
response More than half of the workers empkxy less than lear had nasal patholpthat was
more severe than simple redness of the nasal muédsest all the workers (35 of 37)
employed longer than 1 gar had nasal tissue damead he authors noted the lack ajayl
industrial hygiene practices, implicatindjrect contact, such as touchiofthe nose with
chromium-contaminated hands, as a potentiailyortant route of gposure.

Lucas and Kramkowski (1975) conducted a healtlardezvaluation of 11 empl@gs in
the “hard” chrome area of an industrial platfagility. The averag ag of the emploges was 39
years and the averagluration of emplayent in the hard chrome area was &&rg. Medical
examinations were conducted to evaluate the presence of dermatitis, chrome holes, old chrome
hole scars, ulcerated nasal septum, infection of the mucosa, nasal redness, perforated nasal
septum, reldened throd, conjundivitis, and wheezing. Environmetd air sanples wae
colleced fromthe bredting zone on dlworkers n the hard chromarea ® deermine the
concentrations of hevalent chromium.Cr(VI) concentrations raegl from 1 to 20 g/m?,
averagng 4 pg/m°. However, the authors attributed the nasal patlyotogmarily to direct
contact. Clinical observations included injection of the nasal mucosa in five workers, ulcerated
nasal septum in two workers, atrophic scarmdjcative of the presence of past ulceration in
two workers, and complete perforation of the nasal septum in four woiRkecs.hygiene
practices includingouchingthe nose with the hand were noted at the plant and represented a
confoundingfactor in the etiolog of the nasal lesions.

Markel and lucas (1973) conducted a healthdrdzvaluation of 32 workers at a “cold
dip” chromeplatingolant who were empl@g in the chrome department or whoulegly spent a
portion of their workdayn that area.Twentyof the emploges worked in the chrome area of the
plant for more than 5ears. A total of 16 personal and &geral air samples were taken to
determine the concentrations of CrjVMaximum airborne Cr(\)I concentration was 3gim?®.
No workers were found to have ulcerated nasal mucosa or perforated nasaHs#fptaithe 32
employees had vargg degees of mucosal irritationThe authors did not consider this to be
significant, because the survesas carried out at the peak of the 1972-1973 inflaeamdemic.

Lindbergand Hedenstierna (1983) compared ltumction, the condition of the nasal
septum, and subjectiveraptoms related to respiratongalth (data obtained lgypestionnaire) in
unexposed controls (119) and workers (43pesed to chromic acid in chromeplatiogerations.
Exposed workers were divided into low- (< 2) andhhi¢r 2 g Cr[VI]/m?) exposure goups
based onhte eyosurestieywere lkely to have eperienced in the workphce. @mplaints of
diffuse nasal ayptoms (“constantlyunningnose,” “stuffynose,” or “a lot to blow out”) were
regstered by4/19 workers in the low-gosure goup and half of the 24 workers in the lnig
exposure goup. The authors reported reddeniofgthe nasal mucosa at 1 to §m* and nasal
irritation (chronic and nasal septal ulceration and perforation) in two-thirds of the subjects at
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concentrations from 2 to 2@ym?. All workers with nasal ulceration had beerpeged to
chrome acid mist, which contained Cr{\t 20 g/m?, or geater than 20 gim? near the baths.
Changgs in pulmonaryfunction measurements, as determinedthmgngs in vital capacityand
forced exyiatory volume atl sec (FEY), were seemiworkers who eperienced @(VI)
exposures eaer than 2 g/m®. Examination of the nasal septum revealed that dawag
significantly greater in eposed workers than in ungesed controls and appeared to be
somewhat more severe in thelihgpposure goup than the low-gosure goup. There was a
tendencyfor lungfunction parameters to return to normal over a 2viegkend.

In the United States, 97 workers in chromate-produgiagts had a hlger incidence of
severelyred throats and pneumonia, but did not showiacrgase in the incidence of other
respiratorydiseases when compared with contralugps. Although bilateral hilar enlargment
was observed, there was no evidence o&ssive pulmonariibrosis in these workers égeral
SecurityAgency, 1953). The various lunghang@s described in these workers miapresent a
nonspecific reaction to irritatingnaterial or a specific reaction to chromium compouriany
of the conditions mentioned occur widétythe gneral population (NAS, 1974).

Lindbergand Vesterber¢l983a) studied urinamxcretion of proteins in 24 currently
employed chrome platers and 27 former chrome platResults were compared with those for a
group of 37 referentsExposures for current workers were determined ugergonal samplers
and were found to raegrom 2 to 20 g/m?, with an averag level of 6 jg/m®. Exposure levels
of former platers were thohgto be hifper than those for the current workefi$he duration of
exposure rangd from < 1 to 26 gars. Cr(VI) exposure was found to result in renal effects in a
dose-dependent fashion (based on elevatetan off-2-microgobulin as an indicator of
nephrotoicity) in current workers gposed to 4 to 20gim® Cr(VI) over 8-hour shiftsThe
effectmay be reverdile because forer chroneplaters dd nothave an elvaed concemation of
either 3-2-microgobulin or albumin in their urineMost of the currentlgxposed workers were
also observed to have irritationnsgtoms of the airway includingulcerated nasal septum and
complete perforationsSevere objective and subjective levels for the airefégcts occurred at
NOAEL levels for renal toicity.

In another studySaner et al. (1984) did not find increased urifiasmicrogobulin
levels in tanneryvorkers in comparison to referent control workd#®wever, comparison of
urinarychromium concentrations of the tannemgrkers in this studyersus the chromeplaters in
the Lindbergand Vesterber983a,b) studgugyests that the latter had distinctiygher
chromium eyposures.

Various other disease states have been attributed to chromium, but in most cases, the

etiologc relation to chromium is doubtful because of the presence of other chemicals (NAS
1974). These studies, reviewed BEPA (1984) and ATSDR (1993), will not be reviewed here.
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4.2. SUBCHRONIC, CHRONIC STUDIES AND CANCER BIOASSAYS IN ANIMALS
4.2.1. Chronic Oral Studies

Only one chronic studpertainingto the oral toicity of hexavalent chromium was
located in the available literaturédnwar et al. (1961) gposed dog orallyto potassium
chromate in drinkingvater for 4 gars. Treatment levels were 0, 0.45, 2.25, 4.5, 6.75, and 11.2
ppm potassium chromate; there were twosdgigup. No effects were observed with Bed to
gross and microscopic analy of all major orgns, urinalgis, and weifts of spleen, liver, and
kidney:.

4.2.2. Subdronic Oral Studies

The National Toixcology Program recentlyconducted a three-part reproductivei tity
studyto investigite oral ingstion of hexavalent chromium in gxerimental animals (NTP,
1996a,b, 1997)Rats and mice were p&sed to 0 - 400 ppm potassium dichromate daitire
diet for 9 weeks.Animals were eamined for bodyveights; feed and water consumption; arg
weights; microscopic evaluation of the liver, kidneyd ovaries; hematolgghistolog/ of the
testis and epididyus for Sertoli nuclei and preleptotene spermatocgunts in StagX or XI
tubules; and chromatin anaily. No treatment-related hematolofindings were reported eept
for slight decreases in mean corpuscular volume (MCV) and mean corpusculaitdi@mog
(MCH) values in the male and female treatmentgs receivingtO0 ppm potassium dichromate
(24 mgkg-day). The finding were character bythe authors as sgegstive of a potential bone
marrow/eryhroid responseThe authors considered the 100 ppm (Gkaglay) dose goup to be
representative of the NOAHbr the study The studies are described iregter detail in the
reproductive/developmental section of this document.

MacKenze et al. (1958) gposed goups of eifpt male and eigt female Sprage-Dawley
rats to 0-11 ppm (0-11 rig) hexavalent chromium (as JCrQ,) for 1 year in drinkingwater.
The control goup (10/sexreceived distilled waterA second egeriment involved threergups
of 12 male and 9 female rat®ne goup was gzen 25 ppm (25 nmig) chromium (as KCrQ,), a
second goup received 25 ppm chromium in the form of chromic chloride, and the contaifs ag
received distilled waterThe results of the MacKerezet al. studyre presented in Table 8Blo
significant adverse effects were seen on appearancehivggig, or food consumption, and there
were no patholag changs in the blood or other tissues in @argatment goup. The rats
receving 25 ppmof chromum (as KCrO,) showed an appraxate 20% reduction in water
consumption.This dose corresponds to 2.5 &g VI)/kg/daybased on actual bodyeight and
water consumption datdlood was eamined monthlyand tissues (livers, kidngyand femurs)
were examined at 6 mo and Egr. Spleens were also amined at 1 gar. The 25 ppm gups
(and correspondingontrols) were exmined similarly except that no animals were killed at 6
mo. An abrupt rise in tissue chromium concentrations was noted in rats treatedeattr ghan
5 ppm. The authors stated that “apparentigsues can accumulate considerable quantities of
chromium before patholazal changs result.” In the 25 ppm treatmentaups, tissue
conaentrations of diromium wee agpproxmately ninetimes higher for thosetreated with
hexavalent chromium tha for theanimds exposel to trivdent chromium.
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Table 3. Subdironic oral toxicity of hexavalent chromium in rats

Number of Doseand Period of | Endpoints monitored

animals compound exposue | and effect

9 females, 12 males at 490, 0.45, 2.2, 4.5, 7.7, 11| 1 year No effect based on body

ppm 25 ppm as potassium weight, goss exernal
dichromate in drinking condition,

10 males, 19 females at|9wvater histopathologal

ppm analysis, and blood

chemistry.

8 mdes, 8 fendes &
other treatment levels

Source: MacKenie et al., 1958.

Gross and Heller (1946) reported that 0.125%10, in thefeed of ras wes toleated
without observable effectsA dose of 0.25% in the diet resulted in “subnormal condition,”
includingrough coat and “subnormal”oungborn to treated animal¥oses of 0.5% and 1% in
feed resulted in diarheg, roudh dirty coats, and steility. ZnCrO, administeed in thefeed &
levels of 0.125%, 0.25%, 0.5%, and 1.0% resulted in subnormal appearanbeanmdudirty
coats, and sterilitat all dose levelsGroup sizes, duration of treatment, and criteria for
determining steility were not reported.

4.2.3. Chronic Inhalation Studies

Two studies have provided siggtive evidence of carcinegicity in mice and rats
following inhalation of heavalent chromium (Nettesheim et al., 1971; Glaser et al., 1986).
Nettesheim et al. (1971) pased C57B mice to 13 mgalcium chromate/f(4.33 mg
CrVI]/m3 as calcium chromate dust), 5 hours/dagawweek for life. Chromium eyposure
resulted in a cessation of boaight gain at 6 mo followed by decrease in bodyeight
thereafter.Bronchial epithelial effects raed from marked rperplasia and atrophy necrosis,
suggesting thatthe maximum tolerated dose may have been eeededn this study.

Inflammaory infiltration into thesubgithdium including proliferation of brondial epithdial

cells was notedDistension of terminal bronchioli and alveoli resemblamyphygema was
associated with alveolar proteinosis.2.8% increase in the number of lutgmors was reported
with respect to controlsHowever, statistical anadg was not performed, and themifgcance of
these results is uncleaim a review of this stugyARC (1990) concluded that a sificant
excess of treatment-related tumors was not obseMettesheim identified 4.33 mgf calcium
chromde dust/ni as a IOAEL for the occurrence of epielial necross, marked hyerpbsia and
atrophyof the pulmonarpronchi, emphsema-like chargs, and atrophgf the spleen and liver.
The sinde dose used in this studgises the question whether 4.33 @rgVI)/m® acually
represers a LOAEL.
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Glaser et al. (1986) ewsed male \Iétar rats (20/gpup) to aerosols of sodium chromate
at measured concentrations of 0.025, 0.05, and 0.&nfvj)/m? 22 hr/day 7 daw/week for 18
mo. An additional goup was egosed to a pwlized Cr(V)/Cr(lll) (3:2) oxide mixture a 0.063
Cr(VI)/m®. The animals were held under conventional conditions for 12 mo follativing
exposure.Body weights and mortalityvere similar amongll exposure goups and controls.
Primarylung tumors (1 adenocarcinoma and 2 adenomas) and 1 squamous cell carcinoma of the
phanynx were evident in the higchromate egosure goup. It is not clear whether the
adenocarcinoma and adenomas occurred in the same animal or in different aDimegtsimary
lung adenoma was observed in thedexexposed goup. Primarylungtumors were not observed
in the controls or low-chromate jpasure goups. Dose-dependent retention of chromium was
seen in the chromate- andide-exposed goups relative to the controlgt the conclusion of the
study lungchromium retention was 10-foladenter in the oxe-exposed goup than in the hig
chromate-egosed goup. Significantly increased lungveights were determined for theide-
exposed goup and geater liver weibts in the hih-exposure goup of the chromatePigment-
loaded macrophag were found in a dose-dependent manner in rgissexi to chromate and to
the oxde. Oxide-exposed rats developed focal thickened septa, partiailybined with
interstitial fibrosis and accumulation of eosinophilic substance in the alveolar lu@gide-
exposed goups also demonstrated elevated white- and red-blood cell counts, elevated serum
cholesterol, and decreased total serum immiahadjn levels. The results of this studyay
provide evidence of a weak carcimmgc potencyf aerosols of both sodium dichromate and
Cr(VI/Ill) oxide(Glaser et d., 1986; Glaser et al., 1988).

Steinhoff et al. (1983) investiged the carcinamicity of soluble sodium dichromate and
calcium diromde in Sprague-Dawley rats viaintratracheal administrdion and reported positive
carcinogenic effects.The studyconsisted of 10 treatmentogips, one negjive control goup,
and two positive controlrgups. Each test goup contained 40 male and 40 female rats (10
weeks all atthe ouse). The degyn of the dosedvels sebcted was such as tassesdie mpacs
of the chemicals delivered in siedhigh doses or in the same dose distributed over a 5-day
period. The duration of the studyas 2 yars and 8 month€oses rangd from 0.5 to 1.25
mg/kg. Ras aministeed sodium dibromde or calcium diromde oneor five times pe week
had no sigificant reduction in survival periods as compared to controte@in the case of
females treated with calcium chromate 5 x 0.23kgig/eek. An increased incidence of lung
tumors as compared to controls was observed in the treaigpl i which sodium dichromate
was administered in a silegdose of 1.25 mgNo lungtumors were observed in the other
sodium dichromate treatmentogips. In rats administered calcium chromate, statistically
significant increases in lunwmors were found inrgups treated with a silegdose of 1.25
mg/kg as well as in thergup treated with 5 x 0.25 mig/week distributed over a period of 5
days.

There & sone evidence hathexavalent chromum may be caranogenic following
intrapleural implantation of calcium chromate (Hueper anch@al962) or intrabronchial
implantation of strontium chromate, calcium chromatejmc zhromate (evy and Martin,
1983). These tumors, however, were observed anlhe site of implantationSteffee and
Baetjer (1965) observed statisticadignificant increases in lungmors followingintratracheal
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instillation of 0.01 to 0.03 mginc chromate in strain A micélhe instillations were performed
at 2-week intervals and theanimas were obseved until deth.

In contrast, intratracheal and intrapleural implantation studies of other chromium
compounds have not demonstrated increases in tumor incidevicesl hexavalent and
trivalent chromium-containindust was not carcinegic in strain A Swiss and C5ZBnice and
mixed-breed rats followingtratracheal implantation @&tjer et al., 1959)Steffee and Betjer
(1965) did not observe increases in laagnomas followingnstillation of chromium dust, zinc
chromate, and lead chromate into the tracheasingg pig and rabbits.Hueper and Pae
(1962) reported similar native results after instillation of strontium chromate or calcium
chromde suspedd in gelatin; however, theexpeimentd dedail in the report was insuffiaent for
adequate evaluatiorHueper and Pane (Hueper, 1955, 1958; Ry 1960; Hueper and Rag;
1962) described a series of studies in rats treat@utiapleural injection of a number of
hexavalent or trivalent compounds$dueper (1955) injected powdered metallic chromium into
the pleural cavityf rats, giinea pig, and mice and observed norsigcant increase in tumor
incidence, either at the injection site or in otheransy Payne (1960) implanted chromite roast,
from which the soluble sodium chromate wasaoted, into the pleural cavitf 35 rats.None
of the 35 control animals developed tumors, and three of the treated animals developed tumors at
the implantation siteln an earlier studyHueper (1958) usinghromite roast not leached of
sodium chromate, none of the 25 treated matedsda rats developed implantation site tumors
during24 mo; however, the eartieaths of nine of the treated animals decreased the number of
animals at risk.Hueper and Pae (1962) noted that no implantation site tumors were observed
in 42 rats during 24-mo period followingight implantations of 25 mgf trivalent chromium
acette in gelatin over a 13-ra perod.

Baetjer et al. (1959) chronicalgpposed three strains of mice (Strain A, Swiss, and
C578) and mixed-breed ras to goproxmately | mg chromium dust/rfy 4 hours/day5 day/week
over a rang of 16-58 weeks, and reported no increase in the incidence dilmogs with
respect to untreated controlSimilar results were obtained Bfeffee and Betjer (1965) for
Wistar rats, rabbits, andiigea pig exposed to chromium dust.

Laskin (1972) eposed rats and hamsters to calcium chromate aerosol at a level of 2
mg/m? (0.67 mgCr(V1)/m®) for 589 dag out of an 891-dagtudy Although some largigeal
hyperplasias and metaplasias were observed in both species tested, details pertaomingls
were not gven in the available review.

4.2.4. Subbronic Inhalation Studies

Data from animd studies identify therespiraory tract as the primay target of chromium
toxicity following inhalation. Glaser et al. (1985) ewsed 5-week-old male Mtar rats to
aerosols of sodium dichromate at concentrationsimgrigom 0.025 to 0.2 m@r(V1)/m?, 22
hr/dayin subacute (28 dayr subchronic (90 dayrotocols. Subacute and subchronic
exposurs to Cr(VI) aerosol @naentrations resulted in apositivecorrdation bdween exposure
dose and sigificant effects on alveolar macropleagnd immunolagal function. Inhalation of
Cr(VI) aerosols stimulted thehumora immunesystem. Differences in themean totd seum
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immunodobulin were sigificant at eyosures above 0.025 g, while exposures to aerosol
concentrationsrgater than 0.1 nign® resulted in depression of the immunsteyn stimulation.
The primaryantibodyresponse to th@-cell-dependent antamn sheep red blood cell was elevated
in achromium time and dosedependent manna. Theimmunestimulaing effect of subd&ronic
exposure to an aerosol with 0.05 fmg chromium was not reversed after 2 months of fresh air
regeneration. Subchronic eposure to 0.2 mign® chromium resulted in depression of the
immune-stimulatingeffect relative to the response at 0.05mig The spleen T-ljphocye
subpopulation was also stimulatedgabchronic egosure to 0.2 mign® chromium.
Bronchoalveolar lavag(BAL) cell counts were sigficantly decreased followingubchronic
exposure to levels above 0.025 fimg chromium, thoul it was not clear whether the
effectiveness of thdavagability of thecells was dtered a thehigher doselevels. The numbe of
lymphocyes and tanulocyes showed a slig but significant increase in the lavadiuids of the

of the subacute and subchronicaiposed goups. At subacute gxosure concentrations up to
0.05 mgm? the phagcytic activity of the alveolar macrophegjincreased; however, subchronic
exposure at 0.2 mim?® decreased this fundion sigificantly, complicating theinterpretation of

this result. Following subacute gposure to 0.2 mign® chromium, reductions in macropleacgll
counts and phagtic activities correlate with an observed lower clearance of inhaled iida.ox
Inhaled chromium was found to preferentiatgcumulate in the lunigllowing exposure to
chromate aerosold.ungand spleen welgs were sigificantly increasedg < 0.005) after both
subacute and subchronic inhalation of chromate aerosols at concentredains tipan 0.025
mg/m®. Serum contents of triigcerides and phospholipids differedrificantly from controls

< 0.05) in rats grosed subchronically 0.2 mgm?® chromde.

Glaser et al. (1990) presented a paper at the Second European MEEtmwgonmental
Hygiene that reported prsure of 8-week-old male idfar rats to sodium dichromate at 0.05,
0.1, 0.2, and 0.4 m@r(VI)/m* 22 hr/day 7 daw/week for 30-90 dagy Chromium-induced
effects occurred in a strompse-dependent mannérhe authors observed obstructive
respiratorydyspnea and reduced bodyight following subacute gxosure at the higer dose
levels. The mean white blood cell count was increased at all dpse6.05) and was related to
significant dose-dependent leukadagis followingsubacute ggosures.Mean lungweights were
significantly increased at gosure levels of 0.1 mg? following both the subacute and
subchronic eposures.Accumulation of macropha&g was seen in all of the pasure goups and
was postulated to be a chromium-specific irritation effect that accounted for the observed
increases in lungeights.

Focal inflammation was observed in the upper aisvajlowing the subchronic
exposure.BAL analyses provided more detailed information on the nature of the dichromate-
induced irritation effectBAL albumin was increased followirige subacute g@osure, and was
taken to indicate exdation into the alveolar regn as an earlyritation effect. The mean protein
content of the cell-free lavagdluid was sigificantly increased in a dose-dependent fashion after
the subacute and subchronipesures.However, protein levels returned to control levels
following a recovenryeriod. Cytosolic lactate deldrogenase and the number of mononuclear
macrophags were also elevated followirtge subacute and subchronipesgures, particularlgt
the hidhest dose levelsThe enyme activityand number of macrophegreturned to the control
level followingthe recoveryeriod. The authors concluded that chromium inhalation induced
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pneumocte toxcity and sugested that inflammation is essential for the induction of most
chromium inhalation effects and mifluence the carcinamicity of Cr(VI) compounds (Glaser
et al., 1990).

Johansson et al. (1980) mxsed goups of four rabbits to chromium dust at
concentrations of 3.1 Mg® and 0.6 min® for 5 daw/week, 6 hours/dafor 4 weeks.
Macrophags collected from rabbits ewsed to the hlger concentration of chromium
phagcytized significantly more chromium particles than the controls, thotige number of
nonviable macrophag was less than 3%.

Johansson et al. (1986) mxsed goups of rabbits to aerosols of lagalent (0.9 mg
Cr[VI]/m?* as NgCrO,) or trivalent (0.6 mgCr[lll] /m® as CrNO,],) chromium 5 dag/week, 6
hours/dayfor four to sixweeks. The number of macrophegobtained from the luisgof the
rabbits eposed to Cr(M)was sigificantly increased While the numbers of macroplesgfrom
rabbits exposed to Cr(lll) were notincareased, striking morphologcal changs were observed,
includinground dark chromium-rich inclusions in thdapgiasm, an increased number of cells
with a snooth, inactve cel surface, errged Gobi apparats, and aégndencytoward ebngated
cell shape.The macrophags from rabbits egosed to Cr(V) showed less marked morphoica)
changes than those exposed to Cr(lll) .

Lee et al. (1988) gosed goups of 30 male and 30 female rats to 0.3mgr 25 mgm?
CrO, (IV) 6 hr/day 5 day/week for 2 yars. There were no compound-related differences in
weight gain between eposed and controlrgups and no gosure-related mortalityy any
exposed goup. There were no compound-related lesions in the vitansrgnd tissues other
than in the lung of exposed ratsDust-laden alveolar macrophesgwith slight Type |l
pneumocte hyperplasia were noted followirgpposure at 0.5 mign®. Inhaled particles were
deposied mainly in the aleol adjpcentto the al’eolar ducs and he dustparicles appeared as
dense particles and were pbagized byintraalveolar macrophag. Exposure at 25 mig® was
suggested to have overwhelmed the lurlgarance mechanisms and resulted iniaant
increases in dust-laden macropemdronchoalveolar cell pgrplasia with foamynacrophag
response, and cholesterodguloma. The mechanism of action was not confirmed in the study
and the observation of dust particles in the alveolar macrepliggot necessariipdicative of
overloadingof the lungclearance mechanismit 24 mo, the dust deposition and effects were
increased sigficantly, with severe dust-laden macropbsgdust deposition in peribronchial
lymphoid tissue, perplasia of Tge I pneumoctes, and collagnized fibrosis occurringn
100% of all lungtissues eamined in either gnder. Two female rats developed well-
differentiated cystic keratinizing squanous &l carcinomas with no tumor messtasis. The
tumors were not characteeid as neoplastic lesions.

Mice exposed to 1.81 or 3.63 mig® Cr(VI) as CrQ for 1 year developed nasal septal

perforation, loss of cilia, and metaplasia of the |urachea, and bronchus (Adachi, 1987;
Adachi et al., 1986)
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4.3. REPRODUCTIVE/DEVELOP MENTAL STUDIES
4.3.1. Oral Studies

High doses of Cr(\Jlcompounds have been reported to cause developmentaiytax
mice. Trivedi et al. (1989) gxosed mice to 250, 500, and 1,000 ppm potassium dichromate daily
through drinkingwater duringhe entire gstational period.The authors reported decreased fetal
weight, increased resorptions, and increased abnormalities (tail kjrdefeged ossification of
the cranium) in eposed mice.The medium- and higdose goups regstered sigificant
reductions in bodyveight gain when compared to control§he most sigificant findingof the
studywas the complete absence of uterine implantation in teduge goup. The 250 and 500
ppm dose gups also showed sidicant incidences of resorption as compared to contithe
authors obseved significant inareases in pramplantaion and postimplatation losse and dose
dependent reductions in total wieigand crown-rump lenfy in the lower dosergups.

Additional effects included treatment-related increases in abnormalities in the tail, wrist
forelimbs and subdermal hemorriagatches in the offspring

Zahid et al. (1990) fed BLB/C albino Swiss mice trivalent (chromium disulfate) and
hexavalent (potassium dichromate) chromium at concentrations of 100, 200, and 400 ppm for 35
days in the diet. The authors stated that thepesure goups included seven animals peoup,
and an additional seven animals were used as controlshtieonfjictingsummaries of the
actual goup sizs are presented thrdugut the reportFollowing the treatment, the authors
examined thetestes and gididymis of theanimds. The epididymis wa waghed and mined
suspended in buffered formaligperm counts were then subsequeadiermined and sperms
were examined for morpholdgal abnormalities.Testes were fied with Bouin’s fluid for 1
week and were subsequendlgctioned to 0.6 micron thickness and stained with haeglizitox
and eosin for histolagal examination. Ten sections were chosen randoifntym the anterior,
middle, and posterior parts of each testis and studdeek seminiferous tubule was chosen and
examined to determine the cellular #agf spermatagesis and the number of aigrated
tubules. Statistical analses of the data were conducted udingt-testbetveen neans andhie
2 x 2 contingncy chi-square test between perceetaglhe authors reported deleterious effects
on the male mouse testes, includamgbigious levels of desperation in the outermost cellular
layers of the seminiferous tubules, reduced (or absent) speroméqoer tubule, accumulation of
germ cells in the restingpermatocies stag, reduced sperm count in the epidnly, and
increased percenta@f morphologcally abnormal sperms at all dose leveltie authors
concluded that the small but sificant increase of hewalent chromium in the testes of fed
animds indued significant degeneration.

Serious questions have been raisedroBgg the desig and conduct of this studifinley
et al., 1993; NTP 1996a,b, 1997)he methods utilized in thealdid et al. studyare considered
to be insufficient to identifgpermatognia, likelygenerated nonreproducible counts of
epididymal sperm, and resulted in the bialcally implausible conclusion of reduction in
spermatognia numbers concurrent with unchadgspermatodg and spermatid numbers.
Additional questions have been raised witharddo uncertainties regding the actual gpupings
of animds usel and thestaistical andysis of theddaa.
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The National Tokcology Program recentlyconducted a three-part stuyinvestigte
oral ingestion of hexavalent chromium in gxerimental animals (NTP, 1996a,b, 1997).
The studyincluded a determination of the potential reproductivecttyxof potassium
dichromate in Sprage-Dawleyrats, a repeat of the studf/Zahid et al. (1990) usingALB/C
mice, and a Reproductive AssessmenCbytinuous Beedingstudyin BALB/C mice.

The studyin the Sprage-Dawleyrat (NTP, 1996a) was conducted in orderdoegate
data in a species commoniged for reglatorystudies.Groups of 24 males and 48 females were
exposed to 0, 15, 50, 100, or 400 ppm potassium dichromateini#ig diet for 9 weeks
followed bya recoveryeriod of 8 weeksSix male and 12 female rats were sacrificed after 3, 6,
or 9 full weeks of treatment or after the full recovpeyiod. Animals were eamined for body
weights; feed and water consumption; @rgveights; microscopic evaluation of the liver, kidney
and ovaries; hematolgghistolog/ of the testis and epididys for Sertoli nuclei and
preleptotene spermatdeycounts in StagX or Xl tubules; and chromatin analy. No
treatment-related hematolpfindings were reported eept for slignt decreases in MCV and
MCH values in the male and female treatmeantigs receivingtO0 ppm potassium dichromate
(24 mgkg-day). While the trends in MCV and MCH were not largnd were within the
reference rangs (Charles Riverdboratories, 1993), thegre consistent with the findiagf the
companpn studies n BALB/C mice (see belw) and were charastized bythe auhors as
suggestive of a potential bone marrow/#gryoid responseThe authors considered the 100 ppm
(6 mgkg-day) dose goup to be representative of the NOAI the study

The reproductive study BALB/C mice (NTP, 1996b) was conducted to reproduce the
conditions utilized byahid et al. (1990) in their emination of comparative effects of trivalent
and hexavalent chromium on spermataesis of the mousesroups of 24 male and 48 female
BALB/C mice were egosed to 0, 15, 50, 100, or 400 ppm potassium dichromate in the diet for 9
weeks followed by recoveryperiod of 8 weeksSix male and 12 female mice were sacrificed
after 3, 6, or 9 full weeks of treatment or after the full recoperjod. Animals were eamined
for bodyweights; feed and water consumption; argveights; microscopic evaluation of the
liver, kidney and ovaries; hematolgghistolog of the testis and epididyws for Sertoli nuclei
and preleptotene spermatteygounts in StagX or Xltubules; and chromatin analy.
Treatment-related effects included alstigeduction in the mean boeheights in the 400 ppm
males and the 100 ppm females, atgligcrease in food consumption at all dose levels, htslig
decrease in MCV and MCH at 400 ppm, antbplasmic vacuoliation of the hepatoty at 50,
100 and 400 ppmNone of the effects on spermagngsis reported bgahid et al. (1990) were
observed in this studyOn the basis of the typlasmic vacuoliation of the hepatots in the 50,
100, and 400 ppm doseogips, the authors selected 15 ppm (4karglay) as the NOAEL

The potential reproductive tmity of potassium dichromate was further evaluated in
BALB/C mice usinghe Reproductive Assessment®@gntinuous Beedingprotocol (NTP,
1997). In the continuous breedimnase of the stuggroups of 20 male and female pairs of
animds (F,) were eyosed to dose levels of 0, 100, 200, and 400 ppm potassium dichromate,
based on the previous stuadfyreproductive effects inBLB/C mice. Litters born after the
continuous breedinghase (B receved he sane concentations of poassum dichrornete as
thar F, parents.F, animals were used for assessment of secendrgtion reproductive toaity.
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At sexual maturity, 20 contol animals of each sexand 20 teated anmals of each sexn each

dose goup were selected as breedpayrs (avoidingsibling matings), cohabitated for 7 day

and then separate®ffspringwere counted and ariined for terminal bodgind orgn weidts

and receaired spermand tssue angkis. The NTPstudies were degned b repeathe findings of
Zahid usingmethods of geater rigr and definition, but were unable to do Sthe reproductive
assessment indicated that potassium dichromate administered at 100, 200, or 400 ppm in the diet
to male and femaleLB/C mice is not a reproductive t@ant in either sexFertility and the
preghancyindex(number deliverinthpumber cohabitated) were not affectedcbytinued

exposure to potassium dichromatdo treatment-related differences were observed in the mean
averag litters per pair, number of live pups per litter, proportion of pups born aliveasex
absolute live pup weld, or adjusted live pup weigg Mean bodyweights of the hig-dose §

and F animals were sligtly decreased relative to controls, and mean food consumption ip the F
animas was inaeased rdative to controls. Mean absoluteliver weights in thehigh-dosegroup

F, animals were decreased relative to contrdleatment-related chaegywere observed in the
hematology daafor theF, animas. The MCV was slightly decreased in thehigh-dosemades,

and the MCH was sligly decreased in the female animals in all dosegs. The authors

suggested that the NOAElas not established in this stuokgcause of the shg decrease in

MCH in the females of the 100 ppm (22.4/ktgday) dose goup.

Junaid et al. (1996) gosed female Swiss albino mice to 250, 500, or 750 ppm potassium
dichromae in drinkingwater to deermine the potential embryotoxicity of hexavalent chromium
duringdays 6-14 of gestation. No notable chargs in behavior or clinical sitgs were observed in
the control or treated dam&hromium levels in blood, placenta, and fetus increased in a dose-
dependent fashion over the course of the stlithe authors reported retarded fetal development
and embrg- and fetotoic effects includingeduced fetal weltg, reduced number of fetuses (live
and dead) per dam, and heg incidences of stillbirths and postimplantation loss in the 500 and
750 ppm dosed motherSignificantly reduced ossification in nasal, frontal, parietal,
interparietal, caudal, and tarsal bones was observed in thelbsg goup, while reduced
ossification in onlythe caudal bones was observed in the 500 ppm dogp.dased on the
bodyweight of the animals (30 +/- 5 @nd the drinkingvater ingested bythe animals in the 250
ppm dose gup (8.0 ml/mouse/daythe dose level in the 250 ppmogp can be identified as 67

mg/kg-day.

Kanojia et al. (1996) gposed female Swiss albino rats to 250, 500, or 750 ppm potassium
dichromde in drinkingwater to deermine the potential teratogenicity of hexavalent chromium
pregestationallyfor 20 dag. No notable chares in behavior or clinical sigs were observed in
the control or treated dam&hromium levels in blood, placenta, and fetus weneifsogntly
increased in the dams of the 500 and 750 ppm dosgpsg The authors reported a reduced
number of corpora lutea and implantations, retarded fetal development, and-eamty
fetotoxc effects includingeduced number of fetuses (live and dead) per dam aherhig
incidences of stillbirths and postimplantation loss in the 500 and 750 ppm dosed mothers.
Significantly reduced parietal and interparietal ossification was observed in tinelbsg goup.
Based on the bodweight of the animals (175 +/- 25 gnd the drinkingvater ingsted bythe
animals in the 250 ppm doseogp (26 ml/mouse/dayhe dose level in the 250 ppmogp can
beidentified as 37 mgkg-day.
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Elbetieha and Al-Hamood (1997)amxined fertilityfollowing potassium dichromate
exposures in mice at concentrations considergiagiter than those used By P. Sexially
mature male and female mice wergpesed to 1,000, 2,000, 4,000, or 5,000l@ptassium
dichromde in drinkingwater for 12 weks. The effects of theexposure on fatility was
examined at 140 day No mortalityor clinical sigis of toxcity were reported in angroup of
male or female mice @osed at angoncentration in the @eriment. Exposure of male mice to
hexavalent chromium compounds for 12 weeks had adverse impacts on the male reproductive
system and fertilitythoudh the matingcapabilityof the mice was not affectedrertility was
significantly reduced in males ewsed to 5,000 nily potassium dichromatel estes weilgts
were siguificantly increased in the malesposed in the 2,000 and 5,000/inglose goups,
while seminal vesicle and preputidbgd weidnts were sigificantly reduced in the 5,000 rfig
exposed malesThe numbers of implantation sites and viable fetuses warndisamtly reduced
in females impregated bymales eposed to 2,000 and 4,000 fag The numbers of
implantations and viable fetuses werengfigantly reduced in pragant females gosed to
2,000, 4,000, and 5,000 rhgof the hexvalent chromium compound.

The finding of unaid et al. (1996) and Kanojia et al. (1996) are consistent with those of
Trivedi et al. (1989), and studies gegt the presence of emiotpxic and fetotoic effects of
potassium ditiromde following ord exposuresin mice and rdas. The studies utilized similar
doselevels providel in thedrinking water of femde mice and ras. The doselevels ae similar to
those used bthe NTP studywhich demonstrated no reproductive effects following
administration of potassium dichromate in the dletannot be determined whether the lack of
reproductive toicity demonstrated in the NTP studies are reflective of the reduced
bioavailability of hexavalent chromium provide in thediet in compaison to thaprovided in
drinking water, or whether the NTP studies identified a NOA&lLreproductive effects.

4.3.2. Inhalation Studies

No developmental effects were reported in raposed to 0.2 nigr® Cr(VI) as sodium
dichromate for threeegerations (Glaser et al., 19840 histopathologal effects of the testes
were reported followingxposure of rats to 0.2 ng® Cr(VI) as sodium dichromate for 28 or 90
days (Glaser et al., 1985) or 0.1 g} Cr(VI) as sodium dichromate for 18 mo (Glaser et al.,
1986, 1988).

4.4. OTHER STUDIES
4.4.1. Contact Dermatitis

Chromium is one of the most common contact sensitizers in males in industrialized
countries (Bwler, 1990; Cronin, 1980) and is associated with occupatiopakexes to
numerous materials and processes, includimgmeplatindaths, chrome colors andegy
cement, tanninggents, wood preservatives, anticorrosiverag, weldingumes, lubricatingils
and geases, cleaningnaterials, and teédes and furs (Brrows and Adams, 1990; Polak et al.,
1973). Solubility and pH appear to be the primagterminants of the capaciy individual
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chromium compounds to elicit an allergesponse (fegert, 1981; Polak et al., 1973 he low
solubility Cr(lll) compounds are much less efficient contact abegthan Cr(\M)I (Spruit and van
Neer, 1966).

Dermal exosure to chromium has been demonstrated to produce irritant anatallerg
contact dermatitis (Biynzeel et al., 1988; Polak, 1983; Cronin, 1980; Hunter, 197dinary
irritant dermatitis is rdated to thedirect cytotoxic propeties of ciromium, whiledlergic contact
dermatitis is an inflammatomgsponse mediated liye immune sstem. Allergic contact
dermatitis is a cell-mediated immune response that occurs in a two-step ptodéssfirst step
(induction), chromium is absorbed into the skin andyérg an immune response (sensitization).
Sensitized individuals will éxbit an allergc dermatitis response whenpmsed to chromium
above a threshold level (Polak, 198®)duction is gnerallyconsidered to be irreversible.
Chromium dergic demditis is characterized by synptoms of eythema, swdling, pgules, smal
vesicles, drgess, scalingand fissuringAdams, 1990; MacKie, 1981).

4.4.2. Toxicant Interactions

Potassium dichromate has been reported to potentiate the effects of the nephrotox
mercuric chloride, citrinin, hechlorobutadiene, and maleic acid (ATSDR, 1993)e
genotoxcity of hexavalent chromium has also been shown to be altered in the presence of other
compounds, includingscorbic acid and vitamin E and thiol compounds (Susa et al., 1994).
Vitamin B, has been reported to enhance thetoyicity of sodium chromate (ATSDR, 1993).

4.4.3. Genotoxicity

Hexavalent chromium is rapidltaken up bycells througy the sulfate transport stem
(Sugyama, 1992).0Once inside the cell, Cr(YlIs quicklyreduced to the trivalent form by
cellular reductants, includingscorbic acid, lgtathione, and flavoegmes, such as égchrome
P-450 dutathione reductase, and riboflavifihe intracellular reduction of Cr(Ybenerates
reactive chromium V and chromium V intermediates & well as hydroxyl free radicas COH) and
sindet oxygen (0,). A varietyof DNA lesions are gnerated duringhe reduction of Cr(\jIto
Cr(Ill) , induding DNA strand breaks, alkali-labile sites, DNA-protein and DNA-DNA
crosslinks, and agative DNA damag, such as 8-axdeoxguanosine.The relative importance
of the different chromium compleg and oxdative DNA damag in the toxcity of Cr(VI) is
unknown.

Hexavalent chromium has been shown to bBaajoxc only in the presence of appropriate
reducingagents in vitro or in viable cell syems in vitro or in vivo.Hexavalent chromium has
been shown to benutagenic in bacterial systans in theabsence of amammdian activating
system (Venitt and &vy, 1974; Nishioka, 1975; Nakamuro et al., 1978; Green et al., 1976;
Kanematsu et al., 1980pfroth and Ames, 1978; Newbold et al., 1979nBtti et al., 1976;
Fukana@et al., 1982), and not muigc when a mammalian activatisgstem is present
(Lofroth, 1978; Petrilli and Ddbra, 1977, 1978a,b)}exavalent chromium is also mutagc in
eukarytic test sgtems (Bnatti et al., 1976; Newbold et al., 1979kBnag et al., 1982) and
clastognic in cultured mammalian cells (Raffetto, 197@éyis and Majone, 1979; Umeda and
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Nishimura, 1979; Tsuda and Kato, 1977; Newbold et al., 1979; Nakamuro et al., 1978; Stella et
al., 1982; Ohno et al., 1982; Gomméamoyo et al., 1981; Wd, 1978; Sarto et al., 1982).

Hexavalent chromium in the presence dfitgithione has been demonstrated to prodecetgxc

DNA adducts that inhibit DNA replication and are m@ag (Snow, 1994).

4.5. SYNTHESIS AND EVALUATION OF MAJOR NONCANCER EFFECTS
4.5.1. Oral Studies
45.1.1. Human Studies

Cr(V1) is condderably more toxic than Cr(lll) . A cross-sectiond study reported the
effects of envionment conaminaton of wel water adpcentto a chronum alloy plant Cr(V1)
concentrations were reported as 20Ilmgvith an estimated @osure dose of 0.57 rkg-day
(Zhangand L, 1987) No lower dose levels were reported in this stiBported effects
included oral ulcers, diarrhea, abdominal pain, iestign, vomiting leukocyosis, and presence
of immature neutrophilsThe sinde high dose level reported in the studyits its usefulness for
gquantitative risk assessmet purpose.

Other reports of tax effects in humans are limited to case reports from accidental
poisoning. Some Cr(V) compounds are potentidkzing agents (such as potassium
tetrachromae and dhiromium trioxde) and ae thus strongrritants of muosd tissue Effects
included metabolic acidosis, acute tubular necrosis, kithkeye, and death (Saay and Reedy
1988).

4.5.1.2. Animal Studies

Only one chronic studpertainingto the oral toicity of hexavalent chromium was
located in the available literature. Anwar et al. (196osed dog orally(2 dog/goup) to
potassium chromate in drinkivgater for 4 pars. No effects were observed with eed to goss
and microscopic anadis of all major orgns, urinalgis, and weifts of spleen, liver, and kidney
A NOEL of 0.31 mgpotassium chromate/kdpycan be established from this studyhe small
group size in this studymits its usefulness for quantitative risk assessment purposes.

Mackenze et al. (1958) gposed goups of male and female rats to potassium dichromate
(0-25 ppm of heavalent chromium) in drinkingvater for 1 yar. No effects were observed at
anylevel of treatment, and a NOEif 2.5 mgkg-daycan be established based on bagyoht,
gross exernal condition, histopatholazal analyis, and blood chemistry

Junaid et al. (1996) grosed female Swiss albino mice to 250, 500, or 750 ppm potassium
dichromae in drinkingwater to deermine the potential embryotoxicity of hexavalent chromium
duringdays 6-14 of gestation. The authors reported retarded fetal development and endomg
fetotoxc effects includingeduced fetal weltf, reduced number of fetuses (live and dead) per
dam, and higer incidences of stillbirths and postimplantation loss in the 500 and 750 ppm dosed
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mothers. Significantly reduced ossification in bones was also observed in the medium- &nd hig
dose goups. Based on the bodweight of the animals (30 +/- 5 @nd the drinkingvater

ingested bythe animals in the 250 ppm dogseup (8.0 ml/mouse/daythe dose level in the 250
ppm goup can be identified as 67 rkg-day.

Kanojia et al. (1996) gposed female Swiss albino rats to 250, 500, or 750 ppm potassium
dichromae in drinkingwater to deermine the potential teratogenicity of hexavalent chromium
pregestationallyfor 20 dag. The authors reported a reduced number of corpora lutea and
implantations, retarded fetal development, and emilagd fetotoic effects includingeduced
numbe of fetuses (live and dexd) pe dam and hicher incidences of stillbirths and
postimplantation loss in the 500 and 750 ppm dosed motBagsificantly reduced parietal and
interparietal ossification was observed in thehkilgse goup. Based on the bodwyeight of the
animals (175 +/- 25)gand the drinkingvater ingested bythe animals in the 250 ppm doseup
(26 ml/mouse/dgy the dose level in the 250 ppmogp can be identified as 37 fiag-day.

Elbetieha and Al-Hamood (1997)mosed sexally mature male and female mice to
1,000, 2,000, 4,000, or 5,000 mgotassium dichromate in drinkingater for 12 weeksThe
effects of the egosures on fertilityvas examined at 140 day The authors reported adverse
impacts on the male reproductivessgm and fertilitythoudh the matingcapabilityof the mice
was not affectedTestes weibts were sigificantly increased in the malesposed in the 2,000
and 5,000 mtl. dose goups, while seminal vesicle and preputi@rg weidts were
significantly reduced in the 5,000 migexposed malesThe number of implantation sites and
viable fetuses was sigicantly reduced in females impregted bymales eposed to 2,000 and
4,000 mdL, and the numbers of implantations and viable fetuses waficagtly reduced in
preghant females gosed to 2,000, 4,000, and 5,000/Ingf the hexvalent chromium
compound.Information regrding the amount of water consumedthg animals was not
provided in this study

4.5.2. Inhalation Studies
45.2.1. Human Studies

4.5.2.1.1.Respiratory tract effectsThree studies on diromeplaters providesomequantitative
information on upper respiratomnyitation after eposure to Cr(Mlas chromic acidln the study

of Cohen et al. (1974), nasal ulcers and perforations were associated with total chromium
concentrations of 1.4 to 43.94m°, averaing 7.1 po/m?, and Cr(V) concentrations of 0.09 to

9.1 pg/m?, avera@ng 2.9 g/me. Ninety-five percent of the 37 workers studiechibited

pathologc chan@s in nasal mucosa in a concentration-duration respdviees than half of the
workers emplogd less than 1ear had nasal patholpthat was more severe than simple redness
of the nasal mucosalmost all the workers (35 of 37) emplkey longer than 1 gar had nasal
tissue damagy The authors noted the lack ada industrial hgiene practices, implicating

direct contact, such as touchiafjthe nose with chromium-contaminated hands, as a potentially
important route of gxosure.A subsequent studyy Lucas and Kramkowski (1975) revealed
similar results. Cr(VI) concentrations ranged from 1 to 20 g/m?, averaing 4 pg/m®. The

authors attributed the nasal pathgl@gimarily to direct contactLindbergand Hedenstierna
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(1983) also found similar effects on nasal pathplaigd subjective sgptoms. Theyeported
reddeningof the nasal mucosa at 1 to @/m® and nasal irritation (chronic and nasal septal
ulceration and perforation) in two-thirds of the subjecfsosrd to concentrations of 2 to 20
ngme. All workers with nasal ulceration had beerpesed to chrome acid mist, which
contained Cr(V) at 20 (g/m?, or geater than 20 g/m® near the bathsChangs in pulmonary
function (vital capacityand forced epiatoryvolume) were seen at Cr(Méxposures geater than

2 ug/md.

4.5.2.1.2.Renal effecs. Exposure to Cr(\) at concentrations as low as 4 to@m?® has been
reported to result in elevatedaegtion of [3-2-microlpbulin (Lindbergand Vesterberdl983b).
The effectmay be reverdile because forer chroneplaters dd nothave an @vaed
concentration of either 3-2-micraipulin or albumin in their urineSaner et al. (1984) did not
find increased urinarf$-2-microdobulin levels in tannerworkers in comparison to referent
control workers.However, urinarychromium concentrations in the Saner et al. stuehle likely
distinctly lower than those in the study Lindbergand Vesterberg

In summaryeffects on the airwayand kidneyave been observed in chromeplaters
exposed subchronicallyp chromic acid mist containin@r(VI1) in air at concentrationgegater
than 1 pg/m*. Such effects include reddeninfinasal mucosa, nasal irritation (ulceration,
perforation), changs in pulmonaryfunction, and renal proteinuridany of the available studies
lack quantitative concentration-response data on chromium health effects suitable for quantitative
risk assessment.

4.5.2.2. Animal Studies

Datafrom studis in ras, mie, and rebbits identify therespirdory tract as theprimay
target of chromium toicity following inhalation. Glaser et al. (1985) @osed rats to 0-0.2 mg
Cr(VI)/m® 22 hr/day 7 daw/week for 90 dag: The authors reported increased lamgl spleen
weight, and increased macroplesagtivity and percent ipphocyes in BAL fluid. Glaser et al.
(1990) eyosed rats to 0-0.4 m@r(V1)/m3, 22 hr/day 7 daw/week for 30-90 dag/and reported
hyperplasia, increased lungeight, macrophaginfiltration, and IDH in bronchoalveolar lavag
fluid (BALF). The authors suggsted that inflammation is essential for the induction of most
chromium inhalation effects and mifluence the carcinamicity of Cr(VI) compounds.

Rats eyosed to 0.5 nmig»® CrO, (IV) 6 hr/day 5 daw/week for 2 yars produced dust-
laden alveolar macrophegywith slight Type I pneumocte hyperplasia.Exposure at 25 nmig?®
ovaewhdmed thelung cearance mechanisms ad resulted in sigificant inareases in dust-lalen
macrophags, bronchoalveolar cell pgrplasia with foamynacrophagresponse, and cholesterol
granuloma (lee et al., 1988).

Mice exposed to 1.81 or 3.63 mg® Cr(VI) as CrQ for 1 year developed nasal septal
perforation, loss of cilia, and metaplasia of the |urechea, and bronchus (Adachi, 1987;
Adachi et al., 1986)Epithelial changs of the bronchial tree raimgy from necrosis and atrophy
to hyperplasia were observed in micepezed to 4.3 Cr/fres CaCrO, dust for 18 months
(Nettesheim et al., 1971).

30



Rabbits eposed to chromium dust at 3.1 fmg and 0.6 m{m® for 5 dawweek, 6
hours/dayfor 4 weeks phagrytized sigificantly more chromium particles than the controls,
though the number of nonviable macropkagvas less than 3%qgldansson et al., 1980 a
subsequent stugyabbits were gosed to aerosols of hasalent (0.9 mgn® Na,CrO,) or
trivalent (0.6 mgm? CI{NO,],) chromium for 5 dag/week, 6 hours/dafor 4 to 6 weeksThe
number of macropha&g obtained from the luisgof the rabbits gposed to Cr(Miwas
significantly increased, while strikinghorphologcal changs were observed in macropleagf
rabbits exposed to Cr(lll) (Johanssonet d., 1986).

4.6. WEIG HT-OF-EVIDENCE EVALUATION AND CANCER CHARACTERIZ ATION

Applying thecriteria outlined in theGuiddines for Cacinogen Risk Assesmat (U.S.
EPA, 1986) for evaluatinthe overall weigt of evidence for carcinegicity to humans,
hexavalent chromium is most appropriatelgsignated a Group A - Known Human Carcieog
Usingthe proposed Guidelines for CarcieogRisk Assessment (U.S. EPA, 1996),dvaelent
chromium is most appropriatetiesignated a known human carciregbythe inhalation route of
exposure on the followingasis. The potential carcinamicity of chromium bythe oral route of
exposure cannot be determined at this time.

Results of occupational epidemiologtudies of chromium-@osed workers are
consistent across invesi@rs and studgopulations.Dose-response relationships have been
established for chromium pasure and lungancer.Workers in the chromium industeye
exposed to both Cr(lll) and Cr(VI) compounds. Because onlZr(VI) has been found to be
carcinogenic in animal studies, however, data support tmyclassification of Cr(\las a
human caranogen.

Animal data provide sggstive evidence of the carcinegjcity of hexavalent chromium.
Hexavalent chromium compounds have produced the followingpr types in animal assay
lung tumors following inhdation of aerosols of sodium chromate and pyrolized Cr(V1)/Cr(lll)
oxide mixtures in rds, lungtumors followingintratracheal administraion of sodium dibroméae
in rats, intrapleural implant site tumors for various Cy@dmpounds in rats, intrabronchial
implantation site tumors for various Cr{Mlompounds in rats, intramuscular injection site
tumors in rats and mice, and subcutaneous injection site sarcomas inftatamation is
considered to be essential for the induction of most chromium inhalation effects and may
influence the carcinamicity of Cr(VI) compounds (Glaser et al., 1985).

In vitro data are sugstive of a potential mode of action for lag&lent chromium
carcinognesis.Cr(VI) readilypasses througcell membranes and is rapiaiduced
intracellularly to generate reactive Cr(V) and Cr(V) intermediates and reactive oxygen speies.
The reactive oygen species manteract with DNA to form premuta&aic lesions.Hexavalent
chromium has been shown to be metag in bacterial assayyeasts, and V79 cells, and Crj{VI
compounds decrease the fidelifiyDNA synthesis in vitro and produce unscheduled DNA
synthesis as a consequence of DNA daen&hromate has been shown to transform both
primary cells and cl lines.
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IARC (1990) concluded that there is sufficient evidence of respiraéocynognicity in
humans occupationalgxposed duringhromate productionAnimal data were considered
supportive of the epidemiolozal data; however, the relative contributions to cara@negrisk of
metallic chromium, trivdent chromium, he&avalent chromium, or solublerersus insoluble
chromium compounds could not be elucidatB&fRC (1982) classified chromium and chromium
compounds as Groupchemicals.

At present, the carcinegicity of hexavalent chromium byhe oral route of gposure
cannot be determinedne studyof miners in Ontario sugsted that eposure to chromium may
have been associated with stomach cancer, but other human and animal studies have not reported
similar effects.

4.7. OTHER HAZ ARD IDENTIF ICATION ISSUES
4.7.1. Possible Childhood Susceptibility

A number of factors magiifferentially affect the response of children to itwants such as
Cr(VI). These factors include diet and gloal environment as well as maturation of
physiologca and biodhemica proesses. At present, thee is too littleinformation to m&e any
statements about how these factors syscificallyaffect the toxcologcal responses of Cr(VI
in chidren, betheycancer or noncancer.

4.7.2. Posside Sx Differences

The extent to whidh men differ from womaen in suseptibility to dhiromium toxcity has
not been reportedThe most sigificant health effects associated witlpegure to Cr(Mlinvolve
the respiratorngystem and kidneyWhile effects on the respiratosystem are unlikelyo differ
significantly with gender, the effect of@nder on kidneyoxicity is unknown.

5. DOSE-RESPONSE ASSESSMENTS
5.1. ORAL REFERENCE DOSE (RMD)
5.1.1. Choice ofPrincipal Study and Critical Effect

Relativelyfew studies were located that addressed the oraiitpwf Cr(VI). One
human studyocated in the literature,hangand L (1987), reported on health effects in Chinese
villagers who onsume drinkingwater from awell contaminaed with hexavalent chromium
from an alloyplant in Jnzhou. The dnzhou area is heavilydustrializd. In 1965, the well
water in a nearbguburban area was found to be stairgidw, presumablybecause of
chromium contamination from a miniragperation which had beg operatingn 1959. The
mining operation was initiallgonducted in pilot scale, with a poor recoveate for chromium
(24.5%). Full-scale operation beg in 1965. At this time, waste water wagmerated at a rate of
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125 pounds/hour and contained concentrations of up to 1A5hegavalent chromium.Waste
water was deposited direcilyto a surface channeFollowing sedimentation, the surface water
concentration was still in eess of 20 m.. In addition to the surface water discharthe

mining operation gnerated heavalent chromium-containingteam and a considerable amount

of chromium-@ntaning minetailings. Thetalings were storal in an open wastepile, contaning
approxmately 300,000 pounds of waste, covering area of 50 hectare$he waste pile
constituted an additional source @bgnd water contamination thrdu¢eachingand surface

water runoff. In 1965, more than 28% of the areéaund water samples were observed to be
contaminated with chromium, with 54% of the samples contaminated at a concentration of 20
mg/L or geater. Ground water samples were found to be contaminated over an area of 10 square
kilometers. In 1965, the material in the waste pile was found to contain an avefrdgh5%
hexavalent chromium.The soil in the vicinityof the waste pile was found to contain an averag
concentration of hewalent chromium of 4,700 nikp, and 0.3 pounds/daf hexavalent

chromium was estimated to leach into theumnd water from the waste pilén addition,

irrigation water for the considerableragltural operation in the vicinitgf Jnzhou was
contaminated with chromium at concentrations of 0.006-0.73R.nt¢pwever, concentrations

in soil and produce in the agultural areas were onblightly elevated above the controls.

In 1965, a studpf 155 subjects gposed to drinkingvater at concentrations of
approxmately 20 mdL of hexavalent chromium was conducted outsidezliou. Subjects were
observed to have sores in the mouth, diarrhea, stomach achestiodigand vomiting Subjects
were observed to have elevated white blood cell counts with respect to controls, as well as a
higher per capita rate of cancers, includitgg cancer and stomach canc@recise eposure
concentrations, grosure durations, and confoundiiagtors were not discussed, and this study
does not provide a NOAElor the observed effectddowever, the studguggests that
gastrointestinal effects mayccur in humans followingxposures to hewalent chromium at
levels of 20 ppm in drinkingvater (A/angand L, 1987).

Several animal studies addressangl toxcity of hexavalent chromium were located in
the literature.Anwar et al. (1961) gposed goups of female dag(2/goup) to up to 11.2 ppm
Cr(VI) in drinkingwater for 4 pars with no effectMacKenze et al. (1958) gposed goups of
Spragie-Dawleyrats (16-21/gpup) to up to 25 ppm Cr(Yin drinkingwater for 1 yar. No
significant adverse effects were seen in iegtment gpup. Both the Mackene et al. (1958)
and Anwar et al. (1961) studies are limitedtiy small number of animalstyp and the lack of
an observed effect at adpse level.While the MacKenie et al. studyas the additional
limitation of beingconducted for onlyt year, this studys considered to be more useful for risk
assessment because of the identification of a NOydtlie and the lasg number of animals per
dose goup that those available from Anwar et al. (1961).

Elbetieha and Al-Hamood (1997) reported adverse impacts on the male reproductive
systam and fertility, and reduced numbes of implantaions and viable fetuses in prgnant femdes
following exposures to hexalent chromium.Information regrding the amount of water
consumed byhe animals was not provided, and this stisdyot considered useful for this risk
assessment.
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The National Toikcology Progam (NTP 1996a,b, 1997) did not observe reproductive
effects in either segf BALB/C mice or Sprage-Dawleyrats followingoral exposures to 15 -
400 ppm Cr(V) in the diet.

Junaid et al. (1996) and Kanojia et al. (1996)@sed female Swiss albino mice and
female Swiss albino rats, respectivety 250, 500, or 750 ppm potassium dichromate in drinking
water to determine the potential emiiguicity of hexavalent chromium duringays 6-14 of
gestation. The authors reported retarded fetal development and erdomy fetotoic effects
includingreduced fetal weltf, reduced number of fetuses (live and dead) per dam, amel hig
incidences of stillbirths and postimplantation loss in the 500 and 750 ppm dosed mothers.
Significantly reduced ossification in bones was also observed in the medium- andiosig
groups. Based on the bodweight and the drinkingvater ingsted bythe animals in the 250 ppm
dose goup, the eposure levels in the 250 pprmogps can be identified as 67 fingrdayand 37
mg/kg-day in mice and rds, respectively.

The dinaid et al. (1996) and Kanojia et al. (1996) studies utilized doses apptely
10-fold hicher than those used in Mackenet al (1958), but neither of the reproductive studies
identified a clear NOAEIlfor the embrgtoxic effects of heavalent chromium.Based on the
bodyweight and the drinkingvater ingsted bythe animals in the low-doseayps (250 ppm),
the LOAELs of 67 mgkg-dayand 37 mgkg-daycan be identified fromuhaid et al. (1996) and
Kanojia et al. (1996) in mice and rats, respectivélpplication of 10-fold uncertaintfactor to
extrapolate from DAELs to NOAELs in these studies wouldagerate NOAEL of 6.7 mgkg-
dayand 3.7 mfkg-day, respectively These etrtapolated NOAELvalues are similar to, and
support the use of, the NOAKif 2.5 mgkg-dayidentified from the studgf MacKenze et al.
(1958) for development of the reference dose.

5.1.2. Method of Analysis

MacKenzie et al. eposed goups of eipt male and eigt female Sprage-Dawleyrats to
0.45-11.2 ppm (0.45-11.2 mg hexavalent chromium (as KrO,) for 1 year in drinkingwater.
The control goup (10/sexreceived distilled waterA second egeriment involved threergups
of 12 male and 9 female rat®ne goup was gzen 25 ppm (25 nmig) chromium (as KCrQ,), a
second received 25 ppm chromium in the form of chromic chloride, and the con#iols ag
received distilled waterNo significant adverse effects were seen in appearancehiggg, or
food consumption, and there were no pathiclagangs in the blood or other tissues in any
treatment goup. The rats receivin@5 ppm of chromium (as XrO,) showed an appraxate
20% reduction in water consumptiomhis dose corresponds to 2.5 @gVI)/kg/daybased on
actual bodyweight and water consumption data.

For rats treated with 0-11 ppm (in the diet), blood was@red monthlyand tissues
(livers, kidneg and femurs) were @xined at 6 mo and Egr. Spleens were also amined at 1
year. The 25 ppm mups (and correspondirmgntrols) were exmined similarly except that no
animds weekilled & 6 mo. An abrupt risein tissuechromium @neentraions wa notel in ras
treatd wih greaer than 5 ppm The auhors sated hat“apparenty, tissues can accuwiate
consideable quantities of caromium béore pahologcal changes result.” In the25 ppm
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treatment gpups, tissue concentrations of chromium were apmrabely9 times hidper for those
treated with heavalent chromium than for the trivalentogip. Similar no-effect levels have
been observed in degAnwar et al. (1961) observed nosificant effects in female dsg
(2/dose goup) gven up to 11.2 ppm Cr(Y(as KCrO,) in drinkingwater for 4 pars. The
calculated doses were 0.012-0.3Vkagf Cr(VI).

5.1.3. RfD Derivation

No effecs were repoed atanydose ével in the MacKenee etal. sudy. The hghest
dose goup (25 m@.) was selected for derivation of the reference d&ased on the body
weight of the rat (0.35 Kgand the averagdailydrinking water consumption for the rat (0.035
l/day), this dose can be converted teegan adjusted NOAEQf 2.5 mgkg-day.

The adjusted NOAEIs further modified bywo 10-fold uncertaintyactors to account
for theexpected intespecies and intehuman vaiability in lieu of speific daa. An additiond
threefold uncertaintjactor is applied to the adjusted NOAEKLcompensate for the less-than-
lifetime exposuredurdion in theMacKenzieet d. study A threefold modifying factor is gplied
to address concerns raisedtbg studyof Zhangand L (1987). The total uncertaintfactor
applied to the adjusted NOAES& 900. Application of the uncertaintfactor to the adjusted
NOAEL of 2.5 mdkg-daygives the reference dose of 3 x*10gkg-day.

5.2. INHALATION REF ERENCE CONCENTRATION (Rf C)

The inhalation reference concentration (RfC) is based on the assumption that thresholds
exist for certin toxic effect such as chllar necross, butmay notexist for other bxic effecs
sud as carcinogenicity. In generd, the RfC is an estimate (with uncertainty spaxningperhgps an
order of magitude) of a dailyexposure to the human population (includsensitive sub@ups)
that is likelyto be without an appreciable risk of deleterious effects darirfgtime.

5.2.1. Choice ofPrincipal Study and Critical Effect

Numerous studies have reported upper respiraimmer respiratoryand kidneyeffects
in humans and animals followiregposures to hewalent chromium.Of these endpoints, upper
and lowe respiraory effects gopear to bethe most sasitive and ae disaussel in geater ddall
below.

Three studies have focussed on nasal mucosal irritation, atenpthperforation
following occupational gxosures to chromic acid mists (Cohen et al., 19¥4ak and
Kramkowski, 1975; indbergand Hedenstierna, 1983pf these, the studyf Lindbergand
Hedenstierna provides the most information oposxire levels and syptoms reported by
exposed workersRespiratorysymptoms, lungunction, and chareg in nasal septum were
studied in 104 workers (85 males, 19 femalegperd in chromeplatinglants. Workers were
interviewed usin@ standard questionnaire for the assessment of nose, throat, and chest
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symptoms. Nasal inspections and pulmondmction testingvere performed as part of the
study

The median gxosure time for the entire@up of exosed subjects (104) in the stusgs
4.5 years (0.1-36 gars). Forty-three subjects @osed almost elusivelyto chromic acid
experienced a mean pasure time of 2.5ears (0.2-23.68ars). The subjects gosed almost
exclusivelyto chromic acid were divided into a lowgsure goup (8 hr TWA below 0.002
mg/m?, N = 19) and hig exposure goup (8 hr TWA above 0.002 mign®, N = 24). Exposure
measurements usinmersonal air samplers were performed for 84 subjects in the @iutly
different days. Exposurefor theremaining 20 workes was assume to besimilar to tha
measured for workers ithe sane area. Nineteen offce enployees were used as couis for
nose and throat syptoms. A group of 119 auto mechanics whose ldagction had been
evaluaed by similar techniques was séected as controls for lungfundion measurements.
Smokinghabits of workers were evaluated as part of the study

At mean eposures below 0.002 rfrg®, 4/19 workers from the low-@osure goup
complained of subjective nasahsgtoms. Atrophied nasal mucosa were reported in 4/19
subjects from thisrgup and 11/19 had smeagd crustyseptal mucosa, which was statistically
higher than controlsNo one eposed to levels below 0.001 my complaned of subjetive
symptoms. At mean concentrations of 0.002 imjor above, apprdamatelyone-third of the
subjects had reddened, smeanycrustynasal mucosaAtrophy was seen in 8/24 workers,
which was sigificantly different from controls.Eight subjects had ulcerations in the nasal
mucosa and five had perforations of the nasal sepAtnophied nasal mucosa was not observed
in anyof the 19 controls, but smeaand crustyseptal mucosa occurred in 5/19 controls.

Short-term effects on pulmonaiynction were evaluated lmpmparingresults of tests
taken on Mondawand Thursdaamongexposed goups and controlsNo sigiificant changs
were seen in the low-prsure goup or control goup. Nonsmokers in the higexposure goup
experienced sigificant differences in pulmonafynction measurements from the controls, but
theresults wee within norma limits.

The authors concluded that 8-hour meaposxres to chromic acid above 0.002/mmy
may cause a transient decrease in ltungction, and that short-term gosures to iggater than
0.02 mgm® maycause septal ulceration and perforatiBased on the results of this study
LOAEL of 0.002 m¢m? can be identified for incidence of nasal septum atrdplywing
exposure to chromic acid mists in chromeplatiaglities. It should be noted that there are
significant uncertainties rdated to theuseof this LOAEL for development of an RfC for
hexavalent chromium in theenvironment. There is consideable uncertainty with regard to the
relevance of the nasal septum atrophgpoint observed in the chromeplatindustryto
exposure to heavalent chromium in the environmenthe effects were observed in
chromeplaters gposed to chromic acid mists near the plabaths. Environmental egosures
would most likelyoccur throup contact with heavalent chromium dustsAn additional
uncertaintyis related to the determination of dose in thedbergand Hedenstierna studiNasal
septum atrophin this studywas related to time-wenged averag (TWA) exposures to chromic
acid. The most sigificant effects (hasal septum perforation) were observed in workers who
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experienced peak exrsons b levels consderaby greaer than he TWA. Itisunceréin
whether the peak eursion data or the TWare more appropriate for the determination of dose
in this study

An alternative approach to development of the RfC is to focus on respieffeecis
following inhdation of hexavalent chromium paticulates. Two studie providehigh qudity daa
on lower respiratorgffects followingexposures to chromium particulates (Glaser et al., 1990;
Glaser et al., 1985)Glaser et al. (1990) ewsed 8-week-old male Mtar rats to sodium
dichromate at 0.05 - 0.4 n@y(VI)/m® 22 hr/day 7daw/week for 30-90 dasy Chromium-
induced effects occurred in a strathgse-dependent mannérhe authors observed obstructive
respiratorydyspnea and reduced bodyight following subacute gxosure at the higer dose
levels. The mean white blood cell count was increased at all dpse6.05) and was related to
significant dose-dependent leukadagis followingsubacute ggosures.Mean lungweights were
significantly increased at gosure levels of 0.1 mg® following both the subacute and
subchronic eposures.Accumulation of macropha&g was seen in all of the pasure goups and
was postulated to be a chromium-specific irritation effect that accounted for the observed
increases in lunweights. Focal inflammation was observed in the upper aisMajlowing the
subchronic eposure, and albumin andH in BALF were increased followinthe exyosure.
The authors concluded that chromium inhalation induced pnetentmoicity and sugested that
inflammation is essential for the induction of most chromium inhalation effects, and may
influence the carcinamicity of Cr(VI) compounds.

Glaser et al. (1985) ewsed 5-week-old male Mtar rats to aerosols of sodium
dichromate at concentrations ramgfrom 0.025 to 0.2 m@r(VI)/m?, 22 hr/dayin subacute (28
day) or subchronic (90 dayrotocols. Chromium-induced effects occurred in a dose-dependent
manner.Lungand spleen welgs were sigificantly increasedg < 0.005) after both subacute
and subchronic g@osures at concentrationsegter than 0.025 mg®. Differencesmn the mean
total serum immundgbulin were also sigjficant at eyosures above 0.025 /g, while
exposures to aerosol concentrationsager than 0.1 mig?® resulted in depression of the immune
system stimulation.The immune-stimulatingffect of subchronic gposure was not reversed
after 2 mo of fresh air regeration. BAL cell counts were sigficantly decreased following
subchronic emosure to levels above 0.025 fmd chromium. The number of I;nphocyes and
granulocyes showed a slig but significant increase in the lavadluids of the subacute and
subchronicallyexposed goups. At subacute ggosure concentrations up to 0.05/mg) the
phagcytic activity of the alveolar macrophegjincreased; however, subchronipesure at 0.2
mg/m? decreased this function sifjcantly. The spleen T-ljpmphocye subpopulation was
stimulated bysubchronic eposure to 0.2 mign® chromium, ad seum ontents of trigycerides
and phospholipids differed sidicantly from controls jp < 0.05) at this concentration.

Together, these studies provide useful information on chromiym®xe-related impacts
includinglungand spleen welg, lactate delgrogenase (DH) in BALF, protein in BALF, and
albumin in BALF. Thecellular content of BALF is consideed representaive of initial
pulmonaryinjury and chronic lungnflammation, which majead to the onset of pulmonary
fibrosis (Henderson, 1988)\While these studies present dose-dependent results on sensitive
indicators of lower respiratotpxicity, potential upper respiratomnpacts resultinfrom the
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exposures were not addressdslaser et al. (1990) states that the upper respirtraetywas
examined, but these data are not reporiedight of the numerous reports of severe upper
respiraory impeacts following exposureto chromicacid in theoacupaiond seting, thestudies of
Glaser et al. alone are not considered sufficient to support derivation of an RfC for chromium.

While the studies ofilndbergand Hedenstierna (1983) and Glaser et al. (1985, 1990) are
independentlyonsidered insufficient for development of an RfC fordvalent chromium,
taken togther these offer an approach for development of an RfC.

5.2.2. RfC Derivation

Lindbergand Hedenstierna (1983) will be used to support development of an RfC for
upper respiratorgffects of chromic acid mists and dissolveddvaient chromium aerosols, and
Glaser et al. (1985, 1990) will be used to support development of an RfC for lower respiratory
effects from ciromium paticulates.

5.2.2.1. Chromic Acid Mists and Dissolved Hexavalent Chrounm Aerosols

A LOAEL for nasal septum atroplof 2 pg/m* chromic acid can be identified based on
the results of Indbergand Hedenstierna (1983At TWA exposures gpater than 2 g/m®, nasal
septum ulceration and perforations occurred in addition to the atrepbsted at lower
concentrationsThe LOAEL is based on an 8-hour TANbccupational egosure. The LOAEL is
adjusted to account for continuougegure accordintp the followingequation:

LOAEL, = 2 yg/m® x (MVho/MVh) x 5 daw/7 days
where:

LOAEL, is the LOAEL for continuous egosure
MVho s the breathingolume for an 8-hour occupationalpmsure (10 rf)
MVh is the breathingolume for a 24-hour continuousposure (20 1)

The LOAEL of 2 pg/m® based on a TW exposure to chromic acid is converted to a
LOAEL for continuous eposure of 0.714 gfm*. An uncertaintyfactor of 3 is applied to the
LOAEL to exrapolate from a subchronic to a chronipesure, an uncertainfgctor of 3 is
applied to account for érapolation from a DAEL to a NOAEL, and an uncertaintiactor of 10
is applied to the OAEL to account for interhuman variatioiithe total uncertaintfactor
applied to the DAEL is 90. Application of the uncertaintiactor of 90 to the OAEL of 0.714
ng/m? generates an RfC for upper respirateffect of chromic acid mists and dissolved
hexavalent chromium aerosols of 0.008/p”.
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5.2.2.2. Hexavalent Chronium Dusts

Glaser et al. (1990) epsed male \iétar rats to 0.05-0.4 my°® sodium dichromate 22
hr/day, 7 daw/week for 30 or 60 dayor 90 dag with a 30-dayrecoveryperiod. In Glaser et al.
(1985), male Wstar rats were grosed to 0.025 - 0.2 mg® sodium dichromate 22 hr/day
days'week for 28 or 90 day Data were reported on humerous endpoints indicative of lung
toxicity. One approach for development of an RfC ushese data was offered Malsch et al.
(1994), who gnerated an inhalation RfC for chromium dusts usifgenchmark concentration
(BMC) approach.The Agencybased its RfC derivation on this approaétiter excluding
exposures for periods of less than 90skagm the BVUC analyis, Malsch et al. (1994)
developed B1Cs for lungweight, lactate delyrogenase (DH) in BALF, protein in BALF,
albumin in BALF, and spleen weld. The Malsch et al. (1994) analy defined the benchmark
concentration as the 95% lower confidence limit on the dose correspoodirid% relative
change in the endpoint compared to the contrDlose-effect data were adjusted to account for
discontinuous gxosure (22 hr/dgyand the maixum likelihood model was used to fit
continuous data to a palgmial mean response regsion, ieldingmaxmum likelihood
estimates of 36 -78 jg/m® and BVICs of 16 - 67 g/m®. Malsch et al. (1994) applied dosimetric
adjustments and unertainty factors to theBMCs to déermine a RfC baseal on thefollowing
equation:

RfC = BMC x RDDR
UF, x UF x UF,

where:

RfC is theinhdation reference concentraion
BMC is thebenchmak concentration (lowe 95% onfidence limit on thedose
correspondingo a 10% relative chaegn the endpoint compared to the control)
RDDR s the regonal deposited dose ratio to account for pharmacokinetic differences between

speces

UF, is a threefold uncertainfiactor to account for pharmacawmic differences not
addressed bthe RDDR

UF: is a threefold uncertainfyactor to account for ésapolatingfrom subchronic to
chrontc exposuresand

UF, is a 10-fold uncertaintfactor to account for the variation in sensitivaiyiong

members of the human population

The RDDR factor is incorporated to account for differences in the deposition pattern of
inhaled heavalent chromium dusts in the respirattngct of humans and theigtar rat test
animals (arabek et al., 1990)The RDDR of 2.1355 was taken from U.S. EPA (1990), based on
the mass median aerathmic diameter (0.28m for dose levels of 50-100ggm® and 0.39 for
dose levels of 100-400gm®) and the gometric standard deviation (1.63 for dose levels of 50-
100 py/m?® and 1.72 for dose levels of 100-400/m®) of the particulates reported in Glaser et al.
(1990). A 3.16-fold uncertaintyactor (midpoint between 1 and 10 on a $ogle) was
incorporated to account for the pharmacauaiyic differences not accounted forthg RDDR.
An additional 3.16-fold uncertainfactor was incorporated to account for the less-than-lifetime

39



exposure in Glaser et al. (1990), and a 10-fold uncertéaetpr was applied to account for
variation in the human populatio’ total uncertaintyactor of 100 was applied to thévEC in
addition to the RDDR.

Glaser et al. (1990) reported thddH in BALF increased in a dose-dependent fashion
from 50 to 400 g/m® sodium dichromate, and this endpoiaberated the lowestMC (16
ngm?) and RfC (0.34 g/m®). LDH in BALF is consideed theamongthe most sasitive
indicators of potential lungpxicity (Henderson, 1984, 1985, 198&d et al., 1982; Venet et
al., 1985), as DH is found exracellularlyafter cell damagand BALF is the closest site to the
original lunginjury. LDH in BALF mayalso reflect chronic lungpflammation, which majead
to pulmonaryfibrosis throu@ prevention of the normal repair of luigsue (Henderson, 1988).

Several uncertainties must be addressed wittradg the BAC and RfC developed by
Malsch et al. (1994)Potentiallyimportant endpoints includingpper airwayeffects and
potential renal or immunolacal toxicity were not addressed in the Glaser et al. (1985, 1990)
studies and could not be included in tHd® analwis. While LDH in BALF resulted in the
lowest BMC and RfC, several of the effects noted in Glaser et al. (1985, 1990) can be considered
indicative of an inflammatoryesponse, and ntigjbe equallysuited to development of the RfC.
In addition, the threefold uncertairfgctor accountindor the use of a subchronic stuaiyaynot
be sufficientlyprotective for longerm effects.While the analgis acknowledgd the importance
of particle sie and airwaydeposition in the development of the RDDR, the potential impact of
different particle sies in respiratoryoxicity by hexavalent chromium particulates was not
addressed.

Several of these uncertainties have been conservatigdhgssed in the analy of
Malsch et al. (1994)LDH in BALF generated the lowest estimate of thi18 from the effects
noted byGlaser et al. (1985, 1990T.his effect can be considered to be indicative of cell damag
that occurs prior to fibrosis, aPH appears in BLF following cell lysis. While other
endpoints considered in the Malsch et al. (1994) aisadgmonstrated a relativebetter curve
fit than LDH in BALF, themodée generated aconsevative fit in the daatha is unlikdy to
overestimate theC, and the curve fit forDH in BALF is considered to be acceptableDH
in BALF as reported in Glaser et al. (1990) is considered to be an acceptable endpoint for
development of an RfC for inhalation of la@alent chromium particulates, and Malsch et al.
(1994) used a reasonable approach for development idfGiliased on this endpoint.

The threefold uncertaintiactor used to account for the subchronic stsdgsufficient
for development of the RfC for inhalation of chromium particulatélaser et al. (1985)
demonstrated that at the end of the 90-@ppsure period, chromium was still accumulatimg
thelungtissueof thetest animads, sugestingtha lower long-term exposura might lead to
accumulation of a critical concentration in the lui8ubchronic studies also magt adequately
predct the presence ohflammatory effecs fromlower bbngterm exposures.The Agencyhas
therefore determined that a 10-fold uncertafatstor accountindor the use of a subchronic
studyis more appropriate in this case for the development of the RfC for inhalation of chromium
particulates.
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Selection of a threefold uncertairfgctor to account for the pharmacodynic
differences not accounted for the RDDR, an additional 10-fold uncertaifi#g¢tor to account
for the less-than lifetime @osure in Glaser et al. (1990), and a 10-fold uncertéaatpr to
account for variation in the human populati@neyates a total uncertairfigctor of 300.
Application of the total uncertainfactor of 300 and the RDDR of 2.1576 to tHd ® generated
by Malsch et al. (1994) based oDH in BALF (Glaser et al., 1990) results in an RfC of 0.1
ng/md for inhalation of heavalent chromium particulates he selected RfCs are 0.00§/m?*
for chromic acid mists and dissolved healent chromium aerosols and 0.4¢/m® for hexavalent
chromium paticulates.

5.3. CANCER ASSESSMENT
5.3.1. Summary

There are many epidemiologic studies demonstraing tha hexavalent chromium (CrV) is
a potential human carcineqg, but few provide adequatepasure data for use in risk estimation.
Mancuso (1975) provides limited but adequate information for this purpose, and Maunlatgo'
are usa as theman daabasefor estimating the carcinogenic potency of hexavalent chromium.
Three foreig studies on ferrochromium plants were also considered for use in the potency
calculations. From thequantitative risk assessmat viewpoint, these studies are less a@lequée
than the Mancuso study-or the Norwe@n study(Langard et al., 1980), the @osure
measurements were taken in 1975, while some workers could have besadto chromium as
earlyas 1928, when the ambient dust levels were mudtehifpan in latergars. er the
Swedish studyAxelsson et al., 1980), the chromiumpased workers did not show a
significant increase of lungancer, and thus ontiie statistical upper bound of the response can
be used in potenagstimation.It is expected that the use of data from the Nonae@nd
Swalish studis would result in an oveestimaion of thetrue carcinogenic potency of hexavalent
chromium. While a Russian studyPokrovskag and Shabyina, 1973) does not have the
deficiencies of the other two for@igtudies, the cohort in this studynot well defined and is not
suitable for use in risk assessment.

Animal data from intrarachea studies were not use to estimate the carcinogenic potency
of chromium byinhalation because there is limited pharmacokinetic information reldiing
distribution of chromium to lungssues bynhalation and byntratracheal administrationChis
information is needed to reconcile the differences in dose distribution between these two
exposure patternsi-urthermore, the ptsypologcal mechanism of dose distribution by
intratracheal administration magpend (in a nonlinear fashion) on the dose levels used in the
experiment, as evidenced bHye observation that a siegadministration of sodium dichromate
induced a carcinamnic response in Sprag-Dawleyrats but failed to induce a response when the
same weeklylose wasigen over 5 day(Steinhoff et al., 1983).

5.3.2. Dose-Response Data
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The Mancuso (1975) studyas based on a cohort of 332 white male workers who were
employed in a chromate plant between 1931 (when the pla@hkegperate) and 1937, and
who were followed to 1974Mancuso reported lungancer death rates lgvels of eposure to
soluble, insoluble, and total chromium concentratid®dscause onljung cancer mortalityor
total chromium egosure was reported lage goup, onlythe dose-response data for total
chromium wee usel to estimate the carcinogenic potency of hexavalent chromium. The useof
dose-response data for total chromium would result in an underestimation of the pbtency
hexavalent chromium. An additiond uncertainty of thestudywas theassumption thithe
smokinghabits of chromate workers were similar to those of énergl white male population.
This sssumption malead to an oveaestimaion of therole of hexavalent chromium in lung
cancer seen in the cohort.

Exposure information in the Mancuso stusgs derived from an industrial ¢igne study
of the plant conducted in 1949d¢Brne and Yee, 1950)n this study TWAs of exposure to
insoluble, souible, and dtal chromum per cubt meter were catulated for each occupain and
for each worker in evergepartment.Usingthese data and compapgrsonnel records, Mancuso
was dle to calculate an estimate of exposureto soluble insoluble and totd chromium by
duration of eposure (in mfm®years) for each member of the 1931-37 cohbrt1949, after the
industrial hgiene studyhad been conducted, the companiated a comprehensive pragn
designed to raluae employees exposurs and improvemanufacturing efficiency. Until that time,
however, the comparyad not undertaken apyogams for the purpose of reduciegployee
exposure. It should be noted thatdBrne and Yee (1950), who conducted the industrigiiemg
surveyin 1949, reported that “in order to meet price and quetitypetition, improvements in
equipment and processes have been made periodicalhgthe past 18gars, and it is the
universal eperience of industrial lgyene personnel thatepter process efficieney almost
invariably assocated with amorehedlthful working environment. Therefore, thae seems little
doubt that atmospheric contamination in the past weetey than in 1949.” Nonetheless, no
concerted effort was made to reduce emgdogyposure until late in 1949, and because this
paticular plant wes arelatively moden oneat thetime of thesurvey, it is unlikdy tha
improvements in efficiencgver the period 1931 to 1949 would have reduced eraploy
exposureto agreat extent. Thus, Mancuso is onsideed to have utilized areasonable
approxmation of what workers in the studphort were eposed to duringheir entire working
history. Exposure in the cohort mde slidtly underestimated because of the likelihood that a
greater proportion of the “total prsure” was contributed prior to 1949 than after 190i8e
effects of underestimatirnifpe exosure concentration, as well as the effects of other uncertainties
on theestimation of potency, are addressal in Setion 6.

5.3.3. Dose Conversion
Table 3, which is taken from Mancuso (1975), presergssagcific lungcancer deaths,
correspondingperson-gars, and rarggof exposures to total chromiunio estimate the lifetime

cancer risk due to @osure to chromium, it is assumed that gmosxre, D (mfgn®/years), as
presented in Table 3, is equivalent to the continuopesxe d (g/m® cakulated by
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where L, is the midrang in each agcategry, f is the fraction of time in age)posed, and 8/24
and 240/365 are the fractions of a @yl \ear, respectivelythat a worker spent at the plaifor
instance, if D = 8 mgm®/years, |, = 60, and f = 0.65, then d = 44.9¢/m*. The assumption of f
= 0.65 implies that the cohortgosure to chromium beg at approimatelyage 20. The
assumption is that the particulamp@sure pattern (unknown) leaditgthe cancer mortalitsates
as observed is equivalent to the continuous constaosare startinfrom the ag when
exposure begn. This assumption magr maynot be realistic However, it would be less
realistic to make a different assumption concertirggexyposure pattern when theposure
estimates provided in Mancuso (1975) were determined tisengeidited averag of the
duraton of exposure for each respeat job the worker had.

Since he person-gar n each cagory presergd in Tabk 2 s verysmall, the exosure
categories ae combinal as shown in Tale 4 to ingease stdistical stability. Thelast @mlumn of
Table 4 is gven for the purpose of identifyg which exposure categries in Table 2 are
combined. The midrang of ag and eposure concentration is used in TableD4ata in this
table are useal to estimate thelifetime cancer risk dueto chromium eposure
5.3.4. Extrapolation Method

It has been widelyecognized (e.g, Doll, 1971) that the agspecific incidence curve
tends to be linear on douldlygarithmic graphs, or equivalentlyhe ag@-specific incidence
follows themahematical form:

I(T) = bT¢!

where b and k are parameters that ipayelated to other factors such as dose, and Tomaye
of the folowing three cases:

1. Tisage when cancesiobserved,
2. T is thetime from thefirst exposureto obseved cancer, or

3. T is thetime from exposureto cancer minus theminimum timefor acancer to beclinically
recoqnized.
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Table 4. Combined age-sgcific lung carcer death rates ard total chromium
exposue (in pg/mq)

Age | Concentration Deaths Personyears Background Exposure
(ng/m?) rate® range
50 5.66 3 1,345 6.05 x 10 <1.99
50 25.27 6 931 6.05 x 10 2.0-5.99
50 46.83 6 299 6.05 x 10 6.0-7.99
60 4.68 4 1,063 1.44 x 10 <1.99
60 20.79 5 712 1.44 x 10 2.0-5.99
60 39.08 5 211 1.44 x 10 6.0-7.99
70 4.41 2 401 1.57 x 10 <1.99
70 21.29 4 345 1.57 x 10 2.0-7.99

®The mdrange of each expasre categry in Table 2 iffirst converted to jg/m?® by usingf = 0.65 in the drmula
degribed in the sction ‘data awilable br potencycalculations’ The concentrationgreented in thistable are the
averagesof several exposire categriesweighted bycorrepondingperon-years

®Background rate isgimated fom 1964 US. Vital Satigics. The year 1964 iselected becauast is edimated that
a large proportion oflung cancer deathgccurred duringhat year.

This model has been shown to arise from the somatic mutatmth@gsis of
carcinognesis (Armitag and Doll, 1954; Whittemore, 1978; Whittemore and Keller, 1973).
has aso been showrotarise fromthe epgenetc hypothess when he reverdile celular chang
is progammed to occur random{yVatson, 1977).These authors and maathers have used
this modéto interpre and/or estimate potency from human daa.

Sinee thedaa tha could beuseal for risk estimation are limited, asimplemodé that fits
the data should be usedherefore, the observedegpecific incidence is assumed to follow the
model

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

where Rt) is the backgpund rate at agt and h(t,d) = Q(dftwith Q(d) = qd + qd? a function
of dose d.

Once thepaameers q, q,, and k ae estimated, thelifetime cancer risk assoc¢ated with an
exposure d byage t, takinginto account the competingk, can be calculated by

t S
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Ptd) = o h(s.d)ep {-[,] h(y.d)dy+ A(s)l}ds

where exp[-A(s)] is theprobaility of survivingto age s and h(t,d) =I(t,d) - B(t) is the
age-specific incidence after adjustitite backgound rate.

To estimate the parameters in h(t,d) we assume, as is usoadythat the number of
lung cancer deaths, X, at@ag, follows the Poisson distribution with thepexted value

E(X) =N x B+ Q(d) t”]

where N is the persoregr associated with X, B the backgund rate at agt, and Q(d) = @l +
.

Usingthe BVIDP computer pragim P3R and the theorglatingthe maxmum likelihood
and nonlinear least square estimatiorddmnrich and Moore (1975), the parametersyg and k
are estimated bthe method of mamum likelihood as g= 1.11 x 10, ¢, = 1.84 x 16, and k =
2.915; the correspondirsgandard deviations are respectively x 10, 1.2 x 1¢, and 1.7.

Thus, he ag-spedic cancer deatincidence aage tdue b chromum exposure d g/m?
is gven by

h(t,d) = Q(d) '**®

where
Q(d) =1.11 x 10d + 1.84 x 16d?
The model fits the data well, as can be seen fromdbdrgess-of-fit statistic

x*=Y (0-E¥/E = 1.60
which has, agyptotically, a chi-square distribution with 5 degs of freedom under the model
specified. The observed and predicted values used in calculgtiace (3, 2.5), (6, 7.2), (6, 5.1),
4, 3.1), (5,6.7), (5,4.1), (2, 1.4), and (4, 4.3).

Takinginto account the competingsk, the lifetime probabilitypf lung cancer death due
to exposureto chromium d g/mé is gven by

L
P(Ld)= [ htd)ep {-[(Q(d)/2.915) 15+ A()]}dt

where L is themaximum huma lifetime and is mahematically equivdent to infinity, sinee the
probability of survivingbeyond Lis 0. At low doses appramately,

P(Ld) =d x P(L)
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where P(L,) is thelifetime cancer risk dueto exposureto 1 pg/m?® of chromium. The unit risk,
P(L,]), has been adopted bye EPA as an indicator of the carcieag potencyf a chemical
compound.

5.3.5. Inhalation Unit Risk

To calculate the unit risk, P(1) it is necessarip know ex[-A(t)], the probabilityof
survivingto e t. Since this probaility can onlybeestimated, it is asume thd thesurvivd
probaility is constant ove a5-year interval, as provided in theU.S. Vitd Staistics.

Usingthis approimation and byntegatingthe formula P(l1) we have

P(L1) = Y[exp(-3.87 x 16 t,*°%) - exp(-3.87 x 16 t*°%)] x P

1.16 x 1¢/ug/m?

where (t,, t) is a 5-yar interval and;R?s theprobaility of survivd up to theaget,,. P, is
assumed to be a constant over the interval and is estimated from the 1975 U.S. Vital Statistics.

As a crude appramation, the carcinagnic potencyf chromium can be also be
calculated byB = (R-1) x P/d, where P= 0.036 is the estimated luregncer mortalityate for
the U.S. population, R is the relative risk of the lgagcer deaths in the cohort, and d is the
“standadized” lifetime doseconcentraion to whid theworkeas wae assume to beexposel.
This approachs used byEPA to cakulate carchogenic potencywhen he ony dat avalable are
therdative risk estimate and an average exposureconacentraion.

For the Mancuso (1975) data, the relative risk R and the “standdfdinse d are
estimated respectivetp be R = 7.2 and d = 15.54m°. Theyare catulated by conbining the
relative risks and dose conceatons n each ofthie ag-exposure cagories, weghted bythe
relative magitude of persongars, as shown in Table 4.

Therefore, thecarcinogenic potency of hexavalent chromium (CrV) is estimated to be

B = (7.2-1) x 0.036/15.5 = 1.4 x #pug/m?
This crude estimate is ongjightly higher than the previous estimate, 1.2 %/ug/m?®.
6. MAJOR CONCLUSIONS IN THE CHARACTERIZATION OF
HAZARD AND DOSE RESPONSE
6.1. HUMAN HAZ ARD POTENTIAL

Chromium is anaurdly occurring dement present in roks, soils, plats, aimds, and
volcanic emissions. Chromium mg exist in several chemical forms and vdence staesin the
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environment The nostconmonly occurring valence sates are chromum metal (0), tivalent
Cr(lll) , and hexavaent Cr(VI). The pnmary sources of hexavalent chromium in the environment
are most likdy chromae chemicals usel as rust inhibitors in ooling towe's and emitted as mists,
particulate matter emitted duringmanufacture and useof mea chromdes, and chromicacid mist
from the chromeplatingqidustry Hexavalent chromium in the atmosphere miagict with dust
particles or other pollutants to form trivalent chromium, or imayemoved from air by
atmospheric fallout and precipitatioflexavalent chromium magxst in aquatic media as
watersolublecomplex anions aad mg pesist in wder. Hexavaent chromium mg aso my
reactwith organic metter or oher reduang agents to formtrivalentchromum. Hexavalent
chromium in soil tads to beeduced to trivdent chromium byorganic métter.

Cr(lll) potentiates the action of inaulin in peaipheal tissueand is essential for animals and
human bangs. Adults in theUnited Stdes are estimated to ingest goproxmately 60 pg/day of
chromium from food (ATSDR, 1993)The national Research Council has identified an
estimated safe and adequate ddistaryintake (ESADD) for chromium of 50-200 g/d (NRC,
1989), correspondintgp 0.71-2.9 g/kg/dayfor a 70 kgadult. FDA has selected a Reference
Daily Intake for chromium of 120gid (DHHS, 1995).

The bioavailability of chromium ma bethesinde most importat factor deermining the
toxicity of a specific chromium source (Q&herty 1996). Ingested hegvalent chromium is
efficiently reduced to thetrivalent form in thegastrointestind tract. Gastrointestind asorption
of Cr(VI) occurs with greater efficiency than asorption of Cr(lll) , thoudh absorption of ingsted
hexavalent chromium is etimated to beless tha 5%. Following inhdation exposure chromium
may be absorbed into thestgmic circulation, transferred to thasgointestinal tract by
mucociliaryaction, or remain in the lungdA number of factors can influence the absorption of
chromium followinginhalation, includinghe size, oxlation state, and solubilityf the
chromium patrticles; the activigf alveolar macropha&g; and the interaction of chromium with
biomolecules followingleposition in the lunginhaled heavalent chromium can be reduced to
the trivalent form byascorbate andgtathione. Absorption of inhaled chromium following
occupational egosure has been demonstratedi®ymeasurement of chromium in the serum and
urine and hair of workers in the chromium industwyater-soluble heavalent chromium has
been shown to be absorbed rapiofyinhalation in rats.

A significant amount of absorbed chromium is taken up in the bone, liver, kidndy
spleen.Hexavalent chromium readilgrosses cell membranes throube phosphate and sulfate
anion-exchange carrier pahway. Cr(lll) compounds magross cell membranes, but omjth
very low efficiency Cr(VI) readilypasses throdgcell membranes and produces a number of
potentiallymutagenic DNA lesions upon intracellular reduction to IB)y( Hexavaent chromium
IS mutagnic in bacterial assayyeasts, and V79 cells, and transforms both primalg and cell
lines.

Results of occupational epidemiologtudies of chromium-@osed workers across
investigators and studgopulations consistentijemonstrate that chromium is carcieo by
the inhalation route of ggosure.While data from these studies could be used tgestighat
total chromium is carcinamic byinhalation, animal data support the human car@namty data
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only on hexavalent chromium.Hexavalent chromium compounds have been shown to produce
thefollowing tumor types in aimd assags. intramusailar injection sitetumors in rés and mice,
intrapleurd implant sitetumors in rés, intrdorondia implantation sitetumors in rés, and
subautaneousinjection site sarcomas in rats. Workers are exposed to both Cr(l1l) and Cr(VI)
compounds.Because onlCr(VI) has been found to be carcieogc in animal studies, however,
it was concluded that oni@r(VI) should be classified as a human carcamg

At present, the carcinegicity of hexavalent chromium byhe oral route of gposure
cannot be determined because of a lack of sufficient epidendalay toxcologcal data.One
studyof miners in Ontario sugsted that egosure to chromium madyave been associated with
stomah cancer, but othe human and animd studies have not reported similar effects.

A number of epidemioldgal studies of workers in chromium production facilities have
demonstrated an association between inhalation of Caf\d upper respiratoiyritation and
atrophy lower respiratoreffects, and renal effect3.here is sigificant uncertaintyegrding the
relevance of occupational pasures to chromic acid mists to environmentglosures to
hexavalent chromium particulates, as well as the role of direct contact between chromium-
contaminated hands and nasal passagthe studies reportingasal irritation, atrophyand nasal
septum peforation in theoccupdaiond seting. Animal studies have reported avariety of dfects
including perforation of the nasal septum, necrosis, atr@ptdyhyerplasia of the bronchial
epithelium, bronchioliation of the alveoli, alveolar proteinosis, chesxgh lungweight, lactate
dehydrogenase in BLF, albumin in BALF, changs in tracheal and submandibulamigh nodes,
atrophyof the spleen and liver, and ulcerations in the stomach and intestinal mucosa following
exposures to Cr(\Jlcompounds bynhalation (Steffee andd&tjer, 1965; Nettesheim et al.,
1971; Glaser et al., 1985; Glaser et al., 1990).

Little data exist regarding health effects resultingfrom ingestion of hecavalent dhromium.
A singe cross-setiond studywas loated tha reported dfects in humas resultingfrom
ingestion of diromium-ontaminaed wdl water. Residents of avillage in Chinawere reported
to have egerienced oral ulcers, diarrhea, abdominal pain, estign, vomiting leukocyosis,
and presence of immature neutrophi®her reports of tax effects of Cr(V) in humans are
limited to case reports from accidental poisosing/ith the exeption of increased bodyurden
of chromium, no sigificant adverse effects have been observed in animal studies following
ingestion of ciromium.

High oral doses of hewalent chromium compounds have been reported to cause
reproductive and developmental oty in mice, includingdecreased fetal weig increased
resorptions, and increased abnormalitidgecent studyn mice and rats determined that
hexavalent chromium is not a reproductive ittent in either sex

Chromium is one of the most common contact sensitizers in industrialized countries, and
dlergic contect damatitis is assocated with ocupdiond exposurs to numeous maerials and
processes, includinghromeplatingbaths, chrome colors anda$y cement, tannirggents, and
wood preservatives.
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6.2. DOSE RESFONSE

The data of Mancuso (1975) were useddaegate the unit risk for inhalation of
hexavalent chromium of 1.2 x ug/m*. A recent follow-up studyMancuso, 1997) is
supportive of the conclusions of Mancuso (1975); however, several important uncertainties in the
potencyestimate result from the use of the Mancuso data for the dose-response estimation.

Therisk of hexavalent chromium is gtimated on thebasis of thetotd chromium obtaned
from all the solible and insoluble chromium t© which workers were gosed. Since here are
likely differences between the chromium compounds to which workers waosezk the
potencyof hexavalent chromium compounds mbg underestimatedBourne and Yee (1950)
reported tha the ratios of Cr(lll) to Cr(VI) concentrationsin thearbome dug in nine major
departments in the plant in which the Mancuso cohort workeedaingm 1 to 3, esept for two
depatments whee theratios weae 6 for thelime and ah opeation and 52 for theore
preparation.Excludingthe ore operation, the maxum ratio of trivalent chromium to
hexavalent chromium is 6, and thus the underestimation of the risk fawalext chromium is
unlikely to be geater than sevenfold.

Use of the hgiene data collected in 1949 magsult in a sligt underestimation of the
levels of eposure workers gerienced between 1931 and 198lbwever, because the plant
was relativelymodern in the 1930s, the underestimation is unliteelye larg. If an
underestimation of 2 times were assumed, then the unit risk would be reduced from
1.2 x 1¢/ug/m*to 6 x 10¥ug/md.

Therisk presented in this rgport mgy besomevha overestimaed as aresult of the
assumption thesmokinghabits of diromde worke's wee similar to thoseof thegeneral white
male population.t is generallyaccepted that the proportion of smokers is©érgor industrial
workers (thus the higer backgound incidence rates) than for th@gral population.For
example, the backgund ag-specific rate of lungancer at ags 50, 60, and 70 could be 40%
greater than that presented in Table 4 should it be assumed that 80% of the chromate workers in
the Mancuso studyere ever-smokers (individuals who smoke at least 1@0ettgs duringheir
lifetimes) and only60% of the gneral white male population were ever-smokéfst example,
if the backgound rate of lungancer mortalitfdue to smokingfor the cohort in Table 4 is
increased by0%, then the correspondingit risk would be reduced about 25%, or from 1.2
x 104/pg/mto 8.7 x 16/ug/m°.

Rdatively few studies in theliterature address theord toxicity of Cr(VI). The Zhang and
Li (1987) human studyeported on health effects in 155 Chinese wvétagvho consumed
drinking water contaminated with haxalent chromium at 20 ppnOnly one eyposure level was
included and the studyid not indicate whether the drinkimgater was contaminated with other
materials in addition to hexalent chromium.The studyalso did not address whether potential
airborne eposures to hewalent chromium from the plant or other confoundiactors may
have contributed to observed effecthe exposure period was unknown, and the stoolyld not
provide a NOAELfor the observed effectdlowever, the studgf Zhangand L sugests that
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gastrointestinal effects in humans magcur at an gposure level of 20 ppm of haxalent
chromium in drinkingwater.

Two studies have reported fetotoxand developmental effects of Crj\wh mice and rats
at exposure levels of 250 - 700 ppm in drinkiwgter (dinaid et al., 1996; Kanojia et al., 1996).
While neither of these studies provide clear NOAElues, IOAELSs for fetotoxcity can be
used to etrapolate to NOAEE of 6.7 mdgkg-dayand 3.7 mf&g-dayin mice and rats,
respedtvely.

Both the MacKenzie et al. (1958) and Anwar et al. (1961) animal studies are limaed by
small number of animals/gup and a lack of an observed effect at dose level.The
MacKenzie et al. studiyas the additional limitation of beimgpnducted for less than a lifetime.
However, the MacKene studywas considered to be most suitable for the dose-response
assessment for iegted chromium andegerated an adjusted NOAKIf 2.5 mgkg-day.

The adjusted NOAErom the MacKeniz studywas modified bywo 10-fold
uncertaintyfactors to account for the pacted interspecies and interhuman variahititjeu of
specific data.An additional threefold uncertainfgctor is applied to the adjusted NOAEL
compensde for theless-tha-lifetime exposureduraion in theMackenzie study A modifying
factor of 3 is applied to account for uncertainties resuftiogp studyof Zhangand L. The total
uncertaintyfactor applied to the adjusted NOAEL 900, yeldingan RfD of 3 x 16 mgkg-day.
Confidence m the oralreference doselow. Confidence m the chosen atyislow because of
the small number of animals tested, the small number of parameters measured, and the lack of
toxic effect at the higest dose testedConfidence in the database is low because the supporting
studies are of equallpw quality, because of concerns raisedthy studyof Zhangand L, and
because of the lack of information on teraag endpoints.Low confidence in the RfD follows.

Two RfCs have beeregerated for heavalent chromium.The RfC for chromic acid
mists and dissolved haxalent chromium aerosols is based on a stfdyorkers in a chromium
platingfacility (Lindbergand Hedenstierna, 1983Jhe occurrence of nasal mucosal atrophy
the Lindbergand Hedenstierna studyconsistent with previous reports thapesure to
chromium acid mists is associated with ulceration of the mucous membranes and perforation of
the cartilagnous portions of the nasal septum (Hamilton and Haréy4).

Several uncertainties result from thgegure charactemtion in the lindbergand
Hedenstierna (1983) studyVhile nasal mucosal atroplmas been consistentlgported
following occupational gxosure to chromic acid mists, it is uncertain whether thgsesexes
are relevant to gosures to hewalent chromium particulates in the environmehhe LOAEL
for this studyis based on an 8-hour TA\toncentration.However, it is possible that the
exposure response mag better eplained bythe peak eposure rather than the TAMlose. The
authors acknowledgthat nasal septum ulcerations and perforations did not correlate with mean
exposure concentrations in the 2-26/'m® group and observed that danedg the nasal septum
correlated better with short-term pealpegure than with 8-hour meanp@sures.The report
does not provide sufficient detail on pealpesures to resolve this issue unequivogahd in
the absence of additional data, the RfC wametpted based on the TAAéxposure. The RfC
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based on indbergand Hedenstierna (1983) is applicable dolghromic acid mists and
dissolved heavalent chromium aerosols.

Confidence in the RfC for chromic acid mists and dissolvedJatent chromium
aerosas is low. Confidence m the chosen atlyis low because uncearhties regrding the
exposure charaetization and he rok of directcontctfor the criical effect Confidence m the
database is low because the suppouitoglies are equallyncertain with regrd to the eposure
characteriation. Low confidence in the RfC follows.

The RfC for heavalent chromium particulates was developed based on Glaser et al.
(1985, 1990).Several uncertainties are associated with the use of these studies for development
of the RfC. Glaser et al. (1985, 1990) did not provide details of upper respiradpnpductive,
or rend effects resulting from theexposure, and did not inbudechromicacid mists or dissolhe
hexavalent chromium &rosols in the study This unertainty has been addressel by limiting the
RfC developed on the basis of Glaser et al. (1985, 1990) to lower respéetieatyg from
inhalation of heavalent chromium dustsUncertaintyresults from the use of a subchronic study
for development of the chronic Rfhis uncertaintyvas addressed ltlge use of a 10-fold
uncertaintyfactor to account for potential chronic effectsis uncertain which of the endpoints
reported in Glaser et al. (1985, 1990) is most appropriate for development & GelBDH in
BALF was used for development of the RfC, as this endpoint is considered to be a sensitive
indicator of toxicity and provide themost onsevative estimate of theBMC baed on theGlaser
et al. (1985, 1990) datdJncertaintyin the dose-response curve faH in BALF was
addressed throlighe use of a conservative model fit of the data.

Confidence in the RfC for hexalent chromium particulates is mediu@onfidence in
the chosen studg medium because of uncertaintiesardng upper respiratoryreproductive,
and rend effects resultingfrom theexposures. Medium @nfidence in theRfC follows.
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APPENDIX A. EXTERNAL P EER REVIEW—
SUMMARY OF COMMENTS AND DISPOSITION

The support document andIE summaryfor hexavalent chromium have undenge both
internal peer review performed bgientists within EPA and a more formatemxal peer review
performed byscientists performed accordance wi EPA guidance on peer resiv (U.S EPA,

1992). Comments made e internal reviewers were addressed prior to submittieg
documents for eernal peer review and are not part of this append@he exernal peer

reviewers wee tasked with providingwritten answes to general questions on theveall
assessment and on chemical-specific questions in areas of scientific contoowarsgrtainty

A summaryof significant comments made lilge exernal reviewers and EPA’s response to these
commaents follows.

Comments onGereral Questons for IRIS Peer Reviewers

1. Are you aware of any other data/studies that are relevant (seful for the hazard
identification or dose-response assessnimt)he assessment of the adverse health effects,
both cancer and noncancer, of this chemical?

A. Comment: Since Mancuso has recentlpdated his cohort and since the information is
alreadyreferencedn the RIS and he Toxcological Review docunent, | beleve the cancer spe
factors should be recalculated from the total chromium data and the Gafsl

Response to Coment: The Agencyagees that the cancer slope factor should be
recalculated from the updated cohofte Agencyis unable to do so in a time frame consistent
with theIRIS Pilot proess, ad will take up revision of theslopefactor when possible

B. Comment: In calculatinghe oral reference dose the authors used data from a rodent study
by MacKenze et al. (1958) and discounted data from a human stydiianget al. | am

concerned that the NOAED the animal studgxceeded the level reported in thhizse study

(20 ppm) thacausal seious iliness in humas.

Response to Coment. The studyof Zhangand L (1987) raises concerns for human
gastrointestinal effects at higdose levels in drinking/ater; however, the gosure data in this
studyare limited, the duration of psure is unknown, the presence of confounéhtprs is
not addressed, and a NOAEbuld not be identified from the studWhile these uncertainties
preclude the use of this stufty risk assessment, a threefold moutifyfactor has been applied
to the NOAELderived from the studgf MacKenze et al. (1958) to address the concerns raised
by the studyof Zhangand L (1987).

C. Comment: Several new reports have been found showiggficant embrgtoxic and
fetotoxic damage dueto expoaure of rats and mice to high doses of Cr(V1) or Cr(lll) in drinking
water. | don’t feel confident rederivingn RfD based on this data, and the doses are cleayly
high. However, derivation of an RfD based on an observei@ttog cal effect appears to be
preferable to an RfD based on a NOAEL
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Response to Coment: The reports have been added to the reproductive/developmental
studies section of the tmologcal review document and have been considered in the
development of the RfD for Cr(Y.I The new reports do not provide a clear NOAfBL the
fetotoxic and embrgtoxic effects. Extrapolated IOAELs derived from the studies ofidaid et
al. (1996) and Kanojia et al. (1996) are similar to and support the use of the N@gxtkied in
the studyof MacKenze et al. (1958) for development of the RfD.

D. Comment: Thedoawments correctly state that Cr(V1) gets trandormed to Cr(lll) in vivo, but
theyskirt the issue of whether or not a Cr(gtudyis reallya studyof in vivo exposure to
Cr(lll) .

Response to Coment: Given therapid redudion of Cr(VI) to Cr(lll) in vivo, it is
relevant to consider whether environmentagdasures to Cr(\lor administration of Cr(\jlin
controlled animal experiments is essentially identical to environmental exposuresto Cr(lll) or
administration of Cr(lll) in controlled experiments. While congderably more daa are available
for Cr(VI) than for Cr(lll), it gopears a present that exposures to Cr(VI) have consderably
different outcomes than exposuresto Cr(lll) . The Agency has prepared the toxicological
summaries and IRIS files for Cr(VI) and Cr(lll) from this paspective.

2. For the RfD and RfC, has the most appropriate critical effect been chaseth@at adverse
effect appearing first in a dose-response contin®@ui)r the cancer assessment, are the
tumors obsered biologially significant? Rdevant to human hadth? Points réevant to this

determination include whether or not the choice follows from the dose-response assessment,

whether the effect is considered adverse, and if the gifiettiding tumors observed in the
cancer assessmeraihd the species in which it is observed is a valid model for humans.

A. Comment: The descriptions of the studged to develop the RfC for chromic acid mist were
confusing While | agee that the DAEL is 0.002 mgm?®, | question the uncertainfgctor of 3

to extrapolate from subchronic to chronicpmsure. Virtually all the workers in the higdose

level in the lindbergcohort had sigificant effects even thoighe duration of gposure for
workers with nasal ulcerations ratyfrom 5 mo to more than 1@ars.

Response to Coment: The descriptions of the study Lindbergand Hedenstierna
(1983) have been improvedhe exerience of workers at the higlose level with sigificant
effects ove asubtironicexposurepeiod does not éiminate the possibilitytha similar effects
could occur at considerablgwer doses over a chronicgosure periodln order to account for
this uncertaintythe Agencyfavors use of a threefold factor totepolate from the subchronic to
chronic exyosures.

B. Comment: The auhors argie hatthe hreefotl unceréinty factor used byMalsch etal. is
insufficient. | disagee. In the Glasser paper the concentration in the &ppears to be
approachmga meximum at 90 dag. The auhors ato sugest thatinflammatory effect from
lower long-term exposure may occur. In my experience inflammaion is an early symptom and
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in some cases even regses in the presence of continugxgosure. Thus, Ilwould use Malsch’s
calculations as publishedejdinga RfC of 0.34 mgn®.

Response to Coment: Information from Glaser (1985) shows that chromium is still
accunulating in the lungand kidneyatthe end oftie 90-dayexposure pend and here &
insufficient information to determine how well subchronic studies predict chronic inflammation.
The Agencysupports the use of a 10-fold uncertaiiatgtor to exrapolate from a subchronic to a
chronic study

C. Comment: Theadditiond uncertainty factor of 3 (for theRfD) to compensde for less tha
lifetime exposuredurdion in theMacKenzie et d. studycan bequestional. Why not gply a10-
fold uncertaintyfactor for this purpose, based also on the relatieslynumber of animals used
in the studg

Response to Coment: The use of the MacKenz et al. studyor development of the
RfD is considered to be conservativayem the lack of an observed effect in the anim&hlgen
in light of therdatively low numbe of animds in thestudy thethresfold unertainty factor is
considered byhe Agencyto be sufficient for development of the RfD.

3. Have the noncancer and cancer assessments been based on the most apptogies®
These studies should present the critical effect/camgerafs or appropriate precursom
the clearest dose-response relationshimot, what other studyo( studies)should be
chosen and why?

A. Comment: A level of 0.002 mgn®in the Lindbergand Hedenstierna stusyas chosen as
the LOAEL for the RfC. This level caused snficant synptoms, includingtrophied nasal
mucosa, in workers @osed, whereas noraptoms were seen at a level of 0.00/mrig
Therefore, whynot use this lower level as a NOAEL

Response to Coment: Although no subjective irritation occurred in the stingp
exposed at 0.001 nig®, the distribution of the four cases of atrophyhis goup was not
provided, which precluded desigtion of a NOAELat 0.001 mfm?.

B. Comment: The RDDR is based on aerodynic diameters of particles used in the animal
studies; however, it would be helpful to also know somethbwut ambient particle &2
containingchromium such that a more appropriate dosimetric adjustment across species using
differences in particle deposition between rodents and humans can be applied.

Response to Coment: Data on ambient particle € containingchromium are
necessaily sitespeific, and will vary dependingon thenaure of thecontaninaed media and
exposuresdting. While it might beof interest to déermine theambient paticle sizedistribution
in order to develop a site-specific RDDR, these data cannot be pradticallgorated into the
RDDR in order to account for all of the possible ambiepbsyres.The assessment has utilized
the data in the Agncys guidance for development of RfCs for this purpose.
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C. Comment: It appears that the endpoint albumin in bronchoalveolar ¢stisig showed
even geater effects thanH, and Iwonder whythis endpoint was not selected for the
benchmark approach.

Response to Coment: LDH in BALF provided a BAD approxmately one-half that of
albumin in BALF (Malsch et al., 1994)In order to be conservative and focus on the critical
effect, LDH in BALF was chosen as the endpoint for development of the RfC.

D. Comment: The fact that chromium was still accumulatindungtissue at the end of a 90-
dayexposure does not sgest that lower longerm eyosures will lead to accumulation of a
critical concentration in the lungrhis depends vemnuch on the clearance kinetics, and at low
concentrations luntevels will reach an equilibrium that is lower than that achieved hehig
concentrations.

Response to Coment. The Agencyacknowledgs the possibilityhat at low
concentrations luntevels will reach an equilibrium which is lower than that achieved aehig
concentrationsHowever, in the absence of data, it cannot be demonstrated that chronic
exposures will not lead to accumulation of a critical concentration in the ingrder to
consevatively reflect theuncertainty on this issugthe Agency has utilized a 10-fold unertainty
factor to account for less-than lifetimepasure.

4. Studies included in the RfD and RfC under the heading “Supporting/Additional studies” are
meant to lend scientific justification for the designation of critical effect by including any
relevant pathogenesis in humans, any applicable mechanistic information, any evidence
corroborative of the critical effect, or to establish the comprehensiveness of the database
with respect to various endpoin&i¢h as reproductive/developmental toxicity studies)
Should other studies be included under the “Supporting/Additional” categ8hyduld some
studies be removed?

A. Comment: The new data on reproductive toky of chromium in the drinkingvater needs

to be carefulljcompared to the NTP studywhich rats and mice were fed potassium chromate

in the diet. The form of chromium and route of @osure are clearlgf paramount importance.
Response to Coment: A discussion comparingnd contrastinghe results of the NTP

studies and the new reports has been added to the reproductive/developmental studies section of

the bxicological review docunent

B. Comment: Some of the statements related to tesogpxc effects of heavalent chromium
are ether naccurag or msleading.

Response to Coment. The recommended modifications to this section have been made.
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5. For the noncancer assessments, are there other data that should be considered in developing
the uncertainty factors of the modifying factdd® you consider that the data support the
use of differentdefault)values than those proposed?

A. Comment: No comment receved.

6. Do the confidence statements and weight-of-evidence statements present a clear rationale
and accurately reflect the utility of the studies chosen, the relevancy of the efaces (
and non-cancerjo humans, and the comprehensiveness of the datalixsétese
statements make sufficiently apparent all the underlying assumptions and limitations of these
assessments# not, what needs to be added?

A. Comment: Yes.

Comments on Chemical-Specfic Questons

1. Are the conclusions ofahid et al. regarding potential reproductive toxicity of @j(in any
way countered by the results of the NTP study?

A. Comment: The Cr(V) document does a superficial job of communicatiregdeficiencies
of the Zahid study

Response to Coment: Additional information has been provided in the
reproductive/developmental effects section to address this concern.
2. Should separate RfCs be generated for chromic acid mists and particulates of hexavalent
chromium?

A. Comment: Yes.

B. Comment: Yes, thebioavailability and physiologcal effects of these two forms of
chromium gpear to differ substatially.

Response to Coments: Separate RfCs have beesngrated for chromic acid mists and
particulates of heawalent chromium.

3. Should the RfCs apply to both & and Cr(ll) or only to Cri/1)?

A. Comment: The RfCs based on data frormtlbergand Hedenstierna and Glaser are
appropriate onlyor Cr(VI).
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4. Are there any sidies avdiable that could be useda devebp an RE€ for trivalentchromum?
A. Comment: The Agency has daermined that an RfC for Cr(lll) cannot be developed and |

agee.

5. The principal studyNlancuso, 1975and the follow-up studyancuso, 19973how the best
dose-response relationship for total chromium, but animal data support a conclusion of
carcinogenicity only for hexavalent chromiu®hould the potency estimate address total
chromium or hexavalent chromium?

A. Comment: The potencyestimate should be based on total chromium, but should note that
the exposure $ mixed.

Response to Coments: EPA will reevaluae the potency estimate for chromium bael
on the recent Mancuso update in the future.

B. Comment: The potencyestimates should be based ondvakent chromium.
Response to Coment: EPA will re-evaluate the potency estimate for chromium baed
on the recent Mancuso update in the future.
6. There is a Canadian study that relates stomach cancer to gold mining following exposures
to chromium.Does this study justify/support determination of an oral factor for chromium?

A. Comment: | believe the Canadian studiiould not be used to determine an oral slope factor.

Response to Coment: The Canadian studyas not been used to determine an oral slope
factor.
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