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1. EXECUTIVE SUIMARY

Chromium 1is a substance that can exist as several different chemical
species. The trivalent form (Cr(III)) and the hexavalent form (Cr(VI))
are believed to be the biologically active species, but their healcth iz-
pacts are not identical, in part because Cr(VI) readily penetrates
biclogical membranes while Cr(IIl) gemerally does not. Cr(III) is an es-
sential trace element while Cr(VI) cégpounds are asgociated with cancer

induction.

Exposure. to‘chromium in occupational settings has resulted in nasal sep-
tur perforation, respiratory irritation, and skin reactionms. However, et
current  ambient chromium levels, no acute or ngncarcinogenic chronic ad-
verse health effects, with the possible exception of adverse reprocductive
effects, are expécted to occur. Chromium has demonstrated adverse
reproductive effects, including teratogenesis in animals. However, ex-
perimental data are inadequate to assess potential human reproductive

risks from ambient exposures

Genotoxicity tests, animal cancer bioassays, and epidemiologic studies
provide evidence for a carcinogenic response to chromium exposure. All
short-term assays reported show that Cr(VI) compounds possess genotoxic
capabilities, while tests of Cr(III) compounds are generally negative or
generate positive results at much higher doses than those used in Cr(VI)

tests. Animal studies show similar findings with respect to cancer zs

the outcome, i.e., the evidence for the carcinogenicity of Cr(III) is



weak, but several hexavalent chromium compounds have demonstriated statis-
’ R

tically significant incrcases in cancer incidence rates. No direct
-
inhalation animal studies have, resulted in statisticzlly significant in-
creases in tumor incidence. Rather, the evidence from animal studies
supports carcinogenesis at the site of contact. Several epidemiociogic
studies have shown a strong high association between chromium exposure in
the workplace and respiratory cancer. However, these studies were not
designed, nor in general did their authors attempt, to systematically

identify noncarcinogenic adverse health effects or link the increased

cancer mortality to a specific form of chromium.

In reviewing the health information on chromium, the Internatiomnzl aAgerncy

for Research on Cancer (IARC) has concluded that there is srfliicien:s

evidence to demonstrate the carcinogenicitv of chronmjum in both znimzls

and humans. The Department of Health Services (DHS) concurs with these
findings and believes, at this 'time, that there are inadequate cata to

confirm or refute the carcinogenic potential of trivalent chromium. In

addition, the DHS has noet found compelling evidence demonstratinsg the ewx-

istence of a threshold with respect to chromium carcinogenesis.

The staff of DHS recommends adopting the risk assessment performed by the
Envirommental Protection Agency (EPA), in which a linear nontnreshold
model was applied to the epidemiologic study (Mancuso, 1975) judged co be
most methodologically sound and to contain the best exposure data to
derive dose-response curves for hexavalent chromium. Data from anical
studies were judged to be inadequate for gquantitative risk assessment bxv

the staff of DHS.
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One of the strengths of ;he;DHS risk assessment is its reliance on huxzan
airborne exposures, which obviates uncertainty relatqd;é;-extrapblation
between species and from noninhalation rou;eé of exp;;ure. In addition,
the use of a linear nonthreshold extrapolation model yields risk es-
timates that are public health protective. Conversely, there are
limitations in the epidemiologic data which create uncertainty in the
risk assessment. Uncertainty enters the risk assessment by virtue of ex-
trapolating from high occupational exposure levels to low ambient levels,
the reliznce on imprecise historical exposure levels ;s the basis for es-
timating potency, the lack of data differentiating between chromiucm

oxidation states and compound specificity, and the lack of control for

potential confounding factors (e.g., cigarette smoking).

However, making certain assumptions, it is possible to describe dose-
response curves for hexavalent chromium. Based on the results derived

from application of the linear nonthreshold model and the Mancuso data,

the staff of DHS recommends that the Afr Resources Board consider the

increased lifetime carcinogenic risk from a continuvous lifetime exposure

to hexavalent chromium as falling in the range of 12 to 146 cancer cases
per, nanogram hexavalent chromivm per cubic meter of air pver million

people exposed (12-146 cancers{ng(m3gmillion1. This range is illustrated

in Figure A, where the solid line represents the curve based on the EPA
assessment using total chromium as the exposure,, the dotted line is based
on the EPA assessment adjusting for the hexavalent chromium fraction of
the exposure, and the dashed line was generated by taking the upper limit

of the 95% confidence interval for carcinogenic risk due to chromium and



adjusting for the hexavalent fraction of the workplace exposure, There
are not, however, sufficient data from this ox other epidemiocloric

studies to estimate the risk. of specific hexavalent compounds for air-

borne exposures.

The risk model and potency estimates can be applied to populations livirg
near peoint source cmitters of hexavelent chromium as well as to the
general population. In estimating risks to populations around such "hot
spots”™, Dhowever, it should be noted that while the excess theoretical
cancer risk among individuals most heavily exposed can be considerczble
(e.g., .006), the number of people so exposed may be relatively low
(e.g., a few thousand people) and therefore the acrual nwucber of addi-

tional estimated cancer cases will also be relatively low.




ep

bl

C"j l:

par milii

/“.\ . \

N ¢
Figure A | CANCER RISK
10000, 0 FROM HEXAVALENT CHROMIUM
. -7
|, e
-—
-
" .
- -
1600.0 -
- -
» -
- -7 -
8 - - /'/
7 “ /‘/T
3 ' - —
109. 0} T -
- L... - Lo ) //'/
-~ - - .7
‘l: - e
F -~ -
: e e A
L] - . . "
o ‘////- — — .. bHs/MANCUSO
10.0 = : - //-"’ Upper Limit; Hexavalent Adjusted Exposure
- L _ . EPA/MANCUSO
i /// : Hexavalent Adjusted Exposure

-~ ' EPA/MANCUSO : |
lie'ast Estimate h

ST BN 1 1 Y SO N BT NS WS SRS RN DU ST YT B 0

i

0.11

e

o
— T T rTlInI\f

1.0 - 10.0 . ©100.0

LIFETIME AVERAGED DAILY EXPOSURE C_UNCENTRATIUN (ng/m?)



“/,_\_\:

7N

This document presents an evalua&ion of the health effeét; resulting from
exposure to chromium compounds. The purposé of thi; undertaking was to
determine if exposure'to chromium at current ambient levels is likely to
produce adverse effects on human health. To achieve this objective, data
on the chemistry, toxicology, and epidemiology of chromium were reviewed
by the staff of the Celifornia.Department of Health Services. Salient

features of this review are presented and a quantitive risk assessment

based on the carcinogenicity of hexavalent chromium is provided.

-p—
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CHEMISTRY
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The chemistry of chrogium has been reviewed elsevwhere (EPA, 1984;
Hayes, 1980) and only the relevant chemical pfoperties of this sub-
stance will be briefly summarized here, relying on the above
secondary sources. The issues of principal chemical concern regard-
ing chromium compounds’ toxicity are oxidation state and solubility.
It is important to Dbear in mind that the physical and molecularx
characteristics of the interaction of chgomium compounds with
biclogical systems are not well known. Thus, mechanisms of toxicity

are uncertain. ' ) ' ;

Chromium is a transition element (subgroup VI B of the periodic
table) with an atomic weight of 32.01. The most common oxidation
states are 0,+2,+3 and +6, although it can ocecur in all oxidation
states from -2 to +6. Trivalent (Cr(III)) and hexavalent (Cr(VI))
compounds have been the most extensively studied in biological sys-
tems, and with the exception of relatively unstable species, such as
Cr(V), are thought to be the only biclogically significant forms of

chromium.

Cr(II1) 1is the most stable oxidation state, forming coordiﬁation
complexes that +tend to hydrolyze and chelate in liquids. The coor-
dination complexes are exclusively octzhedral, with ligands such as
water, urea, sulfates, ammonia and organic acids (EPA, 1984). Stable
complexes can thus be formed with amino acids, peptides, proteins,

nucleic acids and other macromolecules.



4
Cc(VI) 1is virtually always bound to oxygen in ions such as chromates

(CrOa-z) and . dichromates (Cr207-2). Atffphysiologic pH, the
dichromate ion dissociates into the chromate‘ion. Cr(VI) ions are
strong oxidizing agents and are readily reduced to Cr(III) in acid oxr
by organic matter (NAS, 1974). Although chromium is the sixth most
abundant element in the earth’'s crust, Cr(VI} is rarely found in the

biosphere because it is so easily oxidlzed by organic matter {Love,

1983; EPA, 1984).

Certain biological activities of chromium compounds (e.g.,
carcinogenicity) have ‘been considered to be related to thelr water
solubility. Table 2-1, which lists solubilities of some common
chromium compounds, is intended as a reference for subsequent dis-

cussions.




Table 2-1.

Compound

*
Chromite ore (III)
Chromium metal (0)

Barium chromate (VI)
Calcium chromate (VI)

Chromic acetate (III)

Chromic chloride (III)

Chromic oxide (III)

Chromic phosphate (III}

Chromium carbonyl (05

Chromium potassium
sulfate (III)

Chromium sulfate (III)

Chromium trioxide (VI)

".Solubility of Chromium Compounds

‘ Descerintion of Solubilicy

no information available
insoluble in water

prgctically insoluble in water (4.4 mg/l ac
287C)

soluble in water (163 g/l at 20°C and 182 g/l at
45°C)

soluble in cold water, insoluble in ethano?l

anhydrous form is insoluble in cold water and
slightly soluble 1in hot water; in its hydrzted
forms it is very soluble in water (585 g/1l) and
insoluble in 'methanol, ethanol, acetone and
diethyl ether

insoluble in water

slightly soluble in cold water; reacts with rost
acids and alkali but not with acetlc acid

insoluble in water

soluble in water (243.9 g/l at 25°C)

tge heptahydrate is soluble in water (124 g/1 at
0°C); the anhydrous salt is slightly soluble i=n
ethanol

soluble in water (625.3 g/l at 20°C)

-7 -



Ferrocnromium {O)

Lead chromate (VI)

Lead chromate
oxide (VI)

Potassium chromate (VI)

Potassium
dichromate (VI)

Sodium chromate (VI)

Sodjium dichromate (VI)

Strontiunm chromate (VI)

Zinc chromate (VI)

Zinc chromate
hydroxide (VI)

insoluble in water
' 2

E
prgctically insoluble iqf water (580 pg/l at
257C) ;

insoluble in water

solgble in water (629 g/l at 20°C and 792 g/l ac
100°C)

soluble in water (49 g/1 at 0°C and 1020 g/l at
100°¢)

soluble in water (873 g/l at 30°C)
soluble in water (2380 g/1 at OOC)
slightly soluble in water (1.2 g/l at 15°c)

soluble in acids and liquid ammonia; inscluble
in cold water and acetone; decomposes in hot
water

slightly soluble in water

*
Oxidation state
substance.

is

noted in parentheses adjacent to the narme of each

Source: Adapte< from IARC, 1980.
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3. EHARMACOKINETICS .

E

»

The absorption, distribution and excretion of chromium compounds have
recently been reviewed elsewhere (EPA, 1984). Therefore, relevant

issues are only presented in summary form below.

3.1 Absorption

The extent of absorption of chromium compouﬂds via the respiratory
tract, gastrointestinal tract or skin depends on the chemical form.
In general, OCr(VI) is better absotbea than Cr(III) because of its
facility in crossing cell membranes.
.

Biological membraﬁes have traditionally been considered permeable to
Cr(VI), but mot Cr(III) (e.g., IARG, 1980). However, with ap-
propriate heterocyclic aromatic ligands, Cr(III) can also enter cells
(Warren et al., 198l). The magnitude of a toxic effect resulting
frem Cr(VI) exposure may depend in part on whether the reduction of

Cr(VI) to stablé,Cr(III) complexes occurs intra- or extracellularly,

3.1.1 Inhalational Deposgition and Absorption

Deposition and retention of inhaled chromium depend on the dose, size

and solubility of the substance under investigation. Chromiu~ in

ambient air has been reported to contain principally respirable

particulates, with a mass median diameter of about 1.5 to 1.9 ux

(EPA, 1984).



In this s$ize range particles can reach and be deposited in the deep
' Fa

lung (i.e., respiratory bronchioles and alvpoii). though a large
percentage may be carried out in the exhal;d alrstream (Langard,
1582). Soluble particulates will be taken up fegardless of deposi-
tion site; insoluble compounds need to be deposited in the deep lung
in grder to be taken up (Langard, 1982). Particles deposited on the
ciliated bronchial epithelium will be cleared via the mucociliary
escalator and swallowed. Clearance of such particles occurs zore
quickly than those deposited in the alveoli, wﬁich will be cleared to
some extent by pulmonary macrophages that migrate to the mucocillary

Fl

escalator or lymph chanmels.

In a report on the distribution of chromium in the lungs of 33 ran-
domly selectgd autopsies conducted in a highly Iindustrialized city,
Bartsch et al. (1982) found the greatest quantities in interbronchial
lymph nodes (reflecting clearance processes), with the remainder
distributed over a gradient -increasing towards the lung apices,
suggesting a relationship te normal breathing. In other words, the
asymmetric pulmonary distribution of chromium was due to inhaled
chromium, iIn contrast to the uniform distribution of constirutive
elements In the lung, such as potassium, calcium, copper and zinc.
Using particle induced x-ray emission analysis, the concentration of
chromium averaged 2.85 pg/g dry lung tissue (Bartsch et al., (1582),
In icself, this number is of little valﬁe, since there was no infer-
mation on the correlation of chromium content with age distribuzion,

smoking habits (chromium is found in cigarette smoke), possible

- 10 -
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occupational exposures, or concentrations of chromium in the lungs of
an "unexposed" population. .

t >

There is insufficient information to estimate accurately the percent-
age of chromium absorption from the lungs (EPA} 1984; Langard, 1982).
A few rodent experiments involving exposure to chromium dusts or
intratracheal instillation of water-scluble chromium compounds indic-
ate that Cr(VI) compounds are absorbed much more quickly than those
contalning Cr(Iil), probably because the 1atte£ bind to extracellular
macromclecules while the former readily penetrate cell cembrazes.
Langard et al. (1%78) reforted that afger short-term (about 6 Hours)
exposure to zinc chromate dust (mean concentration was 7.35 mg/m3,
99% of particles were lésslchan 5 uym in diameter), mean blood com-
centratiens in two rats increased from 0.007 ug/ml to 0.31 ug/ml.
After severall months of repeated exp&sures mimicking occupaticnal
exposure paﬁterns (6-1/2 hr/day, 5 days/week), mean blood chrozium
ﬁalues in 12 rats were about 0.5 ug/ml. Thus, significant zbsorption
of this insoluble chromate occurred relatively quickly: nezr steady-
state walues were achieved in é small sample of rats within z few

hours’ exposure,

Clearance patterns following intratracheal instillztion of severzl
water-soluble chromium compounds (sodium chromate (VI), potassiues
dichromate (VI) and chromic chloride. (II1)) in guinea pigs were
reported by Baetjer et al. (1959). The analytical method ceculd nes
distinguisﬁ Cr(III) from Cr(VI), so that the percentage of Cr(VI)

reduced in tissue to Cr(III) could not be ascertained. Ten minutes

- 11 -



post-instillation, 15% ‘oﬁ the Cr(VI) was retained in the lungs con-
pared to 69% of the Cr(IIL). At this time 29%;6% the administered
dose of Cr(VI) was f&und.in the blood and 5% ig the liver, spleen and
kidney. For Cr(III)} only 4% was found in the bleocod and other
tissues. The authors assumed that the remainder had been cleared
from the lungs wup the trachea and swallowed. At 24 hours post-
instillation, only 11% of the Cr(VI), while 45% of the Cr(III)
remained in the lungs. Another early study cited by EPA (1984)
indicates that, at least for iantratracheal iﬁstillation, a substan-
tial portion of the administered dose (55% of chromic (III) chloride
during the filrst week after exposurej was found in feces, also sug-
gesting substantial tracheal clearance (Visek et al., 1953). I(The

latter estimate may be too high, since biliary excreticn was not

investigated.)

3.1.2 Gastrointestinal Absorption

Chromium compounds are poorly absorbed from the gastrointestinal
tract of humans‘and animals, although Cr(VI) 1s better absorbed than
Cr(III). Most studies have traced the fate of orally adrinistered
>Yer C1,(111) and Na,>"

body radioactivity, sabsorption estimates ranged from less than 0.5%

CrOA(VI). Based on fecal analysis or on whole

for CrCl3 to about 11% for NaZCrOa in humans and less than 1% to 3=
for both salts in rats (EPa, 1934). Others have estimated that up to
3-6% of Cr(VI) may be absorbed by rats (IARC, 1980). Absorption was

increased by fasting or duodenal administration (EPA, 1984; Donaldson

and Barreras, 1966). The facility with which Cr(VI) crosses cell




membranes. is mnot reflected in a sigaificantly highe; absorption .in
the animal experiments,' possibly because acid .gasﬁ{:‘ric fluids reduce
Cr{Vi} to Cr(III) (Donaldson and Barreras, 19é6) {(See Section 3.2).
Furthermore, constituents of gastric juices bind Cr(III), inhibiting
absorption (Donaldson and Barreras, 1966), In any case, for purposes
of the risk assessment in Section 8, gastrointestinal absorption of

chromium swallowed after tracheal clearance is not censidered to

contribute significantly te total chromium absorption.

3.1.3 Derms)] Absorption

Dermal absorption of chromium was recently reviewed (Polak, 1983).

The principal relevant aspects are that:

(1) Cr(III) binds to skin components, particularly in the epidermis,
and thus generally does not penetrate intact skin (but see (&),
below). However, all Cr(III) salts tested penetrate skin

stripped of the stratum corneum,

(2) Cr(VI) compounds in aqueous solution readily penetrate intzct
skin and are systemically‘absorbed at high concentrations (lz},
but do not pass beyond the skin at lower concentraticns (0.1 to

0.001%).

- 13 -



(3) Some Cr(IlI) salts (e.g.. CrClB) penetrate intact skin alcost as
’ ks
well as Cr(VI) compounds. .

(4) Cr(VI) is reduced to Cr{III) by skin constituents, particularly

proteins containing sulfhydryl groups.

(5) Penetration of Cr(VI) increases with increasing pH of the solu-
tion, which correlates with decreasing reactivity as an oxldent,
and thus a decreasing probability of Cr(VI) being reduced to

Cr(III).

Particulate forms of chromium are wunlikely to be absorbable per-
cutaneously unless dissolved. Even in the latter situation it is
unlikely, in wview of the above £findings, that either Cr(IIIl) ox
Cr(VI) would be systemically absorbed in quantities significant

enough to consider for purposes of the risk assessment in Section 8.

3.2 Transport and Distribution

Although most studies of chromium transport, distribution and
elimination have been conducted in animals, the general model (at
least for Cr(IIl)) has been confirmed in human subiects using
intravenously administered 51Cr(III), followed by whole-bedy scintil-
lation scanning and counting and plasma-counting (Lim et al., 1983).
Cr(III) is transported in the blood bound mainly to transfezrin, with

uptake by kidney, bone marrow, liver, spleen and sofc tissues.

- 14 -
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Transﬁerrin‘.is taken up Cinto cells (e.g., reticulpcy:es) by en-
docyteosis (Light and Mgrgan, 1982): Cr(III)_ﬁaglthus enter éells
bound to this protein, as does iron, the usua}’occupant of transfer-
rin binding sites. Liver and spleen apﬁeaf to act as long-term
storage depots for chromium, pgrhaps reflectiné patterns of transfer-
rin metabelism. Inhaled Cr{I]lI) would follow a somewhat diffefent

distribution pattern, since a large percentage is retained in the

lungs (See Sectiomn 3.1.1)

The transport and tissue wuptake patterns of Cr(VI) are probably
similar to those of Cr{IIl), but, becaﬁse of different experimental
designs, inter-study comparisons are probiematic (EPA, 1985),
Furthermore, clearance of chromium from whole blood after ad=inistra-
tion of Cr(VI) is slower than after that of Cr(III), due to facile
erythrocytic uptake of the former, followed by intracellular reduc-
tion to Cr(IIl), with binding to erythrocyte proteins, especially
hemoglobin, (See Section 3.3, “Hetabolism"). Unlike Cr{III), Cr(VI)

is not significantly bound to plasma proteins (Love, 1983).

3.3 Metabolism

In wvitro studies have demonstrated that cell membranes are substan-
tially more. permeable to chromate (VI) solutions than to Cr(IlI),
which may result from transport via an anion channel (Kitigawa et
al., 1982; Levis et al., 1978). Chromate metabolism has recently
been reviewed by Connett and Wetterhahn (1983), whése relevant fin-

dings are summarized in the next paragraph.

- 15 -



Absorbed Cr(VI) can react with multiple cellular components, result-

2

ing in reduction to Cr(IIIl) by reaction with cglldlar macromolecules
or small molecules, such.as cysteine, reduced éiutathione. and ascor-
bic acid. Few purified proteins will reduce chromate at physiologic
pH. However, in erythrocytes chromate rapidly oxidizes and binds to
hemoglobin; oxidation 1s potentiated jn vitro by the presence of
reduced glutathione (Kitigawa et al., 1982). In witro studies of
liver micresome preparations containing cytochrome P-450 and NADPH-
dependent cytochrome P-450 reductase indicate tnat Cr({VI) is reduced,
with the formation of a Cr(V) reaqtive intermediate (Wetterhahn
Jennette, 1982; Polnaszek, 1981). There is also substantial Cr(VI)
reduction within mitocheondria by as-yet-unidentified substances.
Reduction of Cx(VI) 1is not a random process, since most DacTo-
molecules and small molecules studied do mnoet appear cazpable of

effecting this process under physiologic conditions (Comnett and

Wetterhahn, 1983).

Cr(IlIl) resulting from intracellular Cr(VI) reduction is capable of =
variety of interactions with cellular constituents, many of which may
result in toxicity. Cr(IIl) can form stable coordination complexes
with amino acids and nucleic acids, and can cause intra- and inter-
molecular cross-linking of proteins and pelynucleotides (See Section
5, "Genotoxicity"). Cr(III} may also affect enzyme activity by
binding to enzyme protein or to substrate (Levis et al., 1978).
About half of intracellular Cr(III) coumplexes formed are found in the

nucleus (Leonard ﬁnd Lawreys, 1980).

- 16 -
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3.4 Elimination
Elimination of chromiun was revigwed by EPA (1984) and Langard

(1982), from which most of the following summary'is adapted.

The major routes of chromium elimination are via the kidneys and
gastrointestinal tract (i.e., by biliary excretion). Sozme is zlso
eliminated in hair, nails, milk and sweat. (Guthrie, 1582,; Leonard
and Lawreys, 1%80). It is unknown which pathway predominates for the
elimination of nutritionally required, ingested trace zmounts of
Cr(II1){See Section 3.5), since the kinefics'of'elimination have been

studied at higher dose levels.

Clearance from plasma, representing tissue wuptake and feﬁal
clearance, 1is rapid, occurring within hours, while eliminztion from
tissues 1s much slower, with half-times (for Cr(IIIl)) ranging from
several days to about 12 months for storage sites (e.g., liver and
spleen). Numerous experimental studies in animals indicate that
urinary excretion of chromium predominates (>50%), with less then 103
appearing in bile, while a substantial percentage appears to deposit

in storage compartments.

Several studies compared elimination of Cr{III) and Cr(Vi) ad-
ministered intravenéusly, subcutaneously-and by gavage. Generally it
appears that Cr(VI) is more rapidly excreted than Cx(III) (EPa,
1984). This observation was supported in a recent study exacining
clearance kineﬁics of chromium in mice dosed intraperitoneaily with
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1l/6 the WD,, of Cr(Ill) or Cz(VI) (Bryson and Goodall, 1983). Afzer
a single intraperitoneal dose of chromium tr;chi;ride (Cr(III)} or
potassium dichromate (Cr(VI)), mice were seri;lly sacrificed. &t 3
days 87% of Cr(Il1I) was retained, while only 31% of Cr(V1) was; at 7
days these numbers were 73% for Cr(III) and 16% for Cr(VI): and agtcr
3 weecks they were 45% and 7.5%, respectively. (Retention sites were
not specified since the method of analysis involved whole body acid
digestion.) In a treatment regimen consisting of once-weekly doses
of the same substances, Cr(III)-treated mice retained about 9 times
as much of the administered doses as those treated with Cr(VI)
(totalling  approximately 70% of the =total injected chrogium).

Analyses of excreta showed that Cr(VI) was eliminated more rapidly in

urine and feces than Cr(III).

The differential excretion and retention of Cr(IlIl) amnd Cr(VI) prob-
ably reflect the greater ability of Cr(III) to form complexes with
components of biological systems and of Cr(VI) to cross cell
membranes. However, in wview of the ready biological reduction of
Cr(VI) to Cr(III) both intra- and extracellularly, this distincsion
in the clearance kinetics of the different oxidation states cannot be
complete, In any case, 1t 1is clear that exposure to chromius in
elther oxidation state can result in long (vears) residence cimes in
human tissues. For example, Tsuneta et al. (1980) reported tha:s the
mean concentration of chromium (not speciated) in the upper lobes of
lung cancer patients who were former chromate workers was 72 cires

greater than that in non-exposed control lungs (36.7 Bg/g wet weight

compared to 0.3lug/p), even many years after the exposures had ended.
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' (Mertz, 1969; Anderson and Polansky, 1981). ' '

1.5 Chromium as an Essentiazl Nutrisnt

}

-

Although chromium has been recognized as zn’ essentizl nutrient

[

o
animals for more than two decades, the precise nutritional
biochemistry has yet to be elucidated. Cr(III) was identified &s the
active component of a glucose tolerance factor found in brewer’'s
yeast, which could correct an induced deficiency state. The latter
is characterized by glucose intolerance (measured By'an intravenous
glucose tolerance test in znimals), glycosuria,‘hypercholesterolemia,

decreased longevity, decreased sperm counts and impaired fertility

Guthrie (1982) reviewed 12 clinical studies on chromiun supplementa-
tion, reporting that both inorganic Cr(III)(usually as chronium
chloride) and chromium administered in brewer’s yeast extract sig-
nificantly ameliorated glucose intolerance and hypercholesterolezia
and decreased fasting insulin levels in‘some subjects, including
diabetics, asymptomatic hyperglycemic individuals, and healt y con-
trols. Chromium's nutritional =role has mnot been thoroughly
delineated, but appears at 1least to potentiate insulin activicy
(Meftz, 1975). The biologically active Cr(1IIIl) complex, which also
includes nicotinic acid and several amino acids, strongly binds

insulin (Guthrie, 1982).



Although there are inadequate data to formulate a recommended dietary
allowance for chromium, an adequate and saﬁe,f;take of 50 to 200
pg/day for adults has been suggested (NAS, 1980;). Daily intakes for
adults in the U.S. are probably less than 200 ug/day, although it is
unclear what percentage of Cr(III) intake would be in biologically
active forms (Guthrie, 1982). Gastrointestinal absorption of orgeni-
cally bound chromium (as. in food) is higher than for inorganic
Cr{(IIX), which, as noted in Section 3.1.2, is poorly absorbed froc
the gastrointestinal tract (NAS, 1980a). The Safe Drinking Water

Committee of National Academy of Sciences has reported estimates of

the daily intake of chromium by different routes as:

(a) £food: mean 62 pg/day (range 37-130) from "typical self-selec:gd
smerican diets™;

(b) drinking water: mean 17 pg/day (range 1-224) assuming consuxp-
tion of 2 liters/day; and

{c) &ir: less than 0.5% of dietary intake in areas where azbient
chromium concentrations average 0.015 pg/m3 and less than 4% in
highly polluted areas with an ambient chromium concentration of

0.35 pg/m3 (NAS, 1980b).
It should be noted that the estimated average daily chrogmium intakes

from food and water refer to Cr(IIIl) and thus are not relevant to the

cancer risk assessment for Cxr(VI} in section 8.
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4. ACUTE AND CHRONIC TOXICITY

4.1 Acute Toxicity . :

4.1.1 Animal

Because of its poor gastrointesﬁinal absorption and bicavailabilicy,
Cr(III) is considered to be relatively nontoxic when orzlly
administered. Oral LDcos in rats are chromic chloride, 1.9 g/xg;
chromic mnitraté, 3.3 g/kg; and chromic .acetate, 11.3 g/kg (EPA,
1984). Intravenous LDSOS for variou;‘ Cr(III) salts in mice zre:
chromium sulfate, 85 mg/kg; chromic _chloride, 400-800 pg/kg and

chromic acetate, 2290 mg/kg (IARC, 1980).

Cr(VI) compounds are more toxic than those of Cr(III), regzrdless of

the route of administration. The range of oral 1D in rats has

50°
been reportéd to be 80 to 114 mg/kg, with death occurring within '
hours to about 3 days. Symptoms and pathologic findings included
cyanosis, gastric ulceration, diarrhea and tail necrosis (EPA,1984).
The principal potentially lethal effect of acute Cr(VI) exposure is
renal toxicity, resulting in acute renal failure; Microsceopic
pathologic <changes have been reported in the glomerulus and proxi:al
and distal convoluted tubules in a variety_of species, including
rats, monkeys, and rabbits, given toxic parenteral doses of Cr(VI),
usually as potassium dichromate or sodium chromate. It has been

estimated that renal toxicity occurs at a dose level of 1-2 mg

Cx(V1)/kg body weight (Tandon, 1982).
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Other organs and systems affected by high-dose parenteral adeoinisctra- .
. B .

tion of boeth Cr(IXI) and Cr{VI} include the centfal nervous system,

-

myocardium and liver (Tandon, 1982).

4.1.2 Humanp

The estimated range for a lethal dose of ingested Cr(VI), based on
reported fatal cases, 1s between 1.5 and 16 g (IARC, 1980). Reported
pathology  includes  gastrointestinal  hemorrhage, intravasculaxr
hemolysis and acute renal failure. No‘such cases have been reported
for Cr(IlIl) compounds, which are considerably less toxic by irigestion
{see below). As of 1973, no fatalities had been reported due to
exposure to airborme Cr(Vi) (NIOSH, 1973). Exposure to Cr(VI)

aerosols results Iin mucous membrane irritation and probably bron-

chospasm, althoﬁgh the latter is mnot well-documented 1in the
literature (Bidstrup, 1983). Since occupational exposure measure-
ments were not often taken and In the past were not often reliable,
no dose-response estimates have been made here, although one would
not expect any such effects In the general population from current
levels of amblent chromium concentratiens. This observation follows
a fortiori from the conclusion in Section 4.2.2, Infra, that current
ambient levels of chromium would not be expected to result In any

chronic effects discussed in Section 4.2.

4.2 Chronic Toxicity
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Chronic toxic effects {(other than genotoxicity, reproductive eifects

A _a

and carcinogenicity) from chromium exposure ;éGe bezen observed in
experimental animals and apong individuals Aécupationally exposed.
The occurrence of all of the effects listed below is expected to be
governed by a threshold, even if the threshold exposure level has not
been precisely quantified. 1In the case of chromium, the differsnce
between current ambient exposure levels and the levels at which
chronic toxiec effects have occurred (several orders of pagnituce)

leaves enough of a margin of safety so that none of these effects is

expected to occur in the general population;
4.2.1 Animal

Most of the litérature on chronic exposure to chromium compounds
consists of reports of no observed effect levels ("NOELs") (ZFA,
1984). The studies reviewed by EPA are of limited valué; however,
since few animals were used in each stu@y. All’but one of these
studies involved ingestion. The cone inhalation study reviewed in-
volved inte;miétent short exposures (10-60 minutes each) over & &4-
month period of two cats two chromiuﬁ (II1) carbonate dust zat an
average concentration of 58.3 mg/m3 (range 3.3 to 83 mg/ms) (EPA,
1984} . The poor statistical power of this last investigation lizits

its usefulness for purposes of risk assessment.
Other inhalation experiments using Cr{III) zerosols have shown that
chronic effects occur at levels lower than 38.3 ng/m3. Three studies

cited by Tandon (1982) showed that: {1} 1inhalation by rats of
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chromium tIII) oxide or trisubstituted chromium (III) phosphate at a
concentration of 42-43 mg/m3 foxr S hr/day‘fof!h months produzed
chronic inflammatory changes in the bromnchi agd lung parenchyma and
dystrophic changes in liver and kidney; (2) exposure of rats to
chromium ore residue dust at 19 mg/m3 for 1, 3 or 7 days produced
swelling and desquamation of alveolar cells, while exposure to lower
concentrations (1 or 10 mg/m3) for 3 weeks resulted in alwveolar wall
thinning and f£filling of alveoll with dust-laden proteinaceous

materials.

There were mno Cr(VI) inhalational NOEL studies found. Two rodent
inhalational assays produced chronic effects (Steffee and Baetjer,
1965; Nettesheim et al., 1971). Rabbits, guinea pigs, and rats were
exposed to mixed chromate (VI) dusts and mists at a mwean concentra-
tion of 3-4 mg/m for 5 hr/day, 4 days/wk for the animals’' lifetcizes
(Steffee and Baetjer, 1965). Treatment-related effects included
nasal septal perforation, alveolar and interstitial inflammation,
alveolar hyperplasia, and granuloma form;tion. No systemic pathology
was found. In  another experiment, mice were exposed to calcium
chromate (VI) dust at a concentration of 13 mg/m3 for 5 hr/day, 5
days/week over their lifetimes (Nettesheim et al., 1971). After six
months of exposure, pulmonary effects included epithelial actrophy,
necrosis, and hyperplasia, bronchiolar epithelial replacement of
alveolar cells, alveolar proteinosis and other pathology. There was
decreased weilght gain in relation to control animals. Other effects
included tracheal and submandibular 1lycph node hvperplasia, and

atrophy of liver and spleen.
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The abové discussion demonstrates that there are inadequate anizmal caza.
. S

from which to calculate a chrenic inhalational BOEL. DHS staff mezders

therefore believe that, the human experience with chromium cozpournis

should be used for purposes of risk assessment (See Section 4.2.2%

Parenteral administration of wvarious chromium compounds at doses
greater than 1 mg/kg to a variety of animal species has resulted in
damage to liver, brain, myoccardium, and testis, with the effects rore

severe for Cr(VI) than Cr(IIl) compounds (Tandon, 1982).

4.2.2 Human

In occupational settings the most commonly reported chronic effects
of chromiuﬁ expesure include contact dergatitis, skin ulcers, irrita-
tion and ulceration of the nasal mucesa and perforation of the nzsal
septum (NIOéH, "1975). Less common are reports of hepatic and renal
damage and of pulmonary effects (bronchitis, occupational asthmz and

bronchospasm) (IARC, 1980; NIOSH, 1975; Bidstrup, 1983).

Chromium is the most common cause of occupational dermatitis and is
the second most common skin sensitizer in the general population
{Polak, 1983). This condition has an immunqlogic eticlogy determined
by Cr(VI) penetration of skin, followgd by reduction to Cr(III) by
sulfur-containing proteins in the dermis. The resulting Cr(III)-
protein conjugate is then thought to act as a sensitizing antigenic

complex, with Cr(IIl) as the hapten (Polak, 1983).
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S$kin wulcers, ulceration of the nasal pucesa and perforation of the

3

nasal scptum are corrosive reactions due to thg oxidazive actions oI
Cr(Vvl) and chromic acid (Pedersen, 1982: B;grows, 1983; Bidstrup,
1983). Skin ulcers are believed to occur only where the exposed skin
has been damaged (Pedersen, 1982). Similarly, a major factor in
nasal wlceration and septal perforation 1s thought to be a lapse in
personal hygiene -- i:e., nose-picking (Bidstrup, 1983). Skin ulcers

and nasal perforation often occur in the same individuals (ACGIH,

1982; Burrows, 1983).

Occupational asthma due to sensitizaﬁion to chromium has occurred in
industry, but is uncommon ¢{Bidstrup, 1983). Only recently was an
immunologic basis £for such asthmalconfirmed in a case report of an
electroplating worker (with a positive inhalational challenge) in
whose serum speclfic IgE antibedies were demonstrated (Novey et
al., 1983). Bronchospasm’' In occupational settings, due to the
primary iIirritant effects of chromium (particularly chromates and
chromic acld mist), has occurred, but iIs not well-decumented in the
literature (Bidstrup, 1983). It is unknown what levels of pulmonary

exposure would be required to induce chromium sensitizationm.

NIOSH (1975) thoroughly reviewed the health effects from exposure to
Cr{VI) compounds. On the basis of this review NIOSE recommended a
permissible exposure limit of 25 pg/m3 of Cr(VI) as adequate to
protect against noncarcinogenic effects for a 40 hr/vwk time-weighted

average exposure. Assuming such levels are protective against the




%
above-noted effe:ts, T and adjusting’ for continuous exposure (168
.o -

hr/wk), there 1s still an approximately 3 orders of magnitude Qif-

-

ference between this, recommended leveL; and current axbient

concentrations. Thus, DHS staff members conclude that none of the

chronic effects discussed in this section is likely to occur at
1

current ambient levels of exposure'. Trom this conclusion it can be

inferred that no acute toxic effects would be expected either.

*EPA (1984) cited a NIOSH Health Hazard Evaluation of an electroplating
plant in which typical symptoms and s%gns of chromium toxicity occurred at
Cr(VI) exposure levels of 1 to 20 ug/m”. DHS staff has reviewed this NIOSH
report, which indicates that the chromium-associated toxicity was cdue to
inadequate work practices rather than airborne chromius,

4
'As noted in the text, there is not enough inforration to deterrine =z
threshold for immunologic sensitization.



5. CENOTOXICITY

J
Mutagenic and clastogenic effects have been reported almost in-
variably for Cr(VI), but not <Cr(liil), compounds. Thne nature of
chromium’s genotoxic effects is complex =2and has been extensively
investigated. Chromium’s iInteractions with genetic macerials have
been reviewed by Leonard and Lawreys (1980), LaRC (1980), Heck and

Costa (1982), Levis and Bianchi (1982),‘and EPaA (1984).

5.1. Mutagenicicty

Cr(VL) has been indisputably demonstrated to induce genotoxic effects
in all of the major assay systems, suggesting that the car-
cinogenicity of this substance (See Section 7) is at least partially
explicable on A& genotoxic basis. Principal aspects of the

genotoxicity of chromium are summarized below.

(1) Bacterilal assavys

In the standard Ames $S. typhimurium test, Cr(VI) compounds
induced mutations Iln tester strains responsive to both base-pair
substitution and frameshift mutagens at doses of 10-20 ug/plate,
while Cr(IIl) compounds were observed to be nontoxic and non-
mutagenic at concentrations of up 20 mg/plate. Tne rputagenic
potency of Cx(VI) compounds could be diminished by addition of
liver microsomal $-9 preparations, exrythrocyte lysates, ascorbic

acid, sodium sulfite, sodium nitrate, and several reducing




TN

metzbolites (i.e_.\, - GSH, NADH, I}’ADPH), presumably due to ex-
tracellular reducti;ﬁ of Cr{VI) to Cr(III)_(ﬁAQC, 19807 Perrill:
and De Flora, 1978). Addition of poz;ssium permanganate, .-a
strong oxidizing agent, to liver microsome and erythroecyte
preparations completely blocked the ability of the latter to
inhibit Cr(VI)'s mutagenicity (Petrilli and De Flora, 19%8).
Petrilli and De Flora (1978) observed that rat lung microsome
preparations were only very weakly active in reversing Cr(VI)

mutagenicity, which is interesting in view of chromium’s ability

to cause lung cancer in humans {See Section 7).

Similarly, mixing potassium permanganate with Cr(IIl) compounds
resulted in a positive Ames test, which was attributed to ex-
tracellular oxidation of Cr(III) to Cr(VI). While most Cr(III}
compounds are mnommutagenic in the Ames assay, some containing

aromatic ligands cross bacterial cell walls and mexbranes and

are active mutagens in the Ames test and in the E. Coli repair

assay (Warren et al., 1981).

In E. Coli assays, experimental results with Cr(VI) were not as

consistently positive as those in Ames tester strains. However,
several Cr(VI) compounds (including salts of potassium, calcium,
lead and sodium as well as stainless steel welding fumes) have
been reported as positive in a variety of E. Coli mutagenesis
assays. Generally Cr(III) tested negative, although chromic
acetate was positive at very high concentrations (16-130 M) in

one E. Coli arg strain (Heck and Costa, 1982).
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(2) Cultured Mamrwalian Grll Assavs

2

-

In V79 Chinese hamster cells, soluble porassiuvm dichromate (VI)
and slightly soluble =zinc chromate (VI) Dboth incuced cose-
related mutagenesis, while soluble chromic (II1) acetate zand
insoluble lead chromate (VI)(both given at substantially higher
doses than chrzo7 and ZnCrOa) did not. In the same cell line,
potassium chromate and dichrorwate and welding fumes, but not
chromic acetate, caused 6-thioguanine resistance (Levis and
Bianchi, 1982). In C3H mouse cells, potassium dichromate and
chromium (VI) trioxide induced chrozosomal sberrations and §-
azaguanine resistant mutants, while potassium chromate (VI) and
chromic (III) sulfate did not. In the L3178Y mouse lyzphoma
cell TK+/- assay, potassium chromate and dichrozate both tested
streongly positive (IARC, 1980). 1In the above assays, all Cr(VI)
compounds, with the exception of lead chromate, tested positive.
The insolubility and hence low biloavailability of lead chrozate

may have affected the outcome of this investigation.

5.2 Chromosomal Damare

Numerous studies hzave demonstrated that chropiuz compounds, par-
ticularly chose of Cr(VI), cause clastogenic effects ip vitro and in
vivo. These studies have been extensively reviewed elsevhere
(Leonard and Lawreys, 1980; IARC, 1980: Levis and Biarnchi, 1982; EPA,
1984 . Relqvantl conclusions from the review articles are preseated

in this section.
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Every -Cr(VI} comppund,'t§sted in at least 8 different in vitro cell
culture systems has produced chromesomal aber;aniﬁns, most commonly
gaps and breaks. Cf(VI),compounds tested inclaAed chromiunm trioxide,
potassium chrométe and dichromate, sodium chromate and dichronate,
lead chromate, célcium chromate, =zinc chromete and welding fume
particles (EPA, 1984; Levis and Bianchi, '1982). Cell culture sources
included human lymphocytes,: primary human embryo fibroblasts, primary
hamster embryo cells, three hamster cell lines (CHO, DON and V7%9),
primary mouse fetal cells, and a mouse ﬁammary carcinoma line.

Cr(III) compounds have also occasionally tested positive for cles-

in vitro, but only at doses substantially higher (by one

togenicicty

to two orders of magnitude) than those for Cr(VI) compounds tested in
similar systems. Such anomalous results may be partially explained
by Cr(VI) contamination of Cr(III) compounds and possibly by the

action of lysosomal nucleases released through destabilization of

lysosomal membranes (IARC, 1980; Levis and Bianchi, 1982).

Consistent with the above observations, sister chromatid exchange
(SCE) was induced by every Cr(VI) compound tested (including all of
those listed in the previous paragraph) in primary human lymphocyte
and fibroblast cultures, 2 hamster cell lines (CHC and DON), and &
primary mouse lymphocyte culture. Except where contaminzted by
Cr(VI) or when mixed at dose levels BQO to 1,000 times higher than
those of Cr(VI), Cr(IIl) compounds were invariably negative in the

SCE assays (EPA, 1984).
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Observations of chromium's chromosomal effects in vivo have generally
confirmed cthe zresults of the in witro expc;imgnts. Micronuclei
{nuclear fragments duec .to chromosomal brcaksf;r a delayed anaphase)
were found "in immature erythrocytes in mice.a&miniscered potassium
chromate (VI) intraperitoneally. However, chromic (III) nitrate and

the carcinogen calcium chromate (VI) did not produce significant

increases in micronuclei (Levis and Bianchi, 1982).

Chromosomal aberrations have been reported inlfish and rats treated
with sodium dichromate (EP&, 1984; Levisland Bianchi, 1982). Workers
exposed to a variety of Cx(VI) compounds, including sodium chromate,
chromium trioxide and others, have had sigﬁificant ircreases in
chromosomal aserrations in peripheral lymwphocytes compared to unex-
posed controls (IARC, 1980). Similarly, workers exposed to chromivm
trioxide  showed significantly increased number of SCEs and
chromosomal aberrations (EPA, 1984). Interestingly, this phenomenon
was observed only in the youngest workers, allegedly because these
were the least experienced and would thus be more likely to incur

significant exposures.

In summary, there is overwhelming evidence that Cr(VI) compounds are
capable of causing chromosomal damage. Cr(III) compounds may alse be
clastogenic, but it is unclear whether this is a real effect or an

artifact.




N

5.3 ZIczansformaticn

A
-

Morphological tiznsformation of mammalizn cells is considered to.
provide a good, short-term method £or assessing carcinogenic
potential. All Cr(VI) compounds tested have been shown to be czpzble

of cell transformation in several in witro systens, while, with one

exception, Cr(III) (as chromic chloride) has not. Levis and Bianch?
(1982) reviewed these experiments and their conclusions are sum-

marized below.

(1) Potassium chromate (VI) and dichromate (VI) and sodium
chromate (VI) ctransformed mouse and hamster primary cell
cultures, Chromic chloride also did so in fetal mouse cells,

but not Syrian hamster embryo cells.

(2) GCr(VI) salts of calcium, 1lead, zinc, znd potassiur enhanced

viral transformation of hamster cells.

(3) Cr(VI) (as potassium chromate) enhanced benzo(a)pyrene—induced
transformation of hamster embryo cells, whereas Cr(III) (as

chromic chloride) did not.
(4) Cx(VI) (as potassium dichromate or calcium chromate) induced

anchorage-independent growth in hamster cells, whereas Cr(III)

(as chromic chloride) did not.
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(3) Sodium chromate (VI) administered intraperiteneally to pregnan:s

]

mice resulted in transformation of cell cultures derived froz

the embryos. Cr(IIl) was not tested in this system.

Thus, assays for in witre transformation provide additional qualita-

tive confirmation of the carcinogenic potential of Cxr(VI) cozpounds.

5.4. Mechanisms Proposed for Genetic Toxicitv

Cr(VI) compounds are active in every major assay for genotoxicity,
while Cr(III) compounds show activicy in sb:eléystems only at high
doses, which has led numerous investigatoxs to propese that Cr(VI}) is
genetically active, whereas Cr(III) <c«ypically is mnot (Levis and
Blianchi, 1982). This Thypothesis 1is clearly correlacted with the
relative abilities of these oxidation states of chrormium to cross
biological membranes. As mnoted earlier, the site of reduction of
Cr(VI) to Cr(III) may well be determinative of the extent of genetic
toxiclity. Extracellular ‘reduction diminishes . or  abolishes
mutagenicity of Cr(VI), while oxidation of Cr(IITI) has the opposite
effect (Petrilli and DeFlora, 1973). Intranuclear reduction of
Cr(VI) appears to be the key element in chrogium’s genotoxicity,
resulting 1in direct oxidation of DNA and/or the formation of stable

Cr(IIl) complexes with nucleophilic sites in DNA (Langard, 1982).
Since Cr(III) compounds possess clear abilicies to damage DN3 in
cell-free systems‘ and, when complexed to cerzain ligands, Iin bac-

terial assays, 1t is possible that Cr(III) is the ultimate carcinogen
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(Fornace et al., 1381; Warren et al., 1.981). Interact;ons of Cr(Iil}
with nucleic acids inciude binding to cytosiné';nd guariine znd to
phosphate groups. Unlike Mg (Ii), which stabglizes DNA through its
interactions with phosphate groups, Cr(III)’s eifects include inter-
and probably intramolecular cross-linking between phosphate moieﬁies,

chelation between bases and phosphates, and cross-linking with

proteins (Tamino et al., 1981; levis and Bianchi, 1982).

Experimental evidence from several laboratoriés supports the notion
that intracellular reduction of " Cr(VI) teo Cr(Iil) is cruciszl,
Fornace et al. (1981) reported that in several mammalian cell cul-
tures, including bronchial epithelial cells, Cr(VI) (as potassiux
chromate) produced persistent, dose-dependent protein-DNA cross-
linking, measured by alkaline elution. However, in isolated ﬁuclei
and in bufféred solution with [3H] DNA and bovine serum albusin,
Cr(III) (as chromic chloride), but not Cr(VI), induced DKA-protein
cross-links. Sirover and Loeb (1976), qsing a cell-free systen,
found that Cr(III) decreased the fidelity of DXA synthesis by avian
myeloblastosis virus DNA polymerase at a concentration 25 times lower
than that of Cr(VI) required to achieve the same result, which may be
due to DNA-protein cross-linking (Fornace et al., 1981). Similarly,
Tkeshelashvili et al. (1980) reported that Cr(III) (as chromic
chloride) was more effective than Cr(VI) (as chromium trioxide) in

diminishing the fidelity of DNA synthesis by E.Coli DNA polymerzse I.
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Using 'a tat liver wicrosome/NADTH syster, Tsapawos and Wetternahn

¢

(1983) showed that enzymatic reduction of Cr(V?),in the pfesence of
NADPH was required to effect chromium binding C; double-stranded DNA.
Cr(III) binding was 2 - 3 cimes lower and was not dependent on the
presence of NADPH or microsomes. Binding to single-stranded DNA was
substantially higher for both Cxr(VI) and Cr(IIIl), with binding of
Cr(VI) greater than that of Cr(III). The Cr(VI), microsomes znd
NADPH bound substantially more protein (bovine serum albumin in this
system) to DNA than did Cr(ITI). Protein and chremium binding te DXA
and RNA were linearly correlated. Incubating Cx(VI) with DX~
homopolymers showed that binding to poly(G) was favored (by an order
of magnitude) over the other homopolynucleotides. This last observa-
tion is consistent with the suggestion by Venitt and Levy (1974) thas
Cr(VI) mutagenicity 1is due (at least in part) to attack on GC base-

pairs, causing GC-->AT transitions in subsequent DY¥A replication,

which is typical of electrophilic mutagens.

Thus, there are at least two pathways in the uptake-reduction model
of chromium’s genotoxicity. Damage to DNA, with protein cross-
linking, is caused most effectively when Cr(VI) is enzyratically
reduced in close proximity to DNA (e.g., by the electron transporc
system cytochrome FP-450 complex located in the nuclear cembrane).
(Tsapakos and Wetterhahn, 1983). Thi; may involve reactive Cr(V)

intermediates (Wetterhahn Jemnette, 1982; Polnaszek, 1981). Cr(III)

produced by other reducing systems may also interact with DFXA and
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protein, ‘but at a slower rate because of i1ts kinetic stabilicy.

Commen to botil pathways, however, is reduction of:Cr(VI} to Cr(Ill},

with cross-linking of macromelecules. ;

6. REPRCODUCTIVE EFFECTS

Potential reproductive effects of chromium have not been investigated
epidemiologically. In view of Cr(VI)’'s genotoxicity, however, thére
is reason to believe a priori that it may adversely afféct reprecduc-
tion, unless germ cells or the fetus were resistant to such toxicity.
This is clearly not the case, since animal experiments demonstrate

adverse effects on male reproductive systems and fetal development,

6.1 Male Reproductive Effects

Both Cr(III) and Cr(VI) are capable of crossing the blood-testis
barrier and damaging the testis. Administered intraperitoneally to
rabbits at a d;se of 2 mg/kg for 3 or 6 weeks, Cr{IIl) (as chromiuc
nitrate) and Cr(VI){as potassium dichromate) caused depression of
enzyme activity, degenerative histological changes snd spermatotoxic
effects (i.e., multinucleated germ cells and spermatocyte degernera-
tion in the lumen of the seminiferous tu@ules)(EPA, 1984). Pagano et
al. (1983) showed that Cr(VI)(as sodium chrémate) in sez urchins
depressed mitotic activity in sperm. Consistent with these observa-
tions is the report by Paschin et =z1. (1981) that potassiuc

dichromate was positive in a dominant lethal rutation assay in mice
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given a single dose at 20 mg/kg or daily doses for 21 days at 2.0 .
mg/kg. Male rats treated with a daily intrapgrit;neal dose of 1 g |
Cr(IIl)/kg were found to.have a mean tescicula; Cr(IIl) concentratiocm

of 3.2 pg/g tissue, lower than the liver and kidney concentrations of
14.1 pupg/g and 8/1 pg/g. respectively (Lee, 1983). The lower ac-
cumuiation in the testis was attributable in part to the protective
effect of the blood - testiﬁ barrier. Chromium has also been
reported to accumulate in the testes of men exposed occupationally,
which may be due to reduction of Cr(VI) b; testicular microsones
(Levis and Bianchi, 1982). Both Cr(III) and Cr(VI) are thus capable

of crossing the blood-testis barriexr and of affecting
spermatogenesis: the xrisk to humans cannot be assessed from these

data, however.

6.2 Placental Transport

There 1is direct as well as Indirect evidence that chromium can cross
placental membranes. As an essential nutrient, chromiuz (III) must‘
be transported to the developing fetus. Fetal chromium concencra-
tions reportedly increase during gestation, peaking in the neonate,
with  subsequent declimes In warious tissues during chiléhood

{Guthrie, 1982).

Cr(I1X) placental transfer has been examined in several znirmal
studies. In a study wusing whole-body radicautography, Cr(as
chromic (III1) chloride) was detected in fetal skin and bone one hour

post-injection two the mother, with increasing amounts detectable in
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later . gestation (Langazd,. 19821). Similarly, Iijima et al. (1883)
. ' f 4 :
reported that concentrziions of 5lCr mouse embryos increased &t &-
. . . s 51
hour intervals after a.single intraperitoneal injection of ~"CrCl

3
to the peoint where the concentration of radidactivity in the fetus
exceeded - that in maternal bloed. Relatively 1little inorgenic
chromium (III) (<O.5%' of the administered dose)} has been found teo
cross the placenta. In contrast, when administered in a bieclogiczlly
active form (brewer’s yeast) by gavage, twenty to fifty percent of
the initial wmaternal radioactivity was fouﬁd in the litters (ZPA,
1984). 1In one study comparing transplacental uptake of intravenously
administered Cr(ll1I)(as chromic chlofide) and Cr(VI)(as ' scdiuc
dichromate), 0.4% of the dose of Cr(IIIl) and 12% of the dose of
Cr(VI). were recovered in embryonic mice (Danielsson et al., 1982).
The embryotoxicity and fetotoxicity of these chromium compounds (see
below) provides additional, but indifect evidence of chromium’s

transplacental passage.

6.3 Effects on Fetal Devélogment

Gale (1978) gave single intravenous injections of Cr(VI) (as chrozium
trioxide) to early gestational (day 8) ham#ters at dose levels of 3,
7.5, 10 or 15 mg/kg. Fetuses taken from the treated dams were ex-
amined for extermal, internal and skeletal malformations. There was
a dose-dependent increase in the frequeécy of resorptions and inter-
nal and external anomalies. The most common malformation was clef:
palate (up to 84% of treated animals.in the high-dose group cozpared

te 2% in controls) and the most common internal anomaly was

- 39 -



hydrocephalus (55% of <che low-dose group versus 0% in controls).
: P

Other fetotoxic effects included delayed ossification and edema.
There was maternal toxlcity, as evidenced by decreased weight gain
and renal tubular necrosis, at dose levels of 7.5 mg/kg and sbove.

On the basis of this experiment, the author concluded that chromiuz

trioxide is embryolethal and teratogenic.

To evaluate the possible contribution of genetic background to
chromium teratogenesis, Gale (1982) trcated 5 inbred hamster sctains
and 1 outbred strain with one, 8 mg/kg intravenous injection ol
chromium trioxide. Similar outcomes‘(high Incidence of resorptions,
cleft palate, hydrocephalus) were detected in 3 strains, while the
others were noted to be relatively resistant to the embryotoxicity oI

chromium trioxide.

Cr(III) <(as chromic chloride) was shown to be teratogenic in cice
given a single intraperitoneal injection on the 7th, 8th or 9th day
of gestation (Matsumoto et al., 1976). Doses ranged from 9.76 mg/kg
to 24.4 nmg/kg. &he only statistically significant effect observed irn
the low-dose group (9.76 mg/kg) was decreased fetal welght. Possible
maternal toxlcity was mnot reported. The most common external
anomalies were exencephaly, anencephaly and open eyelids. The
authors suggested that the more severe cranial anomalies might be due
to Iincomplete mneural tube closure, Thig suggestion received suppor:
in later experiments In which pregnant mice treated with a single
dose of chromic <chloride on day 8 of gestation were serizlly

sacrificed at 4-hour intervals post-iﬁjection {(Iijima ev al, 1983).
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Embryos examined histologically had numerous pvknotic neurocepithelial

2
cells in the neural ectoderm at 8 hours post-injecfion_ The authors
suggested that Cr(III) has a direct effect on‘the neural tube, which
closes at about 8 1/2 days of gestation. However, an indirect effect

on the placental or maternal system cannot be ruled out by this

investigation.

EPA (1984) reviewed these and other studies, suvmmarized in Table 6-
1. Since the lowest administered dese of Cr(VI) (5mg/kg) noted was
teratogenic without significant maternal toxicity, a risk assessment
for humans using a safety factor approach cannot be used. A sipilar
rationale applies to the study of Matsumoto et al. (1976), in which
(except for fetal weight gain) a no effect 1evé1 of 9.76 mg/kg for
Cr(IIIl) administered intraperitomneally was reported. However, inter-
nal malformations were not investigated and it cannot be stated
definitively that, from the standpoints of embryolethality and
teratogenesis, this dosage is truly a no observed effect level.
Furthermore, this represents a siﬁgle dose exposure while, for pur-
poses of risk assessment, chronic exposure by z more relevant route
would be mére appropriate. (Singie dose studies do, however, il-
lustrate the intrinsic potentiéi of chromium to induce reproductive
failure and demonstrate that only one exposure is required to elicit
the response.) Thus, the experimental dgta are inadequate to calcu-
late reproductive risks to humans from ambient exposures to either

Cr(VI}) or Cr(III).
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Table 6-1 (Cant)
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7. CARCTINOGENTICITY

Epidemicloglc studies of cohorts exposed to chrcmi;m aerosols occupation-
ally provide clear evidence of carcinogenicicy. Héwever. because of mixecd
cxposures and the dearth of reliable -exposure data, the relative‘car-
cinogenic potencies of different compounds cannot be distinguished on the
basis of epidemiologic data alone. However, animal studies involving
inhalational exposure to various chromium compounds have been unsuccessful
in cven confirming the results of these epidemioclogic studies, much less
resolving 1issues of idencities and potencies of different chromiuc-
containing  compounds as  respiratory carcinogens. Several chromiuc
compounds have been demonstrated to be carcinogenie when administered to
- animals by invasive methods. In this section the results of nonhuzan
studies will be summarized briefly, with greater attention given to the

eplidemiologic evidence.

7.1 Animal studies

There have been at least eighty reported attempts to induce cancer in
rodents by adwministration of chromium compounds by various routes. These
have been reviewed by IARC (1980, 1982), Hayes (1982) and EPA (19845.
Appendix I consists of a summary table of studies adapted from EPaA (1984).
Most early studles have Inadequate experimental designs by today’s stan-

dards. Relevant findings from the above literature reviews are;

(1) No chromium compound has been unequivocally shown to cause a sig-

nificantly increased number of neoplasms in experimental animals after

Lb-




FaiaN

P

exposure by inhalation. At least 7 experiments involving dusts con-

4

taining Cr(VI) and/or Cr(III) compounds have been cénducted; Although
Nettesheim et al. (1971), reported a significanély increased incidence
of alveologenic (not bronchogenic) adencmas and adenccarcinomas in
mice exposed to calcium chromate dust (13 mg/m3) over their lifetimes
for 5 hr/day, S days/wk, this éonclusion cannot be confirmed on the
basis of the data reported. The authors’ statistical methodology was
not reported. Fourteen treated animals (6 males and 8 femezles)
developed tumors, whereas only 5 control énimals {3 males and 2

females) did. However, the numbers of exposed and control animals

were not reported, nor was the distribution of tumor types, soé that

the claim of a significant increase of treatment-related tumor in-

cidence cannot be wvalidated. IARC (1980) considers that there was no

statistically significant increase in this experiment.

The failure of inhalational cancer bioassays to confirm the results of
human experience is puzzling and may have no satisfactory explanmatiom.
Since respiratery neoplasms have been ﬁroduced by intratracheal in-
stillation and intrabronchial implantation of Cr(VI)-containing
substances, a partial explanation for the negative results in the
inhalational studies is that insufficient doses of the carcinogenic
materials were deposited and retained in the lung.‘ To some extent
this may have been dué to deficiencies.in experimental methodology.
The animal experiments almost all used whole-body inhalzation chambers,
in which expésures to particulates can be difficult to control. For
example, there can be significant losses of particulate materials to

the chamber surface due to electrostatic precipitation (Phalen, 1876).
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Unlike  head- or nose-only exposures, in inhalation chacbers animals

.

may be able te avoid exposure by burying thcir‘noées in their own or
others’ fur, which may alsoe be capable of prccépitating particulates.
An  additional impcdiment to the deposition of particulates in the
Lungs iz the filtration efficiency of rodent nasal turbinaces

{(although fer particles < 2pm in diameter--as was the case in cthe

studies cited here--this may not be an important consideration}.

It should be noted that similar difficulties in confirming positive
results in epidemiologic studies have been encountered with other
metal particulates, such as arsenic and cadmium. Thus, it may be
that, for metals and other particulates, bioassays involving rodents
may mnot be a good experimental model for inhalational carcinogenesis.
For example, pulmonary clearance in rats and mice appears to be more
efficient than in humans, se¢ that the latter tend to accumulate a
greater burden of particulate materials , as was reported in the study
of Baetjer et al. (1939). This phenomenon wmay be a reflection of
significant interspecies | anatomic differences: nonciliated
respiratory bronchioles are mnot found in the lungs of rats and umice

whereas they are in humans (Tyler, 1983; Phalen and Olcdham, 1983).

Recently a cadmium biocassay produced positive results after 24 months
of exposure (Takenaka et al., 1983). Tumpr ceveloprent in animals, zs
in humans, was characterized by a very long latency, so that a sig-
nificant increase probably would not have been detected in a standard
bioassay protocol; which invelves termination at 24 months.. Such 2

latency period may also apply to chromium inhalationsal assays. It is
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(2)

interesting that in the only chromium inhalational study purporting to
. P
find an increase in pulmonary tumors, the mice were exposed until

their demise, unlike the other experiments, which involved terminal

sacrifices (See Appendix V).

Other considerations that may explain the discrepancy between the
results of animal inhalation studies and occupational epidemiologic

investigations include the following:

1. Humans may be more susceptible to pulmonary carcinogenesis

1

than rodents.

2. The occupational cohorts were exposed to other carcinogens and
cocarcinogens (e.g., such as those in cigarette szoke),

whereas the animals were not.

No chromium compound has been unequivecally shown to cause a sig-
nificantly increased number of neoplasms in experimental animals
(rats, mice, pguinea pigs, and rabbits) after exposure by ingestion.
Only three studies of orally administered chromium (III) coxpounds (zas
chromic acetate or chromic oxide) were noted by IARC (1980) ana EPx
(1984), and each of these involved dose }evels‘that produced ne overt
signs of toxicity, indicating that higher exposure levels could have
been tolerated. No ingestion studies using Cr(VI) were reported. In
view of the poor gastrointestinal absorption of Cr(III), its. nearly

nonexistent genotoxicity in systems where cellular mnembranes are
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intact, and the suboptimgl dosing used in these bicassays, the nega-
tive results are not surprising. o
|

When administered by methods other than iIngestion or inhalation,
several Cr(VI) compounds have been shown to be carcinogenic. Since
these all have involved injection or iJiuwplantation of chrociuxm-
containing compounds, the lack of correspondence to typical routes of
human exposure render these experiments of dubious utility for risk
assessment. These biocassays, which are by far the most numerous,
provide the basis for the conclusion by IARC (1980, 1982) that there
is sufficient evidence for carcinogenicity of calcium chromate, which
produces tumors in rats after administration by a wvariety of routes.
Following subcutaneous, intrapleural and/or intramiscular adminiscrz-
tion in rats, the following substances produced application-site
sarcomas: lead éhromate (Vi), lead chromate oxide (V1), cobzlt-
chromium alloy, sintered caleium chromate (VI), sintered chromium (VI)
trioxide, strontium chromate (VI} and zinc chromate (VI) (IaARC, 1980).
Lead chromate also reportedly caused systemic (renal) carcinomas after
intramuscular application. IARC (1980) concluded that there were
inadequate data to. evaluate the carcinogenicity of numercus Cr(IXI)

and Cr(V1) compounds, Including:
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Cr(ITIT) o Cx (Vi Cr(0)

chromic acetate ‘ barium chromate - chromivz mezel
chromic oxide *  chromium trioxide

¢chromite ore mixed chromate dust

chromium carbonyl . potassium chromate

chromium sulfate potassium dichromate

roasted chromite ore sodium chromate

sodium dichromate
zinc potassium chromate

zine vellow

It has been proposed that water solubility of chromates in-
fluences their carcinogenicity (gIOSH, 1975). Hueper and Payne
(1959) had proposed that chromium carcinegenicity is a function
of a compound’s biological availability, which would deéend o
solubility, total dose, and "the proper rate of release of
chromivm ion from the introduced chrozium compound.” Compounds
of greater solubility would be expected to be rapidly“transported
away from application or deposition_ sites gnd inactivated in
erythrocytes (NIOSH, 1975). With respect to pulmonary car-
cinogengsié, however, - solubility may be less important than cther
factors, such as the size distribution of chromium zerosols,
total dose received, and host factors affecting depesiticn and

clearance.

In view of the observation that both soluble and inscluble Cz(VI)}
compounds are genotoxic and may be implicated in carcinogenesis,
it has more recently been suggested that the issue of water

solubility has probably been overemphasized (Bidstrup, 1983). 1In
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any case, resolution of the solubility/carcinogenesis issue, .
although relevant, is not mnecessary for the purposes of risk

assessment.,

i
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7.2 Epidepmicologic Studies

7.2.1 Introduction

Several reviewers have recently summarized the epidemiologic studies per-
taining to chromium (EPA, 1984; IARC, 1980; Hayes, 1982). The purpose of
this seetion 1is to evaluate key studies with the goal of determining the
general health effects associated with chromium exposﬁre and, in par-
ticular, whether lchromium or certain classes or compounds cf chremium zre
carcinogenic in humans. & summary of soxe szlient features of thase

studies appears in Table 7-1.

Virtually all epidemiologic studies regarding health effects of chromium
were conducted in occupational settings. 'The studies arose following czse
reports of lung cancer in workers in the chromium industry dating back to
the 1late 1800s., Based on these féports, in 1936 German authorities recog-
nized Jung cancer associated wiﬁh chromate dust as a possible occupational

disea: =,

7.2.2 Chroiage Producing Industry

The most studie: ector of the chromium industry has been the chro-ate
producers, Here, ymite ore (Cr(III)) is the raw material and sodium
chromate (Cr(VI)) and calcium chromate (Cr(VI)) are the principal inter-

mediate and end products, respectively, of the chromate extraction
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process. Thus, ' chromium exposure is likely to encompass a mixture of
* A
oxidation states, solubilities and specific compounds . a:
Machle and Gregorius (1948) reported on the mortalit& of workers in 6 of 7
chromate producing plants in the U.S. Worker cohorts were not defined; in-
stead, 1life insurance records were reviewed for cause of death for all
previcus yecars in which each plant had adequate employment and mortalicy
records. This time period ranged from 4 to 17 years for the different
plants. Comparing cancer mortality rates to those of oll refinery workers,
statistically significant (p < 0.05) increases in thelcrude rates of cancer
at all sites (4.17/1000 chromate wvs 0.78/1000 refinery), cancer of the
respiratory system (2.9/1000 wvs 0.14/1000), and cancer of the digestive
tract (0.09/1000 ws 0.05/1000) were found. Though the data were mnot age-
zdjusted, the differences persisted when the data were stratified into two
groups: age 50 and under and age greater tham 50. This suggests that zhe

higher rates observed among chromate workers is not likely to stem froz =

disproportionate number 'of older workers in this group.

Limited exposure data were available in this study. The overall range of
airborne T"chromates" reported by 4 plants was 0.003 -21.0‘mg/m3. but there
was considerable variation by plant and by location within each plant. The
authors stated that the incompleterness of these data render them inadecquate

for further epidemiologic application.

Baetjer (1930) conducted a case-control study of 290 lung cancer patients
in two Baltimore hospitals to determine if a relationship existed with
employment in the local chromate plant. ‘(The plant in question and the

time period covered are part of the Machle and Gregorius study above.)
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Controls were age-matched males randomly selected from each hospital’s
records. Statistically significant {p < 0.05) crude odds ratios were found
for having lung cancer andé exposure to chromium at each hospital. The odds

ratios were 32 and 23, respectively.

Mancuso and Hueper (1951) studied the lung cancer-chromium association in
employees of the Painesville, Chio chromate plant. A cohort of workers was
defined as consisting of employees who had worked for at least one year
during the peried ‘1931-1949. The male population of tﬁe county in which
the plant was located served as the comparison group. Denominator data
were not reported; rather, the results were présented as proportionate nor-
tality ratios (FMR).  The PMR for cancer of the réspiratory system was
18.2% (6/33) among chromate workers and 1,2% among the general :aie
population, This difference is significant at p < 0.01. The authors also
stated that about 96% of the workers were expesed predominantly to in-
soluble chromium (chromite ore Cr(III)), suggesting that inscluble
chromium, because of its relatively Ilong pulmonary retention time (see
Section 3.4), may have played a causal role in carcinogenesis. However,
since all work environments were contaminated with both trivalent and
hexavalent chromium, (i.e., both iﬁsoluble'and soluble chromium) the cata

are too limited to ascribe the carcinogenic form.

Mancuso (1975) followed up a segment of this population (new employees for
the years 1931-37). A major concern of the author was to determine whether
an association existed between lung cancer deaths and exposure to chromium
of different oxidation states and solubilities. Data from a 1949 in-

dustrial . hygiene study of the plant were used to derive weighted average
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exposures to insoluble, soluble and total chromium which were then appliec
to the worker cohort. Water-soluble chromivm was -considered to be
hexavalent while insoluble chromium was assumed ™ to be trivalent. The
author mnoted that since the plant's inception in 1931, production had
dramatically increased, possibly increasing chromium dust concentrations.
This was likely to have continued until 1949, when the company instituted
control measures, which markedly reduced the exposure. Thus, the 1949 ex-
posure data probably represent an average exposure for the cohort; that is,
the data underestimate exposure from 1931 to 1949 and overestimate it sub-

sequently.

Of the 332 cohort emplovees, 173 (52%) had died by 1974, including 41 froz
luﬁg cancer. Yo comparison te a reference group was made. The age-
adjusted data showed an increase in lung cancer rates with increasing
exposure to chromium, regardless of solubility {and hence oxidation state}.
No statistical evaluation of those trends was reported, but the staff of
DHS tested the data and found a statisticzlly significant positive trend (p
< 0.001). Mancuso concluded that the carciﬁogenic potential of chromiux
extends to all forms. However, given that employees were exposed tc bath
trivalent and hexavalent compounds and that increases in one form were

positively correlated with the other, this conclusion appears unwarranted.

The mortality experience of 723 workers in Fhe bichromate-procucing in-
dustry in Great Britain was studied by Bidstrup and Case (1956). Lung
cancer mortality was significantly higher among workers than would be ex-
pected wusing wnational Ideath rates: 12 lung cancers were observed wversus

3.3 expected (p = 0.005). Mortality from other neoplasws or other causes
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of death was .not elevatgdj‘ The authors d;scuss, but do not adjust for,
place of residence, social élass and smoking haﬁits;’noting-that dif-
ferences between the worker ,cohort and the geneéal population for the
factors were minimal and therefore could not account for the 3.6 fold in-

crease in lung cancer mortality that was observed.

Taylor (1966) identified a cohort of 1212 workers from 3 U.S. chromzate
plants who had worked for at least 3 months during 1937-40. The cohort was
foliowed for 24 yeérs using Social Security records; mortality data were
obtained from death certificates. Seventy-one deaths due to cancer of the
respiratory system were observed while 8.3.were'ekpec:ed using the U.S.
male population for comparison (estimated relative risk = 8.51, p < 0.001).
A.dose-response.effect was seen using specific cumulative years of chromate
experience as an indicater of "dose” (no exposure data were reported).
This effect was also observed for cardiovascular deaths and noncancer

respiratory disease,

Hayes et al. (1979) reported om a cohort of 2101 workers who were initially
employed between 1945 and 1974 and who worked at least 90 days in a2
Baltimore chromate plant. The plant was partially rebuilt in 1950-51 and
in 1960 1in an effort to reduce chromium exposures. 1In mid-1977 the wvital
status of 88% of the cohort had been ascertained. .Compared to the male
population of Baltimore, workers initially employed between 1945 and 1959
experienced a two-fold increase in lung cancer mortality (p < 0.05).
Employees beginning work after 1959 were deemed to have had insufficient

follow-up in view of the presumed long latency period and were not included
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in the analysis. Chremium courintrations were not reported, but a dose-
response effect was found barioecen duration of emp}oymént and morta ivy
(adjusted for age). Also, & history of employnén: in the departments
producing chromic acid and other hexavalent compouﬁds was associated with
increased lung cancer (estimated relative risk — 2.9, p < 0.05) in contrast
to workers with a history of work in the chromite ore Cr(III) processing

¢epartments (estimated relative risk = 1.3, p > 0.05).

Other groups 1in cthe chromium industry have been less extensively studied
than chromate producers. However, epidemiolegic investigations have been
reported for cthe chromium pigment and plating industries as well as the

ferrochromium industry.

7.2.3 Chromium Pimment Industry

Exposures in the chromium pigment industry are mainly to hexavalent com-
pounds, including sodium chromate (soluble), lead chromate (insoluble), and

zine chromate (insoluble).

Langard and Vigander (1983) reported the results of a study of a cohort of
133 employees who began work in Norwegian chromzte pigment plants in 1948;
the followup period extended through 1980. Workers commencing exployment
after 1972 were excluded. Early exposure was t¢ both lead and zine
chromates, but  production of lead chromate terminated afrer 1956.
Historical exposure levels were not known, but routine measurements between
1975-80 showed chromium levels of 0.01 - 1.35 mg/nB. Thirteen cancers were

observed in the cohort: 7 were lung cancer. Among 24 workers who had been
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exposed more than 3 years, 6 lung cancers were observed versus 0.135 ex-
pected based on the Norwegian male population (estizatedsTelative risk

- 44, p < 0.001).

Davies (1978, 1979, 1984) reported on lung cancer mortality among workers
mzking lead and zinc chromate pigments at 3 English factories. XNo specific
cohorts were defined; instead all non-office mazle workers completing at
1éast one year’s service by June 30, 1975, from as early a date as records
permitted were followed. Exposure levels were .not reported., Rather,
workers were classified into low, medium, and high categories depending on
work activity and likely exposure to chromateé. aAlso, the exposure in one

of the plants (plant C) was exclusively to lead chromate. For workers on

the job for at least one year and for whom plant records were available, no

significant increases in lung cancer among the low exposure group were
neted in any plant relative to the general male population of England and
Wales. However, since there were less than 100 men in this exposure class
in any plant, these results should be intefpreted cautiously. Also, since
cohorts were not defined there may well have been large numbers of recently
employed workers for whom the followup period was too short (i.e. - all
those starting work after 1960). Statistically elevated increases in lung
cancer mortality were found for workers with high or medium exposures in
only two plants (plgnt A estimated relative risk = 21/9.5, p < 0.001; plant
B estimated relative risk = 11/2.5; p < 0.001). Davies interpreted the ab-
sence of lung cancer excesses in the 167 workers in Plant C as an
indication that lead chromate is not carcinogenic in man. The qualitative
nature of the exposure data and the small worker cohort in plant C militate

against such a definitive conclusiom.
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7.2.4 Chrome Plaoting Industry

Exposures in the chrome plating industry are predominantly to hexavalent
chromium compounds, including chromium trioxide, sodium and potassium

dichromate, and chromic acid. These compounds are soluble in water.

Royle (1975) studied 1238 past and current plater workers in 34 plants in
the United Kingdom. A minimum of 3 months of consecutive ecployment in a
plant was required for entry into the cohort. A reference population con-
sisting of manual workers from non-plating departzents of the larger plants
and from other industrial plants was the source of individually matched
controls for the platers. Matching was based on age, sex, and when last
known to be alive. The rate of death due to zzlignant neoplasms azeng
platers was 3.2/100 (39/1238) wversus 1.6/100 (21/1284) in the control group
(p < 0.05). Mortality rates for cancers of the lung and pleura, gastrcin-
testinal tract, and "other sites” were elevated among platers, but did not
reach statistical significance. Increases were also reported for death due
to n6n~neoplastic respiratory diseage.‘ Ko exposure concentratlion data were

reported.

Franchini et al. (1983) reported on the mortality of a cohort of 178
chromeplating workers from 9 plants in Pzrma, Italy. Workers emxployed fox
at least one year between 1951 and 1981 were included. Though airberne
chromium concentrations were reported, it is not clear when the zmeasure-
ments were made:; there 1s, however, sorce indication that the measurecents
were taken in recent fears when the hygienic conditions in the plants had

substantially improved. The air levels in the plants engaged in the use ol
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- . 3 . : .
"thick" plating. were 7 mg/m” (range 1 - 50) near the plating baths zné 3
3 . S - . '
mg/m {range 0 -+ 12} in the middle of the rcom. The authers refer to
another industrial hygiene survey of these plants (reporting levels about

ten times higher) which indicated air levels would be sbout one-tenth as

great where thinner plating was used.

tratifying on thick/thin plating and restricting the cohort to those who
had a2 minimum of 10 years of follow-up, there was a significant increase in
lung cancer mortality among the thick plating workers: 3 cases were ob-
served versus 0.6 expected, based on the generzl Italian male population
(adjusting for age), (p < 0.05). Since only 52 zmen were in the thin plat-
ing subcohort, the lack of an observed response in these workers may be

related in part to the small sample size,

7.2.5 Ferrochromiuﬁ Industry

A limited number of epidemiologic studies have also been published concern-
ing the cancer mortality of workers in the ferrochromium industry. This
industry uses both trivalent and hexavalent chromium in the production of

steel alloys.

Pokrovskaya and Shabynina (1973, as cited in EPA, 1984) compared the cancer.
mortality of a grbup of ferrcalloy workers in the Sovigt Union to the leocal
population for the time period 1955-69. No specific cohort was defined ner
were the numbers of cancer cases, individuals in the comparison groups, and
person-years at risk given. Workers in the plant were reported to be ex-

posed to  low-solubility chromium compounds with concentrations of



. . s 3
hexavalent chromium ecxceeding the allowable level of 0.0l mg/m” by 2 to 7
times. In addition, some workers were exposed to smelting process fuzes

for the chromium ore, which included benzo(a)pyrenec. -

Age-specific cancer mortality ratios (MR) were reported. The ratios for
cancers in males aged 530-59 were significanctly increased (p < 0.001) for
all sictes (MR - 3.3), lung (MR - 6.67), and esophagus (MR = 2.0).
Esophageal cancer mortality was also elevated among 60-69 year old males
(MR - 1l1.3, p < 0Q.00L). However, the lack of methodological detail
reported as well as the absence of a defined worker cohort leave the

results of this study open to question.

Axelsson et al. (1980) investigated the mortzlity and incidence of tu-ors
among 1932 ferrochromium workers in a Swedish plant. A cohort of 1836 cen .
was defined as all male workers who had worked at the plant for at laast
one year during 1930-75 and who were alive on January 1, 1951. Expected
rates were based on the county in which the plant was located. Exposures
in thelr plant were predominantly to trivaleﬁt and metallic chromiuxm, z1-
though hexavalent chromjium was present in some stages of production.
According to the authors, "recent™ measurements and discussions with
various plant personnel allowed estimation of exposure levels; the range
for Cr(0) and Cr(III) was 0 - 2.5 mg/m3 while that for Cr(VI)lwas ¢ - Q.25
mg/ms. Of specific work categories, arc—furnage znd rwaintenance explcvees

were most heavily exposed.

The total number of deaths from tumors was less than expected (69 versus

76.7) for the entire cohort but a non-significantly elewvated number was
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found among maintenance workers (18 vs 13.6).. The elevation in maintenance
workers was due in part té -an increase in mortélity from respiratory
cancers (3 wvs 1.3, p > 0.05),. This latter finding-was paralleled in the
incidence data, where 4 respiratory cancers among maintenance workers were
observed against one expected (p = 0.038). Two of these cases were pleurgl
mesotheliomas and could be ;elated to exposure to abestos, which was used

in the plant. Exposure data for asbestos was not presented.

Langard et al. (1980) studied the incidence of cancer in male workers at a
Norwegian ferroalloy plant (chromium and silicon alloys were produced).
The cohort studied included 21l men who had wofked at least one year in the
periﬁd 1928-77, but the analysis focused on 976 workers who started before
Janmuary 1, 19690. Both overall cancer mortality and incidence were iover
than would have been éxpected based on national data. Lung cancer in-
cidence was elevated; however, 7 cases were found among ferrochromium

workers while 3.1 were expected (p > 0.05). The authors note that the ex-

pected rate may be inflated because the age-corrected lung cancer rate in

the population of the county in which the plant is located is only 58% of
tﬁe incidence in the whole country. Applying 58% to the expected rate
results in a significant increase in the incidence ratio (p < 0.01).
Furthermore, using non-ferrochromium workers as an internal referent
population resulted in an 8.5-fold increase in lung cancer incidence (p =

0.028).
Exposure data were based on a 1975 industrial hygiene survey of the plant.
The total chromium content of dust was "with few exceptions®” below 1 pg/mB.

This level probably underestimates past exposures. Water-soluble chromium
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(zssumed to be hexavalent) ranged from 11-23% of the total. The presence
of high levels of Cr(VI) in previous vears was also confirmed by'chc find-
ing of 2 workers with nasal septum perforatioms. Exposure to asbestos and
low levels of polyeyeliec aromatic hydrocarbens also occurred, but con-
centrations were not reported. However, since the 243 ferrosilicon workers
studied wére similarly exposed yet experienced no lung cancers, the effect

of these exposures may be minimal.

7.2.6 Other Eonidemioloric Studies

Epidemiologic studies have also been conducted in wusers of chromium
products, particularly welders. Certain welding fumes contain chromiunm,
manganese, nickel, and trace amounts of arsenic and lead. Stern (1933)
reviewed the literature and found 22 sctudies of cancer incidence and
welding. Five studies showed statistically significant (p < 0.03) in-
creases in the relative risk (range of relative risks: 1.3 - 5). The
results in all 22 studies were consistent with a relative risk of 1.3,
based on a 95% confidence Interval. Because of the mixed exposure to
several metals, each of which has demonstrated mutagenicity or is suspected
of being 2 human caxcinogen, these studies are not as useful for identify-

ing chromium as a carcinogen and will not be furcther discussed.

Cnly one study was found that JIooked at the carcinogenic potential of
chromium in a nonoccupationzl setting. Axelsson and Rylander (1980)
studied lung cancer mortality in communities exposed to chromium emissions
from the ferroalloy industry. No statistically significant difference was

found for Ilung cancer mortality rates between communities affected by the




emissions and .rural communities having no industrial emissions. Though
chromium exposure levels were méasured, they were notlgéeéiaced in terms of
chromium oxidation state or specific compoundg. Since the ferrochromium
industry predominantly uses trivalent chrcmium, the absence of an effect in
this study may be due to exposure to the form of chromium that is not es-
tablished as a carcinogen. Moreover, any Cr(VI) formed during the
processing of Cr(III) could have been subsequently reduced to the trivalent
form in the atmosphere (NAS, 1974), which could also account for the lack
of increase in lung cancer mortality in the communities. Another pos-
sibility to account for the lack of increased lung cancer could be that the

chromium was on particles whose size would preclude them from being

respired or deposited in the lung.

7.2.7 Summary of Epidemiologic Studies

The health outcomes studied in the puﬁlished chronium epidemiclogic studies
are marrow in scope. Based on case reports from the chromium industry, in-
vestigators quickly focused onltesting the lung cancer hypothesis. Tﬁtal
mortality and mortality from all cancers.were also roﬁtinély reported and,
occasionally, data on cancer for honfrespiratory sites were presented.
Few authors mentioned any acute effects or other chronic conditions, al-
though nasal perforations were reported as an indication of high hexavalent
exposure in several studies. Therefore, the epidemiologic studies are not

adequate to evaluate non-carcinogenic effects.



Several diffcrent study dcsigps and worker groups were uscd to study the
chromium-lurg cancer relationships. The finding of;gtatistiéally sig-
nificant associations between, worker exposure to chfomium and lung cancer
on an internationmal basis and from a variety of study designs provides
strong evidence to identify chromium zs a human carcinogen. However, the
studies have mnot been able to answer all the questions concerning
chromium’s carcinogenicity for two reasons: control of potential confound-

ing variables and quality of the exposure data.

The major potential confounders are cigarette smoking and exposure to other
respiratory carcinogens, such as asbestos aﬁd benzo(a)pyrene. Because per-
sonal his%orics typically were not obtained, most authors made the
assumption that workers’ smoking habits were identical to those of the
general population (i.e. the usual comparison group). To the extent this
is not true, the observed number of lung cancer cases can be over- or
under-estimared. For example, if workers smoked more than their comparison
group counterparts, it would mnot be clear how.much of the excess lung
cancer observed was due to cigarettes and how much to chromitm. Some
authors did qualitati;ely consider the smoking issue and concluded that it
did not exert a confounding effect or that smoking could not by itself have
accounted for the excesses of the magnitude seen. Staff members of DHS
agree with this conclusion: it is not likely that the estimated relacive
risks, which exceeded 20 in many cases, could be explained solely on the

basis of smoking.

Similarly, there cannot be a definitive resolution to the probler of ex-
posure to multiple carcinogens. Since exposure data were generally
lacking, quantification of exposure to other carcinogens is tenuous, at
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best. The .impact of these “exposures could reduce or invalidate the
chromium-lung cancer relationship. Invalidation does mwot seem likeliy,
however. For example, asbestos exposure is likely to occur in smelter

operations among selected workers (furnace operaters and perhaps nzin-
tenance workers). The finding of a positive association between chromiun
exposure and lung cancer in other workers within the same plant and in
other chromiun industries suggests that chromium has at least an independ;

ent role in carcinogenesis.

The second major problem with the epidemiologic studies -- the poor
chromium exposure data -- limits the specificity of the cancer-chronium
relationship vis-a-vis oxidation state, solubility, =znd individual
compounds. As was indicated earlier, levels of exposufe were rarely known,
Where exposure levels were given, they were incomplete relative to the
period of worker exposure. Further, since employees were exposed to mix-
tures of chromium-containing materials, the available data are insuffient
to differentiate  effeects based on oxidation state, solubility or specific
compounds. The observation by Baetjer (1950) that respiratory cancer was
not associated with the mining of chromite ore (trivalent, inscluble) and
the findings of 1lower cancer risks 'iﬁ those industries mainly usin

trivalent chromium (e.g. ferrochrémium) and those with exposure to
trivalent and inseluble hexavalent chromium (e.g. Davies, 1984 chroms
pigments) suggest that trivalent chromium may npt be as carcinogenic as the

soluble hexavalent form.

In summary, the epidemiologic data identify chromium as a respiratery sys-

tem carcinogen, but are insufficient to refine the carcinogenic potential



in terms of individual compounds, the trivalent or hexavalens oxidarion .

state, or differing solubilicies. Furthermore, while the findings of soze

studies suggest chromium is, associated with nonrespiratory cancers, the

evidence is inzufficient to consider this teo be of 2 causal natvre.
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8 QCUANTITATIVE RISX ASSESSMENT

8.1 Introduction i . -

EPA has recently published a heal;h assessment for chromium (EPA, 1984).
The report was independently peer-reviewed in public sessions of.the
Environmental Health Committee of EPA’s Science Advisory Board. The quan-
titative risk assessment of this document has been adopted for this report
based on the raticnale given below. The assessment foéuses on hexavalent
chromium, since Cr(VI) compounds have demonstrated both mutagenic and car-
cinogenic effects while evidence implidating C?(III} as either a mutagen or

carcinogen is weak. The staff of DHS believes this is a reasonable and ap-

_propriste interpretation of the health effects data on chromium,

To be protective of public health, a risk assessment should be based on the
adverse hezlth effect which arises from the lowest exposure to a substance.

Both carcinogenic and non-carcinogenic éffects must be considered.

8.2 Non. —cinceenic Risgks

Noncarcinogenic “fects of hexavalent chremium include skin ulceration and
dermatitis, nasal : sa irritation and septum perforation, and kidney and
liver damage, while »(TII) has besen implicated in causing pulmonary
fibrosis (see Section 4...2; ACGIH, 1984). These effects have been
reported from exposures in occupational settings. As a result, occupa-
tional standards have been set at levels presumed not to cause.these

effects . given repeated exposures. The American Conference of Governmental
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and  Industrial ' Hygiecnists (ACGIH) has established che occupational
threshold limit value (TLV) for Cr(VI) at 0.05 mg/m3 whif; the permissible
exposure level (PEL) recommended by NIOSH is 0.025“mg/m3 (water-soluble,
noncarcinogenic Cr(Vvl)) and 0.001 mg/m3 (water-inéoluble, carcinogenic
Cx(VI})). The TLV for Cr(III) is 0.5 mg/ms. These occupational standoards
are mnot mnecessarily directly applicable to the general population because
of the potential greater susceptibility to disease among the general
population. In fact, the ACGIH has cautioned against the general applica-

tion of TLVs stating that:

" These limits are intended for wuse in the practice of in-
dustrial hygiene and should be Interpreted and applied only by
a person trained in this discipline. They are mnot intended
for wuse, or for modification for use, (1) as a relative index
of hazard or toxicity, (2) in the evaluation or control of
community air pollution nuisances, (3) in estimating the toxic
potential of continuous, uninterrupted exposures or other ex-
tended work periods, (4) as proof or disproof of an existing

disease or physical condition...(ACGIH, 1984).

However, temporarily holding these caveats in abeyance, the lowest PEL of
0.025 mg/m3 can be modified to account for a 24 hour per day and 365 day
per year exposure Yylelding a conceﬁﬁration of aboutr 0.01 mg/m3 which is
"theoretically" protective against mnasal irritation, septal perforation,
dermatitis, and liver and kidney dysfunction. Further, to be rore
cautious, an additional conservative safety factor can be applied, e.g.,
100, yielding a "population threshold" of 100 ng/m3. This level is 5 to 6

times greater than ambient levels. Thus, using this crude and extrenely
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conservative .zpproach, mnoncarcinogenic respiratory, renal, hepatic or

cutaneous effects would not be expected to appear at ambient levels.

8.3 Carcinogenic Risks

8.3.1 Sources of Data

Typically, biocassays and/or epidemiologic studies are used for gquantitative
risk assessment of carcinogens. Both sources of data are available for
chromium, In general, hoﬁever, the use of epidémiolbgic'data is preféréble
since effects in humans are being evaluated, obviating.the need for in;er-
species extrapoiation. Moreover, in the case of chromium, the route of
exposure in the epidemiologic studies, inhalation, is the route of primarf

conceyn to the ARB.

Animal carcinogenicity studies have not been successful in demonstrating 2
significant increase in tumor incidence following inhalation or ingestion
(see Appendix 1I). This finding holds for both trivalent and hexavalent
compounds. However, some studies have showm significant tumor increases at
site of contact, particularly for some hexavalent compounds, following sub-
cutaneous injection, intratracheal instillation,' or intrabronchial,
intrapleural, intramuscular or intratracheal implantation. Wnile support-
ing the identification of'chromium as a potential carcinogen, these latter
studies are not used for quantitative risk assessment for reasons describedr

below.



Determination of comparable inhalational dose levels from éhe above-noted,
atypical routes of exposure, that vyielded carcinggenic excesses is
problematic. In the case of implantation studies, since Tumors sppear to
develop only at the site of contact, tne dosage producing the effect (as
opposed to the amount of material implanted) is not readily discermible:
high local concentrations are likely to appear at the site of exposure and
without good absorption data, it is difficult to quantify dosage. For the
instillation studies, difficulty arises with respect to relating the
delivered dose, to the ambient levels that would kave to exist to procuce
this dose through inhalation, given the anatomy and physiclogy of the
animals’ upper respiratory tract. The differentiai cancer response by
route of administration indicates that the dose distribution is affected by
the route of exposure.. It also points to the need for physiochermical and
pharmacokinetic information relating the distribution of chromium in lung
tissues after inhalation or intratracheal administration. Such information
1s not available. Furthermore, the physiologic mechanism of dose distribu-
tion by intratracheal administration may depend irn a mnon-linear fashion on
the dose levels used In the experiment (EPA, 1984). The study by Stelnhoff
et al. (1983), in which a weekly dose of sodium dichromate induced a car-
cinogenic response in rats but failed to do so when one-fifth this dose was
given five times per week, supports this contention. Thus, the staff of
DHS believes that it {s not appropriate to attempt ro derive the dose-
response curve for an Inhalation exposure where the dose parameter is as
poorly defined as in the case of the chromium animal studies, particularly
when adequate epidemiologic data are available for quantifying the excess

risk.
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§.3.2 Selection of Chromium Compound(s}) For Risk Assessment

As the toxicological data suggest, chromium's health:éffects are related to
the oxidation state, solubility, and the metal elements in the test com-
pounds fe.g. lead, zinc, calcium). in general, trivalent chromium
compounds do tnot show evidence of mutagenicity in short-term genotoxicity
tests. Experiments in several animal species further suggest that Cr(III}
cémpounds (e.g. chromic acetate, chromic oxide, chromite ore) are not
likely to be carcinogenic. IARC (1980) concluded, however, that these data
were inadequate to either confirm or refute the carcinogenicity of

trivalent chromium. The staff of DHS agrees with this conclusion.

In contrast, several hexavalent chromium compounds have been shown to cause
genotoxic effects in prokaryotié and eukaryotic systems, both in vitro and
in wivo. Moreover, studies in rats have demonstrated the carcinogenicity
of severzl Cr(VI) compounds: lead chromate (insoluble), zinc chromate
(insoluble), strontium chromate (insoluble), and siptered chromium trioxide

{insoluble).

Since these data are not in conflict with the epidemiologic findings, the
staff of DHS believes the risk assessment should be based on hexavalent
chromium compounds. However, because the DHS assessment will‘ use
epidemiologic data to estimate risk, and becagse these data do not permit
differentiation of risk with respect to solubility or compound specificity,
the assessment will pertain to the general class of Cr(VI) compounds. The
staff of DHS recognizes that, in assuming all hexavalent chromium compounds

are equally carcinogenic, the estimated risk per unit dose (potency) may be
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underestimated © due to the inclusion of potential noncarcinogenic compounds
in the cancer potency caleculation. The staff also recognizes that the ap-
plication of this potency factor te a mixed C?(VI) exposure may
overestimate the predi;ted cancer risk (by assuming exposure to a higher

dose of carcinogen than is actually present).

£.3.3 Threshold

A  threshold in classical texicology is a level at or below which a toxic
response does not occur. The concept of a ‘threshold is accepted for health
effects which are not self-propagating. In theory the threshold represents
an absolute level; however, in practice the threshold level is cefined
where mno effect can be detected. The practiczl threshold is thus a fune-
tion of technology, 4i.e., the ability to measure small effects, znd of
sample size, 1i.e., the ability to observe a rare event in a given exposed
population. Practical thresholds are typically de;ermined by applying a
safety <factor to the lowest no observed effect level (NOEL) or no observed
adverse effect level (NOAEL) among all health effects of concern, as deter-
mined from experimental data or observational reports. The safety factor
provides an additional degree of protection to account for more susceptible

individuals in the genetically heterogenous general population.

Whether carcinogenesis (a self-replicating process that may continue after
the exposure has ended) is characterized by a threshold Is controversial.
Empirically, a threshold level cannot be proven using either animal or
human studies (e.g. if there were no effect observed in 25,000 animals, one

could not be absolutely assured of a similar outcozme in 100,000 animals or
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1 million animals). Therefo;e,‘the issue of a carcinogenic threshold can
only be resolved based on knowledge of the mechanism By';hich a substance
causes cancer. Science has ,yet to wvalidate propoged mechanisms. It is
believed, however, that cancer 1is a multistage process that can be in-
itiated with an attack by a carcinogen on DNA. The result can ultimately
be expreséed as a tumor. Theoretiéally,- despite the body’s defense
mechanisms, the initiating event can be caused by a single molecule of the
carcihogen, making the thrgshold dose indistinguishable, for practical pur-
poses, from =zero. This 1is in contrast te other toxic effects that are
believed to occur only after the reserve capacity of the biblogic target to

withstand and rapidly repair damage has been exceeded.

Some compounds associated with carcinogenic responses do not appear to in-
teract directly with DNA. Although it is possible that these compouhds may
have thresholds, théir mechanisms of action are not well-understood. These
compounds are currently treated for purposes of risk assessment as non-

threshold substances.

The mechanism by which chromium induces cancer is not known. Levis and
Bianchi (1982) have described a possible mechanism which requires exposure
to hexavalent chromium because, in contrast to trivalent chromium, Cr(VI)
can readily penetrate the cell membrane. However, as noted in Section 5.&,
trivalent chromium, formed from either intracellular enzyme-mediated reduc-
tion or by reaction with reducing agents, may be the ultimate carcinogen.
Thus, it is not known if the "initiating" event is the binding of Cr(III)

to DNA, the reduction of Cr(VI) to Cr(III), or some other process. In any
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case, the proposed mechanism predicated on the occurrence of a genotoxic

event is consistent with the assumption of a nonthreshold process.

One ecritic of the LEPA chromium health assessment docuzment (Hathaway, 19853)
interpreted the findings from some short-term genotoxicity studies, metabo-
lic studies, and an animal study as demonstrating the existence of =
threshold. The points cited to support this were: 1) Cr(III) appears to
be neither mutagenic mor carcinogenic, 2) treatment of Cr(VI) with chemi-
cal or  biological rxeducing agents renders Czr(VI) mnonmutagenic, 3)
treatment of Cr(III) with strong oxidizing agents results in a positive
mutagenic response, 4) Cr(VI) is reduced to Cr{III) both extra- and ia-
tracellularly, and 5) an unpublished animal study in which a weckly dose
of sodium chromzte (Cr(VI))} for life yielded a carcinogenic response while
one-fifth this dose administered five times per week resulted in no tunoxrs
(Steinhoff etz al., 1983). 1In other words, the genotoxiclty tesTs suggest
that exogenous Cr(VI) is a carcinogen whereas Cr(III) is not, ecven if
Cr(III) is the valence state with which DFA is ultimately complexed. The
implication is that, to the extent that Cr(VI) is reduced extracellularly
or even intracellularly prior to reaching the nucleus, the likelihood of a
significant genotoxic effect is correspondingly diminished. If the reduc-
tion process occurs iIn a non-linear fashion, a practical threshold may
exist. The differential carcinogenic response observed in the animal study

alsc supports the concept of a practical threshold.

The staff of DHS agrees that some of these findings may be consistent with
the existence of a metabolic threshold, but do not believe that they con-

stitute compelling proof of a threshold or, in particular, of a threshold
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that could be numericallyrapplicable to humans. Other factors need to be
considered. Tor example, possigle pharmacokinetic difféfénces between the
aforementioned test systems and man limit the diéect generalization of
these findings to man. Also, even if the reduction of hexavalent chromiun
were a non-linear process, these metabolic defenses have not convincingly
been demonstrated to be completely effective. Furthermore, the demonstra-
tion of a dose-rate response (Steinhoff et al., 1983) dees not exclude the
possibility that a carcinogenic response could have been seen in the low-
dose group had a larger population been studied. Alternatively, the dose-
rate response observed by Steinhoff could be inter@reted as showing that

the lifetime-averaged daily dose may not be appropriate for modelling the

risk of chromium,

The evidence presented in support of a threshold is inconclusive and per-
haps is more suggestive of 2 nonlinear low-dose response than an absolute
threshold. Hathaway (1985) acknowledged these difficulties: "... this
evidence does not permit quantification of the threshold or a description
of the dose-response at low doses."” The staff of DHS concurs with Hathaway
on these latter pqinés. Therefore, in accordance in Section 39650 of the
Health and Safety Code which stipulates that DHS should be protective of
public health, and given that the assumption of low-dose linearity is con-
servative (i.e., public health protective) the hexavalent chromiuz risk

assessment should be based on a linear non-threshold model.
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8.3.4 Extrapolartion Models

L
Chromium ecxposures in the occupational epidcmiologielstudies tended to be
in che milligram/m3 range. Ambient exposures to atmospheric chromium are
in the nanogram/m3 range, or about one rillion times lower. Therefore, a
model and ‘a procedure zre required teo estimate effects resulting from ex-
posure to ambient levels, when the only demonstrated response occurred at

much higher occupational levels.

Empirically, most extrapelation models fit.the observable dose-response
data equally well, but can give vastly disparate results in the low-dose,
nonverifiable range of concern. However, mutagenic studies with beth
ionizing radiation and a wide variety of chemicals support a linear, non-
threshold, dose-response relationship, particularly for low-dosec exposures
(EPA, 1984), Epiéemiologic studies of radiation-induced leukemia, breast
and thyroid cancer, and liver cancer induced by aflatoxins in the diet also
support this type of relatiomship (EPA, 1984). Therefore, the DHS risk as-
sessment will adopt the EPA linear nonthreshold model to estimate low-dose
chromium exposure carcinogenic risks, recognizing that such a model, al-
though biologically plausible, has sclentific limitations. A linear
nonthreshold model is alsc likely to be health-protective because, for ex-
ample, the 1linearity assumption may provide an upper limit to the do§e~

response.

Two procedures were wused by EPA to calculate the potency. The first re-
quires age-specific mortality data and calculates the carcinogenic potency

taking competing risks of death into account. (& more detailed description

-80-




of this procedure is given in Appendix I1.)  The lifetime probabiliry of
lung cancer given continuous lifetime exposure to dose 4 is given by:

L s '
P(L,d) = f h(s,d)exp{-{f hiy,d)dy + A(s)}}ds,
o]

o

where L is the maximum human lifetime, exp [-A(s)] is the probability of
surviving to age (s) without acquiring lung cancer, and h(t,d) is the age-
cause-specific mortality after adjusting for the background rate. Once the
funcfion h (t,4) is specified, its parameters can be estimated fromlthe

epidemiologic data; A(s) is estimated from vital statistics.

The second procedure is less complex and is applicable where age-specific
information is not given. The method assumes that the risk among expesed
individuals (Re) is a function of the exposure dose (d) and background

cancer rate (Rb):
Re - Rb + Bd,

where B is the potency factor. The relative risk (i.e., the ratioc of risk

between exposed and non-exposed individuals) is therefore:

Solving for B yields:
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Bo= [(RR - 1) x ™ ]/d.

Data from epidemiologic studic: are used to estitmate the relative risk
while information concerning dose levels, 1f available, is typically
presented in either an epidemiologic study or in an associated industrial
hygiene survey. The background rate of cancer is typically obtained from

vital statisties data.

The excess lifetime probability of lung cancer, given a continuous Lifetirce

dose of hexavalent chremium, P(L,d), is then given by:

P(L,d) = 1 - exp (-Bd).

8.3.5 Selection of Studies for Vuantitative Risk Assessment

Many epidemiologic studies have demonctrated the carcinegenicity of
chromium, but few have been able to quantify the exposure, particularly in
a manner representative of the experience of exposed individuals. Indeed,
only one study (Bourne and Yee, 1950 with reference to Mancuso & Hueper,
1951) addressed the issue of particle size which could be a critical factor
in establishing dosage. Since the inhalation exposure was most likely due
to chromium dust or aerosol (chromic acid mist), actual worker exposures
would probably be restricted to respirable particles that would be retzined
in the 1lungs (i.e., less than 5 pm (Task Group on Lung Dynamics, 1966)).
Thus, it is possible that the exposure data available to calculate the
potency are inflated which has the practical effect of underestimacing the

potency factor. Similarly, the use of respirators would decrease actual
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exposures relative to ambient measurements, resulting in an underestimated
potency factor. The extent of respirater usage was not, however, discussed

in the epidemiologic studies used for the risk assessment.

Exposure data were repbrted for the Mancuso (1977), Langard et al,(1980),
Axelsson et al. (1980), and Pokrovskaya ‘et al. (1973) studies. The
analytic group in the Langard study consisted of a cohort of men who began
work some time between 1928 and 1960 but the exposure data were based on an
industrial hygiene study conducted in 1975. The authérs noted that several
changes in production routines occurred dgring the plant’s 50 years of
operation and that no data were available on chrémium’exposure levels for
previous years. Since the industrial hygiene of the plant undoubtedly im-
proved during the period the cohort was exposed, the 1975 exposure data are
likely to significantly underestimate the cohort’s average exposure. These
data will then yield a spuriously high potency factor., For this reason the
staff of DHS do mot believe the Langard et al. study should be used for the

hexavalent chromium risk assessment.

The Axelsson et al. study also provides exposure data, but the ill-defined
sources for these data and the amb;guiﬁy of the health findings in this
study render it inappropriate for a qﬁantitative risk assessment. The ex-
posure data are based on "recent measurements and discussions wirh retired
workers and foremen employed in the 1930s" ﬁAxelsson et al., 1980). As
such, the accuracy of these exposure data is questionable. More impor-
tantly, however, was the finding that the subcohort of maiﬁtenance workers,
which was the only group found to have a statistically significant elevated

respiratory cancer risk,- was also exposed to asbestos. Two of the four
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respilratory cancers observed were mesotneliomas, & neoplasm generally con-
sidered to be almost exclusively associated‘ with pfior exﬁosure to
asbestiform  fibers. With ,one  cancer expecte& and excluding the
mesotheliomas, the observed relative =wisk (2/1) was not statisrtically
significant. Given the synergistic relationship between cigarette swoking
and asbestos exposure (i.e., a 50-fold increase in lung cancer risk among
smokers who are also exposed to asbestos) and the absence of smoking data
for cohort members, the staff of DHS does mot believe that the one extra
case of lung cancer observed in the Axelsson study can be reliably at-
tributed to chromium. Therefore, this study will not be included in the

DHS cancer risk assessment.

0f the remaining studies, the investigation by Mancuso is most appropriate
for use in a quantitative risk assessment. The inadequate reporting of the
'?okrovskaya et al. study in terms of cohort definition and details concern-
ing the results .renders the wvalidity of study’s findings somewhat
questionable. Therefore, this risk assessment will focus on the Mancuso
study. An  estimate of chromium's potency based on the Pokrovskaya et al.
study 1is also presented for comparative purposes only witﬁ the understand-

ing that it may be less walid.

8.3.6 Risk Assessment Based on_the Mancuso Studv

Mancuso (1977, see Appendix III) reported on the cancer mortalicy of 332

men who began work in the chromate (Cr(VI)) producing industry between 1931
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and 1937. TForty-one lung cancer deaths had occurred by 1974. Since age-.
specific deaths were reported, both the coxzpeting risk and crude

extrapolation models are used to estimate potency.

The risk assessments are based on data in the table below, (Table 8-1)
which includes the exposure, lung cancer mortality given this exposure, énd
expected lung cancer mortality without chromium exposure for the study
cohort. The reported weighted average worker exposures were assumed to be
equivalent to the continuous exposure ¢ (in ug/ms) calculatecd by:

b 8 240

‘5 '
X 3g5 X 107 ug/mg

where D is the reported exposure (in mg/mB-years), Le is the midrange of
the age category, f is the fraction of time expcsed to chromium, and 8/24
and 240/365 are the fractions of a day and year, respectively, that a
worker spent at the plant. It was assumed that £ = .65 which implies that

the cohort exposure to chromium began approximately at age 20.
Exposure data are in units of total chrozium and are based on a 1949 in-

dustrial hygiene study of the plant (Bourne and Yee, 1950; see Appendix

v). Since exposures occurred between 1931 and 1972 (the life of the
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Table 8-1, Comblined Age Speclric Lung Canccr Dealh Rates and Total Chromium Exposure (in pg/mj)
for the Mancuso Study (Hancuao, 1975).
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70 NN ! ot Vowiox 1007 3.2 PO
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plant), exposures based on 1949 data represent an average exposure. Bourne
and Yee indicate that, in wview of the improvements in equipment and
processes after 1946, it is extremely likely that chromium levels pre-1949

were greatsr than postLlQ&Q levels, which supports the notion that the 1549

data represent average levels.

A review of the éPA risk assessment (Hathaway, 19853) raised the point that
the wuse of the 1949 exposure data would underestimate the true exposure by
20- to 40-fold. This is based on the cumulative effects of three factors.
First, the exposure data represent normal plant operating conditions and
not plant upset conditions. Using maintenaﬁce workers’ exposures, ﬁhich
were five to ten times greater than production worker exposures, as & basis
of upset exposﬁre levels, Hathaway indicated that a 2- to 4-fold underes-
timate had been used by EPA. Since it is not known what percengage of'tﬁe
general workforce was ekposed te upset conditions or for how long,
Hathaway's estimate cannot be verified. However, other estimates for this
effect are consistent with the data. For example, if non-maintenance
workers were exposed to five times (based on DHS' calculated average of
maximum maintenance worker exposures) their usgal exposure for three hours
per weék (based on Bourne and Yee), their increase in exposure is only 30%:
[37(x) + 3(5x)]/40 = 1.3xr, where x is the exposure estimate based on nor-

mal cperating conditions.
Second, Hathaway stated that Mancuso had assumeé that werker exposure post-

1949 was zero. This assumption was based on their finding that Mancuso had

not obtained worker job assignments after 1949. Hathaway presumed that the
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failure to accounc for post-19§9 exposures might result in a two-fold un-
derestimation of cxposure. Third, Hathaway alleged that-cxposures'prior to
1949 could have been five times, greater than those measured in the 1949 in-
dustrial hygienc survey. Thus, thesc latter two poiﬁts account for a ten-
fold. underestimacion of exposure levels. Clearly, exact exposure levels
cannot be calculated because the requisite data have not been collected.
However, by invoking some crude assumptions, altermatives to Hathaway‘s es-
timate of exposure underestimation can be formulated. For example, Mancuso
has indicated that although post-1949 work histories were not cbtained,
only about 25% of the worker cohort could have been exposed beyond 1949

{Mancuso, 1985 persomnal communication).

Therefore, assuming all cohort members were exposed To 5 times the 1%4¢
levels foxr an average of 15 years (i.e., the medlan tice between cohort
formation and 1949) and additionally, 25% of the cohort was exposed to one-
half the 1949 levels (estimated from Bourne et al., 1951) for the remzining
23 years that the plant was Iin operation, the overall weighted average ex-

posure can be estimated as:

753 {(15yrs)(5%) + (Oyrs) (.5%))1/(15yzs)] +

25[{(15yrs) (5x)+(23yzs) (.5x) /(15+23yrs)} — &.3x
where x is the 1949 exposure Level.

The total underestimation of exposure may be only 5.6-fold (1.3 x &.3) and

not 20 to 40 fold, i.e., i1f indeed it has been underescimated at all. . Wiczh
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knowledge of Hathaway'; -comments, ILPA still felt that the exposure data
might be underestimated by a fa;:or of two. -.,'

Estimation of the hexavalent fraction of the total chromium levels reported
by Mancuso can also be calculated from the industrial hygiene survey data.
Bourne and Yee reported that the ratios of trivalent chromium to hexavalent
chromium concentrations in the airborn; dust in nine major departments
fanged from 1 to 3, except for two departments where chromite ore {Cr(III))
was extensively used; the Cr(III) to Cr(VI) ratios here were 6 for the lime
and ash operation and 52 for the ore preparation. Excluding the ore
preparation department, exposure data yield an estimate for hexavalent
chromium levels mno less than one-seventh the amount reported for total

chromium,

8.3.6.1 Potency Based on Competing Risks Model

Applying the competing risks model to the exposure and mortality data from
Table 1 and estimating the probability of survival to age t (exp[-A(t)})
from U.S. Vital Statistics yield an estimate for the excess lifetime prob-
ability of cancer from exposure to chromium of 1.16 % 10-5 per ng/ms.
Assuming that the hexavalent chromium fraction alone is carcinogenic yields
an excess lifetime risk of 8.12 x 10_5 per ng/ms. Alternately, assﬁming
the chromium levels have been underestimated by.a factor of 5.6, the excess

risk per ng chromium/m3 would be 2.07 x 10°°.

8.3.6.2 Potencv Based on "Crude" Model
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Estimation of the potency factor, B, using the "crude” medel is also basec
on the data in Table 8-1. The cstimated relative risk‘is calculated by
taking the weighted averape  of the age-exposure-specific relative risks
where the number of pc?son-ycars iz the welghting factor. Thus, the cohort
average RR equals 7.2. The dose, d, is estimated as the weighteéd average
of the age-exposure specific concentrations also weighting by person-years.
The dose estimate is 15.5 x 103 ng/mB. The background rate of lung cancer
(Rb) is based on the lung cancer mortality rzte for the 1964 U.S. popula-
tion and 1s equal to 0.036. Therefore, the potency 1s calculsted as

follows:

B = [(7.2 - 1) x 0.036]/(15.5 x 10%) = 1.46 x 107 /ng/mo.

Accounting for the estimated hexavalent fraction of the exposure or the
possible underestimation of the total exposure yields potency estircation of

10.1 x 10" /ng/m° and 2.57 % 10" %/ng/a>, respectively.

These 1risk estimates may be too high if the workers smoked morxre than the
general white male population, which the background rates are based upon.
Mancuso provided no data on smoking habits, but it is generally acceptec
that the proportion of smokers is higher among industrial workers than the
general population. EPA explored the impact of differential swmoking habits
on the risk assessment (EPA, 1984). As an exaﬁplc, if the background rarce
of lung cancer mortality £or the Mancuso cohort is increased by 40% the
corresponding potency would be reduced by 25%, or from 1.16 x 10'5 to §.70

X 10-6/ng/m3. A 40% increase in background lung cancer mortalicy could
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arise assuming that 80% of the chromate workers zre ever-smoksrs while only

50% of the general white male population are ever-smokers.

EPA concluded that the application of other reasonable assumptions about
smoking habits of the dohort compared tb the general white male pepulation
would not reduce the potency estimate by more than 50%. Therefore, the
lowest estimates of potency "adjusting” for smoking and the possible under-
estimation of dose (e.g. a factor of 5.6 from the sample DHS calculation)
would be 11.2 times lower than those previously given or 1.04 x 10'6 /mg/m3

for the competing risks model and 1.29 x 10-6 /ng/’m3 for the crude model.

A summary of potency estimates under different scenarios is presented in

Table 8-2.
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Table £-2. fxcess Cancer fisks from Conlinugus Livetime
Exposure L0 fe=xavelent Chremium

Estimeted Excess LiTelims =i:is

per no!m3 par->il0ien Scouztton
Competing Risks
Model Cruds Moz
Mancuso Data
| xposure = Total Chromium1 (cest estimate) 11.6 122
a) uncerestimated exposure by 5.5 2.1 2.2
b) smoking rate higher &mCng WOrKEers 5.8 T.zZ
c) a=+b 1.0 L.z
d) 95% UCL2 for bzsi estimate ' -- 2. ¢

! b mekiase a cpe o2
Exposure = Hexavalent Chromium™ (best estimate) 81.2 LI
2) underestimated exposure by 5.6 14.5 12,8
b} smoking rate higher a2mong worxsrs 40.€ .-
c) a+b 7.3 z.0
&) 95% UCLZ for best estimatz - e
. L
Pokrovskava et al. Data
a) high dose estimate -- zz.0
b) Tow dose estimete -- 1e2.2
c) geometric mezn of a = b -- zv.C
1y . L,
Potency calculated based on total chromiuvm leveis.
2. . - . . . R — L - :
Usser Timit of the 5% confidance intervzi for estimated rzialive rizk. Igti-zizo -
zvailable for parameters in compating rizxs mzdel

3 . : - : . hs T - - ;
Concenirztion of hexavaient chromium acsumed to be 1/7 the tzvel of tclgy chri= u-
See text for further expiznation.
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8.3.7 Risk Assesgment Based on_the Pokrovskava et al. Study

This is a Russian study that was not published in .English and hence, was
not directly reviewed by the staff of DHS. The potency estication below is
excerpted from the EPA chromium health evaluation (EPA, 1984}. The datez

reported by the authors are only appropriate for use in the crude model.
POTENCY ESTIMATION BASED ON POKROVSKAYA ET AL. (1973)

Although this study showed a significant increase of lung
cancer mortality over the contrel grbupl the validity of the
data 1is quéstionable because the study cohort is not clearly
defined. The report indicates that the cancer mortalities
over the period 1955-1969 in workers from a ferroalloy plant
in the Soviet Union were compared with the population of
similar ages 1in the city where the plant was locatea, but it
fails to indicate the eriteria by which workgrs were included
in the cohort. The lung cancer mortality ratios were reported
to be 4.4 (noé statistically significant) for the age group
30-39 and 6.6 (p = 0.001) for the age group 50-59 among male
workers. Concentrations of hexavalent chromium weré reported
to exceed the marginally allowable value (0.0l mg/m3) by 2 to
7 times on the average., The length of employment was from 7

to 20 year, with an average of 15 years.

Based on the information that the average ambient concentra-

tions of hexavalent chromium exceeded the marginally allowadble
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value 0.0I mg/m3 by 2 to 7 times, workers’ exposure to
hexavalent chromium ranged from (.02 mg/mB to 0.07 mg/dB.
The lifetime doses corresponding to 0.02 mg/m3'and 0.07 cg/m3

are, rcspectively, as follows:

dl - 0.02 x 103 x (8/24) % (240/365) = (L/4) - 1.1 ug;/m3

and

d, = 0.07 x 109x% (8/24) % (260/365) = (1/6) - 3.8 ug/m

{where the factor of 1/4 represencs the 15-year average ex-
posure among the 60-year-old cohort members) . £ 6.6 is Tzken
to be an estimate of the average relative risk for the cohort,
then the carcinogenic potency for hexavalent chromium (Cr(VI))

is calculated to range from:
B - (6.6-1) x 0.036/3.8 = 5.2 x 10" 2/ug/n>
to
B - (6.6-1) x 0.036/1.1 = 0.18/ug/a".
The geometric mean of the two limits is 5.7 x 10-2/ug/m3. It

-2
is about 8§ times larger than 1.2 x 10 “/ug/m3. the potency

caleulated on the basis of the Mancu: (1977) data.
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Converting to ambient levels (i.e. nanograms/m ) yields an estimate of 9.7
-3 3 . . . . o e .

x 10 "/ng/m”. This potency estimate is abcout § times greater tharn the best

estimate derived from the Mancuso -data using the competing risks model.

8.3.8 Summarv of the Risk Assessment

Both animal and epidemiologic studies have demonstrated that chromium
causes cancer. However, for the purpose of quantifying the carcinogenic
potential of chromium, no animal study and only one epidemiologic study was
found te be appropriate. This conclusion was also rezched by the

Carcinogen Assessment Group (CAG) of EPA (EPA, 1984).

The cohort of chromate workers studied by Mancuso is the basis of the DS

risk assessment. While providing the best data for a risk assessment, four

‘important issues could not be completely resolved. Thus, the carcinogenic

potency contains some - degree of uncertainty. The four issues are: (1)
speciation of exposure with respect to trivalent-gnd hexavalent chromium,
(2) possible underestimation 6f worker exposures, (3) separation of the
effect of chromium from that of cigarétte smoking, and (4) potency of

specific chromium compounds.

Speciation of chromium was based on the assumption that the trivalent form
was insoluble in water whereas the hexavalent form was water soluble. This
is not completely accuraﬁe since some Cr(VI) compounds are insoluble (e.g.
lead chromate) and some Cr(III) compounds are soluble (e.g. chromium potas-
sium sulfate). Therefore, the assumption that hexavalent chromium is one-

seventh the amount of total chromium in the plant Mancuso studied, and
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hence the carcinogenic potency of hexavalent chromivz 1s seven tizes
grcater than that based on the total chromium concentration, shoulc be

recognized as as source of uncertainty in the risk asscssment.

The assertion that chromium levels have been underestimated must also be
viewed cautiously, because it is not bascd on documented evidence freom the
plant in question. Thus, while the staff of DHS has proviced potency es-
timates assuming a 5.6-fold wunderestimation in the exposure levels, the
staff does mnot recommend that such an assumption or any assumption with
regard to a possible exposure underestimation be used as the basis for a

recommended potency level.

With respect to cigarette smoking, Iancﬁso did not address the potencial
confounding effect this may have had on the chrooium-lung cancer
relatlonship. Rather, the zrisk assessment assumes that the chrozate
workers had the same smoking ‘"habits as their gemeral population
counterparts. EPA, assuming mno synergistic effect between chroziuxz and
smoking, estimated that even if the Mancuso cohort smoked more than their
comparison group it would be unlikely that the potency factor could rave
been overestimated by more than a factor of 2. (If there is a synergistic
effect, the independent role of chromium would be much less than indicated
in this risk assessment. Available data are insufficient to verify ox
refute the existence of a synergistic relationship.) Again, while the DHS
risk assessment has shown the estimated impact of saoking, stafl mexmbers do

not believe that the reccmmended range of potency levels snould be based on

possible differential smoking pattermns.
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The matter . of - potency for specific chromium compounds cannot be resolved
with current epidemiologic data. Exposures tended tﬁ-be cixed or, where
only a single compound was present, exposure levels were net quantified,
Thus, the staff of DHS recommends that the carcinogenic potency of dif-

ferent hexavalent chromium substances be considered equivalent,

The above issues notwithstanding, the conclusion of the staff of DHS is
that hexavalent chromium is a human carcinogen without a thresholdf The
estimated excess cancer risk incurred from continuous lifetime exposure to
hexavalent chromium is given by the range: 1.16 x 10'5/ng/m3 to 14.6 x
10-5/ng/m3. The lower 1limit represents the estimate based om using the
average total chromium exposure data in the Mancuse study and the upper
bound is based on the upper limit of the 95% confideﬁce interval for the
estimate of the relative risk in that epidemiclogic study and assuning the
concentration of hexavalent chromium was one-seventh that of the tota

The staff of DHS does not present a lower confidence limit for potency es-
timates Dbecause the true risk may be considerably below even the lower
boundary of the 95% confidence interval limit, yet there is no scientific
basis for locating this risk. The upper boundary for the confidence inter-
val 1is given since it represents a consefvative estimate that is unlikely
to be exceeded by the actual risk and is thus in accordance with Section
39650 of the Health and Safety Code which stipulates that DHS "shall util-
ize scientific criteria which are protective of public health consistent

with current scientific data."

The risk estimates can also be applied to smaller geographic areas, such as

those around point source emitters of chromium. In Part A (sectiomn III.C)



data from two point sources Located ir »opulated areas were given (This is .
reprinted below). One arca was compris.d of a 20 x 20 kilometer area cen-
tered on a chromium plating facilicy. The other area was a 40 x 40

kilometer area centercd onm 4 bank of cooling towers.

Placing Facilityv

Annual Average Chrogium Population  Cumulative
Concentration, ng/m Exvosed Population
550 1,960 1,960
450 -0- 1,960
350 -0- 1,960
250 1,925 3,885
150 5,825 9,737
100 -0- 9,737
30 -0- 9,737
80 -0- 9,737
70 8,803 18,540
60 1,945 20,485
50 7,742 28,227
40 14,870 43,097
30 22,982 66,079
20 61,829 127,908
. 10 452,709 508,617
.05 to 5.0 2,400,000 2,993,262

Cooling Towers

Annual Average

Population Cumulative

Chromium Cencentration, ne/m Exposed Population
5.0 8,886 8,886
4.0 2,993 11,879
3.0 23,942 35,821
2.0 96,565 132,386
1.0 730,336 862,722
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Table '8-3 shows the theoretical cancer impact each of these point sources
would have on the surrounding population using potency estimates of 1.16 x
10-5 /ng/m3 and 14.6 x% II.O-5 /ng/ms. For each source these are small ;ub-
groups within the population that are_expdsed to (relatively) nigh chrozium
levels and they would be subject to a correspondingly high estimated excess
lifetime cancer risk. However, becauﬁe so few people are exposed, the ex-
pected excess number of cancer cases would be smallt Conversely, core
cases would be predicted among population groups with low exposure because

of the large number of people so exposed. It should be noted that the

average lifetime risk of lung cancer in the U.S. population is about 8,700

per 100,000 in vwhite males and 4,200 per 100,000 for wﬁite females (Seidzan

et al., 1985). Some of the incremental risks in tsble 8-3 would be large

enough to be detected epidemioclogically.
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Table 8-3. Theoretical canter‘imbacts of lifetime exposure to Cr(VI) in

populations near high point source emission locations.*

Range of Exposurexw
Population.Exposed

Population-weighted
average exposure

EXCESS LIFETIME CANGER
RISK AND NUMBER QF CASES

A. Potency = 1.16 % IO'S/nO/m3

Overall Population Risk
a) No. of cases

Risk at Highest Exposure

a) No. of cases

Risk at Lowest Exposure®#®

a) No. of cases

Plating Facilitw

Coolins Tower

0.05 - 550 ng/m3

2,993,262

7.35 ng/m3

8.8 x 1077

262

6.4 x 1073
13 (pop. 1,960)

5.8 x 10°°
139 (pop. 2,400,000)

1-5 ng/m3

862,722

1.22 ng/m3

1.6 x 107°

12
5.8 x 107°
<1l {(pop. 8,88%:

1.2 x 107°
9 (pop. 730,238

T T R R e o N e N N e e N NN e R e R A R R R R AN e TR e R RS e TR e R e, E . RN wE ...

.B. Potency = 14.6 x lO’S/nz/m3

Overall Population Risk
a) No. of cases

Risk at Highest Exposure

a) No. of cases

Risk at Lowest Exposure¥

a) No. of cases

14.6 x 10°°
107

* Based on data provided in Part A, Section III.C "Concentrations Close to Sources.

#* For this table, it is assumed all chromium is hexavalent although the regcrted

levels are for total chromium.

*#**For Plating Facility, the lowest exposure was taken as the upper bound of the

range i.e., 5 ng/m".

- 100 -



P

CHROMIUM REFERENCES

ACGIH (American Conference of Government and Industrial Hygienists). (1384)
Documentation of the Thréshold Limit Values. Supplemental Documentezien
1984, Cincinnmati, OH: ACGIH, pp 98-100. :

Anderson RA and Polansky M. (1981) Dietary chromium deficiency efiect on sperz
count and fertility in rats. Biol Trace Elex Res 2:1-5.

Axelsson G, Rylander R. (1980) Environmental chromium dust and lung cancer
mortality. Environ Res 23:469-476.

Axelsson G, Rylander R, Schmidt A. (1980) Mortality and incidence of tumors among
ferrochromium workers. Br J Ind Med 37:121-27.

Baetjer AM. (1950) Pulmonary carcinoma in chromate workers. II. Incidence cn
basis of hospital records. Arch Ind Hyg Occup Med 2:487-504.

Baetjer AM, Damron C, Budacz V. (1959) The distribution and retention of chromiux
in men and animals. Arch Ind Heaith 20:136-50.

Bartsch P, Collignon A, Weber G, et al, (1982) Distribution of metals in humen
lung: analysis by particle induced X-ray emission. Arch Environ Health
37: 111-7.

Bidstrup PL, Case RaAM. (1956) Carcinoma of the lung in workmernd in the
bichromates-producing industry in Great Britain., Br J Ind Med 13:260-4.

‘Bidstrup, PL. (1983) Effects of chromium compounds on the respiratory systen.

In: Burrows D, ed. Chromium: Metabolism and Toxicity. Boca Raton, FL: C2C
Press, Ine., pp. 31-50.

Bourne HG Jr, Yee HT. (1950) Occupational cancer in a chromate.plant - an en-
vironmental appraisal. Ind Med Surg 19:563-7.

Bourne HG Jr, Frazier PM, Yee HT. (1951) Reduction of dust and mist in a chrozaze
plant. Ind Med Surg 20:498-500,

Bryson WG, Goodall CM. (1983) Differential toxicity and clearance kinetics of
chromium (III) or (VI) in mice. Carcinogenesis 4:1535-9.

Burrows D. (1983) Adverse chromate reactions on the skin. In: Burrows D, ed.,
Chromium: Metabolism and Toxicity. Boca Raton, FL: CRC Press, Inc., ©p
137-63.

Connett PH, Wetterhahn KE. (1983) Metabolism of the carcinogen cnreomate by cel-
lular constituents. Structure and Bonding 34: 93-124, :

Danielsson RGD, Hassoun E, Dencker L. (1982) Embryotoxricity of chremium: dis-
tribution in pregnant mice and effects on embryonic cells in vitro. arch
Toxicol 51: 233-45.

Davies JM. (1978) Lung-cancer mortality of workers making chrome pigments.
Lancet 1:384.

- 101 -



CHROMIUM REFERENCLS

Davies JM, (1979) Lung cancer, mortality in workers im chromate pig:c:’
manufacture: An epldemiolegical survey. J of the 011 and Colour Chezists
Assoc 62:157-63.

Davies JM. (1984) Lung cancer mortality among workers making lead chromate and
zinc chromate pigments at three English factories. Br J Ind Med 41:15E-
69.

Donaldsen RM, Barreras RF. (1966) Intestinal absorption of trace quantities of
chromium. J Lab Clin Med 68: 484-493.

Dvizhkeov PP, Fedorova, VI. (1967) Cn blastomogenic properties of chromic oxice.
Vop Onkol 13:57-62.

EPA (Environmental Protection Agency). (1984) Health assessment document for
chromium. Final report. EPA-600/8-83-014F. Research Triangle Park, NC:
EPA, Envirommental Criteria and Assessment Office.

Fornace AJ Jr, Series DS, Lechner JF et al. (1981) DNA-protein cross-linking by
. chroumium salts. Chem Blol Interact 36:345-54.,

Franchini I, Magnani F, Mutti A. (1983) Mortality experience acorg chromeplazing
workers. Imitial findings. Scand J Work Envirom Health 9:247-52.

Gale TF. (1978 Embryotoxic effects of chromium trioxide in hazsters,

Environ Res 16:101-9. .

Gale TF. (1982) The embryotoxic response to maternal chromium trioxide exposure
in different strains of hamsters. Environ Res 29:196-203.

Guthrie BE. (1982) The nutritional role of chromium. In: Langard 5, ed. Biologic
and environmental aspects of chromium. New York: Elsevier North-Holland
Press pp 117-48. :

Hammond PB, Beliles RP. (1980) Metals. 1Imn: Doull J, Klaassen CD, Amdur MO, ecs.
Casarett and Doull’s toxicology. The basic science of poisons, 2nd cd.
New York: MacMlllan Publishing Co., pp 441-2.

Hathaway JA. (1985) Letter to Bermard Goldstein, US EPA, regarding the "Healzh
Assessment Document for Chromium™. Unpublished.

Hayes RB, Lilienfeld AM, Smell L¥. (1979) Mortality in chromium chemical produc-
tion workers: a prospective study. Int J Epidemiol B:365-74.

Hayes RB. (1980) Cancer and occupational exposures to chromium chemicals. I=n:
Lilienfeld &M, ed. Reviews in cancer epidemiology, wvol. 1.
New York: Elsevier-North Holland Publishing Co., pp. 291-333.

Hayes RB. (1982) Carcinogenic effects of chromium. In: Langard S, ed.
Biological and environmental aspects of chromiux. Amsterdam: Elsevier
Biomedical Press, 221-48.

Heck JD, Costa M. (1982) In vitro assessment of the toxicity of metal compounds. .
II. Mutagenesis. Biol Trace Element Res 4:319-30.

- 102 -



CHROMIUM REFERENCES

- Hueper WC. (1955) Experimental Studies in Metal Carcinogenesis. VII. Tissue rezc-
tions to parenterally inducéd powdered metallic chromium and cbroml“e ore.:
J Natl Cancer Inst 16:447-62.

Hueper WC and Payne WU, (1959) Experimental cancers im rats produced by chromium
compounds and their significance to industry and public health.
Am Ind Hyg Assoc J 20:274-80,

IARC (International Agency for Research on Cancer). (1980) Chromium and chromivm
compounds. IARC Monogr Eval Carcinog Risk Chem Hum 43:205-323.

IARC (Internmational Agency for Research on Cancer). (1982) Chenmicals, industrial
processes and Iindustries associated with cancer in humans. IARC Monogzr
Eval Carcinog Risk Chem Hum 1-29(Suppl &4):91-3.

Iijima §, Mutsumoto N, Lu CC, et al. (1975) Placental transfer of CrCl, and its
effects on fetal growth and development in mice (abstract).
Teratology 12:198.

Iijima S, Matsumoto N, Lu CC. (1983) Transfer of chromic chlorids to embrycnic
mice and changes in the embryonic nouse neurcepithelium. Toxicology
26:257-65.

Jennette KW (1982) Microsomal reduction of the carcincgern chromate producsd
chromium(V). J Am Chem Soc 104:874-5.

Kitagawa S, Seki H, Kametani F, et al. (1982) Uptzke of hexavalent chromiun by
bovine erythrocytes and its interaction with cytoplaswic components; tte
role of glutathione. Chem Biol Interact 40:265-74.

Langard 5. (1982) Absorption, transport and excretion in man ané animals. In:
Langard S, ed. Biologic and Envirommental Aspects of Chromium. Kew York:
Elsevier North-Holland Blomedlcal Press. pp 148-70.

Langard §. (1983) The-carc1nogen1c1ty of chromium compounds in man and anipals.
In: Burrows D, ed. Chromium: Metabolism and Toxicity.
Boca Raton, FL: CRC Press, Inc., pp 13-30,

Langard 5§, Andersen A, Gylseth B. (1980) Incidence of cancer exong ferrochromium
and ferrosilicon workers. Br J Ind Med 37:114-20.

Langard §, Gunderseﬁ N, Tsalev DL, et al. (1978) Whole blood chromium level zrd
chromium excretion in the rat after zinc chromate inhalation.
Acta Pharmacol Toxicol 42:142-9,

Langard S, Norseth T. (1975) A cohort study of bronchial carcinomas in workers
producing chromate pigments. Br J Ind Med 32:62-5.

Lee IP. (1983) Effects of environmental metals on male reproduction. In:
Clarkson TW, Nordberg GF and Sager PR, eds. Reproductive and Develcpmen:a?
Toxicity of Metals. New York: Plenum Press, pp 253-78.

Leonard A, Lauwerys RR. (1980) Carcinogenicity and mutagenicity of chromiun,
Mutat. Res. 76:227-39.

- 103 -



CHROMIUM REFERLNCES

Levis AG, Bianchi V. (1982) Futagenic and cviogenetic effects of chr’o:-.iu:..
compounds. in: Langard S, e¢:. Biological and Envirenmental Aspects of

Chromium. Amsterdam: Elscvier Eiomedical Press, pp 171-208.

Levis AG, Majone F. (l9739) Cytotoxic and clastegenic effects of soluble chraziun
compouncs on mammelian cell cultures. Br J Cancer 40:523-33.

Levis AG, Bianchi V, Tamino G, et al. (1978) Effects of potassium dichronate ¢n
nucleiec acid and protein syntheses and on precursor uptake in BEX
fibroblasts. Cancer Res 38:110-6.

Liddell FDK. (1984) Simple exact analysis of the standardized mortality ratio.
J Epid Comm Health 38:85-88,

Light A and Morgan EH., (1982) Transferrin endocytosis in reticulocytes. Scand J
Haematol 28;205-214,

Lim TH, Sargent T III, Kusubov N. (1983) Kinetics of trace element chroaium(III)
in the human body. Am J Physiol 244:R445-R4S4.

Love AGH. (1983) Chromium - biological and anzlytical considerations. In: Burrows
D, ed. Chromium: Metabolism and Toxicity. Boca Raton, FL: CRC Press,
Inc., pp 1-12.

Hachle W, Gregoxrius F. (1948) Cancer of the respiratory systex in the United
States chromate-producing industry. Public Health Rep 63:1114-27.

Mancuso TF. (1951) Occupational cancer and other health hazzrds in z chrozzce
plant. A medical appralsal. I. Lung cancer in chromate workers. Ind Med
Surg 20:358-63.

Mancuso TF. (1977) Consideration of chromium as an indus=zrizl carcinogen.
Intermational Conference on Heavy Metals in the Enviromment. Toronta,
Ontario, Canada, Oct. 27-31l, (1975), Symposium Proceedings. Toronto
Canada: University of Toronto, Institute of Envirommental Studies.

Matsumoto N, Iijima S, Katsunuma H. (1976) Placental transfer of clhromic chloride
and its teratogenic potential in embryonic mice., J Toxicol Sei 2:1-13.

Mercz W. (1969) Chromium occurrence and function in bioclogical systers.
Physiocl Rev 49:163-29,

Mertz W. (1973) Effects and metabolism of glucose tolerance factor.
Nutr Rev 33:129-35.

NAS (National Academy of Sciences). (1974) Medicdl and biologlcal effects of en-
’ vironmental pollutants: chromium. Washington, DC: Katlomal Aczdeny of
Sciences.

NAS (Matlonal Academy of Sciences). (1980a) Recommended dietary allowances,
; 9th rev. ed. Washington, DC: National Academy of Sciences,
Food and Nutrition Board, pp 159-61.

- 104 -



e Y

‘./"\-

CHROMIUM REFERENCES

NAS (National Academy of Science:z). (1980b) Drinking Water and Health. Vol. I.
Washington, DC: National ' Academy of Sciences, - Safe Drinking Water
Committee, pp 364-69, 374-7%, '

NIOSH (National Institute fbr Occupational Safety and Health). (1973) Criteria
for 2 recommended standzrd...occupational exposure to chromic acid.
Washington, DC: US Department of Health, Education and Welfare.

NIOSH (National Imstitute for Qucupational Safety and Health). (1973) Criteria
for a recommended stande-d...occupational exposure to chromivm (VI).
Washington, DC: US Department of Health, Education and Welfare,

Nettesheim P, Hanna MG, Jr., Doharty DG et al. (1971) Effect of calciux chrozzte
dust, influenza wvirus ::d 100 R whole body radiation on lung tumor in-
cidence in mice. J Natl (ancer Inst. 47:1129-1144,

Pagano G, Esposito A, Bove ! et al. (1980) The effects of hexavalent znd
trivalent chromium on fer:'lization and development in sea urchins.
Environ Res 30:442-52.

Paschin YV, Zacepilova TA, Koz: henko VI. (1982) Induction of dominant lethsal
mutations in male mice by t tassium di-chromate, Mutat Reg 103:345-7.

Pedersen NB. (1982) The Effect of Chromium on the Skin, in Bioclogical and
Environmental Aspects of Chromium, Langard S., ed., Elsevier Biczmediczl
Press, Amsterdam, pp 249-75.

Petrilli LP, Camoirano A, Bennicelll €, et al. (1985) Specificity and in-
ducibility of the metabolizc reduction of chromium (VI) mutagenicity by
subcellular fractions of rat tissues.

Cancer Res 45:3179-3187.

Petrilli FL, De Flora §S. (1978) Metabolic deactivation of hexavalent chrozium
mutagenicity. Mutat Res 54:139-47.

Phalen RF. (1976) Inhalation exposure of animals.
Environ Health Perspect 16:17-24.

Phalen RF and Oldham MJ. (1983) Trauheobronchlal airway structure as revealed by
casting technigues.
Am Rev Resp Dis 128:51-84,

Plopper CG. (1983) Comparative morphologic features of bronchiolar epithelizl
cells.
Am Rev Resp Dis 128:837-841.

Pokrovskaya LV, Shabynina NK. (1973) On carcinogenic hazards in the production of
chromium ferroalloys. Gig Tr Prof Zabol 10:23-6. (Cited in EPA,-1984)

Polak L. (1983) Immunology of Chromium. In: Burrows D, ed. Chromium;
Metabolism and Toxicity. Boca Raton, rL: CRC Press Inc., pp S51-136.

Polnaszek CF. (1981l) Stable chromlum(V) free radlcal species formed by enzyrz:te
reduction of chromate, Fed Proec 40:713.

- 165 -



CHROMIUM REFEIRENCES

Royle K. (19753) Toxicity of chrimic acid in the chromium plating industry (l)..
Environ Res 10:39-53. ' :

Seidman H, HMushinski MH, Gelb SK, er 3sl. (1985) Probabilities of evenzually
developing or dying of cancer -- United States, 1985.
Ca - A Cancer Journal for Clinicians 35:36-56.

Sirover MA, Loeb La. (1976) Infidelity of DNA synthesis in vitro: screening for
potential metal mutagens or carcinogens. Science 194:1434-6.

Steffee CH and Baetjer AM. (1965) Histopathologic effects of chromate checicals.
Arch Environ Health 11:66-75,

Steinhoff S, Gud C, Hatfield GK, Mohr U. (1983) Testing sodiux dichromate and
soluble calcium chromate for carcinegenicity in rats. Bayer AG.
Institute of Toxicology. Unpublished.

Stella M, Montaldi A, Rossi R, et al. (1982) Clastogenic effects of chrozmitn on
human lymphocytes in vitre and in vivo. Mutat Res 101:151-64.

Stern RM. (1983) Assessment of risk of lung cancer for welders.
Arch Environ Health 38(3):148-55,

Takenaka S, Oldiges H, Konig H, et al. (1983) Carcinogenicity of cadoium chloride
aerosols in Wistar rats.
J Natl Cancer Inst 70:367-371,

Tamino G, Peretta L, Levis AG. (1981) Effects of trivalent and hexavalens
chromium on the physicochemlcal properties of mammalian cell nucleic aciés
and synthetic polynucleotides. Chem Biol Interact 37: 309-19.

Tandon SK. (1982) Organ toxicity of chromium in animals. In: Langard §, ed.
Biological and Environmental Aspects of Chromium. Amsterdam: Elsevier
Biomedical Press, pp 209-20.

Taylor FH. (1966) The relationship and duration of ecployment as reflected by =2
cohort of chromate workers. Am J Public Health 56:218-229.

Tkeshelshvili LK, Shearman CW, Zakour RA, et al. (1980) Effects of arsernic,
selenium and chromium on the fidelity of DXa synthesis. Cancer Res.
40:2455-60.

Tsapakos MJ, Hampton TH, Jennette JW. (1981) The carcinogen chirorate induces DKA
cross-links in rat liver amd kidney. J Biol Chem 256:3623-6.

Tsapakos MJ, Wetterhahn KE. (1983) The interaction of chromium with nucleic
acids. Cher Biol Interact 46:265-77.

Tsuneta Y, Ohsaki ¥, Kimura K et al. (1930) Chromiuvm content of lungs of chrorate
workers with lung cancer. Thorax 35:294-7. '

Venitt §, Levy LS. (1974) Mutagenicity of chromates in bacteria and its relewvance
to chromate carcinogenesis. Nature 250:493-5.

- 106 -



N

TN

.CHROMIUM REFERENCES

51
Visek WJ, Whitney IB, Kuhn USG III et al. (1953) Metabolism of Cr by anizmals as
influenced by chemical state. Proc Soc Exp Siol Med 10:610-15. :

Warren G, Schuitz P, Bancroft D et al. (1%81) Mutagenicity of z series of
hexacoordinate chromium (III) compounds. Mutat. Res. $0:111-18.

Wetterhahn Jennette K. (1982) Microsomal reduction of the carcinogen chrozate
produces chromium (V). J Am Cham Soc 104:874-75.

- 167 -



APPENDIX I

Summary cf Bioassays
(Source: IARC, 19380)



Tanie 2 Sumiu

ry Of Sarcnupeng ity 17

o ahrOMEuT SIMIOUNGT A4Sl

1
St i
Campound Speciny Royte and dowe Fancirgy elerence i
Chramium powier ELRET) 4. p et at 07 armop = Elceratztan My MeeDer TAD .
moat a BEO5N A Wt it
Mause v gectigmiof S35 Nl TeT Hototr, Y735 i
1oty DLOEN it
- - - mLZ
6ntrapiewtal ec o Tl teggtaan SO Tl T oGe Hueper, T 2530
ot 32 miotabolon
[ ]
Rat 1 .ngzattagheat i e SLTaET et s E
ron &t 10 =3 g
Rat Lom. wecowa of 2 Peo St trm3uts it 2T ke emng treated Sommprmam et at 167
~ amima
' Pat 6o mpecrrom ot Q1 N AZTENGE 1 tOung € 1 1MCOM IR
mi ol 38 05% sy o Raed W GORITES i oM
o tresitd Jn-raly, NORE 1= SIAVEN
Giv inpeenons @t § 13 202t w T ouimenate asengmie " meeper TEET
miod 3 0 05% tnen create M SAIAMYL JDTENET w10 00T
s-anr L=t
]
Rat & :ntrapleural uve mg sas and 1 :‘_ il
tarsof 0CEm 74 mest 2 umals 398 2 43 ET 1
37 6% by weg
sutpenpon or €1ntr2 .
ateural njechans ¢f
Q.1 meot 5 0.5% pai
PROANOD
Ra: tntramedallary =+ £2 L3 ompmt ovarie sutatt o 2T tpaec Huese 1525
ton Rt the = o -
45 my
Tebte $ {contt)
" Ganmpound Specwm Routs and doxuge Farcimgy Relarence
Chomum powdaer {conia) Ratoit 1B v inectiom ol 93 1 carnaoma of y=o eode 1 3 treases Huese: 1683
miugbwel 2 S sy furs 311 and G & 2200s
penyion
-
Unroarted chromta {I1f) Mo tatasteurat iz 2t om Grare s=n Sawn 1377
ors et10mginQ5mi2s
tHled weler
Rat Gantraziewral v e Iriecico wte s :n 125 e hHyeses 1525
tionsof Q05 migta armmans
713.4% {tre wapnt}
WIpENLIN
Aot Intramecilers e Sk e oo e tumzur i 25 trerted raty  Hueer, 1959
tien o the femur of
58 ma
Rabbit 12s v myectons 3t S Mo TNt w2 1555
miola S oers o
Roasted chiomute N} Mouse 1 m, emplant e od No wPolantatson ute tunowit Payme 1008
o 10 e dmsuredioss 10 -
0 79 mg chrrw.
Rat U amplpatgtas ov SaPCOMEE aT PmCipnTy” I ute oy 3 Hueoe: 1958
e tre Mgt 89 T vbeEle Ol
3] Im oamaiantst Ta™zurt (type uripel 007 o impianty M- 1061
taw. g 0m e T 34 treatc 2 et o 30
Ll 2 Rer ol U]
Bar FTE TR I Tuwinss ity U, oo *1

teat

Lol S E M PR
L LT

'

2 TANIOA S L IR0 vl

TONTLFAN Y WOTNOTIHT e WEMINO I



Talde N tronnny

Lirmapund Lwrvay Hamate and di g

Nevastad ¢hromnae (111 o L A ALV

wre ol 3 =y

L gmug s

Hay [LLTT ] EOVENT YT LAt ELL Y TRVCR EE DL AT TR PRt e Lapwr 15
FAAG DU Mgk sued Redoan 3 DN tecate Tiain s e L e e

[ LTI WAL TR RV TR R TR TS .

t
L |
Mineti fheomats (VI dust Blisune (LT L B N YRR SRR ) t e e st M i
Tain ok 0or T S sy .
fata' ddw eheem & |
[LTWHEIE b B B LN .
et '
Mauee SO Lt Fan = e ung b o0 G et P !
Lo atf dutt Ikou v moethas oy grairgy ! :‘
LULIR RS W L P LN | -
M 0 aide) , =
] -
Mouw rnctaclenrsl inme LUl DR C S e N PETICIE A ‘ =
[T T Rt N S Y L O PR Y E R .
FETUL BV P IV [P -
Hay R L T T N T T T r. R T oot t
49001 w0 e [ E 1Y e ERY i
LGRIgmT D gt Contven ' h
tratian gf 34 mg et :
Tabla 4 {cenrd)
Compound Speirm Aeute and dowmrs Euxtings .
Miasd chiomate sust » Har 16 wrals el inpes D 1R T O v A TPy g e Ll
easman g nom et 1 miol s CQTZated met™ cOrTESh I
chrarmata (VI] penion of 0 3% roatted :
creomate « 0 A% pow: [ -
e LN Omale (KT . , I
watent 10 0 07 my chron . =
muum/oow ) : =
Mined ghramuts [VI] dunt Asmbit Inha'ation, 4 daviAek Flo ncreass v vt ingodendr CEmipred v L Paerer gt H E
* pAtsI e m dahras tor 50 st " e3ntTg'y -
mate (Vi) = sodmr * '
chiomaie [VI] o pul:  Gusnas gag Inhatstion, 4 deyrian Pulmonsty carcogmad m 1 50 T sated Srefore A dor s "y l‘ =
warared feévedue dury for Lefavpan L Y i
B chramara [ V1] fAat Im wnplaniation gf Mo vmplanatud™ wie tumows in 35 rals -_wow & Pantr T 4L P
' Ihemg [
Par Lam. imnplanisteon NG +mg lantalion Lt terrours v 34 rany Horome 1907 . -
R N7 a0kt al implanzy 1P ZanTa1e0n ute Tomours 1t 1/3T Tremted [
son fats and '3 contion Yol
Galdwsrm chromars { V1) Mowis Inhalation, Y] ma/m® T adenomas o LTI rRMted At v Rk T
SheniCar, 5 days, wh #3136 wontroh .
lor iifenen
Mo ' oamptanianga of TSR EH00M 4 1% maveommy 0 D %) e yn Payme *7ar 1, . .
10 my QL eonigs
Wouse TACapctionof IOm  1nem e wie s (mmm n FO1) gma n 0 ) Bame tu i

Lemtegly l




S

Tanle D sennatd]

TN wkars e -

Campuund Spacsen Huute snd dowge Findings . Reteg-oe
Caloium chromate VT A Beonchial impiantaton 6 i7uamcad wr B Ca S0y 8o Lawemema 2l i
{euniy) Cars As T St the iangn 1
O T4 coneraly
Rat Brunchial iMUIaNtaticn  Incremed wh:JEACE oF DISATF “5pmded Lewy b wem ™ To72
(AR RS )
Ryt tnnatshon, 2 mg m®b, 1 squerous d0l Qartasmywt luny 120
B EEdeaporurtr £ 5 arefie 1 et auncd oSl gt
over BUT davs TS TS u tet
Rat | m smalantanon of WL grant TeTQuit §1mE TR e vl
125 mg 4 3 ireates anmats
Rat 0 wpectinng, total EReeren mte wrcomas 0 18771 s Oun &Loe "R
dore 13 wen.Cie CONIIGls
Rat 12 npectiom of 4 mg Inpeetion pte darcomas 5 45222 32 m Foniera
veh.oie conteoly
Rat tm o implaniancn ¢! TN L i camay = 3 55 veaed Hoczer & Fagre
25mg anemgly a3 £ 2 contraly
Rat Een. impiamiation Tomeart Ty e umden’ e, 3T MmN
Bonyie n § 32 tredted oy and
Q.22 contron
Aat intrapteural implantd- Ma' =3 tumsJrt Jumges fe2l g7 map bene b 52.0. 0 L
tonp! 125wy 13390 ite en B 44 freatoe £aman
Rat Inrraplsural smplanza- Turraurs (voe umpecifrez! ot Hozoss "3
fion ron ke r 20732 reared aa
contre’y
Harmter ianalation, 2 maom !, 1 aauamout CFll Zprdingmy 1=8 1 g toeny e n e TETD
589 rxposurer of lgryhx (=6, of 1e3rec 3~ a1 amaecf o)
Table & {coned)
Lampound Soecus Aouts 2nd douge Finc.ng Sptpran iy ’
Sml'r-:::lcmm ‘ Moune 1m implantaton =23 tat:on ute wecomas = § 46 Faare "o :
omate {vi] of 10 mg treawt pentnaly anc 8,53 comnz s .
Mauw Sc injectoon st KD .apction s W Paree, N )
1omg . .
far fmowmplantation of ImDiMation Lie urcomes © E 3C tegted  Moaser w T, 0
25 ammatt gnd O costials i
An 1m umplanceton Tumc g {0 or usirec e’ ot o= 0ty Hoara T .
von uter 1208 treared amr 4 L and .
0 32 contron.
Aat Intrapicursd rmplan Cumaurs (1. 00 unzoect et gt v 0%y B et mit
ratsa e pte o 1203 tearent sats o 2 22 !
Coniron .
i
Chremie [111] scomts i Po_ 5 mghduntmg Ko ineTesss 11 luMuor nc-Wnce Bpr s e i !
weatet for Lis H
1
Ra P, Smgn drseng NG A Ie e & Tunays g s am e . . . .
water lor hie ’
Rt Brmoamplisstary of  bnpameate e s, e !
25 mqexch pver 24 n -2y
ominy
'
Rar I -mplanial.on - '
:
B
Funtrapie.nal imzyr. NG AT a e U A Tt 4T o eRE . Foprem mdanre ta Tk
1

famans et 25 mgesch
e 13 monthy

ELE PRl ol

nsl

v IRy

Wl 1N0A

14

Y
3

141



Tatie U Iknnrd]

ufd

ot s

s ——— ———

1aEpA S DT Tl

SEREEOCY S Db e vuvie ey

Comperara Soe ot Moy te armd dowws L
|
Chramg (131 acewmie . gl far TR T TR L T IRLE S RN FULL YT S RN i P ] 1
ratae R S FLERLY: i -l i
‘ 1
Checenag [LI1] owida M LN L TN e ]C-qu-:’*:w ':'.a:-'a"\.n -t )
L] O™ Y CR Sadone TED s . :
Te 2 wwary et 3w . !
Lpdmammar y S5 51 . '
LERFFL T '
A
Mar Tem e ITaT B0 e Soke T RN e et s . TR e be i iaa Yy 1
ans. cat=an 3l L3 2r Turs, w13 N
P b R AT T 1
LT g at) '
nygsAlIh ]
'
[ FTY Branernisl smpiantalion P g fgreours = 0 an a'y [V LT |
Har 1.p voecron ot 12 Lor 2 1area=m 4722 ~3 00 Sadmnce 4 Faiee .
mg
1
“ FEL I oe el . i 1
" T amlearat 14 en v 1, Lo ot g pr0mas PRI Sermag L Fe
ngm gt S s I may rg ol L] !
Chromeum < bonyl Rat frprnonof 293 2. 1maL Cerl gaet gy e D D e =2 Lame S Wi 1907 1
D WDCUTATIG L v POre o eeegle TIATIT Y
placed Trachaal £ 0 .
Chrpmium (L] sulpheis Mourr 24,0 ot T34 et idane Of Cu' = e Kiend flane et s i I
aovn ABD, TI0T 4N
400 mo kg bw'
. N - b '
Chrgrum (VI trioude Mar Bronchiai imoian gl on fui “Ifeme i
100 rwate i
Vable B ltmeeid)
Campound ) !
SO Route and dosge Findina Aeremangr H
Lantwred cheamoam Memrr - .
1VI] tronde "“;C e Shengt 10 Paw AWEIOA LR umoLs »1 3 Tegted Pavre 19, 1
oL
o Lm wmorantation of IS antaen wte ! - .
. o e rL e YT vraatel boeper LBy T4
5 my #nma's 2n0 0,13 ontra 1
Cobatinchircmmen ail, }
siloy ar Lm ingcron of 28 sy IOMCT0R 1118 Lareowmany 1a 778 1 rgtert rat 1571 I
fI8 QIReT Tumourt e 17X r
Lead chromare (V1 A, .
! el dim o eciem ol 3 J1manamas on 3 ung sl dariireoun funt et C 304
~ S AT Mg neacol nd, M w =2 tenom t
" Cantrah '
Aay Ta ¢ wpenion ot 12 IARCHIA K EE R EaMaL o 10 LT [re gl Matas R '
-3 aftorals wud 0,80 vericie cmire y !
Rat Jem wpctom ol B 1AM Le wrcnrmgs e 3T AT N 5 i
i reated rats, Joensl carcinamay QO 25 )
wehle CONTeQiy 4
!
A . -
Lt Um imptantaton T I (0t umom Fard 2 0T amrae h b h
LELR Pp ¥ RITFUN PV IR bR 1 =y .
Aol vmhean Tumturt ITure wrioed e o w3 {
Yon vre 2 1 veaten ral Izl L. '
Lot che 1 '
wemate [VI] Har T1g e rtsgn gt 2 L L LRI Mg '

T

L

(PN LU AR TP A




Tanie B lcunted

Compoyml Sty Ruute and comge Fregzrgt Belarence
'
Potasnum chiomsts (V1! Fiat Drungrial Fad afd €246 NG SENTE B ki TuMCuty Lesr & hemmt 1378 v
Potasimam dicheomate (V] Rat Branchid implantatan T4 o2 WL ST OF lung oMoy ey S .
.
Sodwm chromair [ VI (LA Branchdl impiaetita  ho okrease Jinmicenes Gl Lurg tumiownt Leve B Ve W 137 \
Sodwm dichromate [Vi) st 16 om, prehuns 32 2ig 1t 6Qteon wie 154 Hueser & Faeme T3l .
mq t
Ra! 1 umplantdtion Py +MS SRTANICR $°T8 WUMOWS ocper, 131 :
i
Ra 16 inrapicural i 1 w5 AZCHOCINGAOME W 39 ventec e L a2 H
wons of 2m3 SO NG eSS Bk U3
63 emehe contrgt ‘
Ra Intrapleural imgian: Fia ingection e tuonaurs 10 75 treazed Hueper, 195 |
ahien 2RMY’E i
1
Rat Beonchudl imadan: P arLTERSE WD NG T mMour) Lewy & Ven o 1372 E
aton H
Strontum chramate (V1) Rat 1m, imatanigtion famtanion-site tumagrs m 16,33 wueper, 1531 !
. rreated ammais gad $ 02 cantrois
Zine potassum Rat Bronchuat implantd Inerexsed incidance ot Eranchl 10 AMoT Lewy & Vertt 1370
chromate ! Vi wen £} carcinomas .
Zwne yaliow Mouts & wntratrachiesl smiec o puINGLIFY CaTTMATAL. FHIMOCHY Siettee & Sarer G
nens of GQAmicty acenoraat in 31 €2 meated ammais and
20 T uoerucn 718 antested conTiE.
Table B {contdt
Compount
" Species Routs and de ’
g £ !
. nding. Reterancy i
2ine yellow (carid) ot a— i
) planuon Tumeit [type unspecred] a3 sm-

Hat Intrapieural implants-
tgn

AIANEON 3ae v TE, D4 tregled pnmals
#nd 0:3 2contrels

Tunows {tvow urmoectied] at snpian
Tation site wn T2730 treated arimals and
Q.34 controly

poeors 195

Huearr 195 2

e b
we foingteon o i,
ER

t gLt S ity thy
1 COMPCUND wat ung g amite, hng
e, DOLFLUUM CATCMBTe OF DI wiiiow

e

Feomnna Ludaviil N0 NI

NEARRE AT F O AR (T .,

U



C

-

tat PALL SR LA e e

" . [N TI opepey

Pty Bledaer sl ooty nnotion Seoa it anel ety e

pad n e ety n tgd.mer g

LTI BN TR HE

r N T R P Y R EL
Aer 21 G240 [Chem, Absie 8 10383 '

. o,

Ab Ut 35, Gotnr, 3™, Shehat, KM el 8 & A Ruw, H {1977 Deterramanon of
kg mleents i aon 1oBacco leaves dnd Cigarets Ly featrcn aclivation anaiyes
Iracge 4 8o, 1,34 44

Attt Chienucat (39601 Chewtnuern Cheoucais. Techmea! and Engaecting Servics Builctin
o, 52 Mornstown, NJ p 53

Al Chamical [1873a] Praduct Builetisr, Potaztium Bichromace, Morristown, N2

Alliet Chemical {19730} Product Bullatin, Sodium Bichramate, Marristown, NJ

Anun {1978} Chramee acd, Chem. Alkty Reo., 213, 6 Mareh, 9. 8

Anon 119791 Sadwm bichromate, Chem, Miig Rep., 216, 3 July. 9.9

Arpadzhyan, S. & Kachov, |. (1978) Atomic absorplion determimaton of cacmium, chro-
mium and zine in btood serum (Gar.). Zenralbl, Phamm., 117, 237.240 [Chem. Abstr,,

« 89, 55862a)
Astzoova, T.L., Kutepows, A.l., Owviyennikeova, L.V. & Rubsn, 5.G. {1978] Gascheemato

arachic inatiens af ehromium in cerbon monaxide conversion catalysss (Rusil
20, anal. Khum,, 33, 2065.2066 (Chern, Absir., 50 80288w]

Axeisson, G., Ay'ander, R. & Schmict, A, {1920} Mortality and ingidence of umoun
among ferrochromium workers. Br. J. ind. Meq., 37, 121127

Bacan, F £. (1964} Chromium snd chramium slioys. In: Kirk, R.E, & Qthmer, O.F., e,
Encyclopedia of Chemical Technalogy, 2nd ed., Vol. 5, New York, NY, John Wiley &
Song, oo, 453464

Baetjer, AM. (18503) Pulmonary carcinoms in chromats workers. | A review of the liw-
turs and repart of cemd. Arch. ind. Hyg. occus. Med, 2. 487.504

Bastyer, AM. [18500] Pulmonsry carcinoms in chromate workers, (1. Incidence an basis
of hatoital recards. Arch ind. Hyg occup, Med,, 2, S05-516

Baetier, A M, (19583 Reistion of chvomium to heeith. in: Udy, M), ed., Cromium, Vol
1, New York, NY, Reinhold, pp. 76-104

Beetper, &% yarvan, C. & Budacz, V (19592) The gistribution and retention of chro-

Tt caean 3G ammals, Arch, indt Healeh, 20, 136-150

e e 250 Luwiwey, J B, Steflee, M. & Butacz, V. (19590) £Meet of chromium an in.
cdunce of g tumors in mice and rats. Arch. ind Heaith, 20, 124.135

Barwam & Chemucats, toc. (1978a) Cats Sheet, Barium Chrormare, Steubenville, OH
8arusm & Cramucels, tnc, (19785) Date Sheer, Calcium Chromate, Steubenvitle, OH
Bar.ums & Chamicaly, Inc. (19788 Ders Sheer, Stronrium Chramare, Steubenville, OH

Buanchr, v.._ Levin, AG. & Slw't.l'o. D. {1979} Difwrentisl cyrotaxic activity of potas.

um dich on rect uptake in BHK fibreatants. Oh ; ”
28, 137151 om,-biol, Interactions,

Bidstrup, P.L. & Cose, R.AM, (1956) Careinoms of the {ung in workman in the bichro-
MAtES-producing wdustry in Graat Briwin, 8. J. ind Med., 13, 260-264

Sugmiey, AB., Eiorresove, 1.5, & Turebeev, MN. (1977] Evalustion of the mUtIgenous
#ctiwity of chromium compounds. Gig. 7. Prof. Zabol., 6, 3740 '

Boatev AR Elmmesows, M.S., Tursteev, M.N. & Bigatievs, R.K. {1978} Cytogenetic study

~ the mutsganic activity of industrial substances (Rust.). Zdravookhr, Kar, 5. 43 50
(Chem Attr., 89, 191830! .

Britereenl G 11971)  Epdemology of carcinomatotis in the chemical industry (Ger.)
Lrer Geschweslstioreh | 28, 198 209 h

81, VS & Tron. K5 (19770 Dynamus of the mornhologcal changes in amiemols sisb.
pe el S RINORY LUSt Ereximent using chrDMium Oxide snd tribtiituied chro.
T phogishare 1n Quban NP ed | Genenc Effect of the Polluton of the £n-
veranmeer Mawnw Naakay pp 173176
T e M A& Abnandsrdate, A (1276 Genelg elfects of potassium dichror s

™ o tatylcs pombe Moiar fes., 38 187 150

U e Lk Y e T WSO Tk Cupretianal conier nog ot romate Dl AN erraron

vsal ol Ml g 10 G167

L . IO
o
Wt L o gt fae ' e ' . b
e T T Tt . ' . Fa s, <%
. s N TP . .
TR TIE T ICRCR VEPIE L e AT A [ »

o end Keo 8. Iud 30

EET-RAL B} LRI PPRL TEN TP U

P omLIRIETE OIETe W TGN DTN R - i

Cevio, BE, Mevers. 2 & o Pas
evalpat:on of The CArCAAGES
Hes 39,153 133

Cavazzemi, M % Viow. & {1970} £ooacs #0d TYISIEG 2T BT OF I T TS0t e
chrommiure (It ), MeZ Los, £1.i83 173
Chatupski, V M. [1G56)  The masulaciyre 3o propersizs SfCrrNTIGLT B FUROT S W

AL, ed.. Chromeyan. Vol 1, New Yers, Y, Renfista oo q84.27%

Cepton, R.L. {1958) Producticn of chrom:om cernea 5.\ Udy MI e Dhromr
vol, 1, New York, NY, Rernais, £2. 282 282

Creason, J.P., Svendsgaard, 0., Bumgarres, £, Pmneerien, C. & Hianers, T 778
toral tissue leve's of 16 trace etemEnS 3 selegT=d coatner Ur.ted Sk
munities, Trace Sust. amvirsn, Heath, 10,8382

Crom, M. (1956) Chromium in cobalname anoys, in My, MM, ed Cheersom
Mataliyrgy ©f Chremium and frz Aoy, New Yook, NY, Retnrgid, 22 52

Carrin, M. 11856} Qwormium chermicalt - thaie incustrisl wm, In: Uy, MU e2 Zhr
mrum, Vol 1, New York, NY, Reinneid. oo, 251381

Cavies, J.M. [1975) Lungcancer meratity S WOrkers TRpke] CRTO T LpTee T e
the Editor), Lancet, 4,334

Ctuiels, 1M, 11975) Lung cancer merility in werkers in ChrOMATE Syment o TL
an epicamiciogcal survey. J. 0. Ceizn chem. Amse., €2, 157-5€3

Davis, G.K. (1956) Chromivm in soils, plann, snd aramals. o Udy, 8. ez, Do
Vol. 1, New York, NY, Rnnhaid, po- 105153

Davis, J.84.G. (1372} The tibrogenie eiipess of mineryl QLIS ApecEE TS e S BS OX
of rmee. &r. /. exp. Pathet., 53, 196-3C1

De Flon, 5., Beudo, V. & Piccioro, A (1979 Meocnéiyn of mutazes o e ;.—r_-;c
vironment (atTacy). T ADEYaD of thr 9oh Annue Moerwy o/ = Sz
Environmental Musigen Socwesy, Tulesi-iakerska, Yogeshvia, 1373, .50

DiPgolo, J A & Catto. B C. {1979) Quastilatwe $Iul.os 0 o7 . ™3 =0ors |
formation af Synan =amiter celis Dy norganT meny v 3 Swe.er Rex, 3F 0

Dirit, M.N., Brae, G L, & Thoma, A {19767 Emiasicn meciroqrass 1 cetemr amer
trace elemants in plant materialy Inchan J pure aood PR, 14 SES A37

Donaldson, R M. Jr & Barrerss, R.F {1365) Intetting aosorption ¢ traee Qoeies
chtomium, J lah, chn Med, €3, 234233

Dunstan, LP, & Garner, E L. [1577) Chemcal preprration of Dio 65 Ta mptsmen o
curate chromium cetermmition by aotcoe SilUTom mums oecToretry  Tac® Lt
evwviran. Heeith, 11, 334-337

Dvizhkov, PP, & Fedorcwa, V.1, {1967} On blstomogerns prooes e of ooromg ox.
Vop. Ovkat., 13,5762

EEC {1975} Councit dinmtive of 16 June 1575, concemmg the Gty MCuires o° a
water inmnaed for the aimtacton of ckingweos in the Mevoer Sam S
Eur. Corvr., L 154,26.31

Enterline, P £, {1874] Reswealory Cow £NMONg ChTomale workem [ Gt WaT
523526

Falk_H.1,. {1970 Chemcal dpfrhnont of mbganon PR3 In Hywra MG -
Nettesiern, P. & Gitbert, J.R., s, /nhwstion Cercogeses (US A= S0
Commituon Symposium Serws Mo 15}, Qax R Ipr TN LS Atz Sowegy 7
migor, Dovition of Tecrnicd' Infsr—3t.on Extenwdn =5 1225

Fstwn, L. 11376] Enwrcnmentsi metdilg carscoPsy 30 o om 2! srim e =
2 Tovzo. emarar Hegln 27700

571 tn iy me aegeghare gt e om

Fratsr & a0 A Lo B2 & ¥ux-ner Mt
2) % Town N IR OFEWACE C' EBCITY GTTYT N Tanier Feg I

]

=

Fegnehoms . Woth A arls F % Totyen A Lo ans =g top g - L
R TR o A TR VPP I FVRL R TR T LAY TRy (PRI I T TRl
Aw-o L A Trempr , o0 Fenor T par Pyt Wayor

Tagr.b.- ot A ogeatig A Terrat. N O N et B - e
(i3 et

At e el Jalan Lo et 10 wr 1,

Qamig Ty §F Pt R TR Lt = e te ity -




E P L A N ' . o ta, . : .
. [ TP F I I U

[P P O S IS LTV B T OPLE L S TR I R L N T TR IPRRI Y TL T TY L . Lo
Foraig bemuitts Srtwrc e, Divigean of Dlowasd orbd! tea tf Pulaation N T
Vot e U Pl Bl 2 e o,

Cavitee 8 8 (194G Chrnpmuwn, A kyemnan M b ol Srangas? Hertoldy of Jhen i

Aralyng Vol 1O ed, Teew fork Von Boatiand Hemhe!d o 3.0 370

Qae TF 190 Cltects of enromunn 06 15¢ Matnpler embeyd [aL4ract
AT

Gair, T.F, (1078 Embryotonsg ¢lfoets of Chromium trodide 10 hamiters  Eaveeem Her,
16, 101109

Gomaer, € R, (1972) incigence of chramium ndused 10Nt amang electranlaling wiorkert
w Brazd, Iny, Med, 41,21 2%

Green, M H. L, Murel, V13 & Brideer, B.A (1370 Ute of a simphified fluctuaticn et (o
deteet (aw levels of mutagene, Aurat, Res., 38, 3342

Grein J T, 11942) Chromic acid portoning resuthing from inhalauon of min deveoped
trom frve per cent chromic ocid wlution. M, Engincering mpectt of chromes 5!z po
saning from anodixing aperations, J, ind. Myg. Toxcal, 26, 127130

Guillemn, M P, & Brrode, M, {1978} A ttudy of tha difference w0 chromium exzoaure in
workens 10 two typel of eleciroplsting proceta, Ann, accup, Myg, 1, 105-112

Hanziean, L, Naveanl, J,, Jursk, ), & Kotrla, M, (1957} The emomement of higner rewirs:
tory Saldwaya by chromic acid saroio! (Crech.), Prov. fek,, 19, 234.258

Hartford, V& K. (19631 Chomuum, 1a: Ko'tholl, LM, & Elving, PJ., ads, Treatar o Louly:

tical Cremusory. Paet 13, Vaob, B, New York, London, John Wiley & Sons, po. 273377

Harttord. W H, {1070 Ohromium compounds. i Kirk, RE, Crnmer, D.F,, Grayuon, M,
& Eckratr, D., «ds, Encycioped:a of Chermucal Toeehnology, 3rd ed.. Vol. 6, Siew York,
NY, Jetwn Witey & Som, pp. 82.86, 6768, 101, 105110, 113, 115

Harttord, W.H. & Cogson, AL, (1884 Chromuwm compouncs, In; Kirk, RE, & Qtrrer,
D F., ecy, Encyciopednr of Chemicai Yechnology, and &2, Vel 5 New Yerk A,
John Wilaw & Son, pp. 405-1E6, 484, 4573, 510

Hrwic, G G. 2. (19771 Ihe G iaemnes Chemical Oictronary, Mo et few Yars WY
Vaii Nowrand - Hainhoht pp 206 207, 7ad 978, 942 ‘

Mayer A0, Lilenteld, AN & Snetl, LA (1979) Mortality in CArOMIUm Chemicar Drocuc:
LON warkers s proapectne ttudy. it J Epadaamal | 8, 265374

Hayaer € (1907) Metal slioy. LS Parent 873, 745, 23 Aprit

Heath, J.C., Frewman, MAR, & Swanson, S AV, (1971) Cargingganic progeri.al of wear
paructes from provthems maos ' cobalt chromium aloy Lancer, 1, 564 566

Hugl, A {17978} Polsrograghic determunation of copper, lead. 1, cadmium, n.ckel, 2inc
1rON, COBAIL and CheOMum i witte water (Ger.), Chinna, 32, 379.344 [Cher 4=
20, 760art;

Harculen Ine, [1978) imparisl Colarsncs, Commenrs, Witmington, OE

Hermaan, H. & Speck, LB, [1954) Intersction of chromata with fucheg acics Trtue,
Sciance, 119,221

Hill, Wl & Ferguson, W5, {1970) Statiztical anatyuis of wpideriologecal cata from 2 erro.
M chrmics manulsctuning pisnt, J. occup. Mac,, 271103106

Howarth, C.L. (1958) Chromuum chemicait in the (asirie induatry, In: Udy, MJ | =,
Crromium, Vol. 1, New York, NY, Reinhold, pp. 203 200

Huepar, W C. (1955] Ewperimental mmudie i maeral cancericencain, VI Toaage sprtom
19 poarenterally mitroduced powedered metalhe cheomiyrn and chror. e ore J ra-!
Cancer Insr | 16, AAT 462

Hueler, WG 1I58) Expenmental studias s metal cancengeneys X, Gancengs o efhety
tf thrgrite ore roetl deooutsd N muile Liue a0d Dleural canty l e 1 o
rfea'th, 18 204 291

arver WL V0T Tevruamenatal CMUINGEERILL a0 ] Gangeit Larner Nep DD BAD B
Hurter, WL & Pavne WW, (10%1 Eapernmenta 1 g wes in rate ERLETLT & I R

iRy an | T e et anice o MMMy @] Lo heallhe  Aem sner Mg Aview

S0 2T 200

R . - PR . TN
oo 2 I LTI .

.
R A T T EXTAR
ML LA Tty KD ki e A Ve A C iOA TR i e

P T T LT URSCHEAPICT T A STt S T LT D B AL A )

LAKG (19700 L3HE A smmzrarhis o (e fuas gt 28 Cor g pemer = on 39 Cmals o

Algre, W' D2 Some Inargan s oan ) (LN VY TR T B L PPLUR T WP -

La, CC B Matwmuma ™ {7574 Poac=at ratiter L0 L0

Psgrs s, "
Nt R

Loma S, Matwmarg b,
and 123 eMectt 0m fugtal GrowiD ama Cene 0Lt 0 Maee LD
198

Winykh, S5V {1917) Metnod for the Colerm =aton of criromum in (anned 1300 Sare?
wirg cany made of ehromeplated pn [Raa ) I N, zenie Soowg! of Swfrnie 0t

Haztit of ivorkers, Mowcow, Ermmana imDiute of Hygreng, 00, 193 194 (Chem Loz,
89, BL34¢)

Ivarkowic, 5 & Preurzmann, R, (1975, ASmnce of tons and carcinogerc ifects 8 ac
mintraucn of N Y G2 af CIMGMIC GHICE DrmenT M WoMCUTe and long-re— tering
expenmentyn AL Focd Coxmer, Fameoni, 13 227 151

Jerr, R, Jr, Purce, 1,0, 1 & Sterrmer, KL (1960, Tomicily &f #l8vt €1 ferroa s, .M
11}, Trarmaor: of chromwm (11} by rat terun Zroten 1Tedaed Sy MUman e et e
OC anatyns end matocahagrashy, Arct, emv.ror, Hwairn, 17, 29534

Jindrichova, 1. (1978)  Harenful eMecT cause? Iy COromium N clacTr 2 wricel (T
Juigehr, g, Nyg, 24, 8683

Johrmon, B F, (1974) Chrommm, In; CaraZisn Mincrs Yearzocs Prezenzs, Ciisea,
Drpertment of €owrgy, Minet ang Rciourist, £3 1-8

Jonws, f.S 11578} Ferroulioyz, ta: Miunerais Yeartock, 1575, Vol V, Metat, M e atarz
Fuels, washingion DC, Burcau 0! Miner, US Gavernmnent Printrg C etk

= e

or tong, G.J, & Orinkman, AT, 11978) Cetorrunghon of cheamasm (LD e eymormaus

(V1) in 342 waler Dy 35T 3SP0CDUON Toectromatry, Aol &tem, Siia 50 240 I8

Contacr Cermanrs, 4, 115120

Kags, T, Hirano, K & Shuvany, ¥, (1280) Screwna] 6° env, soomen i 0ng=08' ~oula =]

Ly tNe el Jikay 2yl wit™ Bacrius bt CRem Uuisxnmg § 1 = = el

Kancko, T. (13781 Chromoiime damans 1 Calflered Moman Weukooytlm ==_te= ny ==-2

MM CHOnDE NG CRFOMuum Rouioe (130 1, Jon J g Hear, 13,

Kayny, FJ, Korvar, G, Lanoca, H & Vansertincs, RE. (19731 Atamie aliomie ae

traphotomutry of Chromum in wrrum scd Wine wih & Modidad Fasu= Crer 2
BTGMIC BLIOMTHON 10RCToDhoTomawr, S, Chern. 2d, 2751.2154 'Tme~ L2
90, 500C5c]

Kinn‘ed, M, & Rous, A, [1965) Ulceralions of the racal seoium Cuw 52 "=xiic= ©°

chromic acid “rumt. dnd Med. Sum, 34, 24224)

Kolihova, D, Sychira, ¥V & Dudova, N [1975) ATHmic 1m10rm1.00 oo .2 and. /a1 =°

imemie and (NOFCENC D'PTANT Dased 0N ToAwm duox.ce, ], Dete— auton =*
CODOEr, MBNSANEE, CHIDTIUM ARG (MON Ty AT LS1APS1DN TSECTIOETY w. = ¢ ¢
unthermuc stomitamon (Crech.). Ohen Lany, 72, 13211237 (Chen Lo, 57
4C2501)

Koryiun, U, €hricher, H, & Wineteic, € (109748} Triva ery ¢ .= cornao=o:

Rewln of & riudy 1 occupatonal maciciva [ Garavai, wehne o3y
sy (Ger). Arow ciemed, Solislrned, Privertemed, 9,51 54

Tre = e,

Korahws, U, Exrachar, W, & Viiealeld, E 119743) Trrva ot oo L= 5= 2 -1

rumils of 2 12uCy v cocuoEtOnE) Med.cina, [, el 1T aralva 1l Ten
Ardeirtmed Soraired, Prbvencvred., 9,16 77

vovathuk, N D 110€6) The Danmviour of Co7! am tNaaamal or e "o tw Lt 0,

verput e et lon {Rur ) Med Recioi, (ISZR) T 222

vreourmar oG, Qelmom!, 1, Da Prek, T, & vecawn O 9770 T le Lo vie -

9¢ 1h ter=nnaton of hewvy mela s 0T oL Erwegn ! JE1 D00
seee CFL DT Tra a1 e 8 et .
v, Mrewerl o 00 a0 Sempotiem o0 Tracer S ey Metat N ey =t

v

LT T e N E P P

et ant Vateriny, Soringhed VA
nring

EECTTR RIS PRI S TR L D AT IS

- 1, tu T Y AT T T T B S e - ST R

re e




I N R B N Tt N TR NPT Paoaa i apreedy
A d gt e et

Lot g Bramii el e be o S0 R g Ty ety Daate sy 3 A gl Re
Vo }. Pas

Lafsr, B $1373) P aend ateont won i Aaos oin Pantor T O e, My o5t mrarkdboae,
Wit 1 biew Yook, Gube W g & ossne s BA7 854 '

Lane, § P & Nays, M2 119771 Cor copmutily and cecarpinggenaily G ERromaum car-
tanyl w0 BOLCLLOE Trot te ijie ', Caer Res, 37, 14376 1«:1‘9

Langard, S {1980) Chrancum. in vealcron, KA., ed.. Metos i the Enviconment,
London, Acadernic Prews (in peess’

Langara, § & Norseth, T (!1975) A c3hort rtudy of bronzhiz! carcinomas in worken pro-
duting chromate pigment. 8¢ J. . Med., 12,62 65

“Langlre, S & Norseth, T, {1975} Crramium, In: Friterg. L., Nordberg, G.F. & Vouk,

V.8, eds, HangdlLook un the Toxweoiogy of Metals, Amsierdam, Elsewier, pp. 233 397

Langird, S.. Gundersen, K. Tsatev, L.L. & Gylsett, B. (T978) Who's blood eRromium level
3nd chromum excret:an v the rat alter zing chiromate inhglaticn. Acla sharmace!,
Torxizol, €2, 142 149

Lang3rd, 5., Andersen, A & Gyizesh, B, [1383) Inzidence of cancer among ferrochromium
ang tereotiiicon worsers. Br. J. ind. Med., 37, 114.120

Laskin, 5. [1872)  Research im Ervircrrmenital Sciences, Washington DG, testitute of £n
viranmental Medicine, oo, 92.97

Lasi:n, 5. Kuschmer, M. & Drew, R.T. (1970) Studies in puimsnary carcinogenasis  In:
Hanna, M.G., Jr, Nettesheim, P, & Gilbert. J.R,, eds, inhalation Crrzinopenetis (US
Areme Energy Commegnan Symzctium Series Ko, 187 Qak Rudge, TN, US Atamic
Energy Commugion, Divimion of Technical Information Extension, po, 321.351

Levis, AG. & Majone, F, (19791 Cvtommxiz anc cliatogenic effectt of taluble chromium
compounds an mammalisn cell cattures. £r. J. Cancer, 40, 523-533

Levis, A.G,, Buftignai, M., Buanchi
mate on nuale:® acic a~d
bunt, Cancer Res, 38, 110.1:8

.V & Sperza, G, (1978a2) EHecw of powrtsium dichro
n syntheses and on grecurtor uplake in BHK fNoro

Lews, AG, fugncts, V|, Taming G & Peqoras, 8 {19781} C-}:u:nn: effects of nexy.

vhent andd tivalent chrnen sm o8 Mmammaten Gt mowiro. B J, Cancer, 37, 386
398 o

Leey, L5 & Vet S (1975 Car SN ANC Mutagent activity of chromuum contan.
Ry PUtenals, 2 o Conce 32,254 255 '

Li M.C., Sheng, X L. Ching, C.-£., Chen, CoH., Chin, P.K., Jung, T.W, & Wang, H.P.
{1979} Determination of trace clements in envircnmental amples by proton-incuced

X-ray emimion anstvii (Chin. KD Wauen Tung Pao, 24, 19 21 {Chem. Asxtr., 90,
145297v]

Liien, 0.1, Soivak, J.L & Golcman, 1.0. (1870) Chromate TANLION in human leukocytes.
J. ¢chn, invese, 43, 1551-1567

Lafroth, G. (19781 The mutaganicizy of hexavalent chromium is decreased by micrasoma’
b wn, €5, 207.208

Aluey,
Ly N

Lotrath, G. & Ames, BN (1978 M nicity of e o in Sal o ry-
BPITRNUM M, Checmia wwwt M. Mutat, Res., 53, 6566

Luciani, 5., Dal Teto, R., Rebeitato, A.M. & Levis, A.G. (1279} Etfects of chromivm com.

pouUACs on plasma memsrane Mg® *-ATP e actonty of BHX ol Chem. Leoi, intersc:
nons, 27, 5887

Lumbie, 73 {19537 Lemoms m the upoer reswratary tract of chramium platers (Swed.),
Nord Mypg, Tutshr | 5.6, 8691

‘achie, Wo B Gregarius FO1354R, aneer of the resniratory tvitem in the Usited States
crtomate pradecng S sty Pust Hoalth Rew. (Wash i 63, 11141127

erRae WD, Whamg HF N ren HE (1979,

Sister chromand exchanges induced 1n
culture rrams:t.

oy mro—ate Corn, Lol Interachans, D5, 231 JB6

SLRRL T R ;

Taryetoza X1 389 4

HEIERIT s ate b ot af oL faten! masioe s gncen s

Farver OB oLowes A, 0t T uiral ateetrat.ong el 358 chromar cvonanges
o Chingse Ly ey egged o

YaPr el besaar o0l CROOLUM £ gty
B age Hup gd v =i

LANELES /U H

FECRN

EARTE TN o § b PR

shcpeten s Caeriis Meag  rr Dwege e 0D
5 :

tdysan. C §T2a) Prelziae wpoe €F Loz Etens L sl A0 A A

o7 437842

Mattans, € {197€0) Precumor ‘oL tns oY eanaie] D300 B Il 8 st
rsa .

cahcet sk, ARR MY, Acs S0, 273 Assasd

Mancuso, T £, {1875) Cons derat.on 0 CWomum 33 20 o SIS ciftnoen
Hutshinton, T.C., o2, Process rm o the Irnermasorat Conterence on resvy Mezi..
the Exvwronmment, Torarmin, 1575, Toronia, lnshtute 'or Smvvarmerim Suates
4335

Warcuso, T.F. & Hueser W.T. 11
chroTate £i201 B MOSLA ¥
Surg,, 2. 338353

351! Qccuzatznal camoer and ot et MoETs
53", 1, L.ag Cangens in chromase woree—t om0 &

Matpumors, N, Hjime, S, & Kasuaumg, H. (1575 Flacenal tomsfer of ohrores oo
and il toratogent Soteil (M embrenis uce, L kool S 200 12

Matthews, N.A, (19781 Fermzalovs. nt Mong<a! Facts anz Proz e, Masa~pn 20
Buresu of Minet, US Gowernmant Printng Qffice, . 365

MeGesn Chemnigal Co.. tne (1976) Cata Sheel Soecaiity Chromesm Caoracad Laves
GH

Maller, JW. (1831} A Comsehenow Tralie o0 inorgarse 2 Thetretoa” Do
vel. 11, Chast, 80, Cvomuumr, Lorcan, Longmars, Green & Ca.

Mertzy, W. {1969) Chramiom acsurenes ind funcoon in Dologacy! sy Amyza S
49, 182233

Merte, W, [1975) Etlects ana Tetabotam of Jiucose tawdrrmne fxeane ALir Sy, 22
138

Motz W, Rogirtwn, £ €., Fecgman, FU & Tagrman D8 (1865, Caterzercn <f ot
MM transier 1t e fal ETSSYY CN e Cnem.eyl tor. S ML ST IED

Neyers, J.5. (1552) Acute pulmeniry coms.catans foloenrng riraalon ¢f oma o
sl A/mh i Myg eezua Med, 2, 142737

Min, B.C.{1576) A gy on The coneentrion of Resvy Tatis © Te routzre of 0
rover (Korl. Kesgwng Poken Chascty, 13, 357547 {Chemn. A=, 52, 20%:

Miristy of Healts & Wailare (1978) Drincing Water Saancor=, Texys

Maraing L. (1975) Ohomsum, Preorint from Sulletn £57, Bu-es. =f bl.res, & e
CC. LS Deoarvment of thw litwir, 0o 1-12

Moming JL {1876} Ciromium, In; Muneral Facs anc Prooises, Semaogse 0
Burtau of Minet, US Gowemmant 2nntang Otfica, po. 112

Mommg, J L. (19777 Ohromerum, in: Mimergi Commocity Prefie, MCF [V
wergton OC, Sureas of Mines, US Sovernment Prntiag Sifce 2 3

Mornung, 2 L. [1978) Ohromium, (n: Minersy YasrSook - T97€. .n %, Mewxx Moz
o Forlp, tiehngioe S0 Sureny of Micey, US Sovernmert Bre = LN oo
303

Morton, M5 & E'woog, P (1374, CLE ma'fernat o0s IR0 1700e eemem = = mat2r
seraey). Terztozpyy, 15,318 .

Uonnger, M & Finrennn, B 21350 O tne pattcogy S gPhrematty Foo eria
ressarches Aseh My orof W Trae Sic ¢ Soc 15 181 5

8 acter 18T Pm rom rpsptres ;e mgens .',,1‘-,..- Cres drem bww Toranyn -
sogtnnral twt WTOr 20 Rep, melps  refliorat.s oot

AT E et ey L " et p e 22

P R L L P LA L IR PR P IR )
W s WSATEINGEY M1 T 2% e Ll N s 0 ey -

A P R T TP I dr P Coemt ottt

PR R S A Cearg e Sua JWoet gt



L [P TR . Lot e T (TR (] 4
. . [ N N . -

e et AN D TN
athe N Cevatrty A e Gotur 0 A et G A Faamiran | Tr

Y L O N I N A IR

LR T T T P

P e R0 AN bl et e 30 130 163

fakaimuin, K Yoshohawa b Sagala Y & Forata, B 115781 Covniivratoee V.0 mt ol
VIGIGAMIMAl At andl e tagen Lily GF Travalent @t Rewmaad onl NG
Mirrar Meg, S 1751010

Matee S {196 Poudie cauzes of CReomate worema,  Aed To, 21280 Gerediad 100,
1479 ran '

favonal Acadermy of Suiencer 11874) Chrormum, Warningion DC

Matianal inibtute for Occupstions! Safety & Haa'th {197) Cricers for & Recarmmes 4oy
Standard , Oecupations! Expasurs 1o Chromue Azid, Wnhingion CC, US Oesartent
of Heultn, Lducsnan, & Wnitare

Nananal Imttute for Ozzuzational Setety & Heaith (19751 Critesia for # Recommaetsied
Stancard., Ocousanionsl Expocyre 1o Chromuum Vi), Wesungtion 0C, LS cn:uﬂ
ment of Health, Educatan, & Vallare

Nestmaan, .8, Matuls, T, Douglas, G.A., Bcra, K.C. & Kowbel, 0.5 (1979) Demction
of the mutagere activity of lead crromate uung s battery of m.cromial terts, Alaear
Rcr, 66,357 165

Nemerneim, P, Hanng, 1,6 Jr, Doherty, D.G,. Newsll, R.F. & Heliman, &, {1971) Etfecy
of calcium chromate dutt, infiuenze viruy ard 100 R whole-DOGy X raciaticn o lung
umor incidence 10 rice. J. nslf Cangee Inzr, 47, 1129-1128

Kewbold, R F,, Amen, J, & Conngll, J.R. {1979] The Cy1aTexid, Mutigenic and Cimom i

tfeca of ShromIum Conianing comaounct on mammalian calls n Qulturn, Mucar
Ret., 67, 5562

Nichigka, M, (1975) Muzagenic sctuntum of metal compounds in bacteria, Mucsr, Aey. IT,
185.189

ooty ¥V 119151 Trace elrment poootion ol e Liovwes HPrig and 1mer 10im* e v
N ROy watef oy (G EL), e, Ariennigoen, Anvenmusicrseear, 32 8193 Lhem
Alalr, 53, 12640940

Onuie, ¥ Ane 5, Homma, ¥, Yosawa K, Ko, F & Murag M, {1578) Mt ingremer
01 lung cancer 1 chromale warkes (Jpn.). 1, donm, Soc, ncees, e, 65 1198 1203

Qruaki, Y., Abe, 5., Kumura, K., Taunets, Y. Mikarns, H, & Murso, M. (1978) Lury Cascer
N Jaowriew chromate workeer, Thosax, 12, 372 374 .

Okude, T, & Tweniva, . (1977) An widemialogcal study on lung Cancer among ¢hro.
TMwm Diating workery, Kera J, Med., 25, 171177

Onkelinx, C. (1977) Comparinent analyirt of metrdcien of chiromaum {(1E] w0 raty of var:
oul ager, Am. J, Pyl 272 E 47B.E 404

Onady, 5., Ounks, T, Sheata, S, & Takawnima, Y. (1076} Detmmnination of hensvsient and
1oLl Chromium N e wats? by 1atoor dilution mae Lectromatry (ipn.). Junsek/
Kagaku, 25, IS0.362 [Cheen, Adsir., 85, 120560g]

Patagalln, T, 119771 Oeterminanion af trace stermant in whale biood by PRALARUATICED X
ray Nuoreence, Eue, ) nucl. Meg,, 2, 277.279

Payne, W W, (19603) Product.on of tancers in mice and rats by Chromium comaounds
Arch. ind, Heaith, 21, 530 515

Payne, WW [10600) The ro's of rommesd chromite ore un the production of cancer  4-ch
eovrran, Heatth, 120 26

Petril, F L & Do Flora, 5 11977) TomciTy and mutsgenicity of Meaavi'ent chrgmium on
Ssimrunctia typlimonem, Appl. environ, Miceamol | JT. 605 BOR

Yeinlh F L & De Fiora 5 11970a) Quigatisn of mecirve trivetent gliegmgm to DatehaVIE]
g Renavalynt form Afyrar Rev, 09, 162113

et FLORCD Fla §ODVTEN W italind fhea Lowalagr oF ey svsieng ¢Rr, e o
et Myten Hev G4 159 147

Pk, LN R D abene NXO LI CarlIngagivimt halar 15 o 17w e, T
el

EEICTRTITI PPN

Toyt (8, Y (g Fe g

- rat N L Era
et D Bomd L, Barel G, ws Fetret W T e L
e

Lt 1+ Totame} ot v LE n R TR R PP LT

Toowe, %) 503 512

G roee C LoBra A TIIY MmN s 0 00 D
e 3h o Aangy Meet 1y

Mlgrigig
roaf fanitrantl In ASiarn g : o
L n) e Sucacly, Tuattss Wabamaa, Yiiaea 1970 "0

By o=y Tr 01 C CTI ol Tre Clar po 7 1T Tale L
g Eneram Sxar, M4 3745

Asvmuuan, L (1577 Ecanyrg
tevein 6! aumoeng medais from 3500

Rowertzon, O £, & Carventss, A {1772) Meurrzn Acowsnse Termrugue fo D Mes
) ' . : - T
ment ¢F Trave Lteca's wy the Marine Eqnrormen:, Soneieid, VA, atera Temr

Infor—aton Service

Auborgian, 55 L3078 Heeka'cs? S7emiom 01t fiund waetet o Paracose s
Lrzoma, Grouwnd 1Water, 13, 915 627
Carer, B L (19€3] Crromu = CorDinamoret  CHCn™ 272y 5 s .0

L

Roe, FIC L

care npgen far (he WHCUIINCOW Liuw of U ran 2 Coaser, 22,

Rouult intsmstion Services (1374 Chromium: Wl Soney of Procucnier, Gz
ran and Rreet, 2nd ed,, Longan, £, 8, 831

e

Aoyle, M, 707521 Toma:y of cnromid ad.d in tha CIreTeue Shiteg e Ty 17,
e, 73,3253

Aovie, H, 1197561 ToxiCity @7 chromic #6.C 0 I aPeorm um Slenng m=aay L, £
" Fex, 12121163

flyar, T8 & Vool € AH. (1977) Cantrranzn of coyumoscat veaz! G, 1 @
by gn Svomatosracy, o Chreraiagn, 123, HE IR

Salmon, L, Avums, D.HF, Fucher, EM P L L, 0V 1977 Fromzacto oz
2 peater in the UK 18571974 J raciomy. Chem,, 17, EST-EX

Sanmesos, 22 119761 The uptalr pd raoennon of c= s oimawn by o 1 Frawzs -
FARR-FLE-Fi

3T Patvolocs of cifomum L s zr | Ao ng Kopra oy 22 2 ° 4

Soven AT 137N Leat chromame piymaez Coeame YOITw AT ST Creere
Pitior, T O, €=, Agmens Hanzoock, Vol, 1, Mare Yo, NY, Jonr &, ey % Soma,
547282

Schroecer, = 4, Balxis, 13, & Tigtza, LM, {1952) Abvormal trace iy e
muam L cheon, D, 15, 951964

Schroczes, @ S Batman, 11 & Vinme, WoHL, Jr 0304} Chramim, e CacT e, i
ANC Loatum 0 e, allecT on meraity, T end TDue leven LT
zZ9 25

Seveoezet, M A Balazza, JJ, & Vintor, WM, Jr (1385} Corommrn, Cacmoum &=
T4TL, kTheT O life Dan, Brmon and Lasue ikein J M, £3, 51458

Puene, B K, Singhad, PO & Chogn, X5, (1078) £ T s, L Faeobvin et me oy o
‘v ‘Oliomnng DOLEBLLM drrOmaie Sononwg,  AIred, mwe L, 54 dTAL

Suuey, S F V1976 Cotwir. In Murers! Fact anc Progie:, Wadhwovon 00 2 e,
L5 25 Govwrnment Printng Ofiuce, oo, 263 123

SrTwe MA L Lowd, LA (TSTE) Infice Ty 0f SNA TYMUGA 0 ety Vo
11 T DU oF Catmogem, Sowoe, 54 1AL 1478

ase M D Soecer O X, Rober, WL & Auckonen, 2 H 15 el
FETT LN 2P Dalculate i e Four Cormant wrva, Lish sc Prge L2 77
tel et eninLmaeer, ML Karnr G (1977 Seser— -amion AR R I PP P
ST SLUen Ml el ARG Tille wEtr (Tat T Aater o e Fo
Tt g Dheem Abure AD N1OYADAT .

R R A L I R P T S

TS RO ZNA DV FATI BN e A0 e ens mvea)

. " G AT PN et B0 Ty 8 Adee 0F s T .

. B e R A ey LA PP IR JAg ey e




S RS R EID A et gt . et *
cee 0 mad gt Dor Bl - B . R : B
P A I S T U L A LT e e S
e Presy Lo pecssd

Sher, G 11, Shunkie, B, Trose BL Sreesan PLom Terr, 4 5 18T Tearder

carCineneeity B ne1allie Comis MR by e Lutnunaty Luur rgianie o wrdin A
ncy. Caenor fley, 36,1143 1147 !

cana, JSTW A De longh, MM Vatflns JW A % Wane ©7 VEATSL Toecr, cfchro
seearrs {VEE a Lsh wath speessi refrreni e 13 Oroan s weighils e g asTIY BREpE
o Tevities, Blowd pardmetess and b $10i0gicat Hrecationg Koc-en S8 b Jtrd,
1T WA, cus, Subiothai Ettects of Teawe Chemucals on Aquatic Encnais, AMLErUam,
Elsever, po. 31 41

Suilwan, CP., Donghie, M.J., Jr & Morral, F.R. [1870) Cobalt saze Swpera.ioys 1970,
Brussels, Centre ¢'tnformation du Cobalt, pp 143, 3844

Sundgerman, F W, Jr, Law, T & Crattey. L.J. {1974} Inhibitory eficet of manzaneie uoen
muzcls Tumarigenesss by nichel subsultsde. Concer Res. 34, 32-55

Tekermoto, K., Kawai, H. & Yostumura, B, {1577) Siuges on the se aron of chrs-.um and
putmpnary digeawe. 11, Chromium caniaminaton of lung eancer {pn). n: Pro
ceecings of the 50th Annual Meeung of the Japan Associat.on of ingusinal Hedlth,
Tokyo, pp. 368-169

Tamarc, M., Banfi, E.. Venturini, S. & Monb Bragadin, C. (1975} Mexavsient chromium
campounes gre mutagweaic for bactond {tta.]. 1m: Procredingt of the 17th Narioral
Congress of the [talan Society for Micrcbiology, Pactua, 1975, oz, 611815

Tamino, G. (1977} Interactions af chromium with nuchee scids of mammalian e (AL
Atti Assos. Gener, ital., 22,6971

Taytor, F.H, {1966} The relationship of mortaty and curzton of emzloyment ot reflected
by & conort of chromate worken. Am. J, publ. Meafth, 56, 2'8-22%

Teherani, D.K., Stehlik, G., Tehrani, N., Schaca, K. & Hinteregger, J. {1577} Desermination
of heavy metals and selenium in fish trom Upper Ausian waters. 11, Lead, cacmium,
scandium, chromium, cobalt, iron, Tinc and seienium (Ger.). Ser. Cesmrr. Stuenges
Aromenery, SGAE No. 2797, po. 1-21 [Chem Absir, 85, 45150¢!

Thayer, T.P. (1956} Mineralogy and geviogy &f thromivm. 1n Uy, ¥, eg., Cresmum,
vaol. 1, New York, NY, Reinhold, p. 25

Thumsen, €, & Swern, R M, [1979) A Simule Aratyrodt Technigue dar tne &
& Hexdvalent Chrormun: in Welling Funes and Qther Cornpies Mar
Copennayers, The Danish Wetding tnstitute

Tsuda, H. & Kato, K. {1976) Porasuurn dechromace-wahuced chr&nme abeTrtron: et
it3 contro! with sodium sultite in hartater smbryonic cetls wna wiro, Gann, 57 263470

Tawda, H. & Kato, K. {1977) Chromosomal eerrations and morpholopcal trarttssmanion

in h;msm embryonic cells treated with pousium dichromate #7 wiro, sluzat. Aes.
45, 8754 . "’

Udy, M.C. {1956) The physacal and chemcsl propecties of compouncs of chramem, 1=
Udy, MJ., ed., Chromium, Val, 1, New York, NY, Reinnold. oo, 165, 206

Uay, M., (1958} Histary of chramium, in: Uy, M1, ed., Chramium, Vol. 1, New York
NY, Reinhold, pp. 2-3 o '

Umeda, M. & Nishimuras, M. {1972} tnducibility of chromosomas aberrations by metal com-
pounds in cultured mammalian cells, Muzar Rmx., 67, 221.22%

us Dmnmgn( ol Commarce [1978) US importy for Conmmption and Genersd imporis,
FT 246/Annual 1977, Buremy af the Cenus, Washington DC LS Sovernment Prinninsg
Oftice, pp. 231-233, 247, 293 ’

US Departmant of Commerce (1979} US EFxports. Schedule £ Csmmodity (3-oupings

_ 3

Schedule £ Cammodgity by Country, FT 410/ Decomber 1373, Wathingion OC, US
Gowernment Printing Offrce, pp. 2.71, 2.738, 2 790 '

U3 Enviranmental Protection Ageney (1977 Enwiranmental Mo rimy Nesr Incuste.a,

Sires, Chromivm, PB-271 BB1, Sarnaghed, VA, National Techast infor—stnon Ser.
vick

L% Dowironmenta! Protecticn Aqgency (T978) Manmom oo ovne « tpate 4
chemicy's S Cofe Fod Reyed | Totie 40 Part 133 11 o0 2%

(LA 4

W Lrwetunmental Protec i feopog y
thing,  etHuent hmnfafwnt gunitlras, | v tieelmmif sl
Tormasi @ starularcly  Fend degot &8 00w, Y4IR

I3 Fatinles SigarsT s el ur Lanmamg ail tin

Loand e hwirng b

PR DT BRI ST LI I

R I PR

[ s (tag, TRe e aeR g Dt

s

tabo (e Sludes w LTI NRSTT o P P T an
ver ! S & Lewy, LS (1324 Mo, 0l CF emem nptes o Lacterad 3T TR re@naTLR T

cRroMate Carc.nogenet 3, fanure, F3, 433450

verpeeh I, Huire, 0, Darzwr B Steesert, B O Rodoe, . BMames = ST Lt
mimat:on of erTomeT 43 Lohr L7 RuTan Sar LT Dy CdbeTTLT BT sBTT AT Wb o -

Cresn, 24, 303 302

wvignan, EC. & Zurio N, {19351} Otmervaticrs ot e gy 28 LivDro = 10 e —da

F.m Operaling PONLEN CONCERTTRLITS IMAE) 2 nmLT.A DEELL e L A
Gewardesamhol, Geweesairyz, 17,523 534

Viek, W, Whiteey, 1.8, Kuka USG i & Comar, C.L. (1953) Memceiamet &% 3
anirmats @ inlluences by chemiz! fate, Proc $an e2s. 5= Me2, D E7TLEZ

Waser, W.E.C. & Vatles, B.L. (19837 Nucuc az s and =anys, | Crpeum, CaoRree
rrckel, iton and ather metas in finemue e a0 1O Croere DRSATTD WUTTER - SiT
Chem,, 234, 3267-3262

Waterhouse, JAH. (19751 Camer ameng shiDmwum plaers wesrasl. 2 J Croee 22
262

Weest, R.C.. ¢d (1977} Haogbook of Chemsyy ! Mhyncs. 58th ecl, Caatmnc, O8.
Cremical Russer Comeany, ep- 8-74, §-87-8-88. B-105. 8126 B-14Y, B.145 5 1%E

White, L.R., Jaketsen, K. & @utgaerd. K. {18751 Cormoorzve t—xrly mxtam of I
miumich weiding tusnes and chramen C N e humar: s ive. Srerat
Res., 20, 356-374 .

Whitm‘g, R.F., Sizh, H.F. & Keroostrick, DJ, (1578} TMA carmage &d SNE e

coltyred Ruman ¢ol3 expSRd 3 OSSN Chan. ol inmracsara, &, 3T

whitney, B.G. & Rity; T.H. (1975 Stiecord Mathods i e Catyrrirmtzn & Femt P
Tranzipon Metais in Naursl Frish Waser, Urmweraty Parx, PA, Porecpmns L
Pren

wnQ ' *300 Eurwresn Surdaas for Orré ngfgrer, 240 52
Qrganat on, p 32

Wig w (1978} Cytomrnetc eticcts = 2te mouse ©f 17 cor— 2t moe et ane Casooen
evaluatec Dy the Mmacronecamss st Mutaz Res, 56, 219 127

Varenelr, M., o2, (19767 T™e Merck incex, St e, Racway, “J, ezt & 3, 2= 120
1308

“wWineli, M. {1575) An inematonal comearson of nygend TIncards ' ciacucas 8 T

work gtvironment, AL, 4, 3838

Yaryro, S. & Flachea, H A, [1976) Long oash photametry ¢ clvmcy aracysa | The S
Mination of ENAGMuAT wlang dpheryioaoange, Momohen L, 21, 435421



APPENDIX II

Estimation of Prarameters for the Lompeting
(Scurce: EPA, 168%&)

Bisks Mgdel



/‘"\.__.__-- .

7.2.3.1.2. Choice of Dose-Réchonse Mogel ~- It has been widely.racognized

(e.g., Doll 1971) that the age-epecific incidence curve tends to be linear on

doubly logarithmic graphs, or equivalently, the age-specific incidence follows the

.

mathematical fornp
I(T) = pTk-1

where b and k are parameters .that may be related to other factors gsuch as dose,
and T may be one of the Eoliowing three casges:

l. T is age when cancer is observed,

2o T is the time from the first exposure to observed cancer, or

3. T is the time from exposure to cancer minus the minimunm tize for a
Cancer to be clinically recognized.

This model has been shown to arise from the somatic mutation hypothesis o<
carcinogenssis (Armitage and Doll 1954, Whittemora 1978, Whittemore and Keller
1978}. It has also been shéwn to arise from the epigenetic hypothesis when the
reversible cellular change is programmed to oecur randomly (Watsom 1677).

These aﬁthors and many others have used this model to interpre: and/or estimata
potencf from human data,

Since the data that could be used for risk estimation zre limited, 2 simpla
model that fits the data should be used, Therefore, the obséfved age-specific

incidence is assumed te follow the model
I(t,d} = B(t) + hit,d)

wvhere B(t) is the background rate at age t and h(:;d) = Q(a) tk-l wirn
Q(d) = qpd + qzdz, a function of dose d.

Once the parametefs 91» 92, and k are estimated, the IiEetim{ cancer risw
associated with an exposure d by age t, taking into account the competing risk,

can be calculated by



t ‘ a
L Ple,d) = his,d)exp {-[ ;s by, d)dy + A(9)] }dﬁ .

e} [«]

vhere exp[-A(3)] is the probability of surviving to age s and h(t,d) =

I(e,d) - B{t), the age-specific incidence after ad justing the background rate.

7.2.3.1.3. Estimation of the Risk Model -- To estimate the paraceters in
h(z,d) we assume, as is usually done, that the number of lung canzer deaths, X,

at age t, follows the Poisson distribution with the expected value
E(X) = N x (B + Q(d) tk-1)

where N is the person-year associated with X, B is the background rate at age
t, and Q(4d) = qd + qzdz.
Using the BMDP computer prograw P3R and the theory relating the maxipuaz

likelihood and non-linear least square estimation by Jennrich and ¥oore (1975),

the parameters q;, q7, and k are estimated by the method of maxismur likelihkocd .
28 q; = 1.11 x 1077, Gy = 1.84 x 10-9, and k = 2.915; the corresponding standard
deviations are respectively 7.8 x 10_7, i.2x10"8, and 1.7.

Thus, the sge—specific cancer death incidence at age t due to chrocium

exposure d ug/m3 ie given by
h(t,d) = Q(d) tl-915

where

Q(d) = 1.11 x 1074 + 1.84 x 10-942

The model fits the data well, as can be scen frem the goodness of fit

statistic

. X2 = ¢ (0-EY2/E = 1.60




—— ¢ it i

which has, asymﬁtoti:ally, a chi—équére distridution with 5 degrees pf freedon
under the model specifiicd., The vbserved and predicted values used in calculazing
X2 are (3, 2.5), (6, 7.2), (6, 5.1), (4, 3.1), (5, 6.7), (5, 4.1), (2, 1.4)
ard (4, 4.3).
Taking into acczount the competing risk, the lifetime probability of luang

cancer deéth due to exposure to chromium d ug/ms is given by

. | .

P(L,d) = o h{t,ddexp [~1(Q(d)/2.915) 2913 « A(£)] jac

- o

where L is the maximum human lifetime and is mathematically equivalent to
infinity, since the probability of surviving beyond L:is 0.

At low doses, approximately,
P(L,d) = 4 x P(L,1)

where P(L,1) is the lifetime cancer risk due to exposure to 1 ug/ed of
chromium. The unit risk, P(L,l), has been‘adopted by the CAG as an indicator

of the carcinogenic potency of a chemical compound.

7.2.3.144. Calculation of the Risk at 1 ug/w? =-- To calculate the unit

risk, P(L,1), it is necessary to know exp[-A(t)], the probability of surviving
to age t; Since this probability can only be estimated, it is assuzed tha: the
survival probagbility is constant over a 5-year interval, as provided in the U.S.
Vital Statistics.

Using this approximation and by integrating the formula P(L,1), we have

P(L,1). = plexp(-3.87 x 107° t_-12.915) - exp(-3.87 x 10-8t12.915)

1 I x P;

1

= 1,16 x 10-2

‘where {tj.;, t;) is a 5-year interval and P; is the probability of survival =



to the age ty-;- Pj is assumed Lo be 2 constant over the interval and is

cstimated from the 1975 U.S. Vital Statistics- .
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ABSTRACT

Cohorts of employees (1931-1937) of a chromate plant were tolliwed 1o (974,
Lung cancer deaths accounted for 625 of the total cancers obserwed,  The clusteiing ot
lung cancer deaths occurred after 27-36 years of abservation, I'he Tuhg cancer deatl: 13ty
increased by pradient level of exposure to insoluble QrivalenD) ehromiuin, soluble
(hexavalent) chromitm and to total chromivm, The lung cancer risk is primarily e -3
te the total ehromium exposure repardless of the form of chrominm, T xteasive
depositions of  chromium  were found in the lungs many years after expusire ta
chromium ceased. The identification of the lung cancer 1isk for imsoluble {trvalentl furm
af chromium among workers broadens extcasively the potential risk 1o other populations
exposed {o chromiune in other industries, It is conciuded that 2 Toems of chramiwm ane
GHUCINOENic, '

RESUME

On a examind en 1974 des cohortes demployds dune usine de chs-anaie nds enter
193 et 1937, Au total, 627 de h mortaditd due o canect proven ol d'un caner da
poumon, Lo mortalitd due 3 o0 cancer @ produisait aprds 27 4 36 ans dobsenauon, o
i de mortatind par cancer du poumon varait avee Fesposition an chrome msoluble
{trivalent), an clhirone soluble Chexavalent) et au chrome total. Te risque e cinoer
dépeml avant lout de Fexposition neta au chrome, quelle gque sait sa forme, Dmpot
fants dépits de cheme ont dd abservds dans log poumons plisicuts anndes amds iue
Yexposition cot cossé, Le Fait que Iz forme soluble da chiome Puisse proveguer ub cance:
du pownen chee les auvricrs en dlargit comidérabdement fe danger any oavners Sypowls
any produit dans dlautres sceteurs, Nous concluons que foutes les fames de chianee sont
dremogpdnes,

INTROIMUCTION

The excessive lung cancer death rate identiticd witl workers enpaped in
the manubacture of chromates has been previously established (hMachle 1944

M3
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Mancuso 19490 Raetjer 1950; Public Heallh Service 19835 Tuylor 19003 There
has Bbeen amuch speculation, during the past 27 yeas. sinee the angina
cpidemiological observation, concerning the chemical form of the chomium
which may be tesponsible for the development ef the high deatl rate for
cancer of the lupg among chiromale workers.

In briet, virtually afl of the posiulations conceming the eliology of lung
cancer during the span of years, has centered on Lhe hexavalenl form of
ciromium. The principal exception has been the report by Mancuso and
Hueper (1951), who emphasized the importance of the insoluble form of
chromium (trivalent) in the development of Tung cancer and further concluded
thal exposure to other not readily soluble chrominm compounds {chromium
pigiments, chiomiuin alloys) also be considered.

‘fhe present study is a continualion of the first study initiated in
1948-1949, in which cpidemiological, medical, engincering and chenvical
invesligations were carried out (Bourne and Fosdick 1930; Bourne and Yes
1950: Uronc ¢f al. 1950; Urone and Anders 1950; Mancuso 1951; Mancuso
and Nueper 1951; Bourne and Rushin 1951). A sufficient number of years
has now elapsed, with a corresponding increase in lung cancer deaths, to
provide the basis for further evaluation of the carcinogenic polential of
chramium in various forms.

Our present study is eonceined with the following major questions:

I What is the span ol the latent period and how docs this affect
observations of lung cancer at different puinls in thie?

1 Do successive groups of cinployees new o a chromitin expusure
sustaie sunidar high rates Tor lung cancer? :

3 Is tleere any association betwean lung cancer death rates and exposure
to 4 patticuiar fom of chirominmn, insoluble, soluble or o total chromimn?

METHODS

It the early part of 1949 the industrial hygiene engineering study of tds
chiomate plant was conducted. Carelul time studies, Jur the full 8 howrs and
40 hour week, were made for cach of the occupations of the production
workers and together with air sampling, the true expusure in fenns of the
weighted average of expostmie to insoluble, soluble and total chromium (et
cubic meter) was caleulated for cuch occupation amd for cach wurker for
cvery department, -

Al personnel reconds of the chromate phant since its inceplion, 1931,
were microfitmed. A complete wak listory was prepard on each worket.

— e

CHROMIUSM INDUSTRIN UARCING N
Fach job held in cach depariient was fdentitied and the Juiator o
cwployment in the respective accupations and changes m (ESNTHRI TN,
departments were ecorded. In essence then, for every woiker in the plut we
lrad established the weighted average exposuie 1o the type of chueminm an.
the duralion ol exposure in cach tespective jub the nan had. The duranen in
time (years and months) for cach jub lield was multiplicd with its corrcerand-
ing weiphled average exposure for caleunlation of the expuswe y s, ‘

The atmospheric coneentrotions of chromitm in our industeial Iy oene
study of this plant were expressed in lerms of clemental chrommam,
departure from the customary industzial hygiene procedure in which concen-
trutions are expressed in terms of chromic acid (Cro 04 This mnetus! was
sdopted at the inception of the study in 1949 10 avoid (he interspze s
implicating any specific compounds in subsequent cancer effects.

This means that the concentrations calculated per elemental chiciamn
would be lower, by sboul one halt of the level for that catewlated as choonme
acid (Cry 03}, Therefore, whatever associations are pecsented in the N
with levels of concentration of cluomium, it is in tenns of the clemental
cliromium, In the eports of the chemical analyses, the solufsle " chromine
essentially hexavilent and the insoluble (in water)is chielly tovalent.

Thete is wnother more apparenl point, and thal is the comparabitity -
the  concentralions  of fawmel  {insoluble, soluble  and
clicomium) in the envitonmentat appraisal of the plant in the early past o)
1949, with the concenteations in the early years of vperation. 193119237,

The tremendous progressive increase in prodicion e the suceeeJin:
yeats from zero could have brought about a concomitant screase in e die
concentrations w1949 that could liave exceeded the level o he Bt years o
operation. The company instituted control messives altes e FLY s
whicl murkedly 1educed the exposue.

Since no precise environmental study had ever been conducted in the
catly years of opertion Toc this*pling sl nune Geretare was avalable, £
lf)_il‘) welghled averape exposures {insoluble, soluble and total chromium were
applied 1o all workers criplayed T year or more in the [P3-1937 cohort sid
the 19381948 cobort. (The initial exploration of the 19381998 calurt s
been started amd 9 deaths due 1o lung cancer wid 2 ases of caeer of the
sinnses have alieady been identified )

The dota 1o be presented are confed to the 1931-1937 cobart with 41
lung cancer deaths. Al deaths were mpilonmiy caded by o experienced
nosolugist acconding to the 2l Neviston of the Internatusnal Classification-of

Chnses of Death.

chieonitm latal
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The age adjusted mortality rate for the cohorts was caleulated by the
direct method using as the standard the distribution of person years by ape
group for the wotal chromate population.

RESULTS

The clwomate plant under study began operations in the 1931.1932
petiod and we have established a cohort of all employees for the period
1921.1937, which has been followed through 1974,

Table 1 shows the number and distribution of chromate workers by the
years of {irst employment in the chromate plant, arranped into successive
cohorts, representing new employees who entered employment in the years
designated, according 1o ape at the time of first employment, .

There were 332 cmployees in the combined cohort (1931-1937) in
which 173 {over 50%) dicd by 1974. A higher percentage of deceased occurred
in the 1931.1932 cohort, which had the longest period of observation and
converwely the fower percentage of deaths occurred in the 1935-1937 colort
with the shortest period of observation. .

The number of employces, as cohorts, is indeed exceptionally small (78,
154 and 100) for an epidemiological study. Nevertheless, this approach was

TABLE 1

Number of White Male Employees® in a Chromate Mant According to Ape at First Employ-
mept, Sucevsave Cohorts and Those Living and Deceased,

1931-32 $933-34 1935-37 193y

Coliort Cohort Cohort Cohort
Ape at lirst T T T e T
fFmplovment L D L D L D L [}
< 28 12 2 3 19 44 19 87 10
25-34 12 0 26 26 15 1t 53 37
154 l 17 13 2 - 2 5 18 4
45-54 I} 10 0 14 1 2 1 X
55.64 0 2 0 k| 0 1 0 h
(1) 0 0 0 0 0 0 0 Y
Total n - 51 70 HE 62

k]:} 159 17

*tacludes 3 deaths due te was caswalty and | death withowt death certificate,
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wlilized to reffect and detect whether similar chservations ol a ey Jup
cancer rate would occur among the suecessive pew employees, who L_cn!crc
the same work place and were similarly exposed to the same work Procesic
and air concentrations of chromium. Furtlter, the observation on suevecsis
cohorts would teflect and provide some indication whether there had bess
any change in the natuie, extent, or degree of exposure in the work place 1
the succeeding yeurs, as measured in terms of similar ot lesser mortality du
to lung cances. Because of the small numbers of employees in the eal
cohorts, a few deaths not found have more importance thas wsual. In 1y
respect, the inferpretation which can be made of the 1935.1437 cohort vl
only 7 lung cancer deaths is miatkedly hmited, ) 7

Table 2 shows, for the successive cohoits of new plovees mirunee,
according  to years of  first employment, and  the  combined  coireo:
(1931-1937), 1he ratios in percent of cancer of the lung to il deaths il s
all cancers, ' “

For the fitst two cohorts (1931-1932 and 19331908 with the Loasew
interval of ohservation, the percentage of lung cancer amony all c:mwr-ﬁ Wi
63.6 and 62.5. The 1935-1937 cohort had 58.3% and the conthineld cobu:
(1931-1937) had 62.1% lung cancer. I is cvident that the luug. GHEIET B w
bigher in cach of the cohorts of new employees in succeeding time pertods
Not shown in the ble is one case of lung cancer of a worker employed -
1934, who had a prcumonectomy (1956) and is still living. N

Figure 1 shows the latent period for the 1931.1937 valont i
demonstrates the clustering of lung cancer eases at the 27-36 vear Lo
perdod. This &5 one illustration of the importance of the long-tern follncan
mdustrial epidemiotogienl studies.

TARLL 2
4

Ratios (in percent) af Deaths from Cancor to Total Deaths in o Clromate eoducine Phm

ARCanters

AllCiuws Cancer of Lugy

Petventaye of  Percentayr ol
Nuo. Pereentage  No., Petcentage  No. Al Deaths Al Cancers

X932 Cohort 51 1o 22 411 14 27.5 614
1931934 Cobart 84 100.0 U [N | 20 2y 6l f
1905-1937 Colort - 38 1000 17 KII 4 7 144 83

19311937 Cohont 171 100.9 66 352 41 237 020
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L. 1. Lateat period for 19311937 cohoit of new employeet in plant mano-

(acturing: cianares,

Tuble ¥ demonstrates the influence of the length in years of (he period
ol obwrvation of the successive cohorts, over designated periads of time, on
mortalits ates due to lung cancer for workers employed five years ar moe.

[or the comhined cahart {1931-1937) at less than 15 years period of
uhservation, with a rate of 92,2 there is no reflection of the true magnitude
of the excess of lung cancer tisk. Yet this perlod, preciscly 14.5 yeurs, was the
tonited period ol ohservation in the Public Health Service study of a ¢hiromite
biich plant, ([953). The observation by the PUS of only one lung cuicer
within that period of 145 years has been repeatedly cited in the literature as
conelusive evidence that the trivalent fonm of chiromium was nol carcinogenic
(Natwonal Academy Science Review 1974),

We know, of course, that for any industriul carcinogen {he magnitude of
the risk is reileeled over a much gieater number of years of abservalion,
heczuse of the latenl pesiod required for the developmient of cancer. Alihough
the accupational cancers inay occur early, nevertheless, the largest number of
cases appear alter a fong lalent perfod of niany years, as has been ohserved in
ashestas workers amd now is shown for clyomate plant werkers,

-
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TABLL 4

Ape Adjusted Mortality Rates® for Cancer of the Lung for Employces in 3 Chromate Plant
by Age st First Employment for Successive Cohorts Followed to 1974,

Cohort Cohort Cohort Cohort

Ape at Fisst 19311932 1933-1934 © 1935-1937 1931-1937
Fmployment No, Rate No. Rate No. Rate No. Rate
<25 2 340.4 7 3704 3 134.3 12 154.7
25-34 8 721.4 8  438.1 3 336.7 19 496.6
35-4 2 343.6 5 485.0 0 0.0 7 827
45-54 02 803.2 0 0.0 0 0.0 2 J14.0
55-64 0 0.0 o 0.0 | 10,000.0 1 11364
65 + 0 0.0 o 0.0 0 0.0 0 0.0
C Al 14 5445 20 3938 T 2014 4 369.7

*Per 100,000.

to the dust of chiomium compounds in 3 plant just starting operations in a
turad community. This age group provides a gond index of the lung cancer 1isk
- due 1w expasure to chromium componds, '

For those employed at ages 25-34, the rate rose to 72¢.4 and 438.1 for
the lirst two cohorts, Any further consideration must be deferred until the
aumber of deaths in these respective age proups is enlarged by additional
follow-up,

Table 5 shows the age adjusted fung cancer death rates per 100,000 by
gradient of insoluble chromivm exposures, from less than 0.25 milligrams per
cubic meter to over four milligrams. The mortality rate has 2 *“zero™ death
atz at exposure less than 025 milligrams and rises consistently with the
merease in levels of exposure, 144.6, 174.6, 3279, 616.7 and 649.6,

Table 6 shows the age adjusted lung cancer death rate by gradient of
soluble chromium exposuses. There is a corresponding tise in death rate with
the rise in level of exposute, The rates were 80.2, 306.0, 4415, 462.2 and
298.7. :

Table 7 shows the age adjusted lung cancer death rate by tetal
chromium exposure. The mortality rate has *‘zero” death sate at less than
0.50 milligrams of chremium per cubic meter, with an increase in rate by rise
of level of exposure. There was a slight dip at the 2.00-399 milligrams per

R
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TARLL S

Ape Adjusted Lung Cancer Death Rates/ 100,000 by Insolubie

e/ Yoo Chiontium 1 yposures

—

fnsoluble CbsnYews e T
Number of Are Adjuste
. . ARy .'\jju\lk 1
] mg/m® ~Yis. . at Risk - Deaths Death !t.m-(
<0.25 } 390“_—___ T
B30 0
0.250.49 1.499 P o
0.50-0.99 1,708 ; , ;“'6
1.00-1.99 2,039 7 To
2.00-3.99 2,409 1 6307
2400 2,037 14 61 £
Total Chromium 11,099 43 KT AH

TABLL 5

Are. Adjusted Lanp Cancer Death Raes/ 100 000 by

Solubl: arn b
merme L Sedubl Clyviuuin Foapocn

Soluble be 3 C Nomber ot
Person Years Namber of

Sat e Al el
mpf® - Yy, ar Risk Deaths I;n"ll'llll"lf : l
\: ('-25 . e ma .3..t.i-1---- .. C e e e . I, ’
‘ 612 1 8100
025.0.49 1,690 s hl '.”
0.50-0.99 2,206 20 s
1Anr1.99 ’ 2,354 I Il“ 3
= 200 1,225 10 ::-'»C.- ;
Total Clhiromigm ) 11,09 41 kY] J.'i
<4

‘,—::‘l;":“l;"'gtu exposure range. The rates were 0.0, 57,3227, 2556, 10,7
ins‘1|||:;:3'L:l]"jlli():;:::i c:-‘;::‘:r .dcath riates are refated to the gradicnt of both the
uble du‘. e 'lt mium, the q}lc::l:m: wiis PUS(..‘ll wltether the relation-
i,,sf,iuhh, (p,i,:;.“il;;";::::.;}::;)w one !orml of chromium  compoand, cither
ble ¢ i : or soluble (chiefly hexavalent),
To investipate his, the age adjusted mottality ates were caleulated by

- classifyi . s i
ying the workers by the levels of inseluble and by the levels of 101l

chitomi : v This is in 1
mium exposure. This is shown in Table 8. Within the wble, 1t 15 seen that
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TABLE?

4ye Adjusted Lung Cancer Death Rates/100,000 by Total Chramivm Levels.

_______ Numbet Age Adjusied
Tutal Person Years : A
Chromium at ol bt
Im?-Yrt Risk Deallis
ms -V,
o 0.0
.50 2,051 g e
0.50-0.99 1,558 : oy
1.00-1.97 1,758 ; 221
1.m.349 2,136 o 1t
4.n0.5.99 1,397 e o
» 6.00 1,991 iy
. 41 69,
fafal Chramium 11,091

TARLL B

N . o
pe -Adjusted  Lung Cancer Death Ratesf100,000 by Intoluble Chreminm and Tol
AR A !

Ty
Chremium apesues in mgfnd - Yeats. il

Total Clomiwmn e,

Mpfin?- Vs
Tt
bt

All Levels
< 050 050097 1.00-1.9Y 3.00-3.99 400592 o 6.00 Tofal Insuluble

R .- - ) » . 0.0
PNTRL .n 144.6
0,38 0.49 0o 9l 1746
o+ $0.0.99 135.2 :2’:: 1604 1.9
1 [H{B R ' 26“5 l)“.}_? 1_7325 63“.7
on-r99 TER, R 0496
HE KLY
All Tevely

89.7
Tasbal Clhigonium - 0.0 235.1 121 155.6 770.77 77'-”.5 3 -

Hank cells indicate yu person years al tisk,

for a fixed level of insoluble c!numium-cxam.plc: f).SO-O.‘)‘J-lhu lu_ng ﬁ?n:;:
risk appears (v increasc ds the total cllru.lnlllnl mcrcasmll; [n ,“SI]:[: mmc-r
relatively small nuinbiers of person years ot risk antj the nin crro . iﬁm[ume
deaths in individoal cells in the table, this pesult §s comistent Tor alili

A
fevels, exvept one (1.00-1.9Y mgfm? ¥}

CHIEOMIUA INDESTREVL CARUCINOGIN

In essence, the data in Tabtes 3 to 8 are consistent with the g
risk being 2 function of both the soluble and insoioble ciromimu: i
cliromium rather than to one cluss of chromiom compound.

In Table 9, which shows the aze specific death rates by gradient of

cased

T P I 1Y

exposure 1o chromium, there is an increase by age group™ 328.7 for age 45.92,
645.2 for age 55-64, and 1,088.23 lor ayge 63.74,

Further, although the numbers are small in cach cell, Urere is 4 patiern
of increasing death raies by ingreasing level of total cliomivni Tor cach of the
age groups.

Comprelwnsive dala on the deposition of chrominm in every’ type of
tissue Tropi former chromale workers have been developed and il b
presented as a separate reporl.

Table 10 is confined to the chemical analyses of the lungy mud oF ows.
fur six adeaths due to lung concer, the Tevel ol cluominm Femsiinne m i
lungs aceording (o the fime interval sinee Tast exposure o chronnum, [RITFE
frtom 15 manths 1o 16 years wd 3 months, [00s readidy apparent that there is
an exlensive deposition of chromiuin in the lunps iefained ceor fong pooads

TABILD

Ape Spedific Rates Per 100,000 for Cancer of the Lueg for Age Groups 3584, €8 64 nl
65-74 by Gradicon Laposure 1o Total Cheannon.

. ."\_.-S-_(hnup ._15.574

vyl fe A TUN LELYY 20-199 10599 6D69Y F0PNT B+ Lo,
Beaths l 2 2 4 3 S i 0 15
Petsan Years  BSG 454 b e} 1y 154 RN 26l o
1ate R 413.7 15 Li4v4 | KRE&Y 2142 . L )
i e .-_'\;:L(-'lnllp 55;‘6-[7 ) ) o
Preatl l 1 1 4 2 3} 1 15
Perain Yeary 707 356 462 280 13 Y4 201 2wy
Rate 1154 842.7 2065 Lo ). 7490 Xnll} ERANS 6352
e o e fyetivmp sl -
Deaths 1 1 2 1 1 0 X 9
Person Yvary 235 It 182 L] 43 41 ®l LRy
tare J258 0 6 Y 1.094.9 1,235 3 380 0o L7037 10883




TABLL 10

‘ ince p Chromium.
Cremical Amalysis by Intenal Since Last Exposare to

Case No. 3

Case Nu, 6

Case No. 5

25¢ o 2

~
A

Casc No. 1

Casc No. 4

Interval Since Last

14 Yrs. 16 Yrs. 3 Mos.

3 Yrs. § Mos. 8 Yrs. 9 Mos. 10 Yrs.

15 Mos.

Exposurs

W/Tumor

Lung

975.0

T. F. MANCUSO
o
- D
-
aaq
= b~ ™~
L N B
oy £ —
o
o o
4 =
=t
~
L]
t~
=
vy
b~
wy
in
S'q
Oy
v )
via
-
[
g
1)
g
8 %
& ep
g 5
& -
3
3 .
-}

68.5
~114.0

214

094

450.0
250.0
625.0

With Tumor
Left Lung

39.1

63.2

3300
380.0
456.0

26.0

3120

57.2
1410

4.1

330.0

wWith Tumcr'
Bronchus

14500

Finatly,
Shemists and nurses of the

CHROMUM INDUSTRIAL, CARCINOGE N

ol time. In control analyses, the lung show
per 10 prams of tissue.

The table provides adequate confirmation of (he hypothesis ovpressed
by Mancuso and Hucper, relative to the retention of chrominm,
relesse and the development of lung cancer.

We did find high levels of chromium in the testicle
plant workers, which confirms the animal  experimental
Hopkins (1965), who found a dramatic uptake of trivale
festes. We have also noted a high level of chromium in the adrenal and this
may.be important in the consideration of the cancer meehanism.

We also have analyzed the chromium content of the lung of o chinme

plater at the time of biopsy and found 58 micrograms per 10 prams of (e
Subsequently, he died of lung cancer, ) '

ed 3.0 micragrams of remium

155 showy

among chromate
obiservation of
nt chiominm in the

CONCLUSION

The study demonstrated a high lung cancer risk among new cniploy ees
entering the same  chromate plant and work exposure in successive time
periods (19311932, 1933.1934, 1935.1937).

Ipidemiological  evidence s provided  that  the carcinogenieity  of .
chromium includes the insoluble form of chromium, '

The data indicate that the carcinopenic pofential extends to
chromium and is dircctly related to the total
the respiratory system,.

all foims of
amount of chrominm taken mio

The national cancer impact of exposure

to chromium  should -
teassessed,
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Industrial Hygiene Study of Plant in Mancuso Study



‘Occupational Ccncér' m a Chromcte Flant
—An Environmental Appraisal—

H. &. BOURNE, JR., and H. T, YEE,
Division of Industrial Hygiene, Chio Department of Health,
Columbus, Chio

N 1948, Machle and Gregorius reported! the

crude death rate for cancer of the fung among
workers in seven United States planis engaped
in the extraction of chromutes from ore as 25
times the normal. Thev sugwest that mono-
chromates may be the compounds responsible.

With the ohjeet of adding to the knowledge
of the role of chromium compounds in the in-
cidence of respiratory cancer, epidemiological
and environmental studies were conducted by
the Ohin Department of Health in a single plant
manufacturing soedium bichromate from chromite
ore. A mortality study by Mancuso® revealed
that the proportion of deaths from cancer of
the respivatory system to thar of all employee
deaths in this plant was 147 times that in &
non-exposed control group. The environmental
phase presented here was undertaken to ascer-
tain as far as possible the specific chromium
vompounds and magnitude of exposure experi-
enced by workers according to their oceunpation
and locution.

Although a maximum allowable concentraticn
of chromic acid and chromates was approved® in
1943, the role of chromium compounds as car-
cinogenic agents was not sugpested in this coun-
try untii 1948, There is no useful guide at
present by which one may compare the carcino-
genic hazards associated with exposure to spe-
cific corncentrations of chromium compounds.
Monochromates, as has been suggested. may be
he causative agents, vet the evidence is frag-
mentary and one cannot exclude at the present
time elemental chromium (Cr"). trivalent
{Cr+3), or bichromate which also has a valence

‘of +6. Therefore, the atmospheric chromium

concentrations reported are expressed in terms
of chromium ion, a departure from the customary
industrial hygiene procedure in which concen-
trations are expressed in terms of chromic acid
(Cr0,)., Adopting this method of expression
avoids the inference of implicating any specific
chromium compounds for cancerous reactions.

The plant in which this study was under-
taken has been In operation sinee 1932, In order
to meect price and quality competition, improve-

‘Epitor's Nots: This engineering material, deal-
ing with the environmenal hackground deading to
chromium cxposures, is to be followed by a report
of clinical investigation. This report is not im-
mediately available for examination and publication.
While these present enginevring dusta embrace sev-
eral chromijum compounds it will not necessarily
follow that all may act or act equally as eanceri-
2ens.]

ments In eguipment and processes nave heen
made periodically during the past 18 vears, anm
it is the universal experience of industrinl hy-
riene porsonnel that greater process efciencey
is nimost invariabiy associated with 2 more
healthiul working environment, Therefore, there
seem=s lttle doubt that awtmospheric contamina-
tion in the past was greater than in eariy 190490
when the present work was commenced., Later
in the same vear the coempany initiated a com-
prehensive program designed further to im-
prove the manufacturing efliclency and to reduce
the exposure of the emplovees. Thus it iz evi-
dent that the concentrations whish have Leen re-
corded do no! renresent a static condition bu:
only the situation prevalling during the frst
half of 1949,

The mean latent period for respirztory czncer
in the chromate producing irdustrv. accerdine
to Machle angd tne Germun iiterature, is approxi-
mately 15 years. Thus any present reiationship
between environmental exposure ond incidernce of
epncer in the plant under study must be predi-
cated on the assumption that the concentrations
which are reported are probably the minimum
vaiues attained in the past 13 vzars.

Raw Material
CHS:O:,IITE (Fe0.Cr.0y), lime, soda ash and sul-
furic acid are the raw materials commenly
used for the manufacture of sodivm bichromate.4
Trpical proximate analvsez of {wo South Afri-
can ores,® the country of origin of the ore ysed
by the plant under study, are shown in Table 1.
Table 2 gives a spectrographic analysis of 2
sample of ore dust obrained from the ore prep-
aration department.

TasLE 1.
PROXIMATE ANALYSIS TYPICAL SOUTH ASRICAN
CHRrMITE ORE

Ferzentage
Country Q- Fetd AlQOn Zi0: MzO CaO
Rhodecia 31 11.4 5.2 8 12.7 .9
Tranavaal <3.6 258 14.0 . 11.9 trace
TABLE 2.

SerCTROtATHIC LANALYSIS 0F A CIHLOMITE ORz
Flemer: Pereeninge Toiement Percentaze
Aluminam fl—om M=gnesium 2.9
Calerum vl —2.n Matsshene 91 == 0,001
" admium N Horliyin :'3.0‘3!

Uokult e en] Nickel D67 — 0,601

Chtomium “ frosnkoeua ]

Coppor el Lozt “

lron vl .=Z0 Silsoen a.l — 2.0

Potassinzng ] Titunium < 8.4
Yanadium G.0] — 0001
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Waighted expowrs according te cccupabion: have
ing Crt3d: Cr+0 ratioc of | or lews. Sodium bi-
chromate and wlfate centrifuges are known in com-
pany nomanclature a3z 10da and wwlfate baskats re-

1pactively

in Fig. 1. The values are based on 121 samples
collected by the filter paper technique and ana-
lyzed using the polarographic methad. The rate
of air flow was measured with an orifice-variable
areaz meter.?

Exposure of Preduction Workers by Occupations
N THE basis of company employment classi-
fications, vbservation of work performed and

degree of expusure as estimated by visual ob-

servation, the 128 production workers were
grouped into 21 ovcupational classifications. One
or more representative individuals of each occu-
pation were then time-studied for cight-hour
periods, and the data so obtained were applied
by a2 method described in the literature'! to arrive
at a weighted average eight-hour duily exposure.
From the weighted exposures the ratio of

Cr+2:Cr+% was also computed for cach occupan-’

tional clagsification.

On the basis of Cr+4:Cr+° ratio. the 21 work
clussifications were sorted into three groups.
Group I has a ratio 1.0 or less. 1t contains the
individuals  processing  sodium monochromate
and bichromate liquor gnd those required to
work in close physical proximity to such oper-

ations.  Their exposure i total chromium is
=hown in Fig. 2. Group II with a ratio greater
than 1 and less than 4.9 rFig. 3) appears to

have a distinetly duad exposure, i.e.. sodium mono-
chromute and ore dust; shippers (bagyring. load-
ing1 are exposed to bichremate and ore. Group
I[{, whose rativ ix 1.9 or greazor ¢Fig 45,
comprises pecupations primarily expoesed to iri
vident chromium. 1t should Le pointed out’thar
vhile the averuge Cr=":Cr=% ratio for all kiln
operitors ix 7, Yor thouse whose work lucation
djoins the fitering department it is 1.1, There-
Tore, these particular operators might be in-
civderd in Groun 11 )

Diztrisution of Maintenance Warkers’ Time
THE To muintenance workers comprised approxi-
mateiy 201 uf the total plant personned,
aodd ulervation of the condttions under which
much of thelr worl war performed indicated a

Fig. 3.
Waighted ezpoiure accarding to occuzstions hav.
ing Cet: CrT6 ratioc of 1.1 to 49
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Weighkted wxpoture according fo occcupations have
ing Cr+%: Crt" ratlo of 5 or more

potentizily hirh depgree of exposure, [T was
deemed necess=ary, therelore. 1o time siudy this
group as thoroughly as the prodsction warkors.
Opviousiv, the nature and jucation oF repaiv
werk is non-repelitious and must be performed
az the oceazien demands., A time =tudy =imilar
to that used for production werkers coulid not
be properly applied to muintenince personne.:
hence a different approach became necessary.
Using the cost of maintennnce nhor over
vear's tinie as charged to eash depariment oy
the company accounting office the average maon-
houra of maintenance expended in exzh dzpare-
ment per dav were caleulated. Eased on the
record: of the muintenance supcrintendent and
types of process equipment repairad and in=<ailed.
man-houss maintenance according to o
then aresrinined for ench departmeni. Sinss

um

charged tn o specific wark order micht fnvene

work in o bath the plant and the moinenonos
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uilding, further adjusimenis were necessary.

In Table 4 the time distribution of five crafts

according 1o selscled depariments is shown as
an example.

Exposure of Maintenance Workers
NLIKE production employees, mainienance
workers seldom work vnder normal conditions
in o plant. The work necessary to compiete their
assignments almost invariably results in ab-

‘normally high local exposures. The plant under

study is no exception since it was observed
huge volumes of dust were generated during
the repair and cleaning of dust collectors, process
equipment or building structure overlaid with
an accumulation of dust. It is thus jogical to
assume the maintenance group receives, in most
instances. a greater exposure than production
workers,

In Table 5 a minirmum and maximum weighted

TABLE 5.
XPUSURE oF MAINTENANCE EMPLOYEES BY CRAFTS

Weighted Average ¥ Hour
Exposure, mg/m* Total Cr Cr+=%1Cre

Craft binimum Maximun ratio
Handy Men 115 1.62 27.8
Atillwrighty 0.66 554 X
Mreintenance Superintendent  0.55 2.13 4.5
Electriciuns 0.48 FiCh 3.0
Boilermakers 0.44 +£.43 2.4
Painters and Rigpers 0.42 132 4.5
Qijers ¢.41 1.94 2.2
Pipefitters 0.28 231 2.1
Carpenters .27 0.43 2.5
Wellders 0.23 2.20 4.8
Machinists 0.07 0.13 6.0
W-: Qa3 .32

average exposure derived from time study and
concentrations, as well as Cr+3;Cr+% ratio, of
maintenance employees by crafts are shown. The
minimum levels are based on average depart-
mental concentrations measured under normal
operating conditions, and the maximum levels are
reported on the basis of the highest concentra-
tion recorded in each department.

Exposure of Administrative and Technical Personnel

HE administrative and technical staffs to-

- gether constituted only a small minority of
the plant’s personnel. accounting for the remain-
ing 21 of the 226 plant emplovees. With the
exception of the plant superintendents and
supervizors, this group's work was largely car-
ried out in an office building situated nearby
the production Luildings, and it is believed their
exposure is the resuit of infiltrated air and con-

taminated apparel.  Grinding and  handling
‘TamLE 6.
EXPOSURE 0F ADMINISTRATIVE AND ‘PECHNICAL
PERSUNN

Woidghted  Arer:

Enjemure, sue m Total Or e

[§0% &3 )

RN 2.2

otlier Workers AN 5.0
{.aboratory Penwnnel uzs 7.9

INDUSTRD L .‘T-Ilil)lt”i.\'l'l AND. SURGERY

undenbtediy

oo r, 157
samples in the corse of making control anilvses
aceonunt fer the higher
of aboratory personnei - Table 6%,

SN S re

Conclusions
LTHOUGH the envirenmental investigation pry.
sented here pertains to o single piant, it j.
believed that the conciusions that fellew may be
applied to other plantz manufacturing
bichromate from chromite ore.

1. Where unit operations are not isolated or
adequate dust and mist control established em.
plovess may be subjected to a dual expusury,
i.e, trivaient chromium (chromite’ and hexa-
valent chromium i(chromates:. In the pian:
studied the predominant exposure, based on bath
magnitude of chraomium concentration and nurm.
ber of employvees, was to the trivalent compoung,

2. In the plant_studied, all employees were
exposed to measurable amoeunts of chromium,
The lowest concentration which is curcinngenic.
ally significant is vet to be determined.

2. Observations duringr the course of this study
convince the authors that the carcinnyenic haz
ard in the chromate producing industry can be
controlled successfuliv by utiiizing industria
hyyriene engineering methnds employed in the
safe handling of ather teoxic chemicals, ie.:

sodium

(a7 Undertake through adequate ventilatign

the control of dust znd mist with the ultimaze
goal of securing the minimum concentraticn
consistent with good engineering practice. Ra.
moval of toxic matter from air exhausted tn the
out-of-doors is essential to prevent a meighbor.
hood pubiic health hazard.

L) Isolate dust and mist contridutory cpe:.

‘ations. and mechanize where prasticable to re-

duce the number of emplurees exposed.

{¢Y Provide umder pcsitive pressure uncon.
taminated air to personul services and process
observation rooms or lecate such rooms in wn.
contaminated ureas. :

{d: Insure pood bonscheening by p
ing design and adequate janitor serv

te) Educate emplovees in persvial oy
and aequaint them with provisiuns made for their
safety.

1£Y Supply personal respiralary  protecice
devices approved by the U. 8. Bureau of Mineg,

4. Establish laboratory fucilities and provid
technicn! persomrel to messure the conventintios
of air-borne cvhraminm Curva:
knowiedge of ihe atmusnieric com,
tamination will provide an fndex of the o e
ness of the contynl m @ its Weh ax Qirers
attention to sourecs »f noilution that have b
overisoked.
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That Tired Feeling

T HE STATE ¢f being tired is experienced by almest evervone ot some time or

other. It is & ratural fecling at the end of a hard working day, but ont that
Is supplanied witk new energy after o refreshing sleep. The fatizue thas ix
always present is the fotigue brought about by a long period of overwork. or late
hours with little vest, or meals that do not provide the fuel necessary 1o mainain
the machinery of the bedy. The maximum of production ¢annot bhe obizined fram
long hours of overwork. Efiiciency is lessened to the degree that a worker co~es
to his job as tired as he left it the night before. The physical fatigue resulting
from overwork, either mental or physical, is responsihle for the saaving “too tired
to eat.” The body needs fuel. iz needs to replenish its stock of energy wizh encroy-
producing foods, and this ecan he done by means of a well-balarced diet. Suzxar
is needed to combat fatigue, When the bloed sugar is depleted, many tases of
fatigue and tiredness occur, even to the point of collapse. Numerous conditions
stem from fatigue. Again fatigue may stem from various diseases. nfectinn,
improper hygiene, too much mental ¢ffort, inadequate nutrition. Mlany accident+
¢an be charged to Iatigue. For that tired feeling in the overworked persen. a

change of hours is recommended. There should be s shorter working day and «

Lrief speil of relaxation. as recreation is important. For exhausticn in a nemvou<
person, it has been found that complete rest in bed aEgravates rather than re-
licves the condition, particularly for chronic nervous exhaustion. Such a perion
*kould be cncourazed te carry on consistently frem day to dav. if only in a
ftmited way. In general, however, rest is the best trentment for oil wwpes of

fatigue. Physical aetivity should he decreased ac much as possl

Die, ang sueh

stimulants as cefee, tea and “cokes™ should he abardoned or, at least the ute of

.

—_

o vour fatigue,

i

v curtailed. Corsult wour doctor. He ix the person to invesuieate the ress ms
If a riandular disturbance is responsible. he wil! deteer it
f-medication wen't help, Let vour dector lead vou into o balanced sacial ond

business way of living. The fatipued person is ene who, in kis tired state, ¢on-
tributes lLittle to hix own vnjoyment and nothing to that of aay one wlze. Time
pnsaex 160 quickly 1o he oo tired To enjov its interest.

Bdurationsl Cammicree, Dt STare

Meuieal Soevens, eufta

Tl Newen s




APPENDIX V

Comparison of Risk Estimates from Mancuso Study
and Inhalational Bioassays
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Limates LaceC On anizal bigzsszys wers CoOpaltlsie wWilh tTheose szssf oo otns

o < - — < § = b - [ - - - - = i - . m e oaam
results of epideziologic investigztions. I- tnis instange the znizsl Tizzssavs

Seao ok dias awioe s
—nellZ o T EULIIER,

Jrom which estitztes of dose would be cerive

{1
'
.
4]
et
iy
.

showed no significant response £70Rg  €Xposel anizzis  {With the psssibls =x-
ception of the study by he-tesneim et &l., i13T1. 3ee delow,) Thus, 1= orcze
to compare the results of risk estimates between EDeCies, cne weuld Fzve i3

£ -
- -

caiculate the lower confidence interval

o)

€pidemioliogic model znd compare it with statisticel 4dpper ceonfidence liz:e oo

one or more of tne znimsl studies. Urnfortunztely, rone o2 tre z=i=mzl stuzizs
was conducted in anticipation of 2 risk zISesSSzent &ns taz Z22%: irs moes
reported in a formzt readily usable towsrd thnat end. The innalztienal zeoc-col

are sumnarized in Tablz A=-V-1.



Study

Bactjer
sl., 1959

Dactjer
et al., 1959

Dact jer
et al,, 1959

Onectjer
et al., 1959

Nactjer
et al., 1959

Onetfer
et al,, 195

Stuffen aiel
finaljer, 1965

TADLE A-V-1: CANCER DIOASSAYS FOR
CIRGHIE COMPOUNDS ADMINISTCRED OY [HUALATIOH

pesults

Duraticn
i , 2 3 of . Hirber
Compaund BAAD §im) Concentration {rx)/m ) Expastire Anirals Expased
Hixed chremate 0.0 a4 0.6-1.2 & hr/day, Strafn A Hice 24
dust 5 days/wk for
16-46 wks
Mixed chromate 0.8 2 0.6-1.2 4 hrfday, Suiss Nice 148
dust 5 duyssuk for
' 19-50 wka
Hixed ¢hromate 0.9 0 0.6-1.2 4 hirsday, c570L Rice it
dust 5 days/wk for ’
4142 by
Hixed chrizaate 0.4 90-13 172 hrfday for Strain A Hice 36
thiat 20 ukn
Hixed chiroemate u.n B O-13 12 fwsday for Swednn Hice 25
chiit 6352 vl
Hixed chromate 0.0 01.2-1.7 4 hrpday, Hixel etenin 1an
chiig 5 odaysfuk rote (Hintar/
for up to HeCol Luu)
151 uenky
Ixaedl ¢ hinvsaaiae a.f L Mlay, Ulultnr iate mn

ntasa
thisg . ’ A dhayesul far

H.S.s, ol thaugh ct
pulmenury edenswas
oppeared at younnar
anes.

H.S.s, ol though
pulcenary edennoas
eppearcd at yeunnor
ages.

I
H,58. , olthcush
pulmannry adepocis
oppraied ot younger

cges,

3
.5,

5.

4 exposed rats de
veloped Lympdiatar-
cumnn verrus enc of -
of 85 cuntrol ratx
(Lut e balew)

ol o)




TAOLE A-V-1 (conttd)

i /'-.h

Duration .
. 1 2 3 of . lurber
Study Coumpound MMAD _ Qum) Concentration  (mg/m ) Exposure Animals xposed Results
: 3
Steffee ond Hixed chromate 0.8 2 1.6-2.1 4-5 hr/day, Rabbits 8 H.S.
Boetjer, 1945 dust plus 4 days/uk for
chromate mist 40-50 months
. 3
Steffee ond Hixed chromate 0.8 8 1.6-2.1 4-5 hr/day, Guinca Pigs 50 n.s.
Boctjer, 1965 dust plus 4 doys/wk for
¢hromate mist 40-50 months
Nettesheim Colcium chromate 8 4.33 % hr/day, C570L/6 8272 Authors reported
et ol., 191 dust <1 5 doys/uk for Nice ’1k adenomas in
life : exposed versus § in

controf animals.
Statistical slgni-
ficonce iz indeter-
minnte (Sce text).

1. Meon mns nerodynamic dinmeter
2. Concentration as chromium

3. No significant Incrente in tumor Incidonen (n oxposed vernus control anfmnia,



Tae re3lis of tne Linassays CONCUCLUC LY Lawtier of L, {1%30) e rrasonTos
in a variety of ways (:including percentage oF mice SUrvilving =4 the end f Lo

experiment with lung tumeors, average number of lung TuZers in tuZOr~bearing =ni
all gsurvivirg mice, and percentage of tuwmor-bearing Zice with zZuliipliz lung

-

tumors}, none of which would allow a calculation of the rnumber or parcentige of
experimental mice azt risk that developed lung tumcrs 2% & given ¢ose level. Tor
the rats in this experizent, 4 of 10C exposed anizzls develcped lymohoszreczzs

at various sites, while 1 of 85 contreol rats c¢id, a difference which -z -ot

statistically significant. Hecwever, the zuthors noted thzt "exzerizsnts war:

not designed to study patholeogicel crhanges in tag tissues oTrher tnzn tni
lungs." Thus, liziting the findings to patizlogis cnanmfss on *n2 Lunmzgs, thsr:

was ore lymsncsarcsza origireting n tne 1ungs ©F 2n exITsSel rat ani otos oo
the control enimzls. Slqce sponteneously ocfurring lyZohoEIrIsz=s :re Tt
common in rats, 2aetjer et al. (1959) repeatsc trnsz exger

Steffee and Baetjer, 19€5).

In the second study, Steffee and Baetjer (1063) Wwers unézie to reglizate thsir
earlier results. Under sipilar experizentz) conditicns < of T8 extogsd angtz-

rats compared with 4 of 75 controls developed lyzphosarcoZzs invslving oos

lungs. It was not stated whether these were grizZery tuZors or pulIsnmery
metastastes., Trree exdssed rats ceveliqped &lvasligsnla 2<93nIzz23, «&nilla =l
controls dicd. 3teffee and Baetjer {12£3) z2lsc zyoszed gighnt rztz-ts 73

cnromate cust, none of which developed any pulzsnary tussrs. oF Fifoy zwgszaz
guinea pigs, three develcped zlveclogenic adenc=as, coosared wWith ncrne im oon-

irol animals, wnile one of sach group had & lyrphesargozz invilving the lumzz,




Firally, detteshein et al. (13571) reported thaet C5TRLAL gice ex;:éeﬁ Tt ozzlcoLan
chromate for § hours/day,'s days/week for 1ife showed an ingreszsed incigsraos =°
pulmonary adenomas ahd aderocarcincras, This concelusion was szssc on tre
authers' observation thaﬁ fourteen animzls exposed to czleiuz chrezate {eign:
females and six males) developed adenomas, whereas only five ceontrel animalz
did (two femzles and three males). As noted on page 4% of the mzin taxt c°
this document, the conclusions of Netteshe:im et el, cannot be cornfire=zd frez
the reported data. The authors' statistical csthodology wes not rezortez, Ths
dencmlnctor—-numbers of controls and exposed an_h :s &t risk--garnnot L=
precisely ascertained from the ubllshed repert. The experizsntal cesizn in-
volved exposure_of 1,080 CS57BL/5 mice in inhzlgtion chambers (345 zice, 272
mzles and 273 femalés/cnamber). £1l the mice in c¢ne chazser were :infentzd wis-
influenza virus two weeks prior to the ipitizticn of czlziur chrozzte €XI28ure,
Half the mice ir each chamber were subjected to 100 & wnole-tody X raciztisn
four weeks prior to exposure. The gender distribution ¢f the irrzdistis- nree
treatment was not specified: One might EUess that roughly egusl nuzmbers 3¢
‘males and females were irradiated, but the exzct nurSers of cnrc_-:; - gxcesss

animals not subjected to either of these pre-Lreztic

b

nis wWere not rezorts:,
Furthérmore, at 6, 12, and 18 months into the experimernt, 15 czics {(pre-
treatment status and sex not reported) were receves. “ror szon chezisr fc:
microbinlogical testing and histopathclogicel invastiization., Thrss =3 Paun
percent of the animals that ¢ied curing the €XperiZsnt were gannizzliczd zrmz
were thus unavailable for necropsy (distributicn bBstwzen contrsl ve-sus £xpo8sl
animals and pretreatment status were not given). Thue *ne nuzSers of znizzls
EXposed only to calclum chromate dust and the perisnds of exIssure ganm os A=

Jectured but not identified with certainty,



Gether difficulzios with thRis DLOLLELY 1nllhiuce tne

fnlliowing:

T. During the first half of the experizent the zortelity rate f oz osn-
trol mice was substantizlly higher thean thet ©f the carczivu= — €X3508%S
mice, attributed by Nettesheim et al. to an epidecie ¢f "urceerisz’
disease in the former. Until about T7Q weeks intc the 2xsEriment ths
cumulative mortality of the control mice was about twice that ¢f =az

treated group, anc the cumulative gortality curves (tne 221z werz on!

reported graphically} crossed only zfter Tore tnzn 27 weess o7
exposure. No data on the cuzulative zmortalisy Ly zZanosr wers
Fresented. Althcugh Letteshe:s et 2l. were zwire of ths non-tTu=zr-

related early mortality in the controls, ther £id rot acsrezs Tor onn

in the statistical zrnalysis.

2. Both aiveoclogenic zdenomas and =dencozreinCoas Werz res-rtec -

occurred. However, the distribution of these tuzor tydes by Zsnosr

and by exposure status was not reported.

Thus, for purposes of cancer risk azssesszsnt, the study ¢f Lettesneiz et zl.

L]

i

clearly inadeguate. However, to respond to the razuaest of EIRF Z=ossEr

H
NS
1

McCann to evaluate tae compatibility of risxk estiz:ites hgsec on zrmicmzl -mzlz-
tion versus human studies, DHS staff csoiers rnava seiec:e: ST OLED Lnis ostur,
because (1) the number of exposed znircals wa2s largs- than in zny of tne ouns-

(2) there may be an exposure-releted increzse in -umers: and (2) tne znio=zlst

exposure lastec until they diec, wWherezs the ClAer IDOVE~NOTIl EXDETITENTS wiri

terninated prior to the dexise of all the znimals. .



N

Te calculiats upper confidence intervals for riseas “rem this study, -HS z:zf7
members did tne following:
(1) Assumed that the number of animals initizlly zt risz in the experizantzl

and the conirol groups was 230. (1,090 total rmice minus 5L5 infecied with irm-
Fluenza, mirus 5U45/2 & 273 subjected to X radiaticn, minus L5/2 = 23 serizl
sacrificed during the course of the experiment, Most of the latter wsrs

removed prior te the zppearance of the Zirst tymer in either groul.)

(2) Corrected for early mortalﬂty by sao*rac irg frcé ;ne ruzsers of snizzlis =t
risk those that had died prior fo the zppesrence of tha first zdenzz=.,  (Sincs
the cumulative mortality and the time o fipst tuzZsr wsere pressntel in grazii-
czl form only, this correction was ¢f necessity sgaewnzt erude.) Cerreczs:

nurbers were 164 controls and 222 exposed cice.,

(3) Combined tumor incidence for both sexes in each grous, since the eumulztive
mertality data were nrot displayed by gendsr., Totzl rumbers o2 znizals wits

tumors were five controls and fourteen exposed zice,

(4) Calculated averzge daily dose to be oozpatitle wWith thne hurmsn ccose uniss
uzed in the risk zssessment as follows: 4,32 Zg/=” % S/2+4 % 27
where the lztter two numbers correct for tne freguionzl fzily anc weexly sx-
posures of the animels. Since there are cnly two cose sroups (eontrel = I anc
exprsed = ,66 mg/mB), the dose-responss curve is linsar znt tng siops of n:

curve equals the carcinogenic potency.



vo) Uswed these velues inothe linéarizes multistage mocel of Crump anl -

OLULAL 82, whicn calenlated maximim likelincol esnimates andg CEA- I

T

T
il
L4
LS

fidence intervals on the slope of the dise~resiongse curve.

The maximum likelihcod estimate of the slope (q ) is 0.052 and the uzper £5%
1 -

_‘l .
confidence limit (UCL) or the slope (g*) is .11 (mg/c®) .. Convertinz to
i .

7

. . = -1 . :
nanograms gives a 95% UCL of 1.1 x 10 (rg/m?) . To compare this with he

dose-response curve derived from the Marcuso stucy, the lower confiderce 1:zis

m

‘ %
or. the SMR was calculated using method of Liddell (3i384). This yielzez

slo?e ol 9.3 x 10_5 (ng/m"‘)ﬂ. Thus, there is z Qdifference of al-oss tWo or-
ders of ragnitude betweer the lower con.“ide:cé Lizit cn the slope 2Ff <hs =isq
estimate derived from the Mancuso study ani the upper confidence 1izis cpn *na=
derived from the largest animal stucdy by Nettesheim et 2l. AS notes :in the
text of part 3, this discrepancy may be cduz to a2 varlety of factlors, incliazing
differential species sensitivity to carcirogenesis, differences in delivered
dose to susceptible tissues, and so forth. It is no: cossibla to provica &

compelling explanation for *his discrepanoy.

* The SMR for lung cancer in the Mancuso study was 7.2, based on 35 chserves gzs:

- . . . 7D —1y70 -
where 4.86 were expected. The potancy cor sicpe is 1.54 x 13 (rgs/z'y ', ‘3=
section 8.3.6.2 for caiculation.} Thne lowsr lizZit orn <he SM3 on<te: i
meihod of Lidaell (1984) was 5.0 and the correspondins potency on £is:o 2t

10“6 (ng/m’)q-




