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The Rele of Roasted Chromite Ore in the Production

of Cancer

WILLIAM W. 'AYN'I SG.D.«. .."l"‘., Mmd.

Introduction

The observation of individual cases, prin-
cipally in Europe, and later epidemiological
studies in the United States!® and Lng-
land ¢ leaves little doubt that workers in
.chromate-producing plants experienced a
higher risk to cancer of the lung than would
be expected among such a population. At-
tempts to identify the specific causative
agent by epidemiologic methods have not
been successful because, particularly in the
older plants, the general atmosphere has
been contaminated by dusts and mists from
several processes and because a worker has
seldom remained in a single job for the
duration of his employment, Consequently,
laboratory studies were undertaken by Sev-

eral investigators including Hueper® and

Baetjer ¢ to determine whether materials
from a plant would produce cancers in ani-
mals and to identify the responsible agent.

In the early animal experiments complex
materials from the plants rather than pure
compounds were generally used in efforts
to produce cancers in animals. Using roasted
chromite ore mixed with sheep fat im-
planted intrapleurally and intramuscularly,
Hueper® produced squamous-cell carcino-
mas coexisting with sarcomas of the lung
in 2 of 25 rats and fibrosarcomas of the
thigh in 3 of’31. NoO tumors occurred at
the site of implant in 30 control rats, He
interpreted these results as highly sugges-
tive that the roasted ore contains a carcino-
genic agent, but the experiment still did not
identify the agent, Little evidence that some
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form of chromium is the carcinogen had
been presented until IIueper and Payne 1
produced cancers in rats using pure chro-
mium ¢ompounds, Additional evidence was
furnished by the similar production of can-
cers in mice by l’ayne.!!

At the time the present experinicnt was
started cancers had not been produced by
pure chromium compounds and doubt still
existed among some investigators that chro-
mium in any form WBS responsible for the
disease, Some had suggested that an organic
carcinogen arising from the roasting kilns,
the fuel for which is an industrial type fuel
oil, may be the causative agent, while others
believed chromium may be acting as a pro-
moting agent rather than as a primary
carcinogen,

The research described in this paper was
undertaken with the approach that a further
analysis of the complex materials contribut-
ing to the atmospheric contamination of the
plants might yield information that would
be useful in selecting materials for their
cancer producing properties. Because the
roasted chromite ore, commonly referred to
as the “roast,” produces more acute toxic
effects than the rcsidue from the first leach-
ing of the roast, the residue was selected for
fractionation, analysis, arid animal testing.
This material contains all of the elements
present in the roast but less of the acutely
toxic sodium chromate, making it possible
to administer a larger dose of nontoxic
materials to the animals. The residue was
the material suggested by the Public Health
Service study ® as most likely to contain the
carcinogenic agent or agents.
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Procedure

1 Particle Sise Fractionation—The first step in
the analysis of tlie rcsiduc dust was fraclionation
into four particle sire fractions : (1) greafer than
10n; (2) Sp to 10u; (3) 24 to S5p, and (4) less than
24. The separalions wcrc made first by sedimenta-
tion in butanol according to the procedure de-
scribed by Cunuuings ™ and later by clutriation with
air usirg tlie Roller Particle Size Awnalyzer as
manufactured by the American Instrument Com-
pany.

2. Chemical Analysis—~The four f{ractions of
the dust as well as the wliolc dust were analyzed
for water soluble hexavalent, acid soluble, and
total chromium, The colorimelric  chronintc
method described by Sandell™ was used ulilizing
Beckman Model DU and Model B spectropho-
tometers.

Vanadium determinations werc made by first
separating this element from iulerfering melals
using cupferron and then the peroxide colorimetric
method described by Sandell.

X-.ray diffraction was employed in an cffort to
determine some of tlic specific compounds found
in the residtie and to determine whether there is a
variation in the amounts of these compounds in
the various size fractiore, The x-ray diffraction
analysis was performed in another laboratory using
the Debye-Scherrer x-ray diffraction technique.

3. Animal Testing.—The animal testing was in
two parts. In the first, the materials were in-
jecred subcutaneously in mice with and without a
lmown carcinogen, and in the second the residue
was implanted surgically in mice and rats.

(a) Subcutancous Injection in Mice: The fol-
lowing materials were selected for administration
to mice: (1) residue less than 10x in size from
which practically all water soluble hexavalent

e

chromium had been removed; (2) §x to 10p frac-
tion; (3) lessAhan 2x4 fraction, and (4) chrotic
phosphate with 1o particles larger than J10g. These
fractions ot only give a comparison of tlic bio
logical cffect OF tlic different size fractions but
also Of varying hexavalent chromiuth content from
practically rero to about 4 mg. per administered
dose. The chromic phosphate was sclected for its
insolubility. To investigate tlie cffect of the residue
on the action of a kunown carcinogen, cach fraction
was administered with and without 3,4-benzpyrenc.

The matcrials were administcred to C57 Black
mice from tlic N.LI{, colony as o suspension of
the dust In tricapryllin (Kastman Tricctancin).
The trealment consisted of a single subcutancous
injection in the nape Of the neck of 02 ml of
the vehicle containing 10 mg. of dust and, in tlic
rase of tlic groups receiving tlic known earcinogen,
0.05 mg, of benzpyrene, There werc 10 groups of
mice With 26 males and 26 females in cach group.
They were housed in stainless strcl suspended
cages with 13 mice to a cage and had nccess to
drinking water and food pellets at all times. The
experimen(al scheire is shown in Table 1.

This sclicnic was selected so that it would bc
possible to evaluate riot only the differences in the
results produced by tlic chromium compotnds but
also the cfect, either protnotion or inhibition, of
tlie chromium compounds on the production of
tumors by tlic known carcinogen,

(b) Implantation in Mice and Rats: As a
further test of the carcinogenicity of the rcsidue,
the whole dust was mixed with sheep fat and
implanted as described by Hucper and Payne™
in the thigh muscle.of 26 niale and 26 female CS7
Black mice and 33 (15 male and 20 female)
Bethesda Black rats. A group of 35 rats of the
same strain received implants in the right pleural
cavity. As controls, an cqual number of mice and

TABLE L—Euxperimental Scheme
Bio-Assay of Dust from a Chromate-Producing Plant

QOroup Number

1 1t \% vit IX
Materlal Vehicle ouly Water extracted Chromic phos- Reslduo &u-10p Residuo less than
adminlstered residue less than phats less thnn 2u
10p 10p
. c'
Oroup Number
It 1v | VI X
Material Bentpyrens Water extracted Chromlc phos. Residue 54-10u Residuc less than
administered residur end phate and microns & 24 & benrpyrene
benzpyrene benzpyrene benepyrene

Twenty stx malo and twenty six female €67 Block mice In each group of anlmals,

Tricaprylein (Eastman Trioctanoin) was used as a vehicle.

Dose: 10 mg. of duet and 0.05 mg. benzpyreno In 0.2 mli. of vehlicle.

Payne
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TasLe 2—Pcrcent Chromium Content of Particle Sige
Fractions of Residue Dust

Wholo Above 10x
Water soluble hexavalent Cr 1.63 1.30
Total Cr 70 8.1

Bu-10p 2»-5;« DBolow 24
212 3.03 4.48
6.9 6.8 (X}

rats received sheep fat orly. For mice the dose

was 10 mg. of dust and 20 mg. of fat and for
rats 25 mg. of dust and 50 mg. of fat.

Animals were examined weekly and killed when-
ever a firm mass a centimeter or more in diameter

appeared at the site of implantation. A post-
mortem examination was performed on each animal.

Organs and tissues With gross pathological lesions
were studied by histological examination.

Observations

1. Fractionation and Chentical Analysis.

The analysis of the fractions of the resi-
due dust gave the results listed in Table 2.

The water soluble hexavalent chromium
(Crt8) content of the residue increases
with decrease in particle size, while the total
chromium does not change appreciably. The
Cr*® content of the fraction under 2u is
approximately 3.5 times that of the fraction
larger than 10x. There was little variation
in the acid soluble chromium.

None of the fractions contained amounts
ofvanadium large engugh to measure quan-
titatively by the method employed.

The x-ray diffraction analysis shows that
sodium chromate is present in the crystalline
form, and that its concentration increascs
with decrease in particle site. In a less than
2u fraction a small amount of kaolinite is
present.

2. Animal Testing of Residue by Injee-'
tion in Mice.—With the exception of the
groups receiving the less than 2 fraction
of the residue, which contained the highest
percentage of hexavalent chromiuni and was
the most toxic, there were very few deaths
from causes other than tumors during the
first 15 months of the experime.t. Only 17
deaths were from other causes in the 8
groups and not more than 4 in any one
group. It was during the first 15 months

34122

that a majority of the tumors were ob-
served, only thrce occurring after that time.
Among the groups that did not receive
benzpyrene the totol deaths {rom other
causes at the end of 22 months of observa-
tion were quite uniform except for the
group that received the less than a2 fraction
of the residue. It appears, therefore, that
risks other than the Occurrence of tumors
at the site of injection did not adversely
affect the incidence of tumors among'these
groups, This was confirmed by a life table
analysis.'

After 22 months of observation three
tumors at the site of injection had been
observed among those mice receiving the
water extracted residue with no benzpyrene
[Group 11T (Table 3)]. NO tumors oc-
curred at the site of injection among the
animals that received tricapryllin vehicle
only, the chronic phosphate or the other
fractions of the residue, although at the site
of injection there was a continuing expo-
sure of the surrounding tissue to the insol-
uble dust. Proof of this is the fact that as
long as 21 months after injection a deposit
of green material was found in the nape of
the neck of the mice receiving chromic
phosphate, and in some oF the animals into
which residue and benzpyrene were in-
jected, brown powder was observed in the
tumor sections.

From Table 4 it will be seen that the
tumor incidence in the groups receiving
benzpyrene and residue dust decreases with
the increasing amount of hexavalent chro-
mium (Cr*®) in the dust (Figure), The
reduction in the percentage of tumors from
37% to 21% with an increase of only 0.037
mg. of Crt¢ does not appear to be due only
to the increase in Crt8, The benzpyrene

Vol. 1, Iuly, 1960
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TABLE 3.—Tutaors at Site of Administration of Residue Dust and Chromic Phosphate
Without Benrpyrenc

NO.
Group  Animetand Route  Animals Materin}
| Mice (Subcut.) 52 (Controls)
It ' ” 82 Residue, extracted
\% " " 82 Chromlc phesphate
Vit " " 52 Residne $p-104 -
1X " " . 5 Residue <24
Rats (Pleural) 3 Resldue (whole)
Hats (Thigh) L] " "
Rota (Plcural) 3 (Coutrols)
Rats (Thigh) 35 (Controls)
Mice (Thigh) 82 Restdue (whole)
Mice (Thigh) 82 (Controls)

Wadght of Ohromium

(ns Cr) par Dose
- No.
Vehiclo Hexavalent Total Tumors

Tricapryliin 0 0 0
» 0,037 mg, 0.50 mg. 3

” 0.003 3.04 0

» 0.17 2.69 0

» 0.45 0.68 0
Shoop fot 0.4 2.0 a
04 2.0 1

" a 0 0

" 0 0 0

” 0.14 0.79 0

" 0 0 0

control animals received no dust while all
the others did. The inert dust may reduce
to some extent the effectiveness of the benz-
pyrene in producing tumors, since the chro-
mic phosphate, which contains practically
no hexavalent chromium, when injected
with benzpyrene prodiced the same per-
centage Of tumors as the residue containing
0.037 mg. of Cr*® and benzpyrene. The
reduction of the potency of the benzpyrene
is shown further by a small increase in the
latent period from the time of injection to
the appearance of tumors. This reduction
in the potency of the benzpyrene may not
be due entirely to the larger quantity of
hexavalent chromium in the smaller size
fractions, but it may be caused in part by
the larger total surface area of the small
particles.

Histological examination of the tumor
sections revealed that all were sarcomas.
Those produced by benzpyrene were mostly
of the spindle-cell type, while two of those
produced by the residue were round-cell
satcomas and One was a fibrosarcoma,

3. Animal Testing of Residue by Im-
plantation of Mice and Rats.—No tumors
occurred at the site of administration in
the mice which regtived implants of residue
mixed with sheep fat or sheep fat alone.
In the 35 rats which received intrapleural
implants of the whole residue dust in sheep
fat, at the end of 17 months = fter implanta-
tion three died with tumors in :he pleural
cavities, while in the intramuscular group
one was killed with a tumor in the thigh, In
the control groups that received the fat
intrapleurally or intramusculatly no tumors
occurred.

TabLe 4 —Subcutaneous Injection Of Residise and Chromic Phosphate with Benzpyrene

Number and Percentage of Tumors at Site of Injection, Latent Period, and Dose of
Hexavalent Chromium (Cr*®)

Group NO. Material
c Bentpyrene”
v Extracted Resldue & benrpyrcne
Vi Chromic Phosphate & benzpyre- ¢
Vit Restdue, Bu-104, & benzpyrene
X Resldue, less thay'2u, & bentpyrens

Tumors
No. % t Interval ® Cr*o Mg,
19 3 6.5 0
11 21 8.4 0037
un 21 83 0.001
8 15 76 017
2 4 9.0 045

¢ Interval In months between acminlstration of materlat urd denth from tumor,

{ Percentage of totnl number of mice injected.
* Payne
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00SE OF HEXAVALENT CHROMIUM
IN MILLIGRAMS
Effect of varying amounts of hexavalent

chromium on production of tumors in mice by
3,4-benzpyrene.

Comment

The fact that the small particles of the
residue contain mere hexavalent chromiuni
than the larger particles appears to be sig-
nificant in evaluating previous animal
experiments. The higher hexavalent chro-
mium content of the smaller particle size
fractions increases the acute toxicity of the
dust which reaches the lung.

In inhalation experiments using roasted
ore, such as those conducted by Baetjer,?
the amount of the material that could be
administered was limited by the acute toxic
effects attributable to the hexavalent chro-
mium content. In reducing the concentra-
tion of the mixed dust'in the exposure to
avoid acute effects of the hexavalent sodium
chromate, the amount of slowly soluble ma-
terial was reduced also. The addition of a
dichroniate to the roasted ore increased the
acute toxicity.

Prior to the production of cancers in rats
and mice by chromium compounds, it had
been suggested that chromium may act as
a promoting agent rather than as a primary
carcinogen. The administration of 3,4-benz-
pyrene with residue dusts containing chromi-
um gives no evidence of a proroting effect
but, instead, an inhibiting effect. It is known
that quinones can be formed by oxidizing
3,4-benzpyrene under various conditions,®
One of these, the §,8-quinone, was prepared

36/24

and tested for carcinogenicity by Beren-
blum.,2® [t did riot produce cancers when
injected subcutaneously. The oxidation of
benzpyrene by the chromate foncouldaccount
for the reduction in the tumor incidence
among mice treated with both benzpyrene
and residue containing varying amounts of
hexavalent chromium. The reduction in the
tumor incidence appears to bc the result of
a chemical reaction rather than tumor in-
hibition resulting from competition between
carcinogens and anticarcinogens, as Sug-
gested by Kotin?* in explaining the inhibi-
tion of some aromatic carcinogens by their
partially hydrogenated derivatives. Hill,!®
in a discussion of the inhibition of
9,10-dimethyl-1,2-benzanthracene skin car-
cinogenesis by polycyclic hydrocarbons,
proposes that the action may be a manifesta-
tion of a relatively nonspecific cellular in-
jury by the inhibitors. Such an action by
chromates seems possible, but the chemical
reaction mechanism appears to be more
likcly.

The production of tumors in rats and
mice by pure chromium compounds 1911 and
the negative results of Cahnmann and Gro-
gan™ in the extraction of fluorescing aro-
matic compounds from the roasted ore
indicate that aromatic hydrocarbons from
the roasting process are not responsible for
the high incidence of lung cancer among the
chromate workers.

In the mice to which the residue was
administered without benzpyrene the tu-
mors occurred only in the group that re-
ceived the less than 10 fraction from which
most of the water soluble material had been
removed. It appears that if a means could
be found to reriove some of the acutely
toxic sodium chromate from the residue
without removing other constituents or
changing the chemical or physical state of
the mixture, a larger dose could be admin-
istered to the animals with a possible higher
yield of tuniors.

In comparing the results of the implan-
tation Of the residue in rats and mice with
those obtained with pure chromium com-

Pol. 1, July, 1960
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pounds by Hueper and Payne!® in rata and
by Payne !* in mice, it should bc noted that
much larger amounts of chromium were
administered in the pure compounds than
in the residue. The dose of the chromium
compounds was 10 mg. for mice and 23
mg. for rats while less than 0.5 mg. of Crt¢
were present in the -dose administered to
rats. The aniount of chromium in the resi-
due injected into the mice was less than 1
mg. (Table 3). Even with the small-doses
used, four sarcomas were observed in the
rats receiving the residue and three sar-
comas in the mice of Group III,

From these observations and from the
chemical analysis of the residue, it can be
concluded that the residue does contain
material that is carcinogenic, at least to rats
and mice. The results of this experiment
and the production of tumors in rats by
Hueper with roasted ore indicate that the
intermediate products in the production of
chromium chemicals and the discarded resi-
due should be considered hazardous.

Concludons

Fractionation by particle size and analysis
of the residue from leaching roasted chro-
mite ore reveal that the smaller particles
contain a higher percentage of hexavalent
chromium than the larger particles. This
increases the acute toxicity of the smaller
particle size fractions which reach the lung
by inhalation.

The subcutaneous injection in mice of
3,4-benzpyrene with the residue resulted in
a lower incidence of tumors than when the
benzpyrene was injected alone or with very
insoluble chromic phosphate, The incidence
of tumors decreased and the latent period
increased with increasing amounts of hex-
avalent chromium. No promoting effect was
observed.

When administered by implantation in
sheep fat the residue produced sarcomas
in 4 of 70 rats. A traction of the residue
from which most of the water soluble coni-
pounds had been removed produced similar
tumors in 3 of 52 mice when injected sub-

Payne

cutaneously, No tumors occurred in the
control groups of the same size and in
groups receiving two other fractions of the
residue or a group receiving chromic phos-
phate.

The results of this cxperiment give
additional evidence that the intermediate
products in the production of chromium
chemicals and the discarded rcsidue may be
hazardous.

The life table analysis wes performed by Mr,
Nathan Mantell of tlic National Cancer Institute,

This work was done as part of the thesis re-
quirement leading to the Doctor oF Science degree
at tlic University of Pittsburgh,

For advice and counsel, thanks are due niembers
of the faculty of the Graduate School of Public
Health where a portion of the experiment was
perfornred.

Dr. W. C. Hueper kindly performed tlic au-
topsies on the animals and interpreted the histology.
The technical assistance of Johanna Zuefle
in the preparation of tlic sections for histological
examination aid Mrs. Rukty Walker, who implanted
the materials, is appreciated,

Advice on mcthods of chemical analysis given
by Dr. W. H. Hill of the University of Pittsburgh
and Dr. C. H. Grogan znd Dr. Walter Conway
of the National Cancer Institute is appreciated
greatly. The x-ray diffraztion nnalyscs were con-
ducted by Leroy E. Alexander and Sidney S.
Pollack of the Melloi Institute,

Environmental Cancer Section, National Cancer
Institute.
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