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Medical Division Report No. 105. The Oral Toxicity of Hexavalent Chromium.

ABSTRACT

OBJECT,

“'The object of this investigation was to determine the effect on albino
rats of the oral ingestion of water containing hexavalent chromium.,

RESULTS.,

1. Water consumption in all three test groups fell off, the decrease
being progressively greater with increasing comcentration of chromium, due
to the reduced palatib:llity of the water. After several day: on the chro-
mium contaminated water, all three groups apparently learned to tolerate
the water. Their watsr consumption then continuved at a rate somewhat lower
than that of ths control rats, o

2. The rate of growth of Groups II, III, and IV, after being checked
for two or thrse days following the first feeding of chromium, continued,
with deviations probably due to pneumonia, to parallel the growth curve of
the control group.

3. The only pathology found in the rats wae the occasional presence
of pneumonia. This finding appeared in both the experimental and control
animals. Therefore, it can not be said that potassium dichromate was the
causative factor in the production of pnemmonia.

CONCLUSIONS.

”'1. The test animals drank concentrations of hﬁvalcnt chromium ag
high as 200 mg./1. as potassium dichromate equivalent to 25 mg. of chromium

per kilogram of body weight, over a period of 33 days, without 111 effects
definitely attributable to the chromium.

{2, The presence of chromium in the drinking water reduced the water
consumption of the rats, The avsrage consumption of water comtaining
200 mg. chromium per liter was 27 less than the comsumption of tap water.

None.
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Medical Division Report No. 105, The Oral Toxicity of Hexavalent Chromium,
I.  INTRODUCTION.

A. Object.

The object of this investigation wes to determine the effect on
albino rats of the oral ingestion of water containing hexavalent chromium,

B. Authority.

Authorized by the Chief, Chemical Corps, under Project D 8.3,
Food and Water Supplies in Chemical Corps Test Program No. TB s Cml C Re-
search and Deveiopment Program for FY 1944-1945.

II. EBISTORICAL.

The possibility that gas mask canisters might be used for the emer-
gency filtration of water supplies in the field has been suggested as
creating a potential health menace to the soldier. This is emphasized by
the fact that certain of whetlerite type gas mask carbons, used in the newer
type canisters are capable of imparting hexavalent chromium to wmiter with
vhich they have come in contact. Braidech, (1) by filtaring water through
standard type army gas mask canisters (MIXA2, NXAl) found concemtrations of
hexavalent chromium as high as 5, ppm. Hexavalent chromium concentrations
a8 high as 100 pr in water filtered through similar type canisters, have

bean reported (2

Recognising the possibility of canister filtrates containing amouats
of hexavalent chromium of this magnitude, the answer to the question of
health hasard to individuals lies in the determination of the oral toxi-~
city of hexavalent chromium. Water purifisd by such an emergeucy mesasurse
would be drunk for no longer than seven days. The concentrations of hexa-
valent chromium and the period of the test were chosen to give au appreci-
able safety factor.

mummm:mmnmcwmmwumotm
oral toxicity of hexavalent chromium. lurlyul thcworkdqmm
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mmmq inmuntm. mmw States Public Heelth
Service, (3) in its 1942 Water Standards psraits no hexavalent chreaiwm in
drinking water. A review of the literature disclosed no reports shich
mmmnmmmywmud. :

Eober and Bayhurst (4) quote Lehmenn (5) as stating that his fesding
sxperimsuts an enimals, with doses of 2-5 ag. of hexavelmt chromiwm as
bichromats per kilogren of body weight oont for 3-16 mo., grodyoed
8o visible effects. Lehwmmn (5) m-m states that in & mem of average
weight (70 kg.) from 10-30 »g. of potessimm dinhrogmte (3-8 ag. chrewiam)
wwhmdethwdm 0808 have | ve
for therapeutic effects with good results, Witthams (6) . a0
uhmadouofz-s o. orpmmumu mm-un;w‘u
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of 43 years was fatal within ten days. Rabbsno (7) states thut the MLD for
sodium dichromate when injected intrevenously into rabbits is 0.000066 mols
per kilogram of body weight, and tbhat potassium dichromate is even more
toxic. Kehoe, Cholak and Largent (8) in a comprehensive study of the hy-
gienic significance of certain trace metals in drinking water have classified
chromium as a nn-nutritive, non-toxic trace element.

Sollman (9) states that the chromates and chromic acid have some toxi-
cologic importance, producing a charecteristic nephritis and glycosuria.
The fatal dosy of potassium dichromate is below 8 gn. According to
Kappeler, (10) when bichromates are giver by the mouth, thay are reduced to
chromous oxide and pa:tly deposited as such in numerous orgsns, the rest
being excreted by the organs. An Italian source (11) desoribes an experi-
ment where 3 mg. daily of hexavalent chromium per kilogram of body weight
were injected subcutaneocusly into rabbits. A qualitative determination for
trivalent chromium in the urine was positive throughout the period.

III. EXPERIMENTAL.

A. Procedure.
1. Chromium Solution fed to Rats.

a. Preparaticn.

Portions of tap water sontaining 50, 100 and 200 mg. of
hexavalent chromium per liter were prepared by dissolving respectively in
6 1. portions of Bigewood tap water 0.85, 1.70, 3.40 gn. of potassium di-
chromate crystals (Baker's c.p. analysed). : ,.

b, Chromium concentration.
The concentration of hexavalent chromium in each of the




experiment. Groups II, III and IV were fed chremium containing solution for
33 days. Daily water consumption was determined for each cage of rats.

Data on the umount of water consumed by each group and the average water
consumptiop per rat for each group have been summarized in Table I. The
latter is also presented graphice.lv in Figure I. Each of the experimental
animals was weighed twicoe weekly. In Table II is suuwn a summary of the
data on the individual rat weights averaged by groups. These data are
plotted in Figure II to show the rate of growth curve for each »f the four

groups.
4. Pathology.*

All of the factors in the experiment were the same, with tkes
exception of the water received.

As animals died in the course of the experiment, they wers
autopsied and tissues were taken for microscopic study. At the termination
of the experimental time of 33 days, the living animals wers sacrificed and
autopsied. Tissues taken for microscopic study were lungs, spleen, kidneys,
adrenals, liver, intestines and bone marrow.

B. Results.
1. Pathology.
a. Group IT (50 mg./1.).

One animal died on the sixth day, showing meumonia
sccompanied by an abscess.

One. animal died on the eleventh day with pneumonia,

Of the ten remaining animals, all of which were sacri-
ficed, two showed modsrate amounts of pneumenia, and aicht animals showed

no pathology.
b. QGroup III (100 ng./1.).

Of the eleven animals examined in this group, nine were
oummuyml,mudcmhmtofpmu.wmm
pneumcnia with abscess formation.

c. Group IV (200 mg./3.).

Kever aninals were included in this group. One animal
Mmh%ﬁmnﬁmm. 0f the ten aaimals ea-
orificed, munmumntpmmmwmm

» mpwmmmwmmu.mum
Pathology Seotim, Medioal Divisiam.
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d. Group I (Uncontaminated water).

Three of the eleven animals examined in this group showed
varying amounts of pneumonia while eight were essentially normal.

2. The amount of water consumed by each group with the average
consumption per rat is shown in Teble I. Fig. I presents this graphically. ;
The individual rat weights averaged by groups a.e shown in Table II. Fig. ;
II shows the rate of growth curve for each group of rats during the course 3
of the experiment. i

IV. DISCUSSION.

It wae noted that Groups II, III and IV reacted immediately to the
first feeding of chromium contaminated water:

1. wvater consumption in all three groups fell off, The per cent
decrease was progressively greater with increasing concentrations of chro-
mium, due to the reduced palatability of the higher concentrations.

2. The rate of growth for the two-day period immediately fol-
lowing the first feeding of chromium was definitely less than the rate for
the six-day period preceding. {

After several days on the chromium contaminated water, all three ;
groups apparently learned to tolerate the water. Their water consumption
then continued at a rate somewhat lower than that of the comtrol rats. ‘'The
mean daily water intake per rat, averaged by groups, over the thirty-three ‘
day period was: ‘

Group I : 18.5 gn. containing no chromium.

Group II : 15.7 gm. containing 30 mg. hexavalent chromium per liter
Group III: 14.5 gn. containing 100 mg. hoxavalent chromium per liter
Group IV : 13.4 gn. containing 200 mg. hexavalent chromium per liter

These daily water consumption values represented a daily chromium
intake equal to:

Group I no chromium
Group II :+ 7.2 mg. hexavalent chromium per kilogrem body weight
Group IIT: 13.1 mg. hexavalent -chromium per kilogram body weight {
Group IV 1 25.0 mg. hexavalent chromium per kilogram body weight
The rates of growth of Groups II, III and IV, after being checked for *

2-3 days immediately following the first feeding of the chramium, oomtinued,
with deviations probably due to meumonia, to parallel the growth ourve of
the control group. The per cent gain in weight for the test period of 33
days, averaged by groups wasi

Group I 84%
Grouwp II 7ng
Group III 65%
Group IV 668




The fact that numerous rats, including some in each group, contracted
and suffered from pneumonia in varying degrees of severity must be noted.
The effect of these cases on both the water consumption and the rate of
growth of all groups is obvious. No attempt has been made either to evalu-
ate or to compensate for this factor. Tte rate of growth in rats drinking
the chromium solutions did not differ significantly when compared statisti-
cally with the rate of growth of the control aninaals.

The only pathology found . in these animals was the occasional presence
of pneumonia. This finding appeared in both the experimental and control
animels, Therefors, it can not be said that potassium dichromate was the
causative factor in ths production of the pneumonia.

From this study it appears that rats are not harmed by the adminis-
tration of potassiuwn dichromate under the conditions of this experiment.

V. COBRCLUSIONS.
1. %The test animals drank concentrations of hexavalent chromium as

high as 200 mg./1., as potassium dichromate equivalent to 25 3g. of chromium

per kilogram of body weight, over a period of 33 days, without 111 effects
definitely attributable to the chromium.

2. The presance of chromium in the drinking water reduced the water

consumption of the rats. The average consumption of water containing
200 mg. chromium per liter was 27% less than the cmsumption of tap water.

VI. RECOSGNDATIONS.
Rone.
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TABLE I.

SUMMARY OF DAILY WATER CCM I0K.
Time Control Hexavalent Chromium
50 mg./1. 100 g,/ 200 wg./1
Days GROUP I II I11 G
Total Av. Total Av, Total Av. Total Av.
. _ER. R, . y .. e FR " .D
1l 163 13.5 147 12.2 154 12.9 159 13.2
2 161 13.4 166 i3.9 171 14.3 164 13.7
3 175 14.6 181 15.1 174 14.5 175 L.6 .
4 183 15.3 180 15.0 188 15.6 17 1.8
5 175 14.6 189 15.7 191 15.9 183 15.2
6 172 Y., 162 13.5 143 1.9 104 8.6
7 197 164 1869 14.0 155 12,9 115 9.6
8 193 16.1 163 13.6 166 13.8 127 10.6
9 212 17.6 158 13.2 7 14.2 140 n.7
1n 215 179 1& 13.4 162 13.5 155 12.9
12 205 17.1 163 (1) 14.8 175 14.6 150 12.5
13 2, 18.6 172 15.6 n 14.2 160 13.4
1 211 17.6 165 15.0 19 14.9 168 4.0
16 222 17.7 159 144 in 14.2 156 13.0
17 226 18.8 174 (2) 17.4 176 1.6 17 14.2
18 28 19.0 189 16.9 191 15.9 m 14.3
19 A6 12.0 166 16.6 179 14.9 167 13.9
20 216 18.0 152 15.2 179 15.0 1a 13.4
21 22 185 14 16.1 189 15.7 17 13.9
2 212 17.7 15 15.1 165 13.8 1% 12.5%
A 451 18.8 320 16.0 k- 15.2 305 3247
26 48z 20,1 340 17.0 36) 15.1 302 (3} 15.0
P 456 19.0 34 17.5 349 14.5 N4 (A‘ 15.7
29 220 17.5 158 1s5.8 165 13,7 144 b VAV S
a 496 20.7 320 16.0 33 139 282 3.1
33 513 A4 352 17.6 3% 3.5 30 15.5 !
3 4%, 20.6 356 17.8 /3 15.6 288 4.4
36 < 217 188 18.8 201 16.8 153 15.3
38 490 20.4 352 17.6 355 - 14.8 326 16.3 *
sl.; Ons rat 111 - placed in sepa~uts cage
2) One rat 11l - placed in separate cage
?; ne rat dead on 24th day
4) One rat died on 27th day

T . S ——" e, et




| TABLE 11
| SUMFARY OF RAIE OF GEOWSH IN RATS i

GROUP I : i AL GROUP IV .
Total Av. Total Av, Total Av. Total AT, #
gm. gm, o g, =, LR, W, £
0 782 65 688 6 75 66 687 9
3 891 74 770 Vi 894 75 y::3} i
5 960 80 836 &4 950 83 846 85
7 1010 8 o7l 87 1023 85 839 84
10 1103 92 930 93 110 93 S0C 9C i
12 1150 96 952 96 1165 S7 945 95 . ' i 1
1 1is8 99 959 99 1216 101 982 G8 " 3
17 1255 105 1029 104 127, 106 1032 103
b X 129~ 108 1083 108 1326 ph b 1082 108 |
22 1555 113 1123 112 1391 116 1142 114

409 117 1151 - UR s 1us 115
26 1464 122 1187 119 1458 122 1189 120
28 1502 . 123 1215 122 1484 12, 1234 123
3 158, 132 1270 127 1498 125 1271 127
33 182, 135 . 1315 132 1515 126 13U 13
a5 169z 141 1355 136 1571 13 1326 133
3 1768 1,7 1436 144 1638 137 1406 VA
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