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numbering 540 were born from r:mdom-bred pregnant fem<J.l~s 

t~~~~;~-~~;:;;ri,"j :md, at the time of weaning, were divided a(;c;;ording co sex into 
--~ numt)er.rng 830 pr~vided with a diet low in many tra.'c gro1.lps of 54, six to .1 cage. To their do1.lbly deionized drinking 
~=. <~J.e;mcn•~ ·:md raised in an em-ironment relatively free from c:on- water, which contained the essential trace elements chromium, 

\s=:==;;.;~~:; .were given small amr,unu (5 ppm) of arsenite, manganese, cobalt, copper, ~inc, :md molybdenum as -soluble . 
J .. stannous;· chromic, c~;Chn.ium, or lead ions in drink: .... . C()J!ipleJ<:es ( 4 , 12) , were added 5 !Jg/ml zirconium as the sulfate, 

'water for their lifetiJnes. Mice numbering 540 taking the 5 JJ.g/ml niobium as sodium niobatc, 5 ~!g/ml ""r;.,.,,-,.,,u-1 • .-"tl,,.-·--·~ 
·==='-s;a.m.=. .. ln<o< ·: were given 5 ppm I of zirc:onium, antimony o~ potassium tanrate, or 10 ~-tg/ml fluorine as sodium 

nii:)bitim, or.·lO ppm fluorine (as fluoride), for life:. Sections of (ll). ·An equal numbc:r of animals served as controls. The diet 
tissues and gross tumors were m~de. Compared tCJ con- of. seed ry"- flour (60%), dried skim milk (30%), corn oil (9%) 

."· signific~~t differences in the incidences of spontaneous· and sodium r;hloride (1%) contained (IJ.g/gm wet weight) zirco
~~~2:t~;:~· .=··;· and malignant tumors did not -appear. Tumors other nium (2.66) and niobium (1.62); antimony and fluorwe were 

·lung, li-ver, adrenal, and ·mam~ary gland were signif- not detected. 
fewer -in the germanium-fed rats. None of the trat:e R<J.ndom-bred r:~-ts of the J-ong Evans strain numbering 1@9 

~=-=--rrte tals was· carcinogenic or tumorigenic in the doses given. were born in our laboraiory frorn pregnane femal~urchased 
from the. ~upplier (Rockland Farms, New York, N .. Y., for 
those given t:admium, chromium, and lead; Blue Spruce Far~s, 
Altamont, N. Y.Lfor those giyen arsenic grrm;ni)lm ana§. 

"""!irom the time of weaning, groups oJ .. ~r more of eao::h sex, 
of exposing small mammals duriflg their life four to a cagt:, were gi-ven one of che following trace met:Js at 

-~~-~~;~~til~tt.i~jo_w ,doses o( va.ri.ous trace dements in drinking water wm in drinking_~ sodium ars~:nite , sodium germanate, 
, obsi:n>ed some suppression of spontaneous tumors ·staniious .ciJlodcte (lOJ, cadmium acetate, chromium (III) ace-

r:". :··:.In'" .n:ii£.,:, given arsenite and germanate, with no d~monstrablc tate, and lead ac:etate (9J. The water comain.,d th<: sam<= essen
....... ··effect":'of staimous or;- -vanadyl ion~ (4). The present re}lort . rial trace metals as were given to mice. The same diet con

... · ~- conce_ms. rats given the_ s~e diet and the same doses of arsen- .. .. : tained (/.J.g/gm wet matedal): arsenic, 0.46; germanium, 0.32; 
· ite, germanat~ or stannous io.ns, as well as triv:Jent chromium, ";;' tin, 0.28; cadmium, 0.02; chromium, 0.10; lead, 0.19 . 

... ,~:t::.: .. · c.ad~um or ~ead .. In ad?ition, mic~ were exposed ~or· ~heir · ~se~!cs of experiments on rats were made, each taking 
· '~:'f~ life~mes : to zu-coruum, mobate, antrm?ny, and fluond~ Jons. . £olir .Yt_~~ln the f1nt, on c:hromium, c:tdrninm, and lead, dato~. 

-~ ::~~;·The · r~s~lts were essentially )legative m that suppress~on or. on which ·liave been reported (9), chromium acetate WaS given 
··"· ... :enhancement of tumors by any of these elements did not only to one group, the controls and others beiflg consider~d 

occur. margi.n.ally deficient in this elemem. In the second, on ;~nenic, 

MATERIALS AND METHODS 

germanium, and tin, 1 ppm c:hromhun as the acetate was 
added to the W;J.tcr, for this trace metal was found to be a 
growth factot for rats and mice, promoting long~viry (9) and 
inhibiting spontaneous aortic ath«=rosderosis in older rats ( 6). 

The conditions of the experiment and che rehtivcly metal- Dead an,mals were weighed and dissected, gross lesions were 
free environment have been reported in previous publications recorded, and tissues were fJXed in Bouin's sqlution. Sections 
(l2, 13) . White Swiss mice of the Charles River Strain (CD-1) were stained wi.th hematoxylin ;,md eosin a!ld ex:unined under 
·--------- -.light rni~toscopy~ Only visible tumors were sectioned (4). 

1 Sup paned by USPMS Grant HE 050 76, U. S. Army Grant Concr:tct 
2595, the American C;111cer Soci•ty, and the C1BA Ph<>.r':lacelltical 
Camp :my. 

2Requcsts for tcprints should b~ <>ddrc,$cd 'o Dr. H. A. Schroeder, 9 
:Belmont Avcnu~. Brattleboro, ennont 05301. · 
Recei~ed September 20, 19GB; a~;~;eptcd Dccent~b ... er-2~.""'1-'1~8-. -
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Nec:ropsies were done on 489 mice and 686 rats, some of 
which showed postmortem <J.utolysis to the ex rent chat tissues 
were not fiJCcd. Sections were made on 370 m'c" and 534 rats. 
Numerical d;J.ta We(e treated by Chi-square :malysis and by 
Student's t test. Criteria for grading microscopic lesions as 
pretumorous, benigtl tumors, and malignatlt tumors were the 
same as \,l.sed in our previous report (4). 
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RESULTS 

Mice 

The: nurnber5, types, and major locations of tumors found 
:u-e shown in Table 1. No significant diffc:rmce~ from the con
trol group appeared. 

Of thc: 63 benign epithelial tumors, 4 7 were adenomata of 
lung ;J.nd 11 of liver. Carcinomata were found in 10 lungs, one 
liver and four mamm<l~Y gb.nds. There were only· four· non
epithelial be!J.ign tumors: one myoma, one fibroma, and two 
mammary fibroade11omata. Of the 14 malignant tumors of this 

· type;thc:r.:: were five leukemias, three lyrnphomat:1;_cwo.fibro
sarcomata, two reticulosarcomata, 'one seminoma, an.d on.c 
osteosarcoma. No element enhanced or s1.1ppres~ed any type of 

-tumor significantly. 
The: life spans of these mice are indicated i.n Table 2: Males 

fed fluorine surviv~d one or rwo month~ lQP.g~~~~ did the 

Trace ·~ Jent Effects on Spontaneous Tttmors 

Male~ 
Control 
Zir~onitlm: 

Niobium 
Antimony 
Fluorine 

Females 
Control 
Ziuonium 
Niobium 
Antimony 
Fluotino 

Table 3 

60 d•y• 
(eon ±S.Il.J 

38.8 ± 0.33 
39.4 ± 1.01 
38.1 ~ 0.38 
3ll .3 :t 0.48 
38.6 ;1: 1.16 

28.5 ± 0.62 
.·n.s ± 1.13 
29.5:!: 0.29 
29.0±0,4-3 
29.4 ;I; 0.62 

180 doy• 
(gm ± s.E.) 

51.5 ± 1.38 
51.4 ± 1.J 6 
51.1 ± 0.67 
51.6 :t 1.01 
53.6 ± 1.05 

44.8 ± o.n 
44.0 ± 0.91 
42.0 ± 1.26 
43.6 1: 1.12 
48.8-;: 0.90° 

Weight• of mice given variou s -.race clements at s.J~<o<=Q. ~g••· 
"Differs from controb, P < 0.005. 
bDiffcrs trom control., P < O.OL 

5~0d•y• 
(am ;I;S,B.) 

57.0 :t 1.95 
51.3 ± 2.23 
Sl.S ± 1.7t 
51.6 ± 2.51 
54.8 ± 1.36 

55.5 ± 1..60 
52.0:!: 1.15 
45.2 ± J .17" 
53.1 :!: 1.97 
59.6 ± 2.24° 

•• 1 

;J, 
... 

· .;:ontrols, whert:as .those fed zirconi~_m survived a ~onth or controls, an'd older niobi1.1m-fed females wdghed less. None of , ' 
... more.Jess . . At two mtervals, f<:male_mtce had..sho.cre.Uifc..sp;ms...__the· clements appeared to affect the weights of males signifi------- L 

when given z~conium, niobium, andi antim.ony th.an _their con- candy. . ': 
trois. These d1fferences were not reflected 1n the 1~-~lder::_c_~ _of Fatty degeneration of the liver was found in all groups, b1.1t .,}: 
tumors. it was more prevalent in the niobium-fed mice: than in the ~~-

Weights of mice at three intervals are given in T:.ble 3. Old~r others. Of SB-99 livers examined in c;u;h group, this lesion 1~ 1; 
fluorine-fed fem...Ics weighed somewhat more tlp1.n _did their occurred in 22.2% of the: controls, 15.9% of rhe antimony :·,1'· 

,. group, 22.4% of the fluorine gro1.1p, 25.5% of the zirconium i 
group1 ~nd 43.7% of ~he niobium group (P < 0.005). ,I; 

Table 1 Of the elements fed to mice, fluorine was not detcctc:d in 
Con.,ol Zl,.onium Niobium ·Anrimony Fluorine soft tissues although it was undoubtedly present in bone. 

Much zirconiu.m was found in the: tissues of controls and zirco
nium-fed animals, 10-64 ,LLg/gm wet weight in he01rt, lung, 
kidney, liver, and $plcen and in two or four rumors, wirhout 
significant differences between groups. Niobium acQlmulatc:d 
in heart and spleen to levels of 11-16 Jlg/r;rn in rhose fed the 
element, with 0.2-1.7 ,ug/g;m in those not so fed. Antimony 
was not found in rhc: controls, but levels of 6-141-!g/gm were 
found in those fed the dement, being especially elevated in 
kidney, lung, and spleen. These data have: been reported (11). 

:.1.. -:r 

., Type of tumor 
· :Epitheli~l 

Benign 
Mo.lign=t 

Nonefithc:lia.l 
,llenign 
M..lign;mt _ 

Pr~cumorous, liver 
· Tora.ll.esion. 

Loc&tion of tunlOr 

Lwtg 
Liver 
Mmunary gland 
Other 

71 

16 
4 

0 
4 
1 

25 

15 ()) 
4 
1 (l) 
4 (4) 

24 (8) 
33.8 

77. 

10 
4 

0 
1 
0 

15 

9 (3) 
3 (1) 

;I (1) 
15 (5) 
20.8 

79 

11 
0 

2 
5 
2 

20 

11 
0 
2 

5 (5) 
18 (5) 
22.8 

10 
4 

2 
2 

10 (2) 
1 
3 (2) 
4 (2) 

18 (6 ) 
23.7 

16 
3 

1 
2 
2 

24 

12 (2) 
4 
2 (1) 
~ (2) 

22 (5) 
30.5 

'· Types of tumor:; in mic;e fed zir~oniu.rn, niobium, mrimony, or fluoric~ . 
'for life. ~umbers in p!II"enthe>eo indi~.,re number malignant. 

Table 2 

M;~.le Fem:Ue 

so~. 75% 90% 50% 75% 9()')l, 

deoJ de.o.d cl<od de:2d ()<;,d deod 

570 637 692 625 745 no 
nrc onium 543 599 645 556 660 800 

Niobium 563 603 ·787 560 644 752 
Antimony 582 626 651 576 659 742 
Fluorine 599 682 752 630 707 789 

Life >p"-11& ( day•) of m\c;e given tt:lec element>. 

APRIL 1969 

Rats 

The number of rilts with benign tumors, pretumoro11s 
' lesions, and malignant mmors are given in Tabl€s 4 and 5. 
Unlike mice ( 4 ), arseni.;:-fcd rats had n(! significantly decre:1..5ed 
incidence: of tumors but did show a rather high proportion of 
prewmoro1.1s lesions in che li<~ers (20.9%), whereas those fed 
germanium and tin had a low proportion (5.2%) of this type of 
lesion. The diff€rencc: was significaJtt (P < 0.001). 

There: was a surprisingly la.rge number of adrenal tumors in 
the group fed chron~ium (17.9%) as wcll as of ru~ors other 
than hepatic or mammary type~ (Table 5). Rats in this group 
had more tumors of all kinds than d.id those given lead JP < 
0.025); possibly due to their increased longi:vi'ties ·( 9). The fl.!'st· 
tumor appeared at 29 months of age, compared to 1.4 months 
in the control r;roup and 23 months in the lead group. ... 

The predilection of rats to develop nonepithclial tumors is 
evident in all groups. !here were 5 myosarcorna[a, l J fibro
sarcomata, and S reticular .;:ell sarcomata of the 29 malignant 
nonepl.thelial tumors, the remainder arising from bone (two) , 
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Control Aneni~ Ge:rm;anium Tin 

No. of animals 82 91 98 94 

Type, of tumor 
Eeirhclial 
Beni~ 2 8 2 j 
Malign~nt 2 

Nonepithclilll 
Benign 20 14 21 20 
Malign~nt 7 2 1 4 

Prerwnorous, liver 10 19" 5 5 
Total lesions 41 . 43 · 30 .34 

Loc;otic:>n- of rut1lOr 
Lung 0 1 (1) 0 0 
Liv~ 1 5 1 0 
Mammary gbnd 4 7 7 (1) 12 
Adrenal 9 (1) 4 l.3 7 
Oclter 17 (8) a (2) 4 (l )b 10 (5) 

Total tumors 31 (9) 25 (3) 25 (2) 29 (5) 
% wi<h ~urnoro 37.8 27.4 25.5 30.8 

'!ype• of rumors in r~t' fed :J.t aeo,k,.gcrrnanium, :U'ld tin for life . Nwnbeta 
in p:ttonthcses indi1;0.te number m:ili'gnan~. 

•Differs from germanilirt'l and tin gro11ps, P < 0.0001. 
bDiffcrs frorn codtrols, P < 0.005. 

Table 5 

Control C;\d~ljum Chromium Lead 

No. of •.nimals J•\ 47 56 32 

Type o£ tumor 
Epithelial 

BWgll 1 3 2 1 
Maligno.nr 0 2 0 

Noncpi<hdial 
Benign 7 12 19 4 
~gnant .. 2 5 7 1 

.l?retumorous., liver ·.8 8 8 5 
Tot.U le:oio.n• 18. 30 36 12 

Location of r.unor . _, ,,,. 

L11J>g ... o 1 0 1(1) 
Liver . 1 z l 0 

~13.1}' gl;u,d 2 7 (1) ., (1) 3 
Adrenol 2 5 (1) 10 (1) 2 
Other 5 (2) 7 (5) 10 (5) 1 (1) 

Total tumors 10 (2) 22 (7) 28 (7) 7 (2)0 

%with tumo~ 29.4 46 .8 50.0 21.9 

Type; of rumors in rata fed c;o.dmluro, chrotniuru, o.nd !cod for life . Nwn· 
bcrs iJ> pou-enrhcaca indica~c nv.mber nulignam. 

. 
0 0\ffen &om chromium group, P < 0.025. 

salivary gland (one), adrenal medulla (two), and lymphoid tis
su~ (three). There were only eight carcinomata, two from hmg, 
one each from breast, pancn:as, inte5tinc:, stomach, and adre· 
nal cortex, and an undifferented type. No mct:tl appeared to 
affeci:-·any particUlar .. typ·~ - of malignant tumo~. Of the 100 
benign nonepithelial tumors, 42 were in the: mammary glands 
(often reachmg <:normous size ;~.nd somedmes weighing more 
than the remainder of the carcass) and 37 wt=re in the adrenal 
medulla. Of the 21 benign epithelial tumors, 10 were in liver, 
four in adrenal cortex, three in ovary or prostate, and the rest 
in other locations. 
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The growth ~';;_tes of those rats given cadmium, lead, and 
chromium have been reported (13). Chromium was a growch 
stinlulant, both at 1 ppm and 5 ppm in water, and animals 
taking it were significantly' larger at a year and at 21 monchs of 
age . Wdghts of rats given arsenic, tin and germanium ;~.r three 
selected ages are shown in Table: 6. There were no significant 
differences at any period, except for the group fed germanium 
at 18 months of age. 

The sutvival rates of chese rats are indicated in Table 7. 
Although life spans - of ·animals. fed cadmium and lead were 
shortened compared to their controls, th e rats given cadmium 
had more mmors (Table 5). Shortening of life span also 
occl.lrred in germa.nium~fed: rats. Ten to 12 animals of each 
group lived more than 1000 days, and one arsenic-fed rat lived 
for 52.5 months witho\lt a tumor app.,aring. 

DISCUSSION 

The intakes of the trace elements given in warer to rnic:e can 
be roughly calculated,-at-7-,0-ml-of w;mr/-100 gm body weight/ 
day, as 35 ,ug in the cases of zirconium, niobium, and anti" 
mony a.nd 70 Jlg in t_he_c~~ .. of fluorine. The additional amount 
in food, at 6.0 gm/100 gm weight( day, would supply 16 ,ug 
zirconium and 9.7 JJ.g niobium. Therefore based on these data. 
it is doubtful that . any . of th~:se four trace clements can be 
o;:onsidered carcinogenic when taken orally. Human equivalent 
dose• would amount to 24.5 mg ( 49 .0 mg in the case: of fluo
rine) or more daily from the w;~.ter alone and are much higher 
than the normal or .usual intakes of these elements, 

Deodorant sti~;h containing zirconium have produced granu· 
lomas of the skin of the axilla (3); similar l~:sions were prO
duced in the lungs of rabbits by ~:xposu•e to zirconium in a 
mist ( 5). In a.nim:Us, niobium has been found to inhibit hepatic 
succinic dehydrogenase (2). To our knowledge, life-tenn e:t
periments with the~e elements have not been done previously 
although carcinogenic effects in man have not been suspected. 

The daily int:tke of drinking water by rats of this strain, 
measured for two years, was 6.8 ;t 0.5 ml/100 gm body weight 
for males and 7.5 ± 0.3 ml/ 100 gm for females. As the nace 
metals were given in doses of 5 pg!ml, mal.es consumed 34 1-tg 
and females 37.5 pg/100 gm/day of each metal, or 12.4 and 
13.7 mg per year in water respectively. The yearly amount in 
food, ·ac an estimated daily ingestion of 6 gmf100 gm body 
weight, varied according to the elcmc:nt from 110 J,l.g in the 
c;ase of arsenic; to 700 pg of ·germanium. All of these trace 
metals acc;umulated to some extent in rat tissues (9, 10) . 
Levels of arsenio;: up to 300 ppm in blood and tissues were 
found in older rats ( 1 0). None of thc:se metals appea1:ed to be: 
rumorigenic or carcinogenic, nor were thii' incidences of sped
fie tumors affected significancly, exo;:cpt perhaps in the ger
m;tnium-fed group. 

The approxirnate daily · hurnan iN;Uce of the traee met:Us 
studied has been measured and calculated a:; follows (mg): 
arsenio;:, 0.9; gennanium, 1.5 ; tin, 4.0; eadmium, 0.2; chromi
um, 0.2; and lead, 0.3; there were wide: variations in arsenio;:, 
tin, cadmium, ;~.nd lead. The intake by these rats, howcve•, 
usually far ~xceeded even the largest human intakes on a com
parable weight basis, amountmg to approximately 25 mg daily 
for a 70-kg man. Only in the cases of tin, where 40 mg!day for 
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T~ble 6 

60 d.p 160 d.y, 
(sm ± S.E.) (gm ;I; S ,E,) 

190 ;t 6.0 365 ± 8.7 
185 ± 8.8 380 ± 7.2 

540 d•Yi 
(gm ±s.E.] 

507 ± 16.4 
47.9 = 11.0 

. . Trace c.'lemenc Effects 011 Spontaneous-Tumors-

enlargement of the common bile duct was frequently found, a 

result of fibrosis and inflamatory chnges. No effects on the 
incidence of tumors, benign or malignant, at the various levels . 
of dosag~ w~ro observed. It is apparent that _arsenite is not 
carcinogenic to rats and mice whc:n fc:d for thc:ir life times. 

193 ± 11.2 363 ± 8.6 455 ± 8.7• ACKNOWLEDGMENTS 
18~ ± 8.2 

154 ± 6.0 
148 ;t 7.4 
132 ;t 5.4 
149 ± 6.7 

355 ± 11.3 

251 ± 4.9 
242 ± s.o 
243 ± 4.5 
241 ± 3.8 

46.3 ± lO.Sb 

267:!: 9.6 
274 ± S.4 
301 ± 9 .2c 
283 ± 5.2 

r~ts fed :~.rsenic, germanium, and tin at scle~ted ~g•• 
. ,,. p < 0.01. 

bp< 0.025. 

T~bl~ 7 I 

Mole I Female 

SO% 7S% · 90'.J> SO% 75% 90% 
de: ad de: ad de: Old dead de•d d •• d 

872 919 1052 895 1050 1167 
825 917 1093 912 1064 1175 
738 902 1018 833 932 1044 
876 930 1022 &.30 998 1096 
987 1016 1083 945 1036 1156 
822 996 1134 805 902 1016 
922 1099 1143 950 1099 1189 .. 
7Z9 903 1069 727 925 1069 

Lif~ apa.ng (d...ys) of rau S).vtn v.doU!l rra~e merals. 

an adult man could be calculated in extreme cases (8), and of 
. where the maximal allowable limics in food could pro-

: yide 4.8 mg./day (7), were the rat and human intakes of the 
:. same relative order of magnitude. 
·_, . Therefore, from our present data and th<lt prcviou,ly re

ported ( 4 ), the oral ingestion of ~y one of the following trace 
elements cannot be considered carc\nogenic in the doses given: 

~ - atsenit.:, stannous dn, germanium, vanadyl vanadium, fluoride, 
- zirconium, niobate, antimony, .;admium, ch~omium (III), a;,d 

lead. Two of . thesa elements, germanium and arsenite, Olp
peared to suppress certain tumors in mice, whereas none ex
hibited such an effect in rats. 

Byron et al. {1), continuously fed rats large amounts of ar
senate and arst:nitc (15.63-250 ppm). At high dosage levds, 

APRIL 1969 

We :~.rc indebted to'· Professor Kun Benirsd1k~ forth~ s~ctlons 01.nd to 
M:~.rian Mitchener for care of the anirnl'ls. 
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