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ABSTRACT To evaluate recondite effects of certain trace elements, 1,557 mice
were exposed in groups of 36 to 54 of each sex to soluble salts of lead, nickel, vanadium,
and titanium, a repetition of previous experiments; to beryllium, barium, and aluminum,
to inorganic and methyl mercury; and to boron and tungsten. Exposures were in low
doses and for life in an environment controlled as to contaminating trace elements.
The diet was low in trace elements, and those studied were added to drinking water.
There were three groups of controls. Males given vanadium were somewhat larger than
their controls. Methyl mercury at 1 ppm increased body weights of both males and
females, whereas at 5 ppm, it decreased growth and was toxic; mercuric chloride had
no demonstrable effect. No element was tumorigenic, but aluminum and vanadium
had slight effects (P<0.05) in females. Longevity was increased in mice fed nickel
and vanadium and in the survivors of those initially fed 5 ppm methyl mercury and
later 1 ppm. Mercuric chloride was nontoxic. These studies provide guidelines for the
relative toxicities of some common metals when ingested. J. Nutr. 105: 452â€”458,1975.

INDEXING KEY WORDS life-term studies â€¢ methyl mercury â€¢beryllium â€¢
barium â€¢aluminum â€¢boron â€¢tungsten â€¢titanium â€¢lead â€¢ nickel
vanadium â€¢survival

Studies on the recondite toxicities of low
doses of various abnormal trace elements
in drinking water have been conducted on
mice in an environment that excludes
metallic contaminants. These effects con
cerned growth, survival, life-span, and
tumors, and involved 21 trace elements (1).
Some of these studies were done 10 years
or more ago (2-4 ). We have repeated four
of them on lead, nickel, vanadium, and
titanium, which were fed to chromium-
deficient mice in previous work. In this
series the mice were given adequate sup
plies of chromium. In addition, identical
studies were made on two group IIA ele
ments, beryllium and barium, two group
IIIA elements, boron and aluminum, a
study on tungsten, and three studies on
mercury.

These studies will complete our series of
27 elements with mice, of which 4 elements
had 2 valence states. Not studied were
group IA metals, group IIA metals mag

nesium, calcium, and strontium, the lan-
thanides and actinides, technetium, ru
thenium, silver, and all metals of the third
transitional group except tungsten and
mercury, as well as thallium, bismuth, and
polonium. These 29 metals and metalloids
and 2 nonmetals make up most of those to
which industrialized man is exposed.

METHODS
Random-bred white Swiss mice of the

Charles River CD strain, numbering 1,557,
were born in our laboratories from pur
chased pregnant females.3 At the time of
weaning, 19 to 20 days of age, groups of
54 of each sex were separated and placed,
6 mice to a cage, as littermates.

Received for publication September 6, 1974.
1 Supported by Public Health Service Research

Grant ES 00699-15A1, Ciba-Gelgy Corporation, and
Cooper Laboratories, Inc.2Present address : 9 Belmont Avenue, Brattleboro,
Vt. 05301.1Charles River Mouse Farms, Inc., N. Wilmington,
Mass.

452

D
ow

nloaded from
 https://academ

ic.oup.com
/jn/article-abstract/105/4/452/4763474 by U

niversity of R
hode Island user on 18 O

ctober 2018



LIFE-TERM STUDIES OF METALS IN RATS 453

TABLE 1
Weights of mice fed one of four trace metals in drinking water for life (Series 1)

AgedaysMales306090120150180360540Control-623.1

Â±0.63'34.5
Â±0.9540.2
Â±0.6243.2
Â±0.7544.

6Â±0.9245.6Â±1.1547.4

Â±1.0140.6
Â±2.45Vanadium,

5ppm25.5Â±0.45238.1Â±0.90342.5Â±0.85543.5Â±1.1846.8

Â±0.9849.0il.32*49.7Â±1.8145.5

Â±1.89sNickel,

5ppma23.1

Â±0.3335.3
Â±0.7840.3
Â±0.8941.8Â±1.7649.4

i1.32*47.0Â±0.8145.1

Â±1.594
1.8Â±0.92Titanium,

5ppm23.5

Â±0.3336.7
Â±0.54*42.3Â±0.48344.7Â±0.4146.0Â±0.6747.5Â±0.755

1.0Â±1.49*45.1
Â±1.48Lead,

5ppm25.3

Â±0.8934.4
Â±0.674

1.2Â±0.6343.2
Â±0.9245.8
Â±0.8746.5
Â±0.9448.8
Â±1.3944.0

Â±2.24

Females

30609012015018036054020.1Â±0.7927.6
Â±0.7233.3
Â±0.8236.8Â±1.1838.5

Â±1.6838.8Â±1.4242.2Â±1.1936.3

Â±1.562

1.3Â±0.4829.0
Â±0.5533.8Â±0.6135.9

Â±1.3439.6
Â±1.3440.3
Â±1.4943.4Â±1.5443.2Â±2.18319.8Â±0.7327.6

Â±1.0631.3Â±1.H37.4

Â±0.8637.7Â±1.1237.6

Â±1.0541.4iO.9842.8Â±2.05S19.6Â±0.2630.7Â±0.96533.2

Â±0.6835.2
Â±0.7536.4
Â±0.9737.7Â±1.1642.0Â±0.3338.3

Â±1.3020.2

Â±0.4427.1
Â±1.0032.6
Â±0.7635.8
Â±0.8938.4
Â±1.3338.3Â±1.1044.5Â±2.0742.7Â±2.505

There were 54 mice in each group.
*P < 0.05. Â«P < 0.025.

Â±SEM. 'Differs from controls by Student's t test; P < 0.005. 'P < 0.01.

Three experiments were run at different
times. The first (series 1), on lead, nickel,
vanadium, and titanium, with their con
trols, involved 541 mice. The second
(series 2), consisted of aluminum, barium,
beryllium, and mercury with 692 mice in
volved. In the third (series 3), the tested
mice received added boron or tungsten. A
total of 324 mice was used in this series.

Cages were plastic with stainless steel
tops and stacked on wooden racks. The diet
was composed of whole untreated Balbo
rye flour (60%), powdered skim milk
(30%), corn oil (9%), and iodized sodium
chloride ( 1% ), with added vitamins and
iron (2).4 The trace mineral contents of
the diet have been reported (5). The basal
drinking water, doubly deionized and with
no detectable cations, contained soluble
salts as simple complexes ( in ppm ) : zinc,
50; manganese, 10; copper, 5; chromium,
5; cobalt, 1; and molybdenum, 1. In series
1, the controls were designated 0-6, and
they were contemporary with mice fed
lead acetate (25 ppm Pb), nickelous ace
tate (5 ppm Ni), vanadyl sulfate (5 ppm
V), and potassium titanium oxalate (5 ppm
Ti) in the basal drinking water. In series
2, controls were designated 0-7, and they
were contemporary with mice fed alumi

num potassium sulfate (5 ppm Al), beryl
lium sulfate (5 ppm Be), barium acetate
(5 ppm Ba), methyl mercury acetate (5
ppm Hg for 70 days and 1 ppm Hg subse
quently), and mercuric chloride (5 ppm
Hg) in the basal drinking water. In series
3, the controls received plain deionized
water without added supplements and
were contemporary with mice fed sodium
metaborate (5 ppm B), and sodium tung-
state (5 ppm W ), which also received these
metals dissolved in plain water.

Animals dying a natural death were
weighed and dissected, gross tumors were
detected, and some sections were made of
heart, lung, liver, kidney, and spleen for
microscopic examination. Tumors were
considered malignant when they were mul
tiple, but in our experience most tumors in
mice were malignant.

RESULTS
Growth and body weights. Weights of

mice are shown in tables 1-4. Those fed
vanadium were heavier than their controls
at 15 of 16 intervals, and the increase was
significant in 6 intervals. No such effect

4 To each kilogram of dipt was added (in DIE) :
ferrous sulfate, 100; calcium pnntothcnnte, 10;
niacin. 50 ; pyrldoxlne hydrochlorlde, 1.0 ; and vitamin
A, 5,000 IU; vitamin D, 1,000 1U.

D
ow

nloaded from
 https://academ

ic.oup.com
/jn/article-abstract/105/4/452/4763474 by U

niversity of R
hode Island user on 18 O

ctober 2018



454 HENRY A. SCHROEDER AND MARIAN MITCHENER

TABLE 2
Weights of mice fed three trace metals in

drinking water for life (Series 2)

TABLE 4
Weights of mice fed boron and tungsten in drinking

water for life (Serifs 3)

AgedaysMales30Â«1

90120150

180
300640Females30Â«>90120

150180

360
540ControI-721.7

Â±0.33'
33.0 Â±0.33
37.7Â±0.534

1.5Â±0.5343.0
Â±0.64

43.5 Â±0.95
45.2Â±1.5937.7
Â±2.1220.5

Â±0.4926
.5Â±0.363

1.1Â±0.8334.5
Â±0.83

35.7Â±1.1337.6
Â±1.23

43.0 Â±3.00
34.5 Â±2.32Aluminum,

Barium,5
ppm 5ppma21.4

Â±1.44 20.4 Â±0.93
32.2Â±1.82 33.0Â±0.48
36.7Â±1.0635.8Â±1.1640.2Â±1.35
40.4Â±0.9342.1

Â±1.64 42.2Â±1.11
43.4Â±1.18 43.7Â±1.13
47.5Â±1.6846.5Â±1.8941.0Â±2.80
37.7Â±1.7218.8Â±0.81

17.8Â±0.41>25.5Â±0.81
26.5Â±0.41Â»0.5

Â±0.81 30.1Â±0.1834.1Â±1.33
34.6Â±0.67

36.4 Â±1.64 36.0Â±0.4538.3Â±1.64
38.0Â±0.15

44. 4 Â±3.05 45.3 Â±1.15
35.7Â±2.78 37.6Â±1.41Beryllium,5

ppm24.4

Â±0.80'
33.2 Â±0.53
39.4Â±0.6142.5
Â±0.7543.3Â±1.04

45.5 Â±0.98
47.4Â±1.1840.8Â±1.7420.7

Â±0.5325.6
Â±0.3529.0
Â±0.24Â«31.

3 Â±0.35'
33.7Â±0.6034.6

Â±0.73
41.0Â±1.42
35.1Â±2.26There

were 54 mice in each group except for the barium
group, which had 42 males and 36 females. ' â€¢HEM. *Sig
nificanceoP

< 0.005.f
differencefrom controls by Student's Ã•test;>P

< 0.001. <P < 0.025. 'P< 0.01.A

Â«e<Â¿U|/Ã•Males30<>090120

150180360540t

emales3060

90
120150

180360540Control-820.0

Â±0.42'
34.6Â±0.5()38.5
Â±0.6542.5

Â±0.97
45.8Â±1.3649.2
Â±1.6446.6
Â±2.6646.8
Â±1.3318.3

Â±0.2026.7
Â±0.37

29.5Â±0.72
31.8Â±0.5534.8

Â±0.54
38.3Â±0.7042.9Â±1.1442.6

Â±1.32Boron,5

ppme18.1Â±0.45S

35.8Â±0.5640.6Â±0.67343.6

Â±0.80
46.3Â±0.9546.3Â±0.9546.0

Â±1.7547.7
Â±1.2117.3

Â±0.33327.4
Â±0.53

31.2Â±0.85
31.8Â±1.2536.1

Â±1.58
38.0Â±1.1843.6
Â±1.4641.3Â±1.74Tungsten,5

ppm20.1

Â±0.59
35.1Â±0.5939.6
Â±0.5942.6

Â±0.69
44.7Â±0.7546.3
Â±1.0148.2
Â±1.3243.5
Â±1.8019.0Â±0.2427.2

Â±0.33
30.8Â±0.92
31.8Â±0.4834.6Â±0.63

37.0Â±0.7540.7
Â±1.6440.0

Â±1.25

occurred with nickel, titanium, or lead. In
table 2 the weights of mice fed aluminum,
barium, and beryllium are given. Females
given beryllium were lighter than their
controls at six of eight intervals, and the

TABLE 3
Weights Â±SUMof mice fed mercury and methyl

mercury in drinking water for life (Series %)

AgedaysMales30111)!HI120150180360540Females30Mlâ€¢Ml120150180360540Control-72

1.7Â±0.3333.0
Â±0.3337.7
Â±0.534

1.5Â±0.5343.0
Â±0.6443.5
Â±0.9545.2
Â±1.5937.7Â±2.1220.5

Â±0.4926.5
Â±0.363

1.4Â±0.8334.5
Â±0.8335.7
Â±1.1337.6
Â±1.2343.0
Â±3.0034.5

Â±2.32HgCl^

5 ppmHg22.4

Â±0.9534.0
Â±0.6238.7
Â±0.684

1.4Â±0.804
1.0 Â±UKÂ»44.

7Â±0.9347.3
Â±1.4341.2Â±1.0820.5

Â±0.4429.0
Â±0.41'32.2
Â±0.6836.2Â±1.0538.3

Â±1.2540.7
Â±1.3346.0
Â±2.3043.4

Â±2.77Â»MeHg.

5 ppmHga21.

5Â±0.6130.0
Â±0.65'32.2
Â±1.24'36.1
Â±0.72'37.3
Â±0.75'38.3
Â±0.97'42.6
Â±1.6742.0Â±1.0318.8

Â±0.36'22.6
Â±0.77'25.0
Â±0.53'27.8
Â±0.90'28.6
Â±0.67'29.3
Â±0.67'33.5Â±1.17>32.1

Â±1.11MeHg,

1 ppmHg22.6

Â±0.34'35.8
Â±0.58'40.4
Â±0.88'44.

2Â±1.00'45.6
Â±1.57'47.8Â±1.88'50.2Â±2.7142.2

Â±2.7425.6

Â±3.0931.
8Â±3.9035.4

Â±1.70'36.7
Â±0.72"39.4
Â±0.88*41.5Â±1.01>48.4

Â±0.8143.8
Â±2.16Â«

Mice were weighed in groups of six. There were 54 males and
54 females in eacn group, except for the 1 ppm methyl mercury
groups, which had 30 males and 42 females. At 90 davs of age,
because of a high mortality in the group given methyl mercury
at 5 ppm Hg, the do.se was reduced to 1 ppm Hg as methylmercury. ' Differs from controls by Student's Ã•test; ~P
< 0.001. Â»P < 0.01. >P < 0.05. <P < 0.005. Â»P <

0.025.

There were 54 mice in each group. ' Â±SEM. ' Signifi
cance of difference from controls by Student's t test; P < 0.005.
' P < 0.025.

difference was significant at two intervals.
Males tended to be slightly heavier than
their controls. Mice fed aluminum and
barium were remarkably uniform in respect
to weight. In all cases the 540-day weights
were less than those at a year of age. This
loss of weight also occurred in the controls
and in 8 of the 10 groups shown in table 1.

For purposes of clarity, the weights of
mice given mercuric chloride as mercury
and two concentrations of methyl mercuiy
as mercury are shown in table 3 using the
same controls as in table 2. The mice fed
mercuric chloride were larger than their
controls at 13 of 16 ages and significantly
so in females at 2 ages. Mice given 5 ppm
Hg as methyl mercury were smaller than
their controls at 15 of 16 intervals, of
which 12 were significant. There was a
high mortality during the first 2 months of
administration of this dose, which was re
duced to 1 ppm Hg at the age of 90 days.
Mortality decreased immediately, and the
survivors continued to grow. Methyl mer
cury at 1 ppm from weaning time produced
a significantly increased growth rate in
both males and females, resulting in some
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LIFE-TERM STUDIES OF METALS IN RATS 455

TABLE 5
I'J/ecls uf trace metals on tumors, edema, and blanching of lite incisor leeth of mice fed for life (Series 1)

Timon

GroupMalesControl-6LeadXickelVanadiumTitaniumFemalesControl-GLeadNickelVanadiumTitanium1

Individual weights at
difference between meansNo.autopsied43493738454537445136death

varied
by chi-squareMeanweightat

death128312931312928252528approximately

; P < 0.05.No.

withwhiteteeth1214667911126835%

inEdema1113131315158131411thevarious groups.No.10154517981019Â«13Mul

tiple293879771514*

LymphomaLLÂ«280498112913leukemia.%

ofmiceLung4824915135withtumors23.330.610.813.237.820.021.622.737.336.1*

Significance of

of the largest mice that we have encoun
tered in this study.

In all of the mercury groups and controls,
there was a decrease in weight from 1 year
to 18 months of age. The mice were
weaned and given methyl mercury at 5
ppm Hg when they were 20 days old. They
began to die 38 to 40 days later, and 20 of
54 males and 23 of 54 females died when
they had taken the methyl mercury for 66

to 70 days. When they were 90 days old
(given methyl mercury for 70 days), the
dose was reduced to 1 ppm, and mortality
ceased within 10 to 15 days.

Two groups of mice were given boron or
tungsten in doubly deionized water. There
were no significant differences from the
controls except for three boron groups, two
of which were slightly lighter and the
other slightly heavier than the controls

TABLE 6
Effects of trace metals on tumors, edema, and blanching of the incisor leeth of mice fed for life (Series 2)

Tumors

GroupMalesControl-7

Aluminum
Barium
Beryllium
Mercury (Cl,)
MeHg (5 ppm)
MeHg (1 ppm)No.

autopsied38

41
37
48
48
32
25Meanweight

at death'28

28
27
30
31
32
20No.

with
white
teeth3

11
510

1134Edema0

10
11
014

9
7No.11

15
12
17
21
10
9Mul

tiple29

6
4
1
2
3LLÂ«3

9
7
3
5
3
4Lung5

9
4
7
9
3
4%

of mice
with

tumors28.9

36.6
32.4
35.4
43.8
31.3
36.0

Females
Control-7AluminumBariumBerylliumMercury

(Cls)MeHg
(5ppm)MeHg
(1 ppm)474121524140312633262528213011Â»571410273473417141952021412412Â«46902310Â«5911119113573329.846.323.838.551.210.038.7

1 Individual weights at death varied approximately 35% in the various groups,
nifÃ¬canceof difference between means by chi-square; /* < 0.05.

Â»Lymphoma leukemia. Â»P < 0.025. *Sig-
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TABLE 7
Life-spanÂ«and longevities of mice fed Ifad, nickel,

vanadium and titanium for life (Series 1)

Group m
No. Mean 50% 75% 90% Lon-
ice age dead dead dead Last gevity1

MalesControl-6LeadNickelVanadiumTitaniumFemalesControl-6LeadNickelVanadiumTitanium54545454.-,(5454515565556534519578546565585597620546668r>ii>628569586547632577615545654r>(>5636634641654701679701660dfiys73068908

1741722727774H2Ãœ826697817784991966866Kill872Â»041,000820763

Â±14.4748Â±11.4831

Â±49.6880Â±36.0!791

Â±30.8790Â±19.7804Â±18.9864Â±11.4Â»878

Â±30.8'760
Â±17.5

1Mean age of last surviving 10% Â±SEM. *Differs from
controls by Student's i test ; P < 0.005. ' P < 0.025.

(table 4). Growth weights of the controls
were not very different from those of other
controls. Dead weights are shown in tables
5 and 6. There are no consistent differences
in the controls.

Mortality and survival. The mean sur
vival times and longevities of mice given
lead, nickel, vanadium and titanium are
given in table 7. Mice fed vanadium had a
lower mortality and a higher longevity, as
shown by the last surviving 10%, than did
any of the other groups. The next longest

survivors were in the group fed nickel. In
table 8 are given the life-spans and longevi
ties of mice fed aluminum, barium, beryl
lium, and mercury. The longest living mice
were the survivors of those fed 5 ppm Hg
as methyl mercury, which was reduced to
1 ppm when they were 90 days of age. The
effects of boron and tungsten on the life-
span of series 3 rats are given in table 9.
In terms of recondite toxicity, mercuric
chloride and methyl mercury appeared to
have the greatest effect in males, but not
in females, although differences in longevity
were not statistically significant.

Tumors. The numbers of tumors are
shown in tables 5 and 6. No element was
significantly tumorigenic, although the
fewest tumors occurred in the nickel
groups. Leukemia lymphoma was found
most frequently in the female aluminum,
mercuric chloride, and titanium groups.
The incidence of edema was low in the
male control-7 and beryllium groups.
Blanching of incisor teeth was not con
fined to any one group.

DISCUSSION
Our first report on mice exposed to trace

metals concerned chromium-deficient mice

TABLE 8
Life-spans and longevities of mice fed various trace metals (Series

Group
No.
mice Mean

75%
dead Last Longevity1

Males
Control-7 54
Aluminum 54
Barium 42
Beryllium 54
Mercury (Mg Cli) 54
Methyl mercury (5 ppm) 54

(33)
Methyl mercury (1 ppm) 30

Females

540
568
548
574
4!K)

(703)
580

602
568
549
548
540
430
(751)
616

648
668
634
653
599
660

(826)
634

days

789
819
70!)
792
697
888

(952)
764

1,010
1,086

849
1,253

858
1,138

801

920 Â±28.2
936 Â±48.9
815Â±28.4Â»
903Â±39.4
751 Â±28.7

1,013 Â±47.9'

772 Â±24.3

Control-7AluminumBariumBerylliumMercury

(MgC12)Methyl
mercury (5ppm)Methyl

mercury (1 ppm)545436545455(31)44533533566590542(555)589539524580596575383(679)550622611670683632690(904)709691702778840736934(939)7871,0019588521,0018491,083965823

Â±60.3846
Â±44.0796

Â±24.7932
Â±28.3983

Â±21.21,013Â±28.33854Â±10.6

1Initial dose of 5 ppm Hg reduced at 90 days of age to 1 ppm. Numbers in parentheses are the number of survivors and their
data. l Â±HEM.Longevity is the mean of the last fÃ¬vesurvivors in each group. aSignificance of difference between means of
controls and treated groups by Student's t test; P < 0.025. *Differs from following group; P < 0.001.
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LIFE-TERM STUDIES OF METALS IN RATS 457

fed titanium, nickel, cadmium, and lead
for life and indicated that chromium in
creased growth and survival, and titanium
increased growth (3). Males were affected
more than females. Since that time ( 1963 ),
chromium has been accepted as an essen
tial trace metal for animals (6). Therefore,
it seemed worthwhile to repeat the experi
ments on nickel, lead, titanium, and vana
dium (reported later) (3, 4) in mice fed
chromium to see whether toxic effects of
metals were enhanced by chromium de
ficiency. If these two series with and with
out chromium, which were done 8 years
apart, could be compared, they would
show that chromium suppresses toxicity of
lead and titanium.

Such a comparison was made. For 50 %
survival, male titanium controls fed chro
mium lived 58 days longer than chromium-
deficient animals; animals fed lead and
chromium lived 79 days longer than their
chromium-deficient counterparts; animals
fed vanadium lived 69 days longer; and
animals fed nickel lived 52 days longer.
These increases were quite consistent, al
though they were not statistically signifi
cant. In the females, the reverse held true.
Without chromium, the median life-span
was greater than with chromium in the
controls and all the other metal groups but
vanadium.

Since these experiments were begun,
vanadium and nickel have been found to
resemble essential metals (7, 8). There
fore, it is not surprising that vanadium
showed biological effects on weight. We
cannot account for the increase in weight
associated with the feeding of titanium at
11 intervals (only 3 were significant, how
ever), which was observed previously (2).
Evidence of this nature is not sufficient to
characterize a trace metal as essential. It
is clear that lead in this dosage is not toxic
to chromium-fed mice.

Beryllium is a highly toxic metal when
inhaled as a dust (9). It also can be toxic
by mouth, but in the dosage used in these
experiments it was not. Only slight effects
on body weight of females were disclosed
by this study, and there were no striking
effects on life-span and survival. All studies
indicate that beryllium is poorly absorbed
through the gut, and that ingestion is not
a hazard.

TABLE 9
Effects of boron and tungsten on the life-spans of

mice fed plain water for life (Series 3)

GroÃ¼p
No. 50% 75% 90% Last
mice Mean dead dead dead dead

Lon-

dun*MaleaControl-8BoronTungstenFemalesControl-8BoronTungsten54545454r>464480560570650660654422548594678658Â«-itÃ¬609imi6567787757177058277268538987071,012Â»418101,100994996939

Â±Â«.25879
Â±20.6797

Â±7.5!922

Â±28.44963
Â±37.92945

Â±22.99

1Mean age of last surviving 10% Â±SEM.
control female group; P < 0.001.

1Differs from

Aluminum is also poorly absorbed (10)
and has little toxicity when taken by
mouth, but combines with phosphate in the
intestine, and in large doses aluminum can
produce phosphate deficiency. Aluminum
may be involved in the succinic dehydro-
genase-cytochrome c system in vitro (10).
It performs no essential function in mam
mals as far as is known.

In males longevity was slightly reduced
by barium, but weight was not signifi
cantly affected. Inhaled barium dusts are
only slightly toxic, but soluble barium salts
by mouth are highly toxic in large doses
(11).

Boron is essential for higher plants, but
it apparently has no part in the metabolism
of animals. It is toxic given parenterally.

Mercury and methyl mercury behave dif
ferently as to relative toxicities. Mercuric
ion has a low order of toxicity when given
by the oral route, especially in mice and
rats. It is a little more toxic than aluminum
at 5 ppm in drinking water; longevity
tended to decrease in males and increase in
females. Mercury, 5 ppm as methyl mer
cury, however, was highly toxic, although
1 ppm was well tolerated. A curious phe
nomenon was the enhancement of growth
by 1 ppm methyl mercury in both sexes,
which occurred at every age. Another un
expected effect was the long lives of the
surviving mice given 5 ppm methyl mer
cury at first, and then 1 ppm. This differ
ence suggested that the weaker animals
were eliminated and the strong ones were
somehow given an extra life-span. The
mice given 5 ppm Hg as methyl mercury
for 70 days, and then 1 ppm, lived longer,
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gained weight faster, and survived signifi
cantly longer ( P < 0.001 ) than did their
littermates given 1 ppm methyl mercury
from the time of weaning. These phenom
ena deserve further study.

The low number of tumors in the mice
given methyl mercury is noteworthy.

In a study made by Darrow, Nason, and
Schroeder in our laboratory,5 mice were
fed methyl mercury 1 ppm Hg, and mer
curic chloride 5 ppm Hg for 286 to 653
days. In the five organs of the controls,
mercury varied from 0.013 to 0.034 ppm.
In the mercuric chloride-fed mice, the
same organs varied from 0.16 to 0.93 ppm,
the kidney having the largest amount. In
the methyl mercury-fed mice, the organs
had 3.8 to 6.2 ppm mercury, showing that
methyl mercury is much more firmly bound
to mammalian tissues than is inorganic
mercury.
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