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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: 452-458, 1975.
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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.® At the time of
weaning, 19 to 20 days of a§e, groups of
54 of each sex were separated and placed,
6 mice to a cage, as littermates.
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TABLE 1
Weights of mice fed one of four trace metals in drinking waler for life (Series 1)

Vanadium,

Nickel, Titanium, Lead,

Age Control-6 5 ppm 5 ppm 5 ppm 5 ppm

days g
Males

30 23.1+0.63! 25.5+0.45% 23.1+0.33 23.5+0.33 25.3+0.89

60 34.5+0.95 38.10.90° 35.3+0.78 36.7 £0.54¢ 34.44+0.67

90 40.2+0.62 42.5+0.85¢% 40.3+0.89 42.3+0.48° 41.2+0.63
120 43.2+0.75 43.5+1.18 41.84+1.76 44.74+0.41 43.240.92
150 44.6+0.92 46.8+0.98 49.4+1.322 46.0+0.67 45.84+0.87
180 45.6+1.15 49.011.32¢ 47.0+0.81 47.5+0.75 46.5+0.94
360 47.44+1.01 49.7+£1.81 45.1+1.59 51.041.49¢ 48.8+1.39
540 40.6+£2.45 45.54+1.895 41.8+0.92 45.14+1.48 44.0+2.24

Females

30 20.1+0.79 21.3+0.48 19.84+0.73 19.6 4+0.26 20.240.44

60 27.6+£0.72 29.0+0.55 27.6+1.06 30.7 £0.96° 27.14+1.00

90 33.3+0.82 33.8+0.61 31.3+1.11 33.2+0.68 32.6+£0.76
120 36.8+1.18 35.9+1.34 37.4+0.86 35.24+0.75 35.8+0.89
150 38.5+1.68 39.6+1.34 37.7+1.12 36.4+0.97 38.4+1.33
180 38.8+1.42 40.3+1.49 37.6+1.05 37.7£1.16 38.3+1.10
360 42.241.19 43.4+1.54 41.4+0.98 42.0+0.33 44.5+2.07
540 36.3+1.56 43.24+2.18° 42.842.05° 38.3+1.30 42.7 +2.50%

There were 54 mice in each group. ! +sem. 2Differs from controls by Student's ¢ test; P <0.005. 3P <0.01.

4P <0.05. &P <0.025

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).* 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 molybcﬁmum, 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

4To each kilogram of diet was added (in mg):
ferrous _sulfate, 100; calcium pantothenate, 10;
niacin, 50 :J;yrldoxine hydrochloride, 1.0; and vitamin
4, 5,000 1U; vitamin D, 1,000 1U.
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TABLE 2

Weights of mice fed three trace melals in
drinking water for life (Series 2)

TABLE 4

Weights of mice fed boron and tungsten in drinking
waler for life (Series 3)

Aluminum, Barium, Beryllium, Boron, Tungsten,
Age Control-7 5 ppm 5 ppm 5 ppm Age Control-8 5 ppm 5 ppm
daya g days g
Males Males
30 21.740.33' 21.441.44 20.4+0.93 24.440.80° 30 20.04+0.42! 18.14-0.452 20.140.59
60 33.0+0.33 32.231.82 33.030.48 33.240.53 . . . g . O
90 37.740.53 36.7 : 1.08 35.8+1.16 39.40.61 60 34.6+0.59 35.8+0.56 35.1+0.59
120 41.5+0.53 40.2+1.35 40.4+0.93 42.5+0.75 90 38.54+0.65 40.6+0.67* 39.6+0.59
150 43.040.64 42.1+1.64 42.2+1.11 43.3+1.04 120 42.5+0.97 43.64-0.80 42.64-0.69
180 43.540.95 43.4+1.18 43.7+1.13 45.5+0.98 . . . - . .
360 45.231.59 47.5+1.68 46.5+1.89 47.4+1.18 150 458+1.36 46.3+0.95 44.7+0.75
540 37.7+2.12 41.0+2.80 37.7+1.72 40.8+1.74 180 49.241.64 46.34+0.95 46.3+1.01
Females 360 46.6+2.66 46.0+1.75 48.2+1.32
30 20.540.49 18.8+0.81 17.840.41% 20.70.53 540 468133 477121 43.51.80
60 26.5+0.36 25.540.81 26.5+0.41 25.6+0.35
08 Bion Wil Blspan Fomeles
150 35.7+1.13 36.4+1.64 36.0+0.45 33.7+0.60 30 18.3+0.20 17.340.33* 19.040.24
180 37.6+1.23 38.3+1.64 38.0+0.15 34.6+0.73 60 26.7+0.37 27.44+0.53 27.240.33
550 oD% AW LD UIEE 90 2051072 312108 3084092
) TE2 R T 120 gi.gio.ss 31.8+1.25 31.840.48
. A 150 .8+0.54 36.1+1.58 34.6+0.63
xgga'if'irﬁifﬁ" E’Sé 3 mlen mhaé‘?ﬁﬂﬁn%“"g %’;éﬂ? :"i"s‘i.':‘f 180 33070 OLLIS 310075
t t t’ test ; . . . . . .
P'<000s. TP <0001 F'<002 +F<00L 540 42.6§%.§2 41.3:1.74 40.01{ gg

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 & seM of mice fed mercury and methyl
mercury in drinking waler for life (Series 2)

HgCl,, MeHg, MeHg,
Age Control-7 5 ppm Hg 6 ppm ilg 1 ppm i‘lg
days g
Males

30 21.74+0.33 22.4+0.95 21.5+0.61 22.6+0.34!

60 33.04+0.33 34.0+0.62 30.0+0.65' 35.8+0.58!

90 37.74+0.53 38.71+0.68 32.2+1.24' 40.4 +0.88!
120 41.54+0.53 41.4+0.80 36.1+0.72! 44.2+1.00
150 43.0+0.64 41.0+1.09 37.3+0.75!' 45.6+1.573
180 43.5+0.95 44.730.93 38.3+0.97' 47.8+1.88
360 45.24+1.59 47.3+1.43 42.6+1.67 50.242.71
540 37.7+2.12 41.2+1.08 42.0+1.03 42.242.74

Females

30 20.540.49 20.5+0.44 18.8:4+0.36* 25.6+3.09

60 26.5+0.36 29.04+0.41' 22.6+0.77' 31.8+3.90

90 31.4+0.83 32.2+0.68 25.0+0.53! 35.4+1.70!
120 34.54+0.83 36.2+1.05 27.84+0.90* 36.7+0.723
150 35.7+1.13 38.3+1.25 28.6+0.67' 39.4-0.88%
180 37.6+1.23 40.7+1.33 29.3+0.67' 41.5+1.01%
360 43.0+3.00 46.0+2.30 33.5+1.17% 48.440.81
510 34.54+2.32 43.4+£2.77% 32.1%1.11 43.842.16¢

Mice were weiihed in groups of six. There were 54 males and
54 females in each group, except for the 1 ppm metl:‘{l mercury
‘xroupc. which had 30 males and 42 females. At 90 rn of age,

recause of & high mortality in the group given methy

at 5 ppm Hg, the dose was to 1 ppm Hg as methyl
mercury. ! Differs from controls by Student's ¢ test; P
(fo(;.é)m. 1P <001. 3P <005 ¢P <0.005 P <

There were 54 mice in each group. ! + skM. ? Signifi-
'03;02 caf gégerenoe from controls by Student's ¢ test; P < 0.005.

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 mercury
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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TABLE 5
Effects of trace metals on tumors, cdema, and blanching of the incisor teeth of mice fed for life (Series 1)
‘Tumors
Mean No. with % of mice
No. weight white Mul- with
Group autopsied at deatht teeth Edema No. tiple LL: Lung tumors
Males
Control-6 43 28 12 11 10 2 2 4 23.3
Lead 49 31 14 13 15 9 8 8 30.6
Nickel 37 29 6 13 4 3 0 2 10.8
Vanadium 38 31 6 13 5 8 4 4 13.2
Titanium 45 31 7 15 17 7 9 9 378
Females
Control-6 45 29 9 15 9 9 8 1 20.0
Lead 37 28 11 8 8 7 1 5 21.6
Nickel 44 25 12 13 10 7 12 1 22.7
Vanadium 51 25 6 14 19 15 9 3 373
Titanium 36 28 8 11 13 14 13 5 36.1
i 28iidunl weihta st death vaied gprosimatly 35% in the variows goups. *Lymphoma lskema.  Sigifeanc o

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. e mice were
weaned and given methyl merc at 5

pm Hg when they were 20 days old. They
gegan 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 teeth of mice fed for life (Series 2)
Tumors
Mean No. with % of mice
No. weight white Mul- witl
Group autopsied at death! teeth Edema No. tiple LL* Lung tumors
Males
Control-7 38 28 3 0 11 2 3 5 28.9
Aluminum 41 28 11 10 15 9 9 9 36.6
Barium 37 27 5 11 12 6 7 4 324
Beryllium 48 30 10 0 17 4 3 7 354
Mercury (Cl,) 48 31 11 14 21 1 5 9 43.8
MeHg (5 ppm) 32 32 3 9 10 2 3 3 31.3
MeHg (1 ppm) 25 20 4 7 9 3 4 4 36.0
Females
Control-7 47 26 19 3 14 4 3 9 29.8
Aluminum 41 33 5 4 19 122 104 11 46.3
Barium 21 26 7 7 5 4 5 3 23.8
Beryllium 52 25 14 3 20 6 9 5 38.5
Mercury (Cls) 41 28 10 4 21 9 11 7 51.2
MeHg (5 ppm) 40 21 2 1 4 0 1 3 10.0
MeHg (1 ppm) 31 30 7 7 12 2 1 3 38.7

1 Individual weights at death varied approximately 35% ig alge various groups. ?* Lymphoma leukemia. 3P < 0.025. ¢Sig-

nificance of difference between means by chi-square; P <
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TABLE 7

Life-spans and longevities of mice fed lead, nickel,
vanadium and titanium for life (Series 1)

No. Mean 50;{: 75;? 902'f .
e Last

Lon-
Group mice age dead dead d gevity!

days
Males
Control-6 54 556 568 654 730 817 763k14.4
Lead 54 534 542 605 689 784 748+11.4
Nickel 54 519 528 635 681 991 831+49.6
Vanadium 54 578 569 634 741 966 880 +36.0?
Titanium 54 546 536 641 722 866 791+30.8

Females
Control-6 54 565 547 654 727 861 79019.7
Lead 54 585 632 701 774 872 804+18.9

Nickel 54 597 577 679 820 904 864+11.4?
Vanadium 55 620 615 704 826 1,000 878:30.8%
Titanium 55 546 545 660 697 820 760x17.5

1 Mean age of last surviving 10% =+ sEM. ? Differs from
controls by Student's ¢ test; P < 0.005. 3P <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 tﬁe 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 ﬂppm 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 2)

No.

50%, 75% 90%
deaﬁ g d

Group mice Mean dead dead Last Longevity!
o days
Males
Control-7 54 540 602 648 789 1,010 920+28.2
Aluminum 54 568 568 668 819 1,086 936 +48.9
Barium 42 548 549 634 709 849 815+28.4*
Beryllium 54 574 548 653 792 1,253 903+39.4
Mercury (Mg Cl.) 54 490 540 599 697 858 751 +28.7

Methyl mercury (5 ppm) 54
(33)  (703)
Methyl mercury (1 ppm) 30 580

Females
Control-7 54 533
Aluminum 54 533
Barium 36 566
Beryllium 54 590
Mercury (Mg Cl,) 54 542

Methyl mercury (5 ppm) 55
(31)  (555)
Methyl mercury (1 ppm) 44 589

430 660 888 1,138 1,0134+47.9°
(751)  (826)  (952)
6 634 764 801 7724243

539 622 691 1,001 8234-60.3
524 611 702 958 846+44.0
580 670 778 852 796 +24.7
596 683 840 1,001 932+28.3
575 632 736 849 083 +21.2

383 690 934 1,083 1,013+28.3
(679)  (904)  (939)
550 709 787 965  854+10.6

1 Initial dose of 5 ppm Hg reduced at 90 days of sge to 1 ppm. Numbers in parentheses are the number of survivors and their
t

data. ! & sem. Longevity is the mean of the las

ve survivors in each group. 2 Significance of difference between means of

controls and treated groups by Student's ¢ test; P < 0.025. 3 Differs from following group; P < 0.001.

81,02 490J00 8| UO JOSN puels| 8poyy JO ANSIBAIUN AQ 1/ €9/7/2G /IS0 A0BNSqE-9IE/Ul/Woo dNo"olWapeoE)/:SdY WOy POPECIUMOQ



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
eéects 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)

No. 50% 75% 90% Last Lon-
Group mice Mean deaﬁ deaﬁ dea& dead gevity!

days
Males
Control-8 54 480 422 609 705 1,012 939+44.25
Boron 54 560 548 661 827 941 879+20.6
Tungsten 54 570 594 656 726 810 797k 7.5%
Females
Control-8 5¢ 650 678 778 853 1,100 922+28.44
Boron 54 660 658 775 896 994 963 +37.92

Tungsten 54¢ 654 656 717 767 996 945+22.99

!t Mean age of last surviving 10% + sem. 2 Differs from
control female group; P < 0.001.

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 ¢ 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
l())lrlr)nouth are highly toxic in large doses

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, amf 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,® 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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