Table 2. Two series of measurements of cop-
per contents of ashed substrates.

Copper content, ash (ug/mg)

Sample
Series I Series 11
1 0.093 0.28
2 .073 .20
3 .088 .16
4 010 20
5 074 .19
6 30
x .086 22

copper holdings only in a rather pre-
carious manner, since the original
source of the metal (the leaf litter)
contains only about 25 percent of the
concentration required to merely com-
pensate the loss of copper by digestion.

Realization that the copper content of
a well-digested fecal substrate should
approach the steady-state of copper as-
similation enables one to determine
whether the assumption holds that as-
similation of fecal copper follows the
same rules as assimilation of leaf-litter
copper. This I did by analyzing the
copper content of substrates in culture
dishes in which large populations of P.
scaber had been fed for years entirely
on carrots and poplar-leaf litter; the
substrates consisted almost exclusively
of accumulated droppings. I made two
series of measurements from various
dishes and at different times of year
(Table 2).

The values of Table 2 represent cop-
per levels lying between the concentra-
tion in the feces originally produced by
P. scaber (after feeding on primary
vegetable matter) and some unknown
steady-state level. Since according to
Fig. 1 the feces produced by P. scaber,
after feeding on leaves containing cop-
per at about 0.24 g per milligram of
ash, would contain approximately 0.7
ug Cu per milligram of ash, the ex-
pected steady state could be as low as
or lower than 0.086 xg Cu per milligram
of ash, the lower of the mean values in
Table 2. But if one allows for individual
or seasonal differences, a steady-state
level of 0.15 pg is assumed to hold for
assimilation from fecal material.

Thus, by reverting to coprophagy, P.
scaber should be able to solve its prob-
lem of copper retrieval. A copper con-
tent in the new food of 0.015 percent—
well below that of the original source
of copper—would suffice to maintain
its body concentration of copper, where-
as under the conditions holding for di-
gestion of leaf litter, the animals would
have lost copper heavily at this con-
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centration. An explanation of this new
relation is afforded by the activity of
microorganisms, which most likely con-
vert so much of the copper bound to
proteins into less-tightly bound forms
that a larger percentage of total copper
can be assimilated by the isopods. Cop-
per in living material can exist in both
easily dissociable and tightly bound
states (7).

Figure 2 summarizes the new concept
of feeding activity by P. scaber. It is
assumed that a population of isopods
starts feeding on leaf litter, from which
copper can be extracted only if the
copper concentration is around 1 ug
per milligram of ash (Fig. 2: regression
line 7). Starting with poplar litter con-
taining 0.25 ug (Fig. 2: 1), the animals
would lose copper heavily and the first
batch of feces would contain ~ 0.7 ug
Cu per milligram of ash. After the onset
of microbial activity the isopods would
switch to coprophagy, for which the
steady-state level is assumed to be ~
0.15 pg Cu per milligram of ashy (Fig. 2:
regression line II). Thus the starting
value of feces copper (Fig. 2: 2) would
allow very high retention of this element
under the new conditions. Within three
more cyclings of the feces (Fig. 2: 3
to 5) the copper level in the fecal sub-
strate would approach the steady-state
level. By alternating between consump-
tion of primary vegetable matter and
coprophagy, P. scaber could fill its de-
mand for copper and perhaps for other
essential food components.

This interpretation has two corol-
laries: isopods probably consume less
primary vegetable matter and are more
implicated in secondary breakdown of
organic material than has been assumed.

WOLFGANG WIESER
Zoologisches Institut der Universitiit,
Wien 1, Austria
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Nitrogen- and Helium-Induced
Anoxia: Different Lethal Effects
on Rye Seeds

Abstract. Prolonged exposures to
acute anoxia caused progressive reduc-
tions in the viability of hydrated seeds
of Prolific rye. For equal exposures of
9 days or longer, mortality was signifi-
cantly higher in helium than- in nitro-
gen. The findings suggest that pro-
longed use of helium as a component
of atmospheres in manned space cap-
sules may be harmful.

Atmospheres within manned space
capsules launched by the United States
have so far consisted of 100-percent
oxygen at 0.34 atm. There is general
agreement among space scientists that
atmospheres consisting of gas mixtures
are desirable, possibly essential, for pro-
longed missions in space. Difference of
opinion exists regarding choice of a
second gas—should helium replace ni-
trogen. Saving in weight, higher ther-
mal conductivity, and reduced proba-
bility of embolism have been cited as
advantages of helium. The opposite
view is that biologic effects of helium
are insufficiently understood and that
its unknown physiological hazards
may exceed its putative advantages
7).

Despite their chemically unreactive
nature, noble gases can produce various
responses in biologic systems (2). Al-
though their mechanisms of action are
unknown, their effects must reflect their
physical properties. Magnitudes of re-
sponse can be correlated with their
molecular weights whether they are
used to dilute oxygen (3) or as pure
anoxic environments (4). Unfortunately,
current knowledge of the biologic ef-
fects of rare gases cannot resolve the
arguments concerning the relative mer-
its of nitrogen and helium as compo-
nents of gas mixtures.

Recent findings regarding effects of
these gases on germinating seeds seem
especially pertinent. Seeds of Prolific
spring rye were hydrated anaerobically
and held in anoxia for up to 15 days.
Dry, resting seeds (50 per dish) were
placed in petri dishes lined with moist
filter paper. Samples, 100 to 200 seeds
per treatment, were promptly sealed in
helium-tight chambers of welded Lucite
which were quickly evacuated to —76
cm-Hg and then filled and flushed for
several minutes with nitrogen or helium.
The chambers were thereafter kept in
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Fig. 1. Survival curves for seeds of Pro-
lific rye subjected to prolonged anoxia.
Points indicate size of surviving fractions
after 7-day recovery in air after treatment.

the dark at 22°C under slight positive
pressure (less than 0.07 atm).

In two of the tests for stress toler-
ance all treatments began on the same
day. All chambers were checked for
oxygen, reevacuated, and filled and
flushed at 1- to 3-day intervals, and
seeds from chambers showing evidence
of oxygen leakage were discarded.
Periodically one chamber from each
series was opened, and its content of
seeds were allowed to recover in air.
In a third experiment, paired nitrogen
and helium treatments were initiated at
3-day intervals and all treatments were
terminated simultaneously. After re-
moval from anoxia most of the sample
seeds were planted in soil; a few were
kept in petri dishes under light : dark-
ness regimes of 14 : 10 hours for obser-
vation of post-treatment morphogenesis.
The size of surviving fractions, the
principal criterion of response to pro-
longed anoxia, was evidently unaffected
by the variations in treatment proced-
ures or in post-treatment handling. Ac-
tive growth of shoots and roots was
required to show evidence of seed via-
bility.

Seeds hydrated and held under con-
ditions of acute anaerobic stress under-
went progressive reduction in viability.
The magnitude of response was related
principally to (i) the duration of ex-
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posure to anoxia and (ii) the gas used
to induce anaerobiosis. Helium pro-
duced significantly greater reductions
in viability than did nitrogen in samples
held in anoxia for equal periods of
9 days or longer. Survival curves
were characteristically biphasic, show-
ing comparable rates of decline for the
two series during both the initial inter-
val of gradual decrease and the subse-
quent phase of rapid loss (Fig. 1). The
main difference between the two series
of treatments was in the time lapse be-
fore the apparent threshold of lethality
was reached: 5 to 7 days in helium and
7 to 9 days in nitrogen. As a result of
the earlier inception of rapid decline,
seeds subjected to acute anoxia reached
their LDj, level (50-percent mortality)
about 2.5 days earlier in helium than
in nitrogen.

Nitrogen and helium had no discern-
ibly different” effects on other aspects
of seed physiology. Anaerobic germina-
tion and morphological development
were relatively constant regardless of
atmosphere. Post-treatment growth of
survivors of prolonged anoxia was
markedly less than that of air-grown
controls. However, despite the lower
incidence of survivors among seeds ex-
posed to helium, their rates of post-
treatment growth were comparable to
those of their counterparts from nitro-
gen.

Since the mechanism by which chem-
ically inert gases produce their effects
on biologic systems is unknown, it is
not certain whether the deleterious
effects of helium, beyond those of ni-
trogen, result from an acceleration of
events conditioned by anoxia per se or
from some special property of the
helium atom. However, the striking dif-
ference between helium and nitrogen in
the magnitude of their effects clearly
suggests that the physiologic hazards of
atmospheres containing relatively large
admixtures of helium may outweigh
any technological advantages in its use
in manned space vehicles.

These effects of pure helium on seeds
may or may not provide a valid basis
for prediction of its effects on other
biologic systems, either alone or mixed
with other gases. There are indications,
however, that helium-oxygen mixtures
also can be highly deleterious: Weiss et
al. (5) found that viability of chick
embryos incubated in 21 percent oxy-
gen plus 79 percent helium was re-
duced by 50 percent. Biologic systems
vary in response to helium anoxia (6),

but seeds are probably more tolerant

of anaerobic stress than the mammalian
systems of critical interest to space sci-
entists. Tests on appropriate mammalian
systems are needed to fully assess the
advisability of using helium as a com-
ponent of life-support systems.

R. L. LATTERELL
Union Carbide Research Institute,
Tarrytown, New York

References and Notes

1. Bioastronaut. Rept. 4, 153 (1965).

2. A. P. Rinfret and G. F. Doebbler, in Argon,
Helium, and the Rare Gases, G. A. Cook, Ed.
(Interscience, New York, 1961), vol. 2, p. 727.

3. H. R. Schreiner, R. C. Gregoire, J. A. Lawrie,
Science 136, 653 (1962).

4. R. L. Latterell and S.
Botany 52, 622 (1965).

5. H. A. Weiss, R. A. Wright,
Aerospace Med. 36, 201 (1965).

6. R. L. Latterell, in preparation.

7. Supported by NASA contract NASw-767.

15 April 1966

M. Siegel, Amer. .

E. P. Hiatt,

Montmorillonite: Effect of pH on Its
Adsorption of a Soil Humic
Compound

Abstract. The d,,, spacing of sodium
montmorillonite increased from 9.87 to
17.50 angstroms after interaction of the
compound with fulvic acid at pH 2.5.
The magnitude of the spacing decreased
with increase in pH between 2.5 and
6.0. At pH 2.5 40 milligrams of Na-
montmorillonite adsorbed 31 mg of
fulvic acid; at pH 6.0, only 15.8 mg.

In many soils much of the organic
matter occurs as clay—organic matter
complexes (1) that significantly influ-
ence the physical, chemical, and bio-
logic properties of the soils. While the
literature of the last 25 years (/) is
rich regarding interactions between
clays and known organic compounds,
much remains to be learned of reac-
tions leading to formation of natural
clay—organic matter complexes. We
now report results of an investigation
by x-ray and chemical methods of re-
actions between a preparation of puri-
fied organic matter extracted from soil
and montmorillonite.

Methods of extracting, purifying,
and drying the organic matter have
been described (2). The extracted and
purified matter (ash content, <2 per-
cent) was soluble in both dilute base
and acid, so that, according to the defi-
nition accepted in soil science, it was
fulvic acid; it was completely water
soluble. Ultimate analysis, on a mois-
ture- and ash-free basis, gave: C, 50.92
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