known to predict, with assurance, the
metabolic fate of such complex com-
pounds in biological systems. We may
suppose, however, if bottom-dwelling or-
ganisms feeding on these complexes in
the sea water are responsible for deposi-
tion of manganese and iron hydroxide
along with appreciable quantities of nu-
merous other trace elements, that these
organisms are able to metabolize the or-
ganic part of the complex molecule and
reject the inorganic part. It can be imag-
ined that by this process a concentration
of inorganic ions is built up within or in
the neighborhood of the living organisms.
The ions, freed of their organic complex-
ing agent which protected them from
hydrolysis, then precipitate as hydroxides
in the sea water. The metabolic processes
of the organisms might not be able to
compete successfully with all reactions
involved in forming especially stable
complexes, but it would seem from the
variety of trace elements present in these
deposits that complexes of appropriate
stability are common.

From this hypothesis, a number of in-
ferences can be drawn.

1) If manganese-rich deposits are
being formed today by living biological
agents, it should be possible to detect
metabolic activity in fresh samples. A
generation time of about 2 weeks is sug-
gested by calculations based on the fol-
lowing assumptions: rate of deposition,
1 mm/1000 years; organism 1 p thick
having the same composition as Escher-
ichia coli; 2 moles of amino acid used
per mole of manganese deposited. Faster
deposition, as advocated by Goldberg
and Arrhenius (2), would reduce the
generation time proportionally.

2) If temperature has no limiting ef-
fect on quality or quantity of nutrients,
then, as in any other biological system,
there should be an optimum growth tem-
perature.

3) If the rate of growth is solely a
function of the rate at which nutrients
are supplied by the moving bottom cur-
rents, then it should be possible to recog-
nize differences in abundances in areas
swept by currents and in areas where the
currents are known to be minimal. On a
small scale, this effect might be detected
by detailed examination of the geometry
of individual samples.

4) If the various organic complexes
that provide material for trace-clement
deposition have a sharp inverse depen-
dence of their stability on temperature,
then, in general, the detailed composi-
tion of the deposits should become sim-
pler with increased temperature of for-
mation.

5) Elements that do not form organic
complexes or that already are strongly
complexed inorganically will be missing
from the deposits.

6) If it is correct that complex mole-
cules are required for trace-element de-
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position on the sea floor, then their im-
portance in other chemical and biological
processes in the sea is to be expected.

This hypothesis affords plausible ex-
planations for a number of well-estab-
lished facts about the manganese-rich
deposits of the sea floor. (i) A mecha-
nism is provided for effecting vast con-
centration of a wide variety of trace ele-
ments from sea water. Fluctuations in
composition reflect changes in the nu-
trients. (ii) The concentrated product
is poorly organized crystallographically,
partly because of the variety of elements
in it, but more particularly because of
the manner of disperse formation on a
minute size-scale basis. (iii) From an
analysis of the Challenger Expedition re-
port (6) it is seen that the probability of
finding manganese-rich deposits is high
(.45) in water between 34° and 38°F
and low (.076) in water that is now
warmer than 38°F; no manganese nod-
ules can be identified in the hundreds of
photographs (7) of the Mediterranean
and Red Sea floors where the tempera-
tures are about 56° and 72°F, respec-
tively. Such findings are consistent with
the needs of an organism living on a
starvation diet. Deposits of this type are
thus naturally associated with an ice age.
(The deposits on the Blake Plateau
where the bottom temperature is now
45°F may no longer be increasing.) (iv)
The presence of extensive adherent coat-
ings of manganese-rich deposits on basic
igneous rocks and their scarcity on lime,
and, in nodules, the common nuclei of
sharks’ teeth, earbones of whales, frag-
ments of previous nodules, and so forth,
merely reflect the needs of the organ-
isms for certain types of materials on
which to attach (8, 9).

Note added in proof: In Nature (in
press), J. W. Graham and S. C. Cooper
give additional evidence bearing on the
hypothesis of this report.

Joun W. Gramam
Woods Hole Oceanographic Institution,
Woods Hole, Massachusetts
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Spiral Capillary Plastic
Scintillation Flow Counter
for Beta Assay

Abstract. Tracer counting of beta emit-
ters in aqueous solution was performed
with a detector fabricated from a plastic
scintillator capillary. The detector exhibits
low gamma background and reproducible
detection efficiency, and it requires mini-
mum sample preparation. Counting effi-
ciencies were determined for aqueous so-
lutions of P*, Na* and C* and for C*O.
gas.

Efforts to achieve rapid and reproduc-
ible methods of sample preparation for
measurement of low-energy alpha and
beta emitters in gaseous form or in solu-
tion are often fraught with difficulties.
For scintillation counting it is usually
necessary to have the sample in a form
soluble in, or miscible with, a liquid scin-
tillator solution. Obtaining such samples
presents problems of solubility and
quenching action which are frequently
difficult to circumvent. The suitability
of various solvent systems has been in-
vestigated by Hayes (7), while Kallmann
has suggested the use of naphthalene to
reduce -quenching (2). Furthermore,
liquid scintillators which will accommo-
date small percentages of aqueous solu-
tion have been developed (3). Davidson
(4) has recently reviewed the practical
aspects of internal liquid scintillation
counting. For very low C#* activities the
synthesis of organic samples to give suit-
able solvents or diluents has been re-
ported (5). The counting of suspensions
of insoluble active samples in liquid scin-
tillators (6) and scintillating gels (7)
avoids many of the problems inherent in
internal liquid scintillation counting but
is not generally applicable to aqueous
solutions. Schram (8) has recently
counted aqueous solutions on plastic scin-
tillator sheets.

Nevertheless, most of these methods
require additional sample preparation
and standardization of the scintillator
solution with respect to efficiency (I).
Significant and often variable amounts
of quenching are encountered in the use
of different samples or special solvent
mixtures (4, 9).

In the work discussed in this report we
investigated the use of a plastic scintil-
lator capillary for direct counting of
aqueous solutions containing weak beta
emitters such as C'4. By a suitable choice
of geometry, a wall thickness sufficient
to interact with most of the beta energy
can be employed, with a bore di-
ameter which will not give serious self-
absorption at low beta energies. Increas-
ing the wall thickness limits the length,
and hence the volume, of the capillary
but increases the height of the pulse
from high-energy emitters. Decreasing
the bore of the capillary decreases self-
absorption but reduces the volume and
hence the total counting rate.
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Fig. 1. Linear dependence of counting rate on activity of three beta emitters in-a spiral

scintillation flow counter.

Several spiral scintillation flow counter
assemblies were furnished to us by Nu-
clear Enterprises. The final unit, repre-
senting a good compromise with respect
to the factors noted above, consisted of
a length (approximately 1 m) of plastic
scintillator capillary wound into a tight
spiral 134 in. in outside diameter. The
capillary was 1.5 mm in outside diameter
and 0.6 mm in inside diameter and had
a volume of 0.269 cm3. The capillary
was encapsulated in Silicone fluid (Dow
Corning 200, 60,000 centistokes) and
was fitted with a white plastic reflector.

A scintillation counting assembly em-
ploying a Dumont 6292 photomultiplier
and conventional electronic circuits, with-
out phototube refrigeration or anticoin-
cidence circuitry, was used in our tests.
A linear amplifier and an integral dis-
criminator, set at the lowest level com-
mensurate with tolerable photomultiplier
noise, were employed.

Measurements were made on solutions
of CQ,4~-, P320,~--, and Na?2; the
corresponding maximum particle ener-
gies were 0.155, 1.702, and 0.54 Mev,
respectively. The results of experiments
with these systems are shown in Fig. 1.
The desired linearity between counting
rate and activity was obtained for each
of these isotopes. Counting efficiencies of
76.4 percent for P32, 51.4 percent for
Na??, and 5.7 percent for C** were ob-
tained. The stated specific activities (cor-
rected for decay) were checked by in-
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ternal liquid scintillation counting. The
background counting rates, without lead
shielding, were 68, 78, and 222 count/
min for Na??, P32, and G4, respectively.
In order to determine the limits of
detection, some measurements were
taken with the detector surrounded
by a 2-in. lead shield. A background
count for Na22 of 12 count/min was ob-
tained. On the assumption that a detec-
tion limit determined by true sample
count is equal to background, this indi-
cates a limit of 10 puc. Some measure-
ments were also made with C**O, gas,
for which a detection efficiency of 58.3
percent was obtained.

The spiral capillary was rinsed with
water after each measurement and
checked for residual activity. Only the
phosphate solutions showed some resid-
ual counts, due to absorption on the
walls. It was found that the residual
activity could be removed by rinsing
with a Versene chelate solution.

The measurements were made to in-
vestigate the applicability of this detec-
tor to rapid, routine assays with stand-
ard equipment, and to. compare its per-
formance with that of other methods of
scintillation counting. Certain features of
this technique are noteworthy: (i) inor-
ganic solutions or biological fluids can be
counted without further sample prepara-
tion; (ii) the detector’s efficiency is con-
stant, is not influenced by quenching ef-
fects due to impurities or differences in

P

counter filling compositions, and is not
time-dependent; (iii) the gamma back-
ground is low, due to the small detec-
tion volume, and discrimination against
background is possible; (iv) 4-r detec-
tion geometry is employed; (v) colored
solutions can be used, since light is col-
lected from the outside walls of the
capillary; (vi) in flow experiments the
counting rate is independent of the rate
of flow.

Although internal liquid scintillation
counting appears to be indicated where
larger volumes of sample are required
in order to obtain a sufficiently high
counting rate, in over-all performance
the detector is comparable to most scin-
tillation and gas counters. Some further
improvement in detection efficiency is
no doubt feasible through elaboration of
electronic techniques, and indeed this
will be essential if counting of tritium in
solution is to be attempted. It is never-
theless clear that this simple assembly
has good potentialities for tracer assays
with solutions or gases of the majority
of beta-emitting isotopes. The speed
with which measurements may be ob-
tained with this spiral counter and the
reproducibility of measurements so ob-
tained suggest that this detector may
prove useful in a variety of studies, par-
ticularly in the biological and chemical
fields, where it may seem undesirable to
use more elegant and elaborate detec-
tion methods for the assay of large num-
bers of samples (10).

B. L. FunT
A. HETHERINGTON
Chemistry Department,
University of Manitoba, Winnipeg
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