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ABSTRACT

. The specific activity of Silicon-32 is measured is near-coastal sea-
waters using an in sifu method for the extraction of dissolved silica.
The results are discussed in relation to the input of Si®? at the surface
via rains, the expected variationin its concentrations due to continental
run-off and influx of open ocean surface waters. The experimental
results clearly demonstrate the usefulness of Si®2 as a tracer for the study

" of the vertical structure of the ocean in the upper layers, and of seasonal
variations in the types of waters entering in the coastal regions.

1. INTRODUCTION

It has been discussed earlier that Si®*? (a beta-emitter with a half-life of about
500 years) which is continuously produced by cosmic rays in the atmo-
sphere and introduced into the marine environments via rains should form
an excellent tracer for studying the nature of large-scale circulation in the
oceans.> 2 However, it becomes necessary to process sea-water samples
of the order of 10-50 tons to measure the Si3? activity, despite the fact that
one can measure its activity at extremely low levels by milking and count-
ing 1its daughter nucleide, P32 Because of this rather large sampfe require-
ment for an analysis, most of the measurements of Si%? in the literature
refer to the analysis of siliceous sponges,® 4 which form a natural agency
for concentrating silicon from sea-water. This approach, though very con-
venient, does not allow studies of wide scale oceanic phenomena since
sponges usually grow at shallow depths.

Recently a nylon reinforced rubber-bag water sampler was designed
by Schink® which permits one to bring on board the ship samples of 50-100
tons of sea-water. Using this sampler Schink measured the Si32 concen-
trations of a few samples from the Pacific Ocean. However, this technique
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involves elaborate ship-board operations and is rather inconvenient for
routine measurements.

In this paper, we discuss the experiments carried out in which dissolved
silicon was extracted from sea-water using an in situ extraction method deve-
loped by Lal ef ¢/.® in which the sea-water is allowed to flow freely through
ferric-hydroxide suspended in a matrix form on natural spongin fibres. The
results of Si®?/Si%8 ratios in several near-coastal water samples are presented.

2. EXPERIMENTAL PROCEDURES

Natural sponges were obtained in bulk from the sponge fishing com-
panies -of Greece and Florida. Initial cleansing of the sponges and the
preparation of the ferric-hydroxide matrix were done essentially according
to the procedures discussed by Lal ef al.®

In the case of the experiments carried out off the coasts of Bombay and
Mandapam, we used ordinary perforated steel samplers containing about
2-3 kg. of spongin matrix; these samplers were towed through surface sea-
waters by small motor launches (Naval ship I.N.S. Khukri in the case of
sample B 3) at a speed of about 3 knots for a period of 8-10 hours.

In the case of the surface sample from 100 miles off the San Diego
coast, SD;, we placed the sponge matrix in a perforated stainless steel
sampler which was left attached to a buoy for a period of 10 hours. Because
of the movement of the buoy, water flows continuously through the sam-
plers. The amount of silica picked up was about half of the saturation
capacity of the matrix in as much as surface waters which usually have
extremely low concentration of silica. This experiment was carried out
during one of the cruises of the oceanographic vessel R/V Agassiz.

At all the sampling sites, sea-water samples of 1 litre volume were
collected in poly-bottles for the determination of stable silicon.”

The silicon picked up by the matrix was extracted by treating it with
hydrochloric acid followed by a dehydration step.® The purification of
crude silica and milking of P32 was carried out according to the procedure
described by Kharkar ef a8 Reference is made here of a monograph on
radiochemistry of silicon by Schink.® The overall chemical efficiencies for
milking P32 were usually around 80 per cent.

Most of the samples were counted with 27r—gasQﬁow type Geiger coun-
ters'®; the counting efficiency for P3? beta-radiation was ca. 30 per cent and
the background was 2-3+5 counts per hour (c.p.h.). Some of the samples
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were counted on a 4= beta counter?; counting efficiency—68 per cent ; back-
ground—5 c.p.h.

3. RESULTS

The pick-up of SiO, from sea-water varied between 0-1 and 0-5 per-
cent of the matrix on a dry weight basis depending on the silica concen-
tration of the sea-water; the amount of ferric-hydroxide deposited in the
sponge matrix was about 15 percent by weight. As seen from Table 1,
the amount of silicon extracted corresponds to about 20-400 tons of watcr.
The observed P32 activities in individual samples varied between 2-6 c.p.h.
Despite the low activities observed the measurements arc considered to
be reliable because the net activities are based on the observed decay of
P32 activity of short half-life (14 days) (see Figs. 1 and 2). Based on a least
square analysis, the net activities (above background and any contamination
present; Figs. 1 and 2) have been deduced in each case and the results are
given in Table II, bothin terms of Si*? dpm (disintegrations per minuate)
per kilogram of SiO, (i.e., specific activity of Si*?) and dpm per ton of sea-
water (absolute concentration).

In order to check on the results, all samples were remilked; these
results are also given Table II. As a further check, the three Bombay
samples B1, B2, B3 were combined: the net observed activity of P33, 5-3-4-
0-6 c.p.h. corresponds to an average value of 11 4+ 2 dpm/kg. SiO,. Later,
this combined silica was mixed with all the other samples and the specific
activity of the total sample was found to be 12-3 -~ 2-] dpm/kg. SiO..
Considering the data in Table II on the specific activities in individual sam-
ples, we find that these results are in excellent agreement giving credence
to the values measured.

4. DISCUSSION OF RESULTS

From an analysis of the data in Tables I, II, though limited, the follow-
ing features are clear:

1. The surface sea-waters have both higher and lower Sid specific
activities, compared to the values obtained for the siliceous sponges collec-
ted from the same region (Table II). Several siliceous sponges collected
from around the same region essentially gave identical specific activities
implying that the siliceous sponges give a mean specific activity of Si%2
averaged over their lifetimes which may be of the order of decades,
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TABLE 1
Relevant details on samples studied for Si32 .activity
Nature Date Stable Si \VEight Equivalenl
Code of - Location Depth of concentration of tons
No. the (Lat., Long.) (meters) collection in water 510, of
sample (mg. Si0, /liter) extracted water
(gm.)
B Sea-water Bombay Surface 30th November 0-79 . .
* (19°N, 1963 19-0 24-0
"74°E) .
B, " ' ' 2nd April 1964 0-46 15.0 32.0
By . ve " 27th May 1964 0-13 8.3 64:0
TF 52 | Siliceous " 0-10 June 1964 . 28 ..
sponge .
My Sea-water Gulf of Mannar, | Surface 3rd January 0-40 140 400
Mandapam 1963
(9° 10" N,
79° 09’ E) loth D
M, - ’ ” ”» th December 0-35 .
2 1963 10 290
M ve v s Ist February to 0-45 . .
? ’ 6th June 1964 13-1 29:0
TF 1| Siliceous ” 0-10 April 1962 . 95" .
spenge :
TF 11| Plankton 5 Surface "
(net 0-4 5.9 15-0
collec-
tion)
SD, Sea-water | San Diego, Surface 10th November 0-03 5.3 110-0
California 1966 :
(82° 57’ N,
127° 05" W)
S, Siliceous » 300 » . 45-0 .
sponge
~ O
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w e
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geo .
b =
% 30 BACKGROUND &
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F1G. 2. Observed decay plots of P®* activities milked from Mandapam samples M, and M,.
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TasrLe 1

Si®2 concentrations and Si®2|Si*® rqtios in near coastal waters

Si%2-concentration

* Net activity*

of ps2 Absolute
Sample code No. (counts Specific concentration Reference
per hour) activity dpm/103
(dpm/kg. Si0,) tons of
water
BOMBAY :
B, (a) 1-4--0-3 11-64- 1-9 9-24-1-5 This work
() 5-:24-0-5 '
B, (@) 2-640-5 11-54 2-2 5:341-0 do.
W (b)1-8+0-4
}f‘gg‘ ,
B, (@) 2-5-4-0-5 41-64- 6-9 55410 do.
(b) 3-24+0-4
TF 52 (Sponge) 6-7-+0-5 19-34-1-5 do.
MANDAPAM :
M, (a) 3-2-:0-6 3-14 0-4 1-3--0-2 6
(b)3-640-6 _
M, (@)2-9+0-4  20:7+ 4-4 6-94+1-5 This work
(b) 1-9:{:0j6
M, (a) 2-24+0-5 13:8-- 3-4 6:1+1-5 do.
() 1-740-5
TF 1 (Sponge) (a) 7-841:1 7-8+ 2-0 3
%) 9-241-8
TF 11 (Plankton) 2:-140-8 43-54+16-0 17-446-4 3
SAN DIEGO: )
SD; (@) 4-6+0-7 78 11 2-540-4 This work
() 2-340-6
S; (Sponge) (@)7-44+0-7  12-74+ 3-2 do.
(b)3-940-6

¥ (@ and (b) refer to the two results based on separate milkings of P,

2. The absoiute concentration of Si®? in surface sea-waters in general
is two to three orders of magnitude lower than that of rain-water (Table I1I).
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TanLe IIT

Approximate range of concentrations of Silicon-32 in natural waters

Type of Si*¥*dpm/  Si*®*dpm/ Reference
Natural water 10001. kg. SiQ,

Rain .. 01 -1-0 ¥ 8
River .. 0-1 5-10 12
Sea-water :

(i) Surface .. 0:001-0-01 3-80  This worky

(ii) Mixed layer .. . 4-84 4

(0-500 m)

* The concentration of stable silicon in rain-water is extremely low and hence the specific
activity of Si®® in rains can be very high.

1 The only other measurement is due to Schrink® who measured surface waters off Hawaii;
12 + 4 dpm/1,000 tons corresponding to specific activity of 99 + 32dpm/kg. SiO,.

The specific activity of Si®% in surface sea-waters and river-waters is
of the same order (Table III). This, however, is fortuitous since the physical
processes operative, as well as the stable silica concentrations are very
different in the two cases.

3. High values of Si*? specific activity are observed in the case of
two samples collected 100 miles off the coast (B; and SD,), and for the
plankton sample, TF 11. These observations can be understood in terms
of direct input of Si*2 vig rains in surface waters (which have low stable
silicon concentrations; Tables I and II) and slow mixing.

4. During the south-west monsoon (May-October), open ocean-waters
enter the Gulf of Mannar and the Palk Bay and a goodly 90 cm. of rainfall
occurs'® in these areas during the subsequent two months period (Nov.—
December). Both high absolute concentration and specific activity of Sis2
are observed in the samples collected during this period (samples M, -and
M;, see Table I), quite consistent with expectations.

5. Though the number of measurements are few it seems worth noting
that the lowest Si*? absolute concentration as well as specific activity ob-
served is in the case of the Mandapam sample M; (Table II). This sample
was collected during a period when it is known from the oceanographic
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observations that there is considerable influx of river-waters to the Gulf of
Mannar, Mandapam and Palk Bay areas, resulting in low salinity)® This
phenomenon bears relation to the north-cast monsoon. River-waters have
high concentrations of silica and consequently specific activity of Si®* is
low (Table III). Further dissolved silicon in river is quickly precipitated
after mixing with sea-water,” and therefore this may be the reason
for the low concentration and specific activity for sample M;.

The above observations highlight the large seasonal variations that
exist in coastal waters and it would be of intercst to see the magnitude of
such variations in the open-ocean waters.

It has been discussed that in view of the biological removal of silicon
from the surface waters which removes both Si%® and Si®%, it is instructive
to consider the specific activities rather than the absolute concentratjons.
Further, considering typical mixing times in the oceans, one expects the speci-
fic activities in the surface layer be about a factor of two higher than the
deep waters, based on a two-box model calculation.? This factor remains
essentially unchanged even if more complex models' are considered which
involve several zones of slow mixing in the upper layers, as long as both
the biological removal and vertical mixing occur at a constant rate. The
data in Table 1I, however, do not support such model calculations; varia-
tions in the specific activity of Si*2 seem to occur over factors of 25 imply-
ing seasonal character of both Si®% input via rains and biological removal
of silica from surface layers.

ACKNOWLEDGEMENTS

I am deeply indebted to Prof. D. Lal for his help and encouragement
throughout this work and in the -preparation of this paper. I thank
Profs. E. D. Goldberg and Rama for fruitful discussions and Dr. D. P.
Kharkar and Mr. V. N. Nijampurkar for help in collecting some of the
Bombay samples. I also thank the Indian Navy, staff of the Central
Marine Fisheries Research Institute, Mandapam, Bhabha Atomic
Research Centre and the Captain and crew of R/V Agassiz of the
Scripps Institution for providing excellent facilities for the sponge tows.

The San Diego sampling programme was supported by the Beckman
Instruments, Inc. and is gratefully acknowledged.

REFERENCES

1. Lal,D. .. J. Oceanog. Soc. Japan, 1962, 20, 600.

2, .. International Oceanog. Congress, Moscow, 1966.




.

346 B. L. K. SOMAYAJULU ' '

3. Kharkar, D. P, Lal, D. Proe, of Synwp. on Radioactive Dating, 1963, p. 175.
and Somayajulu, B. L. K.

g e

4, ——, ——, Nijampurkar, Inter. Oceanographic Congress, Moscow, 1966.
V. N., Goldberg, E. D.
and Koide, M.

5. Schink, D. R. .. PhL.D. Thesis, 1962, UCSD, p. 178.

Lal, D., Arnold, J. R. and  Geochim. Cosmochim. Acta, 1964, 28, 1111. i
Somayajulu, B. L. K. ;

7. Strickiand, J. D. H. and Bull. Fish. Res. Bd. Can., 1960, 125, 55.
Parsons, T. R.

g

e 2 5

8. Kharkar, D. P., Nijam- Geochim. Cosmochim. Acta, 1966, 60, 621.
purkar, V. N. and Lal, D.
9. Schink, D.R. .. NAS-NS Monograph, 1968, 3049 (Rev.), 74.
10. Lal, D. and Schink, D. R.  Revs. of Sci. Instrum., 1960, 31, 395.
11. —— and Somayajulu, In preparation, 1969.
B. L. K.

12. Nijampurkar, V. N, Amin, Nature, 1966, 210, 478.
B. S., Kharkar, D. P. and
Lal, D.

13. Jayaraman, R. .. Indian J. Fish., 1954, 1, 345.

14. Bien, G. S., Contois, D. E.  Geochim. Cosmochim. Acta, 1958, 14, 35.
and Thomas, W. H. :

15. The Office of the Meteoro- Personal communication.
logical Depariment,
Bombay-5

16. Lal, D. and Somayajulu, In preparation, 1969.
B.L. K.

1186-69. Printed at The Bangalore Press, Bangalore City, by M. S. Narayana Murthy, Secretars,

Published by B. S. Venkatachar, Editor, “Proceedings of the Indian
Academy of Sciences,” Bangalore



Supplement to the

“Proceedings of the Indian Academy of Sciences”

INDEX TO VOL. LXIX (A)

Banerjee, D. K., Sugavanam,

B. and Nadamunj, G.

Bhagavantam, S. and
Radhakrishna, S.

Bhat, P. K.

Chandra, G. .

Chaudhari, K. N., Ganguli,
S. N, Rao, N. K.,

Swami, M. S., Gurtu, A.
and Singh, M. B.

Desai, B. N.

Ganguli, S. N.

Gurtu, A.

Indira Chary, C. A. and
Venkata Ramiah, K.

Jagannadham, A. V. and
Venkateswarlu, Putcha

Jijee, K. and Santappa, M...

Joshi, D. G.

Kamal, A. A., Rao, Y. V.

and Rao, Rukmini
Kapur, J. N.

AUTHORS’ INDEX

Synthetic investigation on testosterone and its
analogues, II, 229.

Piezoelectric relaxation in crystals containing point
~ defects, 182.

Magnetohydrodynamic flow between two mnon-
conducting co-axial cylinders induced by de-
forming the walls of the container, 265.

See Lagu and others.

The ratio of non-mesic to =—-mesic decay of light
hyperfragments, 78.

Air-mass dynamics or subsidence processes in
the Arabian Sea monsoon, I.

See Chaudhari and others.
See Chaudhari and others.

Infrared and Raman spectra and normal vibra-
tions of N, N-dimethylthioformamide and N,
N-dimethylthioacetamide, 18.

Electron paramagnetic resonance of Mn* in
NaF single crystals, 67.

Electron paramagnetic resonance studies of VO?*
in single crystals of NaCl, KCl and RbC],
307.

Oxidation studies, VII, 117.
A solution of an integral equation, 36.

Coherent production of pions in high energy =
interactions, 218.

Some properties of entropy of order a and type B,
201.

347



Krishnamurthy, K. S.

Krishnamurti, D. and
Krishnamurthy, K. S.

Kulkarni, V. G.

Lagu, R. ‘G., Kulkarni,
V. G., Thosar, B. V. and
Chandra, G.

Mande, Chintamani and
Nigavekar, A. S.

Merchant, J. R. and Patell,
J. R.

Nadamuni, G.

Nagana Goud, A. and
Rajagopal, S.

Nair, K. N.
Natarajan, L. V.
Nigavekar, A. S.

Padma, S. and Santappa, M.

Pant, D. D.

Pantulu, P. V. and
Sudarshan, E.

Patell, J. R.
Radhakrishna, S.
Rajagopal, S.
Raman, C. V.

Rao, K. S. R. Krishna
Mohan

Rao, N. K.

Rao, N. V. Subba
Rao, Rukmini
Rao, Y. V.
Rastogi, R. G.

Santappa, M.

See Krishnamurti and Xrishnamurthy.

Infrared absorption spectra of ethyl, n-propyl
and n-butyl stearates, 189. -

See Lagu and others.

Formation and quenching of ortho-positronium
in molecular materials, 48.

X-ray spectroscopic study of chemical bonding
in NiSe and NiSe,, 316.

Reaction of nitriles, 1V, 94.

See Banerjee and others.

Furano compounds, XIII, 129.

See Sarabhai and Nair.

See Santappa and Natarajan.
See Mande and Nigavekar.
Oxidation studies, VI, 7.
See Sanwal and Pant.

Magnetic symmetry and Onsager relations, 279..

See Merchant and Patell.
See Bhagavantam and Radhakrishna.
See Nagana Goud and Rajagopal.

Floral colours and their origins, 169.

See Subhadra Kumari and others.

See Chaudhari and others.
See Subhadra Kumari and others.
See Kamal and others.

See Kamal and others.

Lunar tidal variations in f,F, in the American

%gge during periods of low solar activity, III,

See Padma and Santappa.
See Jijee and Santappa.



i

Santappa, M. and
Natarajan, L. V.

Sanwal, D. N, and Pant,
D. D.

Sarabhai, V. and
Nair, K. N.

Shah, G. M.

Shanmuganathan, Sp. and
Vanajakshi, N.

Singh, M. B.
Somayajulu, B. L. K.

Subhadra Kumari, S.,
Rao, K. S. R. Krishna
Mohan and Rao, N. V.
Subba

Sudarshan, E.
Sudarshan, E. C. G.

Sugavanam, B.

Sundaram, S. and

Venkatasubramanian, N.

Swami, M. S.
Thosar, B. V.
Tuli, S. K.

Vanajakshi, N.
Venkata Ramiah, K.
Venkatasubramanian, N.

Venkateswarlu, Putcha

349

Vinyl polymerization, VIII, 284.
Electronic transitions of uranyl ion, 324.
Geomagnetic plasma probe for solar wind, 291.

Study of aerosols in the atmosphere by twilight
scattering, 103.

The ionization constants of some p-alkylthio-
and p-alkylsulphonyl-anilines, 212.

See Chaudhari and others.

Cosmic Ray produced silicon-32 in near-coastal
waters, 338.

Sezénéch for physiologically active compounds, XV,

See Pantulu and Sudarshan.

A new formulation of relativistic quantum field
theory, 133.

See Banerjee and others.

The chromic acid oxidation of hydroxy acids—
Catalysis by manganous ions, 162.

See Chaudhari and others.
See Lagu and others.

A note onww scattering in the reaction=p—
7N, 42.

See Shanmuganathan and Vanajakshi.
See Indira Chary and Venkata Ramiah.
See Sundaram and Venkatasubramanian,

See Jagannadham and Venkateswarlu.

———— T




TITLE INDEX

Acrosols in the atmosphere, study of, by twilipht seattering (Shahi, 103,
Air-mass dynamics or subsidence processes in the Arabian Sea mansoon (Desad, 1.

Chromic actd oxidation of hydroxy acids — catalysis by manzanous tons (Sundaram
and  Venkatasubramanian), 102,

Crystals containing point defects,  piesoele. trie relaxaton m (Bhagasantium ond
Radhakrishna), 182,

Entropy ol order « and type jJ, some propertics of (Kapury, 201,

Ethyl, a-propyl and n-bulyl stearates, infrared absorption spectra of (Krishm-
murti and Krishnamurthy), 189,

Floral colours and their origins (Raman), 169,

Furano compounds, XII (Nagana Goud and Rajagopal), 129,
Geomagnetic plasma probe {or solar wind (Sarabhai and Nar), 291,
Integral cquation, a solutien of (Joshi), 36.

Light hyperfragments, the ratio of non-mesic (o 7 ~mesic devav ol (Chaudhari
and others), 78.

Lunar tidal variations in /', in the American Zone during periods of low solar
activity, 1 (Rastogi), 250,

Magnetic symmetry and Onsager relations (Pantulu and Sudursbin), 279,

Magnefohydrodynamic flow between two non-conducting co-anial eylinders in-
duced by deforming the walls of the container (Bhat), 264,

Mn*' in Nal’ single crystals, clectron paramagnetic resonanee of (hgatnnadhim
and Venkateswarlu), 67,

NiSe and NiSe,, chemical bonding in, N-riy spectroscopic study of (Mande and
Nigavekar), 316.

Nitriles, reaction of, 1V (Merchant and Patell), 94,

N, N-dimethylthioformanmide and N,  Nedimethylthioucetamide, infrared wind
Raman spectra and  normal vibrations  of (Indira Chary and  Venkata
Ramiah), 8.

Ortho-positronium in molecular materials, formation and quenching of (Lagu
and others), 48.

Oxidation studies, VI (Padma and santappa), 73 VI (hijee and Sunliappa), 117,

p—Alk}:uhio- and /)~ulkylsuIplmny_bunilim:S, some, the foniztion constants o
(Shanmuganathan and Vanajukshi), 212,

330




351
Physiofogically active compounds, search for, XV (Subhadra Kumari and others),
"N,

Pions, coherent production of, in hiph enerpy # -interactions (Kamal and others),
2N, '

amoscattering in the reaction = p osaeNy o note on (Tuli), 42,
Relativistic quantum ficld theory, a new formulation of (Sudarshan), 133.
Silicon-1 in near-coastal waters, cosmic iy produced (Somayajulu), 338.

Testonterone and ity amdogues, synthetic investigation on (Banerjee and others),
ARLY

Uiranyl ton, clectronic tramsitions of (Sanwal and Pant), 324,
Vinyl polymerization, VIH (Santappa and Natarajan), 284,

VO i single enystals off NaClLo KCH and RbCL electron paramagnelic resonance
studies of Jugannadham and Venkateswarlu), 307,




