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Chemical Studies on the Nutrient Matter
in Sea Water between Cape Town
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1. Introduction

The ée’cond Japanese Antarctic Research Expedition ship, the * Soya’’, left
Tokyo on the 21 st of Oetober, 1957, and returned t}iere on the 28 th of April, 1958,
after finishing the landing operation near Liitzow-Holm Bay, Antarctica.

After passing through Balintang Channel, north of the Phillippine Islands, the
ship went straight south toward Cape Town along the great circle via Singapore,
and then followed a course from Cape Town toward Ongul Island on which the
Japanese observation base was located (69°0'22”S, 39°35’24”E). The distribution of
disso_lved gases and nutrient matter in sea water, along the course to and from
Antarcfica, was observed.

It is regretted that, as the *“ Soya’ was not equipped with sufficient instru-
ments for oceanographlc Work, it was difficult to perform satisfactory observations.
Samphng of surface sea water was made daily at 12..00 G. M. T. during the cruise
between Tokyo and Lutzow-Holm Bay, Antarctica and return, and the determination
of temperature chlorlnlty, dissolved oxygen, carbonate, phosphate-P, silicate-Si,
ammonla—N nitrite-N was made on board. Samples of sea water were stored in
pyrex bottles of 200ml with polyethylene stoppers. Polyethylene bottles of 1 liter

and 20 liters, were used for the pur- Ty T ;
pose of studying C, *H and some of //_// INDIAN OCEAN
biophilelements such as Fe, Cu, B, Mn, -
As, I, Cr, V, Mo, etc.

In. this report the consideration of

40"

22 —— 2
| *2\ Vertical observations were
e done at Station A,8 and C

Antarctic and subtropical convergences, B

which had been done by the measure- . 4
507

ments of temperature and chlorinity,
was compared with those of the above

‘mentioned chemical constituents in the B 2 \\
sea region extending from the Indian . .7
Ocean to the Antaretic Sea. In addition, ¢ ® 5.
the results of the oceanographic obser- #
vations at different depths at three \ P
stations in the pack ice region will be o4 PRI
mentioned later. Locations of observa- BglB m‘
tion stations are given in Fig. 1. K /dl
70\\[\/2\_\\, e /' Uf Antarctic Continent -]
2. The methods of analyses el
10° 20° 30° 40" 50° 60°E
(1) pH: pH meter (EHM-1 Type, Fig. 1. Routes of the expedition ship,
Hitachi Manufacturlng Co.) was the ““Soya” (Dec. 1957-Mar.
used. 1958).

(2) Chlorinity: MIYAKE’s method with uranin indicator.
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(3) Dissolved Oxygen: WINKLER’s method.

(4) Carbonate: CONWAY’s micro-diffusion method improved by K. SARUHASHI.
(56) Phosphate-Phosphorus: DENIGES’s colorimetric method.

(6) Silicate-Silicon: Dienért-WANDENBULCKE’s method.

(7) Nitrite-Nitrogen: GRIESS-ROMIJIN method.

(8) Ammonia-Nitrogen: Colorimetric method with NESSLER’s reagent.

3. The results of observations

3.1 Surface observation between Cape Town and Antarctica

3.1.1. VARIATION OF TEMPERATURE, pH AND CHLORINITY IN THE SURFACE LAYER

Fig. 2 shows the distribution of surface temperature, pH and chlorinity of sea
water between the Cape of Good Hope and Antarctica. Between a south offing of

A ' Africa and near 41°S the surface
\ R E:fﬁ-ct:camr;arzir;:: water temperature was higher
NG than 15°C, while it decreased to
N ‘\\\ o 8.5°C at 44°36'S and to 5.5°C at
N\ \ s 48°05’S. As we progressed further

&l \ \‘\____\ / - ._::-1‘-‘\ southward, the temperature be-

\ came lower, and from 51°S to 55°S
\ a temperature of about 2°C was
| observed. And the coldest water

layer, with the temperature rang-

ing from 0°C to —1.4°C, was
extended to the south of 58°S.

:\" ____________ As shown in Fig. 2, a sharp

Cl
(%/00)
19.6)

/94 change of water temperature at
the surface occurs suddenly be-
tween 41°S and 44°S, where the
water temperature goes down
. from 15.6°C to 8.5°C. Thus, it
e NN ":;w\:k:;&:_ /« may be considered that the sub-
tropical convergence is situated at
Fig. 2. Variations of temperature, pH and chlorinity about 44°S while the Antarctic

(Dec. 1957-Mar. 1958). convergence is located near 51°S.

190

1864 . . . . . . .
35 40 45 50 55 60 65° Lat.S

On the return cruise a similar tendency in the water temperature was observed
when the Antarctic and sub-tropical convergences were found at around 51°S and
44°S respectively. The values of pH indicate 8.0 at 44°S, and 7.9 from 51°16’S to
the edge of the ice sea. On the return cruise the same condition was recognized.

The distribution of chlorinity showed the same variation as the temperature
and pH. At 44°S, the remarkable reduction in the chlorinity from 19.56% to 18.96
% was observed. And in areas south of 44°S there was less saline water, about
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18.80%, a condition which extended as far as the coast of the Continent. From
these observations, the south of 51°S is considered toc be the melting ice region.
The variation of chlorinity at about 51°S has not been identified clearly. On the
return cruise, higher saline water extended northward from 44°S.

3.1.2. VARIATION OF DISSOLVED OXYGEN, PHOSPHATE-P, SILICATE-SI, AMMONIA-
N AND NITRITE-N

The distribution of the dissolved oxygen and the nutrient matter also showed
definite changes at the Antarctic and subtropical convergences (Fig. 3).

Although the content of

Io) § . y——
. &8 Cape to Antarctica 0,
oxygen is 5.74 ml/L near L) == Antarctica to Cape .,—7::{__/ _;\-\
41°8S, it increased to 6. 68ml/L ol ,/ e
P e e el XY
rapidly at the subtropical %9;%) , /r" ) ’"“4,/ / \/\
/ e
convergence and to 7. 70ml/L 60} / / \<osphafe—/
. / ‘, (< .
at the Antarctic convergence rob \
50
and to more than 8 ml/L at
the northern edge of the Slopost A /
: : ("19"44) /’ ‘\ *0’
pack ice region near the 7 KA f
3 L .4 / \ silicate- S/ M
Continent. ool 1/ \ /
I
3 '/ \ @ ——— O ,
The saturation percen- A / A J
. . . / * \ -
tage of dissolved oxygen is nitrite - / — \‘v"
o . 02r -
given in Table 1. 10 //_———'\ -
") o . /'
On the return cruise a / Y
P g nitrite N—’ ’
reduction of the oxygen TeeT
amounts to 6.79 ml/L from annovia - ©
. (W9-A1)
7.59 ml/L near the Antarctic 10
convergence was observed 8
. 6 ammonia-N
and it decreased to 5.48ml/L ) ’ ——,
from 6.59 ml/L at the sub- 5 .
. \—’__4 ————— o=
tropical convergence. L ) \ | ) | |
35 40 45" 50 55° 60 65" Lat.S

Concerning the content ,
Fig. 3. Variations of dissolved oxygen, phosphate-P,

silicate-Si, ammonia-N and nitrite-N (Dec.
layer, 4 pug-atoms/L  was 1957-Mar. 1958).

observed down to the sub-Antarctic zone near 50°S, but it increased to 15 ug—-atoms/L

of silicate-Si in the surface

at the Antarctic convergence. The silicate content increased as the observation
stations approached the Continent and finally 40 ug-atoms/L was found on the north
of the pack ice region.

On the return cruise it was observed that the silicate content was rich between
the ice edge of the Continent and a point near 51°S, but it decreased to 6 ug-atoms/L
at the northern part of the Antarctic convergence. At the subtropical convergence
the change was not so clear as that at the Antarctic convergence.

Higher value of ammonia-N of 10 ug-atoms/L. was shown between 37°S and
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41°S, but it rapidly decreased to 4 ug-atoms/L near the subtropical convergence and
the value of about 4-5 wg-atoms/L continued to the edge of the ice sea. On the
contrary, little change was found at the Antarctic convergence. On the return
cruise a remarkable change was also found at the subtropical convergence.

Concerning nitrite~N, rapid increase from 0. 02 yg-atoms/L to 0.08 yg-atoms/L
was observed at the subtropical convergence and it was 0.14 yg-atoms/L at the
Antarctic convergence, 0.18 yg-atoms/L between 58°S and 61°S. Nitrite-N was
generally rich at the edge of the Continent. On the return cruise no difference
was observed at all and only a trace amount was present in the northern region
of the subtropical convergence.

As to the surface phosphate-P, in the northern part of the subtropical conver-
gence it showed the content of about 0.1 -0. 4 pg-atoms/L, but near the subtropical
convergence higher values, more than 1.0 ug-atoms/L, were found. The result
showed that the phosphate-P was comparatively rich in the pack ice region near
the Continent. The same tendency was confirmed also on the return cruise.

The facts as stated above belong to the results of observations during the
period from December 1957 to March 1958. The observation results made during

the period from December 1958 to February 1959 are shown in Fig. 4.
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THE DISTRIBUTION OF THE TOTAL CARBONIC ACID SUBSTANCE

3.1.3.

By using CoONWAY’s micro-diffusion method, the total carbonate in sea water
was determined and from these observations the content of the free carbonic acid
pH, water temperature and chlorinity

was calculated using the observed values of
The values of CO,,

by SARUHASHI’S table.
solved free H,COs, Pco, will be given in Ta

The amount of the total carbo-

nate increased as the observation
Cin ID_4aYm.pmSS.)
f\\

9r
Pco,

stations approached the Continent.
And the wvalue of CO,/Cl also
increased from 0.097 to 0.116
near the subtropical convergence.

7

8t

CO¢/Cl and the partial pressure of dis-
ble 2-1 and 2-2.

Cape to Antarctica
—~—— Antarctica to Cape

Nearly the same value was ob-
served at the edge of pack ice sl ;
region. r-__.r/
P~ e
5k ]
/
/

The partial pressure, Pco, of
free carbonic acid in surface sea

water was calculated to be 5.3
X10-*atm. press. at the subtro-

pical convergence, 6.1x10-*atm.
at the Antarctic conver-

press.
gence and approaching the ice sea

Peo, Cin 107 atm  press)

10}

L . L
80 81

- - |
60 65 Lat. S

75° 20 45°
Fig. 5. Variation of the partial pressure of free
carbon dioxide in sea waters between
Cape Town and Liitzow-Holm Bay.
higher values of Pco, were generally observed.
On the homeward cruise, in the floating
ice zone, a higher value of Pco; of 6x10-*atm.
press. was observed and Pco; reduced gradually

as we progressed northward.
This fact suggests that in summer Pco.

in the surface water is greater than that of

the atmosphere and it is evident that there is

a condition to release CO, into the atmosphere
The relation between pH

from the ocean.
and Pco; is given in Fig. 4, which shows the

fact that observed Pco; in sea water is higher
than averaged values of Pco, calculated by

McCLENDON.

5.‘2 PH
3.2 Observations in the pack ice region

2 n
27 78 79
(Figures show station pumbers)

The relation between pH and

Fig. 6.
the partial pressure of carbon

dioxide in sea waters.

After the ‘“ Soya’’ arrived at the outer bound-
ary of the pack ice region of the Enderby



46

T. Torir, Y. Yosuina and Z. Hiravama

(488) [T i 75 i

Land (64°11’S, 53°48'E) on the 20 th of December, 1957, she was stuck in the ice.
She could hardly escape from the pack ice region on the 6th of Iebruary, 1958.
During this period vertical observations of the sea were done at following three

stations.

(A) Lat. 66°46'S, Long. 41°18'E
(C) Lat. 68°32'S, Long. 36°30'E
Vertical distribution of water temperature at three stations in and near Lutzow-

_»
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(B) Lat. 67°46'S, Long. 38°53.5'E

Holm Bay is illustrated in Fig. 7.
Station (A) is located near the outer
boundary of the pack ice region, and
Station (C) is in the middle of the Bay
surrounded by thick ice floes, while
Station (B) is situated between (A)
and (C). As shown in the figure the
surface layer, with a temperature of
about —1. 8°C, became thicker as obser-
vation stations approached the inside
of the pack ice region, the thickness
being approximately 100 m, 300 m, and

400 m respectively at Stations (A),
(B) and (C). From vertical distribu-
tion curves, it is to be observed that
the depth of the minimum temperature
layer was found between 10 and 100
meters deep. On the other hand, the

maximum temperature layer in An-

1500

2000
Fig. 7. Vertical distribution of water

temperature near Antarctica. ..
tarctic circumpolar water was observed

between 500 and 600 meters deep, and the higher the latitude, the deeper the layer
of maximum temperature. This suggests that the higher the latitude, a more
violent mixing occurs between the surface and the Antarctic circumpolar waters.
If the layer with the water temperature of 0°C is regarded as the lowest limit of
Antarctic surface water, the thickness of surface water increased regularly in the
order of (A), (B) and (C) (respectively 200, 400 and 500 meters).

As to pH and the chlorinity, in the surface water pH was below 8.0 and the
chlorinity was as low as 18.85%,, while in Antarctic circumpolar water pH exceeds
8 and the chlorinity attains the constant value of about 19.21%, down to 2000 m at
Station A (Figs. 8-1, 9-1, 10). From this observed fact it may be considered that
the water mass with the chlorinity of 19.21%, was present in a very large amount
in subsurface waters around Antarctica. The lower chlorinity found near the
surface might result from the melting of older pack ice, run-off of glacial water,

and the excess of precipitation over evaporation.
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water, but it decreases to 4 ml/L in Antarctic circumpolar water.
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Vertical distribution of pH, temperature,
chlorinity and o; at Station C.

19. 21%, are large. The density of
this water is also practically con-
But it was observed that the
rate of mixing between the surface

stant.

and the Antarctic circumpolar water
was so great near the Continent
that the
clearly observed (Fig. 10).

interface could not be

The amount of dissolved oxygen
was about 7 mil/L in the surface

At the depth
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where the water temperature was observed to be maximum, the minimum content
of oxygen was observed, and at a deeper layer an increasing amount of oxygen
was observed again.

The results of determination of the distribution of nutrient matter are as
follows (Figs. 8-2, 9-2).

The higher and the uniform distribution of phosphate, silicate and ammonia
contents around the Antarctic Continent would suggest the uniformity of the
circumpolar water.

Concerning phosphate and ammonia, the contents in surface water were res-
pectively about 1.4 ug-atoms/L and 3 ug-atoms/L and a few changes were observed
in the vertical direction.

Silicate in surface water was more than 40 ug-atoms/L and increased with the
depth. The vertical gradient is greater and a content of silicate in circumpolar
water of more than 70 ug-atoms/L was found.

As regards nitrite, from 0.03 to 0.12 ug-atoms/L was found in the surface
layer. It decreased with the depth and finally, only a trace amount was observed
in circumpolar water.

From surface water down to 2000 meters (Table 8) the content of the total
carbonic acid showed the value of about 1.98 m. mol/L. Judging from vertical dis-
tribution of density % situ of sea water, it was clearly observed that the uniformity
of the total carbonic acid content was due to the vertical mixing of sea water.
From the determination of total carbonate, the partial pressure Pco. in sttu of CO;
or H;CO; in sea water was calculated. It was noticed that Pco. in sea water exceeds
that in the atmosphere (0.0325). In the Antarctic Ocean, and especially near An-
tarctica, it was as high as 6.0x10-* atm. press.
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Table 1-1 Oceanographlcal data observed by the observation sh1p,
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Table 1-2 Oceanographlcal data observed by the observation shlp,

Chlormlty
(’7)

S0 T. Torir, Y. YosHipa and Z. Hiravyama
Station o VV‘AV*L;C;-tlor; Tcx-np
Date ! —
No. Lat. Long °C
1 Dec. 12 37-37.0S | 21-26.0E 20.4
2 13 41-17.0S | 25-02.0E 15.6
3 14 44-36.0S | 28-42.0E 1 8.5
4 15 48-05.0S 32-15.0E ’ 5.5
5 16 51-16.0S | 35-57.0E | 2.5
6 17 54-40.0S | 40-13.0E 3.0
7 18 58-02.0S | 44-42.0E 0.3
8 19 61-01.0S | 49-07.0E -0.3
9 20 63-58.0S 53-29.0E -1.0
10* 21 65-31.0S | 49-14.0E -1.0
11* 22 66-00.0S | 43-17.0E -0.3
12* 23 66-52.0S | 44-17.0E -1.4
13* 30 67-28.28S 60-13.4E -1.1
* Observation in pack ice region.
Sgation | ) LOCatIOI:l ’ -
Date S - pH
No. Lat l Long )
14 Feb. 25 65-43.4S i 30-23.4E 7.90
15 26 62-09.2 S l 28-23.0E 7.92
16 27 58-47.4S ] 26-41.0E 7.91
17 28 55-12.0S ' 25-11.0E 7.89
18 Mar. 1 51-24.0S 23-39.0E 7.82
19 2 48-02.0S | 22-34.0E | 7.89
20 3 | 45-12.0S | 21-42.0E ' 7.90
21 4 42-43.5S | 21-00.0E [ 8.00
22 5 39-29.5S | 20-14.1E 8.05
23 6 36-51.5S 18-41.0E 8.10

Sallmty
(/ )
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the Soya, between Cape Town and Liitzow-Holm Bay.

51

Oq 0:/0": Silicate-H Ammonia-N Nitrite-N Phosphate-P
(ce/L) (%) pH (pg-atoms/L) | (pg-atoms/L) | (ug-atoms/L) | (pg-atoms/L)
5.25 99 8.20 3 10 0.03 0.1
5.74 100 8.14 tr. 12 0.02 0.4
6.68 100 8.00 3 2.8 0.08 1.0
7.11 100 8.00 4 3.6 0.08 1.4
7.70 101 7.90 15 3.6 0.14 1.0
7.75 103 7.98 19 4.4 0.17 1.2
7.97 99 7.89 25 4.4 0.18 1.5
8.24 101 7.90 25 5.0 0.17 1.7
8.23 99 7.90 35 4.8 0.14 1.6
. 8.13 98 | 7.87 37 4.4 0.10 1.3
j 7.72 | 94 7.85 39 4.0 0.12 1.5
. 7.30 87 7.83 — — — 1.4
1 — — 7.70 21 — 0.08 0.8
the Soya, between Liitzow-Holm Bay and Cape Town.
O: | 0./0% | Silicate-Si | Ammonia-N Nitrite-N Phosphate-P
7 (ce/L) (%) (pg-atoms/L) | (pug-atoms/L) | (pg-atoms/L) | (pg-atoms/L)
27.08 7.60 97 42 2.0 0.19 1.5
27.02 7.42 96 18 1.6 0.16 1.6
27.09 7.51 98 13 1.6 0.08 1.7
27.17 7.62 98 40 0.9 0.06 1.4
27.13 7.59 101 24 5.0 0.08 1.4
26.54 6.79 98 6 4.4 0.09 1.1
26.56 6.59 97 | 5 3.6 0.09 1.1
26.20 5.48 96 7 6.8 0.06 0.7
24.84 |. — — 3 3.6 0.00 0.1
25.07 — — 3 4.0 0.00 0.1
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Table 2-1. The distribution of total carbonic acid substance and partial pressure

of CO: in sea water between Cape Town and Liitzow-Holm Bay.

Statlon Iocation | | Temp. | Cl i > COx % | Pcos= x 10*
e - pH I | \(m mol/ | SCO./Cl|
No. Lat. ;L ong. Lo [ (%) ( L);: w‘(atm press}
1 37°370S ; 21°260E “ 8.20 20.4 i 19.61 i 1.99 1 0.102 }; 4.0
2 41°170S 1[ 25°020E 8.14 | 15.6 I 19.56 1 1.98 1 0.097 ‘ 5.0
3 44°36'0 S \‘ 28°42'0E 8.00 8.5 18.96 i‘ 2.20 ; 0.116 C 5.3
4 48°050S ! 32°150E 8.00 | 5.5 18.77 l‘ 2.19 C 0.116 3 5.2
5 51°16'0 S ‘, 35°570E 7.90 ; 2.5 18.78 f 2.03 ; 0.118 ‘ 6.1
6 54°40'0 S 40°130E 7.98 3.0 E 18.80 1 2.06 1 0.110 ] 4.5
7 | 58°020S | 44°420E & 7.89 03 | 18.74 o224 0119 | 6.2
8 61°010S 49°070E 7.90 -0.3 18.76 \ 2.03 ‘ 0.108 : 5.7
9 63°58'0S 53°290E 7.90 —-1.0 18.70 E 2.20 : 0.122 7.1
10 ‘] 65°310S | 49°140E 7.87 -1.0 18.69 | 2.18 } 0.117 6.7
Table 3. Subsurface oceanographic observation

Depth Temp. ‘t Chlorinity i Sallnlty ' ‘ 0.
(m) (°C) %) | -~ { (ce/L)

0 —-1.4 i 18.86 ‘L 34.07 j 27.43 J 7.30

10 —-1.56 ‘ 18.85 t 34.05 !‘ 27.43 [ 7.19

25 —1.65 | 18.87 1\ 34.09 J 27.46 ‘] 7.21

50 ~1.68 18.89 34.12 “ 27.49 i 7.06

100 —1.70 18.96 34.25 ; 27.59 { 7.07

150 -0.91 19.04 i 34.39 ‘ 27.68 6.62

200 —-0.88 19.17 34.63 :‘ 27.78 4.84

300 1.13 19.21 34.70 ;‘ 27.81 4.21

400 1.3 | 19.21 " 2781 4.51

500 1.43 19.21 " i 27.80 4.24

600 1.22 19.21 " ‘ 27.81 4.12

800 0.98 19.22 ! 34.72 ‘ 27.85 ‘ 4.53

1000 0.83 19.22 E " ] 27.86 | 4.52

1200 0.69 19.22 ; " 5 27.86 4.34

1500 0.44 19.20 i 34.69 ; 27.85 ‘C 4.72

2000 0.13 19.20 ' Iz ‘l 27.87 ! 5.01

Bottom depth (m): 4100
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Table 2-2. The distribution of total carbonic acid substance and partial pressure of

CO: in sea water between Liitzow-Holm Bay and Cape Town.

mii Location | Temp. Cl STCO, Pco: x 10*
—— — | pH . (m. mol/ | 2C0:/Cl
No. Lat. " Long. °C) (%) L) (atm. press.)
14 | 65°43'4S i 30°23'4E 7.90 I; 1.5 18.72 2.17. 0.116 6.2
15 62°09'2S | 28°23'0E 7.92 2.1 18.70 — - —
16 58°47'4S 26°410E 7.91 2.2 18.76 2.42 0.129 6.8
17 55°12f08 25°110E 7.89 2.0 18.80 - - . -
18 51024508 23°390E 7.82 3.0 18.83 2.45 0.131 9.0
19 48°020S 22°340E 7.89 6.8 18.72 1.92 0.103 5.5
20 45°12'0S 21°420E 7.90 7.5 18.80 1.78 0.095 5.5
21 42°43'5 S 21°000E 8.00 15.8 19.65 1.99 0.102 5.1
22 39°29°5 S 20°141E “ 8.05 21.3 19.67 2.11 0.108 5.3
23 36°51'5S 18°410E i 8.10 20.5 19.68 1.69. 0.086 3.5

(A), 23 Dec. 1957, Lat. 66°46'S, Long. 41°18'E.

0:/0’2 Silicate-Si Ammonia—-N | Nitrite-N | Phosphate-P
(%) ptl (ng-atoms/L) | (ug-atoms/L) | (pg-atoms/L) | (pg-atoms/L)
87 7.83 42 3.0 0.12 1.4
86 7.88 39 3.0 0.10 1.4
86 7.83 42 3.0 0.09 1.7
84 7.89 46 3.0 0.08 1.8
84 7.98 48 7 Nil 1.9
81 7.97 49 4 " 1.6
61 8.00 54 4 7 1.6
54 7.89 75 4 " 1.9
58 8.00 68 5 " 1.9
54 8.09 68 4 " 1.9
53 8.10 69 4 " 2.0
58 8.10 70 4 " 2.1
58 7.99 65 5 - 1.9
55 8.00 67 4 " 1.6
59 7.80 65 4 7 2.0
62 7.83 66 5 " 1.9
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Table 4. Subsurface oceanographic observation

1

Chlorinity | Salinity

Depth 7 7’1:e;np. O:
(m) o) (%) %) ” ec/L)
0 -1.3 18.86 34.07 27.43 7.89
10 —1.88 18.85 - 34.05 27.44 7.79
25 -1.82 18.86 34.07 27.45 7.70
50 -1.83 18.88 34.11 27.47 7.72
100 -1.77 18.93 34.17 27.55 7.56
150 -1.82 18.95 | 34.24 27.58 | 7.49
200 -1.81 18.97 34.27 27.61 7.45
300 -1.34 19.02 34.36 27.66 6.97
400 0.34 19.13 34.56 27.75 5.29
500 0.98 19.19 34.67 27.80 4.68
600 1.04 19.21 34.70 27.83 4.66
800 0.87 19.22 34.72 27.85 4.72
1000 0.66 19.21 34.70 . 27.85 4.83
1200 0.43 19.20 34.69 27.85 4.65
Bottom depth (m) : 3620
Table 5. Subsurface oceanographic observation
(C), 9 Feb. 1958, Lat. 68°32’S, Long. 36°30'E.
I;ekpitrilgi Temp. Chiorinit); / Salinity -
\ at pH
(m) C) % %
0 18.81 308 | 8.00
10 -1.83 18.81 33.98 27.38 8.00
25 -1.83 18.82 E 34.00 27.39 8.11
50 —1.82 18.82 34.00 27.39 8.13
100 -1.77 18.86 34.07 27.44 8.10
150 -1.75 18.88 34.10 27.48 8.15
200 -1.70 18.92 34.18 27.53 8.20
300 -1.72 18.97 34.27 27.61 8.20
400 —1:59 19.01 34.34 27.66 8.07
500 +0.11 19.15 34.60 27.80 8.10
600 +0.37 | 19.19 34.67 27.84 8.13
800 +0.37 19.24 34.76 27.92 8.15

Bottom Depth (m): 880
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(B), 9 Jan. 1958, Lat. 67°46.0'S, Long. 38°53.5'E.

0:/0’s l Silicate—Si Ammonia-N Nitrite-N Phosphate~P

(%) | pHl | (pg-atoms/L) | (pg-atoms/L) | (ug-atoms/L) | (pg-atoms/L)
94 7.84 45 3 0.03 1.4
92 7.96 45 5 0.03 1.7
91 8.00 40 5 0.03 1.7
91 8.00 40 6 0.04 1.5
89 7.80 45 8 0.03 1.7
89 7.80 44 6 0.04 2.0
88 7.80 48 5 0.04 2.0
85 7.84 60 5 trace 1.8
66 7.87 65 4 " 1.5
60 8.10 65 5 nil 1.8
59 ‘ 8.06 66 4 trace 1.7
60 8.08 70 5 " 1.5
61 8.10 74 3 " 1.5
58 8.10 75 4 " 1.5

Table 6. Vertical distribution of total CO: in sea water at Station A.

Depth Chlorinity Temp. | Total CO2
pH 31C0:/Cl

(m) (%) °C) (m. mol/L)
0 18.68 -1.4 7.83 1.98 0.105
10 18.85 ~1.56 7.88 2.39 0.126
25 18.87 —-1.65 7.83 1.94 0.103
50 18.89 —-1.68 7.89 1.96 0.103
100 18.96 -1.70 7.98 1.86 0.096
150 19.04 -0.90 7.97 1.86 0.098
200 19.17 0.88 8.00 1.92 0.100
300 19.21 1.13 7.89 1.81 0.094
400 19.21 1.33 8.00 1.90 0.099
500 19.21 1.43 8.09 1.84 0.096
600 19.21 1.22 8.10 1.94 0.101
800 19.22 0.98 8.10 1.90 0.099
1000 19.22 0.83 7.99 1.88 0.098
1200 19.22 0.69 8.00 1.94 0.101
1500 19.20 0.44 7.80 1.98 0.103
2000 19.20 0.13 7.83 2.00 0.104
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B [Sé})th Chlorinity Temp. Total COs
‘ pH SIC0:/Cl

(m) (%) o (m. mol./L)
0 18.86 -1.3 7.84 1.83 0.0970
10 18.85 —1.88 7.96 1.82 0.0966
25 18.86 -1.82 8.00 1.85 0.0981
50 18.88 -1.83 "~ 8.00 1.75 0.0927
100 18.93 -1.77 7.80 1.80 0.0951
150 18.95 -1.82 7.80 1.82 0.0960
200 18.97 —-1.81 7.80 1.94 0.1023
300 19.02 -1.34 7.84 1.87 0.0983
400 19.13 0.34 7.87 1.80 0.0941
500 19.19 0.98 8.10 1.95 0.1017
600 19.21 1.04 8.06 1.83 0.0953
800 19.22 0.87 8.08 1.88 0.0979
1000 19.21 0.66 8.10 1.93 0.1005
1200 19.20 ' 0.43 8.10 1.89 0.0985

Table 8. Vertical distribution of total CO: in sea water at Station C.

Depth Chlorinity Temp. Total COz
pH 3CO:/Cl

(m) (%) o (m. mol./L)
0 | 18.81 8.00 2.31 ©0.1228
10 18.81 -1.83 8.00 — —
25 18.82 -1.83 8.11 — —
50 18.82 —-1.82 — — —
100 18.86 -1.77 8.10 2.09 0.1108
150 18.88 -1.75 8.15 2.05 0.1087
200 18.92 -1.70 8.20 1.98 0.1047
300 18.97 -1.72 8.20 2.10 0.1107
400 19.01 -1.59 8.07 2.22 0.1168
500 19.15 0.11 8.10 — —
600 19.19 0.37 8.13 2.21 0.1152
800 19.24 0.37 8.15 1.99 0.1035
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