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Abstract

The total carbon dioxide in sea water was determined by means of
the micro-diffusion method on the cruises of JEDS-3 and JEDS-4. It
was confirmed that the total carbon dioxide to AOU plots gave a straight
line with a slope 4C/40, of about 106/272 in atoms for the waters for
which the phosphate to AOU plots gave a straight line with a slope
AP[40, of 1/272. Nearly the same ratio as above was also found in the
Antarctic Circumpolar Water. The significance of the reserved total
carbon dioxide was pointed out.

1. Introduction

The total carbon dioxide is a name given to a group composed of free CO, or
H,CO;, HCO;~ and CO,~". A number of studies have been made on the vertical
distribution of the total carbon dioxide in the ocean. Tuompson and Hamm (1941)
determined the vertical variation of the total carbon dioxide in the Northeastern
Pacific down to the depth of 2000m. Mivake and SarunasHr (1956) showed that the
gradual increase of carbon dioxide with the depth was mainly due to the oxidation
of the organic matter in sea water and that the ratio of (3CO,—4C)/chlorosity was
nearly constant to the depth of 2000 m from the surface, where the amount of CQO,
calculated from the consumed oxygen was denoted by 4C.

In the ocean, there are various kinds of carbon compounds besides the members
of the total carbon dioxide. Most of them are related to marine biomass. Members
of the total carbon dioxide are converted into organic compounds by photosynthesis,
which, in turn, are decomposed into members of the total carbon dioxide.

Biochemical processes accompanied by photosynthesis and decomposition of organic
matter in sea water are complicated, but the over-all balance of the elements seems
to' be simple. For example, as previously pointed out by the present author (1964,
1965), if sea waters with the same concentration of reserved phosphate are chosen
in a certain region and phosphate concentration is plotted against AQU (the difference
between saturated and observed amount of dissolved oxygen), a straight line with
the slope (4P/40,) of 1/272 in atoms is obtained. According to FLEminG (1940), the
average C: N : P ratio of marine plankton is 106 : 16 : 1.

Basing on these figures, REDFIELD ef @l (1963) assumed that the chemical formula
of the substance of marine plankton could be expressed as (CH,0) 106(NH,) 16 (PO,)
and when plankton was decomposed the substance changed into CO, and H,O with
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discharge of nitrate and phosphate. He pointed out that the ratio of liberated
phosphate to consumed oxygen 4P/40, is 1/276. In short, the ratio of increase in
phosphate to decrease in oxygen actually observed in sea water is nearly equal to
the value expected from an analysis of plankton.

From the approximate coincidence between expected and observed values of the
ratio (4P/40,), it may be anticipated that the ratio 4C/40, will be nearly in agree-
ment with the value of 106/272 in sea water when organic compounds are completely
converted into carbon dioxide.

2. Analytical method

Measurement of the total carbon dioxide
was done after SaruHasHI'S micro-diffusion
method (1953). Two flasks were used as a
“micro-diffusion apparatus”. A conical glass
flask (100 m/) was connected with another flask
(50 m/) with a U-shaped glass-tubing as shown
in Fig. 1. A sea water sample (20m/) was put
in a larger flask aboard a ship soon after
sampling. Immediately, sulfuric acid 2 N solu-
tion (2m/) was added, and a larger flask and
a smaller one into which Ba(OH), 0.1 N solution
(3m]) was put in advance were connected
through a glass tubing. The connected flasks

Absorbent

Sea water
were stood for about 20 hours or longer. After Fig. 1. A set of glass flasks for

measurement of carbon

that, the remaining part of Ba(OH), was TresERE
dioxide in sea water.

titrated with HCI 0.05 N solution. A Metrohm
piston buret (20 m/ whole scale, 0.02 m/ minimum scale, Metrohm AG Herisau Co.,
Switzerland) was employed for titration.

3. Absorption rate of CO, into Ba(OH), solution

Results of measurement of the absorption rate of CO, into Ba(OH), solution are
shown in Table 1.

Table 1. Absorption rate of CO; into Table 2. Precision of analysis
Ba (OH), solution 5 €O, mg-at/]
Time in hours after .
the addition of acid COizndgceglg/llned 2.28
to the sol'n. g 2.30
2.2
11 1.80 . 3§
21 2.31 Z. o7
28 2.30 ’
2.28
45 2.28
53 2.30 Average: 2.28,

Standard deviation, ¢: 0.035;
1.96 o: 0.070,
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From the results shown in Table 1, it can be concluded that 20 hours are enough
for complete absorption of CO, into the absorbent.

To examine the precision of analysis, six samples of sea water stored in the
same bottle were treated in the same way and analyzed in 45 hours after the addi-
tion of acid to the water. Results are shown in Table 2.

From the result of Table 2, the concentration ranging from 2.21 to 2.35mg-at//
can not be significantly distinguished at the 95% confidential level.
4. Results and discussion

Results of determination of the total carbon dioxide will be shown together with
results for phosphate and AOU determined simultaneously on the cruises of JEDS-3
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Fig. 4. Relation between phosphate and
AOU for waters with Cl 19.10 to
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Fig. 8. Relation between phosphate and
AOU for the Antarctic Circumpolar
water off Prins Olaf Coast.
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Fig. 9. Relation between total carbon
dioxide and AOU for the Antarctic
Circumpolar water off Prins Olaf
Coast.

(The third Japanese Expedition of Deep Sea carried out in May 1960 between
139°30E and 147°30°E along 30°N) and JEDS-4 (in June 1961 between 143°E and
148°E along 38°N). :

Fig. 2 shows the relation between phosphate concentration and AOU for waters
with a chlorinity of 18.85 to 19.05%. collected on the cruice of JEDS-3. Fifteen
points on the diagram fall along a straight line whose slope gives the ratio (4P/40,)
of 1/272. Fig. 3 shows the relation between the total carbon dioxide concentration
and AOU in the same waters as above. Fifteen points on the diagram fall along a
straight line whose slope gives the ratio (4C/40,) of 106/272. Figs. 4 and 5 show
the same inclination as mentioned in Figs. 2 and 3 in waters with a chlorinity of
19.10 to 19.19%. and temperature of 1.5 to 2.5°C collected on the cruise of JEDS-3.
Figs. 6 and 7 show also the same inclination as mentioned in Figs. 2 and 3 for waters
with a chlorinity of 18.58 to 18.99%. in JEDS-4.

A nearly equal inclination was confirmed in the Antarctic Circumpolar Water off
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Prins Olaf Coast. Antarctic data employed here are taken from a report by Tori,
Yosuipa and Hiravama (1959). Waters were classified into two groups; the upper
water (depth<150-300m, Cl 18.86~19.04%.) and the lower water (depth>150-300m,
Cl 19.13-19.22%.). Fig. 8 shows the relation between phosphate and AOU. Fig.. 9
shows the relation between the total carbon dioxide concentration and AOU. In
waters in which the phosphate concentration to AQU plots give a straight line with”
a slope (4P/40,) of 1/272, the total carbon dioxide concentration to AOU plots also
give a straight line with a slope (4C/40,) of approximately 106/272. Assuming the
chemical formula of the substance of marine plankton as (CH;0) s (NH,) s (PO,), the
ratio of 4C: 4P : 40 will be 106 : 1 : 272 on the complete oxidation assumed.

Extention to zero AOU of the straight line in the total carbon dioxide to AOU
diagram gives the concentration of the reserved total carbon dioxide as mentioned
in the case of phosphate. The reserved total carbon dioxide will be a factor more
significant than the total carbon dioxide itself for 1dent1ﬁcat10n of water masses like
the reserved phosphate.

Here it is noteworthy that in.the Antarctic Circumpolar Water, two water
masses, i.e. the upper and the lower water can be distinguished in terms of the
reserved total carbon dioxide as well as the reserved phosphate, in connection with
the fact pointed out by RepriELD and FriEDMAN (1965) that in the same region the
deuterium to salinity plots have two straight lines with each different slope which
meet at the point representing the water occupying the 300 m depth. According to
them, the upper water is a mixture of sea water and melt of sea-water ice.

An average concentration of the reserved total carbon dioxide in each water
mass is shown in Table 3 for the five water masses.

Table 3. Concentrations of reserved total carbon dioxide
and their ratios to chlorosity

Conc’n of Chlorinity Chlorosity Ratio of

reserved Cl Cr reserved

>:C0O, mg-at/l %0 %0 = COZ/CI,
JEDS-3 (1960) 2.20 19.15 19.61 0.11
2.15 18. 95 19. 41 0.11
JEDS-4 (1961) 2.12 18.78 19.24 0.11
Antarctic Circumpolar Water ] 1. 60 18.95 19. 41 0.08
0.85 19.18 19. 65 0.04

As'shown in Table 3, the ratios of the reserved total carbon dioxide to chlorosity
are equal among the Pacific waters off Japan, while it is much lower in the Antarctic
Circumpolar Waters. To make clear the reason of the difference in the reserved
carbon dioxide between the Pacific and the Antarctic Ocean, further studies will be
needed on the basis of more data.
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KPP OERRIZ, BMEIREETRD 2, RBt& LT JEDS-3 & JEDS4 ofkwHAvi, 4
MBB TS, ZTOER WKD AC/40; LM 106/272 WL \WETH 52 LB, FHEMA
TAKCDWTD, TOEERF =y 7 Uik, BEABEOER»E k. ‘

) VIBE L BROBURICOWT, FHT T TR TRL S B, Thick 5L ) VERER—RIC,
BREE EFEERDO ST b b, MO LRERBLCOVTIHEL S, Y VBEDOEELLLHE
e, KROE#E LG, ZRBEODO LD IRFEERBOTEENITH 2, BERILKD S b,
B 150~300m DAZEDK & RO KICOWTREEERBIBE 2 RS D L, ThXh 0.85, 1.60 mg-at/!
Ly, BERICERED DN B, TR, i Redfield & Friedman 238K & E5OEEENDRD
KHEORG L X —HKL, BREh3, REHERBEBEOEEZ /7 rrv Aot =, ZOBXRRY
KEFEBRBIKCONTRDTCHBZE, METEVTNRD 0.11 L 50k, #ETiE, 0.08, 0.04 L
Al DEWHECE S, THIRERBTREATESLR, 3D ELORKCOVTHENDHIENEEL
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