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Exchange of carbon dioxide between the atmosphere and the ocean

Ko  UBASEMEELIE mOm OB T
Prof., Faculty of Science, Toho Univ. Katsuko SARUHASHI
T 9E SHETRPLEENRETRER 2 N 7 =
Head, Geochemical Laboratory, Meteorological Research Institute
Yukic SUGIMURA

VB VR K e el s .
Prof., Faculty of General Education, Kagoshima Univ. Yoshio SUGIURA

In recent vears, a tremendous amount of fossil fuels has been consumed. QOwing to the
combustion of fuels a large amount of carbon dioxide has been released in the atmosphere,
According to the estimation given by OECD (1966), the amount of formation of carbon dioxide
through the combustion of oil and coal by the end of 1969 is about 23% of the total amount
of the atmospheric carbon dioxide in the air at the end of the last century. However, though
the carbon dioxide content in the air is steadily increasing year by vyear, the integrated
increase is estimated to be about 10 to 129 of the total amount of carbon dioxide. This
means that another half has been absorbed either in the living matter or in the ocean.

The preliminary study on the carbon dioxide content in the surface water and the
atmosphere in the Pacific, Indian and Antarctic Oceans has been carried out by the present
authors (1968—1974). It was found that the partial pressure of carbon dioxide in surface
water of the ocean and in the air above is not in the equilibrium. The partial pressure of
carbon dioxide in the air is farirly constant {~325-—-335ppm) but that in the surface water
varied broadly {~280—510ppm). The highest value in sea water was found in the Antarctic
Ocean. On the contrary, the lowest value was observed in the Kuroshio region in the North
Pacific.

The large excess in the carbon dioxide content in the ccean surface with respect to
that in the air was found in the area off South America and the equatorial region. On the
contrary, the deficit in the carbon dioxide content in the surface water was obgerved in
the most part of the North Pacific especially in the temperate zone. Using these data, the
calculation of the rate of exchange of carbon dioxide between the air and the sea was done.
According to the results of calculation, the rate of release of carbon dioxide (2x104%g CO,/y)
from the Pacific Ocean to the air was much larger than the rate of absorption (1.2X 10%gCO.fy)
from the air into the sea when the thickness of the laminar layer below the sea surface is
10 The Pacific Ocean is regarded to be 2 source rather than a sink of carbon dioxide in
the atmosphere. This is a very important discovery concerning the role of the ocean as a
regulator of carbon dioxide in the air.

In this study conducted in 1978—198%, both the horizental and vertical distributions of
carbon dioxide contents in sea water and the air were determined. Concerning the horizontal
digtribution of carbon dioxide content in surface water, the obgervation were dope on the
courses to Ogasawara Island and return, to Ohshima Island and return, along 137°FE extending
from 34°N to 1°S in the North Pacific and in the Shikoku Basin. The carbon dioxide content
in the air above these sea areas were also simultaneously determined.

The results showed that the carbon dioxide content in the air was fairly constant,
ranging from 345 to 350 ppm. On the other hand, the content in surface water showed a
large deficit with respect to that in the air reaching —50 to —90 ppm in the sea area between
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34°N and 15°N, and zero to —10 ppm between 15°N and the equator along 137°E.

In order to study the carbon dioxide system in coastal waters, the carbon dioxide content
in the air and surface water were analyzed in the Beppu Bay of Kyushu Island. Results of
analysis showed that the content in the air ranged from 350 to 360 ppm, while a smaller
values of 220 to 310 ppm in sea water were obtained.

Concerning the vertical distribution of carbon dioxide in the air and in the surface
layer, the observations were done at the sea area 34°34’N, 138°30’E located south of Ohshima
Island down to 25m depth in 1979. In the air, content of carbon dioxide was determined at
the height of 4cm, 10em, 20cm, 35cm and about 10m above the sea surface. In water,
observation was done at the depth of Om, 2.5m, 5.0m, 10m and 25m below the sea surface.

The results of vertical observation in 1979 showed that the comntents of carbon dioxide
in the air were 358 ppm, 358 ppm, 357 ppm, 355 ppm, 353 ppm and 300 ppm at the height of
10m, 35cm, 20cm, 10cm, 4cm and Gcm above sea surface respectively. The contents of
carbon dioxide in surface layer in vertical direction were 297 ppm, 294 ppm, 289 ppm, 285
ppm, 300 ppm at the depth of Om, 2,5m, 5.0m, 10m and 25 m below the sea surface respec-
tively.

The rate of invasion of carbon dioxide into the sea from the air was calculated by using
the vertical gradient of carbon dioxide into the sea was 2x10-Hg CO,/cm?, sec which agrees
well with previous value experimentally given by Mivake (1960).

In order to estimate the amount of transfer of carbon dioxide on the sea surface with
meteoric precipitation, contents of carbon dioxide and organic carbon in rain water were
studied. Observation was carried out in Tokyo (April 1979 to March 1980}). According to
the analytical results, the dissolved contents of carbon dioxide and organic carbon were

respectively 0.02 mg atom C/1 and 0.32 mg atom C/I on an average,
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