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2. Outline of the Expedition

The main purpose of the expedition was to take physical
data and water samples for the physical and chemical studies
of the intermediate and deep waters of the North Pacific
in the region north of 30°N at winter time. Unfortunately
the weather in February of 1970 was exceptionally too bad
to go up to north, and we heard the tragedy of S.5."Cali-
fornia" just after we left station H-2. We struggled with
waves higher than the bridge of our R.V."Hakuhd Maru", and
we were forced to abundon our plan to go up to north of
40°N.

The standard hydrocasts were done at eleven stations -
every 180 miles = from 40°N to 9°N along 158°E longitude,
and S.T.D, hydrocasts were done at 27 stations between 34°20'N

and 10°30'N as were shown in Figure 1.

3. Hydrocasts

by
Chemistry Group

Details of hydrocast procedures, and analytical methods
of salinity, dissolved oxygen, silicate, phosphate, nitrite
and nitrate were the same as were described in "Preliminary
Report of the "Hakuho Maru" Cruise KH-68-4" (edited by Y.
Horibe, Ocean Research Institute, University of Tokyo,1970).
pH and alkalinity were determined by the method of Strickland
and Parsons (A Practical Handbook of Seawater Analysis, Fish-
eries Research Board of Canada, Ottawa, 1968). Stations of
hydrocasts are tabulated in Table 1, and the cross. sections
of temperature, salinity, Opr dissolved oxygen, pH, total
alkalinity, silicate-Si, phosphate-P, nitrite, and nitrate
are shown in Figures 2, 3, 4, 5, 6, 7, 8, 9, 10, and 11,
respectively. Detail data are tabulated in Appendix I.



4, S.T.D. Observation

by
Physics Group

An in situ S5.T.D System (Bissett-Berman Mocdel 9006) was
used for the preliminary examination of the subtropical
Countercurrent. Observations were done at 27 stations along
158°E longitude, and the depth-temperature-salinity data at
each station are tabulated in Appendix IT.

Results: Temperature and salinity sections along
158°E are shown in Figures 12 and 13, respectively.
Temperature section. A thermocline undulates southward
from about 25°N with a wave length of about 90 miles. This
suggests the existence of a banded zonal system of easterly
and westerly currents, 40 to 50 miles in breadth. The
Subtropical Mode Water is developed in the region north of
28°N.

Salinity section. A main feature seems normal as that
of meridional salinity sections in the region in question.
A halocline undulates in a similar manner to the termocline.
A salinity minimum lies on an isanosteric surface very close
to 130 ¢l/t, although the surface of salinity minimum coin-
cides with an isanosteric surface of slightly higher value

in a region south of 25°N.



Table 1. Hydrocast stations
Station No Longiiﬁgétiogatitude Hepih ()
H 1 157°56'E 30°11'N 5,600
H 2 158°05'E 33°06'N 3,300
H 3 158°05'E 35°59'N 3,400
H 4 157°58'E 40°00'N 5,350
H 5 158°00'E 26°59'N 5,865
H 6 158°02'E 24°02'N 5,410
H 7 157°54'E 20°52'N 5,500
H 8 158°00'E 18°01'N 5,700
H 9 157°59'E 15°04'N 5,830
H 10 158°02'E 12°01'N 5,855
H 11 157°57'E 09°05'N 4,900
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Fig. 1. Hydrographic and S.T.D. stations
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5. Individual Research Works

5.1. Oxygen isotopic contents in dissolved gas

by
Y.Horibe, and X.Shigehara

Dissolved oxygen gas was extracted from sea water aboard
by the same method described in "Preliminary Report of the
"Hakuho Maru" Cruise KH-68-4". Oxygen gas is to be converted
to carbon dioxide for the analysis of isotopic ratio of oxy-
gen in the laboratory on land. Samples were taken at
various depth at stations H-1, H-3, H-4, H-5, H-7, H-9,
and H-11.

5.2. Carbon dioxide in the surface water and in the atmos-

phere

by

Y. Sugimura

A continuous determination of partial pressure of CO,
in the air and in the surface sea water was carried out during
this cruise by the infrared absorption method. By means
of the system which consists of equilibration chamber and
an infrared gas analyzer coupled with the solenoid valves
and timer switches, the determination of the C0, partial
pressure in sea water and in the air and the standardiza-
tion of the analyzer were done automatically every one hour.
The result showed that the partial pressure in the
air was fairly constant while that in the surface water
changed widely. Although CO, partial pressure in the
surface sea waters was nearly in equilibrium with that of

atmospheric carbon dioxide in the area around 40°N and 10°N,



it is to be noticed that there is wide area of undersatu-

ration in sea water between these two latitude.

5.3. Iodide and iodate in sea water

by
S.Tsunogai, and Y.Nozaki

A mechanism of iodide formation which was developed by
Tsunogai and Sase (1969) predicts the transformation of
iodate to iodide during the storage of the sea water samples
after the collection. Iodide, therefore, was separated
from iodate by adding silver nitrate solution to the samples
on board. Colorimetric determinations of iodide and iodate
are done at the laboratory of Hokkaido University for 106
samples collected at four hydrographic stations (H-2, H-6,
H-8, and H-10).

5.4. Calcium in sea water

by

S.Tsunogai, and Y.Nozaki

To study the alteration of deep water and to relate it
to the abyssal circulation, calcium in sea water was meas-
ured. The sea water samples for calcium determination were
collected from the various depths at all the hydrographic
stations through the cruise. Titrimetric determination
of caicium is to be done at Hokkaido University by the
method of Tsunogai et al. (1968).

5.5. The distribution of iron and aluminum

by
K.Yamamoto



To clarify the distribution of iron and aluminum in the
western North Pacific waters, about 120 samples were collect-
ed from various depths at four stations.

As to the shipboard determination of iron and aluminum
in sea water, a spectrophotometric method with oxine-metal
complex was used (Hashitani and Yamamoto, 1959). After an
acidified sample was stood for a few days, pH of the solution
was adjusted to 5.5 and one per cent solution of oxine in
acetic acid was added to the solution. The iron- and aluminum-
oxinates formed in the solution were extracted into a portion
of chloroform. To eliminate interfering ions in the spectro-
photometry, the organic layer was washed with a small portion
of potassium cyanide solution, and dried with anhydrous
sodium sulfate.

The spectrophotometric determination of iron- and
aluminum-oxinate in chloroform was carried out by measuring
the absorbance at the wave length of 390 and 470 mp in a 10 mm
cell, respectively.

The results of determination will be described later in

elsewhere with geochemical consideration.

5.6. Plutonium, strontium 90, and cesium 137

by
Y.Sugimura

Five samples of surface sea water were processed on
board. Plutonium isotopes were coprecipitated from a large
amount of sea water with ferric hydroxide and isolated by
means of an anion exchange resin. An o-spectrometric
determination will be done at the land laboratory.

Carbonate precipitate and ammonium molybdophosphate were
used to concentrate artificial radiocactive strontium and
cesium from each 100 liter of sea water, respectively.

y-spectrometric determination of cesium 137 will be done at



the land laboratory. Further purification of strontium in
the carbonate precipitate and measurement of y-ray will be

carried out at the laboratory on land.

5.7. Lead 210 and polonium 210 in sea water and in air

by
S.Tsunogai, and Y.Nozaki

It is examined that the possibility of the use of ?!°pb
and ?'"Po which are produced from radon in the atmosphere as
tracers for mixing of sea water of upper 200 meters depth.
26 sea water samples for 2'°Pb and ?!°Po were collected at
three hydrographic stations (H-2, H-6, and H-9), and treated
by sodium carbonate to make calcium carbonate precipitate.
14 samples of ?'°Pb and ?!°Po in aerosols were collected on
millipore filter (HA type) by the suction of air through
filter paper. Radiochemical analysis is to be made at our

laboratory on land as soon as the samples are brought back.
5.8. Uranium and thorium series disequilibrium

by
Y.Sugimura, M.Mayeda, and T.Yasujima

For the studies on uranium and thorium series radio-
elements in marine hydrosphere, about 60 samples of sea
water for uranium determination and five samples for thorium
determination were processed on board. The determination
of the content and the isotopic ratio will be done in the

land laboratory by means of B-ray spectrometry.

5.9. Measurements of underwater spectra of light at 15°N,
158°E
by
Y.Sugimori, and H.Otobe



Purpose. A purpose of the present measurements was to

examine the variation in spectral energy of underwater light

with depth.

Instrument. Details of the system of spectroradiometer

was described in "Preliminary Report of the "Hakuhd Maru"

Cruise KH-69-3".

Specification of the system

Type of the spectroradiometer single beam & double

monochrometer, radiance

measurement, slit fixed

Range of wavelength 330 - 800 myu

Scanning speed 2 min./scanning

Analysis performance 0.5 mu for blaze wave-
length

Centrolling and recording on board

Measurements were made three times at 15°N, 158°E.
Two measurements failed owing to malfunction of the
automatic controlling- and recording-system, which was
equipped in the underwater unit. In the third measurement,
the automatic controlling- and recording-system was removed
from the underwater unit, and the signals transmitted from
underwater unit was operated manually, and this change gave
us satisfactory results. We could get spectra of natural
light at depth of 0, 5, 10, 20, 30, 50, and 70 meters.
The results show that
(a) Relative radiance at each depth was measurable as are
shown in Figure 14.
(b) Underwater specta varied quickly with time as are shown
in Figure 15.
(c) Measurements in a layer from surface to 10 m were
difficult, because radiance fluctuations were masked with
noise due to changes of water thickness associated with

surface waves.
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5.10. Measurements of atmospheric ion density, electric
conductivity, electric field and aerosols over the

sea surface

by
Y.Morita, N.Toriyama, M.Kanada, N.Takagi,
and H.Ishikawa

(a) Objective

The main cbjective of the present ship-borne measure-
ments is to collect data on the following atmospheric electric
variables : (1) ion density, (2) electric conductivity, (3)
potential gradient and (4) aerosols. It is expected that
measurements of these parameters over the sea surface, will
in principle lead to a better understanding of the various
physical processes that influence them. For example, the
potential gradient measured at the sea surface is more likely
to yeild a better insight into the global atmospheric
phenomenon than that measured over the land surface. Also,
ship-borne measurements can be used to study the latitude
effects. Similarly, the measurements of the ion density,
conductivity and aerosols, can be expected to throw light on
the maintenance of the ionization equilibrium in the air over
the sea surface vis-~a-vis that on the land surface. Thus
the relative importance of the contribution of sea salt
nuclei to the condensation nuclei, the vertical transport of
small ions,and these transitional aspects with the distance
from land to the sea, in maintaining the ionization equilib-
rium can be better understood.
{(b) Measurements and results

Measurements of these various parameters over the sea
surface have been made by installing suitable instruments
aboard R.V."Hakuhd Maru" of the Ocean Research Institute,
University of Tokyo. The potential gradient was measured

by means of an induction type field meter. For the ion



density and conductivity, ordinary aspiration type Gerdien
condensers were used,and for aerosols Pollak type conden-
sation nuclei counters were used. The details of these
apparatus were described in "Preliminary Report of the
"Hakuhd Maru" Cruise KH-68-4". The measurements were car-
ried out in the period between February 3 and March 4, 1970.
One of the results obtained is shown in Figure 16.
It was shown that the ion density (black circles) and the
electric conductivity (crosses) increase with the distance
between about 30 km and 200 km from the land to the sea.
It was also shown that the ion density and the electric
conductivity are almost constant above 200 km distance and
the values estimated are 400-500 ions per cc and 1.0-2.0
x107'* mho per meter, respectively. It is hoped that a
systematic analysis of the data collected will soon be com-
pleted.
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Appendix I

Oceanographic Data
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