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1. Introduction

The principal object of KH-71-5 cruise (Phoenix Expedition)
is to study the chemical characteristics of waters in the
eastern North and South Pacific. The expedition was first
planned by Prof. Y. Horibe as a part of the Pan Pacific
Program by chemistry group of the Japanese Oceanographers.
The aim of the program is to establish the chemical and
isotopic data of the ocean for the better understaniing of
the large scale circulation and mixing processes and chemical
processes in the Pacific. The Phoenix Expedition was
proceeded with the last three expeditions, KH-68-4 (the
Southern Cross Cruise), KH-70-1, and KH-70-2 (the Great
Bear Expedition).

Air-sea interactions, water-sediment interactions, and
chemistry of sea water were studied by measuring the chemical
species and isotopes in air, sea water, and sediment.
Mineralogical, paleontological and cosmophysical studies
were also proceeded. Along all the course of the cruise
measurements were continued at the stand points of atmospheric
physics.

We were much indebted to Prof. Y. Horibe for his advices
in planning, to the officers and crew of R.V. Hakuho Maru
for assisting us in doing our research works, also to the

business personnels of Ocean Research Institute.

Hiroyuki Tsubota
Chief Scientist
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3. Outline of the Expedition

The expedition consisted of four legs, as is shown in
Figure 1. Leg I was from Tokyo toc Papeete, Tahiti, Leg II
was from Papeete to Valparaiso, Chile via EBellingshausen
Sea (65°S, 100°W), Leg III was from Valparaiso to Acapulco,
Mexico, and Leg IV was from Acapulco to Tokyo via Honolulu,
Hawaii.

Table 1 shows the items of sampling, measurements and
observations done in each leg, and all the stations for
hydrocast, STD observation, large volume water sampling,
piston coring, and dredge are shown in Tables 2, 3, 4, and
5, and 6 and 8, respectively,

Two Chilean scientists participated in Leg II of the
expedition, and observed meteorological condition of southern
Pacific and collected samples for measuring cesium 137 in
surface water.

The last four hydrocast stations along 100°W were completed
in Leg IV because our vessel went to Acapulcc after Station
52 cutting the remains off to send a wound crew of French

vessel, M.V. Cetra Lyra, which had an engine trouble.

Table 1. Observation items

Leg

I II ITT IV

1. Hydrocasts with 2.7 liter Niskin X X X X
and 25 liter van Dorn samplers

2. Large volume sampling X X X
3. Measurement with in situ STD system X X
4, Core sampling X X X X
5. Dredge X X
6. Air sampling and pCO,; determination X X X X
7. Measurements for atomospheric physics X X X
8. Sounding X X X
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4, Hydrocast

by
H.Tsubota, Y.Sugimura, Y.Saito, and T.Nakai

Standard hydrocasts from surface to bottom were done at
56 stations which are shown in Table 2. Stations were chosen
at an interval of about three degrees latitude, as is shown
in Fig. 1. Observations were performed by three five-man
rotating groups. They were conducted by Y. Sugimura, Y. Saito,
and T. Nakai, respectively.

The hydrocast was carried out by the same way as was
described in detail in the Preliminary Report of the "Hakuho
Maru" Cruise KH-68-41)., At all stations in Leg I and IT,
however, observation layers at depths of 3,250 and 3,750
meter were added. Sea water sample from 125 meter depth
was also taken at several stations.

The water samplers used for standard layers were 2.7
liter nonmetallic plastic samplers of Niskin type prepared
by Ocean Research Institute in the likeness of General
Oceanic Nonmetallic Water Sampling Bottles (Model RMS-12)
for this expedition, and thermometer frames which reverse
with gravity were also made with PVC. Van Dorn Sampler
(a pair of 6 liter or 25 liter) or General Oceanic bottle
(1.7, 8, or 30 liter) was attached 10 m below or above the
2.7 liter sampler when it was needed.

By means of the sonar pinger attached to the end of the
wire, we could obtain the water sample as close as
possible to the bottom, beside Station 4.

Before the hydrocast, a bathythermographic observation
from surface to 250 meter depth was carried out at each

station.

1) Preliminary Report of the "Hakuht Maru" Cruise KH-68-4
(Southern Cross Cruise), Ocean Research Institute,
University of Tokyo, 1970, Edited by Y. Horibe.

Available on request.



Table 2. Stations of standard hydrocast
Station Position Time Depth
Number Latitude Longitude Date Hour (m)

1 29°53.9'N 169°57.0'W Nov.26 1971 0900-1500 5,240
2 16°59.3'N 146°03.2'W Dec. 1-2 1971 2132-0302 4,860
3 13°54.6'N 146°01.9'W Dec. 2-3 1971 2130-0307 5.500
4 10°57.3'N 145°59.3'W Dec. 3 1971 1730-2305 5,150
5 8°02.1'N 145°54.3'W Dec. 4 1971 1427-1940 5,220
6 5°00.8'N 145°57.2'W Dec. 5 1971 1035-1518 5,050
7 2°34.2'N 146°00.3'W Dec. 6 1971 0310-0743 4,550
8 0°04.0'S 146°00.0'W Dec. 7 1971 1245-1745 4,230
9 2°29.1's 146°01.0'W Dec. 8 1971 1400-1825 4,710
10 4°58.1'S 146°03.4'W Dec. 9 1971 1100-1530 4,960
LY 7°59.3'5 146°00.1'W Dec.10 1271 0500-0925 5,030
12 11°03.5'5 146°03.3'W Dec.ll 1971 1805-2240 4,760
13 14°01.7'S 148°29.8'W Dec.12-13 1971 2140-0210 4,290
14 17°02.8'5 148°25.0'W Dec.13 1971 1450-1855 4,140
15 20°24.2's 147°59.5'W Dec.19 1971 1500-1908 4,620
16 22°51.8'S 146°48.4'W Dec.20 1971 0848-1435 4,750
17 25°46.0'S 145°00.7'W Dec.21 1971 0745-1118 4,010
18 29°05.9'S 143°07.6'W Dec.22 1971 0500-0840 4,360
19 32°02.8'5 141°06.5'W Dec.23 1971 0140-0544 4,650
20 35°04.5'S 138°41.5'W Dec.24 1971 0537-0954 4,800
21 38°05.7'S 136°23.4'W Dec.25 1971 1110-1515 4,820
22 40°56.7'S 133°42.8'W Dec.26 1971 0900-1445 5,050
23 43°59.6'S 130°38.4'W Dec.27 1971 1235-1935 4,940
24 47°01.8'S 126°55.6'W Dec.28 1971 1700-2053 4,200
25 49°59.5'S 122°53.7'W Dec.29 1971 1600-1905 3,850
26 53°00.3'S 118°46.9'W Dec.30 1971 1300-1554 3,050
27 56°05.1'5 115°24.2'W Dec.31 1971 0806-1107 3,340
28 59°00.7'S 111°24.8'W Jan. 1 1972 0420-0853 5,220
29 62°09.6'S 106°35.5'W Jan. 2 1972 0250-0715 5,120
30 64°59.7'S 100°02.9'W Jan. 3 1972 1423-1900 4,910
31 61°59.4'S 95°45.9'W Jan. 4 1972 1641-2048 5,100
32 58°56.5'S 92°43.5'W Jan. 5 1972 1360-1710 4,200
33 55°01.0'S 90°20.0'W Jan. 7 1972 0738-1200 4,840
34 51°02.9'S 90°08.3'W Jan. 8 1972 0603-0953 4,835
35 47°00.0'S 87°47.8'W Jan. 9 1972 0610-1025 4,050
36 42°50,7'S 86°03.9'W Jan.10 1972 0535-0836 3,300
37 38°57.2's 84°39.1'W Jan.ll 1972 0720-1115 4,370
38 35°57.5"'S 83°47.6'W Jan.12 1972 0605-0950 4,180
39 32°56.1'S 76°00.0'W Jan.20-21 1972 2145-0200 4,330
40 32°29.1'S 84°00.0'W Jan.22 1972 2030-2350 3,790




Table 2. continued

Station Position Time Depth

Number Latitude Longitude Date Hour (m)
41 30°00.3'S 86°08.1'W Jan.23 1972 1627-1942 3,830
42 27°01.2 S 88°36.7'W Jan.24 1972 1430-1800 3,690
43 24°06.1'S 91°04.9'W Jan.25 1972 1058-1432 3,810
44 20°50.1'S 93°20.5'W Jan.26 1972 0825-1236 4,120
45 17°59.5'S 95°40.8'W Jan.27 1972 0755-1210 4,540
46 15°00.0'S 97°52.3'W Jan.28 1972 0927-1315 3,483
47 11°58.1'S 100°01.6'W Jan.29 1972 0557-1010 4,435
48 9°01.8'S 100°00.3'W Jan.29-30 1972 2335-0310 4,170
49 5°56,3'S 100°00.8'W Jan.30 1972 1724-2047 3,747
50 2°56.0'S 100°05.5'W Jan.31 1972 1440-1812 3,470
51 0°01.5'N 100°00.8'W Feb. 1-2 1972 2150-0145 3,340
52 3°00.0'N 99°59.7'W Feb. 2 1972 1953-2304 3,504
53 7°00.6'N 100°04.5'W Feb.1l2-13 1972 2158-0105 3,388
54 9°00.1'N 99°59.7'W Feb.l2 1972 0905-1238 3,580
BB 11°57.8'N 100°06.4'W Feb.1ll 1972 1655-2043 3,400
56 14°59.4'N 99°57.2'W Feb.10-11 1972 2301-0238 3,470

* Time: Ship time
Depth: Uncorrected
4.1. Depth and temperature (Y. Saito and T. Nakai)

Temperature correction was done by using Hidaka's Formula

and the accepted depth was determined by depth difference
method. Errors of temperature and depth were estimated to

be within 0.02°C and 0.5%, respectively.

4.2. Salinity (K. Shigehara, T. Ishizuka, and T. Oba)

An inductive salinometer of Auto Lab Model 601 MK III was
used. The lot numbers of the standard sea water used were

IAPSO-P56 for stations 1 - 52 and P55 for stations 53 - 56.

-7 -



4.3. Dissolved oxygen (Y, Kodama and H, Mitsuda)

A modified Winkler's method was used, and the measured
values were corrected by H. Tsubota and K. Shigehara using the
equation (Horibe,Y., Kodama,Y., and K. Shigehara, 1972)

(@vB2) sows. (d.02)peasg. — 0.071 + 0.000488*,
where S* is the saturation (%) of oxygen estimated by using the
solubility C* calculated by the equation (Weiss, R.F., 1970),
In C* = -173.4292+249.6339(100/T)+143.3483 1n(T/100)
-21.8492(T/100)+S°/,,[-0.033096
+0.014259 (T/100)-0.0017000(T/100)2].

4.4. pH and total alkalinity (H. Tsubota, F. Fukui, T.

Shimamura, and T. Sakai)

Hitachi F-5 pH meter coupled with Metrohm glass electrode
was used to determine pH and total alkalinity. Because the
reproducibility of pH measurement was good as 0.003, a table
was prepared for calculating pH in situ to 3 places of
decimals. So that, a difference of 0.005 of pH might be
significant when water sam;oes having close temperature would
be discussed. Uncertainties of pH values, however, still
remained.

Total alkalinity was determined by pH measurements after
successive additions of CH1-NaCl solution. The equivalent
quantity of HC1l was obtained by Gran's plot, relation between
107PH ang V/(V,+V) where V5 is the volume of the sea water
sample and of total alkalinity were estimated to be certain
within 0.005 meqg/1l.

4.5. Reactive silicate (T. Sagi and N. Tokura)

Silicomolybdate yellow method was applied. As to instru-
mentation a spectrophotometer, Hitachi Model 101, was used
coupled with a sequential sampler of 1 cm optical path at a
wave length of 380 nm. CSK standard solutions were used for
making the calibration curve. The estimated error of the

analyses was about 3 %.



4.6. Reactive phosphate (T. Sagi and Y. Tagawa)

The method of Murphy and Riley (1962) was used. For each
series of the measurement, solid ascorbic acid was dissolved
in distilled water and the mixed solution was prepared for
an immediate use. 5 ml of the mixed solution was added to
50 ml unfiltered sea water samples. After 15 minutes the
absorbance of the solution was measured in a 5 cm cell at
the wave length of 885 nm with a spectrophotometer, Hitachi
Model 101. The calibration curve was made by using the CSK
solutions. The experimental error did not exceed 3 % of the

reported value.

4.7. Nitrite (T. Sagi and H. Hasumoto)

The procedure of nitrite analysis was essentially the

same as the method of Bendschneider and Robinson (1952).
4.8. Nitrate (T. Sagi and Y. Uemura)

The analysis of nitrate in sea water was done by the same
method as that reported in the earlier reportl), except in
some points described below.

To about 100 ml of unfiltered sea water, 1 ml of 7.6 %
EDTA-4Na solution was added. The solution was passed through
a copperized cadmium column at the flow rate of 6 - 7 ml/min.
The first 30 ml of the effluent was discarded and the next
50 ml portion of the effluent was used for the measurement .
The absorbance of the solution was determined with a spectro-
photometer, Hitachi Perkins-Elmer 139. The calibration was
done using a sea water, to which a known amount of nitrate
( 20 uM) was added, as a reference. Average deviation of
the analyses of reference samples was 0.7 % and reducing

efficiency was estimated to be 97 %.

4.9, Confirmation of oceanographic data (T. Nakai, Y. Saito,

Y. Sugimura and H. Tsubota)



Confirmation of depth, temperature, salinity, and dissolved
oxygen, calculation of o, and taking interpolated temperature
and salinity were performed by ¥. Saito and T. Nakai by

using Station Graph (Nakai's data plotting sheet). The other
chemical data for routine analyses were verified by drawing

cross sections along the course.
4.10. Results

Cross sections of temperature, salinity, 0Oy, dissolved
oxygen, pH, total alkalinity, reactive silicate, reactive
phosphate, and nitrate along the course southward (17°N - 65°5)
and northward (65°8 - 15°N) are shown in Figures 2 - 109.

All the data obtained and interpolated temperature and salinity
are tabulated in separate tables (Oceanographic Data of

KH-71-5 (Phoenix Expedition) of the Hakuh® Maru, Ocean Research
Institute, University of Tokyo, 1973) and can be obtained

on request to the Institute. Table of potential temperature at
the depth sampled will also be available on reguest to the
editor.

The results of the Southern Cross Cruise showed the
existence of thermocline at the depth between 3,000 and
4,000 meter in the western South Pacific. It was seemed
an important key to solve the circulation of the Pacific
waters to verify whether such the thermocline also exists
in the eastern part of the South Pacific. From the results
of the observations in this expedition it is concluded that
the benthic thermocline found in the western does not exist
so clearly in the eastern South Pacific.

Decision of water types and mixing model of waters in
the Pacific will be discussed by the authors and their
coworkers in elsewhere.

Y. Saito gave Fig. 20 which shows the potemtial
temperature-salinity relation and Ge—dissolved oxygen curves

at all stations along the course.

- 10 -
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5. Observation with in situ S.T.D. System

by
H.Tsubota, Y.Sugimura, Y.Saito, T. Nakai, and H.Hasumoto

In the Southern Cross Cruisel), an in situ S.T.D. system
(Bissett-Berman Model 9006) coupled with Rosette Multi Sampler
{(Model RMS-12) was used for the chemical studies of Equatorial
Undercurrent. From the sections obtained it was supposed that
the zone where the oxygen isoclines spread out coincides with
the zone where surface water of the southern and the northern
high-salinity water regions mix together.

In the present expedition, S.T.D.obervations with Rosette
Multi Sampler were again carried out in the same latitudes
along 146°W (southward) and 100°W (northward) of longitude.
The characteristic sections of chemical components were more
distinguished along these longitudes rather than aleong 170°W.

Another S.T.D. observation was made along 33°S of latitude
between the coast of Chile and 84°W of longitude. A coastal
Peruvian subsurface countercurrent was previously investigated
in the STEP-I Expedition (1960) and the Scorpio Expedition
(1967). The present observation might produce an additiocnal
knowledge for elucidating this subsurface countercurrent,
particularly the outward extensions from the strip.

Water samples obtained were used for the determination of
salinity (for checking the S.T.D. system), dissolved oxygen,
pPH, total alkalinity, reactive silicate and phosphate, and
nitrite on board, and the remains were brought back to onland
laboratories. Stations are shown in Table 3 and 4.

The obervation was carried out by two groups which were led
by H. Tsubota and Y. Sugimura, respectively. The chemical
analyses and data treatments were made by fhe same members
as was described in the section of Hydrocast. The details
of the operation were same as was described earlierl),
except that a computer was used to read the STD freguencies

on line, store their numerical values, punch into tapes and



Table 3. Stations of Equatorial Undercurrent Study

Station Position Time
Remarks

Number Latitude Longitude Date Hour

Crom-A 2°00.5'N 145°59,.8'W Dec. 6 1971 1115-1225 STD
B 1°30.4'N 145°58.8'W Dec. 6 1971 1904-2025 STD
C 1°01.3'N 146°01.8'W Dec. 6-7 1971 2344-0334 STD
D 0°30.0'N 146°00.0'W Dec. 7 1971 0639-0817 STD
E 0°02.0'S 146°01.7'W Dec. 7 1971 1103-1235 STD
F 0°33.7'S 145°59.8'W Dec. 7 1971 2024-2147 STD
G 1°06.3'S 145°59.7'W Dec. 8 1971 0048-0200 STD
H 1°39.0'S 145°59.8'W Dec. 8 1971 0449-0607 STD
I 2°13.1's 145°58.6"'W Dec. 8 1971 0902-1024 STD
J 2030.20 8 146°00.6'W Dec. 8 1971 1215-1348 STD
K 2°59.,8's 146°01.0'W Dec. 8 1971 2120-2247 STD
L 2°57.1's 100°03.7'W Jan.31 1972 1317-1430 STD
M 2°29.6'S 99°59,3'W  Jan.31 1972  2052-2206 STD
N 1957.5'8 99°57.5'W Feb. 1 1972 0053~-0158 STD
0 1°24.8's 99°57.7'W Feb. 1 1972 0455-0606 STD
P 1°00.3's 99°55.4'W Feb. 1 1972 0827-0936 STD
Q 0°27.9's 99°57.6'W Feb. 1 1972 1233-1345 STD
R 0°00.3'N 100°00.2'W Feb. 1 1972 2020-2135 STD
S 0°30.2'N 99°57.1'W Feb., 2 1972 0422-0518 HC
T 1°00.0'N 99°58.1'W Feb, 2 1972 0802-0852 HC
U 1°30.0'N 100°00.7'W Feb. 2 1972 1110-1200 HC
A 2°00.0'N 100°05.8'W Feb. 2 1972 1430-1510 HC

STD: Observation with in situ STD system

HC: Hydrocast with 2.7 liter Niskin Samplers



Table 4. Stations of O0ff-Chilean Current Study

Station Position Time
Number Latitude Longitude Date Hour Remariks
Chile-1 32°57.7's 71°39.4'W Jan.19 1972 1630-1639 BT
2 32°58.,0's 71°46.8'W Jan.l9 1972 1715-1724 BT
3 32°58.6's 71°54.4'W Jan.19 1972 1802-1810 BT
A 32°59.6'S 71°57.9'W  Jan.l9 1972 1935-2030% STD
B 33°00.0's 73°00.0'W Jan.20 1972 0156-0339 STD
C 33°03.3's 73°54.3'wW Jan.20 1972 0855-1046 STD
D 33°02.3's 75°01.7'W Jan.20 1972 1541-1715 STD
E 32°55.5's  76°00,0'W Jan.21 1972 0220-0349 STD**
F 32°54.0's 78°01.9'w Jan.21 1972 1228-1402 STD
G 32°54.2's  79°59.5'W Jan.21-22 1972 2135-0049 STD***
H 33°02.0's 81°57.1'W Jan.22 1972 0915-1105 STD
I 32°29.1'S 84°00.0'W Jan.22-23 1972 2356~0122 STD#**

STD: Observation with in situ STD system

BT Observation with BT only
* (U-3) + (U-4)

s without Rosette Samplers
i two runs

print out: Operations of the computer were rescued by the
atmospheric physics group because of a lack of hands.

At the station Crom-5, the sensor was broken by an
accident and the remaining observations (Crom S, T, U and V)
were switched to the layer-by-layer method.

Sections of temperature, salinity, and dissclved oxygen
in Equatorial Undercurrent study are shown in Figs. 21-26.
Sections of temperature, salinity, dissolved oxygen, pH,
total alkalinity, reactive silicate and reactive phosphate
for off-Chilean Current are shown in Figs.27-33. The values
of these parameters are tabulated in "Oceanographic Data of
KH-71-5 (Phoenix Expedition) of the Hakuhd Maru, Ocean Research
Institute, Univ. of Tokyo, 1973", and can be obtained on

request to the Institute.
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Fig. 27. Temperature profile between the coast of Chile
and 84°W along 33°S latitude. (Unit: °C)
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Fig. 28. Salinity profile between the coast of Chile
and 84°W along 33°S latitude. (Unit: °/,,)
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Dissolved oxygen profile between the coast of
Chile and 84°W along 33°S latitude. (Unit: ml/1)
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6. Large Volume Water Sampling

by Y. Sugimura

Large volume water samples were obtined at three stations
for the studies of ratiocactive elements and trace elements.
A barrel water sampler of 200 liter was used during the
expedition.

Locations and depth of water sampling are shown in Table 5.

Takle 5. Stations for large volume water sampling

Station No. Location Depth (m)
11-2 8°02.2's 146°00.8W. 0, 100, 500, 1500
19-2 32°04.0's 141°07.1'wW 0, 100, 500, 1500
45-2 17°59.7's 95°42.7'W 0, 500,1500, 3000

7. Bottom Topography

by T.Katsura and S.Acki

Contineous sounding during the cruise was carried out by
echo sounder. It was suspected that some unknown seamounts
were discovered. Table of ship position and echo sounder depth

will be available on regquest to the editor.
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8. Sampling of the Bottom Sediments

by T. Oba

Samplings of the bottom sediments were carried out by
scientists who need sediments, and the works were directed by
Y. Sugimura and H. Tsubota. The samples were red clay for
the studies of cosmic dusts, of matural radiocactive isotopes,
and of sedimentation rate, calcareous and siliceous sediments
for paleoclimatology and micropaleontology, and many kinds

of sediment for clay mineralogy

8.1. Piston coring

Ocean floor sediments were collected with piston corer at
thirteen stations as are shown in Fig.34. Among the thirteen
stations, piston coring was successful at eight stations.

And other two short cores were obtained by the pilot corer
used as the trigger weight on piston corer, besides eight
stations just mentioned above. The sediments obtained were
red, calcareous, siliceous, and calcareous-siliceous clay,
respectively (Table 6).

The piston corer used were the same type of the corer as
was described in Preliminary Report of the Hakuh® Maru, Cruise
KH-68-3. The length of aluminum pipe were 12 m (inner diameter
68 mm) at five stations, 15 m (inner diameter 68 mm) at four
stations, and 6 m (inner diameter 136 mm) at four stations.
pipes of 15 m length was used at the station which had been
expected to get the long core for the studies of micropaleon-
tology, paleoclimatology, and clay mineralogy. The pipe of
large diameter was used to obtain a large amount of red clay
for the analyses of natural radioactive isotopes and cosmic
dusts. Core catcher was not attached to the cutting edge
except station 53-2, but no trouble occurred unless the

sediment were too soft and sandy as seen in station 13-2.



Table 6 Stations of coring

. L. Core Core Pilot
Station Position Depth g4, length TLength Rt
Number Latitude Longitude (m) (mm) (em) (cn)
2-2 15°55.0'N 146°10.0'W 5410 68 0 55.5 moderate brown clay
7-2 2°00.8'N 145°59,0'W 4570 68 1024 57 greyish orange calcareous
siliceous clay with many
mottles, including relative
abundant Planktonic
Foraminifera
10-2 4°58.5's 146°03.5'W 4960 68 203 55 moderate brown clay including
Planktonic Foraminifera
12-3 11°01.4's 146°01,5'W 4810 136 326 23 uniform moderate brown clay,
Mn nodule at top
15-2 20°22.8's 148°02.6'W 4615 136 125 27 dark reddish brown clay
with ash layers at 30-31
and 53-57 cm from the top
24-2 46°19.3's 127°46.4'W 4630 68 0 57 very pale orange Globigerina
ooze with white pumice
between 30 and 57 cm
29-2 62°10.3"S 106°34.1'W 5117 68 1125 0 moderate yellow brown diatom
ooze with mottles sporadically
42-2 27°34.8'W 88°03.0'W 3250 68 466 5 uniform dark yellowish orange
calcareous clay including
relatively abundant Plank-
tonic Foraminifera
44-2 20°50.1'S 93°21.2'W 4157 68 600 45 greyish red clay with granule
and pebble at 209-210 and
254-258 cm from the top,
including Mn nodules in the
pilot core
53-2 8°15.3'N 112°42.1'W 3970 136 575 45 brown clay with many mottles,
including relatively abundant
Planktonic Foraminifera
Table 8 Stations of dredge
Station Position Depth Weight
Number Latitude Longitude (m) (kg) Remarlks
12-2 11°00.7's 146°02.6'W 4890-4935 91.5 moderate brown clay, Mn
nedules with smooth surface
15-3 20°23.4's 148°01.2'W 4615-4618 166.8 dark browmn red clay, Mn
nodules with rough surface
20-3 35°04.5's 138°39.8'W 4855-4860 89.0 dark brown red clay, Mn

nodules with rough surface




(H. Mitsuda)

Table 7 List of distributed cores for geochemical, mineralogical and
paleontological studies
Organization Station No.
Item of study
(personnel) 2 7 10 12 15 24 29 42 44 53
Meteorological Geochronology &
Res. Inst. natural radio- p M MMM , M MMM
(Y. Sugimura) nuclides 8 8 8 8 8 8 8 8
Tokyo Kyoiku Clay Mineral
Univ, «M MMM MMNN
(S. Kuroda) 8§ 8 8 8 8 8 8 8
Ocean res. Inst. Paleotemperature
4 4 4 4 4 4
Tehoku Univ. Paleomagnetism
(T. Sakai) & silicic fossil S MM . s M MMM
4 4 4 4 4 ¢4
Ocean Res. Inst. Interstitial
(H. Tsubota) water * & P P % %k % & K %
Ocean Res. Inst. preserve
f X MMM M MMM
4 4 4 4 4 4 4 4
Kyoto Univ.
(Y. Tazawa) Cosmic ray induced
Waseda Univ. nuclides & extra-
(T. Shimamura) terrestrial ® % o+ MM o4 % ok %
Gakushuin Univ. matter 2 2

M: Main Core,

Pilot Core, *:

Not distributed.

M
Cubic sample for paleomagnetic study was sampled from % distributed to

Tohoku Univ. unless from Lot to preserve in Ocean Res. Inst. for Stm. 12

and 15.

A



After the corer was recovered on the working deck, sediment
was extruded from the pipe using a lcose piston. In most
cases, the penetration length was nearly equal to the length
of main core, therefore in that case, neither compression nor
flow-in of sediment in the core barrel was probable. 2And also
in most cases, the sediment of pilot core was very resembled
to the top part of the main core as to its color, change of
color, and condition. Each core was cut longitudinally into
half along the mark which was scored by pin-mark during the
extrusion. After taking a photograph by S. Acki, sediment was
described its color and some distinct characters by T. Oba and
T. Sakai (Fig.35-Fig.44). The color description was based
upon "the Rock-color Chart" distributed by the Geclogical
Society of America, New York, N.Y., reprinted in 1963,
Sediment of the core was distributed to scientists for their
geochemical and geological studies, as shown in Table 7.

Among the unsuccessful piston coring, one was thought to
be caused by bad weather (station 2-2), other two were mainly
due to the character of bottom sediment (station 13-2, and
20-2), and the last two were due to cut of their wire between
the arm and the piston. The details of piston coring were
described in each core log. The corer used at station 53-2

was built on board by engineers of the ship.
8.2 Dredge

Ocean floor sediments were collected at three stations using
pipe dredge (inner diameter 40 cm, length 120 cm). Sampling
was carried out in the red clay region for geochemical and

cosmophysical researches (Fig.34.). As the result, each
dredging was successful to get a large amount of red clay and

manganese nodules as is shown in Table 8. The details of

dredge were writtn in each dredge log.
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9. Chemical Works

9.1. Carbon dioxide in the atmosphere and in the surface

sea water in the Pacific

by

Y.Sugimura

Determination of partial pressure of COy in the surface sea
water and in the atmosphere was carried out during the whole
cruise. The method employed is followed in general that of
our previous cruise of KH-70-2 (Great Bear Expedition, 1970)
by means of an infrared gas analyzer coupled with a strip chart
recorder and an equilibrator.

During the cruise, the atmospheric CO; concentration was
almost constant. But it is to be noticed that the CO, concent-
ration in the surface sea water was changed from place to place.
In the North Pacific, the CO, concentration in the surface sea
water was generally undersaturated relative to the air. 1In the
eastern part of the South Pacific, the concentration of CO3 in
the surfacé water was generally supersaturated; In the equa-
torial region of the Pacific Ocean, wide area of supersaturation
was also observed. The distribution of S8PCOz (8pCOz= pCO; (gaq) -~
PCOz(air)) along the course from 17°N 146°W to the Antarctic

Ocean is shown in Fig. 45.

9.2, Sampling for oxygen and hydrogen isotopic analyses

by
K.Shigehara and T.Ishizuka

To solve problems on water circulation in the South
Pacific, the studies on isotopes of hydrogen and oxygen in sea
water were performed. An aliquot of sea water collected at all

hydrographic stations was sealed into a glass ampoule.
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Water vapor in the atmosphere was also sampled for the whole
course of the cruise at the main deck height to study the air-
sea interaction. Horibe's trap was used to collect the vapor.

The analyses will be carried out on land laboratory.

9.3, oxygen-18 of dissolved oxygen

by
K.Shigehara

Dissolved gases were extracted for stidying the behavior of
dissolved oxygen in sea water by means of measurements of the
variation of isotopic ratio.

Samples were taken from various depth at 19 stations
(Station 4, 8, 11, 14, 16, 18, 21, 24, 27, 30, 33 (only from
Deep water), 37, 39, 42, 44, 47, 51, 54 and 56).

The extraction of dissolved oxygen in sea water was carried
out on board just after the water sample was brought up on deck.
The method of extraction is essentially the same as given in the
Preliminary Report of the Hakuho Maru Cruise KH 68-4 (Southern
Cross Cruise). More than 95% of volume of dissolved gases was
extracted to the attached storage glass flask, which was sealed
off and brought back to the laboratory for isotope analysis.

The results of isotope analysis will be discussed together
with those of former cruises [KT 67-5, KH 67-1, KH 68-3, KH 68-4
(southern Cross Cruise), KH 70-1 and KH 70-2 (Great Bear Expedi-

tion)].

9.4. Alkalinity and calcium in the South Pacific

by
H.Tsubota and F.Fukui

Carbonate alkalinity may be one of keys to solve the oceanic

circulation. In the expedition, total alkalinity was carefully
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determined by the method developed by H. Tsubota and S. Kana-

1)

mori~ ‘.

Sea water samples were also
brought back to the laboratory
calcium content.

The analytical results will
bonate alkalinity calculated.

collected at all stations and

on land for determination of

be discussed together with car-

As the first step of considera-

tion, the sections of specific alkalinity (megq/kg/S°/,,) were
taken as shown in Figs. 46 and 47.
955 Total phosphorus
by
T.Sagi

The distribution of the total phosphorus and of the organic
phosphorus may be useful in studying structures of the oceans.

At all stations, the total phosphorus in unfiltered sea water
sample was determined on hoard by a wet digestion method of
Menzel (1965).

A section from Stn. 30 to Stn. 56 is shown in Fig. 48.

9.6. Ammonia and organic nitrogen
by
T.Sagi

The distribution of nitrogenous nutrients in sea water has
been studied.

At all stations, ammonia content in sea water was determined
(T. Sagi, 1966).
A section from Stn. 30 to Stn. 56 is shown in Fig. 49.
In the meridional section along 146°W and 100°W (Fig. 50),

by the modified indophenol method

the organic nitrogen in unfiltered sea water was determined on

board by the following method. 2 ml of 18 N sulfuric acid con-
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taining 0.2 mg selenium dioxide was added to 25 ml of sea water.
After digestion on a hot plate, the residue was dissolved with
about 40 ml of distilled water. pH of the solution was adjusted
to 8 with 5 N sodium hydroxide and 0.5 N sodium carbonate, and
the solution was diluted to 50 ml with distilled water. The
organic nitrogen was determined as the ammonia in the resulting
solution by the modified indophenol method. The pH of the solu-
tion becomes to nearly 10 after the procedure. Five determina-
tions of the standard solution using by sea water as a dilutant
with one batch of reagents gave a standard deviation of about
+0.7 ug at/ at the level of 5 ugat/l and +0.9 ug at/1l at the
level of 10 ug at/l.

9.7. Trace metals in sea water

by
H.Tsubota

To study the distribution of trace metals in the South
Pacific, 10 1 of sea water sampled with van Dorn sampler was
taken and passed through a column of chelating ion exchange re-
sin. Reactive metals adsorbed with the resin were eluted with
HC1 and HNOB. The effluents were brought back to the labora-
tory on land for further treatments.

To aid the discussion on lead distribution in ocean, air born

dusts were also collected with a high volume air sampler.

9.8, Tin in sea water

by
H,Tsubota and Y.Kodama

Tin is a trace metal lacked in its distribution and behavior

in the ocean. Our preliminary work on tin distribution sugges-

ted that tin is not so unstable in the ocean as suspectable
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based on its chemical character, hydrolysis. The purpose of
this study is to obtain the wide distribution of tin in the
South Pacific.

Each 500 ml of sea water in Niskin bottle was sampled from
various depth at 30 hydrographic stations. The sample was
acidified with hydrochloric acid and tin was concentrated with
an anion exchange column on board. The further purification
and determination will be done at the laboratory on land by the
method of Kodama and Tsubota (1971).

9.9. Chemical composition of suspended matter and marine
plankton
by
H.Tokura

It has been presumed that the occurrence of minor elements
in suspended matter plays an important role in areal distribu-
tion of those elements in world oceans. This study is attemp-
ted to approach the subject from the comparative viewpoint of
biclogy and geochemistry.

The suspended matters were separated from 500 ml sea water
samples with Millipore Filter Type HA. More than 220 sea water
samples at various depth were collected at 22 stations. Micro-
scopic examination of suspended matter samples has been carried
out on board. The contents of minor elements such as iron and
alminium in the same samples will be determined, and the obser-
vation of diatoms on the filter with scanning electron micro-
scope will be tried on land laboratory.

Many marine planktons were collected at each station. The
plankton sampled were collected by standard nets equipped with
XX13 nylon bolting cloth. Several vertical haul with a net
(45 cm in dia.) from surface to 150 m depth was conducted at
10 stations. The other net (55 cm in dia.) was applied to
sampling under the condition of surface haul at 50 stations.

Following planktons of individual species were sorted mecha-
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nically with a plastic tweezers from the mixed plankton
samples ; many species in Copepoda and Diatom, several species
of Euphasia, Peridinium and Ceratium, some species in Gastro-
poda, Sagittoidea, Polychaeta, Hydrozoa, Radiolaria, Foramini-
fera and Ciliata were observed. The contents of some minor
elements in each species of marine plankton will be determined

in Kyoto Kyoiku University.

9.10. Thorium and uranium series disequilibrium in sea water

by
Y.Sugimura and T.Uemura

Thorium isotopes: FEach 500 liter of sea water, about 20 samples,
was subjected to the analysis. Thorium isotopes in sea water
were concentrated by means of chelating ion exchange resin on
board. Further purification and determination will be done at
onland laboratory.

234

Uranium content and U/238

U ratio: More than one hundred
samples were processed'during the cruise for uranium determi-
nation. The method of analysis of uranium was described in our
previous report (Miyake, Sugimura and Uchida, 1966, 1971).

It is to be noticed that the uranium content in sea water of
off Mexico region of the Pacific is remarkably high just below

the low oxygen layer as seen in Fig. 51.

9.11. 3H, 908r and 137Cs in the South Pacific Ocean

by

Y.Sugimura

3H content: According to our previous observation, the concent-
ration of tritium in the South Pacific was remarkably low com-
paring with that in the North Pacific. To confirm this point

and to obtain further information of vertical distribution of



tritium, this work was conducted. At the stations 3, 6, 9,
13, 16, 20, 24, 28, 35, 43, 47, 50 and 55, the samples of sea
water down to 800 m were collected. Determination of tritium
content will be done at on land laboratory.

90Sr and 137C

s: More than twenty samples were collected during
the cruise. Results of our previous observation showed the
concentration of the nuclides are almost same both the North
Pacific and the South Pacific. But the knowledge of the
eastern side of the South Pacific is little at present. To

concentrate 9OSr and 137

Cs, carbonate precipitation and ammonium
molybdophosphate precipitation methods were used respectively.
Purification and radiometry of these nuclides will be done at

on land laboratory.

02 ml/1 Uranium‘pg/l
o 1 2 3 4 5 0 1 2 3 4 5 6 7
o[——————=7 1 T~ T 7 T T
\
500 ' )
1000 r \\\\

Depth (m)

2000 / r

3000 \ - “/”’/,/"

4000

Fig. 51. Distribution of uranium and dissolved oxygen with
depth. Stn.55, 11°57.8'N, 100°06.4'W, 3400 m,
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9.12. Dust collection in the atmosphere

by
T.Shimamura and Y.Tazawa

Floating dusts in the atmosphere were collected in order to
select extraterrestrial origin dusts (so called cosmic dusts)
from them. Dusts samplings were carried out on the Pacific
Ocean where back ground of artificial or continental origin
dusts seemed to be very low.

Millipore Filter (47¢mm , pore size 8u) was used for air
filtration, and volume of filtrated air was about 80 m3 per
one sheet of filter. Sampling points were 43 points which
distributed whole course of this expedition.

Under the microscope, particles on the filter were counted
on total number and classified into sizes, shapeés and chemical
composition.

From these analyses we intend to obtain their size spectra,
time variation of their number, and chemical difference, and
then to select cosmic dusts statistically.

Preliminary analyses showed that number density of dusts
in the atmosphere strongly depends on the direction of wind

and the distance from continent.

9.13. Dredged and core samples of brown pelagic clay for
studies of extraterrestrial materials and 234U/238U

disequilibrium

by
H.Mitsuda, T.Shimamura and Y.Tazawa
At Stations 12, 15 and 20, brown clay samples were obtained
with a cylindrical dredge and piston corer.
About 250 kg of dredged samples were prepared for the detec-
tion of 146sm and picking up "Cosmic" spherules.
146gm is an extinct nuclide. It may have been ejected from

Super Nova and/or Red Giant. So its existence in deep sea



sediments suggest the accretion of cosmic materials from extra
solar system.

About 250 kg of dredged clay samples and large volume of
bottom water were also prepared for studies of 234U/238U
disequilibrium.

Core samples were prepared for the determination of seddimen-

tation rates and the accretion rate of the cosmic materials,

10. Geological Works
10.1. Mineralogy on the sediment samples

by
S.Aoki

Of the core-samples, mineral composition of the surface
samples (top-5cm deep) were studied by X-ray diffraction method.
The clay fraction less than 2 | used for present study was
collected by the sedimentation method. Clay minerals such as
montmorillonite, chlorite, mica (illite) and kaolinite were
identified, and non-clay minerals as quartz, feldspar and cal-
cite also confirmed by X-ray analysis. Furthermore, phillip-
site belonging to the zeolite group was found at the stations
10-2, 24-2 and 44-2 respectively. However, the mineralogical
components seem to be variable from sample to sample. The
samples of the station 7-2 and 42-2 are mostly composed of cal-
cite, and clay minerals were not confirmed by X-ray analysis.
Geochemical study as well as mineralogical one of the bulk
samples and manganese nodules may be made in detail by further

work.
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11. Biological Works
1143 Plankton sampling

by
H.Hasumoto and T.Nakai

As a standard method widely employed in C. S. K. (Cooperative
Study of the Kuroshio and Adjacent Region) and other projects in
Pacific Ocean, 150 - 0 m vertical haul with a Norpac net was made
at each hydrocast station (see Table 2).

Two kinds of mesh filtering clothes were used at each station
and one of them made of 0.33mm and the other 0.09mm. The serial
tows were carried out at 55 stations, in which 42 were in daytime.

The biomass of zooplankton ( in wet weight from Station 1 to
Station 56) were the most abundant at Station 31 (618 mg/ms)
and the least at Station 17 (2 mg/ms). Dominant organisums at
Station 31 were occupied Diatoms and Copepods.

The samples of phytoplanktcon are now arranging.

Table 9. Plankton data by standard haul Norpac net

Station No. Shiptime Wet weight

Date Hour {mg/m)

1 Nov. 26 12:29-12:35 137
2 Dec. 2 00:24-00:34 25: 5
3 Dec. 3 00:10-00:18 56,2
4 Dec. 3 19:55-20:05 34.7
5 Dec. 4 17:09-17:18 20.1
6 Dec. 5 12:45-12:55 331
7 Dec. 5 05:20-05:28 34.5
8 Dec. 7 15:12-15:20 36.6
9 Dec. 8 16:02-16:10 50.1
10 Dec. 9 13:00-13:10 39.9
11 Dec. 10 06:21-06:30 52.4
12 Dec. 11 19:51-20:00 63.3
13 Dec. 12 23:10-23:19 40.2
14 Dec. 13 16:00-16:10 14.9
15 Dec, 15 16:48-16:56 3.6




Station No. Shiptime Wet weight
Date Hour (mg/m)
16 Dec. 20 10:45-10:53 -
17 Dec. 21 09:25-09:33 2.4
18 Dec. 22 06:35-06:43 8.5
19 Dec. 23 03:20-03:40 15.8
20 Dec. 24 08:16-08:24 4,2
21 Dec. 25 12:11-12:19 14.5
22 Dec. 26 10:50-10:58 4.2
23 Dec. 27 15:00-15:08 13.8
24 Dec. 28 18:49-18:57 94.7
25 Dec. 29 17:49-17:58 90.0
26 Dec. 30 13:05-13:13 129.7
27 Dec., 31 10:35-10:42 147.7
28 Jan. 1 04:37-04:44 166.2
29 Jan. 2 05:05-05:13 391.7
30 Jan. 3 16:54-17:00 104.7
31 Jan. 4 17:20-17:27 618.4
32 Jan. 5 15:05-15:25 320.0
33 Jan. 7 10:22-10:29 67.4
34 Jan. 8 08:34-08:41 39.7
35 Jan. 9 08:43-08:50 95.6
36 Jan., 10 07:15-07:11 78.3
37 Jan. 11 10:06-10:13 40.2
38 Jan. 12 09:05-09:12 25.6
40 Jan. 22 22:28-22:35 52.7
41 Jan, 23 18:40-18:46 19.1
42 Jan. 24 16:00-16:07 5.8
43 Jan. 25 12:54-13:03 5.9
44 Jan. 26 10:45-10:53 8.5
45 Jan. 27 10:30-10:37 20.1
46 Jan. 28 11:17-11:25 -
47 Jan. 29 08:14-08:22 66.5
48 Jan. 30 01:53-02:04 62.1
49 Jan. 30 19:01-192:10 42.5
50 Jan. 31 16:21-16:28 37.8
51 Feb, 1 23:30-23:37 180.7
52 Feb. 2 21:38-21:45 62.5
53 Feb. 13 00:18-00:26 led.2
54 Feb. 12 11:10-11:17 213.6
55 Feb. 11 18:48-18:55 119.6
56 Feb. 11 00:25-00:50 367.5

*

The towing speed was 1 m/sec.

The sample were

preserved in 10% formalin seawater solution.
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12. Atmospheric Physics Works

R ) The generation and the disappearance of aerosols

particles in the atmosphere over the ocean

by

T.Sekikawa, H.Kojima and F.Tanaka

It has been interested to measure the aerosol concentration
over the ocean for watching of air pollution on the global
scale. But for reasons of difficulty and of unestablishment
of the method for measuring, a useful data is a few. We took
an interest in the nature and the origin of background aero-
sols, and carried out measurements with the object of accumula-
ting the data and estimating the origin of aerosols in the
marine atmosphere over the North, South Pacific and the Antar-

ctic.

(1) The attention to an cceanographical survey

Firstly, it is possible that the aerosols are produced
by many kinds of processes. We must avoid the influence of
pollution from chimneis and exhaust ports on the ship. Before-
hand, for estimating the situation of intake of sample air the
measurement of the concentration of aerosols with wind direc-
tion and velocity were carried out by using a portable parti-
cle counter. From these results it was understood that the air
passing over the ship is polluted regardless the wind velo-
city. Accordingly, an intake of sample air was pushed cut over
the sea and moved the right or left side to the bow with
variation of wind direction. Secondly, when the ship is sail-
ing, she shall produce the white-cap herself and some aerosols
may be generated by the white-cap effect. Since it is nece-
ssary to estimate its effect, the measurement was carried out

during both sailing and drifting.



(2) The total concentration of aerosols and size distribu-
tion of large particles

To determine the low concentration of aerosol particles,

a modified Pollak counter with high sensitivity was prepared.
The most different points of the counter to usual Pollak count-
er is to detect the scattered light instead of the extinction
light. The apparatus was operated automatically. To calibrate
the instrument, the absolute particle counter was used.

By using the Royco particle counter both the size and the
concentration of particles larger than 0.15 p in radius can be
obtained.

Table 10 indicates the total concentration of aerosols
obtained in each leg. Fig. 52 represents the frequency distri-
bution of the total concentration in the South and North Hemi-
sphere. The data selected was at midday (local standard time)
of fine weather days. Frequency distribution in South Hemisphe-
re shows a median concentration of 300 cm“3 and more than 90%
is contained from 200 to 400 cm—3. On the other hand, a maximum
value in North Hemisphere is same to the former but the distri-
bution shows a broad type such as existing more than 600 cm_3.
The variation along the latitude and longitude is not very clear,
but mean value in leg 2 containing a storm zone is much than
leg 3 where wind velocity was very weak. It is suggested that

the total concentration may depend on the wind speed.

Fig. 53 and Fig. 54 represent the size distribution of par-
ticles larger than 0.15 p in radius. In Fig. 53 the mean size
distribution classified according to wind force is shown. On
the every continent, Junge (1955) has shown that the gize distri-
bution of large particle obeys the following formula

dn -B

= Ar B =3

dlogr
where r is particle radius and n is the concentration of aero-
sols. The formula has been proved by many reseachers theoreti-
cally and experimentally. From our observations it is found
that the slope (B) of the distribution and the concentration

depend on the wind force and that with increasing the wind force,



B decreases. It is to be noticed that a maximum appear in the
vicinity of 0.4 y over the range of every wind speed. The pheno-

menon becomes unclear with approaching to the land (Fig. 54).

(3) The volatility of large particles

It is generally reported that ammonium sulfate and sulfuric
mist are the principal chemical elements composing the aercsols
in the urban atmosphere. On the other hand, it is known that
the aerosols sent out from the ocean surface are composed of
sea-salt. Twomey (1968) reported that it is possible to descrimi-
nate both kinds of particles by heating the sample air inclu-
ding the particle. Applying the above method, we measured the
volatility of particles larger than 0.15 u in radius above the
ocean. By our experiments in the laboratory, it is previously
confirmed that the temperature for descriminating both kinds of
particles is sufficient at 340°C. Fig. 55 (a) shows the mean
values of 4 observations over the South Pacific. As regards
larger than 0.4 p in radius, the fraction of particles remaining
(the ratio of the concentration of particles in the heated
sample to that in the unheated) is about 95%. Therefore, most
particles must be composed of non-volatile materials such as
NaCl. But, with the decrease in size, the fraction decrease.
At Tokyo the fraction with a given size from 0.2 p to 1.0 u are
nearly 20%. Fig. 55 (b) is based on the data obtained at 0°S
100°W near North America. At this location the Northeast trade
wind brings directly the continental contamination. The frac-
tions less than 0.8 p decrease with decrease in size and become

nearly the same as the value in the urban atmosphere at 0.3 u.

Table 10. Mean value of total concentration of aerosols

Leg Region Total conc.,No/cm3 0.2-0.5p 0.6-10u
1 Tokyo Equator 410 + 29 32 1.1
2 Honolulu Equator 334 £ 24
3 Equator Valparaiso 344 + 10 547 1.5
4 Valparaiso equator 293 + 9 0.97 0.14
5 Acapulco Tokyo 484 + 28 23 0.58
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Fig. 55 (c¢) shows the mean values of 6 observations over the
North Pacific. The fractions are slightly smaller than that on
the South Pacific.

12.2, Measurement of the atmospheric electrical elements

by
M.Takagi and N.Toriyama

The measurement of the atmospheric electrical elements, such
as electric field, electrical conductivity, space charge, concen-
traticn and average size of condensation nuclei, was carried out
through the whole period of the cruise. The measurement mainly
aimg at the following two points. The first is the problem of
atmospheric electrical current system in a global scale. To
approach to the solution of this problem the most fundamental is
to discriminate between global characteristics and local dis-
turbances. The atmosphere over the ocean, though it may involve
a kind of difficulty caused by larger electrode effect or by
charge and aerosol generation of sea origin, will present a more
natural state of the atmosphere than that over the land, where
we have to take care of land pollution much affecting the electri-
cal state in the air. The later half of the cruise, the period
from 31 January to 22 February, 1972, was coincided to the Fourth
Intensification Interval of Atmospheric Electricity Ten Year
Program by the International Commission on Atmospheric Electri-
city, IAMAP, TUGG. The electric field or the air-earth current
density was measured in the period by the use of balloons, air-
planes or vessels as well as at land stations at several places
over the world. These results are going to be compared and
analyzed to solve the problem of so-called global circuit. The
second point is the extension of land originating aerosols over
the ocean. The inflow of aerosols much lowers electrical conduc-

tivity because they adsorb small ions that make the air conduc-
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tive. It then prepares for irregular space charge distribution
and locally high electric field. Our ocbservation in several
cruises on the Pacific Ocean near Japan Islands by this time has
shown that the process of extension, in which concentration and
size distribution of aerosols are changed, is locally and seasona-
lly different to each other according to the circumstance. It
would be required to find a general rule forming the process.
Generation and disappearance of aeroscls over the ocean are also
important. Various charge separation taking place at the same
time as above makes the electrical state more complicated.

These will decide the back ground relating to air pollution due
to particles. We would expect to know the present state of back
ground pollution and then assess the future of it.

The atmospheric electric field was measured with a mechanical
collector type field meter mounted on the uppermost deck, 14 m
above the sea surface. The pattern of variation of short period
in the field is different from that observed on land, and it
superposes considerable fluctuation of the period of several
minutes. The space charge density that may be considred as ocne
of causes of the fluctuation is also measured with filter method.
Probable correlation between fluctuations in the electric field
and that in the space charge density is obvious in some cases,
but it is not always said to be generally good. If we notice that
the value of space charge represents the nature of sample air
while the value of electric field reflects conditions in compara-
tively wide circumstance, then the comparison of the two elements
will need more careful treatment. The effect of exhaust from
the vessel seems almost negligible on the averaged value of
electric field measured at the setting mentioned above. The
averaged diurnal variation of electric field displays a typical
course also in this cruise, which has maximum around 18 UT
probably reflecting the world wide thunderstorm activity.

A Gerdien-type cylindrical condenser was used for the mea-
surement of electrical conductivity on a side of bridge deck,
about 10 m. above the sea level. Under stormy weather the
apparatus was often covered by sea splash, and the after effect

of this obliged to suspend the measurement for a few days.



When the wind blew from the opposite side of apparatus setting,
sample air was more or less affected by ship exhaust and the
conductivity gave lower values. But it was not easy for us
frequently to move this apparatus setting from a side to another
asking for better conditions. Two sets of apparatuses as to be
fixed on each side of deck would be needed for more continual
measurement.
The concentration of condensation nuclei was measured with

a Pollak-type nuclei counter. By using diffusion battery jointly
to this, the diffusion coefficient of nuclei which enabled to
estimate equivalent size of nuclel was measured at the same time.
Intake of sample air to the counter was made with a long hose,
which was frequently moved from a side to side according to the
wind direction in order to avoid drawing ship exhaust into the
counter. The height at the intake is 11 m. above the sea surface.
Also, intake to the space charge meter was similarly moved accor-
ding to the wind direction as that to Pollak counter. The
value of space charge was always positive except for the inter-
val disturbed by precipitation. The density as converted into
difference of the number of positive charged particales to nega-
tive ones in unit volume was several hundred per cubic centi-
meter if we assume every charged particle carries unit electri-
city. It is of similar order to the concentration of condensa-
tion nuclei obtained with Pollak counter.

An outline of results of these measurements is shown in figures.

Fig. 56 shows variation of elements measured for whole undis-
turbed period of the cruise. From above the atmospheric elec-
tric field, space charge density in net number of charged par-
ticles assuming single electrification, concentration of conden-
sation nuclei, equivalent radius of condensation nuclei and
positive polar conductivity are given on the same time scale.
Curves are given by running means for five days, thus general
trend of each element seems to be made clear by cancelling day
to day fluctuation. Vertical lines are the range of hourly
values in the day. Values measured when the vessel is located
within 200 km from any coast line are excluded. It seems not

easy from the figure to conclude which region in the Pacific



Ocean is less polluted.

Figs. 57 and 58 are shown as representative examples of the
aspect with respect to the distance from land. The former is
variation at the time departing Tokyo, and the latter is that
arriving at Valparaiso, Chile. Dates are given in UT., The
distance to the nearest coast from the vessel is also shown
under abscissa. T and N in Fig. 57 gives the times of depar-
ting Tokyo and passing off the coast Nojimazaki. V in Fig.58

is the time of arriving at Valparaiso. E, A Z, p and r are

'
electric field in V/m, positive polar conductivity in mho/m,
concentration of condensation nuclei in cm—3, space charge
density in the same scale cm_3 as 4, and radius of nuclei in

U, respectively. As shown in Fig. 57, E is coming from 500 V/m

in Tokyo Bay to about 100 V/m, A, is from 0.08 x 10 %% to 1.1

+
pie lO_14 mho/m and Z is from 9 x lO4

to 5 x 102/cm3,r every
element comes to steady value on the ocean at the distance
about 300 km. apart from land. In case of arriving at Val-
paraiso, the effect of land is not so striking as in case of
Tokyo. The effect of land will require careful analysis to be
clarified, in connection not only with circumstances on the
land but alsc with meteorological and aerological conditions in

larger and smaller scales.
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Appendix

Core and Dredge Logs
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