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Geochemical Study of the Atmosphere
and Ocean in 1995 and 1996

Foreword

Contribution to society and science through geochemical study by clarifying the earth’s changing climate
and environment is the most important objective of the Geochemical Research Department (GRD) of the
Meteorological Research Institute (MRI). Most recent environmental problems have occurred in connection with
chemical substance cycling, and science’s most important task is to clarify the mechanism of substance cycling.

The earth’s chemical environment has changed rapidly in the last decades, due to the massive introduction
of anthropogenic substances caused by the abrupt expansion of human activities, such as increasing atmospheric
trace gases leading to global warming and climate change, the wide-ranging expansion of acid rain, heavy metals,
and radioactive substances. This change has brought serious effects on society and economics. It is also
scientifically important to meet the needs of society to understand the change precisely and comprehensively,
temporally and spatially, and to clarify mechanisms to predict consequences.

To meet these scientific and social needs, scientists in the GRD have promoted the development of new
methods for analyzing chemical substances in the atmosphere, ocean, and earth’s crust, and the study of
geochemical cycle processes of substances in the environment and exchange processes between environments.
Our recent studies focus on the behavior of atmospheric trace components including greenhouse gases, gas and
particle air/sea exchange processes, biogeochemical processes in the ocean, and in connection with these
geochemical studies, behavior of artificial radioactive nuclides in the ocean and atmosphere.

These studies are expected to be useful for promoting and improving Japan Meteorological Agency (JMA)
business in the fields of climate and environmental observation and monitoring and to contribute to international
scientific studies such as the World Climate Research Program (WCRP) and International Geosphere-Biosphere
Program (IGBP).

QOur results are submitted to and published in numerous scientific papers and administrative documents.
Annual English-language summaries remain to be published yet, however. Such summaries would, I believe, be
very useful in providing a bird’s-eye view of our studies in 1995 and 1996, and to make known our scientific

prospects.

Katsuhiko Fushimi
Director, GRD
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VOYAGE STATISTICS

Shipboard observations in 1995

Cruise Ship Track/Sampling site Substance

KH-90-2 R.V. Hakuho Maru Tokyo (September 3, 1990) - Suva (Fiji) - pCO,
Papeete (Tahiti) - Honolulu (October 25, 1990)

KH-90-3 R.V. Hakuho Maru Honolulu (October 31, 1990) - Rabaul (Papua New  pCO,
Guinea) - Guam - Tokyo (December 14, 1990)

Ry-79-01 R.V.Ryofu Maru  137°E transect (January 1979) BICs
Ry-80-01 R.V.Ryofu Maru  137°E transect (January 1980) B1Cs
Ry-81-01 R.V.Ryofu Maru  137°E transect (Jan.-Feb. 1981) BICs
Ry-82-01 R.V.Ryofu Maru  137°E transect (January 1982) BCs
Ry-83-01 R.V. Ryofu Maru  137°E transect (January 1983) B1Cs
Ry-84-01 R.V. Ryofu Maru  137°E transect (Jan.-Feb. 1984) B1Cs
Ry-85-01 R.V.Ryofu Maru 137°E transect (January 1985) B1Cs
Ry-86-01 R.V.Ryofu Maru 137°E transect (January 1986) BCs
Ry-86-04 R.V.Ryofu Maru  31.5°N, 145.3°E (April 21, 1986) B7Cs
Ry-86-07 R.V.Ryofu Maru  34°N, 137°E (July 21, 1986) BICs
Ry-86-08 R.V. Kofu Maru 43°N, 138°E-45.3°N, 145°E (Aug. 1986) BLBICS
Ry-86-09 R.V.Ryofu Maru  35.3°N, 141°E-38.5°N, 145.5°E (Sep. 1986) B137Cg
Ry-87-01 R.V.Ryofu Maru  137°E transect (January 1987) BCs
NA-87-01 R.V. Natsushima 4°N, 180°E-6.2°N, 159.8°E (Feb. 1987) Ba137Cg
Ch-87-03 R.V. Chofu Maru  27.8°N-130.7°E (March 1987) PABICs
Ry-87-04 R.V. Ryofu Maru  31.5°N, 145.7°E (April 1987) 14187
Ko0-87-08 R.V. Kofu Maru 41.5°N, 147°E-44.2°N, 141°E (Aug. 1987) B4ICg
Ry-88-01 R.V.Ryofu Maru 137°E transect (January 1988) B7Cs

KH-93-4 R.V. Hakuho Maru 22.8°N, 158°W-45.2°N, 165.5°E (Oct.-Nov. 1993) Protein
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Shipboard observations in 1996

Cruise

Track/Sampling site Substance

NA-8701

NA-8901
NA-9001
NA-9101
LIDAR
LIDAR
TOCS
TOCS
KH-90-2

KH-90-2

KH-90-3
KH-91-3

KH-93-4
Ry-90-01

Ry-91-01
Ry-91-06
Ry-92-01
Ry-92-06
Ry-93-01
Ry-93-06
Ry-87-01
Ry-88-01
Ry-89-01
Ry-90-01
Ry-91-01
Ry-92-01
Ry-93-01
WOCE I

WOCEII

JKRIJE
JARE 34

R.V. Natsushima

R.V. Natsushima
R.V. Natsushima
R.V. Natsushima
R.V. Kaiyo

R.V. Kaiyo

R.V. Kaiyo

R.V. Kaiyo

R.V. Hakuho

R.V. Hakuho Maru

R.V. Hakuho Maru
R.V. Hakuho Maru

R.V. Hakuho Maru

R.V. Ryofu Maru

R.V. Ryofu Maru
R.V. Ryofu Maru
R.V. Ryofu Maru
R.V. Ryofu Maru
R.V. Ryofu Maru
R.V. Ryofu Maru
R.V. Ryofu Maru
R.V. Ryofu Maru
R.V. Ryofu Maru
R.V. Ryofu Maru
R.V. Ryofu Maru
R.V. Ryofu Maru
R.V. Ryofu Maru
R.V. Kaiyo

R.V. Kaiyo

R.V. Okean
LB. Fuji

Western and central equatorial Pacific (WCEP)
(January-February 1987) pCO,, CHy
WCEP (January-February 1989) pCO,, CHy
WCEP (January-February 1990) pCO,, CH4
WCEP (January-February 1991) pCO,, CHy

WCEP (November-December 1992)
WCEP (January-February 1994)

WCEP (November-December 1992)
WCEP (November-December 1994)
WCEP (September-December 1990)

Western, central North Pacific (WCNP)
(September 1990)

WCEP (September-December 1990)
WCNP(May 1991)

Western North and western equatorial
Pacific (October- November 1993)
137°E transect (January 1990)

137°E transect (January-February 1991)
137°E, 155°E transects (June-July 1991)
137°E transect (January-February 1992)
137°E, 155°E transects (June-July 1992)
137°E transect (January-February 1993)
137°E, 155°E transects (June-July 1993)
137°E transect (January-February 1987)
137°E transect (January-February 1988)
137°E transect (January-February 1989)
137°E transect (January-February 1990)
137°E transect (January-February 1991)
137°E transect (January-February 1992)
137°E transect (January-February 1993)

pCO2
pCO2
pCO2
pCO>
pCOa.
Protein,
POC, PN,
PCAA
Protein,
POC, PN,
PCAA
pCO2
Protein,
POC, PN,
PCAA

Protein
Protein,
POC, PN,
PCAA

CHy4

Western equatorial Pacific (October 1992) t, S, O,

Nutrients

Western equatorial Pacific (February 1994) t, S, O,

Japan Sea (March-April 1994)
Indian and Southern Ocean

Nutrients
t, S

(November 1992- March 1993) Protein
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Plane Observations From Cairns/Sydney, Australia, to Narita, Japan, Since April 1993
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Fig. 1 Distributions of latitude (a), longitude (b) and altitude(c) of air samples collected from April 1993 to April 1996.
(Matsueda et al., 1997)
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Radioactive fallout observations since 1958

No. Station Name , ~ Location

1 Wakkanai 45°25'N  141°41E
2 Sapporo 43°03'N 141°20E
3 Kushiro 42°59N  144°24'E
4 Akita 39°43N  140°06E
5 Sendai 38°16N  140°S4'E
6 Wajima 37°23N  135°54E
7 Tokyo 35°41I'N  139°36E
8 Yonago 35°26N  133°21'E
9 Osaka 34°41I'N  135°31E
10 Fukuoka 13°35N  130°23F
11 lahigaki 24°20'N 124° 10E
12 Tsukuba 36°03N  140°07E

Fig. 3 Radioactive fallout sampling sites. (Hirose, 1995a)
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INTERNATIONAL/NATIONAL PROGRAMS

Table 1 1995 International/National Programs

International Study Number

WCRP/WOCE
IGBP/JGOFS 11, 1.2, 1.3, 41, 42, 43
IGBP/IGAC 21,5
National Study Number
JASRE 31, 32, 33, 34,43, 6

(Reallocation fund from the Science and Technology
Agency of Japan)

JASBEGGA 11, 1.2, 1.3
(Reallocation fund from the Science and Technology
Agency of Japan)

GASREPA 4.1, 42
(Grant-in-Aid from Ministry of Education, Science and
Culture of Japan)

MRI/JMA operating funds 11, 1.2, 1.3, 21, 4.1, 42, 5

Table 2 1996 International/National Programs

International Study Number

WCRP/WOCE 3.1, III

IGBP/JGOFS 21, 22, 23, 5.1, 52, 53, 54, 55,
56, II

IGBP/IGAC 11, 12, 24

National Study Number

JASRE 32 4
(Reallocation fund from the Science and Technology
Agency of Japan)

JASBEGGA 21, 22, 23
(Reallocation fund from the Science and Technology
Agency of Japan)

GASREPA 5.1, 52, 53, 54, 55
(Grant-in-Aid from Ministry of Education, Science and
Culture of Japan)

UAOCA 1.1, 1.2

(Fund supported by the JAL Foundation)

MRI/JMA operating funds 1.1, 12, 21, 23, 24, 31, 5.1, 52,
5.3, 54, 55, 56
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1995 ACTIVITIES

INTRODUCTION

Clarifying the Earth’s chemical environment is an important objective of the Geochemical Research
Department (GRD). GRD scientists have studied the geochemical cycle of chemical substances found in the
terrestrial environment — the atmosphere, the hydrosphere, and the lithosphere — since the 1940s.

With‘increasing human activity and the introduction of anthropogenic materials, the terrestrial chemical
environment has been changing rapidly. Given the scientific and public considerations involved, our recent
studies have been focused on obtaining precise, accurate information on the following subjects: temporal and
spatial variation of greenhouse gases such as CO, in the atmosphere, carbon and nitrogen cycles in the marine
environment, the exchange rate of chemical substances between the ocean and atmosphere as well as the
biosphere and atmosphere, radioactive contamination of the ocean and atmosphere, and the behavior of natural
and artificial chemicals in the air and ocean.

We are involved in many scientific projects related to large national and international programs such as the
Japanese Study on the Radioactivity in the Environment (JASRE), Japanese Study on the Behavior of
Greenhouse Gases- and Aerosols (JASBEGGA), World Climate Research Program (WCRP)/World Ocean
Circulation Experiment (WOCE), International Geosphere-Biosphere Program (IGBP)/Joint Global Ocean Flux
Study (JGOFS) and International Global Atmospheric Chemistry Program (IGBP/IGAC).

At yearend, the department had 10 scientific staffers.

International/National scientific programs and budgetary funds for our studies are shown in Table 1.

GREENHOUSE GAS (CO0,)
1. Exchange of Chemical Substances Between Atmosphere and Ocean
1.1 Long-term trends in carbon dioxide partial pressure (pCQ,) in western North Pacific surface waters
Inoue, Matsueda, Fushimi, Hirota, Asanuma, and Takasugi (1995)

Carbon dioxide in the atmosphere appears to play a major role in determining the earth’s climate and
habitability through its regulation of solar radiation balance. Atmospheric CO, levels have been increasing since
the Industrial Revolution, mainly due to anthropogenic of CO, emissions.

Open oceans have been regarded as an important “sink” for processing anthropogenic CQ, but few
measurements have confirmed oceanic CO, uptake. Inoue ef al. (1995) studied the long-term trends of carbon
dioxide partial pressure (pCO,) in surface waters of the western North Pacific, analyzing data in the western
North Pacific and the overlying air measured regularly on board the Japan Meteorological Agency (JMA)
research vessel “Ryofu Maru” (Fig. 95-1).

pCO; in surface seawater (pCO,**) observed every boreal winter from 1984 to 1993 gives a growth rate of
18+0.6 patm yr north of 15°N and 0.5+0.7 gatm yr” south of 14°N, averaging 1.2+09 gatm yr’. The rate

Author: Katsuhiko Fushimi e-mail: kfushimi@mri-jma.go.jp
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Fig. 95-1 Repeated transects where pCO,*** measurements were made since 1981. Open circles: oceanographic stations,
where seawater samples from surface to the bottom were taken by CTD casts for measurement of oxygen,
TCO,, nutrients, salinity, etc. South of 32°N along 137°E, oceanographic stations were located every 1° and
CTD casts to 1000 (or 2000) dbar were obtained. Typical major western North Pacific currents patterns are
indicated.

of pCO** increase north of 15°N equals that of atmospheric CO, (1.8 patm yr') during the same period
although that south of 14°N is lower (Fig. 95-2).

They estimated the annual CO, ﬂ}lx between the sea and air based on monthly mean ApCO, and the gas
transfer coefficient calculated according to Liss and Merlivat (1986), Tans ef al. (1990), and Wanninkhof (1992).
Large CO, influx occurred off the coast of Japan (-16 mmol m?day™, based on Tans ef al., 1990) because of the
large negative ApCO, (-60 patm) and strong wind during winter. In the sink area, the annual mean air-sea CO,
flux ranged from -8 mmol m™day™ at 31°N to -1 mmol m?day™ at 11°N.

The pCO,* increase rate is therefore high where the ocean acts as a strong sink for atmospheric CO,.
South of 10°N, the oceaﬁ acts as a source (0.2-0.7 mmol m™?day™), but CO, evasion flux is considerably smaller

than in the central and eastern equatorial Pacific.
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Fig. 95-2 Temporal variations in pCO, along 137°E observed in late January.

1.2 Air-sea CO, exchange in central and western equatorial Pacific

\ Ishii and Inoue (1995)

Ishii and Inoue (1995) studied the air-sea exchange of CO, in the central and western equatorial Pacific.
They made measurements of CO, in marine bbunaary air and in surface seawater of the central and western
Pacific west of 150°W from September té December 1990 (Fig. 95-3). They observed a steep decrease in pCO*
from 400 watm to 350 patm between 179°E and 170°E along with a decrease in salinity (Fig. 95-4). West of
170°E, where salinity is low due to heavy rainfall, pCO,** was nearly equal to pCO*. They evaluated the net CO,
flux from the sea to the atmosphere in the region (15°S-10°N, 140°E~150°W) from the pCO, distribution and
several gas transfer coefficients reported so far (Table 95-1). It ranged from 0.13 GtC year™ to 029 GtC year .

This CO, evasion flux is thought to almost disappear during an El Nifio event.
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Honolulu (Hawaii) (October 25, 1990) via Suva (Fiji) and Papeete (Tahiti). KH-90-3 is from Honolulu
(October 31, 1990) to Tokyo (December 14, 1990) via Rabaul (Papua New Guinea) and Guam.
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Fig. 95-4 Distribution of ApCO, in central and western equatorial Pacific in September 1990.

Table 95-1 CO, flux (MtC) in the central and western equatorial Pacific in September-November 1990

Flux (15°S-1°8S) Flux (0°-10°N) Total flux
Eq. (MtC) (MtC) (MtC)

(Flux accumulated twice-daily flux over a month) GANAL GANAL GANAL
Liss and Merlivat 19.5 13.1 ' 32.6
Wanninkhof (short) 30.2 21.1 51.3
Wanninkhof (short, chem) 36.6 26.8 634
Wanninkhof (long) 38.0 26.5 64.5
Tans et al. 423 29.0 713

(Flux calculated by using monthly mean wind speed) GANAL GANAL WSCLI GANAL
Liss and Merlivat 19.5 12.9 114 324
Wanninkhof (short) 289 19.8 18.5 48.7
Wanninkhof (short, chem) 354 25.6 244 61.0
Wanninkhof (long) - 364 24.9 233 61.3
Tans et al. , 422 29.0 25.7 71.2
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Table 95-2 DIC (umol + dm™) of natural water standards prepared with lake or sea water as measured by both the
TOC-5000 and coulometer. Lake standards 1 and 2 were prepared from surface water collected at station 9
in the middle of Lake Kasumigaura in November 1993 and April 1994, respectively. Sea water standard 1
was prepared from surface water collected from the Western North Pacific at 20°N, 130°E in February 1992,
Sea water standard 2 was prepared from a mix of surface waters collected from the Western North Pacific
at 20°N, 137°E in January 1993 and at 19°N, 137°E in January 1994.

standard instrument mean [DIC] std. dev. bottles reps/bottle
Lake 1 TOC-5000 997.1 48 2 6 & 10
Lake 1 Coulometer 994.2 0.6 4 1
Lake 2 TOC-5000 1013.9 3.0 5 4t08
Lake 2 Coulometer 1011.2 0.7 3 1
Sea 1 TOC-5000 2028.3 2.2 o2 10
Seal Coulometer 2026.5 0.6 4 1
Sea 2 TOC-5000 20484 6.2 3 6 to 16
Sea 2 Coulometer 2053.1 2.0 2 lor2

1.3 Methods for dissolved inorganic carbon measurement in natural waters

Weisburd, Ishii, Fukushima, and Otsuki (1995)

Knowing the concentrations of dissolved inorganic carbon (DIC) in natural waters is important in studies of
ecology and biogeochemistry. The available measurement methods remain relatively difficult and imprecise.
Weisburd et al. (1995) demonstrated that a commercially available, nondispersive infrared (ND-IR) organic
carbon analyzer could provide relatively accurate, precise (£2-3 gmol dm™) DIC measurements (Table 95-2).
This precision, though less than the 0.5 -1 gmol dm™ for the state-of-the-art instrument (CO, Coulometer), is
adequate for many applications and is easier to use. For DIC transects and profiles in systems with moderate to
large DIC variations or for discrete DIC productivity measurements, the TOC-5000's precision is generally

sufficient. The precision of the coulometer remains necessary, however, for marine DIC surveys.

2. Chemical Substances Exchange Between Atmosphere and Biosphere
2.1 Atmospheric CO, variations at Meteorological Research Institute, Tsukuba, Japan
Inoue and Matsueda (1996)

The CO, exchange between the air and biosphere is an important process controlling the level of
atmospheric CO, on a time scale of hours to decades. To get a better understanding of CO, exchange between
the air and terrestrial biosphere, measurements of the CO, concentration in the surface air have been conducted
at the Meteorological Research Institute (MRI, 36°04'N, 147°07°E, 25 m above sea level) in Tsukuba, 50 km
northeast of Tokyo, Japan, since April 1986 (Fig.95-5).

Inoue and Matsueda (1996) began continuous measurements of CO, in the air 1.5 m above the earth’s
surface in April 1986 and studied variations in atmospheric CO, at the Meteorological Research Institute,
Tsukuba, Japan (Fig. 95-6). At the end of February 1992, they added measurements of atmospheric CO, at 200
m on a meteorological tower, 213 m high, 250 m from the 1.5 m sampling site. They selected CO, data observed
at MRI in daytime with hour-to-hour variation less than 1 ppmv and compared data with that of Ryori (39°02’N,
141°50°E), a continental station operated by the JMA. They showed that the selected CO, record provided a

representative CO, level in surface air on spatial scales of at least a few hundred kilometers.
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Fig. 95-5 MRI atmospheric CO, sampling site.
Reprinted from J. Atmospher. Chem., 23 (1996), 137-161, Variations in atmospheric CO, at the Meteorological
Research Institute, Tsukuba, Japan, Inoue and Matsueda, fig. 1 (©1996 Kluwer Academic Publishers. Printed
in the Netherlands.) with kind permission from Kluwer Academic Publishers.

They also studied the interannual changes in photosynthesis/respiration against changes in climatological
parameters. They found that respiration was sensitive to the temperature change within a small temperature
anomaly (ca. 1°C), while photosynthesis was less sensitive. When the temperature anomaly is large, however,
photosynthesis and respiration tend to be competitive. The decrease in respiration due to cooling (-0.7°C)
could play an important role in determining the 1992 CO, level, which did not increase compared to that of 1991

in the Northern Hemisphere.
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Fig. 95-6 Temporal variations in daily average when hour-to-hour changes are less than 1 ppmv (Cp) between 11:00
JST and 16:00 JST. (a)displays all raw data from April 13, 1986, to March 31, 1994, The solid curve in (b) is
for a low-pass filter with cutoff at 100 days and the dashed curve is for cutoff at 667 days.

Reprinted from J. Atmospher. Chem., 23 (1996), 137-161, Variations in atmospheric CO, at the Meteorological
Research Institute, Tsukuba, Japan, Inoue and Matsueda, fig. 7 (©1996 Kluwer Academic Publishers. Printed
in the Netherlands.) with kind permission from Kluwer Academic Publishers.

RADIOACTIVE NUCLIDES (**Sr, ¥Cs, and Pu Isotopes)
3. Radioactive Materials in Air, Fallout, Rainwater, and Seawater

Global radioactive contamination derived from the fallout of nuclear weapon tests, waste disposal, or
accidents at nuclear facilities has brought about scientific and social consequences. To evaluate the feedback
effect on society and to trace the fate in the global environment, meteorological and oceanographic studies on

the environmental radioactivity have been conducted for the last 40 years.
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3.1 Geochemical studies on Chernobyl radioactivity in environmental samples
Hirose (1995a)

The Chernobyl accident on April 26, 1986, contaminated a wide area of the Northern Hemisphere. GRD
scientists have comprehensively studied the environmental effect of Chernobyl fallout. Pronounced, high-level
radioactivity has been observed in surface air and rainwater in Japan since May 3, 1986 and higher
concentrations of Chernobyl radionuclides in surface air continued until early July 1986 (Aoyama ef al., 1986).
Chernobyl fallout caused partly increasing '¥Cs concentrations in surface water and riverwater (Hirose ef al,
1990). They obtained some new evidence about the transport of Chernobyl radioactivity to the stratosphere,
dry deposition, and wet deposition (Aoyama et al.,, 1987; Aoyama et al, 1991; 1992; Hirose ef al., 1993).

Hirose (1995a) described the deposition of 'Cs, *Sr, and plutonium isotopes at Tsukuba in 1986 and
summarized geochemical studies of Chernobyl fallout in Japan (Table 95-3). Artificial radionuclides in deposition
and airborne dust samples in 1986 were measured at Tsukuba and 11 stations in Japan. Significant amounts of
%8Py and #'Pu were detected in deposition samples in May 1986 at Tsukuba. 2*Pu/?*?Pu and *'Pu/**Pu ratios
in monthly deposition show that meaningful amounts of Chernobyl-derived plutonium isotopes were transported
to Japan, about 8,000 km distant from Chernobyl. Hirose found that the *'Pu/®**"Puy activity ratio was useful as
a geochemical marker because its isotopic ratios changed significantly for different sources of plutonium.

The Chernobyl *Sr and plutonium isotopes, especially Pu, were preferentially scavenged from the
atmosphere by wet and dry deposition, compared to volatile radionuclides such as *'I and ¥Cs. This is due to
the particle size difference between radionuclide-bearing aerosols; the order of particle size was Pu isotopes>
0Sr>B7Cs (Fig. 95-7). These findings suggest that large amounts of actinides were deposited near the accident
site. This will require an assessment of the environmental effects of actinides because of their high toxicity and

long radioactive life.

Table 95-3 Monthly Deposition of *'Cs, *Sr, and Plutonium Isotopes at Tsukuba in 1986

Month sos | U a0y Bopy
(Bq m?) (mBq m?)
January 0.036+0.010 0.0210.003 0.065:0.013 -
February - 0.083:0.016 0.027:0.004 0.343+0.060 -
March 0.080:0.016 0.094:0.011 1.02:0.11 0.061+0.020
April 0.097:0.013 0.024:0.002 0.155:0.023 -
May 13113 1.24+0.14 0.650:0.045 0.107+0.020
June 2.51+0.27 0.164+0.019 0.075+0.014 0.02110.010
July 0.783:0.084 0.015:0.002 0.069:0.012 0.020:0.010
August 0.369:+0.045 0.018:0.002 0.133:0.019 0.010£0.007
September 0.087:0.014 0.011:0.002 0.148:0.021 0.017+0.009
October 0.106+0.020 0.016+0.002 0.266+0.027 0.030£0.010
November 0.071+0.012 0.019+0.002 0.129:0.019 0.025+0.010
December 0.078:0.016 0.010+0.001 0.150:0.020 0.025+0.009

The data of monthly ’Cs and *°Sr were cited from the results of Aoyama, et al., 1991.
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3.2 ¥ICs concentration temporal and spatial variation in western North Pacific and marginal seas from
1979 to 1988
Aoyama and Hirose (1995)

After the Chernobyl accident in May 1986, intensified observation was conducted to study the geographical
distribution of Chernobyl radioactivity. Aoyama and Hirose (1995) studied temporal and spatial variation of ¥'Cs
concentration in the western North Pacific and its marginal seas during the period from 1979 to 1988. ®'Cs
concentrations in surface water along the 137°E transect from 1979 to 1988 were 5.0-10.6 mBql™ between 30°N
and 24°N, 34-78 mBql" between 24°N and 7°N, and 2.1-6.9 mBql™ between 7°N and the Equator (Fig. 95-8).
B7Cs concentrations at stations between 30°N and 7°N did not show clear temporal variation, while those at
stations south of 7°N increased from 1986 to 1988.

The ¥Cs concentration south of 7°N became the same magnitude as those in two latitude bands between
30°N and 7°N in 1987 and 1988. Chernobyl-derived ™Cs was detected in surface water of marginal seas around
Japan north of about 30°N, which reflects the meridional distribution of Chernobyl-derived *!Cs in surface air
over the western North Pacific (Fig. 95-9). The particulate cesium isotope concentration ranged from 0.1 to 1.0

% of the total cesium isotope concentration in 1986 and 1987.
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Reprinted from J. Environ. Radioactivity, 29, Aoyama and Hirose, The temporal and spatial variation of *'Cs
concentration in the western North Pacific and its marginal seas during the period from 1979 to 1988, 57-74,

Copyright (1995), with permission from Elsevier Science.
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Fig. 95-9 Vertical distribution of *Cs and 'Cs on August 22, 1986, at 44°30’N, 140°00’E (upper panel) and on August

26, 1987, at 44°15°N, 140°58 E (lower panel). Reprinted from J. Environ. Radioactivity, 29, Aoyama and Hirose,
The temporal and spatial variation of *’Cs concentration in the western North Pacific and its marginal seas
during the period from 1979 to 1988, 57-74, Copyright (1995), with permission from Elsevier Science.
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3.3 Recent **Sr and “’Cs deposition observed in Tsukuba

Igarashi, Otsuji-Hatori, and Hirose (1996)
Igarashi ef @l.(1996) studied recent deposition of **Sr and *’Cs observed in Tsukuba. Referring to the trend
in annual radioactivity deposition observed at the MRI since 1957, they showed the annual deposition of **Sr in
1990s to be as low as around 0.15 Bgm™ and that of *Cs to be 0.3 Bqm® (Fig. 95-10). This is because no
atmospheric nuclear weapons tests have been conducted since 1981. Although the Chernobyl accident brought a
significant amount of *Cs to Japan, no long-term effect seems to have continued in radioactivity deposition in
Japan (Fig. 95-11). The present activity level is lower than that in 1985 when minimum annual radioactivity

deposition was recorded.
Although a spring peak was found in deposition, it is difficult to explain this seasonal pattern only by

stratospheric fallout. The variation in ratios of the radioactivity to corresponding stable elements did not show
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Fig. 95-10 Temporal variation in annual radioactivity deposition observed at MRL
Reprinted from J. Environ. Radioactivity, 31, Igarashi et al, Recent deposition of *Sr and '*Cs observed in
Tsukuba, 157-169, Copyright (1996), with permission from Elsevier Science.
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Fig. 95-11 Influence of the stratospheric component on the annual deposition of *’Cs and *Sr.
Reprinted from /. Environ. Radioactivity, 31, Igarashi et al., Recent deposition of ®Sr and “'Cs observed in
Tsukuba, 157-169, Copyright (1996), with permission from Elsevier Science.
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Fig. 95-12 Seasonal r/s ratio variation.
Reprinted from J. Environ. Radioactivity, 31, Igarashi et al., Recent deposition of ®Sr and ®Cs observed in
Tsukuba, 157-169, Copyright (1996), with permission from Elsevier Science.

the maximum in deposition peak months in spring (Fig. 95-12). It was concluded that most *Sr and *¥Cs
deposits are of resuspended soil origin. The activity ratio (**Cs/*Sr) suggests that plural sources are present

for resuspended radioactivity in Japan.

3.4 Reference fallout material preparation for activity measurements

Otsuji-Hatori, Igarashi, and Hirose (1996)

Since the present environmental radioactivity level is becoming extremely low, quality control in
determining fallout has become more important, despite the dearth of reference material for fallout activity
determination. Otsuji-Hatori et «@/.(1996) attempted to prepare reference fallout material for activity
measurements by using deposition samples collected at 14 stations over Japan in 1963-1979, preserved after
gamma-activity measurement (Fig. 95-13). With this reference material, *Sr, *Cs, and Pu isotopes were
determined by several independent institutions. Results show good accord among individual institutions,
meaning that the sample can be used as a reference for the measurement of fallout (Table 95-4). At present,

this reference is being effectively used in quality control of radiochemical analysis.
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Fig. 95-13 Sampling station site and weight percentage of fallout from each station composing “reference fallout material”.
Reprinted from J. Environ. Radioactivity, 31, Otsuji-Hatori ef al, Preparation of a reference fallout material for
activity measurements, 143-155, Copyright (1996), with permission from Elsevier Science.

Table 95-4 Reported Concentrations of Radionuclides in the ‘Reference Fallout Material (mBq g)

Institution Sample  37Cs 05r 239,240 p,, 28py 210 ppy 226 Ra
(n)

A 5 298437 18643 6324010 0-25+0-03

B 5 304 £ 11

C 5 328 + 11

D 5 3146

E 5 342+ 11 24847 723+£0-54 0-40 +0-08

F 5 314 +9

G 5 6-41+0-15 0-27 £0-01

H 5 290+£9

I 4% 305+3 661 +15 1542

MRI 516)° 3096 198+8 6494030 0-14 + 008

Average 312416 211+33 6:61+042 0-2740-11 661 15
Weighted 311 211 6-52 0-28

mean

“Errors indicated in this table show the unbiased SD for each data set.

”Although the five bottles were provided, one was broken during transportation. For
*Ra, one sample showed a value below the detection limit.

“The figure in parentheses is for *’Cs.

Reprinted from J. Environ. Radioactivity, 31, Igarashi et al., Recent deposition of YOSr and

137Cs observed in Tsukuba, 157-169, Copyright (1996), with permission from Elsevier
Science.
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ORGANIC MATTER AND LIGANDS
4, Carbon and Nitrogen Biogeochemical Cycle at Earth’s Surface

The abundance of carbon at the earth’s surface potentially exchangeable with atmospheric carbon dioxide is
approximately 43 x 10"® gC. The ocean holds about 90% of this “active” carbon, in either inorganic or organic form.
Carbon and nitrogen are incorporated into the biogeochemical cycle in the ocean and buffer the level of
atmospheric carbon dioxide.

Improved knowledge of the carbon and nitrogen biogeochemical cycle is of critical importance to
understanding and responding effectively to issues on regional and global climatic change. Our research focused

on clarifying the dynamics of chemical compounds in the ocean and their relationship to the global carbon cycle.

4.1 Detection of dissolved protein molecules in oceanic waters and bacterial membranes: Possible source
of a major dissolved protein in seawater

Tanoue (1995)

Tanoue, Nishiyama, Kamo and Tsugita (1995)

Dissolved organic matter (DOM) in seawater is one of the three reactive reservoirs of organic matter on
the planet; the other two are living plants and organic matter in soil on land. Although evidence indicates that
the majority of DOM originated in marine environments, only less than 30% of the component molecules, such
as combined amino acids, carbohydrates, and solvent-extractable lipids, have been identified so far. To date,
there is a gap in our understanding of organic constituents between those of marine organisms (sources of
organic matter) and those of the inanimate organic (DOM) pool in both classes and quality.

Tanoue (1995) and Tanoue ef al.(1995) developed a new method for extraction and detection of dissolved
protein molecules in oceanic waters and studied bacterial membranes as a possible source of a major dissolved
protein in seawater. They measured dissolved protein at a variety of depths at three stations in the Pacific,
ranging from the tropics to the subarctic. Most dissolved protein is distributed over a wide range of molecular
masses, but consists of fewer than 30 individual proteins. One, with an apparent molecular mass of 48 kDa, is a
major constituent at all stations (Fig. 95-14). Its N-terminal amino acid sequence was found to be a homologue
of porin P, a trans-outer-membrane channel protein of gram-negative bacteria.

The correspondence of N-terminal amino acid sequences and apparent molecular masses between this
dissolved protein and porin P indicates that almost the complete homologue of porin P, from the N-terminus to
(probably) the C-terminus, survives without modification in the water column (Table 95-5). Persistence of
appreciable amounts of an identifiable protein suggests a pathway for the production of dissolved organic matter
whereby enzyme-resistant biopolymers survive and accumulate in the sea. The accumulation of appreciable
amounts of a relatively limited number of proteins leads to the hypothesis that particulate proteins that make up
the majority of dissolved protein components in seawater are derived from specific sources and contribute

quantitatively to the oceanic organic nitrogen pool.
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Fig. 95-14 Electrophoresis of dissolved proteins extracted from surface and intermediate waters at three stations:
subarctic Station A (45°10.3'N, 165°344"E); subtropical Station B (24°35.0'N, 170°00.1"E); and tropical Station
C (22°47.1'N, 158°04.6’W). Standard marker proteins are shown for all stations. Proteins in certain bands
(arrows) on gels were subjected to N-terminal amino acid sequencing (Table 95-5). Amounts of samples loaded
on gels were equivalent to 1 liter of original seawater at Stations A and C, and 0.25 liters of original seawater
at Station B. Each marker protein was loaded at 1 ug for Stations A and C, and at 2 ug for Station B.
Reprinted from Geochim. et Cosmochim. Acta, 59, Tanoue ef al, Bacterial membranes: Possible source of a
major dissolved protein in seawater, 26432648, Copyright (1995), with permission from Elsevier Science.

Table 95-5 N-terminal amino acid sequences of the proteins in the dissolved phase. “Xaa” indicates that an identifiable
phenylhydantoin derivative was not recovered. )

Cycle mol.mass 1 2 3 -4 5 6 7 8 9 10 11 12 13 14 15
of protein

" Station A (45°10.3'N, 165°34.4'E; depth, 5,934 m)

45m 48 kDa Gly Thr Val Thr Thr Asp Gly Ala Asp le Val lle. Lys Thr
Gln*
40 kDa Thr Val Thr Val Thr Pro Leu Met Leu Gly Tyr Thr Phe Gln Leu
Gly*
37kDa Ala  Asp Val Lys Ie Tyr Gly Arg Ala His Val Ser Leu Asp Tyr
30 kDa Thr Gln Ala Glu Val Gly Ala Ser Ala Gly Leu le Asp Pro  Asp
200 m 48 kDa Gly "Thr Val Thr Thr Asp Gly Thr** Asp lle Val  lle Lys Thr Lys
Ala*
Station B (24°35.0'N, 170°0.1’E; depth, 5,966 m)
211'm 48 kDa Gly Thr Val Thr Thr Asp Gly Ala Asp Leu** Va Ile Lys Thr Lys
462 m 48 kDa# Gly Thr Val Thr Thr Asp Gly Ala Asp Xaa Val Ile Lys Thr Lys
~ Met Lys Asp Gly Lew Va Glu Arg Thr GlIn Gly Ser Glu Va Asp
34 kDa Va Thr Gly Gly Tyr Ala Arg Iles Pro Val Glu Len Tyr Lys
Station C (22°47.1'N, 158°4.6'W; depth, 4744 m)
49 m 48 kDa Gly Thr Val Thr Thr Asp Gly Xaa Asp e Val Ie Lys Thr Lys
39 kDa Ala Va VvVa Gly Gly Gly Ala Thr les Pro Gln Asn Leu Tyr Asn
200 m 48 kDa Gly Thr Val Thr Thr Asp Gly Xaa Asp
Porin P## Gly Thr Val Thr Thr Asp Gly Ala Asp Le Val Ile Lys Thr Lys

* This amino acid was also detected, ** The amino acid was detected but not at a significant level. # The protein in this sample with a molecular
mass of 48 kDa was a mixture of two proteins, and two amino acids were detected at every step. One protein was identified as a homologue of porin
P and no sequence resembling that of the other protein was found in the PIR database. ## After Worobec et al. (1988) and Siehnel et al. (1990).
Reprinted from Geochim. et Cosmochim. Acta, 59, Tanoue et al., Bacterial membranes: Possible source of a major dissolved protein in
seawater, 2643-2648, Copyright (1995). with permission from Elsevier Science.
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4.2 Detection, characterization, and dynamics of dissolved organic ligands in oceanic waters
Tanoue and Midorikawa (1995)

In the last two decades, increased attention has been paid to the chemistry of metalorganic compounds.
The ability of dissolved organic matter to form complexes with metal ions in natural water is of interest because
of associated biological implications, such as the bioavailability and toxicity of metals to living organisms, and
because of its relevance to efforts to understand geochemical cycles of metals in the environments.

Tanoue and Midorikawa (1995) studied the detection, characterization and dynamics of dissolved organic
ligands in oceanic waters, focusing on interaction with copper. Three classes of organic ligands — L,, L, and Ly
— concentrated by repeated lyophilization and dialysis, were distinguished by differences in their copper
complexing. L, and L, appear to belong to the group of weak ligands in the literature (Table 95-6). The
conditional stability constant of ligand Ly for Cu(II) was extremely high and comparable to that of EDTA
(Table 95-7).

Two types of ligand similar to weak ligands L, and L, were extracted directly from seawater using
immobilized metal ion affinity chromatography (IMAC). IMAC gave new insights in showing that the weak
ligands were a mixture of at least two types of different organochemical ligands and that their dynamics may be

active in the water column.

Table 95-6 Conditional stability constants (K’,;) and concentrations (C;) of natural ligands in samples of seawater at
pH8.15 (EPPS), at an ionic strength of 0.7 M (KNO,), and at a temperature of 250C. The concentration of
ligand has been converted to that in seawater. The volume of the original sample of seawater used was about
51, except in the case of site S-1, 0 m (+: 1.71, #: 1.01)

Cu(Il) Cd(ID
Site2  Depth Cr; (nM) log K'mi1 C, (nM) log Ky Cp(nM) log Ky
(m) B A B A B A B A A A

S-1 o+ 9.4 8.6 8.34 861 62 19 6.38 7.25 - -
o# 79 1.0 8.48 8.68 45 17 6.57 7.30- - -

P 0 - 2.2 - 8.89 - 7.3 - 7.09 2.7 6.81
191 5.1 3.9 8.26 8.41 20 55 655 1.75 3.8 6.74

J 0 1.9 1.2 9.36 9.60 7.6 6.5 7.50 7.57 1.2 7.21
523 1.3 1.1 9.20 9.44 54 4.0 7.59 7.94 1.4 6.75

1071 * 3.5 * 9.05 14 11 7.15 7.77 4.5 6.82

aSite S-1:at34°56'N, 138°41’ Eon Apr. 26, 1988. Site P: at41°32' N, 147°00' Eon Aug. 13, 1987.
Site J: at 44°15' N, 130°58’ E on Aug. 26, 1987.
Key: *, not detected; -, not determined; B, before demetallization; A, after demetallization.
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Table 95-7 Estimated lower limits for the concentration of the undemetallizable ligand, Ly, and the conditional stability
constant for copper in various samples of seawater at an ionic strength below 10° M, at pH5.71 and at 4C.

Lower limit
Site Depth Cp? log K'cuiy
: (m) (nM)
S.1b 0 0.79 £ 0.04 130%02

0 0.77 £ 0.04 1401 0.2
0 0.80 + 0.06 142+02
0 0.74 £ 0.15 140103
ave. 0.78 + 0.04 14.1 £ 0.1

S-2b 0 1.08 +£0.20 142+ 03
0 1.04 £ 0.18 13.5+0.3
ave. 1.06 £0.13 14.0%£0.2

A 0 0.31 £0.03 138+£03

P 0 0.200+0.004 143+03
191 0.071 £0.004 14.0+03

J 0 <0.01 *
523 0.050£0.002 139+03
1071 0.170 £ 0.004 14.0+0.3

*Not estimated.

2Concentration of ligand is that in seawater. The values of [Cu],, was taken s the lower limit for
Cn (MIDORIKAWA and TANOUE, 1994a).

bValues estimated from multiple subsamples of seawater from Suruga Bay are averaged.

4.3 Relationship between particulate uranium and thorium-complexing capacity of oceanic particulate
matter
Hirose (1995b)

Chemical characterization of particulate organic matter (POM) surfaces in their metal complexing is of
importance to understanding oceanographic roles of particulate matter (PM). Hirose (1995b) studied the
relationship between particulate uranium and thorium-complexing capacity of oceanic particulate matter.
Thorium-complexing capacity (ThCC), defined as the amount of thorium adsorption onto PM in 0.1 mol 1! HCI
by complexing, has been introduced as a new oceanographic parameter. ThCC implies the concentration of a
strong organic ligand in PM.

To specify chemically strong ligands in PM, Hirose compared ThCC in PM with that of particulate uranium,
which exists as an organic complex in sea water. ThCC in PM correlated with particulate uranium, and this
relationship enables the conditional stability constant of the organic uranium complex in PM to be calculated
based on mass action law. The estimated conditional stability constant of the uranium complex in seawater
(10" 1 mol™) is greater than that determined for organic copper complexes, whose order of magnitude coincides
with the result of the metal adsorption on microorganisms (Table 95-8). These findings suggest that the strong
ligand corresponding to ThCC in PM, which is directly related to the compléxation of metals in PM, originates

in marine organisms.
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Table 95-8a The thorium-complexing capacity in particulate matter and particulate uranium in seawater: surface waters

Sampling Location ThCC Particulate U
date (nmol 171) (uBql™Y)
The western North Pacific

Apr. 1991 32°00'N 140°15'E 3.41+0.19 2.90 + 0.42
Apr. 1991 30°00'N 140°07'E 230+0.13 2134038
May 1991 28°00'N 137°00'E 5.84 £ 032 4.96 +£ 0.35
May 1991 18°00'N 137°00'E 3.37+0.16 279 +0.22
May 1991 10°00'N 137°00'E 7.31+042 6.07 + 0.36
May 1991 3°00'N 144°00'E 9.47 +0.42 8.24 £ 0.58
May 1991 7°00'N 144°00'E 3.22+0.16 2174015
May 1991 22°00'N 144°00'E 4.63 1021 3.29 +0.23
The Japan Sea

May 1993 38°09'N 134°27'E 13.5+05 113+ 0.6
May 1993 38°36'N 143°03'E 9.92+ 048

Table 95-8b The thorium-complexing capacity in particulate matter and particulate uranium in seawater: vertical
distribution (location: 39°25'N 133°25’E)

Depth(m) Temp. (°C) Salinity (%o) ThCC Particulate U
0 13.06 34.51 114+ 0.6 105+ 0.7
10 12.99 34.50 9.67 £ 0.48
25 10.92 34.44 6.89 +0.48
50 9.05 ) 34.13 4.49 £ 031
100 6.08 34.04 3.05+0.21 2.83+£0.40
200 1.63 34.05 1.62 +0.21
300 0.78 34.06 142 +0.18
500 0.38 34.07 1.28 +0.16 122 +0.22
750 0.29 34.07 123 +0.16 125+0.22
1000 0.23 34.07 1.06 +0.14 1.16 £ 0.21

Reprinted from The Science of the Total Environment, 173/174, Hirose, The relationship
between particulate uranium and thorium-complexing capacity of oceanic particulate matter.
195-201, Copyright (1995), with kind permission of Elsevier Science - NL. Sara
Burgerhartstraat 25, 1055 KV Amsterdam, The Netherlands.

ACID DEPOSITION
5. Acid Deposition at Summit of Mt. Fuji
Dokiya, Tsuboi, Sekino, Hosomi, Igarashi, and Tanaka (1995)

The summit of Mt. Fuji, the highest mountain in Japan, is a solitary 3,776m peak considered to be in the free
atmosphere and presumably free from local pollution. The JMA has run a weather station at the summit since
1932. Because of severe meteorological conditions, no data is available on the amount of precipitation and only a
few studies have been made on the chemical species in precipitation at the summit.

Dokiya et al.(1995) have measured chemical species in precipitation since August 1990 to evaluate the site
as a background air quality station and to obtain information on the long-range transport of chemical species.
They conducted intensive observations of chemical species in aerosols, gases, and other samples at the summit
of Mt. Fuji and at Tarobo (1,300m up on the mountain’s southern slope) during summer 1993 and 1994 to
evaluate the sources of chemical species in precipitation.

From July 26 to August 3, 1993, concentrations of gaseous HCl and SO, were low and comparable to those

at remote sites. The concentration of NH; during this period was higher with diurnal variation, however,
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suggesting some influence of mountain climbers. Similar tendencies were found for gases from July 26 to 30,
1994.

The concentration of sulfate in aerosols increased abruptly after a typhoon passed on July 30, 1993 (Fig.
95-15). Aerosols with high sulfate concentrations were found to be acidic and back-trajectory analysis indicated
that they advected to Mt. Fuji from the west. In contrast, the higher sulfate concentrations observed during the
first half of July 1994 seemed to originate from local sources, presumably in the Kanto metropolitan area (Fig.
95-16).

Further intensive studies of atmospheric chemistry at the summit of Mt. Fuji (Summer Campaign 1997)

are planned in 1997 by MRI scientists, including those from our laboratory.
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Fig. 95-15 Sulfate and ammonium concentration in aerosols a) SO,%; b) NH,".
Reprinted from Water, Air and Soil Pollution, 85 (1995), 1967-1972, Acid deposition at the summit of Mt.
Fuji: Observations of gases, aerosols, and precipitation in summer, 1993 and 1994, Dokiya et ol fig. 1(©1995

Kluwer Academic Publishers. Printed in the Netherlands.) with kind permission from Kluwer Academic
. Publishers.
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Fig. 95-16 Back trajectory analyses for air sampled on Mt. Fuji.
a) July 27 to August 2, 1993: 1: July 27, 9:00 (local time); 2: July 27, 21:00; 3: July 28, 9:00; 4: July 28, 21:00; 5:
July 29, 9:00; 6: July 29, 21:00; 7: July 30, 9:00; & July 30, 21:00; 9: July 31, 9:00; 10: July 31, 21:00; 11; August 1,
9:00; 12: August 1, 21:00; 13: August 2, 9:00; 14: August 2, 21:00;
b) July 25 to 30, 1994: 1: July 25, 9:00; 2: July 25, 21:00; 3: July 26, 9:00; 4: July 26, 21:00; 5: July 27, 9:00; 6: July
27, 21:00; 7: July 28, 9:00; & July 28, 21:00; 9: July 29, 9:00; 10: July 29, 21:00; 11: July 30, 9:00; 12: July 30, 21:00.
Each small tick on the line indicates 6 hours.
Reprinted from Waler, Air and Soil Pollution, 85 (1995), 1967-1972, Acid deposition at the summit of Mt.
Fuji: Observations of gases, aerosols and precipitation in summer, 1993 and 1994, Dokiya et al., fig 3 (©1995
Kluwer Academic Publishers. Printed in the Netherlands.) with kind permission from Kluwer Academic
Publishers.

IODINE
6. Iodine Determination in Natural and Tap Water Using Inductively Coupled Plasma Mass Spectrometry
Takaku, Shimamura, Masuda, and Igarashi (1995)

Takaku ef al. (1995) examined the feasibility of iodine determination in natural and tap water, using
inductively coupled plasma mass spectrometry (ICP-MS) to investigate the environmental behavior of iodine
from the viewpoint of health science and public hygiene. Iodine is essential to the body, mainly the thyroid gland,
and plays an important role in metabolism. It is also important to trace radioactive iodine (**I "I, ™, etc.)
released to the environment from nuclear power plants and nuclear test sites.

Because iodine concentrations in environmental samples are usually very low, it is difficult to make a direct
analysis by the traditional methods without preconcenfration. Because iodine is highly volatile, however, the
chemical yield of jodine during preconcentration is both low and variable. It is preferable to conduct direct
analysis without preconcentration.

Takaku ef al. (1995) easily determined iodine by ICP-MS without separation or preconcentration. The
detection limit was 10 pg/ml. They obtained a stable iodine determination by addinig an organic alkali to samples
just before analysis to suppress iodine vaporization. They determined the iodine concentration of 42 natural
water samples in the northern Kanto area, Japan (Fig. 95-17). The concentrations of iodine ranged from 0.65

to 35.9 ng/ml (Table 95-9).
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Fig. 95-17 River and lakewater sampling points.
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Table 95-9 Concentrations of I in river- and lake-water samples

Sample point EC/ Cl, NOs-N, SO0.-S,

Name of river

City Place puS cm! pH ppm ppm ppm L, ppb

I Tone Sahara Suigou-ohashi 311 7.4 46.2 24 10.5 359 0.2
2 Kanzaki Kanzaki-ohashi 285 7.5 38.7 2.2 9.9 28.6 0.5
3 Shintone Jyousou-ohashi 270 7.4 30.7 2.3 10.2 200 0.2
4 Kawachi Nagatomi-hashi 238 7.4 21.9 24 10.9 8.2 0.1
5 Abiko Sakae-hashi 223 7.5 19.1 2.1 10.6 79 0.1
6 Toride Tone-ohashi 230 7.4 19.3 2.2 11.5 84 03
7 Iwal Mebuki-ohashi 254 7.3 23.6 2.4 13.7 1.3 0.1

8 Koga Tonegawa-hashi 235 7.3 23.8 2.2 127 94 0.2
9 Kinu Mitsukaidou Housui-hashi 178 7.0 11.4 1.7 8.6 4.04 0.04
10 Mitsukaidou Mituma-hashi 163 7.4 9.2 1.4 7.7 2.77 0.06
1 Moriya Tamadai-hashi 166 7.5 10.3 1.4 8.0 3.30 0.01
12 Ishige Ishige-hashi 154 7.4 8.6 1.2 7.1 246 0.02
13 Chiyokawa Ogata-hashi 157 7.4 9.5 1.3 7.2 2.54 0.05
14 Shimotsuma Kinugawa-hashi 159 7.5 9.7 1.3 7.6 249 0.09
15 Sekijyou Komashiro-hashi - 162 7.5 10.1 12 - 79 242 0.03
16 Shimodate Funadama-hashi 151 7.5 8.9 1.1 6.9 243 0.07
17 Shimodate Kawashima-hashi 141 7.8 8.7 1.1 6.8 244 0.05
18 Shimodate Nakajima-hashi 143 7.9 8.3 1.0 6.5 234 0.06
19 Ninomiya Daidousen-hashi 110 8.7 6.0 0.63 4.2 1.56 0.04
20 Mouka Miyaoka-hashi 108 8.7 6.8 0.55 4.4 1.80 0.05
21 Utsunomiya Yanagida-hashi 93 8.8 4.7 0.4 3.8 1.76  0.04
22 Shioya Kamihira-hashi 120 8.4 5.4 0.89 4.2 1.55 0.09
23 Shioya Onami-hashi 75 8.1 2.7 0.36 3.3 1.12  0.02
24 Daiya Imaichi Kaishin-hashi 117 7.8 4.3 0.46 5.7 2.25 0.03
25 Ta Yuuki Shin-tagawa-hashi 298 7.3 22.7 3.1 16.0 3.66 0.05
26 Oyama Funato-hashi . 281 7.6 17.5 2.3 17.9 5.14  0.09
27 Kokai Fujishiro Kokaigawa-ohashi 221 7.4 16.8 23 8.7 5.10 0.05
28 Yawahara Yamato-hashi 227 7.4 17.6 2.5 10.1 4.61 0.05
29 Mitsukaidou Fukurai-hashi 222 7.4 16.3 2.2 9.3 42 0.15
30 Shimotsuma Iwai-hashi 207 7.7 17.8 2.1 8.9 445 0.02
31 Shimodate Ishida-hashi 199 8.5 15.8 2.0 74 3.88 0.02
32 Mouka Inonai-hashi 167 9.1 11.8 1.4 6.2 2.50 0.06
33 Sakura Tsukuba Ota-hashi 205 7.4 19.3 1.9 9.1 6.2 0.36
34 Tsukuba Jyunmi-hashi 171 7.6 18.2 1.9 8.6 - 59 023
34 Watarase Koga Mikuni-hashi 225 7.2 17.9 2.3 11.0 44 0.11
36 Fujioka Fujioka-ohashi 273 7.6 29.6 1.7 17.0 4.76 0.09
37 Omoi Oyama Kuromoto-hashi 143 8.5 10.3 35 4.6 0.65 0.09
38 Oyama Amito-hashi 192 8.3 16.0 3.2 7.1 2,05 0.05
39 Ushikunuma Ryugasaki Sanuki 211 9.0 21.7 1.7 7.4 3.04 0.07
40 Kasumigaura Dejima Kasumigaura-ohashi 259 8.5 375 0.26 8.1 44 02
41 Kitaura Itako Jingu-hashi 405 8.4 80.9 — 8.4 5.3 027
42 Taiyou Kagyou-hashi 243 7.8 3L.5 2.2 6.5 24 0.24
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1996 ACTIVITIES

INTRODUCTION
In 1996, GRD scientists forcused their study on atmospheric chemistry, biogeochemical oceanography, and
environmental radioactivity.

International/National scientific programs and budgetary funds for our studies are shown in Table 2.

L. Field Observation Studies
GREENHOUSE GASES (CO,, CH,, and CO)
1. Studies on Greenhouse Gases in Upper Air Using Commercial Airliners
1.1 Atmospheric CO, and CH, measurements from 1993 to 1994
Matsueda and Inoue (1996)

The increase of trace gases such as carbon dioxide in the atmosphere is expected to contribute to on-going
global warming and to affect the chemical cycles in the atmosphere. Recent levels of greenhouse gases in surface
air have been regularly observed at worldwide sampling networks such as NOAA/CMDL and GAW, but few
systematic measurements have been made of greenhouse gases in the upper atmosphere.

Matsueda and Inoue (1996) developed a new automatic flask sampling system for the Boeing 747
commercial airliner in April 1993 to observe the mixing ratios of CO, CH, and other trace gases in the upper
atmosphere at altitudes of 9-13 km using regular commercial flights between Australia and Japan. This program
was to clarify seasonal variations and secular trends in greenhouse gases in the upper atmosphere through
cooperation supported by the JAL Foundation, Japan Airlines (JAL), the JMA, and Japan’s Ministry of
Transportation.

They described their sampling system and the results of CO, and CH, measurements in the upper
troposphere for one year from 1993 to 1994 (Fig. 96-1). The air sampling system was developed to collect air
samples automatically in 12 electrochemically buffed titanium flasks of automatic air sampling equipment
(ASE) using a metal bellows pump. Engine bleed (fresh air outside the aircraft) was introduced into the ASE
through a pneumatic system and a bypass intake using a metal bellows pump for flushing and compressing the
air sample into flasks. Storage tests indicated no signiﬁcént change of CO, and CH, mixing ratios in sample flask
until analysis. ‘

The air sample was analyzed for the CO, mixing ratio using an NDIR and for CH, mixing ratio using a
GC-FID in the laboratory. Analytical precision for measurement was less than *0.02 ppm for CO, and less than
+0.12% for CH,.

The CO, and CH, mixing ratios in the air sample were referenced to five working standard gases of CO,
in air and CH, in air. Working standards were calibrated regularly by primary standards. No significant drift of
mixing ratio was found in any of the working standards in high-pressure aluminum cylinders for one year. All

mixing ratios are reported in ppm or ppb by mole fraction in dry air based on the WMO x85 scale for CO, and
the MRI/GRD scale for CH,.

Author: Katsuhiko Fushimi e-mail: kfushimi@mri-jma.go.jp
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Fig. 96-1 Air flow diagrams of flask sampling system developed for Boeing 747 commercial airliner. Bold lines indicate
sample airstream in the aircraft by bird’s-eye view (a), rear view (b), and side view (c).
Reprinted from Atomospheric Environment, 30, Matsueda and Inoue, Measurements of atomospheric CO, and CH,
using a commerecial airliner from 1993 to 1994, 1647-1655, Copyright (1996), with kind permission from Elsevier
Science.
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Fig. 96-2 Averaged CO, mixing ratios (closed circles) and SD (error bars) for 12 latitudinal bands between 30°N and

30°S at 9-13 km over western Pacific. Selected data presented as (+). Thick lines: best fit curve of data; dotted
lines: fitted straight trend.
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Air was sampled monthly over the western North Pacific between Narita (35°46N, 140°23"E), Japan, and
Cairns, (16°53°S, 145°45’E), Australia, during 1993-1994 (Figs. 1 and 2). Measurements of CO, and CH, in the
Northern Hemisphere showéd a clear seasonal cycle greatly influenced by the seasonal variation in the lower
troposphere (Figs. 96-2 and 96-3). A significant decrease in mixing ratio during winter was observed in CH,
variation, suggesting the intrusion of lower stratospheric air into the upper troposphere. The seasonal variation
of both gases gradually decayed toward the equator, but a different seasonal cycle appeared in the Southern
Hemisphere. This change indicated the significance of meridional transport of both gases through the upper
troposphere into the Southern Hemisphere. The mixing ratio level of both gases showed a recent increase in the

upper troposphere.

1.2 CO,, CH,, and CO in the upper troposphere from 1993 to 1996
Matsueda, Inoue, and Ishii (1997)

Matsueda ef al. (1997) summarized observation results for CO, CH, and CO in the upper troposphere
observed using a commercial airliner from 1993 to 1996. To expand the observation region to the south,
sampling flights after July 1994 were made using a different JAL airliner from Sydney (16°53’S, 145°45’E) to
Narita, Japan. Sampling flight frequency was increased to about twice a month to obtain higher time resolution
data.

The sampling system was operated regularly using a JAL airliner between Australia and Japan for 3 years
from April 1993 to April 1996. A unique set of data for trace gases has been obtained in the upper troposphere
at 9-13 km over the western Pacific. Data analysis of the observed results indicated they were successful in
observing recent trends and seasonal cycles of CO,, CH,, and CO between 30°N and 30°S (Figs. 96-2, 96-3 and
96-4). The recent trend indicated recovery in the rate of CO, and CH, increase after the great anomaly around
1992. Seasonal cycles showed a large difference between the Northern and Southern Hemispheres. The northern
seasonal cycle was influenced by lower tropospheric variations and mixing processes in stratospheric air, while
upper tropospheric transport was identified as an important process for the seasonal cycle in the Southern
Hemisphere. In addition, biomass burning in the Southern Hemisphere was identified as an additional source of
trace gases in the upper troposphere.

More long-term observation is necessary in this program to gain a better understanding of the global cycle
of trace gases in the upper troposphere. Special attention should be paid to the impact of widespread biomass

burning on the upper atmospheric environment.
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2. Greenhouse Gas Behavior in Western and Central Pacific Ocean
2.1 Evaluation of CO, exchange at sea surface in western North Pacific: ApCO, distribution and CO, flux
Murata, Fushimi, Inoue, Hirota, Nemoto, Okabe, Yabuki, and Asanuma (1996)

We conducted repeated observation of carbon dioxide partial pressure (pCO,) in the western North Pacific
since 1981. The increasing trend of pCO, in surface water in the region north of 10°N at 137°E was reported for
the first time by Inoue ef al. (1995) as described in 1995 ACTIVITIES. This result suggests that the middle
latitude of the western North Pacific is a sink for atmospheric CO, and pCO, is increasing.

To evaluate CO, exchange at the sea surface in the western North Pacific (130°E-160°E, 30°N-0°)
throughout one year, Murata et al. (1996) mapped the ApCQO, using data observed from 1987 to 1993 by the
JMA and the MRI on board several research vessels (Fig. 96-5). They calculated the CO, flux based on surface
seawater CO, normalized, interpolated, and extrapolated using the temperature dependence of dissolved CO,
determined empirically (Fig. 96-6).

They obtained the following results:

(1) The ApCOZ map shows that the region north of 10°N is a sink of <-70 uatm at a maximum in winter and
a source of >40 gatm at a maximum in summer. This demonstrates a large seasonal change in ApCO,
reaching 90 patm.

(2) The region south of 10°N is a source of 40 gatm in winter and is almost at equilibrium with atmospheric CO,
in summer. This seasonal tendency is the reverse of that in the region north of 10°N.

(3) Integrated annual net CO, flux is -22.4/-486 MtC (ocean influx) in the region north of 10°N and 3.7/54

MtC (ocean efflux) south of it, depending on the wind-dependent transfer velocity and exchange coefficient
(Table 96-1).
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Fig. 96-5 Surface seawater CO, data points observed from 1987 to 1993 by JMA and MRL
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Table 96-1 Estimates of sea-to-air CO, flux (Mt of C) in the regions north and south of 10°N for each month,
separated for (a) LM and (b) TFT formula.

(a)

J F M A M J J A S o} N D Total
> 10°N -7.2 -5.6 -6.3 -4.0 -2.1 0.0 1.2 2.6 1.9 1.3 -0.5 -3.5 -22.4
= 10°N 0.6 0.3 0.3 0.3 0.'1 0.2 0.0 0.1 0.1 0.1 1.3 0.3 3.7
(b)
J F M A M J J A S (0] N D Total
> 10°N -15.1 -12.3 -13.4 -8.7 -4.7 0.0 2.3 5.2 3.9 2.7 -1.1 -7.3 -48.6
= 10°N 1.1 0.6 0.3 0.4 0.0 0.2 0.0 0.1 0.1 0.1 2.1 0.3 5.4

2.2 Changes in longitudinal distribution of CO, partial pressure in central and western equatorial Pacific,
west of 160°W
Inoue, Ishii, Matsueda, Aoyama, and Asanuma (1996)

We focused our study on pCO, distribution variation in the western and central equatorial Pacific with
relation to El Nifio/Southern Oscillation (ENSO) phenomena. The equatorial Pacific is known as a strong oceanic
source of atmospheric CO,. CO, is supplied to the atmosphere mostly in the eastern and central equatorial Pacific
due to upwelling containing CO,-rich water.

Tnoue ef al. (1996) described spatial and temporal variations in pCO, in the central and western equatorial
Pacific based on measurements conducted between 1987 and 1994. Surface water pCO, data indicate significant
differences in longitudinal distribution depending on ocean conditions (Figs. 96-7 and 96-8). They examined the
relationship between the area showing higher surface pCO, and ENSO phenomena by using the Southern
Oscillation Index (SOI) (Fig. 96-9). Results indicate that the area showing higher surface pCO, correlates with
the SOIL and the western edge of the higher pCO, area moves eastward with increasing SOI, which suggests
significant intra- and interannual fluctuations of CO, outflux from the central and western equatorial Pacific

(Fig. 96-10).
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2.3 Temporal and spatial variations in atmospheric and oceanic CO, in western North Pacific From 1990
to 1993: Possible link to 1991/92 ENSO event
Murata and Fushimi (1996)

Murata and Fushimi (1996) presented the results of atmospheric and oceanic CO, observations conducted
by the JMA at 137°E in the western North Pacific for 1990 - 1993, covering an ENSO event (onset; spring 1991;
disappearance: summer 1992) (Fig. 96-11). The atmospheric CO, concentration over the region south of 30°N
increased drastically between 1990 and 1991 during winter (4.0 ppmv) and summer (4.5 ppmv), although values
are not seasonally adjusted. Over the other two years of observation, growth rates were smaller or even negative
(Figs. 96-12 and 96-13).

Oceanic CO, expressed in units of the mole fraction (ppmv) in dry air equilibrated with seawater,
significantly increased, especially in low latitudes during both seasons of 1991 — 1993, compared to 1990 (Fig.
96-14). Oceanic CO,, normalized at a constant temperature, also significantly increased, with larger magnitudes
for winter and smaller for summer. This implies that increased summer oceanic CO, results mostly from changes
in surface seawater temperature, while for that in winter, other factors, unknown at present, are more related to
increased oceanic CO,.

Calculated ApCO, and CO, flux at the air-sea interface reveal that in winter, the region north for 10°N acts
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Fig. 96-14 Same as in Fig. 96-12 except for oceanic CO.,.

as a sink for CO,, with a maximum net flux of ~-10.0 mmol -+ m™ - d”". The region south of 10°N, however, at
times becomes a weak source of CO,, with a maximum net flux of 24 mmol + m™? - d”\. In summer, the western
North Pacific becomes a weak source or is almost in equilibrium with atmospheric CO.,

The increase in winter oceanic CO, or ApCO,, related to the 1991/92 ENSO event, is not as distinct as in
the 1982/83 ENSO event, although lower temperatures and higher salinity in surface seawater were commonly
found during both events. The response of CO, flux in the tropical western North Pacific to the 1991/92 ENSO
event was rather small compared to the magnitude of rate changes obtained in previous results for the central

or eastern tropical Pacific.

2.4 Atmospheric methane over North Pacific from 1987 to 1993
Matsueda, Inoue, Ishii, and Nogi (1996)

Atmospheric methane is known as an important greenhouse gas that influences the radiative balance and
climate of the earth. Methane has accumulated in the atmosphere since the Industrial Revolution, but it is known
that the recent global rate of increase shows large interannual variations in both hemispheres. Such growth rate
variations are caused by a change in the relative strength between sources and sinks, but a particular cause
cannot be quantitatively identified at the moment. A long-term record of atmospheric methane measurements is
necessary to better understand recent growth rate variation.

Matsueda ef al. (1996) continued to collect air samples over the western North Pacific region and measured
atmospheric methane mixing ratios during winter from 1987 to 1993 to extend their methane record since 1978
(Matsueda et al, 1992) (Fig. 96-15). The meridional distribution of methane showed a yearly north-to-south
gradient from midlatitudes to the equator (Fig. 96-16). A sharp mixing ratio gradient often appeared at the

boundary between the winter monsoon and trade wind regions around 20°N. No significant longitudinal gradient
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was found during winter, although methane levels along the equator showed a large difference between the
western and eastern Pacific. ;

The overall methane increase rate in the western Pacific was estimated at 13 ppb/yr based on the long-term
record for 15 years from 1978 to 1993. This record indicates that the methane growth rate over this Pacific
region gradually slowed until 1990, followed by no significant increase in the 1990s. The overall deceleration of
the growth rate was more rapid in the middle latitudinal zone (20°N - 30°N) than in the lower latitudinal zone
(3°N - 20°N) (Fig. 96-17a). This latitudinal difference suggests a rapid reduction of methane emission from
continent. The methane growth rate showed an interannual variation with an increasing trend around 1983 and
1987, roughly related to El Nifio events (Fig. 96-17b). The methane growth rate thus appears to have been
affected by a change in interhemispheric transport due to the ENSO events.
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Fig. 96-15 Tracks of R/V Ryofu Maru (RY) and R/V Natsushima (NA) during January-February 1987. The sampling

area of NA cruises was almost the same in 1989, 1990, and 1991, although tracks in these years were slightly
different from that used in 1987.




Technical Reports of the MRI, No.37 1999

L e e e e e e e e e e e I B
o 20N-30N 4
1.78 -

o ST
: 7 A
B o/ A 3N-20N |
1.74 / =//_/A
1.70 il
1.66 Fmn
o/." s
1.62 . :

1.58 o/
A
|

CH4 (ppm)

T
N A
A
.
.
I

1.54

76 78 80 82 84 86 88 90 92 94
YEAR

Fig. 96-16 Averaged methane mixing ratio in middle (20°N-30°N) and lower (3°N-20°N) latitudinal zones along 137°E
in western Pacific from 1978 to 1993. Dashed lines: quadratic equation £(t); solid lines: function F(t); fitted to
averaged data.

Nr——T7TT 7T T T T T T T T T T T T

TT 1T
—
2
~
1f 11

25

20N-30N

TTTT

A

20

T T
It

3N-20N T
15

TT 1T
I

10

CH, growthrate (ppb/yr)

.
o
~
@
©
S
©
[
©
oS
o]
&
@
@
©
o
[{e]
]

Or—T—T1T—T 7T T T T

TTTT
—
O
~
Ly

40

TTTT
S

20N-30N
30

20 3N-26N"\‘\‘ /N

10

TTTT

T
’
D
b
y
<
i
\
P
i
1
."
/
£
/
g
~
>‘
.
)

CH, growth rate (ppb/yr)

TTrrT
f
.
)
Y
!
1441

< 7N 7 A 2
El Nifio El Nifio La Nifa ElNifio ]
-10 | | | | | I | 1 11 i 1 1 | | l |
84 86 88 90 92

YEAR

Fig. 96-17 Growth rate variations of atmospheric methane in middle (20°N-30°N) and lower (3°N-20°N) latitudinal
zones along 137°E in western North Pacific from 1978 to 1993. (a) Overall trends and (b) interannual
variation of growth rate were obtained by derivatives of f(t) and F(t) (Fig. 96-16).

~
[¢2]
~
[o2]
[o23
o
[o:]
N



Technical Reports of the MRI, No.37 1999

WATER MASS ANALYSIS

3. Western North Pacific
3.1 Water masses between Mindanao and New Guinea

Kashino, Aoyama, Kawano, Hendiarti, Syaefudin, Anantasena, Muneyama, and Watanabe (1996)

In the western equatorial Pacific, particularly in the southern Philippine Sea, there is an area called “water
mass crossroads” where several water masses from the northern and southern hemispheres meet.

Kashino et al. (1996) investigated water masses between Mindanao and New Guinea, using hydrographic
data, during two R/V Kaiyou WOCE expeditions conducted in October 1992 and February 1994 by the Japan
Marine Science and Technology Center (JAMSTEC) to understand the Indonesian throughflow, which probably
plays an important role in the global ocean circulation. It is important to identify which water masses enter the
Indonesian Seas from the Pacific.

Conclusions are as follows:

1. South Pacific Tropical Water (SPTW), with a salinity maximum around 250 o, reaches north of Morotai
Island (Fig. 96-18).

2. Antarctic Intermediate Water (AAIW), with a salinity minimum around 27.2 ¢, and high oxygen (>100
umol/kg), exists in the southwestern area of the southernmost Philippine Sea (Fig. 96-19).

3. North Pacific Tropical Water and the remnant of the North Pacific Intermediate Water originating in the
North Pacific return from the Celebes/Maluku Seas with the low salinity water via the northeastward flow
between Talaud Islands and Morotai Island. They found that this northeastward flow, which was shown to
exist in the upper 100 m by Lukas et @l. (1991), extended to at least a depth of 300-400 m. This finding
suggests that retroflection of the Mindanao Current (MC) occurs in the Celebes Sea.

4. The New Guinea Coastal Undercurrent, transporting SPTW and AAIW from the southern hemisphere, is
divided into at least two parts because the retroflection of the MC prevents its shallow part from reaching
farther north; the shallower SPTW turns eastward as a source of the North Equatorial Countercurrent and
retroflects toward the southeast. AAIW and the lower part of SPTW flow northward and appear to be linked

to the Mindanao Undercurrent.
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3.2 Preliminary study of in the north central Japan Sea temperature structure
Hirose, Hong, and Miyao (1996)

The north Japan sea is significant because of the formation of upper Japan Sea Proper Water (JSPW),
which occupies most of the deep waters in the Japan Sea and is extremely homogeneous in salinity,
temperature, and higher oxygen in winter due to deep convection. Little observational data has been collected,
however, especially in winter.

In March 1994, a Japan-Korea-Russia Expedition was conducted in the north central Japan Sea, the main
purpose of which was to determine the radioactive contamination of seawater, biota, and sediment from
radioactive waste dumping by Russia (and the former USSR). During the expedition, Hirose ef al. (1996)
conducted CTD and XBT measurements to determine hydrographic features of the area surveyed (Fig. 96-20).

Water mass in early spring in the north central Japan Sea (north of 40°N) was characterized as cold (less
than 25°C) and salinity-homogeneous (34.07 £0.02). Vertical profiles of seawater temperature suggest that the
water mass can be divided into at least two parts: surface water and JSPW. The spatial distributions of seawater
temperature suggest that an anticyclonic eddy coupled with a cyclonic eddy was present in the north central
Japan Sea (Fig. 96-21). Hydrographic information is important to understanding the distribution of radionuclides

in the north central Japan Sea.
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Fig. 96-20 Track and sampling points in central Japan Sea.
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Fig. 96-21 Seawater temperature cross sections from surface to 600 m depth.
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RADIOACTIVE NUCLIDES
4. Anthropogenic Radionuclide Geochemical Studies and Analysis in Fallout Samples
Aoyama, Hirose, Igarashi, and Miyao (1996)

Since 1957, GRD scientists of the MRI have measured anthropogenic radionuclides in fallout samples
collected in Japan — over 40 years. In the series of studies, we obtained information useful to understanding the
behavior of anthropogenic radionuclides in connection with meteorology and atmosphere dynamics and on the
atmospheric contamination level.

In the Meteorological Research Institute Technical Report No.36, Aoyama ef al. (1996) described a detailed
radiochemical analysis of long-lived anthropogenic radionuclides (i.e, *Sr, *’Cs and plutonium isotopes) in fallout
samples together with a data set of monthly deposition rates of Cs and **Sr at 12 stations in Japan (Fig.
96-22 and Table 96-2). To control the fallout sample quality in radiochemical analysis, a fallout reference was
prepared based on deposition samples collected at 14 stations throughout Japan during 1963-1979 as referenced
in the 1995 ACTIVITIES (Otsuji-Hatori et al, 1995). Using this reference, several independent institutions
determined the activities of ¥Cs, *Sr, and plutonium isotopes. The results show good agreement among
individual institutions, meaning that the fallout reference is useful in guaranteeing the quality of radiochemical
analysis for anthropogenic radionuclides.

The Report discusses the geochemical behavior of anthropogenic radionuclides in deposition samples
originating from atmospheric nuclear testing and nuclear reactor accidents such as the Chernobyl accident
(Fig. 96-23). The major processes controlling the behavior of radioactive deposition are stratospheric fallout,
tropospheric fallout, and resuspension. Resuspended radionuclides are considered a major source of recent *Sr

and ¥Cs deposition observed at MRIL
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Table 96-2 Annual deposition of *Sr, '¥Cs and plutonium observed in MRI (1958-1994)

Year 90sr 137¢s 239,240py Amount of ppt
Bq m-2 Bq m-2 Bq m-2 mm

1958 386 1092 1796
1959 219 692 3.59 1612
1960 64.9 168 1.6 1176
1961 56.8 197 1.37 1232
1962 219 592 4.06 1153
1963 516 1414 7.41 1657
1964 232 435 6.85 1136
1965 116 286 4.47 1761
1966 48.6 135 2.71 1796
1967 21.6 59.5 0.78 1208
1968 35.1 75.7 0.93 1644
1969 32.4 59.5 0.44 1472
1970 52.9 102 0.22 1082
1971 39.6 84 0.48 1396
1972 20.4 459 0.19 1701
1973 7.0 14.8 0.096 1207
1974 34 61.6 0.23 1757
1975 18.1 37.4 0.24 1621
1976 6.7 8.9 0.034 1559
1977 19.6 28.1 0.2 1617
1978 22.9 34.8 0.27 1064
1979 - 8.9 18.9 0.15 1575
1980 4.4 7.4 0.036 1479
1981 18.9 24.1 0.26 1222
1982 2.6 4.8 0.052 1324
1983 1.3 2.1 0.0136 1362
1984 0.56 1.2 0.0079 1826
1985 0.33 0.67 0.0026 1374
1986 1.7 135 0.0032 1182
1987 0.15 0.96 0.0032 1098
1988 0.13 0.56 0.0038 1296
1989 0.079 0.47 0.0017 1520
1990 0.19 0.29 0.0021 1284
1991 0.16 0.36 0.0030 1841
1992 0.15 0.32 0.0044 1282
1993 0.15 0.35 0.0078 1381
1994 0.18 0.42
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Fig. 96-23 Temporal variation of activity ratios of Chernobyl-derived radionuclides in surface air at Tsukuba.

ORGANIC MATTER AND LIGANDS
5. Ocean Biogeochemistry
5.1 Characterization of particulate protein in Pacific surface waters
Tanoue (1996)

Dissolved organic matter (DOM) is one of the largest but most poorly understood active reservoirs of
organic matter on the planet. Although most DOM is marine in origin, its sources and sinks are not well known.
As referenced in the 1995 ACTIVITIES, Tanoue extracted dissolved proteins from seawater and found that a
limited number of protein species accounted for most of the dissolved proteins and that proteins contributed
quantitatively to dissolved organic N throughout the water column.

Protein is the major cellular constituent of phytoplankton and 85% of phytoplankton nitrogen is in the form
of protein (e.g., Billen, 1984). Cellular proteins in living organisms may be converted to detrital “combined amino
acids” or “proteinaceous compounds” through biogeochemical processes. Particulate-combined amino acids
(PCAA), the largest identified fraction of particulate organic matter (POM) in oceanic surface waters,

represent a mixture of cellular proteins of organisms and of detrital combined amino acids. The dynamics of the
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two types of PCAA are expected to be quite different, but have not been distinguished in previous PCAA
studies.

Tanoue (1996) reported the molecular characteristics of particulate proteins in surface waters along
transects from 45°N to 25°S in the central Pacific (Fig. 96-24). The majority of PCAA was in the form of protein
molecules in samples from the northern Pacific and Equatorial regions, namely, productive areas, while PCAA
was mainly present as nonproteinaceous amino acid in subtropical regions, namely, oligotrophic areas (Fig.
96-25). Thus, it appears that the chemical form of PCAA, one of the major constituents of POM, varies
meridionally.

Two typical groups of particulate protein were identified from meridional differences in molecular
distribution (Fig. 96-26). The first group, derived directly from cellular proteins of living organisms, was made

up of a large number of proteins, each present at a relatively low level, which gave smeared electrophoretograms
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were previously reported (KH86-D and -E; Tanoue, 1992) are also shown.

g5 e T 14 20T T 00
r ] = . @® Amino acids/L 3
F C.) EgC J12 o - O Protein/L 190 %
30 X CNN ® og 15F X  Protein/Amino acids (%) ° Jgo0 &
L 0z £g°7 ER
—_ N ] < oo L 3708
T b 16 © 35 ER
% PoX x X 1" 3 oo [ ® o 360 €
1 s 2%19 3
2 ¥ x X 3.2 29 x e E =
= 46 o o2 [ X ] <
Q22 e . 12 Z2¢ L 4502
o L (0] E S 89 le] R 3 3]
& f 14 Z 3 X J40 B
o [ 1 a © 9 5 o 1 2
s o © o ® o ] £a b i o
. o J2 E- | oM o © 380
. ] < [ X E
p[¢) P FIFETE RN FUU TS FUTIS FUUTE SRR [ [ PP I I D UUN PR PR TR 1))
35° 30° 25° 20° 15° 10° 5° 0 35° 30° 25° 20° 15° 10° 5° 0°
Latitude (N) Latitude (N)

Fig. 96-25 Concentrations of POC (ug C/1), PN (ug N/1), PCAA (pug relative to a glycine standard/l) and particulate
proteins ( ug relative to a BSA standard/l), and C/N and Protein/PCAA (%) along 137°E (Ry90-01).



Technical Reports of the MRI, No.37 1999

and were considered to be “background” proteins that contributed greatly to both total protein and PCAA, and
appeared to be readily remineralized. The second group included a small number of specific proteins with a
limited range of molecular mass. This group was prevalent in oligotrophic areas, an indication that proteins from
specific sources survive and accumulate due to their resistance to degradation.

A protein with an apparent molecular mass of 45 kilodaltons (kDa), a member of the second group, was
commonly found at low latitudes and the partial N-terminal amino acid sequence indicated that the 45 kDa
protein was a single protein species that has not previously been reported (Table 96-3). Thus, a single

identifiable protein molecule appears to be very widespread at low latitudes.
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Table 96-3 N-terminal amino acid sequence of the 45-kDa protein obtained by automated Edman degradation.

Cycle 1 2 3 4 5 6 7 8 9 10 11 12
45-kDaprotein Gly Thr Gln Pro Asn Pro Ser Pro Ala Ser Pro Val
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5.2 Discrete dissolved and particulate proteins in oceanic waters
Tanoue, Ishii, and Midorikawa (1996)

Tanoue ef al. (1996) extracted dissolved and particulate proteins from samples of surface seawater collected
from the equatorial area, through the Indian Ocean, to the Antarctic Ocean (Fig. 96-27). Dissolved proteins were
also observed in waters of the equatorial Pacific. They detected dissolved and particulate proteins with a wide
range of molecular masses by sodium dodecylsulfate-polyacrylamide gel electrophoresis (SDS-PAGE). The
particulate proteins were made up of many background proteins of overlapping molecular weight, which caused
uniform staining in gel. However, distinct bands of individual proteins with apparent molecular masses of ~66
and 45 kDa were evident among background proteins (Fig. 96-28).

Electrophoretograms of dissolved proteins were quite different from those of the particulate proteins.
Dissolved background proteins were not significant, and fewer than 30 proteins were clearly visualized as major
dissolved proteins. Dissolved proteins with apparent molecular masses of 48 and 37 kDa were commonly found
as major proteins in all samples examined.

Such molecular characteristics of dissolved and particulate proteins are consistent with previous results from
the North Pacific. It thus appears that processes by which specific proteins from marine organisms are
transferred to and accumulated in pools of dissolved and particulate organic matter are identical throughout the

world’s oceans.
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Fig. 96-27 Distribution of sampling locations of composite samples of surface seawater for extraction of dissolved proteins
(broken lines: sample 34-1 to 34-14) and samples of surface POM for particulate proteins (solid lines: F-1 to
F-60) along the track of JARE 34, and locations of depth stations A, C, D", and D; for extraction of dissolved
proteins during cruise KH 93-4.
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from depths of 18, 2005, and 3996 m were reported elsewhere (Tanoue 1995).

5.3 Abundance of viruses in deep oceanic waters
Hara, Koike, Terauchi, Kamiya, and Tanoue (1996)

Viruses are recognized as important members of the marine surface water ecosystem due to their role as
decomposers of bacterial and protistan biomasses. The concentration of viruses is information essential to the
ecolo_gical study of the aquatic environment.

Hara et al. (1996) investigated vertical distributions of bacteria and viruses at oceanic stations located in
subarctic (Stn A) and subtropical (Stn B) areas of the Pacific using direct count and transmission electron
microscopy (Table 96-4). Small DAPI-positive, viruslike particles (VLP) were found to be distributed
throughout the water column down to 5000 m depth at both stations. The abundance of VLP ranged from 38 x
10° ml™ at 50 m depth to 0.6x 10° mI™ at 5000 m depth at Stn A (Fig. 96-29). The ratio of VLP to bacteria-like
particle (BLP) ranged from 1.1 to 7.4 at Stn A and 1.0 to 87 at Stn B ih the entire water column. The maximum

ratio was recorded at Stn B from the deepest sample, collected at a depth of 5000 m. The electron microscopic

investigation indicated that the majority of VLP were probably viruses.
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Table 96-4 Abundances of bacteria and viruses in Nan-wan (Taiwan) samples enlimerated with direct and film counts.
Cells were collected with different filters; 02 um Poretics (P), 02 um and 002 gm Anodisc (A) and 0.015
um Nuclepore (N)

Filter Abundance at each depth (10° ml™)
Om Sm 10 m 20 m

Bacteria (direct count)
0.2pumP 522 + 0.37 5.02 £0.19 4.33+0.18 440+041
0.2 um A 5.01 + 0.07 5.60 £ 0.17 5.23+0.23 5.64 + 0.27
0.02 pym A 5.30 £ 0.08 542 +0.38 5.82+0.28 5.54 £0.16
0.015uym N 4.76 + 0.01 5.11 + 0.26 5.75+0.30 4.86 +0.26
Bacteria (film count)
0.2pm?P 4.94 +0.03 4.94 + 0.42 4.64 £0.18 4.44 +0.52
0.2 um A 5.43 £ 0.30 542 £ 0.20 6.43 £ 0.31 5.66 £+ 0.42
0.02 ym A 5.86 £ 0.13 5.04 + 0.57 591 +1.10 4.99 £ 0.95
0.015pm N 4.74 4.92 5.00 4.76
Viruses (film count)
0.2pmP 2.67 £ 0.43 2.38 £0.21 2.53 £ 0.27 2.59 + 0.20
0.2 um A 11.37 £ 4.85 12.76 11.23+3.44 12,92 +2.93
0.02 pm A 4.91+0.38 443 +0.93 4.55+1.99 3.27 £ 0.79
0.015 ym N 21.63 18.56 17.61 17.57
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Fig. 96-29 Vertical distributions of bacteria and viruses at (a) Stn. A and (b) Stn. B, and (c) viruses/bacteria ratios at

Stn. A and B.
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5.4 Extraction and characterization of organic ligands from oceanic water columns by immobilized metal
ion affinity chromatography
Midorikawa, and Tanoue (1996a)

Studies on the association of metals and organic compounds in natural waters have focused on metal
speciation in situ. Our present understanding of copper speciation is that organic ligands exist in seawater and
that more than 99% of Cu(Il) in surface water is present in organic complexes.

Midorikawa and Tanoue (1996a) extracted organic ligands for Cu(Il) from oceanic water columns using
immobilized metal ion affinity chromatography (IMAC) (Fig. 96-30). Separation of organic ligands from bulk
dissqlved organic matter (DOM) enabled organic ligands to be chemically clarified. Measurements of complexing
abilities and fluorescence and chemical analyses indicated that natural ligands were a mixture of, at least, two
different types of organic ligands (Table 96-5). One type, prominent in surface water; was weakly fluorescent
but rich in both primary amines and carbohydrates. The other type predominant in deep water, had converse
characteristics, namely, low levels of both primary amines and carbohydrates, but relatively strong fluorescence.
The measurement of organic ligand complexing ability from surface waters suggested the existence of a natural

ligand (log K’ ~ 9) that has one or two primary amines as copper-binding sites.
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Fig. 96-30 Vertical profiles of organic-chemical characteristics of organic ligand fraction extracted by IMAC in equatorial
Pacific. Water samples at Stations N-12 and M-2 were combined. Values are those in original seawater.
Fluorescence is expressed in arbitrary units. Concentrations of primary amines with and without hydrolysis
are given as nmol/l of glycine equivalents. The carbohydrate concentration was measured by phenol sulfuric
acid and MBTH after hydrolysis and is given as nmol/] of glucose equivalents.

Reprinted from Marine Chemistry, 52, Midorikawa and Tanoue, Extraction and characterization of organic
ligands from oceanic water columns by immobilized metal ion affinity chromatography, 157-171, Copyright
(1996), with kind permission from Elsevier Science.
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Table 96-5 Results of copper titration and chemical analysis of the EDTA eluate of samples of surface seawater ? after

demetalization
Station ~ Column  Conditional stability Concentration (nM) ® A Recovery
< -4
constant Ligand € Primary Carbohydrate © (10_ h 0; U\g .
o K o ' _—_— s _—_— cm

log KCuL, log KCULz CLI CLZ amine ¢ P M ?%S)or anee
M-2 Upper 9.22 7.08 1.0 46 22 35 2 037 24
M-4 Upper 8.93 7.08 2215 9.1 39 26() 067 37

Lower 8.92 7.44 0.5 3.1 38 17 16 0.16 25

* Seawater samples of 2.5 1 (Station M-2) and 1.1 1 (Station M-4) were each concentrated to titrated solutions of 10 ml.

® The respective values are expressed as those in the original seawater.

¢ The values represent values with respect to free copper under the conditions at 7= 0.7 M (KNO,), pH 8.15 (EPPS) and 25°C. The values
for the ligand L, are preliminary because L, was detected but its precise quantification was hampered by the column blank.

4 The values obtained without hydrolysis are given as nmol /1 of glycine equivalents.

¢ The values were obtained by the phenol sulfuric acid method (P) and the MBTH method (M), and are given as nmol/l of glucose
equivalents.

" The values for the total UV absorbance at 254 nm (A)) of the EDTA-eluted fraction after demetalization were converted to those in the
original seawater.

& The values were estimated as the ratio of the A, value for the EDTA-eluted fraction after demetalization (i.c., ligand fraction with a
molecular mass of more than 1000 Da) to that for the acidic eluate fraction without demetalization.

Reprinted from Marine Chemistry, 52, Midorikawa and Tanoue, Extraction and ~ characterization of organic ligands from oceanic water
columns by immobilized metal ion  affinity chromatographil, 157-171, Copyright (1996), with kind permission of Elsevier Science -
NL, Sara Burgerhartstraat 25, 1055 KV Amsterdam, The Netherlands.

5.5 Effects of ligand speciation on complexing abilities of strong ligands in natural waters
Midorikawa, and Tanoue (1996b)

The presence, in oceanic waters, of organic ligands (L) whose conditional stability constants (K,;) are
strong enough to allow them to form complexes with copper has been reported, but no general consensus has
been reached on the distribution of such strong ligands in the water column.

Midorikawa and Tanoue (1996b) found that these inconsistencies were derived from different analytical
methods employed for their detection and different oceanographic conditions. In particular, the nature and
quantity of detectable natural ligands are affected by the form the ligands are present in situ in different marine
environments, that is, chemical speciation of natural ligands (ligand speciation), which depends strongly on the
variations in concentrations of coexisting trace metals.

Using published data from observations in the laboratory and the field, they provided limits to the ranges of
conditional stability constants of organic ligands for copper, zinc, and cadmium detectable by extensively used
direct metal titration (Figs. 96-31 and 96-32). Their model indicates, for example, that organic ligands for copper
with log K'c.p ) > 124 in surface water and with log K'oy oy >9.9 in deep water may not have been detected
because stronger ligands formed complexes with ambient metals in situ at a station in the North Pacific.

The estimation suggests that there is a basin-scale difference in speciation of natural organic ligands and,
moreover, that this difference influences metal speciation. They applied their ideas to more common
oceanographic variations between the Pacific and Atlantic Oceans. There exist two remarkable differences in the
respective vertical profiles of concentrations of total and inorganic copper in the two oceans: each level of copper
in surface waters in the North Atlantic is not as greatly depleted as that in the North Pacific, whereas each
copper level in the lower water column in the North Pacific is essentially about twice that in the North Atlantic

(Fig. 96-33). Thus, these distributions have a major influence on ligand speciation in both oceans. In surface
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Fig. 96-31 [Cu] and Ko, (. for ligands L, (circles) and L, (triangles) in original samples of seawater (20-1,400 m)
from eastern North Pacific (VERTEX seasonal station: 33°N, 139°W): solid symbols: observed ligands; open
symbols: hypothetical ligands (not observed: assuming lig K’'c,11cpy = 11.6 for ligand L, at depths of 200-1,400
m). All data was from Coale and Bruland (1988). Solid line shows Eq. (5) for R = 80% and dashed line that
for R = 10%; area A, R > 80%; area B, 10% < R < 80%; area C, R < 10%. Dotted lines show average ligand-
speciation under conditions in surface water (pH 82 and 25 C) and at mid-depth (pH 7.5 and 5C).
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Fig. 96-32

Log Ko and —log [M] for (a) zinc and (b) cadmium in original samples of seawater (22-600 m) from
central North Pacific (VERTEX IV station: 28°N, 158°W) based on results of Bruland (1989, 1992): solid
symbols: observed ligands; open symbols: hypothetical ligands (not observed; assuming log K, 7y = 10.7 at
depths of 500-600 m for zinc and log K’y sy = 104 at depths of 200-600 m for cadmium). Solid line shows
Eq. (5) for R = 80% and dashed line that for R = 10%; area A, R > 80%; area B, 10% < R < 80%; area C,
R < 10%. Dotted lines show average ligand speciation under conditions in surface water and at mid-depth,

calculated for each metal.
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waters in the North Atlantic, in contrast with the North Pacific, the R for ligand L, and L, was more than 98%
and that for ligand L, 8-16%. (R is the percentage of complex between metal and ligand in total ligand
concentration; R (%)/100 = [ML]/C,) Thus, it could be predicted that the stronger ligand L, would be
undetectable but the weaker ligand, corresponding to L, would be detectable in Atlantic surface water. It is
postulated that comparisons of the occurrence and levels of organic ligands might not be possible among spatially
and temporally different observations without reconciliation of the effects of ligand speciation, even if an identical

method is used in all cases.
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Fig. 96-33 Vertical profiles of copper concentrations and ligand speciation in North Pacific (circles) and the North
Atlantic. (diamonds): total copper (a), inorganic copper (b), R values for ligand L, (c), and L, (d). All solid
symbols represent observed values and open symbols hypothetical, calculated values. Hatching shows the
region (corresponding to area A in Fig. 96-31) in which the ligand cannot be detected by direct metal
titration.
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5.6 Determination of strong organic ligand dissolved in seawater: Thorium-complexing capacity of oceanic
matter dissolved in oceans
Hirose (1996)

Oceanic organic matter, consisting of dissolved and particulate forms, is considered one of the important
factors controlling the trace element composition of seawater and plays an essential role in in the marine
environment carbon cycle. To understand the biogeochemical role of organic matter in the marine environment,
it is important to specify and identify chemical constituents of oceanic organic matter. The composition of organic
matter in seawater is extremely complicated. As a choice among many methodologies, the natural organic matter
can be analyzed by functional group such as ligands related to metal complexation.

Hirose (1996) developed a way to measure strong ligands in oceanic DOM by Th complexation in acidic
media and the adsorption of the Th complex onto XAD-2 resin. Th reacts quantitatively with the organic binding
site of DOM in strong acid media (around 0.1 M H' solution), which is equilibrated within 24 hours. According
to mass action analysis, Th forms a 1 : 1 complex with the binding site in DOM, whose conditional stability
constant is 10 M. The conditional stability constant of the Th complex in DOM is in good agreement with that
determined for oceanic particulate matter (PM) under similar experimental conditions.

This finding suggests that the chemical properties of the strong ligand in DOM are similar to these in
biogenic PM. The Th complexing capacity in DOM, which corresponds to the total concentration of the strong
organic ligand, can be determined (2-3 nM in surface waters) in a small volume (about 200 ml) (Fig. 96—34
and Table 96-6). The method has a detection limit of about 0.05 nM for thorium complexing capacity of DOM
by using *°Th. |
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Fig. 96-34 Vertical distribution of Th complexing capacity of DOM in Japan Sea. (Sampling site: 38°11°'N, 132°37'E)
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Table 96-6 The vertical distribution of Th complexing capacity in DOM. (Sampling location: 38°11°N, 132°37’E; depth:
2354 m; sampling date: Oct. 1994)

Depth, m T, °C S, %o ThCC, nM
0 15.6 33.42 2.56+0.10

50 17.6 33.67 2.131£0.10
5 9.95 3423 4.4110.13
100 6.02 34.13 1.53+£0.06
300 0.76 34.07 2.00+0.08
500 0.40 34.07 2.51£0.13
750 0.27 34.07 2.77%£0.12
1000 0.21 34.07 3.18%0.16
1250 0.18 34.07 2.16%0.11
1500 0.16 34.07 1.59 £0.06
2000 0.17 34.07 3.86+0.14

Uncertainties quoted are at a level of one estimated stan-
dard deviation for counting only.

INTERNATIONAL ACTIVITIES
II. Participation in At-Sea Intercomparison of Underway pCO, Systems During Meteor Cruise 36-1

H. Y. Inoue and M. Ishii participated in the At-Sea Intercomparison of Underway pCO, Systems during
German research vessel Meteor Cruise 36-1, June 6-19, 1996, organized by the marine CO, project at the Institute
for Marine Research, Department of Marine Chemistry, Kiel, Germany. The purpose was to provide insights into
the performance and comparability of seagoing CO, systems under typical identical working conditions to
establish a database for use in understanding the basin and global scale distributions of pCO, and its influence
on the oceanic uptake of anthropogenic CO,.

Fifteen scientists from nine research institutions in six countries joined the international exercise,
conducted on board R/V Meteor between Bermuda and Gran Canaria in the North Atlantic. H.Y. Inoue and M.

Ishii contributed to the intercomparison exercise using the underway MRI pCO, system.

III. Contribution to WOCE Hydrographic Program — Pacific Data QA Activity

M. Aoyama was engaged in data quality evaluation (DQE) of Pacific WOCE data as an evaluator with the
region study to assess data quality and make suggestions for improving it. He worked for the WHP Office in the
Physical Oceanography Department of the Woods Hole Oceanographic Institution as a guest investigator from
March 1, 1996 to May 31, 1996.

Aoyama applied original methods and compared data at crossing one-time survey lines in the North Pacific
to assess the degree to which data is selfconsistent and examined individual datasets for data quality.

Details of his contribution to the Pacific Data QA Activity are given in the WHP Office Status Report, No.
19.
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