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The database for the Japan Sea Parameters on Marine Environment and Radionuclides (JASPER) has 

been established by the Japan Atomic Energy Agency as a product of the Japan Sea Expeditions. By the 

previous volume of the database, data for representative anthropogenic radionuclides (strontium-90, 

cesium-137, and plutonium-239, 240) were opened to public. And now, data for radiocarbon and 

fundamental oceanographic properties (salinity, temperature, dissolved oxygen) including nutrients (silicate, 

phosphate, nitrate and nitrite) are released as the second volume of the database.  At the beginning of this 

report (chapter 1), backgrounds, objectives and brief overview of this report are given as an introduction. 

Then, specifications of this database and methodology in obtaining the concentration data are described in 

chapter 2. The data stored in the database are presented in tabular and figure forms in chapter 3. Finally, 

chapter 4 is assigned concluding remarks. In the second version of database, 20,292 data records are stored 

in the database including 2,695 data for temperature, 2,883 data for salinity, 2,109 data for dissolved 

oxygen, 11,051 data for the nutrients, and 1,660 data for radiocarbon. The database will be a strong tool for 

the continuous monitoring for contamination by anthropogenic radionuclides, studies on biogeochemical 

cycle, and development/validation of models for numerical simulations in the sea.  
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1. Introduction 

The database for Japan Sea Parameters on Marine Environment and Radioactivity (JASPER) has been 

developed by Japan Atomic Energy Agency (JAEA), and now the part of parameters on fundamental 

characteristics of seawater and isotopic ratio of radiocarbon is opened to the public. 

1.1 Background 

Former Japan Atomic Energy Research Institute (JAERI) had conducted a multi-year research project 

in the Japan Sea named Japan Sea expeditions (phase 1; 1997-2002). During the phase 1 expeditions, 12 

research cruises were carried out in the Japanese EEZ (Exclusive Economic Zone), and 4 cruises were 

carried out in the Russian EEZ. The cruises in the Russian EEZ were conducted under the framework of the 

ISTC partner project.  Since 2004, JAERI/JAEA proceeded 9 research cruises in the Japanese EEZ under 

the joint researches with domestic research institutions (phase 2). In the phase 2 expeditions, several 

regions of where little data have been obtained during the phase 1 were observed. Consequently, we visited 

161 stations during a series of expeditions (Figure 1).   

Two main motives had combined to make us to conduct the project. One of the motives was to 

monitor the impacts of radioactive wastes dumped in the Japan Sea. Understanding the level of 

anthropogenic radionuclides in the Japan Sea is important for Far Eastern Countries because there are many 

potential sources of the radionuclide releases to the Japan Sea, such as a variety of nuclear facilities in the 

regions surrounding the sea. The other was to investigate the processes of water circulation and the 

migration behavior of radionuclides in the Japan Sea. The Japan Sea is known as the largest marginal sea in 

the world that has bowl-like topography and open ocean-like seawater circulations. From these 

characteristics, many oceanographers regard the sea as a “miniature” of the ocean. The Japan Sea, therefore, 

would be the most suitable field for the better understanding of general transport processes of radionuclides 

in the marine environment. 

At the present, more than 3,000 seawater samples have been collected and a lot of parameters 

including radionuclides data have been obtained. The parameters classified as follows: 

- Physical properties (temperature and salinity), 

- Radionuclides (
3
H, 

14
C,

90
Sr,

129
I, 

137
Cs, 

226
Ra, Pu), 

- Stable isotopes (
13

C and 
18

O), 

- Nutrients (silicate, nitrate, nitrite and phosphate),  

- Organic carbon, 

- Gaseous substances (oxygen, total inorganic carbon, and CFCs). 

More detailed information for the backgrounds, contents and results of the Japan Sea expeditions can 

be referred to the summary reports by Togawa et al. (2006; 2007)
1), 2)

.

1.2 Objectives to construct the database 

One of the main objectives to construct this database is to support to achieve above-mentioned 

motives as well as to prevent a scatter and loss of the data in passing time. For the former motive, that is, 
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for the monitoring. It is obvious that the data for anthropogenic radionuclides themselves become the main 

parameter. At the same time, other elements/isotopes and oceanographic parameters stored in this database 

might help to speculate the source and migration of anthropogenic radionuclides. On the other hand, for the 

latter motives, some of the parameters can be used as transient tracers, since their fates in marine 

environment are relatively well elucidated. Complementary use of other chemical and physical parameters 

may contribute to improve the utilities of data of anthropogenic radionuclides in multi-tracer analysis. As 

just described, to make a database of systematically collected data in the Japan Sea has a great merit for 

both motives mentioned above. 

Additionally, we thought that the database has two more important roles. The distributions of 

anthropogenic radionuclides and/or other trace elements extracted from the database can be used for 

validation of numerical models, which are used in environmental simulation. Furthermore, we expect that 

this consolidated database provide information about radionuclides and biogeochemical structures in the 

Japan Sea to the public.  

1.3 Information about the 2nd volume of JASPER database 

As mentioned above, the data obtained through the Japan Sea Expedition cover a lot of parameters, 

and some of the parameters are now under measurement. Considering this situation, we decided to publish 

the data as a partwork. In the previous volume of this database
3)

, 622 data on the representative 

anthropogenic radionuclides (
90

Sr,
137

Cs and 
239,240

Pu) in seawater and seabed sediments were stored. And 

now, the second volume is assigned to describe the parts of radiocarbon and oceanographic properties. The 

former part means isotopic ratio of 
14

C/
12

C in dissolved inorganic carbon, and the latter part includes 

salinity, temperature, concentration of oxygen and nutrients. Both parts play an important role in 

understanding the structure and seawater circulation of the sea.  

At the opening of section 2, the structures of record for the data in the database are introduced, and 

information about data quality is indicated. The information about sampling site and methods are described 

in section 2.2. Then, the analytical methods are given in section 2.3. 

The section 3 is spent to describe the data itself with tabular form and figure form. And, concluding 

remarks are given in section 4. The remaining data, such as 
3
H and 

129
I, are planned to be included in other 

volumes, which will be published in the future.  

2. Methods and Materials 

2.1 Information about record format and quality control of the database 

The definition of terms used in the database is given in Tables 1-1 and 1-2. In this database, the data 

obtained at the same sampling time are recorded all together including support data. So, the package of data 

is referred to as “data record” in this report. The data record is started with the information for origin of the 

data and ended with the termination code (“z” is used for the code). The anterior half of the data record, 

column number 1 - 29 of data record, contains the support data (support data part) that are used to identify 

the position and time for the observation/sampling in order to make sense of distribution of main data 
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recoded in successive part. The last half of the data record (column number 30 or later) is assigned to store 

main data (main data part). This part consists of data blocks from 1 to more than ten depending on the 

situation of sampling. The components of the data block are “type of element”, “element name”, “measured 

value”, “error of the measurement”, “unit of the value” and “flag for quality control”. The cord “-99” 

recorded in the “origin” column indicates the termination of the database. 

In this database, flags for quality control are given to all the measured data, not only for the main data 

but also for the support data (except for date and time data). The quality of data is classified into 3 ranks 

with titles of “good”, “suspicious” and “bad”. The rank of “good” is given to the data that measured by 

reliable equipment with good quality. The data indirectly measured or with suspicious (i.e., unreasonable 

data that can not be rejected statistically) quality are classified into the “suspicious” rank. The “bad” rank 

includes the case that the data is not obtained or the data has invalid (i.e., statistically rejectable) value.   

2.2 Sampling sites and methods 

In the Japan Sea Expedition, the samplings for anthropogenic radionuclides were performed at 161 

sites through 22 cruises including the sites for re-visit observation. Within them, 18 cruises were carried out 

in the Japanese EEZ by us (former JAERI) and 4 cruises were done in the Russian EEZ under the 

framework of ISTC partner project. These cruises were carried out under cooperation with 9 research 

vessels, R/V Professor Khoromov, (Far Eastern Regional Hydrometeorological Research Institute, Russia), 

R/V Wakashio Maru (Nippon Salvage, Co), T/S Hokusei Maru, T/S Oshoro Maru (Hokkaido Univ.), R/V 

Kaiko Maru No.12 (Offshore Operation, Co.), Kaiyo Maru No.7 (Nippon Kaiyo, Co.), R/V Hakuho Maru 

(Univ. of Tokyo, at 2002), R/V Soyo Maru (National Research Institute of Fisheries Science), and R/V 

Koshiji Maru (Niigata Pref.).  The details about sampling stations were summarized in Table 2. 

Seawater samples were collected using a MBS (Multi Bottle Sampler) system with multiple Niskin 

Bottles. This system is connected with a CTD (Conductivity-Temperature-Depth profiler) system and can 

collect seawater sample at specified depths automatically. Seawater samples in the sampling bottles are 

transferred to a cup/container on board (i.e., subsampling) and stored until the measurement.  

2.3 Analytical methods 

Salinity data in this report is obtained by two methods, one is In-situ measurement using CTD and 

another is measurement using a Salinometer. In the latter method, conductivity of seawater sample was 

measured with a Guildline Salinometer, model 8400B
4)

. For temperature data, In-situ temperature data 

obtained by CTD observation were stored in this database.   

Dissolved oxygen was determined by the high precise Winkler’s titration method
4)

, and the typical 

accuracy was less than 0.3 % as a 1-sigma.  Nutrients (silicate, phosphate, nitrate and nitrite) were 

measured by the spectrophotometrical method with continuous flow automated analysis
4)

, and the typical 

accuracy was less than 1 % as a 1-sigma. By this method, nitrate data were obtained by subtracting nitrite 

concentration from the total nitrogen (nitrate and nitrite) concentration. Therefore, data of nitrate, nitrite 

and total nitrogen are stored in the database independently. 
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With regard to the analysis of radiocarbon, seawater samples were stored in a glass bottles with 

high-quality stoppers after sterilized with 100 µl of saturated mercury chloride solution on board.  The 

dissolved inorganic carbon in seawater samples was evolved as CO2 gas by adding 4 ml of 100 % H3PO4

and collected cryogenically by purging with pure N2 gas in the vacuum system
5)

. The CO2-C was reduced 

to graphite with pure H2 gas over an iron catalyst at 650 °C. The graphite was pressed into targets for 

AMS-C measurements. The 
14

C/
12

C ratios of the sample graphite were measured by a Tandetron AMS 

(HVEE, model 4130-AMS) at JAEA-AMS-MUTSU against with a NIST oxalic acid 
14

C standard (HoxII, 

SRM-4990C). In this database, the 
14

C/
12

C ratios are expressed by D14
C, which is calculated by equations in 

Stuiver and Polach (1977)
6)

. The precision of our AMS measurement is typically less than ±5 ‰ as a 

1-sigma of the counting statistics. The background level is estimated to be 2 % of modern carbon. The d13
C

(vs PDB) values of samples and the standard are measured for sub-samples of the CO2 gas separated before 

the graphite production, by a triple collector mass spectrometer (Finnigan, DELTA-plus) with a precision 

of ± 0.05‰. The 
13

C data are not stored in the database. 

3. Data of radiocarbon and oceanographic properties 

In the second volume of the database, data records for 3,062 seawater samples are accumulated. In 

order to show the overview of the data, statistical information for the data in the database is given in Table 

3. In addition, depth-profiles of temperature (potential temperature), salinity, silicate, oxygen, phosphate, 

total nitrogen (nitrate and nitrite) and D14
C are shown in Figures 2, 3, 4, 5, 6, 7 and 8, respectively. In order 

to show regional variations, each figure consists of four areal groups as follows; 

Area I:  Western region (< 136°E) of the Japan Basin,  

Area II: Eastern region (> 136°E) of the Japan Basin and northeastern shelf, 

Area III:  Yamato Basin and Yamato Rise, 

Area IV:  Tsushima Basin and southwestern shelf. 

At the present, totally 2,695 valid data (i.e., data excluding error code) of temperature data are stored 

in the database. All the valid data were evaluated as “good” quality. The temperature ranged between 0.051 

and 32.872 °C. As mentioned above, In-situ temperature data are stored in the database. In order to cancel 

the bias of the pressure, potential temperature is calculated from the In-situ temperature, salinity and 

pressure data
7)

. The depth-profiles of potential temperature are shown in Figure 2. Temperature in the 

surface water varied regionally/seasonally, and was higher in the southern regions (i.e., area III and IV).  

In these regions, seawater with high temperature covered the 100-200 m surface layers.  This indicated the 

inflow of the Tsushima Warm Current (TWC) from the East China Sea. Potential temperature in the deep 

water (> 1,500 m) was 0.09±0.02 °C. This water mass with low temperature is known as the Japan Sea 

Proper Water (JSPW)
8)

.

Total number of valid data for salinity stored in the database is 2,883. Within them, 2,881 and 2 data 

were categorized in “good” and “suspicious” criteria, respectively. We considered that the suspicious data 

were due to instrumental problem during the measurement. Vertical profiles of salinity in areas I-IV are 

shown in Figure 3.  Salinity in the surface water ranged between 32.6 and 35.1. Especially in the southern 
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regions (area III and IV), higher salinity exceeding 34.5 was observed and it also indicated the signature of 

TWC water.  In the deepwater (> 1,500 m), salinity ranged within 34.068±0.005 and was typical value of 

JSPW reported previously
8)

.   

Totally 2,109 of valid data were obtained for dissolved oxygen.  Thirteen data (0.6% of valid data) 

were permitted in “suspicious” category, and were inferred due to mixing of plural water masses during the 

sample collection or accidental contamination during the sampling.  However, we did not reject them 

because the cause was not determined completely. Data of dissolved oxygen ranged between 3.538-8.312 

ml/l and the vertical change is shown in Figure 4. It is known that the Japan Sea has higher concentration of 

oxygen because of its faster seawater circulation compared with the open oceans
9)

.  Especially in the 

northern regions (Area I and II), higher concentrations of oxygen were observed in the surface and 

intermediate layers (0-1000 m). This was due to the higher solubility of oxygen in the lower temperature 

and effective transport of surface waters to the interior of the sea
10)

. In the northern regions, it is also 

remarkable that high oxygen concentrations were obtained at the bottom of several stations. These results 

were mainly observed in 2001, and were inferred due to the transport of surface waters to the bottom layer 

(i.e., formation of the bottom water)
11), 12)

. It was considered that the formation of the bottom water occurs 

continuously but has been stagnant during the last four decades
13)

. However, the results in Figures 4 (I) and 

(II) indicated that the formation occurs sporadically even in the recent years.  

With regard to silicate (expressed as “Si” in Table 3), 2,361 valid data are stored in the database. The 

number of “good” data is 2,332 (98.8% of the valid data), “suspicious” one is 12 (0.5%), and “bad” one 

excepting error code is 17 (0.7%). Silicate concentration in seawater ranged between 0.0 and 97.3.  The 

concentration was about zero at the surface and increased with depth (Figure 5). In the marine environment, 

nutrients including silicate are supplied to the surface from the river input and/or upwelling of the deep 

water. Nutrients in the surface waters is utilized by phytoplankton and transported to the deep water as a 

part of sinking particles. Concentration of nutrients in the deep water increases according to the 

decomposition of sinking particles. Sediment trap experiments in the Japan Sea revealed that biogenic opal 

(amorphous silicate) is dominant component of sinking particles, and the sinking flux is higher than the 

other oceans
14), 15)

. However, concentration of silicate in JSPW is lower than oceans (e.g., >100 µmol/l at 

the North Pacific).  This result indicates that the Japan Sea has the shorter timescale of the nutrient cycle 

compared with the open oceans. The highest concentration of silicate was observed in the southern margin 

(Area IV).  In the deep part of southern Japan Sea, it is suggested that significant amount of terrestrial 

materials were supplied from the East China Sea
16), 17)

. The high concentrations of silicate observed in the 

Area IV also would indicate the supply of terrestrial silicates from the Asian Continent. It is suggested that 

the latitudinal difference in transport processes of terrestrial materials also affect the distribution of 

physical properties
18)

 and micronutrients
19)

.

The number of valid phosphate (“P” in Table 3) data in the database is 2,340 including 2,316 of 

“good” data (99.0%) and 24 of “bad” data (1.0%). The “bad” data were rejected because sufficient 

reproducibility was not obtained. Similarly to vertical distribution of silicate, that of phosphate is about 

zero at the surface and increase with depth (Figure 6), and the increasing rate was higher than that of 
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silicate in the subsurface layer. The difference is quite reasonable because phosphate and nitrogen are 

contained in organic component while silicate composes insoluble shell or clay minerals. As the labile 

organic matters decompose at the shallower waters, concentration of their substances increases at the 

shallower layer. Ito et al. (2003; 2005)
20), 21)

 pointed out maximum concentration of plutonium, which is 

known as a particulate-reactive radionuclide, in the intermediate layers of the Japan Sea (c.a. 500-1000 m 

depths). The maximum is supposed to indicate dissolution/decomposition of particles in the water column. 

Considering the depth range, the maximum of plutonium would be controlled by dissolution of organic 

particles rather than that of shell of marine biota. 

There are three types of data for nitrogen oxides; nitrate, nitrite and the sum of nitrate and nitrite 

(“NO3”, “NO2” and “NOx” in Table 3, respectively). As a representative data, vertical distributions of 

nitrogen oxides (nitrate + nitrite) are illustrated in Figure 7. The number of valid data for nitrate, nitrite, and 

the sum of the oxides was 2,006, 2,007 and 2,337, respectively. Within them, the number of “good” data 

was 1,685 (84.0% of valid data), 1,982 (98.8%), and 2,025 (86.6%), respectively.  

As mentioned in subsection 2.3, data of isotopic ratio of radiocarbon is expressed in D14
C value. This 

is the per mil deviation of the isotopic ratio of radiocarbon (half life = 5730 yrs) from a standard and is 

normalized to a d13
C of –25‰

6)
. Since D14

C value of atmospheric CO2 at 1950 is defined as zero, a positive 

(+) D14
C value in seawater indicates that the water contains artificial radiocarbon. If a seawater sample has 

negative (-) D14
C value, on the other hand, the deficit indicates the degree of radioactive decay that 

correlates with “apparent age” of the seawater. Even though it is difficult to estimate the “actual age” of 

seawater because D14
C values are controlled by the both effects, the value is quite useful indicator to 

understand the seawater movement/circulation. In the database, 1,660 of valid D14
C data including 1,572 

(94.7%) of “good”, 84 (5.1%) of “suspicious”, and 4 “bad” (0.2%) data were stored. We considered that the 

suspicious data may be caused by addition of atmospheric carbon into samples during the sampling or 

storage procedures.  

D14
C in the surface waters (0-100 m) ranged between 21.7 and 94.0‰ (Figure 8).  The values in the 

southern region (70.6±12.5‰ in Area IV) were higher than that in the northern region (55.2±8.5 in Area II). 

This result may indicate that the southern Japan Sea is affected by the TWC water that originates from 

subtropical Pacific and has high radiocarbon content. In the surface and sub-surface layers (0-500m), the 

“shape” of vertical change in D14
C was different between the northern (Area I and II) and southern (III and 

IV) regions.  While the depth-profiles in the northern regions seemed to concave, those in the southern 

regions were convex. These differences might be caused by vertical mixing of surface waters in the 

northern regions
10), 22)

 and inflow of TWC water to the surface of southern regions. D14
C value at 1 km 

depth was -9.7±11.1‰ in the Area I, -21.8±12.0‰ in the Area II, -20.6±14.8‰ in the Area III, and 

-22.6±5.4 in the Area IV, respectively. The higher D14
C values in the northwestern regions (Area I) might 

indicate the transport of surface waters to the interior due to the water convection
12)

.  At the 2 km depth, 

D14
C value was -49.9±7.3‰ in the Area I, -53.1±5.2‰ in the Area II, and -53.7±14.5‰ in the Area III, 

respectively. Similarly at the 1 km depth, relatively higher D14
C values were observed at 2 km depth of the 

northwestern region. In the southern basin (Area III), deep water had larger variation of D14
C compared 
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with the other regions. The result indicated that several water masses with deferent “age” coexisted in this 

region. In the bottom layer (3 km depth), D14
C value in the northeastern region (Area II: -63.3±6.0‰) was 

slightly lower than those in the northwestern and southern regions (Areas I and IV: -54.9±9.2 and 

-54.2±11.8‰, respectively). From these result, we inferred that the northeastern margin is a terminative 

region of the deepwater circulation in the Japan Sea.  

4. Concluding remarks 

The database for the Japan Sea Parameters on marine Environment and Radionuclides (JASPER) is 

created by Japan Atomic Energy Agency as one of the final products of the Japan Sea Expeditions. And 

now, the second volume storing data of radiocarbon and oceanographic properties is opened to the public. 

In this volume, totally 20,398 data records are stored including 2,695 data for temperature, 2,883 data for 

salinity, 2,109 data for dissolved oxygen, 11,051 data for nutrients (silicate, phosphate, nitrate, nitrite and 

nitrate+nitrite), and 1,660 data for radiocarbon. By establishing the second volume of database, recent 

feature of environment in the Japan Sea has been brought out, not only for anthropogenic radionuclides but 

also for other chemical tracers and oceanographic parameters. We believe that this database might be a 

strong tool for the continuous monitoring for contamination by anthropogenic radionuclides, studies on 

biogeochemical cycle, and development and validation of models for numerical simulations in the sea.   

Recently, many researchers pay attention to the Japan Sea because the sea is a “miniature” of the 

ocean that indicates the impact of the global warming. In fact, several international expeditions in the Japan 

Sea are under preparation. The properties recorded in this database will also provide “historical” data for 

the accurate understanding of climate change. 
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Table 1-1  Definition of items in the database 

Column 

No 

Column 

name 
Content Format

*1
Error 

code
Remarks 

1 Origin Origin of data I3.3 000: JAEA 

2 Cruise Cruise name A10 

3 Sample Sample type A1 

W: Seawater 

S: Sediment 

P: Sinking particle 

F: Filtered sample 

4 Equipment 
Equipment name of 

sampling 
A10 

5 Stn 
Site name of 

sampling 
A8 

6 TD 
Type definition of 

sampling 
A1 

S: Snapshot 

C: Continuous 

7 SDate Start date I8.8 99999999  

8 STime Start time I4.4 9999  

9 EDate End date I8.8 99999999  

10 ETime End time I4.4 9999  

11 PDS Position data style I1 

1: ddd.ddddd_X  

2: ddd_mm.mm_X 

3: ddd_mm_ss_X 

(X: N, S, E or W) 

12 Lat 
Latitude of  

sampling site (1) 
A11 

N: Northern hemisphere 

S: Southern hemisphere 

13 zLat 
Latitude of  

sampling site (2) 
F10.6 

+: Northern hemisphere 

-: Southern hemisphere

14 Lon 
Longitude of  

sampling site (1) 
A12 

E: Eastern hemisphere 

W: Western hemisphere 

15 zLon 
Longitude of  

sampling site (2) 
F11.6 

+: Eastern hemisphere 

-: Western hemisphere 

16 QF 
Quality flag for 

position data 
I1 

1: Good 

2: Suspicious 

3: Bad 

17 BDep 
Bottom depth of 

sampling site [m] 
I4 
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18 BDM 

Bottom depth 

determination 

method 

A1 

S: Sounding 

C: Chart 

W: Wire 

Z: Other 

19 TSRF 

Temperature and 

salinity reference 

file name 

A16 

20 SDep Sampling depth I4 

21 SDU Sampling depth unit A2 
m: Meter 

db: decibar 

22 QF 
Quality flag for 

sampling depth data
I1 

1: Good 

2: Suspicious 

3: Bad 

23 SWid Sampling width I4 -999  

24 SWU Sampling width unit A2 

25 QF 
Quality flag for 

sampling width data
I1 

1: Good 

2: Suspicious 

3: Bad 

26 Temp 
In-situ temperature 

[°C] 
F5.2 99.99  

27 QF 
Quality flag for 

temperature data 
I1 

1: Good 

2: Suspicious 

3: Bad 

28 Sal 
In-situ salinity 

[psu]
F6.3 99.999  

29 QF 
Quality flag for 

salinity data 
I1 

1: Good 

2: Suspicious 

3: Bad 

30 Type
*2

 Type of element A1 
R: Radionuclide 

N: Nutrients and oxygen 

31 Element Element name A10 

32 Value 
Value of 

measurement 
Fn.m 

-9999 

or

-999 

Significant digit depends 

on the element 

33 Error 
Error of 

measurement 
Fn.m -999 

Significant digit depends 

on the element 
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34 Unit 
Unit foe the 

measurement 
A15 

The character “u” indicates 

a substituting character for 

prefix “micro- (10
-6

)”.

35 QF 
Quality flag for the 

element data 
I1 

1: Good 

2: Suspicious 

3: Bad 

*1 The data format is comparable to that used in FORTRAN language. More details are defined in Table 

1-2 (supplemental table). 

*2 The data from “Type” to “QF” for the element data is repeated until the termination code “z” appears in 

the column “Type”. 
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Table 1-2  Definition for the data format used in the database (supplemental table for Table 1-1) 

Format Expression 
Example 

data 

Example 

format 
Result

*1

An 
Alphabetic numeric character less than n 

characters
abc_123 A10 

abc_123

or

abc_123

In Integer number less than n digits 72 I5 72

Fm.n 
Real number less than m digits with 

n-digit decimal number 
72 F5.1 72.0

*1 The symbol of centered dot ( ) indicates blank equivalent to 1 character
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Table 2  Information about research cruises and sampling stations 

Cruise Station Date 
Longitude

[°E] 

Latitude

[°N] 

Bottom 

depth [m]
Area* Ship 

WS9802 C1 10/31/1998 136.383 39.617 2519 3 R/V Wakashio-Maru 

WS9802 C2 10/30/1998 136.700 39.380 2657 3 R/V Wakashio-Maru 

WS9802 C3 10/30/1998 137.033 39.150 2421 3 R/V Wakashio-Maru 

WS9802 C4 10/29/1998 137.380 38.920 2387 3 R/V Wakashio-Maru 

WS9802 C5 10/29/1998 137.700 38.680 2330 3 R/V Wakashio-Maru 

XP99 E08 5/31/1999 135.100 40.433 2540 1 R/V Professor Khromov

XP99 E10 5/27/1999 134.480 41.252 3560 1 R/V Professor Khromov

XP99 F14 5/29/1999 132.350 40.998 3420 1 R/V Professor Khromov

XP99 F15 5/30/1999 132.755 40.600 3430 1 R/V Professor Khromov

XP99 F16 5/30/1999 133.128 40.217 3310 1 R/V Professor Khromov

XP99 F17 5/31/1999 133.533 39.833 1260 1 R/V Professor Khromov

XP99 E09 5/31/1999 134.017 40.833 3340 1 R/V Professor Khromov

WS9901 E1 06/25/1999 134.500 36.500 1344 3 R/V Wakashio-Maru 

WS9901 E3 06/25/1999 134.000 37.000 1863 3 R/V Wakashio-Maru 

WS9901 E4 06/26/1999 133.500 37.500 1430 3 R/V Wakashio-Maru 

WS9901 E6 06/26/1999 133.000 38.000 2508 3 R/V Wakashio-Maru 

WS9901 W1 06/23/1999 132.830 36.500 250 4 R/V Wakashio-Maru 

WS9901 W3 06/23/1999 132.330 37.000 1250 4 R/V Wakashio-Maru 

WS9902 D1 11/23/1999 134.667 38.700 3013 3 R/V Wakashio-Maru 

WS9902 D2 11/23/1999 135.083 38.300 3014 3 R/V Wakashio-Maru 

WS9902 D3 11/24/1999 135.467 37.917 2960 3 R/V Wakashio-Maru 

WS9902 D4 11/24/1999 135.833 37.550 2419 3 R/V Wakashio-Maru 

WS9902 D5 11/24/1999 136.233 37.150 359 3 R/V Wakashio-Maru 

XP00 C1 8/7/2000 131.667 40.000 3000 1 R/V Professor Khromov

XP00 C2 8/7/2000 131.667 40.500 3290 1 R/V Professor Khromov

XP00 C3 8/6/2000 131.667 41.000 3300 1 R/V Professor Khromov

XP00 C4 8/6/2000 131.667 41.667 3270 1 R/V Professor Khromov

XP00 C5 8/8/2000 132.333 41.000 3400 1 R/V Professor Khromov

XP00 C6 8/8/2000 132.750 40.583 3380 1 R/V Professor Khromov

XP00 C7 8/9/2000 133.133 40.217 3260 1 R/V Professor Khromov

XP00 C8 8/10/2000 133.500 40.000 1630 1 R/V Professor Khromov

XP00 C9 8/10/2000 133.500 40.500 3390 1 R/V Professor Khromov

XP00 C10 8/11/2000 133.500 41.000 3500 1 R/V Professor Khromov

XP00 C11 8/11/2000 133.500 41.667 3230 1 R/V Professor Khromov
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XP00 M2 8/12/2000 135.000 40.500 2860 1 R/V Professor Khromov

XP00 E2 8/13/2000 135.000 41.283 3580 1 R/V Professor Khromov

XP00 E3 8/13/2000 135.000 41.667 3560 1 R/V Professor Khromov

HO00 106d 9/28/2000 135.000 38.000 2988 3 T/S Hokusei Maru 

HO00 107d 9/28/2000 134.743 39.198 312 3 T/S Hokusei Maru 

HO00 108d 9/29/2000 135.000 39.000 2917 3 T/S Hokusei Maru 

HO00 109d 9/29/2000 135.500 37.416 2884 3 T/S Hokusei Maru 

HO00 111d 10/3/2000 138.000 39.000 1664 3 T/S Hokusei Maru 

HO00 114d 10/5/2000 138.485 42.315 3642 2 T/S Hokusei Maru 

WS00 E1 10/20/2000 131.667 36.500 1876 3 R/V Wakashio-Maru 

WS00 E2 10/20/2000 131.667 36.000 1061 3 R/V Wakashio-Maru 

WS00 E3 10/17/2000 133.500 38.500 1315 3 R/V Wakashio-Maru 

WS00 E4 10/17/2000 133.500 38.000 872 3 R/V Wakashio-Maru 

WS00 E5 10/19/2000 133.500 37.000 360 3 R/V Wakashio-Maru 

WS00 E6 10/19/2000 133.500 36.000 172 4 R/V Wakashio-Maru 

XP01 c3 7/5/2001 133.133 40.215 3312 1 R/V Professor Khromov

XP01 c2 7/6/2001 132.747 40.583 3427 1 R/V Professor Khromov

XP01 r1 7/7/2001 133.338 41.665 3518 1 R/V Professor Khromov

XP01 c7 7/8/2001 136.520 41.993 3612 2 R/V Professor Khromov

XP01 c15 7/12/2001 137.998 45.498 1418 2 R/V Professor Khromov

XP01 c13 7/13/2001 138.002 44.498 2605 2 R/V Professor Khromov

XP01 c12 7/13/2001 138.000 43.998 2235 2 R/V Professor Khromov

XP01 c11 7/13/2001 136.490 44.000 1114 2 R/V Professor Khromov

XP01 c9 7/14/2001 136.505 42.995 3636 2 R/V Professor Khromov

XP01 c8 7/14/2001 136.503 42.498 3665 2 R/V Professor Khromov

XP01 c6 7/15/2001 135.000 42.997 2260 1 R/V Professor Khromov

XP01 c4 7/15/2001 135.000 42.000 3610 1 R/V Professor Khromov

XP01 C1 7/3/2001 132.337 40.995 3420 1 R/V Professor Khromov

HO01 J32d 9/19/2001 131.000 36.750 2125 4 T/S Hokusei Maru 

KK01 F2 10/31/2001 138.000 42.500 3600 2 R/V Kaiko Maru No.12

KK01 F6 10/31/2001 139.000 42.500 3649 2 R/V Kaiko Maru No.12

KK01 F7 10/31/2001 139.000 41.500 1315 2 R/V Kaiko Maru No.12

KK01 F8 11/2/2001 139.000 40.500 3138 2 R/V Kaiko Maru No.12

XP02 m2 7/7/2002 135.000 40.500 2905 1 R/V Professor Khromov

XP02 c1 7/8/2002 131.665 41.250 3346 1 R/V Professor Khromov

XP02 ms 7/8/2002 132.350 41.252 3426 1 R/V Professor Khromov
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XP02 c2 7/9/2002 132.998 41.250 3474 1 R/V Professor Khromov

XP02 r1 7/10/2002 133.498 41.252 3506 1 R/V Professor Khromov

XP02 c4 7/12/2002 134.500 41.250 3563 1 R/V Professor Khromov

XP02 c6 7/12/2002 135.500 41.250 3563 1 R/V Professor Khromov

XP02 r2 7/13/2002 136.533 42.013 3623 2 R/V Professor Khromov

XP02 c13 7/17/2002 139.497 47.015 575 2 R/V Professor Khromov

XP02 c15 7/17/2002 140.450 47.003 1216 2 R/V Professor Khromov

XP02 c17 7/18/2002 141.501 47.000 605 2 R/V Professor Khromov

XP02 c12 7/18/2002 141.500 46.000 113 2 R/V Professor Khromov

XP02 c10 7/18/2002 140.495 46.000 1055 2 R/V Professor Khromov

XP02 c9 7/18/2002 139.498 46.000 1804 2 R/V Professor Khromov

XP02 c7 7/19/2002 138.498 46.000 1260 2 R/V Professor Khromov

XP02 r3 7/20/2002 137.952 44.012 2223 2 R/V Professor Khromov

KH02-03 c01 10/14/2002 131.523 36.036 1342 4 R/V Hakuho Maru 

KH02-03 c02 10/14/2002 132.255 36.335 1412 4 R/V Hakuho Maru 

KH02-03 c03 10/15/2002 133.671 36.666 1120 3 R/V Hakuho Maru 

KH02-03 c04 10/15/2002 134.247 37.218 2351 3 R/V Hakuho Maru 

KH02-03 c05 10/15/2002 134.800 37.722 2947 3 R/V Hakuho Maru 

KH02-03 c06 10/15/2002 135.362 38.230 2930 3 R/V Hakuho Maru 

KH02-03 c07 10/16/2002 135.909 38.642 2705 3 R/V Hakuho Maru 

KH02-03 c08 10/16/2002 136.322 39.114 2612 3 R/V Hakuho Maru 

KH02-03 c09 10/16/2002 136.611 39.369 2647 3 R/V Hakuho Maru 

KH02-03 c10 10/16/2002 136.975 39.550 2580 3 R/V Hakuho Maru 

KH02-03 c11 10/17/2002 137.327 39.726 2571 3 R/V Hakuho Maru 

KH02-03 c12 10/17/2002 137.894 39.960 2668 3 R/V Hakuho Maru 

KH02-03 c13 10/17/2002 137.895 40.461 3047 2 R/V Hakuho Maru 

KH02-03 c14 10/18/2002 137.895 40.956 3636 2 R/V Hakuho Maru 

KH02-03 c15 10/18/2002 137.891 41.457 3660 2 R/V Hakuho Maru 

KH02-03 c16 10/18/2002 137.884 41.957 3623 2 R/V Hakuho Maru 

KH02-03 c17 10/18/2002 138.218 42.577 3643 2 R/V Hakuho Maru 

KH02-03 c18 10/19/2002 138.576 43.200 3520 2 R/V Hakuho Maru 

7K02 C3 10/31/2002 137.033 39.150 2466 3 R/V Kaiyo Maru No.7 

7K02 D5 11/1/2002 136.233 37.150 372 3 R/V Kaiyo Maru No.7 

7K02 E1 11/6/2002 131.667 36.500 1905 4 R/V Kaiyo Maru No.7 

7K02 E2 11/6/2002 131.667 36.000 1061 4 R/V Kaiyo Maru No.7 

7K02 E3 11/7/2002 133.500 38.500 1315 3 R/V Kaiyo Maru No.7 
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SY04 JS1 7/23/2004 137.970 40.990 3745 2 R/V Soyo Maru 

SY04 JS2 7/25/2004 134.270 39.050 355 3 R/V Soyo Maru 

SY04 JS3 7/29/2004 134.020 37.716 1588 3 R/V Soyo Maru 

SY04 JS4 7/29/2004 135.000 38.836 3000 3 R/V Soyo Maru 

SY05 M1 7/13/2005 139.837 41.002 1356 2 R/V Soyo Maru 

SY05 M3 7/15/2005 137.968 41.012 3623 2 R/V Soyo Maru 

SY05 M5 7/16/2005 136.265 40.998 3352 2 R/V Soyo Maru 

SY05 M6 7/17/2005 138.012 43.017 3623 2 R/V Soyo Maru 

SY05 M8 7/18/2005 139.002 43.002 3516 2 R/V Soyo Maru 

SY05 M10 7/18/2005 140.000 43.000 1188 2 R/V Soyo Maru 

SY05 M12 7/19/2005 139.050 44.501 1127 2 R/V Soyo Maru 

SY05 M14 7/19/2005 140.002 44.501 550 2 R/V Soyo Maru 

SY05 M16 7/19/2005 141.000 44.500 193 2 R/V Soyo Maru 

SY05 M21 7/22/2005 141.500 45.583 121 2 R/V Soyo Maru 

SY05 M23 7/22/2005 139.998 45.585 542 2 R/V Soyo Maru 

SY05 M24 7/26/2005 139.995 43.005 1233 2 R/V Soyo Maru 

SY05 M25 7/28/2005 137.133 40.152 1732 2 R/V Soyo Maru 

SY05 M26 7/30/3005 136.141 39.896 1363 3 R/V Soyo Maru 

SY05 M27 7/31/2005 135.267 39.418 282 3 R/V Soyo Maru 

OS05 JS1S 10/25/2005 137.263 39.649 2602 3 T/S Oshoro Maru 

OS05 JS1D 10/25/2005 137.263 39.649 2602 3 T/S Oshoro Maru 

SY06 Cn1 7/21/2006 138.000 41.833 3699 2 R/V Soyo Maru 

SY06 Cn2 7/21/2006 139.000 41.833 2328 2 R/V Soyo Maru 

SY06 Cn3 7/21/2006 139.833 41.833 1388 2 R/V Soyo Maru 

SY06 Cw2_Cs3 7/22/2006 139.797 40.627 440 2 R/V Soyo Maru 

SY06 Cs2 7/22/2006 139.000 40.791 3348 2 R/V Soyo Maru 

SY06 Trap 7/31/2006 138.000 41.000 3629 2 R/V Soyo Maru 

SY06 YR 7/31/2006 135.667 39.417 367 3 R/V Soyo Maru 

SY06 YB 8/2/2006 135.752 38.503 2950 3 R/V Soyo Maru 

SY06 Notooki 8/3/2006 136.417 37.667 197 3 R/V Soyo Maru 

SY06 Tg_LV 7/20/2006 140.536 41.585 -999 2 R/V Soyo Maru 

SY06 YR_LV_1 7/31/2006 135.667 39.417 367 3 R/V Soyo Maru 

SY06 YB_LV1 8/2/2006 135.752 38.503 2950 3 R/V Soyo Maru 

SY06 Notooki 8/3/2006 136.417 37.667 197 3 R/V Soyo Maru 

KO06 B3 10/16/2006 138.005 37.745 1610 3 R/V Koshiji Maru 

KO06 B5 10/17/2006 138.011 37.494 1125 3 R/V Koshiji Maru 
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KO06 B9 10/18/2006 138.245 37.395 255 3 R/V Koshiji Maru 

SY07 Trap 7/20/2007 138.005 41.001 3624 2 R/V Soyo Maru 

SY07 YB 7/23/2007 135.008 38.495 2966 3 R/V Soyo Maru 

SY07 YB_ent 7/20/2007 137.169 39.749 2567 3 R/V Soyo Maru 

SY07 YR_D 7/22/2007 135.227 39.402 306 3 R/V Soyo Maru 

SY07 YR_surf 7/22/2007 135.227 39.402 306 3 R/V Soyo Maru 

SY07 KG2 7/21/2007 136.114 39.929 1334 3 R/V Soyo Maru 

SY07 KG3 7/20/2007 137.122 40.093 1787 2 R/V Soyo Maru 

OS07 5d 11/5/2007 138.337 41.994 3683 2 T/S Oshoro Maru 

OS07 6d 11/6/2007 137.685 41.192 3678 2 T/S Oshoro Maru 

OS07 13d 11/7/2007 137.686 39.983 2700 3 T/S Oshoro Maru 

OS07 25d 11/8/2007 136.675 39.344 2656 3 T/S Oshoro Maru 

OS07 21d 11/9/2007 135.499 38.470 3002 3 T/S Oshoro Maru 

SY08 TB 7/30/2008 132.345 36.185 1146 4 R/V Soyo Maru 

SY08 YB 7/26/2008 134.998 38.500 2965 3 R/V Soyo Maru 

SY08 YR 7/25/2008 135.667 39.417 367 3 R/V Soyo Maru 

SY09 Trap 7/21/2009 138.002 41.000 3675 2 R/V Soyo Maru 

SY09 YBLV1 7/24/2009 134.998 38.497 2963 3 R/V Soyo Maru 

SY09 JB1LV1 7/26/2009 137.998 42.998 3625 2 R/V Soyo Maru 

* Corresponds to area in Fig. 1 
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Table 3  Statistical values of the data for radiocarbon and oceanographic properties 

 Sal Temp Oxy Si P NO3 NO2 NOx D14
C

Number of data         

Good 
2881

(94.1)

2695

(88.0)

2096

(68.5)

2332

(76.2)

2316

(75.6)

1685

(55.0)

1982

(64.7)

2025

(66.1)

1572

(51.3)

Suspicious 
2

(0.1)

0

(0.0)

13

(0.4)

12

(0.4)

0

(0.0)

302

(9.9)

0

(0.0)

295

(9.6)

84

(2.7)

Bad
*

179

(5.8)

367

(12.0)

953

(31.1)

718

(23.4)

746

(24.4)

1075

(35.1)

1080

(35.3)

742

(24.2)

1406

(45.9)

Total 
3062

(100.0)

3062

(100.0)

3062

(100.0)

3062

(100.0)

3062

(100.0)

3062

(100.0)

3062

(100.0)

3062

(100.0)

3062

(100.0)

          

Data          

 Maximum
**

 35.129 32.872 8.312 97.3 2.22 27.7 1.00 28.5 95.9

 Minimum
**

 32.639 0.051 3.538 0.0 0.00 0.0 0.00 0.0 -76.1

 Unit psu °C ml/l µmol/l µmol/l µmol/l µmol/l µmol/l ‰ 

Values in brackets are the percentage for the number of data in each type of sample. 

* Including number of samples that sub-sampling or measurement was not carried out. 

** Not including data categorized in “Suspicious” and “Bad” criteria.   
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Fig. 1 Sampling stations 
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Fig. 2  Vertical distributions of potential temperature.  I-IV correspond to regions in Fig. 1.
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Fig. 3  Vertical distributions of salinity.  I-IV correspond to regions in Fig. 1.
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Fig. 4  Vertical distributions of dissolved oxygen.  I-IV correspond to regions in Fig. 1.

����������������������

����



24

Fig. 5  Vertical distributions of silicate.  I-IV correspond to regions in Fig. 1.
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Fig. 6  Vertical distributions of phosphate.  I-IV correspond to regions in Fig. 1. 
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Fig. 7  Vertical distributions of total nitrogen (nitrate and nitrite).   

I-IV correspond to regions in Fig. 1. 
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Fig. 8  Vertical distributions of D14
C.  I-IV correspond to regions in Fig. 1. 
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