
































































































4. List of Participants 
 
4.1 Participants (on board) 
 
 Name     Affiliation      *Theme No. Period on board  
 Kunio YONEYAMA  JAMSTEC       M   Leg-1 
 Masaki KATSUMATA  JAMSTEC       M   Leg-1 + 2 
 Kazuaki YASUNAGA  JAMSTEC       M   Leg-2 
 Ayako SEIKI    JAMSTEC       M   Leg-2 
 Chiharu TAKAHASHI  JAMSTEC       M   Leg-1 
 Ayumi KUROTAKI  JAMSTEC       M   Leg-1 
 Mariko SEKI    JAMSTEC       M   Leg-2 
 Momoko KIMURA  JAMSTEC       M   Leg-2 
 Keisuke TASHIRO  JAMSTEC       M   Leg-2 
 Kelvin RICHARDS  IPRC        M   Leg-1 
 Andrei NATAROV  IPRC        M   Leg-1 + 2 
 Aya TSUBOI    Kyoto Univ.       1   Leg-1 
 Nao TAKAMURA  Kyoto Univ.       1   Leg-1 
 Hirofumi UENO   Okayama Univ.      3   Leg-2 
 Junko SUZUKI   JAMSTEC       4   Leg-1 + 2 
 Tetsuya OHKURA  Chiba Univ.       5   Leg-1 
 Tomoaki NISHIZAWA  NIES        5+6   Leg-1 
 Ichiro MATSUI   NIES        5+6   Leg-2 
 Tetsuo HARADA   Kochi Univ.       10   Leg-1 
 Takero SEKIMOTO  Kochi Univ.       10   Leg-1 + 2 
 Yuki OSUMI    Kochi Univ.       10   Leg-1 + 2 
 Takashi SHIRAKI   Kochi Univ.       10   Leg-1 
 Akane KOBAYASHI  Kochi Univ.       10   Leg-1 
 

Souichiro SUEYOSHI  Global Ocean Development Inc. (GODI) T   Leg-1 + 2 
Asuka DOI    GODI        T   Leg-1 + 2 
Toshimitsu GOTO   GODI        T   Leg-1 + 2 
Katsuhisa MAENO  GODI        T   Leg-1 
Ryo KIMURA   GODI        T   Leg-1 
Satoshi OKUMURA  GODI        T   Leg-1 
Kazuho YOSHIDA  GODI        T   Leg-1 
Satoshi OZAWA   Marine Works Japan Ltd. (MWJ)   T   Leg-1 
Fujio KOBAYASHI  MWJ        T   Leg-1 
Naoko MIYAMOTO  MWJ        T   Leg-1 
Shungo OSHITANI  MWJ        T   Leg-1 
Masanori ENOKI   MWJ        T   Leg-1 
Ayaka HATSUYAMA  MWJ        T   Leg-1 
Hironori SATOH   MWJ        T   Leg-1 
Kanako YOSHIDA  MWJ        T   Leg-1 
Yuki MIYAJIMA   MWJ        T   Leg-1 



Masahiro ORUI   MWJ        T   Leg-1 
Shinsuke TOYODA  MWJ        T   Leg-1 
Ken’ichi KATAYAMA MWJ        T   Leg-2 
Tatsuya TANAKA  MWJ        T   Leg-2 
Tomohide NOGUCHI  MWJ        T   Leg-2 
Tamami UENO   MWJ        T   Leg-2 
Tetsuharu NISHINO  MWJ        T   Leg-2 
Minoru KAMATA  MWJ        T   Leg-2 
Yasuhiro ARII   MWJ        T   Leg-2 
Makoto TAKADA   MWJ        T   Leg-2 
Shin’ichiro YOKOGAWA MWJ        T   Leg-2 
Miyo IKEDA    MWJ        T   Leg-2 
Yasumi YAMADA  MWJ        T   Leg-2 

 
  * Theme number corresponds to that shown in Section 2.7. 

M and T means main mission and technical staff, respectively. 
 
 
 
4.2 Participants (not on board) 
 
 Name     Affiliation      *Theme No.   

Tetsuya TAKEMI  Kyoto Univ.       1 
 Taro SHINODA   Nagoya Univ.      2 
 Osamu TSUKAMOTO Okayama Univ.      3 
 Masatomo FUJIWARA Hokkaido Univ.      4 
 Toshiaki TAKANO  Chiba Univ.       5 
 Nobuo SUGIMOTO  NIES        6 
 Kazuma AOKI   Toyama Univ.      7 
 Hisahiro TAKASHIMA JAMSTEC       8 
 Naoyuki KURITA  JAMSTEC       9 

Chihiro KATAGIRI  Hokkaido Univ.      10 
 Takeshi MATSUMOTO Ryukyu Univ.      11 
  



4.3 Ship Crew 
 
 Yasushi ISHIOKA    Master    Leg-1 + 2 
 Takeshi ISOHI    Chief Officer   Leg-1 + 2 
 Norichika WATANABE  First Officer   Leg-1 + 2 
 Yoshiharu TSUTSUMI   Jr. First Officer  Leg-1 

Takao NAKAYAMA   3rd First Officer  Leg-1 
        Jr. First Officer  Leg-2 
 Nobuo FUKAURA   Second Officer  Leg-1 + 2 
 Hiroki KOBAYASHI   Third Officer   Leg-1 + 2 
 Hiroyuki SUZUKI    Chief Engineer  Leg-1 + 2 
 Yoichi FURUKAWA   First Engineer   Leg-1 + 2 
 Koji MANAKO    Second Engineer  Leg-1 + 2 
 Yusuke KIMOTO    Third Engineer  Leg-1 + 2 
 Wataru TOKUNAGA   Technical Officer  Leg-1 + 2 
 Yosuke KUWAHARA   Boatswain   Leg-1 + 2 
 Kazuyoshi KUDO    Able Seaman   Leg-1 + 2 
 Tsuyoshi  SATOH   Able Seaman   Leg-1 + 2 
 Tsuyoshi MONZAWA   Able Seaman   Leg-1 + 2 
 Keita NISHIMURA   Ordinary Seaman  Leg-1 + 2 
 Hideaki TAMOTSU   Ordinary Seaman  Leg-1 + 2 
 Hideyuki OKUBO    Ordinary Seaman  Leg-1 + 2 
 Masaya TANIKAWA   Ordinary Seaman  Leg-1 + 2 
 Kazunari MITSUNAGA  Ordinary Seaman  Leg-1 + 2 

Shohei UEHARA    Ordinary Seaman  Leg-1 + 2 
 Tetsuya SAKAMOTO   Ordinary Seaman  Leg-1 + 2 
 Sadanori HONDA    No.1 Oiler   Leg-1 + 2 
 Nobuo BOSHITA    Oiler    Leg-1 + 2 
 Kazumi YAMASHITA   Oiler    Leg-1 + 2 
 Hiromi IKUTA    Ordinary Oiler  Leg-1 + 2 
 Keisuke YOSHIDA   Ordinary Oiler  Leg-1 

Shintaro ABE     Ordinary Oiler  Leg-2 
 Yuichiro TANI    Ordinary Oiler  Leg-1 + 2 
 Tamotsu UEMURA   Chief Steward  Leg-1 + 2 
 Ryotaro BABA    Cook    Leg-1 + 2 
 Masao HOSOYA    Cook    Leg-1 + 2 
 Michihiro MORI    Cook    Leg-1 + 2 
 Yoshiteru HIRAMATSU  Cook    Leg-1 + 2 
 Yoshiki TAKAHASHI   Cook    Leg-1 + 2 
  
 



























































5.6-4 
 

 
Fig. 5.6-1 (continued) 
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5.7 GPS meteorology 
 
(1) Personnel (*: Leg-1, **: Leg-2, ***: Leg-1+2) 
 Kazuaki YASUNAGA** (JAMSTEC) - Principal Investigator (Leg-1 and 2) 
 Kunio YONEYAMA*  (JAMSTEC) 
 Masaki KATSUMATA*** (JAMSTEC) 
 
(2) Objective 

Getting the GPS satellite data to estimate the total column integrated water vapor content of the 
atmosphere. 

 
(3) Method 

The GPS satellite data was archived to the receiver (Ashtech Xstream) with 5 sec interval. 
The GPS antenna (Margrin) was set on the deck at the part of stern. This observation was 
carried out all thru the cruise. 

 
(4) Results 

We will calculate the total column integrated water from observed GPS satellite data after the 
cruise. 

 
(5) Data archive 

Raw data is recorded as RINEX format every 5 seconds during ascent. These raw datasets are 
available from Kazu. Yasunaga of JAMSTEC. Corrected data will be submitted to JAMSTEC 
Marine-Earth Data and Information Department and will be archived there. A List of raw data 
files is as follows. 

 

1111290000A.T02     7.852 MB  
File name           File size  

1111280000A.T02     7.812 MB  
  1111270000A.T02     7.574 MB  
  1111260000A.T02     7.520 MB  
  1111250000A.T02     7.828 MB  
  1111240000A.T02     7.655 MB  
  1111230000A.T02     7.546 MB  
  1111220000A.T02     7.811 MB  
  1111210000A.T02     7.756 MB  
  1111200000A.T02     7.668 MB  
  1111190000A.T02     7.746 MB  
  1111180000A.T02     7.670 MB  
  1111170000A.T02     7.717 MB  
  1111160000A.T02     7.784 MB  
  1111150000A.T02     7.776 MB  
  1111140000A.T02     7.865 MB  
  1111130000A.T02     7.734 MB  
  1111120000A.T02     7.716 MB  
  1111110000A.T02     7.692 MB  
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  1111100000A.T02     7.471 MB  
  1111090000A.T02     7.651 MB  
  1111080000A.T02     7.825 MB  
  1111070000A.T02     7.732 MB  
  1111060000A.T02     7.675 MB  
  1111050000A.T02     7.659 MB  
  1111040000A.T02     7.818 MB  
  1111030000A.T02     7.724 MB  
  1111020000A.T02     7.647 MB  
  1111010000A.T02     7.713 MB  
  1110310000A.T02     7.582 MB  
 1110310000A.T02     7.582 MB  
 1110300000A.T02     7.819 MB  
 1110290000A.T02     7.763 MB  
 
  1110250000A.T02     7.598 MB  
  1110240000A.T02     7.175 MB  
  1110230000A.T02     7.348 MB  
  1110220000A.T02     7.394 MB  
  1110210000A.T02     7.537 MB  
  1110200000A.T02     7.646 MB  
  1110190000A.T02     7.607 MB  
  1110180000A.T02     7.609 MB  
  1110170000A.T02     7.815 MB  
  1110160000A.T02     7.789 MB  
  1110150000A.T02     7.810 MB  
  1110140000A.T02     7.626 MB  
  1110130000A.T02     7.455 MB  
  1110120000A.T02     7.724 MB  
  1110110000A.T02     7.629 MB  
  1110100000A.T02     7.669 MB  
  1110090000A.T02     7.639 MB  
  1110080000A.T02     7.711 MB  
  1110070000A.T02     7.637 MB  
  1110060000A.T02     7.587 MB  
  1110050000A.T02     7.646 MB  
  1110040000A.T02     7.591 MB  
  1110030000A.T02     7.576 MB  
  1110020000A.T02     7.601 MB  
  1110010000A.T02     7.672 MB  
  1109300000A.T02     7.987 MB  
  1109290000A.T02     7.919 MB  
  1109280000A.T02     7.573 MB  
  1109270000A.T02     7.718 MB  
  1109260000A.T02     7.515 MB  
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5.8 Water-vapor and ozone soundings 
 
(1) Personnel 

Masatomo FUJIWARA (Hokkaido University) - Principal Investigator (not on board) 
Junko SUZUKI  (JAMSTEC)   - on board (Leg-1 and 2) 
Fumio HASEBE  (Hokkaido Univ.)  - not on board 
Masato SHIOTANI  (Kyoto Univ.)   - not on board 
Takashi SHIBATA  (Nagoya Univ.)   - not on board 

 
(2) Objective 

The research objective is to investigate the transport and dehydration processes around the tropical 
tropopause. A total of 20 sets of the Development measurement technologies Cryogenic Frostpoint 
Hygrometer, 10 sets of the EN-SCI electrochemical concentration cell (ECC) ozonesonde, and 20 sets of 
the Meisei RS06G radiosonde are flown with meteorological rubber balloons to obtain water vapor and 
ozone profiles up to the middle stratosphere.  

 
(3) Methods 

The payload consists of the following four parts:  
Cryogenic Frostpoint Hygrometer（CFH） 
 (Development measurement technologies, Corp., USA) 
ECC ozonesonde: Standard ozonesonde using potassium iodide solutions  

(Development measurement technologies, Corp., USA)  
 RS06G: Standard radiosonde  
  (Meisei, Corp., Japan) 
  
The payload is flown with the TA1200 rubber balloon, 160 or 190 type parachute, and unwinder 

(TOTEX, Japan). The Helium gas is used to obtain the buoyancy of about 5 m/s ascent. The CFH sensor 
is injected the cryogen refrigerated ~80º C by a deep freezer in the No.1 Chemistry/Biology Laboratory. 

The ground receiving system consists of a Meisei GPS sounding receiver system (RS-08AC), Brown 
antenna, and laptop computer. Software “MGPS_R” developed at Meisei is used for calculation, real-time 
graphics, and data storage. The antenna was installed around the top of the Main Mast, and the receiving 
system together with the ozonesonde preparation system was installed in the Aft Wheel House. 

The following table shows the sounding date and time.  
 

Table 5.8-1: Sounding date and time (UTC)  
5 Oct. 10:25 19 Oct. 10:20 21 Oct. 10:15 1 Nov. 10:01 2 Nov. 10:45 
3 Nov. 10:03 4 Nov. 7:51 5 Nov. 7:50 6 Nov. 19:50 7 Nov. 20:02 
*10 Nov. 9:57 *15 Nov. 7:51 *16 Nov. 7:46 *17 Nov. 7:44 *18 Nov. 10:23 
*20 Nov. 7:45 *21 Nov. 9:54 *22 Nov. 7:42 *24 Nov. 9:55 *26 Nov. 7:39 

*with the ECC ozonesonde 
 

The balloon inflation was made at the backside of the upper deck where the launch was made. We 
used a balloon protection cover during the inflation. The frequency range of 404.0 MHz was used for the 
radiosonde transmitter. 
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(4) Preliminary results 
The CFH is capable of measuring water vapor inside clouds but may occasionally suffer from an 

artifact in which the optical detector collects water of ice. The condition leas to a malfunction of the 
instrument controller and thus needs to be screened out of the processed data [Selkrik et al., 2010]. 
Therefore we could not show here the vertical distributions of temperature, ozone, relative humidities, 
and the CFH as house-keeping profiles. All but three ascents reached altitudes of 29 km or more. The 
cold-point tropopause was around 17 km during this cruise.  

 
(5) Data Archive 

All data obtained during this cruise will be submitted to the JAMSTEC Data Integration and 
Analysis Group (DIAG). The corrected datasets will be available at CINDY website. 
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5.9 Ship-borne sky radiometer 
 
(1) Personnel 

Kazuma AOKI   (University of Toyama)  - Principal Investigator / not onboard 
Tadahiro HAYASAKA (Tohoku University)  - Co-Investigator / not onboard 
Masataka SHIOBARA (NIPR)     - Co-Invectigator / not onboard 
 

(2) Objectives 
Objective of the observations in this aerosol is to study distribution and optical characteristics of marine aerosols by 
using a ship-borne sky radiometer (POM-01 MKII: PREDE Co. Ltd., Japan).  Furthermore, collections of the data 
for calibration and validation to the remote sensing data were performed simultaneously. 

 
(3) Methods and Instruments 

Sky radiometer is measuring the direct solar irradiance and the solar aureole radiance distribution, has seven 
interference filters (0.34, 0.4, 0.5, 0.675, 0.87, 0.94, and 1.02 µm).  Analysis of these data is performed by 
SKYRAD.pack version 4.2 developed by Nakajima et al. (1996). 
 
@ Measured parameters 

① Aerosol optical thickness at five wavelengths (400, 500, 675, 870 and 1020 nm) 
② Ångström exponent 
③ Single scattering albedo at five wavelengths 
④ Size distribution of volume (0.01 µm – 20 µm) 

# GPS provides the position with longitude and latitude and heading direction of the vessel, and azimuth and 
elevation angle of sun. Horizon sensor provides rolling and pitching angles. 

 
(4) Preliminary results 

This study is not onboard. Data obtained in this cruise will be analyzed at University of Toyama. 
 
(5) Data archives 

Measurements of aerosol optical data are not archived so soon and developed, examined, arranged and finally 
provided as available data after certain duration.  All data will archived at University of Toyama (K.Aoki, 
SKYNET/SKY: http://skyrad.sci.u-toyama.ac.jp/) after the quality check and submitted to JAMSTEC. 

 
(6) Acknowledgment 

The operations were supported by Global Ocean Development Inc. 
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5.10 Tropospheric aerosol and gas observations by MAX-DOAS and auxiliary techniques 
 

(1)  Personnel 
Hisahiro TAKASHIMA (PI, JAMSTEC/RIGC, not on board) 
Fumikazu TAKETANI (JAMSTEC/RIGC, not on board) 
Hitoshi IRIE (JAMSTEC/RIGC, not on board) 
Yugo KANAYA  (JAMSTEC/RIGC, not on board) 

 
(2) Objectives 

• To quantify typical background values of atmospheric aerosol and gas over the ocean 
• To clarify transport processes from source over Asia to the ocean (and also clarify the gas emission 

from the ocean (including organic gas)) 
• To validate satellite measurements as well as chemical transport model 
• To clarify aerosol/gas variation associated with equatorial waves/ISO/MJO.  

 
(3) Methods 
  (3-1) MAX-DOAS 

Multi-Axis Differential Optical Absorption Spectroscopy (MAX-DOAS) is a passive remote sensing 
technique designed for atmospheric aerosol and gas profile measurements using scattered visible and 
ultraviolet (UV) solar radiation at several elevation angles. Our MAX-DOAS instrument for R/V Mirai 
consists of two main parts: an outdoor telescope unit and an indoor spectrometer (Acton SP-2358 with 
Princeton Instruments PIXIS-400B). These two parts are connected by a 14-m bundle cable that consists 
of 12 cores with 100-mm radii. On the roof top of the anti-rolling system of R/V Mirai, the telescope unit 
was installed on a gimbal mount, which compensates for the pitch and roll of the ship. A sensor 
measuring pitch and roll of the telescope unit (10Hz) is used together to measure an offset of elevation 
angle due to incomplete compensation by the active-type gimbal. The line of sight was in directions of the 
starboard and portside of the vessel. 

The MAX-DOAS system records spectra of scattered solar radiation every 0.2-0.4 second. 
Measurements were made at several elevation angles of 0, 1.5, 3, 5, 10, 20, 30, 70, 110, 150, 160, 170, 
175, 177 and 178.5 degrees using a movable mirror, which repeated the same sequence of elevation 
angles every 30-min. The UV/visible spectra range was changed every minute (284-423 nm and 391-528 
nm).  

For the spectral analysis, spectra data were selected with a criterion for the elevation angle to be 
within ±0.2° of the target. For those spectra, DOAS spectral fitting was performed to quantify the slant 
column density (SCD), defined as the concentration integrated along the light path, for each elevation 
angle. In this analysis, SCDs of NO2 (and other gases) and O4 (O2-O2, collision complex of oxygen) were 
obtained together. Next, O4 SCDs were converted to the aerosol optical depth (AOD) and the vertical 
profile of aerosol extinction coefficient (AEC) at a wavelength of 476 nm using an optimal estimation 
inversion method with a radiative transfer model. Using derived aerosol information, another inversion is 
performed to retrieve the tropospheric vertical column/profile of NO2 and other gases. 

 
(3-2) CO, O3, and aerosol size distribution 

Carbon monoxide (CO) and ozone (O3) measurements were also continually conducted during the 
cruise. For CO and O3 measurements, ambient air was continually sampled on the compass deck and 
drawn through ~20-m-long Teflon tubes connected to gas filter correlation CO analyzer (Model 48C, 
Thermo Fisher Scientific) and UV photometric based ozone analyzer (Model 49C, Thermo Fisher 
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Scientific) in the Research Information Center. Aerosol size distribution measurements by optical particle 
counter (KR-12A, Rion) were not conducted due to instrument problems during the cruise.  

 
(4) Preliminary results 

These data for the whole cruise period will be analyzed. 
 
(5) Data archives 

The data will be submitted to the Marine-Earth Data and Information Department (MEDID) of 
JAMSTEC after the full analysis of the raw spectrum data is completed, which will be <2 years after the 
end of the cruise.  
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5.12 Air-sea surface eddy flux measurement 
 
(1) Personnel 
   Osamu TSUKAMOTO (Okayama University) - Principal Investigator (not on board) 

Hirofumi UENO  (Okayama University) - on-board (Leg-2) 
Fumiyoshi KONDO (University of Tokyo) - not on board 
Hiroshi ISHIDA  (Kobe University)  - not on board 

 
(2) Objective 

To better understand the air-sea interaction, accurate measurements of surface heat and fresh water budgets are 
necessary as well as momentum exchange through the sea surface. In addition, the evaluation of surface flux of 
carbon dioxide is also indispensable for the study of global warming. Sea surface turbulent fluxes of momentum, 
sensible heat, latent heat, and carbon dioxide were measured by using the eddy correlation method that is thought to 
be most accurate and free from assumptions. These surface heat flux data are combined with radiation fluxes and 
water temperature profiles to derive the surface energy budget. 

 
(3) Instruments and Methods 

The surface turbulent flux measurement system (Fig. 1) consists of turbulence instruments (Kaijo Co., Ltd.) 
and ship motion sensors (Kanto Aircraft Instrument Co., Ltd.). The turbulence sensors include a three-dimensional 
sonic anemometer-thermometer (Kaijo, DA-600) and an infrared hygrometer (LICOR, LI-7500). The sonic 
anemometer measures three-dimensional wind components relative to the ship. The ship motion sensors include a 
two-axis inclinometer (Applied Geomechanics, MD-900-T), a three-axis accelerometer (Applied Signal Inc., 
QA-700-020), and a three-axis rate gyro (Systron Donner, QRS-0050-100). LI7500 is a CO2/H2

 

O turbulence sensor 
that measures turbulent signals of carbon dioxide and water vapor simultaneously. These signals are sampled at 10 
Hz by a PC-based data logging system (Labview, National Instruments Co., Ltd.). By obtaining the ship speed and 
heading information through the Mirai network system it yields the absolute wind components relative to the 
ground. Combining wind data with the turbulence data, turbulent fluxes and statistics are calculated in a real-time 
basis. These data are also saved in digital files every 0.1 second for raw data and every 1 minute for statistic data. 

 
(4) Observation log 

The observation was carried out throughout this cruise. 
Three-hourly ‘flux-cruise’, starting from 00, 03, 06, 09, 12, 15, 
18 and 21LST, was applied steaming against the wind to 
reduce the ship effect during the stationary observation period 
at (8S,80E) (Leg1; 10:30 30 Sep 24:00 23 Oct, Leg2; 4:30 31 
Oct 12:00 28 Nov. ). 

 
(5) Data Policy and citation 

All data are archived at Okayama University, and will be 
open to public after quality checks and corrections. Corrected 
data will be submitted to JAMSTEC Marine-Earth Data and 
Information Department. 
 

 

 
Fig. 5.12-1 Turbulent flux measurement 

system on the top deck of the 
foremast
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Table 5.12-1 A part of the’ flux-cruise’ in the daytime are listed here for Leg-2 including human-checked air 
temperature, relative humidity, SST and weather conditions.  All the times are Local Standard Time [UTC+5h] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Run No.Day Time(LST) AT(degC) RH(%) SST(degC) Remarks

1 2011/10/31 6:07 27.3 78 28.1 Cloudy

2 12:23 27.7 75 28.3 Fine
3 15:02 27.7 77 28.3 Cloudy
4 18:06 27.6 74 28.2 Cloudy
5 2011/11/1 6:05 27.6 72 28.1 Fine
6 9:12 27.7 73 28.2 Cloudy
7 12:18 27.8 73 28.3 Fine
8 15:06 27.8 73 28.5 Cloudy
9 18:06 27.5 76 28.4 Fine

10 2011/11/2 6:07 27.4 75 28.1 Cloudy
11 8:56 27.4 78 28.1 Fine
12 12:18 27.6 75 28.4 Fine
13 15:03 27.7 71 28.4 Fine
14 18:08 28 75 28.3 Fine
15 2011/11/3 6:03 27.5 73 28.2 Fine
16 9:03 27.5 71 28.2 Fine
17 12:19 27.7 73 28.4 Fine
18 14:58 27.7 74 28.5 Cloudy
19 18:07 27.5 77 28.3
20 2011/11/4 6:06 27.2 77 28.1 Fine
21 9:03 27.7 77 28.2 Fine
22 12:21 27.7 70 28.3 Fine
23 14:58 27.7 73 28.4 Fine
24 18:06 27.6 76 28.3 Fine
25 2011/11/5 6:00 27.3 78 28.1 Fine
26 8:59 27.8 76 28.2 Fine
27 12:23 27.4 79 28.3 Fine
28 14:58 27.4 77 28.4 Fine
29 18:05 27.3 75 28.3 Fine
30 2011/11/6 6:43 27.3 80 28.2 Fine
31 8:59 27.5 79 28.2 Fine
32 12:20 27.3 78 28.3 Fine
33 14:55 27.6 74 28.4 Fine
34 18:04 27.5 78 28.3 Fine
35 2011/11/7 6:02 27.5 79 28.2 Fine
36 8:56 27.5 81 28.3 Fine
37 12:19 26.3 81 28.4 Fine
38 14:52 26.4 83 28.5 Fine
39 18:03 26.7 80 28.4 Fine
40 2011/11/8 6:14 27.2 82 28.3 Fine
41 8:58 27.6 79 28.3 Fine
42 12:24 27.7 75 28.3 Fine
43 14:55 27.3 77 28.4 Fine
44 18:03 27.5 78 28.3 Fine
45 2011/11/9 6:05 27.3 71 28.2 Fine
46 8:59 27.6 72 28.2 Fine
47 12:26 27.5 74 28.3 Fine
48 14:52 27.5 68 28.4 Fine
49 18:02 27.2 72 28.3 Fine
50 2011/11/10 6:03 26.8 73 28.1 Fine
51 8:58 27.5 72 28.1 Fine
52 2011/11/11 8:53 27.5 74 28.1 Fine
53 12:21 27.4 73 28.2 Rain
54 14:55 27.2 78 28.2 Fine
55 18:09 27.3 75 28.1 Fine
56 2011/11/12 8:55 27.5 77 27.9 Fine
57 12:26 27.3 77 28.2 Cloudy
58 14:51 27.3 77 28.2 Fine
59 18:00 26.2 80 28 Cloudy
60 2011/11/13 6:04 26.6 83 27.8 Cloudy

Run No.Day Time(LST) AT(degC) RH(%) SST(degC) Remarks

61 2011/11/13 8:54 27.2 81 27.9 Cloudy

62 12:24 27.5 82 28.1 Cloudy
63 14:55 27.7 75 28.3 Fine
64 18:03 27.4 77 28.1 Fine
65 2011/11/14 6:09 27.5 77 27.8 Fine
66 8:54 27.6 81 27.9 Fine
67 12:19 26.3 83 28 Fine
68 14:54 26.5 85 28 Cloudy
69 18:06 27 80 28 Cloudy
70 2011/11/15 6:20 27.3 78 27.9 Fine
71 9:00 27.5 78 27.9 Cloudy
72 12:20 27.4 76 28.1 Fine
73 14:54 27.6 76 28.1 Fine
74 18:09 27.2 79 28 Cloudy
75 2011/11/16 6:17 27.4 76 27.9 Fine
76 8:58 27.6 78 27.9 Fine
77 12:18 27.6 78 28 Fine
78 14:52 27.6 79 28.1 Cloudy
79 18:07 27.4 79 28 Fine
80 2011/11/17 8:52 27.5 80 27.9 Fine
81 12:18 27.4 79 28 Fine
82 14:55 27.3 80 28.2 Fine
83 18:01 27.1 83 28 Fine
84 2011/11/18 6:02 27.3 80 27.9 Fine
85 9:02 27.8 78 27.9 Fine
86 12:20 27.6 80 28.1 Rain
87 14:55 27.7 77 28.1 Fine
88 18:06 27.4 82 28.1 Cloudy
89 2011/11/19 6:03 27.4 75 27.9 Cloudy
90 8:58 27.1 77 27.9 Fine
91 12:26 27.8 75 28 Cloudy
92 14:56 27.1 83 28 Cloudy
93 18:04 26.9 81 28 Fine
94 2011/11/20 8:56 27.6 77 27.9 Fine
95 12:20 27.7 72 28.2 Fine
96 14:51 27.7 73 28.1 Fine
97 18:05 27.4 74 28.1 Fine
98 2011/11/21 6:03 26.8 70 27.9 Fine
99 8:51 27.2 75 27.9 Fine

100 12:19 27.2 73 28.1 Fine
101 18:01 27.3 76 28 Fine
102 2011/11/22 6:04 26.8 77 27.8 Fine
103 8:53 27.1 75 27.9 Fine
104 12:18 27.4 75 28.1 Fine
105 14:52 27.4 75 28.4 Fine
106 18:02 27.3 77 28.2 Fine
107 2011/11/23 6:04 26.8 76 27.8 Fine
108 8:49 27.2 75 27.9 Fine
109 12:19 27.4 76 28.1 Fine
110 14:52 27.6 76 28.2 Fine
111 18:02 27.3 76 28.1 Fine
112 2011/11/24 6:30 26.9 81 27.9 Rain
113 8:59 27.6 76 27.9 Cloudy
114 12:29 25.3 84 28 Cloudy
115 14:52 27.7 75 28 Fine
116 18:08 27.4 77 27.9 Cloudy
117 2011/11/25 9:56 26.5 85 27.9 Cloudy
118 12:26 27 80 28 Cloudy
119 14:55 26.5 84 27.9 Cloudy
120 18:02 26.3 83 27.9 Cloudy
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Fig. 5.12-1. Preliminary results of eddy fluxes of sensible heat (QHs), latent heat (QE) calculated with 
eddy-covariance method. Water vapor corrections were not applied to the sensible heat flux. 
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5.13 Continuous monitoring of surface seawater 
 
(1) Personnel (*: Leg-1, **: Leg-2, ***: Leg-1+2) 

Kunio YONEYAMA*   (JAMSTEC) - Principal Investigator (Leg-1) 
Masaki KATSUMATA*** (JAMSTEC) - Principal Investigator (Leg-2) 
Hironori SATO*    (MWJ)  - Operation Leader (Leg-1) 
Kanako YOSHIDA*   (MWJ) 
Ayaka HATSUYAMA*  (MWJ) 
Masahiro ORUI *   (MWJ) 
Shinichiro YOKOGAWA**  (MWJ)   - Operation Leader (Leg-2) 
Miyo IKEDA**    (MWJ) 
 

(2) Objective 
Our purpose is to obtain salinity, temperature, dissolved oxygen, and fluorescence data continuously in 

near-sea surface water. 
 
(3) Instruments and Methods 

The Continuous Sea Surface Water Monitoring System (Marine Works Japan Co. Ltd.) has four sensors 
and automatically measures salinity, temperature, dissolved oxygen and fluorescence in near-sea surface 
water every one minute. This system is located in the “sea surface monitoring laboratory” and connected to 
shipboard LAN-system. Measured data, time, and location of the ship were stored in a data management PC. 
The near-surface water was continuously pumped up to the laboratory from about 4 m water depth and 
flowed into the system through a vinyl-chloride pipe. The flow rate of the surface seawater was adjusted to 
be 4.5 dm3 min-1. Specifications of the each sensor in this system are listed below. 
 
a. Instruments 

Software 
  Seamoni-kun Ver.1.20 
 
Sensors 
Specifications of the each sensor in this system are listed below. 
 
Temperature and Conductivity sensor 

Model:    SBE-45, SEA-BIRD ELECTRONICS, INC. 
Serial number:    4563325-0362 
Measurement range:   Temperature -5 to +35 oC 
     Conductivity 0 to 7 S m-1 
Initial accuracy:   Temperature 0.002 oC 
     Conductivity 0.0003 S m-1 
Typical stability (per month):  Temperature 0.0002 oC 
     Conductivity 0.0003 S m-1 
Resolution:    Temperatures 0.0001 oC 
     Conductivity 0.00001 S m-1 

 
Bottom of ship thermometer 

Model:    SBE 38, SEA-BIRD ELECTRONICS, INC. 



5.13-2 

Serial number:    3857820-0540 
Measurement range:    -5 to +35 oC 
Initial accuracy:   ±0.001 oC 
Typical stability (per 6 month):  0.001 oC 
Resolution:    0.00025 oC 

 
Dissolved oxygen sensor 

Model:   OPTODE 3835, AANDERAA Instruments. 
Serial number:    1519 
Measuring range:   0 - 500 µmol dm-3 
Resolution:    <1 µmol dm-3 
Accuracy:    <8 µmol dm-3 or 5% whichever is greater 
Settling time:    <25 s 

 
Fluorometer 

Model:     C3, TURNER DESIGNS 
Serial number:    2300123 

 
(4) Preliminary Result 

We took the surface water samples to compare sensor data with bottle data of salinity and dissolved 
oxygen and fluorescence. Periods of measurement, maintenance, and problems during MR11-07 are listed in 
Table 5.13-1.    
 

Table 5.13-1 Events list of the surface seawater monitoring during MR11-07 
System Date 

[UTC] 
System Time 

[UTC] 
Events Remarks 

2011/09/25 12:00 
All the measurements started and 
data was available. 

Leg 1 start. 

2011/10/14 16:38-16:41 
Fluorescence measurements was 
stopped for C3 maintenance 

 

2011/10/26 00:00 All the measurements stopped. Leg 1 end. 

2011/10/29 00:00 
All the measurements started and 
data was available. 

Leg 2 start. 

2011/12/1 03:00 All the measurements stopped. Leg 2 end. 
 

The results are shown in Fig.5.13-1~3. All the salinity samples were analyzed by the Guideline 8400B 
“AUTOSAL”, and dissolve oxygen samples were analyzed by Winkler method, and fluorescence were 
analyzed by 10-AU.  
 
 
(5) Data archive 

These data obtained in this cruise will be submitted to the Data Management Office (DMO) of JAMSTEC, 
and will be opened to the public via “R/V Mirai Data Web Page” in JAMSTEC home page. 
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Fig.5.13-1 Correlation of salinity between sensor data and bottle data. 
 
 
 

 
 

Fig.5.13-2 Correlation of dissolved oxygen between sensor data and bottle data. 
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Fig.5.13-3 Correlation of fluorescence between sensor data and bottle data. 
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5.14 CTDO profiling  
 
(1) Personnel (*: Leg-1, **: Leg-2, ***: Leg-1+2) 

Kunio Yoneyama*  (JAMSTEC) *Principal Investigator (Leg-1) 
Masaki Katsumata *** (JAMSTEC) *Principal Investigator (Leg-2) 
Naoko Miyamoto*  (MWJ)  *Operation Leader (Leg-1) 
Satoshi Ozawa*  (MWJ) 
Fujio Kobayashi*  (MWJ) 

    Shinsuke Toyoda*  (MWJ) 
    Shungo Oshitani*  (MWJ) 
    Yuuki Miyajima*  (MWJ) 

Tatsuya Tanaka**  (MWJ)  *Operation Leader (Leg-2) 
Tamami Ueno **  (MWJ) 
Kenichi Katayama** (MWJ) 
Tomohide Noguchi** (MWJ)  
Tetsuharu Nishino** (MWJ) 
Yasumi Yamada**  (MWJ) 

 
(2) Objective 

Investigation of oceanic structure and water sampling. 
 

(3) Parameters 
Temperature (Primary and Secondary) 
Conductivity (Primary and Secondary) 
Pressure 
Dissolved Oxygen 
Fluorescence 

 
(4) Methods 

CTD/Carousel Water Sampling System, which is a 36-position Carousel water sampler 
(CWS) with Sea-Bird Electronics, Inc. CTD (SBE9plus), was used during this cruise. 12-litter 
Niskin Bottles (General Oceanics, Inc., Model 1010X NISKIN-X External Spring Niskin Water 
Sampler), which were washed by neutral detergent, were used for sampling seawater. The sensors 
attached on the CTD were temperature (Primary and Secondary), conductivity (Primary and 
Secondary), pressure, dissolved oxygen, and fluorescence. The Practical Salinity was calculated 
by measured values of pressure, conductivity and temperature. The CTD/CWS was deployed from 
starboard on working deck. 

The CTD raw data were acquired on real time using the Seasave-V7 (ver.7.20g) provided 
by Sea-Bird Electronics, Inc. and stored on the hard disk of the personal computer. Seawater was 
sampled during the up cast by sending fire commands from the personal computer. We usually 
stop at each layer for 30 seconds to stabilize then fire. 

423 casts of CTD measurements were conducted (table 5.14-1). 
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The CTD raw data was processed using SBE Data Processing-Win32 (ver.7.18d) and 
SEASOFT were as follows:  

   (The process in order) 
 
DATCNV:    Convert the binary raw data to engineering unit data. DATCNV also 

extracts bottle information where scans were marked with the bottle 
confirm bit during acquisition. The duration was set to 3.0 seconds, and 
the offset was set to 0.0 seconds. 

 
BOTTLESUM:   Create a summary of the bottle data. The data were averaged over 3.0 

seconds. 
 
ALIGNCTD:    Convert the time-sequence of sensor outputs into the pressure 

sequence to ensure that all calculations were made using measurements 
from the same parcel of water. Dissolved oxygen data are 
systematically delayed with respect to depth mainly because of the long 
time constant of the dissolved oxygen sensor and of an additional delay 
from the transit time of water in the pumped pluming line. This delay 
was compensated by 6 seconds advancing dissolved oxygen sensor 
(SBE43) output (dissolved oxygen voltage) relative to the temperature 
data.  

 
WILDEDIT:   Mark extreme outliers in the data files. The first pass of WILDEDIT 

obtained an accurate estimate of the true standard deviation of the data. 
The data were read in blocks of 1000 scans. Data greater than 10 
standard deviations were flagged. The second pass computed a standard 
deviation over the same 1000 scans excluding the flagged values. 
Values greater than 20 standard deviations were marked bad. This 
process was applied to pressure, depth, temperature, conductivity and 
dissolved oxygen voltage (SBE43) and descent rate. 

 *For ‘time bin’ data, WILDEDIT was not processed. 
 
CELLTM:   Remove conductivity cell thermal mass effects from the measured 

conductivity. Typical values used were thermal anomaly amplitude 
alpha = 0.03 and the time constant 1/beta = 7.0. 

 
FILTER:   Perform a low pass filter on pressure with a time constant of 0.15 

second. In order to produce zero phase lag (no time shift) the filter runs 
forward first then backward. 

 
WFILTER:   Perform a median filter to remove spikes in the fluorescence data data. 

A median value was determined by 49 scans of the window. 
 
SECTIONU: *This process is original module of SECTION. 

Select a time span of data based on scan number in order to reduce a 
file size. The minimum number was set to be the starting time when the 
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CTD package was beneath the sea-surface after activation of the pump. 
The maximum number was set to be the end time when the package 
came up to the sea-surface. 

 
 
LOOPEDIT:   Mark scans where the CTD was moving less than the minimum 

velocity of 0.0 m/s (traveling backwards due to ship roll). 
*For ‘time bin’ data, LOOPEDIT was not processed. 

 
DERIVE:    Compute dissolved oxygen (SBE43). 
 
BINAVG:    Two kinds of bin data were created. 

Pressure bin : Average the data into 1-dbar bins. 
Time bin : Average the data into 1-second bins. 

 
DERIVE:    Compute the practical salinity, potential temperature, and sigma-theta. 
 
SPLIT:    Separate the data from an input ‘*.cnv’ file into down cast and up  

cast files. 
 

Configuration file:  MR1107A.con 
 

Specifications of the sensors are listed below. 
CTD: SBE911plus CTD system 
Under water unit: 

SBE9plus (S/N 09P27443-0677, Sea-Bird Electronics, Inc.) 
Pressure sensor: Digiquartz pressure sensor (S/N 79511) 

Calibrated Date: 11 May 2011 
Temperature sensors: 

Primary: SBE03-04/F (S/N 031524, Sea-Bird Electronics, Inc.) 
Calibrated Date: 29 Jul. 2011 

Secondary: SBE03-04/F (S/N 031464, Sea-Bird Electronics, Inc.) 
Calibrated Date: 02 Mar. 2011 

Conductivity sensors: 
Primary: SBE04-04/0 (S/N 041206, Sea-Bird Electronics, Inc.) 

Calibrated Date: 14 Jun. 2011 
Secondary: SBE04C (S/N 042240, Sea-Bird Electronics, Inc.) 

Calibrated Date: 08 Jun. 2011 
Fluorescence: 

Chlorophyll Fluorometer (S/N 3054, Seapoint Sensors, Inc.) 
 Gain setting: 30X, 0-5 μg/l 
 Calibrated Date: None 
 Offset : 0.000 
 

Dissolved Oxygen sensor: 
SBE43 (S/N 430330, Sea-Bird Electronics, Inc.) 
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Calibrated Date: 22 Jul. 2011 
Carousel water sampler: 
 SBE32 (S/N 3221746-0278, Sea-Bird Electronics, Inc.)  
  Used Cast: from 4SM001 to 8SM242 

SBE32 (S/N 3227443-0391, Sea-Bird Electronics, Inc.)  
 Used Cast: from 8SM243 to 5SM002 

 
Deck unit: SBE11plus(V2) (S/N 11P7030-0272, Sea-Bird Electronics, Inc.) 

 
(5) Preliminary Results 

During this cruise, 423 casts of CTD observation (Leg1:195 casts, Leg2:228 casts) were 
carried out. Date, time and locations of the CTD casts are listed in Table 5.14-1. The time series 
contours of salinity, temperature, dissolved oxygen and fluorescence are shown in figure 5.14-1. 
Vertical profiles (down cast) of primary temperature, salinity, dissolved oxygen and fluorescence 
with pressure are shown in the appendix. 
 
(6) Remarks 

In the cast 4SM001, the information of ship position (NMEA) was added in the header file 
after the cast, because the information was not obtained during the cast. In the cast 8SM130, the 
data of scan number 66000 was deleted due to the problem of data process. In the cast 8SM203, the 
data of scan number from 22723 to 23963 was deleted, because the upcast data of about 10m was 
included during downcast. In the cast 8SM242, water samples of 60m, 40m, 20m and 10m were not 
collected, due to Carousel Water Sampler trouble. In the cast 8SM334, the fluorescence data at 60m 
in the CTD bottle data was except for spike and re-processed. In the cast 5SM002, the header 
information was changed form '8S' to '5S'. 

In the cast 8SM009, the Niskin Bottle #20 was not fired correctly at 100m (miss tripped). 
In the cast 8SM161, the bottom of this cast was changed from 1000m to 500m, because TurboMAP 
had priority at this cast. In the cast 8SM171, the bottom depth of this cast was changed from 500m 
to 600m, and the water sampling of 500m was canceled. 

Temperature and conductivity sensors of secondary were shifted from downcast 110db to 
surface in the cast 8SM093, and from down 110db to surface in the cast 8SM095, because 
something invaded into the TC-duct. DO sensor was noisy from about upcast 220db to 210db in the 
cast of 8SM115 and 8SM116. DO sensor was drifted from the cast of 8SM117. 

 
(7) Correction of the CTD salinity 

The CTD salinity data was corrected by the bottle salinity data obtained at 1000m and 
measured by AUTOSAL. The bottle salinity data was obtained once a day. The correction 
coefficient was calculated by “the method of least squares” of the time and the difference between 
the CTD salinity data and the bottle salinity data of each cast, and the formula of the correction 
coefficient was as follows: 
 

Offset = CTDSal – BtlSal 
CTDSal_cal = CTDSal_raw - Offset 

 
Where , 

Offset: correction coefficient at each cast 
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CTDSal : CTD salinity data when fired during upcast 
BtlSal : bottle salinity data measured by AUTOSAL 
CTDSal_cal : corrected CTD salinity data 
CTDSal_raw : noncorrected CTD salinity data 
 
The correction formula was separated between Leg1 and Leg2, because the correction 

formula was difference between Leg1 and Leg2. In Leg1, Offset of the Primary CTDsal_raw was 
about -0.004 to -0.005 (psu) and Offset of the secondary CTDsal_raw was from about +0.002 to 
-0.008 (psu). The results of the corrected salinity data of CTD are summarized in Fig. 5.14-2. In 
Leg2, Offset of the Primary CTDsal_raw was about -0.004 (psu) and Offset of the secondary 
CTDsal_raw was from about -0.008 to -0.013 (psu). The results of the corrected salinity data of 
CTD are summarized in Fig. 5.14-3. 
 
(8) Data archive 

All raw and processed data will be submitted to the Data Management Office (DMO), 
JAMSTEC, and will be opened to public via “R/V MIRAI Data Web Page” in JAMSTEC home page. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5.14-1 the time series contours shows salinity, temperature, dissolved oxygen and fluorescence. 

Upper shows 120m range and lower shows 500m range, respectively. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5.14-2 the result of CTD salinity correction in Leg1 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 5.14-3 the result of CTD salinity correction in Leg2 
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Date(UTC)

(mmddyy) Start End Latitude Longitude

4S 1 092811 08:39 09:24 03-59.85S 080-29.72E 5028.0 998.1 1000.1 1009.6 4SM001 - Sal, pH

Start of Leg1
The information of ship
position (NMEA) was added in
the header file, because the
information was not collected
during this cast.

5S 1 092911 08:04 08:50 05-06.64S 078-06.54E 4980.0 999.6 1000.4 1008.6 5SM001 - Sal, pH, Pig
8S 1 093011 05:40 06:35 07-59.40S 080-30.56E 5391.0 1000.9 1001.9 1008.0 8SM001 2011093006 DO,Sal,pH,Nuts,Pig
8S 2 093011 08:37 08:55 08-00.04S 080-29.93E 5383.0 497.0 501.0 503.6 8SM002 2011093009 -
8S 3 093011 11:38 12:12 08-00.08S 080-29.71E 5380.0 498.7 502.4 505.3 8SM003 2011093012 DO,pH,Nuts,Pig
8S 4 093011 14:37 14:55 07-59.90S 080-29.74E 5382.0 497.4 501.2 504.1 8SM004 2011093015 -
8S 5 093011 17:38 18:14 07-59.93S 080-29.74E 5381.0 496.8 500.3 502.6 8SM005 2011093018 DO,pH,Nuts,Pig
8S 6 093011 20:36 20:54 08-00.01S 080-29.83E 5384.0 498.9 502.4 505.8 8SM006 2011093021 -
8S 7 093011 23:39 00:14 07-59.88S 080-29.74E 5383.0 496.1 499.9 503.1 8SM007 2011100100 DO,pH,Nuts,Pig
8S 8 100111 02:39 02:57 08-00.03S 080-29.78E 5382.0 499.4 501.2 505.3 8SM008 2011100103 -

8S 9 100111 05:41 06:32 07-59.89S 080-29.89E 5383.0 1000.0 1001.3 1008.2 8SM009 2011100106 DO,Sal,pH,Nuts,Pig
Bottle #20 (100m) was miss
tripped

8S 10 100111 08:41 08:59 08-00.12S 080-29.74E 5382.0 495.7 501.6 504.0 8SM010 2011100109 -
8S 11 100111 11:48 12:24 07-59.89S 080-29.19E 5380.0 500.0 502.7 504.8 8SM011 2011100112 DO,pH,Nuts,Pig
8S 12 100111 14:45 15:03 08-00.06S 080-29.27E 5381.0 495.9 501.4 504.8 8SM012 2011100115 -
8S 13 100111 17:45 18:20 07-59.99S 080-29.07E 5382.0 496.1 501.2 504.6 8SM013 2011100118 DO,pH,Nuts,Pig
8S 14 100111 20:43 21:01 07-59.95S 080-29.63E 5381.0 497.0 501.0 504.3 8SM014 2011100121 -
8S 15 100111 23:43 00:17 07-59.79S 080-29.77E 5382.0 499.6 500.7 504.1 8SM015 2011100200 DO,pH,Nuts,Pig
8S 16 100211 02:45 03:06 07-59.64S 080-30.19E 5387.0 499.0 501.8 505.0 8SM016 2011100203 -
8S 17 100211 05:40 06:28 08-00.12S 080-30.25E 5382.0 998.9 1001.7 1010.0 8SM017 2011100206 DO,Sal,pH,Nuts,Pig
8S 18 100211 08:43 09:04 08-00.04S 080-29.68E 5383.0 497.8 502.3 504.6 8SM018 2011100209 -
8S 19 100211 11:43 12:16 08-00.13S 080-29.48E 5381.0 498.3 500.1 503.6 8SM019 2011100212 DO,pH,Nuts,Pig
8S 20 100211 14:44 15:04 08-00.06S 080-29.41E 5381.0 496.8 501.2 504.3 8SM020 2011100215 -
8S 21 100211 17:44 18:19 07-59.96S 080-29.74E 5383.0 496.6 500.4 501.6 8SM021 2011100218 DO,pH,Nuts,Pig
8S 22 100211 20:41 21:03 08-00.28S 080-29.76E 5382.0 499.8 503.5 507.2 8SM022 2011100221 -
8S 23 100211 23:42 00:20 08-00.01S 080-29.99E 5385.0 498.1 501.0 503.5 8SM023 2011100300 DO,pH,Nuts,Pig
8S 24 100311 02:42 03:03 08-00.08S 080-30.54E 5383.0 496.1 500.5 503.9 8SM024 2011100303 -
8S 25 100311 05:40 06:31 08-00.19S 080-30.58E 5382.0 999.8 1001.4 1008.7 8SM025 2011100306 DO,Sal,pH,Nuts,Pig
8S 26 100311 08:40 09:01 08-00.21S 080-30.44E 5383.0 498.3 500.4 501.4 8SM026 2011100309 -
8S 27 100311 11:42 12:19 08-00.10S 080-29.97E 5383.0 496.1 501.4 505.3 8SM027 2011100312 DO,pH,Nuts,Pig
8S 28 100311 14:43 15:04 07-59.37S 080-29.38E 5383.0 497.0 500.3 505.0 8SM028 2011100315 -
8S 29 100311 17:42 18:17 07-59.81S 080-30.11E 5382.0 498.3 501.2 504.5 8SM029 2011100318 DO,pH,Nuts,Pig
8S 30 100311 20:40 21:03 08-00.16S 080-30.57E 5384.0 501.2 501.9 505.7 8SM030 2011100321 -
8S 31 100311 23:41 00:18 07-59.98S 080-29.98E 5382.0 498.9 501.4 504.8 8SM031 2011100400 DO,pH,Nuts,Pig
8S 32 100411 02:42 03:02 08-00.19S 080-30.05E 5381.0 498.1 500.1 503.9 8SM032 2011100403 -
8S 33 100411 05:41 06:33 08-00.38S 080-30.29E 5380.0 1000.1 1001.0 1006.9 8SM033 2011100406 DO,Sal,pH,Nuts,Pig
8S 34 100411 08:42 09:03 08-00.14S 080-30.09E 5382.0 497.8 501.8 505.9 8SM034 2011100409 -
8S 35 100411 11:41 12:14 07-59.92S 080-29.81E 5383.0 498.9 500.7 501.6 8SM035 2011100412 DO,pH,Nuts,Pig
8S 36 100411 14:42 15:01 07-58.98S 080-29.39E 5386.0 496.8 500.0 502.3 8SM036 2011100415 -
8S 37 100411 17:42 18:16 07-59.86S 080-29.76E 5383.0 495.4 500.4 503.2 8SM037 2011100418 DO,pH,Nuts,Pig
8S 38 100411 20:41 21:02 07-59.78S 080-29.93E 5384.0 497.9 500.5 504.1 8SM038 2011100421 -
8S 39 100411 23:39 00:17 07-59.93S 080-30.07E 5383.0 500.5 502.1 505.5 8SM039 2011100500 DO,pH,Nuts,Pig
8S 40 100511 02:42 03:02 07-59.91S 080-29.98E 5383.0 496.1 500.3 503.7 8SM040 2011100503 -
8S 41 100511 05:40 06:32 08-00.20S 080-30.02E 5382.0 993.2 1000.5 1008.1 8SM041 2011100506 DO,Sal,pH,Nuts,Pig
8S 42 100511 08:40 09:01 08-00.06S 080-29.85E 5382.0 496.5 501.2 504.6 8SM042 2011100509 -
8S 43 100511 11:41 12:15 08-00.10S 080-29.15E 5382.0 499.0 500.6 504.4 8SM043 2011100512 DO,pH,Nuts,Pig
8S 44 100511 14:43 15:03 08-00.23S 080-29.57E 5381.0 496.6 500.7 503.3 8SM044 2011100515 -
8S 45 100511 17:42 18:14 08-00.08S 080-29.57E 5381.0 499.6 501.2 505.1 8SM045 2011100518 DO,pH,Nuts,Pig
8S 46 100511 20:40 21:01 08-00.26S 080-29.67E 5388.0 497.9 502.1 505.6 8SM046 2011100521 -
8S 47 100511 23:41 00:18 07-59.89S 080-29.85E 5384.0 498.1 501.5 504.8 8SM047 2011100600 DO,pH,Nuts,Pig
8S 48 100611 02:41 03:01 08-00.17S 080-29.96E 5383.0 495.7 500.8 503.9 8SM048 2011100603 -
8S 49 100611 05:41 06:35 08-00.30S 080-30.10E 5381.0 998.9 1001.6 1008.3 8SM049 2011100606 DO,Sal,pH,Nuts,Pig
8S 50 100611 08:41 09:01 08-00.41S 080-29.96E 5381.0 495.9 501.2 504.5 8SM050 2011100609 -
8S 51 100611 11:40 12:13 07-59.94S 080-29.97E 5384.0 499.2 502.6 506.0 8SM051 2011100612 DO,pH,Nuts,Pig
8S 52 100611 14:42 15:02 07-59.24S 080-28.95E 5383.0 495.9 500.3 503.0 8SM052 2011100615 -
8S 53 100611 17:42 18:14 08-00.14S 080-29.82E 5383.0 497.9 500.6 505.0 8SM053 2011100618 DO,pH,Nuts,Pig
8S 54 100611 20:42 21:03 08-00.24S 080-29.86E 5380.0 498.3 502.5 506.1 8SM054 2011100621 -
8S 55 100611 23:41 00:16 07-59.95S 080-30.23E 5384.0 497.4 500.7 504.0 8SM055 2011100700 DO,pH,Nuts,Pig
8S 56 100711 02:41 03:02 08-00.06S 080-30.21E 5384.0 498.3 501.9 505.3 8SM056 2011100703 -
8S 57 100711 05:41 06:31 08-00.29S 080-30.01E 5382.0 1000.5 1001.9 1009.2 8SM057 2011100706 DO,Sal,pH,Nuts,Pig
8S 58 100711 08:41 09:02 08-00.28S 080-29.98E 5382.0 497.6 502.2 506.7 8SM058 2011100709 -
8S 59 100711 11:40 12:14 08-00.08S 080-29.99E 5382.0 500.0 502.5 505.3 8SM059 2011100712 DO,pH,Nuts,Pig
8S 60 100711 14:41 15:01 07-58.99S 080-29.27E 5382.0 499.0 500.6 504.3 8SM060 2011100715 -
8S 61 100711 17:41 18:13 07-59.79S 080-30.05E 5386.0 500.7 501.9 505.0 8SM061 2011100718 DO,pH,Nuts,Pig
8S 62 100711 20:32 20:53 08-00.00S 080-30.18E 5383.0 497.4 500.4 503.8 8SM062 2011100721 -
8S 63 100711 23:42 00:17 07-59.91S 080-30.14E 5383.0 499.2 500.8 504.1 8SM063 2011100800 DO,pH,Nuts,Pig
8S 64 100811 02:39 03:00 08-00.16S 080-30.19E 5383.0 500.0 501.3 504.8 8SM064 2011100803 -
8S 65 100811 05:42 06:32 07-59.96S 080-30.14E 5383.0 1001.6 1002.4 1011.3 8SM065 2011100806 DO,Sal,pH,Nuts,Pig
8S 66 100811 08:41 09:01 08-00.03S 080-29.80E 5384.0 496.5 501.9 504.3 8SM066 2011100809 -
8S 67 100811 11:40 12:12 07-59.95S 080-29.89E 5387.0 499.4 503.3 506.8 8SM067 2011100812 DO,pH,Nuts,Pig
8S 68 100811 14:40 15:00 07-59.98S 080-29.98E 5384.0 497.8 500.8 504.1 8SM068 2011100815 -
8S 69 100811 17:46 18:18 07-59.96S 080-29.84E 5384.0 498.3 501.8 505.9 8SM069 2011100818 DO,pH,Nuts,Pig
8S 70 100811 20:41 21:01 07-59.94S 080-29.87E 5382.0 499.6 501.6 505.1 8SM070 2011100821 -
8S 71 100811 23:40 00:15 07-59.98S 080-29.93E 5384.0 500.5 503.5 507.0 8SM071 2011100900 DO,pH,Nuts,Pig
8S 72 100911 02:40 03:01 08-00.02S 080-30.06E 5382.0 496.3 501.2 504.7 8SM072 2011100903 -
8S 73 100911 05:41 06:31 08-00.21S 080-29.52E 5380.0 1001.1 1002.1 1009.7 8SM073 2011100906 DO,Sal,pH,Nuts,Pig
8S 74 100911 08:40 09:01 08-00.20S 080-29.67E 5384.0 495.7 501.1 504.3 8SM074 2011100909 -
8S 75 100911 11:40 12:13 08-00.10S 080-29.88E 5383.0 498.7 501.9 504.5 8SM075 2011100912 DO,pH,Nuts,Pig
8S 76 100911 14:41 15:01 07-59.19S 080-28.85E 5378.0 497.8 501.0 504.3 8SM076 2011100915 -
8S 77 100911 17:40 18:12 08-00.03S 080-29.77E 5388.0 496.8 500.5 503.1 8SM077 2011100918 DO,pH,Nuts,Pig
8S 78 100911 20:47 21:08 08-00.08S 080-29.66E 5382.0 496.1 500.4 503.8 8SM078 2011100921 -
8S 79 100911 23:41 00:16 07-59.81S 080-29.93E 5384.0 496.5 500.0 503.7 8SM079 2011101000 DO,pH,Nuts,Pig
8S 80 101011 02:54 03:16 07-59.92S 080-29.30E 5383.0 497.6 500.7 504.0 8SM080 2011101003 -
8S 81 101011 05:50 06:39 08-00.27S 080-29.75E 5380.0 997.2 1000.2 1009.3 8SM081 2011101006 DO,Sal,pH,Nuts,Pig
8S 82 101011 08:41 09:02 08-00.05S 080-30.15E 5385.0 497.6 502.6 506.5 8SM082 2011101009 -
8S 83 101011 11:40 12:14 08-00.15S 080-29.81E 5384.0 496.3 501.0 504.6 8SM083 2011101012 DO,pH,Nuts,Pig
8S 84 101011 14:42 15:02 07-59.27S 080-28.70E 5383.0 496.3 500.3 503.5 8SM084 2011101015 -
8S 85 101011 17:42 18:15 07-59.93S 080-29.83E 5385.0 497.8 501.3 504.6 8SM085 2011101018 DO,pH,Nuts,Pig
8S 86 101011 20:42 21:03 08-00.18S 080-29.98E 5383.0 497.4 501.1 504.2 8SM086 2011101021 -
8S 87 101011 23:42 00:17 08-00.07S 080-29.91E 5383.0 498.3 502.2 505.6 8SM087 2011101100 DO,pH,Nuts,Pig
8S 88 101111 02:44 03:05 07-59.96S 080-30.21E 5383.0 498.7 500.9 504.5 8SM088 2011101103 -
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Date(UTC)

(mmddyy) Start End Latitude Longitude

8S 89 101111 05:41 06:31 08-00.03S 080-30.09E 5384.0 997.4 1000.8 1007.7 8SM089 2011101106 DO,Sal,pH,Nuts,Pig
8S 90 101111 08:42 09:03 08-00.15S 080-30.27E 5384.0 495.7 501.4 505.5 8SM090 2011101109 -
8S 91 101111 11:41 12:16 08-00.01S 080-29.69E 5385.0 498.3 502.2 503.1 8SM091 2011101112 DO,pH,Nuts,Pig
8S 92 101111 14:41 15:03 07-59.66S 080-29.17E 5381.0 496.6 501.3 504.9 8SM092 2011101115 -

8S 93 101111 17:40 18:15 07-59.89S 080-29.85E 5385.0 499.4 502.8 505.7 8SM093 2011101118 DO,pH,Nuts,Pig

Secondary sensor was shifted
from downcast 110db to
surface, because something
invaded into the TC-duct.

8S 94 101111 20:40 21:01 08-00.02S 080-29.94E 5384.0 497.8 501.2 504.7 8SM094 2011101121 -

8S 95 101111 23:43 00:20 08-00.09S 080-29.78E 5381.0 497.6 500.5 503.9 8SM095 2011101200 DO,pH,Nuts,Pig

Secondary sensor was shifted
from downcast 60db to surface,
because something invaded
into the TC-duct.

8S 96 101211 02:42 03:04 07-59.99S 080-29.96E 5382.0 497.4 501.1 504.5 8SM096 2011101203 -
8S 97 101211 05:40 06:29 08-00.03S 080-29.92E 5384.0 998.5 1001.2 1008.7 8SM097 2011101206 DO,Sal,pH,Nuts,Pig
8S 98 101211 08:41 09:02 08-00.07S 080-30.16E 5383.0 493.9 502.1 503.7 8SM098 2011101209 -
8S 99 101211 11:40 12:15 08-00.13S 080-29.83E 5382.0 497.8 501.1 502.8 8SM099 2011101212 DO,pH,Nuts,Pig
8S 100 101211 14:41 15:02 07-58.82S 080-29.25E 5358.0 496.1 500.2 503.3 8SM100 2011101215 -
8S 101 101211 17:41 18:14 08-00.02S 080-29.79E 5383.0 497.6 501.9 504.8 8SM101 2011101218 DO,pH,Nuts,Pig
8S 102 101211 20:40 21:01 08-00.02S 080-29.98E 5384.0 498.9 502.1 505.4 8SM102 2011101221 -
8S 103 101211 23:42 00:21 08-00.00S 080-29.99E 5382.0 498.5 500.8 504.5 8SM103 2011101300 DO,pH,Nuts,Pig
8S 104 101311 02:41 03:03 07-59.91S 080-30.02E 5384.0 494.6 500.1 503.0 8SM104 2011101303 -
8S 105 101311 05:41 06:30 08-00.03S 080-29.71E 5384.0 999.2 100.4 1007.9 8SM105 2011101306 DO,Sal,pH,Nuts,Pig
8S 106 101311 08:41 09:01 07-59.93S 080-29.80E 5385.0 495.4 502.5 505.2 8SM106 2011101309 -
8S 107 101311 11:52 12:27 08-00.13S 080-29.83E 5383.0 495.7 500.2 502.7 8SM107 2011101312 DO,pH,Nuts,Pig
8S 108 101311 14:41 15:02 07-59.54S 080-28.62E 5388.0 495.9 501.1 505.0 8SM108 2011101315 -
8S 109 101311 17:42 18:15 08-00.05S 080-29.94E 5383.0 500.3 504.4 508.6 8SM109 2011101318 DO,pH,Nuts,Pig
8S 110 101311 20:40 21:00 08-00.07S 080-29.92E 5384.0 497.9 500.2 503.7 8SM110 2011101321 -
8S 111 101311 23:41 00:18 08-00.06S 080-30.05E 5382.0 499.6 501.0 505.0 8SM111 2011101400 DO,pH,Nuts,Pig
8S 112 101411 02:42 03:03 08-00.24S 080-29.73E 5379.0 497.6 500.3 503.7 8SM112 2011101403 -
8S 113 101411 05:40 06:30 08-00.18S 080-29.84E 5382.0 997.6 1001.9 1008.4 8SM113 2011101406 DO,Sal,pH,Nuts,Pig
8S 114 101411 08:40 09:01 08-00.04S 080-30.18E 5384.0 495.9 500.3 504.5 8SM114 2011101409 -

8S 115 101411 11:40 12:15 08-00.37S 080-30.14E 5381.0 499.4 502.9 506.9 8SM115 2011101412 DO,pH,Nuts,Pig
DO sensor was noisy from
upcast 217db to 208db.

8S 116 101411 14:41 15:02 08-00.09S 080-30.01E 5382.0 499.0 502.6 506.3 8SM116 2011101415 -
DO sensor was noisy from
upcast 221db to 208db.

8S 117 101411 17:40 18:13 08-00.19S 080-29.87E 5382.0 496.8 501.2 504.9 8SM117 2011101418 DO,pH,Nuts,Pig
DO sensor was drifted from this
cast.

8S 118 101411 20:40 21:01 07-59.97S 080-30.08E 5385.0 495.4 501.1 504.4 8SM118 2011101421 -
8S 119 101411 23:43 00:20 08-00.01S 080-29.98E 5384.0 499.0 502.3 505.7 8SM119 2011101500 DO,pH,Nuts,Pig
8S 120 101511 02:42 03:02 07-59.96S 080-30.11E 5382.0 495.5 500.8 504.2 8SM120 2011101503 -
8S 121 101511 05:41 06:30 08-00.08S 080-30.06E 5382.0 998.9 1000.2 1007.8 8SM121 2011101506 DO,Sal,pH,Nuts,Pig
8S 122 101511 08:40 09:01 08-00.02S 080-29.92E 5384.0 494.8 502.3 505.0 8SM122 2011101509 -
8S 123 101511 11:40 12:17 08-00.01S 080-29.91E 5385.0 497.6 501.4 504.4 8SM123 2011101512 DO,pH,Nuts,Pig
8S 124 101511 14:41 15:02 07-59.06S 080-29.14E 5382.0 497.8 500.8 504.5 8SM124 2011101515 -
8S 125 101511 17:40 18:12 08-00.14S 080-29.98E 5382.0 497.0 500.3 503.8 8SM125 2011101518 DO,pH,Nuts,Pig
8S 126 101511 20:40 21:00 07-59.94S 080-30.03E 5383.0 497.2 500.8 504.5 8SM126 2011101521 -
8S 127 101511 23:41 00:16 08-00.02S 080-29.98E 5383.0 498.1 503.3 506.8 8SM127 2011101600 DO,pH,Nuts,Pig
8S 128 101611 02:42 03:02 07-59.97S 080-30.08E 5383.0 498.5 501.7 505.1 8SM128 2011101603 -
8S 129 101611 05:39 06:29 08-00.09S 080-30.02E 5381.0 999.8 1000.8 1010.0 8SM129 2011101606 DO,Sal,pH,Nuts,Pig

8S 130 101611 08:40 09:00 08-00.06S 080-30.11E 5383.0 494.8 500.6 504.3 8SM130 2011101609 -
The data of scan number 66000
was deleted due to the problem
of data process.

8S 131 101611 11:39 12:13 07-59.96S 080-29.91E 5383.0 498.7 500.8 504.0 8SM131 2011101612 DO,pH,Nuts,Pig
8S 132 101611 14:40 15:01 07-58.99S 080-29.15E 5382.0 495.5 501.3 503.2 8SM132 2011101615 -
8S 133 101611 17:40 18:13 08-00.08S 080-29.92E 5382.0 497.6 501.1 504.6 8SM133 2011101618 DO,pH,Nuts,Pig
8S 134 101611 20:39 21:00 08-00.20S 080-29.85E 5382.0 496.5 500.9 504.5 8SM134 2011101621 -
8S 135 101611 23:41 00:17 08-00.06S 080-29.97E 5383.0 497.8 500.7 503.4 8SM135 2011101700 DO,pH,Nuts,Pig
8S 136 101711 02:42 03:03 08-00.10S 080-29.95E 5381.0 497.6 501.5 505.1 8SM136 2011101703 -
8S 137 101711 05:40 06:30 08-00.21S 080-30.02E 5381.0 998.7 1000.2 1009.4 8SM137 2011101706 DO,Sal,pH,Nuts,Pig
8S 138 101711 08:40 09:00 08-00.12S 080-29.95E 5383.0 496.8 500.5 507.4 8SM138 2011101709 -
8S 139 101711 12:00 12:34 08-00.32S 080-29.57E 5382.0 498.7 502.5 504.6 8SM139 2011101712 DO,pH,Nuts,Pig
8S 140 101711 14:42 15:02 07-59.95S 080-29.87E 5384.0 498.5 500.2 503.0 8SM140 2011101715 -
8S 141 101711 17:42 18:16 08-00.13S 080-29.74E 5382.0 498.3 502.4 505.3 8SM141 2011101718 DO,pH,Nuts,Pig
8S 142 101711 20:39 21:00 07-59.93S 080-29.99E 5383.0 498.5 501.7 505.1 8SM142 2011101721 -
8S 143 101711 23:41 00:16 08-00.04S 080-29.94E 5383.0 499.4 501.5 505.2 8SM143 2011101800 DO,pH,Nuts,Pig
8S 144 101811 02:43 03:03 08-00.17S 080-29.52E 5381.0 497.9 501.7 505.1 8SM144 2011101803 -
8S 145 101811 05:41 06:30 08-00.27S 080-30.08E 5383.0 999.8 1001.3 1009.0 8SM145 2011101806 DO,Sal,pH,Nuts,Pig
8S 146 101811 08:40 09:01 08-00.02S 080-29.96E 5384.0 495.2 501.8 503.6 8SM146 2011101809 -
8S 147 101811 11:39 12:15 08-00.06S 080-29.85E 5383.0 497.8 501.8 505.9 8SM147 2011101812 DO,pH,Nuts,Pig
8S 148 101811 14:41 15:01 07-58.81S 080-29.20E 5362.0 496.6 500.5 502.1 8SM148 2011101815 -
8S 149 101811 17:40 18:13 07-59.94S 080-29.93E 5383.0 498.1 501.6 505.0 8SM149 2011101818 DO,pH,Nuts,Pig
8S 150 101811 20:40 21:00 08-00.03S 080-30.01E 5383.0 499.4 501.5 505.1 8SM150 2011101821 -
8S 151 101811 23:41 00:17 08-00.07S 080-30.02E 5382.0 498.1 501.1 504.5 8SM151 2011101900 DO,pH,Nuts,Pig
8S 152 101911 02:41 03:02 08-00.02S 080-30.08E 5384.0 497.6 500.4 503.8 8SM152 2011101903 -
8S 153 101911 05:40 06:29 08-00.09S 080-29.82E 5384.0 998.5 1002.6 1008.4 8SM153 2011101906 DO,Sal,pH,Nuts,Pig
8S 154 101911 08:40 09:00 08-00.03S 080-30.06E 5382.0 496.6 501.5 504.7 8SM154 2011101909 -
8S 155 101911 11:40 12:15 07-59.96S 080-30.03E 5382.0 498.5 500.9 504.7 8SM155 2011101912 DO,pH,Nuts,Pig
8S 156 101911 14:40 15:01 07-58.72S 080-29.58E 5303.0 498.9 501.5 505.2 8SM156 2011101915 -
8S 157 101911 17:40 18:12 08-00.01S 080-30.06E 5383.0 496.8 500.3 503.4 8SM157 2011101918 DO,pH,Nuts,Pig
8S 158 101911 20:40 21:01 07-59.93S 080-30.10E 5383.0 497.4 500.6 503.9 8SM158 2011101921 -
8S 159 101911 23:41 00:17 07-59.95S 080-30.04E 5384.0 498.5 501.6 505.0 8SM159 2011102000 DO,pH,Nuts,Pig
8S 160 102011 02:41 03:01 07-59.99S 080-30.28E 5385.0 497.9 501.3 504.7 8SM160 2011102003 -

8S 161 102011 05:40 06:12 07-59.99S 080-31.92E 5386.0 497.4 500.2 503.6 8SM161 2011102006 DO,pH,Nuts,Pig

The bottom depth of this cast
was changed from 1000db to
500db, because TurboMAP
had priority at this cast.

8S 162 102011 08:41 09:10 08-00.06S 080-31.80E 5384.0 497.6 501.9 504.3 8SM162 2011102009 -
8S 163 102011 11:39 12:14 07-59.97S 080-31.67E 5389.0 498.1 501.0 504.4 8SM163 2011102012 DO,pH,Nuts,Pig
8S 164 102011 14:41 15:01 07-59.84S 080-31.51E 5387.0 497.8 501.8 504.1 8SM164 2011102015 -
8S 165 102011 17:41 18:14 08-00.02S 080-31.38E 5387.0 498.1 501.5 504.9 8SM165 2011102018 DO,pH,Nuts,Pig
8S 166 102011 20:39 21:01 07-59.97S 080-31.45E 5387.0 498.1 500.7 504.1 8SM166 2011102021 -
8S 167 102011 23:41 00:17 07-59.90S 080-31.59E 5385.0 498.9 502.1 505.5 8SM167 2011102100 DO,pH,Nuts,Pig
8S 168 102111 02:41 03:02 07-59.83S 080-31.33E 5385.0 499.0 501.0 504.5 8SM168 2011102103 -
8S 169 102111 05:39 06:30 07-59.97S 080-30.95E 5385.0 999.6 1001.2 1009.5 8SM169 2011102106 DO,Sal,pH,Nuts,Pig
8S 170 102111 08:40 09:09 08-00.06S 080-29.86E 5383.0 497.2 502.4 505.5 8SM170 2011102109 -
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Date(UTC)

(mmddyy) Start End Latitude Longitude

8S 171 102111 12:31 13:10 07-59.84S 080-29.78E 5384.0 599.2 600.2 605.0 8SM171 2011102112 DO,pH,Nuts,Pig

The bottom depth of this cast
changed from 500db to 600db,
and the water sampling of
500m was canceled.

8S 172 102111 14:41 15:05 07-58.70S 080-29.93E 5291.0 497.8 500.3 503.8 8SM172 2011102115 -
8S 173 102111 17:41 18:16 07-59.98S 080-29.96E 5384.0 498.7 500.8 504.2 8SM173 2011102118 DO,pH,Nuts,Pig
8S 174 102111 20:39 20:59 07-59.97S 080-30.00E 5383.0 497.9 501.1 503.6 8SM174 2011102121 -
8S 175 102111 23:57 00:32 08-00.01S 080-29.90E 5382.0 500.3 502.9 506.4 8SM175 2011102200 DO,pH,Nuts,Pig
8S 176 102211 02:40 03:02 08-00.13S 080-29.75E 5388.0 498.7 500.8 504.3 8SM176 2011102203 -
8S 177 102211 05:39 06:30 08-00.00S 080-29.96E 5383.0 997.9 1001.7 1007.6 8SM177 2011102206 DO,Sal,pH,Nuts,Pig
8S 178 102211 08:40 09:00 08-00.17S 080-29.88E 5381.0 497.8 502.9 506.0 8SM178 2011102209 -
8S 179 102211 11:40 12:13 08-00.04S 080-29.86E 5384.0 499.6 502.0 506.5 8SM179 2011102212 DO,pH,Nuts,Pig
8S 180 102211 14:41 15:02 07-58.96S 080-29.36E 5384.0 499.4 502.0 505.4 8SM180 2011102215 -
8S 181 102211 17:51 18:24 08-00.00S 080-30.04E 5386.0 497.6 502.2 506.7 8SM181 2011102218 DO,pH,Nuts,Pig
8S 182 102211 20:39 21:00 08-00.10S 080-30.12E 5384.0 499.6 502.3 505.7 8SM182 2011102221 -
8S 183 102211 23:41 00:17 08-00.01S 080-30.04E 5385.0 500.5 502.2 505.7 8SM183 2011102300 DO,pH,Nuts,Pig
8S 184 102311 02:40 03:01 08-00.13S 080-29.99E 5382.0 499.0 502.2 505.6 8SM184 2011102303 -
8S 185 102311 05:40 06:29 08-00.06S 080-29.98E 5382.0 997.4 1000.6 1007.3 8SM185 2011102306 DO,Sal,pH,Nuts,Pig
8S 186 102311 08:39 09:00 08-00.19S 080-29.95E 5381.0 500.0 503.7 506.4 8SM186 2011102309 -
8S 187 102311 11:39 12:13 07-59.97S 080-30.03E 5384.0 499.6 501.8 505.3 8SM187 2011102312 DO,pH,Nuts,Pig
8S 188 102311 14:40 15:01 07-59.88S 080-30.01E 5383.0 498.1 500.4 503.8 8SM188 2011102315 -
8S 189 102311 17:41 18:12 08-00.02S 080-29.86E 5383.0 499.8 502.4 504.9 8SM189 2011102318 DO,pH,Nuts,Pig
8S 190 102311 20:38 21:00 08-00.07S 080-30.09E 5384.0 500.1 502.6 506.0 8SM190 2011102321 -
8S 191 102311 23:40 00:15 08-00.04S 080-30.02E 5382.0 500.0 502.1 505.7 8SM191 2011102400 DO,pH,Nuts,Pig
8S 192 102411 02:40 03:01 08-00.26S 080-29.92E 5382.0 498.9 501.9 505.2 8SM192 2011102403 -
8S 193 102411 05:42 06:33 08-00.39S 080-29.81E 5384.0 997.6 1000.4 1008.1 8SM193 2011102406 DO,Sal,pH,Nuts,Pig End of Leg1
8S 194 103011 23:39 00:15 08-00.01S 080-29.83E 5385.0 500.3 501.1 504.5 8SM194 2011103100 DO,pH,Nuts,Pig Start of Leg2
8S 195 103111 02:41 03:02 08-00.12S 080-29.91E 5381.0 495.9 499.7 502.8 8SM195 2011103103 -
8S 196 103111 05:39 06:29 08-00.06S 080-30.01E 5384.0 998.1 1000.8 1008.9 8SM196 2011103106 DO,Sal,pH,Nuts,Pig
8S 197 103111 08:38 08:59 08-00.10S 080-30.01E 5384.0 497.9 502.0 505.0 8SM197 2011103109 -
8S 198 103111 11:40 12:15 08-00.04S 080-30.02E 5382.0 499.2 502.6 506.5 8SM198 2011103112 DO,pH,Nuts,Pig
8S 199 103111 14:39 15:00 07-59.94S 080-29.64E 5383.0 499.4 501.2 504.4 8SM199 2011103115 -
8S 200 103111 17:38 18:12 08-00.10S 080-29.96E 5384.0 497.9 502.5 506.0 8SM200 2011103118 DO,pH,Nuts,Pig
8S 201 103111 20:39 20:59 08-00.07S 080-29.93E 5383.0 500.7 503.1 506.5 8SM201 2011103121 -
8S 202 103111 23:39 00:15 08-00.03S 080-30.01E 5382.0 499.2 500.7 503.5 8SM202 2011110100 DO,pH,Nuts,Pig

8S 203 110111 02:39 03:00 07-59.91S 080-30.10E 5390.0 497.2 500.7 504.3 8SM203 2011110103 -

The data of scan number from
22723 to 23963 was deleted,
because the upcast data of
about 10m was included
during downcast.

8S 204 110111 05:39 06:29 07-59.93S 080-29.99E 5385.0 999.8 1001.0 1009.2 8SM204 2011110106 DO,Sal,pH,Nuts,Pig
8S 205 110111 08:39 08:59 08-00.00S 080-30.08E 5384.0 498.5 500.8 504.4 8SM205 2011110109 -
8S 206 110111 11:42 12:16 07-59.93S 080-29.95E 5384.0 497.4 502.4 505.7 8SM206 2011110112 DO,pH,Nuts,Pig
8S 207 110111 14:39 15:00 08-00.00S 080-29.77E 5385.0 497.6 501.6 505.5 8SM207 2011110115 -
8S 208 110111 17:39 18:14 08-00.23S 080-30.02E 5383.0 499.0 501.4 504.7 8SM208 2011110118 DO,pH,Nuts,Pig
8S 209 110111 20:39 21:00 07-59.95S 080-29.99E 5382.0 498.9 502.5 506.0 8SM209 2011110121 -
8S 210 110111 23:38 00:13 08-00.05S 080-29.83E 5383.0 497.4 501.1 504.2 8SM210 2011110200 DO,pH,Nuts,Pig
8S 211 110211 02:39 03:01 07-59.98S 080-29.97E 5383.0 497.2 501.0 504.2 8SM211 2011110203 -
8S 212 110211 05:39 06:29 08-00.06S 080-29.97E 5382.0 999.6 1002.0 1010.1 8SM212 2011110206 DO,Sal,pH,Nuts,Pig
8S 213 110211 08:39 08:59 08-00.10S 080-29.82E 5383.0 498.3 501.1 504.3 8SM213 2011110209 -
8S 214 110211 11:38 12:13 07-59.93S 080-29.62E 5384.0 498.1 501.3 504.8 8SM214 2011110212 DO,pH,Nuts,Pig
8S 215 110211 14:45 15:07 07-59.90S 080-29.96E 5384.0 495.5 500.8 503.3 8SM215 2011110215 -
8S 216 110211 17:43 18:17 08-00.02S 080-29.99E 5383.0 496.6 502.9 505.9 8SM216 2011110218 DO,pH,Nuts,Pig
8S 217 110211 20:43 21:04 07-59.98S 080-30.10E 5383.0 498.3 502.7 506.1 8SM217 2011110221 -
8S 218 110211 23:40 00:15 07-59.95S 080-29.96E 5384.0 498.5 501.8 505.4 8SM218 2011110300 DO,pH,Nuts,Pig
8S 219 110311 02:45 03:07 07-59.98S 080-30.12E 5383.0 499.0 502.3 505.1 8SM219 2011110303 -
8S 220 110311 05:45 06:34 08-00.08S 080-29.97E 5383.0 998.3 1001.5 1009.4 8SM220 2011110306 DO,Sal,pH,Nuts,Pig
8S 221 110311 08:44 09:04 07-59.87S 080-30.11E 5387.0 498.9 501.8 505.4 8SM221 2011110309 -
8S 222 110311 11:45 12:19 08-00.17S 080-29.96E 5382.0 496.3 502.5 505.3 8SM222 2011110312 DO,pH,Nuts,Pig
8S 223 110311 14:45 15:07 08-00.02S 080-29.97E 5384.0 497.9 502.8 506.0 8SM223 2011110315 -
8S 224 110311 17:42 18:17 08-00.05S 080-30.06E 5383.0 499.0 501.2 505.0 8SM224 2011110318 DO,pH,Nuts,Pig
8S 225 110311 20:43 21:03 07-59.98S 080-30.23E 5383.0 498.1 502.5 505.1 8SM225 2011110321 -
8S 226 110311 23:45 00:19 07-59.86S 080-30.17E 5384.0 499.4 501.5 504.7 8SM226 2011110400 DO,pH,Nuts,Pig
8S 227 110411 02:46 03:07 08-00.12S 080-29.93E 5383.0 497.0 501.4 504.2 8SM227 2011110403 -
8S 228 110411 05:44 06:35 08-00.06S 080-30.07E 5383.0 998.7 1000.9 1008.8 8SM228 2011110406 DO,Sal,pH,Nuts,Pig
8S 229 110411 08:43 09:04 08-00.00S 080-30.13E 5383.0 497.9 500.4 504.7 8SM229 2011110409 -
8S 230 110411 11:43 12:17 08-00.14S 080-29.97E 5382.0 497.0 501.6 504.6 8SM230 2011110412 DO,pH,Nuts,Pig
8S 231 110411 14:44 15:05 08-00.13S 080-29.78E 5383.0 496.1 500.4 504.2 8SM231 2011110415 -
8S 232 110411 17:42 18:17 08-00.17S 080-30.09E 5382.0 498.1 500.9 504.4 8SM232 2011110418 DO,pH,Nuts,Pig
8S 233 110411 20:41 21:02 08-00.00S 080-30.31E 5383.0 497.6 501.6 505.0 8SM233 2011110421 -
8S 234 110411 23:43 00:17 08-00.00S 080-30.10E 5384.0 497.6 501.4 504.8 8SM234 2011110500 DO,pH,Nuts,Pig
8S 235 110511 02:44 03:05 07-59.98S 080-29.91E 5384.0 496.1 500.4 504.2 8SM235 2011110503 -
8S 236 110511 05:45 06:35 07-59.90S 080-30.21E 5384.0 999.6 1001.6 1008.7 8SM236 2011110506 DO,Sal,pH,Nuts,Pig
8S 237 110511 08:43 09:03 08-00.03S 080-30.00E 5383.0 497.0 501.4 505.1 8SM237 2011110509 -
8S 238 110511 11:44 12:18 07-59.78S 080-29.99E 5387.0 496.8 500.4 503.7 8SM238 2011110512 DO,pH,Nuts,Pig
8S 239 110511 14:44 15:05 08-00.65S 080-29.73E 5382.0 496.5 500.4 504.2 8SM239 2011110515 -
8S 240 110511 17:41 18:17 07-59.93S 080-30.30E 5383.0 497.6 501.0 504.5 8SM240 2011110518 DO,pH,Nuts,Pig
8S 241 110511 20:41 21:02 07-59.99S 080-30.08E 5383.0 497.2 501.2 505.2 8SM241 2011110521 -

8S 242 110511 23:43 00:20 08-00.13S 080-30.02E 5383.0 498.5 501.7 505.2 8SM242 2011110600 DO,pH,Nuts,Pig

Water samples of 60m, 40m,
20m and 10m were not
collected, due to water sampler
trouble.

8S 243 110611 03:32 03:52 07-59.69S 080-29.75E 5384.0 498.7 502.4 505.3 8SM243 2011110603 -
8S 244 110611 05:44 06:34 07-59.99S 080-30.08E 5383.0 999.0 1001.8 1009.8 8SM244 2011110606 DO,Sal,pH,Nuts,Pig
8S 245 110611 08:45 09:05 08-00.05S 080-29.95E 5383.0 499.2 501.8 505.8 8SM245 2011110609 -
8S 246 110611 11:44 12:17 08-00.03S 080-29.85E 5382.0 497.0 501.0 505.1 8SM246 2011110612 DO,pH,Nuts,Pig
8S 247 110611 14:44 15:05 08-00.10S 080-29.79E 5383.0 497.9 502.4 506.4 8SM247 2011110615 -
8S 248 110611 17:41 18:16 07-59.98S 080-30.04E 5384.0 498.1 502.0 505.4 8SM248 2011110618 DO,pH,Nuts,Pig
8S 249 110611 20:40 21:01 07-59.87S 080-30.16E 5390.0 496.6 500.0 502.6 8SM249 2011110621 -
8S 250 110611 23:42 00:15 07-59.89S 080-30.07E 5384.0 497.8 501.5 506.0 8SM250 2011110700 DO,pH,Nuts,Pig
8S 251 110711 02:45 03:06 08-00.09S 080-29.89E 5384.0 497.2 500.9 504.7 8SM251 2011110703 -
8S 252 110711 05:44 06:33 08-00.06S 080-29.94E 5383.0 997.9 999.8 1007.8 8SM252 2011110706 DO,Sal,pH,Nuts,Pig
8S 253 110711 08:44 09:04 08-00.14S 080-29.80E 5384.0 495.4 501.2 504.1 8SM253 2011110709 -
8S 254 110711 11:43 12:17 08-00.19S 080-29.77E 5381.0 497.8 501.9 505.3 8SM254 2011110712 DO,pH,Nuts,Pig
8S 255 110711 14:44 15:05 08-00.06S 080-29.84E 5382.0 496.3 501.5 504.5 8SM255 2011110715 -
8S 256 110711 17:42 18:17 08-00.14S 080-30.05E 5383.0 498.9 501.7 505.4 8SM256 2011110718 DO,pH,Nuts,Pig
8S 257 110711 20:40 21:01 08-00.02S 080-29.97E 5384.0 497.4 502.8 505.6 8SM257 2011110721 -
8S 258 110711 23:42 00:15 08-00.06S 080-29.96E 5382.0 497.9 501.1 504.6 8SM258 2011110800 DO,pH,Nuts,Pig
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8S 259 110811 02:45 03:06 07-59.83S 080-29.85E 5385.0 497.9 502.3 505.0 8SM259 2011110803 -
8S 260 110811 05:45 06:35 07-59.99S 080-29.99E 5386.0 999.8 1000.3 1009.7 8SM260 2011110806 DO,Sal,pH,Nuts,Pig
8S 261 110811 08:43 09:03 08-00.12S 080-29.92E 5383.0 496.5 500.5 504.3 8SM261 2011110809 -
8S 262 110811 11:43 12:17 08-00.13S 080-29.87E 5382.0 497.4 501.3 505.0 8SM262 2011110812 DO,pH,Nuts,Pig
8S 263 110811 14:43 15:05 07-59.96S 080-29.96E 5383.0 497.0 500.8 504.4 8SM263 2011110815 -
8S 264 110811 17:42 18:16 08-00.14S 080-29.93E 5383.0 497.8 501.3 504.8 8SM264 2011110818 DO,pH,Nuts,Pig
8S 265 110811 20:42 21:03 07-59.96S 080-29.97E 5384.0 496.3 499.5 502.6 8SM265 2011110821 -
8S 266 110811 23:42 00:16 08-00.08S 080-29.98E 5382.0 497.9 501.2 504.6 8SM266 2011110900 DO,pH,Nuts,Pig
8S 267 110911 02:44 03:05 07-59.98S 080-29.91E 5384.0 498.7 500.3 503.8 8SM267 2011110903 -
8S 268 110911 05:43 06:33 08-00.01S 080-29.93E 5383.0 1000.5 1003.1 1011.4 8SM268 2011110906 DO,Sal,pH,Nuts,Pig
8S 269 110911 08:43 09:03 08-00.12S 080-30.00E 5384.0 498.3 500.4 505.4 8SM269 2011110909 -
8S 270 110911 11:44 12:17 08-00.02S 080-29.97E 5384.0 498.9 502.0 504.5 8SM270 2011110912 DO,pH,Nuts,Pig
8S 271 110911 14:44 15:05 08-00.17S 080-29.93E 5383.0 498.1 503.0 505.9 8SM271 2011110915 -
8S 272 110911 17:43 18:18 08-00.27S 080-29.75E 5382.0 500.9 502.8 506.1 8SM272 2011110918 DO,pH,Nuts,Pig
8S 273 110911 20:40 21:01 08-00.14S 080-29.90E 5384.0 498.5 501.4 505.2 8SM273 2011110921 -
8S 274 110911 23:44 00:17 08-00.13S 080-29.76E 5383.0 499.6 502.2 505.5 8SM274 2011111000 DO,pH,Nuts,Pig
8S 275 111011 02:45 03:06 08-00.09S 080-29.76E 5382.0 499.6 500.9 504.7 8SM275 2011111003 -
8S 276 111011 05:44 06:33 08-00.02S 080-29.83E 5386.0 999.0 1000.4 1008.7 8SM276 2011111006 DO,Sal,pH,Nuts,Pig
8S 277 111011 08:43 09:03 08-00.05S 080-30.03E 5383.0 499.2 502.4 505.9 8SM277 2011111009 -
8S 278 111011 11:44 12:18 08-00.00S 080-29.71E 5385.0 498.3 501.2 504.7 8SM278 2011111012 DO,pH,Nuts,Pig
8S 279 111011 14:43 15:04 08-00.03S 080-29.57E 5382.0 499.0 502.7 506.3 8SM279 2011111015 -
8S 280 111011 17:41 18:15 08-00.02S 080-30.02E 5383.0 498.5 500.8 504.2 8SM280 2011111018 DO,pH,Nuts,Pig
8S 281 111011 20:40 21:00 07-59.95S 080-30.02E 5386.0 499.2 502.7 506.1 8SM281 2011111021 -
8S 282 111011 23:43 00:16 07-59.97S 080-30.01E 5383.0 498.5 502.0 505.3 8SM282 2011111100 DO,pH,Nuts,Pig
8S 283 111111 02:43 03:04 07-59.99S 080-29.93E 5382.0 495.9 500.2 503.9 8SM283 2011111103 -
8S 284 111111 05:44 06:34 08-00.00S 080-29.88E 5384.0 998.3 1000.4 1007.3 8SM284 2011111106 DO,Sal,pH,Nuts,Pig
8S 285 111111 08:50 09:11 08-00.06S 080-29.81E 5385.0 499.0 501.2 504.1 8SM285 2011111109 -
8S 286 111111 11:43 12:18 07-59.95S 080-30.04E 5383.0 497.8 501.3 504.6 8SM286 2011111112 DO,pH,Nuts,Pig
8S 287 111111 14:44 15:05 07-59.96S 080-29.96E 5382.0 497.8 501.5 504.1 8SM287 2011111115 -
8S 288 111111 17:41 18:16 08-00.13S 080-30.10E 5382.0 499.4 503.0 506.7 8SM288 2011111118 DO,pH,Nuts,Pig
8S 289 111111 20:41 21:03 08-00.09S 080-30.09E 5384.0 497.6 500.7 504.1 8SM289 2011111121 -
8S 290 111111 23:43 00:18 07-59.96S 080-29.94E 5384.0 499.2 501.8 505.4 8SM290 2011111200 DO,pH,Nuts,Pig
8S 291 111211 02:44 03:05 08-00.09S 080-29.94E 5382.0 495.7 499.9 503.6 8SM291 2011111203 -
8S 292 111211 05:45 06:35 08-00.22S 080-29.75E 5382.0 998.7 1000.3 1007.9 8SM292 2011111206 DO,Sal,pH,Nuts,Pig
8S 293 111211 08:45 09:06 08-00.18S 080-30.05E 5383.0 497.4 500.7 504.4 8SM293 2011111209 -
8S 294 111211 11:38 12:13 08-00.15S 080-29.90E 5384.0 498.9 502.0 505.4 8SM294 2011111212 DO,pH,Nuts,Pig
8S 295 111211 14:44 15:05 08-00.09S 080-29.97E 5381.0 498.1 502.7 505.5 8SM295 2011111215 -
8S 296 111211 17:42 18:17 07-59.99S 080-29.92E 5385.0 500.1 501.6 505.0 8SM296 2011111218 DO,pH,Nuts,Pig
8S 297 111211 20:56 21:17 07-59.78S 080-29.87E 5387.0 500.1 503.8 506.0 8SM297 2011111221 -
8S 298 111211 23:44 00:19 07-59.72S 080-29.91E 5384.0 498.3 501.0 504.3 8SM298 2011111300 DO,pH,Nuts,Pig
8S 299 111311 02:40 03:01 07-59.78S 080-29.93E 5384.0 498.7 501.3 504.9 8SM299 2011111303 -
8S 300 111311 05:47 06:37 07-59.86S 080-29.97E 5385.0 998.9 1000.8 1008.8 8SM300 2011111306 DO,Sal,pH,Nuts,Pig
8S 301 111311 08:39 09:00 07-59.88S 080-29.97E 5383.0 497.6 501.3 505.7 8SM301 2011111309 -
8S 302 111311 11:42 12:17 07-59.90S 080-29.99E 5385.0 497.6 500.5 504.2 8SM302 2011111312 DO,pH,Nuts,Pig
8S 303 111311 14:48 15:08 08-00.02S 080-29.99E 5383.0 497.4 501.4 504.8 8SM303 2011111315 -
8S 304 111311 17:42 18:17 08-00.05S 080-30.03E 5382.0 500.5 502.7 506.3 8SM304 2011111318 DO,pH,Nuts,Pig
8S 305 111311 20:40 21:01 08-00.12S 080-30.03E 5383.0 499.0 503.0 505.4 8SM305 2011111321 -
8S 306 111311 23:43 00:18 07-59.98S 080-29.84E 5384.0 497.8 501.6 504.2 8SM306 2011111400 DO,pH,Nuts,Pig
8S 307 111411 02:43 03:04 07-59.96S 080-29.87E 5384.0 495.9 500.2 503.7 8SM307 2011111403 -
8S 308 111411 05:42 06:32 07-59.98S 080-29.90E 5384.0 1000.1 1002.4 1010.3 8SM308 2011111406 DO,Sal,pH,Nuts,Pig
8S 309 111411 08:42 09:02 08-00.04S 080-29.68E 5385.0 498.1 501.6 504.5 8SM309 2011111409 -
8S 310 111411 11:43 12:18 08-00.08S 080-29.79E 5382.0 497.0 500.4 503.2 8SM310 2011111412 DO,pH,Nuts,Pig
8S 311 111411 14:42 15:03 08-00.02S 080-29.70E 5384.0 496.5 500.5 504.4 8SM311 2011111415 -
8S 312 111411 17:42 18:17 08-00.10S 080-29.84E 5382.0 497.0 500.2 504.3 8SM312 2011111418 DO,pH,Nuts,Pig
8S 313 111411 20:43 21:05 08-00.25S 080-30.01E 5383.0 497.2 501.8 503.2 8SM313 2011111421 -
8S 314 111411 23:43 00:18 08-00.03S 080-29.87E 5385.0 497.8 501.4 504.6 8SM314 2011111500 DO,pH,Nuts,Pig
8S 315 111511 02:44 03:05 07-59.92S 080-29.88E 5384.0 497.6 500.8 504.6 8SM315 2011111503 -
8S 316 111511 05:43 06:33 08-00.37S 080-29.93E 5383.0 998.7 1002.6 1010.7 8SM316 2011111506 DO,Sal,pH,Nuts,Pig
8S 317 111511 08:43 09:04 08-00.26S 080-30.00E 5388.0 498.7 501.5 504.6 8SM317 2011111509 -
8S 318 111511 11:45 12:20 07-59.99S 080-29.88E 5390.0 497.9 501.0 504.3 8SM318 2011111512 DO,pH,Nuts,Pig
8S 319 111511 14:42 15:03 08-00.17S 080-29.92E 5381.0 497.4 501.2 504.0 8SM319 2011111515 -
8S 320 111511 17:41 18:17 08-00.06S 080-30.02E 5383.0 499.2 501.8 505.7 8SM320 2011111518 DO,pH,Nuts,Pig
8S 321 111511 20:43 21:03 08-00.11S 080-29.97E 5383.0 496.5 501.0 505.7 8SM321 2011111521 -
8S 322 111511 23:43 00:18 08-00.16S 080-29.99E 5382.0 497.6 500.4 503.5 8SM322 2011111600 DO,pH,Nuts,Pig
8S 323 111611 02:42 03:04 08-00.08S 080-29.81E 5385.0 496.6 500.7 504.1 8SM323 2011111603 -
8S 324 111611 05:42 06:32 08-00.05S 080-29.84E 5384.0 999.6 1001.0 1009.0 8SM324 2011111606 DO,Sal,pH,Nuts,Pig
8S 325 111611 08:42 09:03 08-00.24S 080-29.95E 5383.0 498.1 500.2 503.7 8SM325 2011111609 -
8S 326 111611 11:43 12:19 07-59.93S 080-30.03E 5385.0 498.7 501.3 504.2 8SM326 2011111612 DO,pH,Nuts,Pig
8S 327 111611 14:42 15:03 08-00.25S 080-29.98E 5383.0 497.4 500.5 503.7 8SM327 2011111615 -
8S 328 111611 17:41 18:16 08-00.11S 080-29.92E 5383.0 499.4 501.5 505.0 8SM328 2011111618 DO,pH,Nuts,Pig
8S 329 111611 20:42 21:03 08-00.19S 080-29.98E 5383.0 497.8 500.8 504.3 8SM329 2011111621 -
8S 330 111611 23:43 00:17 08-00.27S 080-30.03E 5383.0 497.2 500.0 503.3 8SM330 2011111700 DO,pH,Nuts,Pig
8S 331 111711 02:43 03:04 08-00.12S 080-30.17E 5388.0 497.0 500.1 502.7 8SM331 2011111703 -
8S 332 111711 05:42 06:32 08-00.14S 080-29.96E 5382.0 1000.0 1001.4 1009.5 8SM332 2011111706 DO,Sal,pH,Nuts,Pig
8S 333 111711 08:44 09:04 08-00.04S 080-30.02E 5383.0 496.5 500.4 503.3 8SM333 2011111709 -

8S 334 111711 11:42 12:17 08-00.01S 080-30.04E 5386.0 498.3 500.6 504.0 8SM334 2011111712 DO,pH,Nuts,Pig
The fluorescence data at 60 m
in the CTD bottle data was
except for spike and processed.

8S 335 111711 14:43 15:04 08-00.04S 080-30.05E 5383.0 497.9 501.4 504.2 8SM335 2011111715 -
8S 336 111711 17:42 18:17 08-00.02S 080-29.92E 5383.0 498.3 502.2 505.7 8SM336 2011111718 DO,pH,Nuts,Pig
8S 337 111711 20:41 21:03 07-59.97S 080-30.01E 5384.0 497.9 502.6 505.5 8SM337 2011111721 -
8S 338 111711 23:42 00:19 08-00.01S 080-29.94E 5385.0 497.2 501.1 504.7 8SM338 2011111800 DO,pH,Nuts,Pig
8S 339 111811 02:42 03:04 08-00.03S 080-29.92E 5384.0 496.3 500.1 503.8 8SM339 2011111803 -
8S 340 111811 05:43 06:32 08-00.23S 080-29.62E 5382.0 998.7 1000.7 1008.7 8SM340 2011111806 DO,Sal,pH,Nuts,Pig
8S 341 111811 08:43 09:03 08-00.11S 080-29.88E 5382.0 498.3 501.6 505.3 8SM341 2011111809 -
8S 342 111811 11:43 12:19 08-00.14S 080-29.57E 5386.0 498.3 501.2 504.7 8SM342 2011111812 DO,pH,Nuts,Pig
8S 343 111811 14:43 15:05 08-00.24S 080-29.61E 5381.0 497.6 500.9 503.6 8SM343 2011111815 -
8S 344 111811 17:48 18:23 08-00.25S 080-29.85E 5383.0 497.8 501.2 504.3 8SM344 2011111818 DO,pH,Nuts,Pig
8S 345 111811 20:43 21:04 08-00.08S 080-30.03E 5383.0 497.2 501.8 504.9 8SM345 2011111821 -
8S 346 111811 23:44 00:19 08-00.12S 080-29.90E 5384.0 497.0 500.0 503.5 8SM346 2011111900 DO,pH,Nuts,Pig
8S 347 111911 02:46 03:08 08-00.09S 080-30.04E 5384.0 496.6 500.3 503.8 8SM347 2011111903 -
8S 348 111911 05:43 06:34 08-00.34S 080-29.89E 5388.0 999.2 1000.1 1008.7 8SM348 2011111906 DO,Sal,pH,Nuts,Pig
8S 349 111911 08:43 09:05 08-00.12S 080-29.67E 5388.0 497.0 501.5 504.7 8SM349 2011111909 -
8S 350 111911 11:42 12:18 08-00.19S 080-30.15E 5383.0 499.2 502.2 505.6 8SM350 2011111912 DO,pH,Nuts,Pig
8S 351 111911 14:44 15:05 08-00.16S 080-30.41E 5383.0 498.1 500.9 503.9 8SM351 2011111915 -
8S 352 111911 17:46 18:22 08-00.17S 080-29.64E 5383.0 500.7 503.2 505.7 8SM352 2011111918 DO,pH,Nuts,Pig
8S 353 111911 20:42 21:03 08-00.00S 080-30.15E 5385.0 496.1 502.7 505.6 8SM353 2011111921 -
8S 354 111911 23:42 00:17 08-00.20S 080-30.08E 5383.0 499.6 501.9 505.2 8SM354 2011112000 DO,pH,Nuts,Pig
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8S 355 112011 02:44 03:06 08-00.18S 080-30.57E 5384.0 497.0 501.0 504.4 8SM355 2011112003 -
8S 356 112011 05:42 06:33 07-59.99S 080-30.27E 5384.0 1000.1 1000.8 1009.1 8SM356 2011112006 DO,Sal,pH,Nuts,Pig
8S 357 112011 08:42 09:03 08-00.22S 080-30.02E 5385.0 497.6 500.6 505.1 8SM357 2011112009 -
8S 358 112011 11:42 12:17 07-59.98S 080-30.07E 5384.0 497.9 500.8 504.1 8SM358 2011112012 DO,pH,Nuts,Pig
8S 359 112011 14:47 15:08 08-00.15S 080-30.04E 5384.0 496.8 501.7 504.5 8SM359 2011112015 -
8S 360 112011 17:43 18:19 08-00.13S 080-30.04E 5382.0 497.9 501.2 504.3 8SM360 2011112018 DO,pH,Nuts,Pig
8S 361 112011 20:41 21:03 07-59.97S 080-30.00E 5384.0 495.0 499.9 503.5 8SM361 2011112021 -
8S 362 112011 23:43 00:18 08-00.04S 080-29.92E 5384.0 497.2 500.2 503.5 8SM362 2011112100 DO,pH,Nuts,Pig
8S 363 112111 02:42 03:04 08-00.07S 080-29.87E 5383.0 498.5 501.0 504.0 8SM363 2011112103 -
8S 364 112111 05:42 06:32 07-59.91S 080-30.04E 5385.0 998.9 1001.4 1009.4 8SM364 2011112106 DO,Sal,pH,Nuts,Pig
8S 365 112111 08:42 09:03 08-00.03S 080-29.85E 5385.0 499.4 500.5 505.8 8SM365 2011112109 -
8S 366 112111 11:41 12:17 08-00.16S 080-29.84E 5383.0 497.2 501.8 505.4 8SM366 2011112112 DO,pH,Nuts,Pig
8S 367 112111 14:45 15:06 08-00.19S 080-29.55E 5382.0 499.2 502.2 505.7 8SM367 2011112115 -
8S 368 112111 17:44 18:16 08-00.07S 080-29.81E 5385.0 498.7 501.4 504.8 8SM368 2011112118 DO,pH,Nuts,Pig
8S 369 112111 20:43 21:05 08-00.07S 080-30.13E 5384.0 497.9 502.1 505.4 8SM369 2011112121 -
8S 370 112111 23:42 00:15 08-00.02S 080-29.93E 5384.0 498.5 501.7 505.1 8SM370 2011112200 DO,pH,Nuts,Pig
8S 371 112211 02:43 03:04 08-00.09S 080-29.86E 5384.0 500.0 501.6 504.8 8SM371 2011112203 -
8S 372 112211 05:43 06:31 08-00.01S 080-30.00E 5385.0 999.2 1000.1 1007.2 8SM372 2011112206 DO,Sal,pH,Nuts,Pig
8S 373 112211 08:42 09:03 08-00.22S 080-29.85E 5384.0 499.0 502.3 506.6 8SM373 2011112209 -
8S 374 112211 11:42 12:16 08-00.07S 080-29.81E 5383.0 498.3 501.8 505.2 8SM374 2011112212 DO,pH,Nuts,Pig
8S 375 112211 14:42 15:03 08-00.05S 080-29.62E 5383.0 498.5 501.8 505.3 8SM375 2011112215 -
8S 376 112211 17:42 18:16 08-00.20S 080-30.02E 5384.0 499.4 501.6 505.1 8SM376 2011112218 DO,pH,Nuts,Pig
8S 377 112211 20:44 21:06 08-00.07S 080-29.90E 5383.0 498.1 500.9 504.1 8SM377 2011112221 -
8S 378 112211 23:45 00:19 08-00.09S 080-30.08E 5383.0 497.9 503.0 506.5 8SM378 2011112300 DO,pH,Nuts,Pig
8S 379 112311 02:42 03:03 08-00.24S 080-30.14E 5381.0 498.9 501.3 505.0 8SM379 2011112303 -
8S 380 112311 05:42 06:32 08-00.08S 080-29.94E 5384.0 999.8 1001.2 1009.2 8SM380 2011112306 DO,Sal,pH,Nuts,Pig
8S 381 112311 08:42 09:04 08-00.19S 080-29.86E 5383.0 498.7 500.4 504.1 8SM381 2011112309 -
8S 382 112311 11:41 12:16 08-00.15S 080-29.90E 5383.0 499.4 501.2 504.8 8SM382 2011112312 DO,pH,Nuts,Pig
8S 383 112311 14:42 15:03 08-00.04S 080-29.97E 5383.0 499.0 501.5 504.6 8SM383 2011112315 -
8S 384 112311 17:43 18:17 08-00.24S 080-29.80E 5384.0 499.2 502.3 505.9 8SM384 2011112318 DO,pH,Nuts,Pig
8S 385 112311 20:43 21:05 08-00.09S 080-29.97E 5384.0 498.5 501.7 504.5 8SM385 2011112321 -
8S 386 112311 23:43 00:16 08-00.16S 080-30.04E 5383.0 498.5 501.1 504.5 8SM386 2011112400 DO,pH,Nuts,Pig
8S 387 112411 02:56 03:17 08-00.24S 080-29.56E 5381.0 497.4 500.4 503.9 8SM387 2011112403 -
8S 388 112411 05:44 06:33 08-00.18S 080-29.91E 5383.0 998.5 1000.2 1008.3 8SM388 2011112406 DO,Sal,pH,Nuts,Pig
8S 389 112411 08:42 09:04 08-00.07S 080-29.90E 5382.0 497.4 501.0 505.3 8SM389 2011112409 -
8S 390 112411 11:43 12:18 07-59.97S 080-30.09E 5382.0 499.4 502.2 505.6 8SM390 2011112412 DO,pH,Nuts,Pig
8S 391 112411 14:44 15:05 08-00.02S 080-29.81E 5383.0 497.0 501.9 504.5 8SM391 2011112415 -
8S 392 112411 17:46 18:20 08-00.20S 080-29.68E 5383.0 498.7 502.2 505.7 8SM392 2011112418 DO,pH,Nuts,Pig
8S 393 112411 20:45 21:07 08-00.23S 080-29.93E 5386.0 497.8 502.2 505.6 8SM393 2011112421 -
8S 394 112411 23:48 00:22 08-00.21S 080-29.97E 5383.0 498.5 501.6 505.5 8SM394 2011112500 DO,pH,Nuts,Pig
8S 395 112511 02:44 03:06 08-00.16S 080-29.76E 5385.0 499.2 502.3 506.0 8SM395 2011112503 -
8S 396 112511 05:44 06:37 08-00.15S 080-29.84E 5383.0 999.0 1001.7 1009.5 8SM396 2011112506 DO,Sal,pH,Nuts,Pig
8S 397 112511 08:44 09:06 08-00.10S 080-29.92E 5384.0 499.4 501.7 506.3 8SM397 2011112509 -
8S 398 112511 11:41 12:16 07-59.95S 080-30.00E 5383.0 497.9 501.1 504.7 8SM398 2011112512 DO,pH,Nuts,Pig
8S 399 112511 14:41 15:04 07-59.88S 080-30.03E 5385.0 499.0 501.3 505.5 8SM399 2011112515 -
8S 400 112511 17:44 18:23 07-59.92S 080-29.78E 5384.0 499.6 503.1 506.2 8SM400 2011112518 DO,pH,Nuts,Pig
8S 401 112511 20:36 20:58 08-00.15S 080-30.01E 5385.0 497.8 501.3 505.3 8SM401 2011112521 -
8S 402 112511 23:44 00:18 08-00.00S 080-30.11E 5384.0 499.0 501.9 505.3 8SM402 2011112600 DO,pH,Nuts,Pig
8S 403 112611 02:41 03:03 08-00.16S 080-29.90E 5383.0 498.3 501.2 504.9 8SM403 2011112603 -
8S 404 112611 05:43 06:35 08-00.16S 080-29.96E 5383.0 997.6 1000.3 1008.3 8SM404 2011112606 DO,Sal,pH,Nuts,Pig
8S 405 112611 08:42 09:05 08-00.18S 080-30.25E 5386.0 498.3 500.2 506.1 8SM405 2011112609 -
8S 406 112611 11:41 12:15 08-00.18S 080-29.81E 5384.0 498.5 501.2 504.6 8SM406 2011112612 DO,pH,Nuts,Pig
8S 407 112611 14:41 15:03 08-00.03S 080-29.86E 5383.0 497.4 501.5 504.7 8SM407 2011112615 -
8S 408 112611 17:43 18:19 07-59.97S 080-30.03E 5383.0 498.5 502.6 506.0 8SM408 2011112618 DO,pH,Nuts,Pig
8S 409 112611 20:43 21:05 08-00.13S 080-30.04E 5384.0 496.5 502.0 504.7 8SM409 2011112621 -
8S 410 112611 23:44 00:18 08-00.05S 080-29.88E 5383.0 498.9 500.9 505.5 8SM410 2011112700 DO,pH,Nuts,Pig
8S 411 112711 02:42 03:04 08-00.15S 080-30.01E 5384.0 498.3 500.7 505.0 8SM411 2011112703 -
8S 412 112711 05:42 06:35 08-00.18S 080-30.01E 5383.0 999.2 1001.3 1009.2 8SM412 2011112706 DO,Sal,pH,Nuts,Pig
8S 413 112711 08:42 09:04 08-00.22S 080-29.88E 5384.0 495.7 500.8 503.6 8SM413 2011112709 -
8S 414 112711 11:43 12:18 08-00.14S 080-29.85E 5385.0 498.5 502.2 505.6 8SM414 2011112712 DO,pH,Nuts,Pig
8S 415 112711 14:41 15:02 08-00.03S 080-29.68E 5384.0 496.6 500.9 504.7 8SM415 2011112715 -
8S 416 112711 17:43 18:19 08-00.06S 080-30.08E 5384.0 500.1 502.6 506.0 8SM416 2011112718 DO,pH,Nuts,Pig
8S 417 112711 20:44 21:06 07-59.97S 080-29.84E 5386.0 497.8 501.3 505.1 8SM417 2011112721 -
8S 418 112711 23:41 00:15 08-00.14S 080-29.81E 5383.0 498.5 502.2 505.6 8SM418 2011112800 DO,pH,Nuts,Pig
8S 419 112811 02:42 03:04 08-00.23S 080-29.80E 5383.0 498.7 502.7 506.1 8SM419 2011112803 -
8S 420 112811 05:41 06:34 07-59.92S 080-29.80E 5384.0 1003.3 1000.7 1009.3 8SM420 2011112806 DO,Sal,pH,Nuts,Pig

5S 2 112911 06:06 06:44 05-07.70S 078-06.28E 4973.0 997.6 1000.5 1008.4 5SM002 2011112906 DO,Sal,pH,Nuts,Pig
End of Leg2
The header information was
changed form '8S' to '5S'.

Table 5.14-1 CTD Cast table

Stnnbr Castno
Time(UTC) BottomPosition

Depth
Wire
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Max
Depth

Max
Pressure

CTD
Filename

COR
Filename

Sampling Remark



5.15-1 

5.15 Salinity of sampled water 
 
(1) Personnel 
 Kunio Yoneyama  (JAMSTEC) - Principal Investigator (Leg-1) 
 Masaki Katsumata  (JAMSTEC) - Principal Investigator (Leg-2) 
 Fujio Kobayashi  (MWJ)  - Operator (Leg-1) 
 Tamami Ueno   (MWJ)  - Operator (Leg-2) 
 
 
(2) Objective 
 To provide a calibration for the measurement of salinity of bottle water collected on the CTD 
casts and The Continuous Sea Surface Water Monitoring System (TSG). 
 
 
(3) Method 
 
 a. Salinity Sample Collection 

  Seawater samples were collected with 12 liter Niskin-X bottles and TSG. The salinity sample 
bottle of the 250ml brown glass bottle with screw cap was used for collecting the sample water. 
Each bottle was rinsed three times with the sample water, and was filled with sample water to the 
bottle shoulder. The sample bottle was sealed with a plastic inner cap and a screw cap；  the 
thimble being thoroughly rinsed before use. The bottle was stored for more than 18 hours in the 
laboratory before the salinity measurement. 
  The kind and number of samples taken are shown as follows；  
 

Table 5.15-1 Kind and number of samples 
Kind of Samples Number of Samples(Leg1) Number of Samples(Leg2) 
Samples for CTD 52 58 
Samples for TSG 28 32 

Total 80 90 
 
 
 b. Instruments and Method 

  The salinity analysis was carried out on R/V MIRAI during the cruise of MR11-07 Leg1 and 
Leg2 using the salinometer (Model 8400B “AUTOSAL”；  Guildline Instruments Ltd.: S/N 62556) 
with an additional peristaltic-type intake pump (Ocean Scientific International, Ltd.). A pair of 
precision digital thermometers (Model 9540 ；  Guildline Instruments Ltd.) were used. The 
thermometer monitored the ambient temperature and the other monitored a bath temperature.  
  The specifications of the AUTOSAL salinometer and thermometer are shown as follows；  

 
 Salinometer (Model 8400B “AUTOSAL”； Guildline Instruments Ltd.) 
  Measurement Range ： 0.005 to 42 (PSU) 
  Accuracy     ： Better than ±0.002 (PSU) over 24 hours 

without re-standardization 
  Maximum Resolution ： Better than ±0.0002 (PSU) at 35 (PSU) 
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 Thermometer (Model 9540；  Guildline Instruments Ltd.) 
  Measurement Range ： -40 to +180 deg C 

  Resolution    ： 0.001 
  Limits of error ±deg C ： 0.01 (24 hours @ 23 deg C ±1 deg C) 
  Repeatability   ： ±2 least significant digits 

 
  The measurement system was almost the same as Aoyama et al. (2002). The salinometer was 
operated in the air-conditioned ship's laboratory at a bath temperature of 24 deg C. The ambient 
temperature varied from approximately 22 deg C to 24 deg C, while the bath temperature was very 
stable and varied within +/- 0.002 deg C on rare occasion. The measurement for each sample was 
done with a double conductivity ratio and defined as the median of 31 readings of the salinometer. 
Data collection was started 5 seconds after filling the cell with the sample and it took about 10 
seconds to collect 31 readings by a personal computer. Data were taken for the sixth and seventh 
filling of the cell. In the case of the difference between the double conductivity ratio of these two 
fillings being smaller than 0.00002, the average value of the double conductivity ratio was used to 
calculate the bottle salinity with the algorithm for the practical salinity scale, 1978 (UNESCO, 
1981). If the difference was greater than or equal to 0.00003, an eighth filling of the cell was done. 
In the case of the difference between the double conductivity ratio of these two fillings being 
smaller than 0.00002, the average value of the double conductivity ratio was used to calculate the 
bottle salinity. The measurement was conducted in about 4 hours per day and the cell was cleaned 
with soap after the measurement of the day. 

 
 
(4) Results 
 
 (4-1)Results of Leg1 
 
 a. Standard Seawater 

  Standardization control of the salinometer was set to 768 and all measurements were done at 
this setting. The value of STANDBY was 5581 +/- 0001 and that of ZERO was 0.0+0000 or 
0.0+0001. The conductivity ratio of IAPSO Standard Seawater batch P153 was 0.99979 (double 
conductivity ratio was 1.99958) and was used as the standard for salinity. 14 bottles of P153 were 
measured. 

Fig.5.15-1 shows the history of the double conductivity ratio of the Standard Seawater batch 
P153. The average of the double conductivity ratio was 1.99956 and the standard deviation was 
0.00001, which is equivalent to 0.0003 in salinity.  

Fig.5.15-2 shows the history of the double conductivity ratio of the Standard Seawater batch 
P153 after correction. The average of the double conductivity ratio after correction was 1.99958 and 
the standard deviation was 0.00001, which is equivalent to 0.0001 in salinity. 

The specifications of SSW used in this cruise are shown as follows；  
batch            ：   P153 
conductivity ratio  ：  0.99979 
salinity          ：   34.992 
use by           ：   8th

 
 March 2014 
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Fig. 5.15-1: History of double conductivity ratio for the Standard Seawater batch P153 
(before correction) 

 

Fig. 5.15-2: History of double conductivity ratio for the Standard Seawater batch P153 
(after correction) 
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 b. Sub-Standard Seawater 
  Sub-standard seawater was made from deep-sea water filtered by a pore size of 0.45 
micrometer and stored in a 20 liter container made of polyethylene and stirred for at least 24 
hours before measuring. It was measured about every 8 samples in order to check for the 
possible sudden drifts of the salinometer. 

 
 c. Replicate Samples 

  We estimated the precision of this method using 26 pairs of replicate samples taken from 
the same Niskin bottle. The average and the standard deviation of absolute difference among 26 
pairs of replicate samples were 0.0004 and 0.0002 in salinity, respectively. 

 
 
 (4-2)Results of Leg2 
 

a. Standard Seawater 
  Standardization control of the salinometer was set to 768 until 11th November. During 
this period, the value of STANDBY was 24+5581 +/- 0001 and that of ZERO was 0.0±0000. 
Because of changing the standardization value from its first value, the salinometer 
standardization control was set again to 785 at 11th November. After the day, the value of 
STANDBY was 24+5594 +/- 0001 and that of ZERO was 0.0±0000. The conductivity ratio of 
IAPSO Standard Seawater batch P153 was 0.99979 (double conductivity ratio was 1.99958) 
and was used as the standard for salinity. 27 bottles of P153 were measured. 
 

Fig.5.15-3 shows the history of the double conductivity ratio of the Standard Seawater 
batch P153. At first period, the average of the double conductivity ratio was 1.99955 and the 
standard deviation was 0.00002, which is equivalent to 0.0003 in salinity. At second period, the 
average of the double conductivity ratio was 1.99958 and the standard deviation was 0.00002, 
which is equivalent to 0.0003 in salinity. 

 
Fig.5.15-4 shows the history of the double conductivity ratio of the Standard Seawater 

batch P153 after correction. At first period, the average of the double conductivity ratio after 
correction was 1.99958 and the standard deviation was 0.00002, which is equivalent to 0.0003 in 
salinity. At second period, the average of the double conductivity ratio was 1.99958 and the 
standard deviation was 0.00001, which is equivalent to 0.0003 in salinity. 

 
b. Sub-Standard Seawater 

  Sub-standard seawater was made from deep-sea water filtered by a pore size of 0.45 
micrometer and stored in a 20 liter container made of polyethylene and stirred for at least 24 hours 
before measuring. It was measured about every 6 samples in order to check for the possible sudden 
drifts of the salinometer. 

 
 c. Replicate Samples 

  We estimated the precision of this method using 29 pairs of replicate samples taken from the 
same Niskin bottle. The average and the standard deviation of absolute difference among 29 pairs 
of replicate samples were 0.0003 and 0.0003 in salinity, respectively. 
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Fig. 5.15-3: History of double conductivity ratio for the Standard Seawater batch P153 (bfore 
correction).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5.15-4: History of double conductivity ratio for the Standard Seawater batch P153 (after 
correction) 
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(5) Data archive 
 These raw datasets will be submitted to JAMSTEC Data Management Office (DMO). 
 
 
(6) Reference 

・Aoyama, M., T. Joyce, T. Kawano and Y. Takatsuki : Standard seawater comparison up to 
  P129. Deep-Sea Research, I, Vol. 49, 1103～1114, 2002 
・UNESCO : Tenth report of the Joint Panel on Oceanographic Tables and Standards.  
 UNESCO Tech. Papers in Mar. Sci., 36, 25 pp., 1981 
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5.16 Dissolved oxygen of sampled water 
 
(1) Personnel (*: Leg-1, **: Leg-2, ***: Leg-1+2) 
  Kunio Yoneyama*  (JAMSTEC)  - Principal Investigator (Leg-1) 
  Masaki Katsumata*** (JAMSTEC)  - Principal Investigator (Leg-2) 
  Hironori Sato*   (MWJ)   - Operation Leader (Leg-1) 
  Kanako Yoshida*  (MWJ) 
  Shinichiro Yokogawa**(MWJ)   - Operation Leader (Leg-2) 
 
(2) Objectives 

Determination of dissolved oxygen in seawater by Winkler titration. 
 
(3) Instruments and Methods 

Following procedure is based on an analytical method, entitled by “Determination of dissolved oxygen in 
sea water by Winkler titration”, in the WHP Operations and Methods (Dickson, 1996). 

 
a. Instruments 

Burette for sodium thiosulfate and potassium iodate: 
APB-620 manufactured by Kyoto Electronic Co. Ltd. / 10 cm3 of titration vessel. 

  Detector:  
Automatic photometric titrator (DOT-01X) manufactured by Kimoto Electronic Co. Ltd. 

Software: 
DOT Terminal version 1.2.0 

 
b. Reagents 

Pickling Reagent I: Manganese chloride solution (3 mol dm-3) 
Pickling Reagent II: Sodium hydroxide (8 mol dm-3) / sodium iodide solution (4 mol dm-3) 
Sulfuric acid solution (5 mol dm-3) 
Sodium thiosulfate (0.025 mol dm-3) 
Potassium iodide (0.001667 mol dm-3) 
CSK standard of potassium iodide:  
Lot EPJ3885, Wako Pure Chemical Industries Ltd., 0.0100N 

 
c. Sampling 

Seawater samples were collected with Niskin bottle attached to the CTD-system and surface 
bucket sampler. Seawater for oxygen measurement was transferred from sampler to a volume 
calibrated flask (ca. 100 cm3). Three times volume of the flask of seawater was overflowed. 
Temperature was measured by digital thermometer during the overflowing. Then two reagent 
solutions (Reagent I and II) of 0.5 cm3 each were added immediately into the sample flask and the 
stopper was inserted carefully into the flask. The sample flask was then shaken vigorously to mix the 
contents and to disperse the precipitate finely throughout. After the precipitate has settled at least 
halfway down the flask, the flask was shaken again vigorously to disperse the precipitate. The 
sample flasks containing pickled samples were stored in a laboratory until they were titrated. 

 
d. Sample measurement 

At least two hours after the re-shaking, the pickled samples were measured on board. 1 cm3 
sulfuric acid solution and a magnetic stirrer bar were added into the sample flask and stirring began. 
Samples were titrated by sodium thiosulfate solution whose morality was determined by potassium 
iodate solution. Temperature of sodium thiosulfate during titration was recorded by a digital 
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thermometer. During this cruise, we measured dissolved oxygen concentration using 2 sets of the 
titration apparatus. Dissolved oxygen concentration (µmol kg-1) was calculated by sample 
temperature during seawater sampling, CTD salinity, flask volume, and titrated volume of sodium 
thiosulfate solution without the blank.  

 
e. Standardization and determination of the blank 

Concentration of sodium thiosulfate titrant was determined by potassium iodate solution. Pure 
potassium iodate was dried in an oven at 130 oC. 1.7835 g potassium iodate weighed out accurately 
was dissolved in deionized water and diluted to final volume of 5 dm3 in a calibrated volumetric 
flask (0.001667 mol dm-3). 10 cm3 of the standard potassium iodate solution was added to a flask 
using a volume-calibrated dispenser. Then 90 cm3 of deionized water, 1 cm3 of sulfuric acid solution, 
and 0.5 cm3 of pickling reagent solution II and I were added into the flask in order. Amount of 
titrated volume of sodium thiosulfate (usually 5 times measurements average) gave the morality of 
sodium thiosulfate titrant.  

The oxygen in the pickling reagents I (0.5 cm3) and II (0.5 cm3) was assumed to be 3.8 x 10-8 
mol (Murray et al., 1968). The blank due to other than oxygen was determined as follows. 1 and 2 
cm3 of the standard potassium iodate solution were added to two flasks respectively using a 
calibrated dispenser. Then 100 cm3 of deionized water, 1 cm3 of sulfuric acid solution, and 0.5 cm3 
of pickling reagent solution II and I each were added into the flask in order. The blank was 
determined by difference between the first (1 cm3 of KIO3) titrated volume of the sodium thiosulfate 
and the second (2 cm3 of KIO3) one. The results of 3 times blank determinations were averaged.  
 
 

(4) Preliminary Results 
Table 5.16-1 shows results of the standardization and the blank determination during this cruise. 

 
 

Table 5.16-1: Results of the standardization and the blank determinations. 
 

Data KIO3 ID Na2S2O3 
DOT-01X(No.7) DOT-01X(No.8) 

E.P. Blank E.P. Blank 

2011/09/27 CSK 20110602-22 3.947 -0.005 3.953 0.000 

2011/09/27 20110523-03-01 20110602-22 3.951 -0.005 3.956 0.000 

2011/10/02 20110523-03-02 20110602-22 3.956 -0.004 3.959 0.004 

2011/10/06 20110523-03-03 20110602-22 3.956 -0.003 3.960 0.003 

2011/10/06 20110523-03-03 20110602-24 3.951 -0.003 3.957 0.002 

2011/10/10 20110523-03-04 20110602-24 3.953 -0.002 3.958 0.004 

2011/10/14 20110523-03-05 20110602-24 3.955 -0.002 3.960 0.003 

2011/10/18 20110523-03-06 20110602-24 3.957 0.001 3.961 0.006 

2011/10/18 20110523-03-06 20110602-25 3.953 -0.003 3.958 0.004 

2011/10/22 20110523-03-07 20110602-25 3.953 -0.002 3.958 0.004 

2011/10/25 20110523-03-08 20110602-25 3.953 -0.002 3.958 0.004 
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Table 5.16-1 (cont’d) 
 

Data KIO3 ID Na2S2O3 
DOT-01X(No.5) DOT-01X(No.6) 

E.P. Blank E.P. Blank 

2011/10/30 20110523-03-09 20110602-26 3.947 -0.003 3.953 0.001 

2011/11/03 20110523-03-10 20110602-26 3.949 -0.001 3.953 0.002 

2011/11/07 20110523-04-01 20110602-26 3.951 -0.002 3.955 0.004 

2011/11/07 CSK 20110602-26 3.947 -0.002 3.950 0.004 

 

Data KIO3 ID Na2S2O3 
DOT-01X(No.5) DOT-01X(No.8) 

E.P. Blank E.P. Blank 

2011/11/11 20110523-04-02 20110602-26 3.952 -0.001 3.955 0.002 

2011/11/15 20110523-04-03 20110602-26 3.955 -0.001 3.954 0.001 

2011/11/18 20110523-04-09 20110602-26 3.959 0.002 3.959 0.002 

2011/11/18 20110523-04-09 20110602-27 3.951 -0.002 3.955 0.001 

2011/11/23 20110523-04-04 20110602-27 3.951 -0.003 3.955 0.002 

2011/11/28 20110523-04-05 20110602-27 3.951 -0.003 3.955 0.000 

 
 

f. Repeatability of sample measurement 
Replicate samples were taken at every CTD casts. Total amount of the replicate sample pairs of 

good measurement was 413. The standard deviation of the replicate measurement was 0.15 µmol 
kg-1 that was calculated by a procedure in Guide to best practices for ocean CO2 measurements 
Chapter4 SOP23 Ver.3.0 (2007).  

 
 
(5) Data archive 
 All raw datasets will be submitted to JAMSTEC Data Management Office (DMO). 
 
 
(6) References 

Dickson, A.G., Determination of dissolved oxygen in sea water by Winkler titration. (1996) 
Dickson, A.G., Sabine, C.L. and Christian, J.R. (Eds.), Guide to best practices for ocean CO2 
measurements. (2007) 
Culberson, C.H., WHP Operations and Methods July-1991 “Dissolved Oxygen”, (1991) 
Japan Meteorological Agency, Oceanographic research guidelines（Part 1）. (1999) 
KIMOTO electric CO. LTD., Automatic photometric titrator DOT-01X Instruction manual 



5.17-1 

5.17  Nutrients of sampled water 
 
(1) Personnel (*: Leg-1, **: Leg-2, ***: Leg-1+2) 
 Kunio Yoneyama*  (JAMSTEC) - Principal Investigator (Leg-1) 
 Masaki Katsumata*** (JAMSTEC) - Principal Investigator (Leg-2) 
 Masanori Enoki*  (MWJ)  - Operator (Leg-1) 
 Yasuhiro Arii**  (MWJ)  - Operator (Leg-2) 
 
(2) Objectives 

The vertical and horizontal distributions of the nutrients are one of the most important factors on 
the primary production.  During this cruise nutrient measurements will give us the important 
information on the mechanism of the primary production or seawater circulation.  
 
(3) Methods  

Nutrient analysis was performed on the BL-Tech QUAATRO system.  The laboratory temperature 
was maintained between 23-25 deg C. 

The analytical methods of the nutrients, nitrate, nitrite, silicate and phosphate, during this cruise 
were same as the methods used in Kawano et al. (2009). 

 
a. Measured Parameters 

Nitrate + nitrite and nitrite were analyzed according to the modification method of 
Grasshoff (1970). The sample nitrate was reduced to nitrite in a cadmium tube inside of which 
was coated with metallic copper. The sample streamed with its equivalent nitrite was treated 
with an acidic, sulfanilamide reagent and the nitrite forms nitrous acid which reacted with the 
sulfanilamide to produce a diazonium ion. N-1-Naphthylethylene-diamine added to the sample 
stream then coupled with the diazonium ion to produce a red, azo dye. With reduction of the 
nitrate to nitrite, both nitrate and nitrite reacted and were measured; without reduction, only 
nitrite reacted. Thus, for the nitrite analysis, no reduction was performed and the alkaline 
buffer was not necessary. Nitrate was computed by difference. 

Absorbance of 550 nm by azo dye in analysis is measured using a 1 cm length cell for 
nitrate and 3 cm length cell for nitrite. 
 

The silicate method was analogous to that described for phosphate. The method used was 
essentially that of Grasshoff et al. (1983), wherein silicomolybdic acid was first formed from 
the silicate in the sample and added molybdic acid; then the silicomolybdic acid was reduced 
to silicomolybdous acid, or "molybdenum blue" using ascorbic acid as the reductant. 

Absorbance of 630 nm by silicomolybdous acid in analysis is measured using a 1 cm length 
cell. 

 
The phosphate analysis was a modification of the procedure of Murphy and Riley (1962). 

Molybdic acid was added to the seawater sample to form phosphomolybdic acid which was in 
turn reduced to phosphomolybdous acid using L-ascorbic acid as the reductant. 

Absorbance of 880 nm by phosphomolybdous acid in analysis is measured using a 1 cm 
length cell. 
 
 



b. Nutrients Standard 
 
Specifications 

For nitrate standard, “potassium nitrate 99.995 Suprapur®” provided by Merck, CAS 
No.: 7757-91-1, was used. 

For nitrite standard, “sodium nitrate” provided by Wako, CAS No.: 7632-00-0, was 
used. The assay of nitrite salts was determined according JIS K8019 were 98.31%. We used 
that value to adjust the weights taken. 

For phosphate standard, “potassium dihydrogen phosphate anhydrous 99.995 
Suprapur®” provided by Merck, CAS No.: 7778-77-0, was used. 

For the silicate standard, we use “Silicon standard solution SiO2 in NaOH 0.5 mol/l 
CertiPUR®” provided by Merck, CAS No.: 1310-73-2, of which lot number HC097572 
was used. The silicate concentration was certified by NIST-SRM3150 with the uncertainty 
of 0.5 %. Factor of HC097572 was signed 1.000, however we reassigned the factor as 
0.976 from the result of comparison among HC074650 and RMNS in MR11-E02 cruise. 

Ultra pure water (Milli-Q) freshly drawn was used for preparation of reagent, standard 
solutions and for measurement of reagent and system blanks. 

 
Concentrations of nutrients for A, B and C standards 

Concentrations of nutrients for A, B and C standards (working standards) were set as 
shown in Table 5.17.1 Then the actual concentration of nutrients in each fresh standard was 
calculated based on the ambient temperature, solution temperature and determined factors 
of volumetric laboratory wares. 

The calibration curves for each run were obtained using 4 levels working standards, 
C-1, C-2, C-3, and C-4. 

 
Table 5.17.1 Nominal concentrations of nutrients for A, B and C standards. 

 A B C-1 C-2 C-3 C-4 
Nitrate (μmol/l) 22000 900 0.05 9.4 28.1 46.9 
Nitrite (μmol/l) 4000 40 0.01 0.4 1.2(0.8) 1.9(1.6) 
Silicate (μmol/l) 36000 1385 1.39 15.2 42.8 70.6 
Phosphate (μmol/l) 3000 60 0.05 0.7 1.8 3.1 

Value in parentheses was used to calibration curve for Cast 001-017. 
 

c. Sampling Procedures 
Sampling of nutrients followed that oxygen and pH. Samples were drawn into two of virgin 

10 ml polyacrylates vials without sample drawing tubes. These were rinsed three times before 
filling and vials were capped immediately after the drawing. The vials were put into water bath 
adjusted to ambient temperature, 24 ± 1 deg. C, in about 30 minutes before use to stabilize the 
temperature of samples. The samples of bottle 15, 21 and 20 (or 19) were measured in replicate 
and the rest were measured in single on each sample run. 

No transfer was made and the vials were set an auto sampler tray directly. Samples were 
analyzed after collection basically within 24 hours. 

Sets of 4 different concentrations for nitrate, nitrite, silicate, phosphate of the shipboard 
standards were analyzed at beginning and end of each group of analysis. The standard solutions 



of highest concentration were measured every 10 - 12 samples and were used to evaluate 
precision of nutrients analysis during the cruise. We also used reference material for nutrients in 
seawater, RMNS (KANSO Co., Ltd., Lot BT), for every 3 runs to secure comparability on 
nutrient analysis throughout the cruise. We used same serial RMNS for 6 days. 

 
d. Low Nutrients Sea Water (LNSW) 

Surface water having low nutrient concentration was taken and filtered using 0.45 µm pore 
size membrane filter. This water was stored in 20 liter cubitainer with paper box. The 
concentrations of nutrient of this water were measured carefully in January 2011. 

 
(4) Results 

Analytical precisions in this cruise Leg1 were 0.14% for nitrate, 0.22% for nitrite, 0.15% for 
silicate, 0.25% for phosphate in terms of median of precision, respectively. Analytical precisions in 
Leg2 were 0.09% for nitrate, 0.11% for nitrite, 0.11% for silicate, 0.17% for phosphate in terms of 
median of precision, respectively. Results of analytical precisions for nitrate, nitrite, silicate and 
phosphate are shown in Table 5.17.4.1 and Table 5.17.4.2 for the cast’s comparability.  

Results of RMNS analysis are shown in Table 5.17.4.3 and Table 5.17.4.4 for the cast’s 
comparability. 
 

Table 5.17.4.1 Summary of precision based on the analyses at Leg1. 
 Nitrate Nitrite Silicate Phosphate 
 CV % CV % CV % CV % 
Median 0.14 0.22 0.15 0.25 
Mean 0.14 0.22 0.14 0.26 
Maximum 0.27 0.45 0.23 0.53 
Minimum 0.06 0.07 0.04 0.06 
N 26 26 26 26 

 
Table 5.17.4.2 Summary of precision based on the analyses at Leg2. 

 Nitrate Nitrite Silicate  Phosphate 
 CV % CV % CV % CV % 
Median 0.09 0.11 0.11 0.17 
Mean 0.10 0.11 0.10 0.16 
Maximum 0.20 0.22 0.18 0.26 
Minimum 0.03 0.04 0.02 0.07 
N 29 29 29 29 

 
 
 



Table 5.17.4.3 Results of RMNS Lot BT analysis in this cruise Leg1.

Date(UTC) Serial Cast 
Nitrate 

(µmol/kg) 
Nitrite 

(µmol/kg) 
Silicate 

(µmol/kg) 
Phosphate 
(µmol/kg) 

30 Sep 1977 001 18.20 0.46 40.65 1.319 

1 Oct 1364 003,005 18.12 0.45 40.85 1.321 

1 Oct 1364 007,009 18.19 0.46 40.98 1.292 

2 Oct 1364 011,013,015,017 18.22 0.46 40.96 1.310 

3 Oct 1364 019,021,023,025 18.22 0.45 40.95 1.308 

4 Oct 510 027,029,031,033 18.27 0.46 41.11 1.322 

5 Oct 510 035,037,039,041 18.15 0.46 40.70 1.303 

6 Oct 510 043,045,047,049 18.23 0.47 40.94 1.321 

7 Oct 789 051,053,055,057 18.22 0.46 41.02 1.319 

8 Oct 789 059,061,063,065 18.24 0.46 40.75 1.321 

9 Oct 789 067,069,071,073 18.20 0.46 40.80 1.304 

10 Oct 1314 075,077,079,081 18.21 0.46 40.99 1.318 

11 Oct 1314 083,085,087,089 18.24 0.46 40.92 1.314 

12 Oct 1314 091,093,095,097 18.20 0.46 40.93 1.317 

13 Oct 1035 099,101,103,105 18.17 0.48 40.96 1.319 

14 Oct 1035 107,109.111.113 18.19 0.47 40.83 1.341 

15 Oct 1035 115,117,119,121 18.35 0.45 41.05 1.320 

16 Oct 252 123,125,127,129 18.25 0.46 40.83 1.331 

17 Oct 252 131,133,135,137 18.19 0.47 40.72 1.346 

18 Oct 252 139,141,143,145 18.17 0.47 40.77 1.345 

19 Oct 716 147,149,151,153 18.18 0.46 40.82 1.351 

20 Oct 716 155,157,159,161 18.21 0.48 40.67 1.329 

21 Oct 716 163,165,167,169 18.16 0.47 40.51 1.300 

22 Oct 1879 171,173,175,177 18.17 0.47 40.72 1.312 

23 Oct 1879 179,181,183,185 18.20 0.46 40.85 1.309 

24 Oct 1879 187,189,191,193 18.42 0.46 40.62 1.312 

Median 
S.D. 

18.20 
±0.08 

0.46 
±0.01 

40.83 
±0.15 

1.319 
±0.014 



Table 5.17.4.4 Results of RMNS Lot BT analysis in this cruise Leg2. 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Date(UTC) Serial Cast 
Nitrate 

(µmol/kg) 
Nitrite 

(µmol/kg) 
Silicate 

(µmol/kg) 
Phosphate 
(µmol/kg) 

31 Oct 739 194,196 18.11 0.46 40.58 1.314 

1 Nov 739 198,200,202,204 18.19 0.46 40.85 1.333 

2 Nov 739 206,208,210,212 18.18 0.46 40.81 1.315 

3 Nov 1080 214,216,218,220 18.19 0.45 40.77 1.315 

4 Nov 1080 222,224,226,228 18.22 0.46 40.81 1.319 

5 Nov 1080 230,232,234,236 18.25 0.46 40.84 1.319 

6 Nov 1532 238,240,242,244 18.23 0.46 41.00 1.318 

7 Nov 1532 246,248,250,252 18.24 0.45 40.81 1.325 

8 Nov 1532 254,256,258,260 18.23 0.45 40.83 1.319 

9 Nov 1429 262,264,266,268 18.26 0.45 40.78 1.333 

10 Nov 1429 270,272,274,276 18.26 0.46 40.86 1.332 

11 Nov 1429 278,280,282,284 18.25 0.47 41.06 1.322 

12 Nov 1629 286,288,290,292 18.24 0.46 40.83 1.313 

13 Nov 1629 294,296,298,300 18.16 0.46 40.84 1.310 

14 Nov 1629 302,304,306,308 18.16 0.46 40.73 1.297 

15 Nov 1018 310,312,314,316 18.27 0.46 41.01 1.316 

16 Nov 1018 318,320,322,324 18.24 0.46 40.83 1.327 

17 Nov 1018 326,328,330,332 18.18 0.46 40.66 1.328 

18 Nov 0877 334,336,338,340 18.09 0.46 40.60 1.320 

19 Nov 0877 342,344,346,348 18.32 0.46 40.91 1.328 

20 Nov 0877 350,352,354,356 18.26 0.47 40.90 1.324 

21 Nov 0430 358,360,362,364 18.29 0.46 40.93 1.329 

22 Nov 0430 366,368,370,372 18.21 0.47 40.75 1.323 

23 Nov 0430 374,376,378,380 18.30 0.46 40.88 1.326 

24 Nov 0440 382,384,386,388 18.28 0.47 40.91 1.337 
25 Nov 0440 390,392,394,396 18.29 0.47 40.93 1.332 
26 Nov 0440 398,400,402,404 18.33 0.47 40.95 1.316 
27 Nov 0491 406,408,410,412 18.29 0.46 40.93 1.332 
28 Nov 0491 414,416,418,420 18.20 0.45 40.96 1.328 

Median 
S.D. 

18.24 
±0.06 

0.46 
±0.01 

40.84 
±0.11 

1.323 
±0.009 



(5) Data Archive  
All data will be submitted to JAMSTEC Data Management Office (DMO) and is currently under 

its control. 
 
(6) Reference 
Grasshoff, K. (1970), Technicon paper, 691-57. 
Grasshoff, K., Ehrhardt, M., Kremling K. et al. (1983), Methods of seawater analysis. 2nd rev. 
Weinheim: Verlag Chemie, Germany, West. 
Kawano, T., Uchida, H. and Doi, T. WHP P01, P14 REVISIT DATA BOOK, (Ryoin Co., Ltd., 
Yokohama, 2009). 
Murphy, J., and Riley, J.P. (1962), Analytica chim. Acta 27, 31-36. 
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5.18 Chlorophyll a of sampled water 
  
(1) Personal (*: Leg-1, **: Leg-2, ***: Leg-1+2) 
   Kunio Yoneyama*  (JAMSTEC)  - Principal Investigator (Leg-1) 
   Masaki Katsumata***  (JAMSTEC)    - Principal Investigator (Leg-2) 
   Masahiro Orui*    (MWJ)    - Operation leader (Leg-1) 
   Hironori Sato*    (MWJ) 
   Kanako Yoshida*   (MWJ) 
   Satoshi Ozawa*    (MWJ) 
   Shinsuke Toyoda*   (MWJ) 
   Shungo Oshitani*   (MWJ) 
  Yuuki Miyajima*   (MWJ) 
   Miyo Ikeda**    (MWJ)   - Operation leader (Leg-2) 
   Shinichiro Yokogawa** (MWJ) 
 
(2) Objectives 
 We measured total chlorophyll a in seawater by using the fluorometric method. 
 
(3) Instruments and Methods  
   (a) Reagents 
 Standard; chlorophyll a standard (SIGMA-ALDRICH Japan K.K.) 
 Extraction and dilution solutions; N,N-dimethylformamide 

(Wako Pure chemical Industries, Ltd.) 
 Acidification reagent; 1.0 M HCl (Wako Pure chemical Industries, Ltd.) 
   (b) Instruments 
 Spectorophotometer: UV-2400PC, manufactured by SHIMADZU CORPORATION 

Fluorometer : 10-AU-005 manufactured by Turner Designs 
             Analytical condition was listed in table 5.18-1. 
   (c) Method 
 Acidification method (Holm-Hansen et al., 1965) 
 
(4) Sampling 

Following procedure is based on “Fluorometric determination of chlorophyll”  (Holm-Hansen et 
al., 1965). We collected samples from 10 - 12 depths between the surface and 500 m with bucket and Niskin 
bottles attached to the CTD-system.  

Water samples were transferred to shading Nalgene bottles (ca. 500 cm3) from bucket and Niskin 
bottles. After sampling, water samples were vacuum-filtrated (<0.02MPa) through 25mm-diameter Whatman 
GF/F filter. Phytoplankton pigments retained on the filters were immediately extracted in a polypropylene 
tube with 7 ml of N,N-dimethylformamide. The tubes were stored at –20°C under the dark condition to extract 
chlorophyll a for 24 hours or more. 
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(5) Standardization 
 The fluorometer was calibrated with a chlorophyll a standard in each cruise. The chlorophyll a standard 
concentration was determined by spectorophotometer. We prepared 9 dilutions from the chlorophyll a 
standard. Dilutions measuring with the fluorometer were taken before (Fo) and after acidification (Fa) with 2 
drops 1.0 M HCl. We calculated linear calibration factor (Kx) and the acidification coefficient (Fm) from 
dilutions measurement data. The blank of DMF also measured with the fluorometer. The Blank value was 
subtracted from Fo and Fa. 
 
(6) Sample measurement 
 Following extraction, samples were removed from freezer in the dark room and the fluorometer was 
allowed to warm up and stabilize for 1 hour prior to measure. We measured Working Standard solution (ca. 
20-30 ug/L) and DMF blank each 10 - 15 samples. Working Standard solution was measured for corrected Kx 
and Fm. All samples were measured on board. 
 
(7) Repeatability of sample measurement 

During this cruise we measured Total chlorophyll a concentration in 2415 seawater samples at 211 
casts. Replicate samples were taken at every CTD casts. The relative standard deviation of the replicate 
measurement was shown the table 5.18-2. 
 
(8) Preliminary Results 

The result of total chlorophyll a was shown as the vertical distribution (Figure 5-18).  
 
(9) Data archive 

All data will be submitted to JAMSTEC Data Management Office (DMO). 
 
(10) Reference 

 (1) Holm-Hansen, O., Lorenzen, C. J., Holmes, R.W., J. D. H. Strickland 1965.Fluorometric determination 
of chlorophyll. J. Cons. Cons. Int. Explor. Mer. 30, 3-15. 

(2) SHIMADZU CORPORATION 1996. UV-2400PC Instruction manual 
(3) TURNER Designs 1992. MODEL 10-AU-005 LABORATORY FIELD FLUOROMETER USER’S 

MANUAL 
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Table 5.18-1: Analytical conditions of “Acidification method” for chlorophyll a with Turner Designs 
fluorometer (10-AU-005) 

          Acidification method 
Excitation filter (nm)    340-500 
Emission filter (nm) >665 

Lamp Daylight White 
 
 

Table 5.18-2: Repeatability of sample measurement 
Leg Leg1 Leg2 

Number of replicate samples 97 114 
R.S.D. (%) 4.8 3.2 

 

 

 

 
 

 

 
 

 

Figure 5.18-1: Vertical distribution of chlorophyll a concentration (µg/L) at Stn.8S in this cruise. 
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5.19 pH of sampled water 
 
(1) Personnel (*: Leg-1, **: Leg-2, ***: Leg-1+2) 
     Kunio Yoneyama *  (JAMSTEC) - Principal Investigator (Leg-1) 
     Masaki Katsumata***  (JAMSTEC) - Principal Investigator (Leg-2) 
   Ayaka Hatsuyama*  (MWJ)  - Operation leader (Leg-1) 
   Hironori Satoh*   (MWJ) 
   Kanako Yoshida*  (MWJ) 
   Makoto Takada**  (MWJ)  - Operation leader (Leg-2) 
   Minoru Kamata**  (MWJ) 
 
(2) Objective  

In order to solve the mechanism of the Madden-Julian Oscillation (MJO) development, the vertical 
distribution of salinity, dissolved oxygen, nutrients, Chlorophyll-a and pH were measured in the equatorial 
Indian Ocean. We here report on board measurements of pH during MR11-07 cruise. 
 
(3) Methods, Apparatus and Performance  
(3)-1 Seawater sampling  

Seawater samples were collected by 12 liter Niskin bottles mounted on the CTD/Carousel Water 
Sampling System and a bucket. Seawater was sampled in a 100 ml glass bottle that was previously soaked in 
5 % non-phosphoric acid detergent (pH13) solution at least 3 hours and was cleaned by fresh water for 5 times 
and Milli-Q ultrapure water for 3 times. A sampling silicone rubber tube with PFA tip was connected to the 
Niskin bottle when the sampling was carried out. The glass bottles were filled from the bottom smoothly, 
without rinsing, and were overflowed for 2 times bottle volume (about 10 seconds) with care not to leave any 
bubbles in the bottle. The water in the bottle was sealed by a glass made cap gravimetrically fitted to the bottle 
mouth without additional force. After collecting the samples on the deck, the bottles were carried into the lab 
and put in the water bath kept about 25 deg C before the measurement. 
 
(3)-2 Seawater analyses  

pH (-log[H+]) of the seawater was measured potentiometrically in the glass bottles.  The pH / Ion 
meter (Radiometer PHM240) is used to measure the electromotive force (e.m.f.) between the glass electrode 
cell (Radiometer pHG201) and the reference electrode cell (Radiometer REF201) in the sample with its 
temperature controlled to 25 +/- 0.05 deg C. 

 
Ag, AgCl reference electrode | solution of KCl || test solution | H+ -glass electrode. 
 
To calibrate the electrodes, the TRIS buffer (Lot=110525, 100715: pH=8.0910, 8.0906 pH units at 

25 deg C, Delvalls and Dickson, 1998) and AMP buffer (Lot=110526, 100720: pH=6.7845, 6.7838 pH units at 
25 deg C, DOE, 1994) in the synthetic seawater (Total hydrogen ion concentration scale) were applied. pHT of 
seawater sample (pHspl) is calculated from the expression: 

 
pHspl = pHTRIS + (ETRIS – Espl ) / ER 
  

where electrode response ER is calculated as follows: 
 

ER = (EAMP – ETRIS) / (pHTRIS – pHAMP)   
    

ER value should be equal to the ideal Nernst value as follows: 
ER = RT LN(10) / F = 59.16 mV / pH units at 25 deg C 
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(4) Preliminary results 

A replicate analysis of seawater sample was made at 2 layers (ex. 80 and 200 m depth) of cast. The 
difference between each pair of analyses was plotted on a range control chart (see Figure 5.19-1). The average 
of the difference was 0.001 pH units (n = 396 pairs) with its standard deviation of 0.001 pH units. These 
values were lower than the value recommended by Guide (Dickson et al., 2007). 
 
(5) Data Archive  
  All data will be submitted to JAMSTEC and is currently under its control.  
 
(6) Reference  

DelValls, T. A. and Dickson, A. G., 1998. The pH of buffers based on 
2-amino-2-hydroxymethyl-1,3-propanediol (‘tris’) in synthetic sea water. Deep-Sea Research Ⅰ  45, 
1541-1554. 

Dickson, A. G., C. L. Sabine and J. R. Christian, Eds. (2007): Guide to best practices for ocean CO2 
measurements, PICES Special Publication 3, 199pp. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5.19-1: Range control chart of the absolute differences of replicate measurements of pH carried out 
during the cruise. AVE represents the average value, UCL upper control limit (UCL = AVE * 3.267), and 
UWL upper warning limit (UWL = AVE * 2.512) (Dickson et al., 2007).  
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