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Preface

We, Ocean General Circulation Observational Research Program of IORGC (Institute of
Observational Research for Global Change), published four data books after WHP (World Ocean
Circulation Experiment Hydrographic Program) revisits along P1TN, P6, AL0, [3/14, P3, P10, so far.
It is our great pleasure that quite a few scientists in the world accepted our activities not only as
references for their scientific works but also even as text books for education.

In 2007, we carried out two cruises on BV Mirai of JAMSTEC (Japan Agency for Marine
Earth Science and Technology) as “The Northen Cross Expedition of Mirai” in order to complete
our interim research plan for the period from 2004 through 2008. Target of the cruises was to
re-occupy WHP-P1 and WHP-P14 lines.

WHP-P1 is the line occupied in 1985 by United States (Chief Scientist was Dr. Talley) and
is the first WHP line that the guality of provided data almost the WOCE standard from the
re-pecupation by Japan in 1999 Through the re-occupation of WHP-PL, the warming of bottom
waters in the North Pacific Sub-arctic was detected and a new view point of changes in the
meridonal overturn was introduced. This re-occupation of WHP-P1 succeeded in demonstrating the
fact that a re-occupation of a WHP line with as high data quality as WOCE standard was so powerful
to promote studies on climatic changes in the ocean especially in the deeper layer.

The third time re-occupation of WHP-P1, which is highlighted in this book, has objectives
not only for confirming the bottom water warming. [t is to detect Bio-Geochemical changes in the
Morth Pacific Sub-arctic gyre because as far as carbon items concern, this cruise can be regarded as
the second time re-occupation. Bio-Geochemical time series stations of K.1(Japan) and P(Canada) are
located in the western and the eastern ends of WHP-P1, respectively. Of these stations, K1 was
established after the second time re-occupation of WHP-P1. Amount of new knowledge are expected
to be brought through a comprehensive analysis of data from the WHP re-occupation and from time
series stations.

WHP-P14 is the line along the meridian of 175°E. This line was occupied during 1992
though 1996 by three cruises of PL4C, P14N and P145 (Chief Scientists were Drs. Roden,
Roemmich and Bullister, respectively). This line was selected to be re-occupied as the last long
hydrographic ocean observation of the interim research plan of Ocean General Circulation

Observational Research Program of IORGC because of two main reasons. The first one is to prepare

new data sets of carbon items and of Freons in the center of the Pacific together with other data sets
to bound the eastern extension of the bottom water warming. The second one is on rather long history.
Japan Meteorological Agency has been declared to re-occupy WHP-P13 along 165°E since 2002
with the same data quality as of WOCE standard. The re-occupation of WHP-P13 was expected but
it did not come true yet. On the other hand, the needs for hydrographic high quality data sets have
become larger for the ocean climate research in the center of the Pacific. So, we decided to re-cceupy
WHP-P14, which is located close o WHP-PI3, without interrupting the plan of Japan
Meteorological Agency, though possible re-occupation of any zonal WHP line was more appropriate

for us to estimate the meridonal heat, sea water and material transports.

Finally, we would like to express our gratitude to all participants and erews of the RV Mirai
of the Japan Agency for Manne-earth Science and Technology, for their assistance in carrying out these
cruises. The research system of JAMSTEC will be reformed largely in the fiscal vear of 2001, however,
we would like to continue our effort to re-occupy WHP lines with a vision of realizing a reliable
prediction of global climate change. Data from those observations will be disseminated through our
data book and web-sites of [ORGC (httpy/www jamstec.go.jp/iorge/ocorp/data‘post-wace.html),
JTAMSTEC{http://www. jamstec.go. jp/mirai/index.eng html), JRHCP{Intemational Repeat Hydrography
and Carbon Project; hittpfechdo.uesd. edw/index hitml), and CDIAC (Carbon Dioxide Information
Analysis Center;  httprfediac.oml govioceansRpeatSections/repeat_map.html). No permission is
required to reproduce our data books and CDs. We only would like to ask a favor of all scientists to
refer our data book of repeat hydrography as often as possible because such references prove that our
efforts help the science not only of ourselves but also of all oceanographers and can make our activities

for repeat hydrography sustainable.

On International Day of Disabled Parsons at Yokosuka

Masao Fukasawa
Director-General, IORGC/IJAMSTEC

Program Director, Ocean General Circulation Observational

IORGC/IIAMSTEC

Besearch Program of






1 Cruise Narrative

1.1 Highlight

Cruise Code :

GHPO Section designation:

Chief Scientist:

Ship:

Ports of Call:

Cruise Date:

MRO7-04 and MRO7-06

Pl and P14

Takeshi Kawano (MRO7-04 and MRO7-06 Leg.1)
kawnaot(@jamstec.go jp

Akihiko Murata (MRO7-06 Leg.2)

akihiko. murataf@jamstec_go.jp

Ogean General Circulation Observational Research Program
Institute of Observational Research for Global Change
Japan Agency for Marine-earth Science and Technology
2-15, Naisushima, Yokosuka, Japan 237-0061

Fax: +81-46-B67-09455

RV MIRAIL

MRO7-04 Sekinehama - Hachinohe — Dutch Harbor
MROT-06 Leg. 1 Sekinehama — Hachinohe — Majuro
MRO7-06 Leg.2 Majuro - Auckland

MROT-04 July 24, 2007 - September 3, 2007
MRO7-06 Leg. 1 October 8, 2007 — November 20, 2007

MRO7-06 Leg.2

Movember 22, 2007 - December 26, 2007

Number of Stations: MROT-04

MROT-06 Leg.1

MRO7-06 Leg.2
Geographic boundaries: MROT-04
MRO7-06
Floats and drifters deployed:

MROT-04

MROT-06

Muooring deployved or recovered mooring:

1.2 Cruise Summary

(1) Station occupied
MRO7-04

%8 stations
143 statons

129 stations

145°27.26"E - 124°58.91" W
47701837 N -39°4132" N
152°05.43" E -173°50.67"W

59°00.11°N - 35°38.06'S

5 floats

14 floats

NONE

A total of 88 stations was occupied using a Sea Bird Electronics 36 position carousel equipped

with 12 liter Niskin X water sample bottles, a SBE911plus equipped with SBE35 deep ocean standards

thermometer, SBE43 oxvgen sensor, AANDERAA “optode™ oxgen sensor and Benthos Inc. Altimeter

and EDI Monitor ADCP. XCTDs were deploved at 128 stations. Cruise track and station location are

shown in Figure 1.2.1(a).



140°E 160°E 180" 160"W 140"W 1200W temperature, salinity, oxygen, surface current, bathvmetry and meteorological parameters were
Lot : conducted along the cruise track.

140°E 160°E 180 160°"W 140°W 1200W
60°'N ! :
50°N

40°N 50'N

Fig.1.2.1 (a) Cruise Track and hydrographic stations. Solid circle (o) and Triangle (£\)

represents CTD station and XCTD station, respectively. Open circle (o) shows a position 30°N
where ARGO floats were deployed.
20°N
MRO7-06

Afotal GF272 stations (143 for Lol and 129 Tt Leg.2) was occupied wsing & Sea Bia.  1ON
Electronics 36 position carousel equipped with 12 liter Niskin X water sample bottles, a SBE®11plus
equipped with SBE3S deep ocean standards thermometer, SBE43 oxygen sensor, AANDERAA “optode™
oxgen sensor and Benthos Inc. Altimeter and RDI Monitor ADCP. Cruise track and station locationare 10§

shown in Figure 1.2.1(b).

ﬂ] Sampling and measurements
Water samples were analyzed for salinity, oxygen, nutrients, CFC-11, -12, -113, total

alkalinity, DIC, and pH, The sampling layers are coordinated as so-called staggered mesh. Samples for

POM, "C, "C, "'Cs, N,O, CH, and DMS in MRO7-04 and samples for POC, ''C, “'C, ""Cs, Pu, Noble
Eases, gta]}]é isotopes of O and a biclogical study in MRO7-06 were also collected at the selected Fig.1.2.1 (b} Cruise Track and hydrographic stations. Solid circle (o) represents CTD station.

stations, The bottle depth diagram is shown in Figure 1.2.2. Underway measurements of pCO., Open circle (o) shows 2 position where ARGO floats were deployed.
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Fig. 1.2.2 The bottle depth diagram for (a) WHP-P1 and (b) WHP-P14. Brue cross (+) represents points

] L1

where seawater was sampled in MR07-04 and res cross (+) represent points in MRO7-06.

{4) Floats and Drifters deployed
ARGO floats were launched along the cruise track. The launched positions of the ARGO floats are
listed in Table 1.2.1{a} and (b} for MRO7-04 and MROT-06, respectively.

Table 1.2.1(2). Launched positions of the ARGO float in MROT-04.

Fleat | ARGOS | Date and Time Date and Time Location of Launch St Mo
5N | PTTID | of Reset (UTC) of Launch (UTC)
2811 | 66102 2007/8/16 23:53 | 2007/%/17 00:38 | 46-59.46 [N] 172-41 04[W] | POL-06R
2804 | 66095 2007/8/18 0948 | 2007/8/18 12:12 | 46-59.34 [N] 167-04 38]W] | PO1-073
2352 | 60118 2007/8/22 23:55 | 2007/8/23 01:32 | 46-59.69 [N] 151-24.37[W] | POL-08T
3050 | 70495 2007/8/24 01:49 | 2007/8/24 03:51 | 46-59.35 [N] 146-55.35[W] | PO1-09]
3049 | 70494 2007/8/24 08:13 | 2007/8/24 10:17 | 46-38.8] [N] 145-47.72[W] | P0O1-092
Table 1.2.1(b). Launched positions of the ARGO float in MRO07-06
Float | ARGOS | Date and Time Date and Time Location of Launch St Mo.
SN | PTTID | of Reset (UTC) of Launch (UTC)
3268 | 33314 2007/10/24 03:18 | 2007/10/24 04:34 | 52-16.13 [N] | 78-58.20[W] | P14N-015
3264 | 33314 2007/10/24 1744 | 2007/10/24 18:55 | 53-29.83 [N] 178-14.01[W] | P14N-012
3265 | 33315 2007/10/25 08:44 | 2007/10¢25 10:18 | 54-39.59 [N] 177-09.45[W] | P14N-009
3260 | 33306 2007/10/26 00:41 | 2007/10/26 01:55 | 56-29.22 [N] 176-05.71[W] | P14N-006
3261 | 33307 2007/10/27 06:31 | 2007/10/27 08:01 | §7-539.70 [N] 174-53.87[W] | P14N-003
3331 | 75143 2007/11/04 07:05 | 2007/11/04 08:33 | 36-58.62 [N] 179-01.88]E] | P14N-051
3330 | 75742 2007/11/05 04:13 | 2007/11/05 05:56 | 34-59.89 [N] 1 78-59.80[E] | P14N-055
3329 | 75141 2007/11/07 21:25 | 2007/11/07 23:52 | 28-58.83 [N] 179-01.25[E] | P14N-067
3328 | 75740 200711708 21:30 | 200710709 00:21 | 26-59.79 [N] 179-01.77[E] | P14N-0OTL
3341 | 75753 2007/11/11 04:43 | 2007/11/11 05:54 | 25-00.27 [N] 179-01.59[E] | P14N-075
3333 | 75745 200711713 01:18 | 2007711713 02:28 | 21-00.66[N] 178-59.88[E] P14N-083
3332 | 75744 2007/11/14 18:44 | 2007/11/14 21:36 | 17-01.42[N] 178-59.25[E] Pl4N-091
3343 | 75755 2007/11/16 21:04 | 2007/11/16 21:59 | 13-00.39[N] 178-59.33[E] P14N-099
3327 | 75739 2007/11/24 08:22 | 2007/11/24 10:05 | 08-00.17[N] 179-01 21[E] PldN-111




(5) Moorings deployed or recovered

No mooring was deploved nor recovered during the cruise.

1.3 List of Principal Investizators and Persons in Charge on the Ship

The principal investigator (PI} and the person in charge responsible for major parameters

measured on the cruise are listed in Table 1.3.1.

Table 1.3.1{a) List of principal

investigators and persons in charge on the ship for MROT7-04

Item Principal Investigator Person in Charge on the Ship

Underway

ADCP Shinya Kouketsu (JAMSTEC) Satoshi Okumura (GODI)
skouketsufjamstec. go.jp

Bathymetry Takeshi Matsumoto (Univ. Ryukyus) Satoshi Okumura (GODI)
taki@ sciu-ryukyuacjp

Meteorology Kunio Yoneyama (JAMSTEC) Satoshi Okumura (GODI)
voneyamak@@jamstec.go.jp

T-5 Yuichiro Kumamaoto (JAMSTEC) Keisuke Wataki (MW])
kumamotoid jamstec.go.jp

pCO: Akihiko Murata (JAMSTEC) Yoshiko Ishikawa, Yasuhiro Arii (MWI)
akihiko.murataj@ jamstec.go.jp

Hydrography

CTDVO, Hiroshi Uchida (JAMSTEC) Satoshi Ozawa (MWI)

huchida@jamstec.go.jp

LADCP

Salinity

Oxygen

Muinents

DIC

Alkalinity

pH

CFCs

A

Radionuclides

N,O & CH,

XCTD

DMS

Shinva Kouketsu (JAMSTEC)
skouketsufaljamstec.go.jp
Takeshi Kawano (JAMSTEC)
kawanot{ijamstec. go.jp
Yuichiro Kumamoto (JAMSTEC)
kumamotoigjamstec. go.jp
Michio Aoyama (MRI)
macyama@mri-jma.go.jp
Akihiko Murata (JAMSTEC)
akihiko. murata@jamstec. go.jp
Akthiko Murata (JAMSTEC)
akihiko murataf@jamstec. go.jp
Akihiko Murata (JAMSTEC)
akihiko.muratafi@jamstec. gojp
Kenichi Sasaki (JAMSTEC)
ksasakifgjamstec.go.jp
Yuichiro Kumamoto (JAMSTEC)
kumamotoid jamstec.go.jp
Michio Aoyvama (MRI)
maoyamaigmri-jma. go.jp
MNaohiro Yoshida (TITECH)
naoyoshifdepe titech.ac.jp
Hiroshi Uchida (JAMSTEC)
huchidaj@jamstec.go.jp
Ippei Magao (Nagova Univ.)

Lnagaof@nagoya-u.jp

Shinyva Kouketsu (JAMSTEC)

MNaoko Takahashi (MWI)

Kimiko Nishijima (MW}

Ayumi Takeuchi (MWI)

Yoshiko Ishikawa, Yasuhiro Arti (MWT)

Fuyuki Shibata, Minoru Kamata (MW

Fuyuki Shibata, Minoru Kamata (MWI)

Kenichi Sasaki (JAMSTEC)

Yuichiro Kumamoto (JAMSTEC)

Junji Matsushita (MWT)

(Ozamu Yoshida (Rakuno Gakuen Univ.)

Satoshi Okumura (GODID

Ipper Nagao (Nagiva Univ.)
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Floars, Drifters

Argo float

Mitsuo Uematsu (ORI
uematsuf@on . u-tokyo.ac.jp
Masao Uchida (NIES)

uchidamaf@nies. go.jp

Toshio Suga (JAMSTEC)

sugatizjamstec. go jp

Yoko Iwamoto (ORD)

Yukiko Kuroki (Univ. Tsukuba)

Tomowvuki Takamori (MWI)

GODI: Global Ocean Development Ine,

JAMSTEC: Japan Agency for Marine-Earth Science and Technology

MRI: Meteorological Research Institute, Japan Meteorological Agency

MWI: Marine Works Japan, Ltd.

Magova Univ.: Nagova University

WIES: Mational Institute for Environmental Studies

ORI: Ocean Research Institute, The University of Tokyo

Rakuno Gakuen Univ.: Rakuno Gakuen University

TITECH: Tokyo Institute of Technology

Univ. Tsuluba : University of Tsukuba

Univ. Ryukyus: University of the Ryukyus

Table 1.3.1{b} List of princip al investigator and pers on in char ge on the ship for MR07-06 Leg.1

[tem Principal Investigator Person in Charge on the Ship

Underway

ADCP Shinya Kouketsu (JAMSTEC) Soichiro Sueyoshi (GODI)
skouketsuf@ jamstec.go.jp

Bathymetry Takeshi Matsumoto (Univ. Ryukyus) Soichiro Sueyoshi (GODI)
tak{mscl.u-ryukyu.ac jp

Meteorology Kunio Yoneyama (JAMSTEC) Soichiro Sueyoshi (GODI)
yoneyamak(@ jamstec.go.jp

T-5 Yuichire Kumamoto{JAMSTEC) Masanort Enoki (MW 1)
kumamotofjamstec. go_jp

pCO, Akihiko Murata (JAMSTEC) Yoshiko Ishikawa (MWI)
akihiko muratai@jamstec_ gojp

Hydrography

CTDVD, Hiroshi Uchida (JAMSTEC) Kenichi Katayama (MWI)
huchidai@jamstec.go.jp

LADCP Shinya Kouketsu (JAMSTEC) Hiroshi Uchida (JAMSTEC)
skouketsuf@jamstec.go jp

Salinity Takeshi Kawano (JAMSTEC) Maoko Takahashi (MWI)
kawanotiajamstec.go.jp

Oxygen Yuichire Kumamoto (JAMSTEC) Kimiko Nishijima (MW}
kumamotof jamstec. go.jp

MNutrients Michio Aoyama (MRI) Ayumi Takeuchi (MWI)
maoyamaimri-jma.gojp

DIC Akihiko Murata (JAMSTEC) Yoshiko Ishikawa (MWI)

akihiko.muratai@ jamstec. go.jp



Alkalinity Akihiko Murata (JAMSTEC) Ayaka Hatsuyama (MWT)
akihiko muratai@jamstec. go_jp

pH Akihiko Murata (JAMSTEC) Ayaka Hatsuyama (MWT)
akihiko murataj@jamstec_go.jp

CFCs Kenichi Sasaki (JAMSTEC) Kenichi Sasaki (JAMSTEC)
ksasakifijamstec.go.jp

Al Yuichire Kumamoto (JAMSTEC) Yuichiro Kumamoto{ JAMSTEC)
kumamotof@jamstec_go.jp

Radionuclides Michio Aoyama (MRET) Hideki Yamamoto (MWI)
Mmaoyamad mri-jma.go.jp

Noble Gasses & Toshiro Saino (Nagoya Univ.) Charles Stump (Univ. Washington)

oMo tsainof@ihas nagoya-u.ac.jp i

Biology Ken Furuya (Univ. Tokyo) Takuhei Shiozaki (Univ. Tokyo)
furuya@fs.a.u-tokyo.acjp

DOC Masao Uchida (NIES) Chie Sato (Univ. Tsukuba)
uchidama@nies.go_jp

Floats, Drifters

Argo float Toshio Suga (JAMSTEC) Shinsuke Tovoda (MWI)

sugatijamstec.go.jp

GODI: Global Ocean Development Inc.

JAMSTEC: Japan Agency for Marine-Earth Science and Technology

MRI: Meteorological Research Institute, Japan Meteorological Agency

MW Marine Works Japan_ Ltd.
Nagoya Univ.: Nagova University

NIES: MNational Institute for Environmental Studies

Univ. Tokvo: The University of Tokyo
Univ. Tsuluba : University of Tsukuba

Univ. Ryukyus: University of the Ryukyus

Univ, Washington: University of Washington



Table 1.3.1(c) List of princip al investigator and pers on in char ge on the ship for MRO7-06 Leg.2

Item Principal Investigator Person i Charge on the Ship

Underway

ADCP Shinya Kouketsu (JAMSTEC) Shinya Okumura (GODI)
skouketsuf@jamstec.go.jp

Bathymetry Takeshi Matsumoto (Univ. Ryukyus) Shinya Okumura (GODI)
takizscl u-ryukyuw.ac.jp

Meteorology Kunio Yoneyama (JAMSTEC) Shinya Okumura (GODI)
yoneyamakifjamstec. go.jp

T-5 Yuichire Kumamoto (JAMSTEC) Masanori Enoki (MW
kumamotof@jamstec.go.jp

pC0y Akihiko Murata (JAMSTEC) Yoshiko Ishikawa (MWI)
akihiko.muratai@jamstec. go.jp

Hydrography

CTD/O, Hiroshi Uchida (JAMSTEC) Tomowuki Takamor (MWI)
huchidaf@jamstec.go.jp

LADCP Shinya Kouketsu (JAMSTEC) Hiroshi Uchida (JAMSTEC)
skouketsuf@jamstec.go.jp

Salinity Takeshi Kawano (JAMSTEC) Maoke Takahashi (MW}
kawanot{zjamstec. go.jp

Oxygen Yuichire Kumamoto{ JAMSTEC) Kimiko Nishijima (MW}
kumamotof jamstec_go.jp

Nutrients Michio Aoyvama (MEI)} Kenichiro Sato (MWI)
macyamalgmri-jma.go.jp

DIC Akihiko Murata (JAMSTEC) Yoshiko Ishikawa (MWJ)

akihiko.murata(@ jamstec_gojp

Alkalinity
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CFCs

AMC

Radionuclides
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Akihiko Murata (JAMSTEC)
akihiko murata@jamstec.go.jp
Akihiko Murata (JAMSTEC)
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Kenichi Sasaki (JAMSTEC)
ksasakifdjamstec.go.jp
Yuichiro Kumamoto (JAMSTEC)
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Michio Aoyama (MRI)
macyamaEmri-jma.go.jp
Ken Furuya (Univ. Tokyo)
furuyaffs.a.u-tokyo.ac jp
Masao Uchida (NIES)

uchidamaf@nies.go jp

Toshio Suga (JAMSTEC)

sugatijamstec_go_jp

Minoru Kamata (MWD

Minor Kamata (MW

Kenichi Sasaki (JAMSTEC)

Akihiko Murata (JAMSTEC)

Junji Matsushita (MWI)

Takuhei Shiozaki (Univ. Tokyo)

Yukiko Kurok (Univ. Tsukuba)

Tomoyuki Takamori (MWT)

GODI: Global Ocean Development Inc.

JAMSTEC: Japan Agency for Marine-Earth Science and Technology

MRI: Meteorological Research Institute, Japan Meteorological Agency

MWI: Marine Works Japan, Ltd.

NIES: National Institute for Environmental Studies

Univ. Tokvo: The University of Tokyo

Univ. Tsuluba : University of Tsukuba

Univ. Ryukyus: University of the Ryukyus



1.4 Scientific Program and Methods
(1) Nature and ohjectives of MRO7-K(4 and MRO7T-K06 cruise project

It i1s well known that the oceans play a central role in determining global climate. However
heat and material transports in the ocean and their temporal changes have not yet been sufficiently
guantified. Therefore, global climate change is not understood satisfactorily. The purposes of this
research are to evaluate heat and material transports such as carbon, nutrients, ete. in the North Pacific
and to detect their long term changes and basin-scale biogeochemical changes since the 1990s. The
MROT-04 ecruise is a reoccupation of the eastern part of the hydrographic section called "“WHP-P1",
which was observed by an ocean science group of USA in 1985 as a pant of WOCE (World Ocean
Circulation Experiment) and by a joint group of Canada and Japan in 1999, MR07-06 is a reoccupation
of the eastern part of WHP-P1 and the hydrographic section called “WHP-P14°, which was observed by
an ocean science group of USA (United States of America) in 1993 also as a part of WOCE (World
Ocean Circulation Experiment). The WOCE datasets are included in the data base of CLIVAR {Climate
Variability and Predictability) and Carbon Hydrographic Data Office (http://whpo.ucsd.edu’). We will
compare physical and chemical properties along section WHP-P1 and P14 with WOCE datasets to detect
and evaluate long term changes of the marine environment in the Pacific Ocean.

Reoccupations of the WOCE hydrographic sections are now in progress by international
cooperation in ocean science community, within the framework of CLIVAR, which is as part of World
Climate Research Programme (WCRP) and IOCCP (International Ocean Carbon Coordination Project).
Our research is planned as a contribution to these intermational projects supported by WMO,
ICSW/SCOR and UNESCO/MTOC, and its results and data will be published by 2009 for worldwide use.

The other purposes of this cruise are as follows:

1) to observe surface meteorological and hydrological parameters as a basic data of meteorology and
oceanography such as studies on flux exchange, air-sea interaction and so on,
2} to observe sea bottom topography, gravity and magnetic fields along the cruise track to understand

the dynamics of ocean plate and accompanying geophysical activities,

3) to observe bio-geochemical parameters to study carbon cycle in the ocean,
4} to observe green house passes in the atmosphere and the ocean to study their cycle from

bio-geochemical aspect.

(2) Cruise overview

MRO7-04 was carried out during the period from July 24 to September 3, 2007. The cruise
started from the coast near Hokkaido Japan, and sailed towards east along approximately 47°N. This line
was called WHP-FI and observed by an ocean science group of USA in 1985 as a part of WOCE (World
Ocean Circulation Experiment) and by a joint group of Canada and Japan in 1999, The cruise had been
designed as a re-occupation of the WHP-P1 stations; however, we could observe only the eastern half of
the stations due to an accident. A number of observed stations was 88, MROT7-06 cruise was carried out
during the peried from October %, 2007 to December 26, 2007. The cruise started also from the coast
near Hokkaido. The cruise was designed to observe the rest of WHP-P1 stations (the western part) and
WHP-P14N and P14C. A number of stations was 272 At each station, full-depth CTD profile and up to
36 water samples were taken and analvzed. Water samples were obtained from surface to approximately
10 dbar above the bottom with 12-liter Niskin bottles attached to 36-position SBE carousel water
sampler. Sampling layer is designed as so-called staggered mesh. The scientists of JAMSTEC and
Meteorological Research Institute and the technicians of Marine Works Japan Ltd. (MWJ) were
responsible for analyzing water sample for salinity, dissolved oxygen, nutrients, CFCs, total carbon
contents, alkalinity, and pH. They also contributed to sampling for total organic carbon, radiocarbon and
s0 on. The technicians of Global Ocean Development Ine. (GODI) had responsibility for a part of
underway measuraments such as current velocity by Acoustic Doppler Current Profiler (ADCP)
geological parameters (topography, geo-magnetic field and gravity), and meteorological parameters.
ARGO floats prepared by JAMSTEC and Institute of Ocean Sceinces (Canada) were launched by MW
technicians and the ship crew. The scientists of Tokyo Institute of Technology joined the cruise for their

research on chemical oceanography. A scientist from University of the Ryukyus was a principal



investigator for geological parameters (topography, geo-magnetic field and gravity). The scientist from
Ogean Research Institute, the university of Tokyo University, Nagoya University, Tsukuba University

and University of Washington are also joined the craise.

(3) Cruise narrative
MRO7-04

BV Mirai departed Hachinohe (Japan) on July 24, 2007, The hydrographic cast of CTD was
started at the first station on July 26. All watchstanders were drilled in the method of sample drawing
before the first station. Both propellers got entangled in a fishing net at the station 29 on August 2 (local
time). Therefore we were forced to return to the port, Hachinohe, to cut and remove the fishing net. We
spent 10 days for the trouble and it made us giving up our observation in the western part of the P1 line,
from station 29 to station 60. We restarted the WHP revisit observation at the dateline, station Pal. On
the way from Hachinohe to station P61, we made a CTD cast specially designed for DMS, Nitrous oxide
(N:0), Methane (CH,), Carbonyl sulfide (COS), and related substances at stations 40, 45, 58 and &0,
From stations 41 to 59 (except 45 and 58), we deploy XCTD (1,000m) instead of CTD cast. RV Mirai

arrived at Dutch Harbor (LS. A.) on September 3, 2007,

MROT-06

R/ Mirai departed Hachinohe (Japan) on October 8, 2007, The hydrographic cast of CTD
was started at the first station, station 28 of WHP-P1 on October 10. After observing the stations until
P01-61, she tuned to north to observe the stations of WHP-P 14N, She called for Majuro (Republic of
the Marshall Islands) on November 20, 2007 {Leg.1). She left Majuro on November 22, 2007 for
Auckland (New Zealand) and arrived on December 26, 2007 (Leg.2). We observed 272 stations of a part

of WHP-POI line (47N), WHP-P14N and WHP-P14C.

1.5 Major Problems and Goals not Achieved
MRO7-04
(1) Stations not occupied
Both propellers got entangled in a fishing net at the station 29, Therefore we were forced to
return to the port, Hachinohe, to cut remove the fishing net, We spent 10 days for the trouble and it made
us giving up our observation in the western part of the P1 line, from station 29 to station 60, We restarted
the observation at the dateline, station P61,
At stations 40, 45, 58 and 60, we made a CTD cast specially designed for DMS, Nitrous oxide
(M-, Methane (CH.), Carbonyl sulfide (COS), and related substances.
From stations 41 to 59 (except 45 and 58), we deploy XCTD (1,000m) instead of CTD cast.
(2) Misfiring and mistrip
The carousel water sampler misfired at station 23 (bottle #15).
(3) CTD sensor replacement
We encountered to several problems (drift, shift, noise) of CTD sensors and replaced them after the

following stations:

Sta. 10:  primary conductivity sensor
Sta. 29:  secondary temperature sensor
Sta. 44:  primary temperature sensor
MROT-06
(1) Mistrip

The carousel water sampler mistripped at following stations;
Stn. PO1-040 (Niskin Bottle #10)
Stn. PO1-054 (Niskin Bottle #10)
St PO1-077 (Niskin Bottle #27)
Stn. P14N-054 (Niskin Bottle #11)

Stn. P14N-060 (Niskin Bottle #26)



Stn. P14N-063 (Niskin Bottle #11)

Stn, P14N-064 (Niskin Bottle #11)

Stn. P14N-071 (Niskin Bottle #31)

Stn. P14N-092 (Niskin Bottle #24)

Stn. P14N-099 (Niskin Bottle # 18}

Stn. P14N-101 (Niskin Bottle #16)}

Stn. P14N-103 (Niskin Bottle #3)

Stn. P14N-107 (Niskin Bottle #3 and #12)
Stm. P14N-126(Niskin Bottle # 30)
Sm.P14N-127(Nizkin Bottle £ 28)

Sm. P14C-007(Niskin Bottle #22)

{2) CTD sensor replacement
We encountered to several problems (crack, drift, shift, noise) of CTD sensors and replaced

them after the following stations:

Sta. P01 46: secondary enductivity sensor

Sta. P14N_4: primary and secondary temperature sensors

Sta. P14N_33: secondary temperature sensor

Sta. P14N_51: secondary conductivity sensor

Sta. P14N_74 cast 1: primary and secondary conductivity, and secondary
temperature sensors®

Sta. P14N_99: primary conductivity sensor

Sta. PL4N_108: primary conductivity sensor**

Sta. P14N_171: secondary conductivity sensor

* without secondary temperature and conductivity sensors for Sta. P14N 74 cast 2, and secondary

conductivity sensor for Stas

from PLAN 75 to PL4N 79

** the broken primary conductivity sensor was replaced after the station PI14N_109 cast 1.

{3)Thermaosalinograph

Salinity data from 2007/10/30 3:36 to 2007/11/6 4:34 was lost due to stuffed antifouling

devices.

1.6 List of Participants

The cruise participants of the cruises are listed in Table 1.3.2

Table 1.3.2{a) List of cruise participants for MRO7-04

Name Responsibility Affiliation
Yasuhiro Aril Carbon Items MW
Miyo Tkeda Dissolved Oxygen [ Water Sampling MW
Yoshiko Ishikawa Carbon ltems MWI
Yoko Iwamoto Acerosol and Fog water ORI
Minoru Kamata Carbon Items MW
Kenichi Katayama CTD [ Water Sampling MWJ
Kaon Kawana Aerosol and Fog water ORI
Kohei Kawano CH4 and N20O [ Water Sampling Tokyo Inst. Tech,
Takeshi Kawano Chief Scientist / Salinity IORGC/JAMSTEC
Kei Kajima Water Sampling MWI
Chihiro Komatsu Water Sampling MWI
Shinya Kouketsu LADCPE/ADCTE / Water Sampling IORGC/JAMSTEC
Yuichiro Kumamoto D0/ Thermosalinograph / A14C IORGC/IAMSTEC



Yukiko Kuroki
Takashi Makino
Junji Matsushita

Shunsuke Miyabe

Tomohire Miyabukuro

Dai Motomura
Maki Mulkai
Akihiko Murata
Ippei Nagao
Kimike Nishijima
Satoshi Okumura
Shinya Okumura
Byo Oyama

Satoshi Ozawa

Katsunori Sagishima
Kenichi Sasaki
Takavoshi Seike
Fuyuki Shibata
Yuichi Sonoyama
Kazuto Suzuki
Maoko Takahashi
Tomoyuki Takamori
Ayumi Takeuchi
Tatsuya Tanaka

Shigeki Tasaka

Organic and Inorganic Carbon
Water Sampling

Radionuclides / Water Sampling
Nutrients

CH4 and N20 / Water Sampling
Water Sampling

Water Sampling

Carbon Items/ Water sampling
DMS

Dissolved Oxygen / Water Sampling
Meteorology / Geophysics
Meteorclogy / Geophysics
Meteorology / Geophysics
Chief Technologist /CTD /
Water Sampling

CFCs

CFCs

Nutrients

Carbon ltems

CFCs

Water Sampling

Salinity [ Water Sampling

CTD { Water Sampling
Nutrients

Salimity / Water Sampling

Radon

University of Tsukuba
MW

MWJ

MWI

Tokyo Inst. Tech.
MW]

MW
IORGC/IAMSTEC
Nagoya University
MWJ

GoDI

GODI

GODI

MW
MWI
MIO/JAMSTEC
MWI
MWI
MW
MW
MWJ
MW
MWI
MW

Gifu University

Shoko Tatamisashi CFCs MW]
Hiroshi Uchida CTD / LADCP / Warter Sampling IORGC/AIAMSTEC
Hirokatsu Uno CTD / Water Sampling MW
Keisuke Watald Dissolved Oxygen / Water Sampling MWJ
Orsamu Yoshida CH, and N,0 / Water Sampling Rakuno Gakuen University
GODI Global Ocean Development Inc.
IORGC Institute of Observational Research for Global Change
JAMSTEC Japan Agency for Marine-garth Sceinece and Technology
MIO Mutsu Institute of Oceanography
MW Marine Works Japan Lud.
ORI1 Ocean Research Institute, The University of Tokyo

Tokya Inst. Tech.

Tokyo Institute of Technology
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Table 1.3.2{b) List of cruise participants for MROT-06 Leg. 1

Name Responsibility Affiliation
Yasuhiro Arii Carbon MWJ
Masanori Enoki Dissolved Oxygen/Thermosalinograph  MWJ
Hironobu Furuya Biology The University of Tokyo
Ayaka Hatsuyama Carbon MWI
Mana Hikami Water Sampling MW
Mivo lkeda Dissolved Oxvgen/Water Sampling MW
Yoichi Imai Water Sampling IMA
Yoshiko [shikawa Carbon MWI
Kenichi Katayama CTD MWI
Yoshimi Kawai LADCP Water Sampling IORGC/IAMSTEC
Takeshi Kawano Chief Scientist/Salinity/Water Sampling [0RGC/JAMSTEC
Fujio Kobayashi Salinity MWI
Taketoshi Kodama Biology The University of Tokyo
Fumiyoshi Kondo Air-Sea Turbulent CO2 Flux Okayama University
Yuichiro Kumamoto Dissolved Oxygen/Water Sampling/''C  IORGC/JAMSTEC
MNagi Masuda Water Sampling MW
Junji Matsushita Nutrients MWI
Hiroshi Matsunaga CTD MWI
Kohei Miura Nutrients MWI1
Takumi Miyahara Water Sampling MWJ
Dai Motomura Water Sampling MW
Nguven Van Nguyven Biology The University of Tokyo
Kimiko Nishijima Dizsolved Oxygen/Water Sampling MW
Satoshi Okumura Meteorology / Geophysics GODI
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Harumi Ota
Kentaro Oyama
Katsunori Sagishima
Kenichi Sasaki
Chie Sato

Fuyuki Shibata
Takuhei Shiozaki
Charles Stump
Soichiro Sueyoshi
Takeshi Suzuki
Maocko Takahashi
Ayumi Takeuchi
Shoko Tatamisashi
Shinsuke Toyoda
Hiroshi Uchida
Masahide Wakita
Koshi Yamaguchi
Hideki Yamamoto

Kazuo Yamamoto

Meteorology [ Geophysics
CTD

CFCs

CECs

POC and Bacteria

Chief Technologist/Carbon
Biology

Noble Gasses & "'0/"*0
Meteorology [ Geophysics
Water Sampling

Salinity

Mutrients

CFCs

CTD/ARGO
CTD/LADCPMWater Sampling
CFCs

Water Sampling
Radionuclides/Water Sampling

Water Sampling

GODI

W]

MW

MIO/JAMSTEC
University of Tsukuba
MW

The University of Tokyo
University of Washington
GODI

MW

MW

MW

MW

MW
[ORGC/IAMSTEC
MIO/IAMSTEC

MW

MW

MW

GODI

[ORGC

JAMSETEC

IMA

MIC
MW

Global Ocean Development Inc.

[nstitute of Observational Research for Global Change

Japan Agency for Marine-earth Sceinece and Technology

Japan Meteorological Agency

Mutsu Institute of Oceanography

Marine Works Japan Lid.



Table 1.3.2{b) List of cruise participants for MRO7-06 Leg.2

Name Responsibility Affiliation
Toshimasa Doi LADCP/Water Sampling IORGC/IAMSTEC
Masanori Enoki Dissolved Oxyvgen/Thermosalinograph MW
Tsutomu Fujii CTD MWI
Hironobu Furuya Biology The University of Tokyo
Ayaka Hatsuyama Carbon MWI
Yukiko Hayakawa Dissolved Oxvgen/Water Sampling MW
Yoichi Imai Water Sampling IMA
Yoshiko [shikawa Carbon MWI
Ryota [to Water Sampling MW
Minroru Kamata Carbon MWI
Katsuro Katsumata LADCP/Water Sampling IORGC/TAMSTEC
Mikio Kitada Carbon MW]
Taketoshi Kodama Biology The University of Tokyo
Misato Koide Water Sampling MWI
Atsushi Kubo Water Sampling MWJ
Yukiko Kuroki POC University of Tsukuba
Junji Matsushita Radionuclides/Water Sampling MWI
Kohei Miura MNutrients MWI
Akihiko Murata Chief Scientist/CarbonWater Sampling [ORGCIAMSTEC
Mguyen Van Nguyen Biology The University of Tokyo
Kimikeo MNishijima Dissolved Oxyvgen/Thermosalinograph MW
Haruka Mishimura Water Sampling MWI
Ayumi Nomura Water Sampling MW
Takanori Ojima Water Sampling MW

Shinya Oloumura Meteorology [ Geophysics GODI
Ryo Oyama Meteorology / Geophyzics GODI
Satoshi Czawa Chief Technologist'CTD MWI
Katsunori Sagishima CFCs MW]
Kenichi Sasaki CFCs MIOVJIAMSTEC
Kenichiro Sato MNufrients MWI
Takayoshi Seike Mutrients MWI
Takuhei Shiozaki Biology The University of Tokyo
Yuichi Sonovama CFCs MW
Naoko Takahashi Salinity MW]
Shoko Tatamisashi CFCs MW
Tomoyuki Takamori CTDVARGO MW
Tatsuya Tanaka Salinity MWI
Hiroshi Uchida CTD/LADCP Water Sampling IORGC/IJAMSTEC
Hirokatsu Uno CTD MW
Kazuho Yoshida Meteorology / Geophysics GODI
GODI Global Ocean Development Inc.
[ORGC Institute of Observational Research for Global Change
JAMSTEC Japan Agency for Marine-earth Sceinece and Technology
IMA Japan Meteorological Agency
MIO Mutsu Institute of Oceancgraphy
MW Marine Works Japan Lid.
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2. Underway Measurement (3) Data period
MRO7-04:07:00, 24 July 2007 to 17:30, 3 September 2007 (UTC)
2.1 Navigation and Batymetry MROT-06 Legl: 21:30, 7 October 2007 to 21:10, 20 November 2007 (UTC)

2.1.1 Navigation MROT-06 Leg2: 22:00, 21 November 2007 to 19:10, 25 December 2007 (LITC)

(1) Personnel

Souichiro Sueyoshi (GODL)
Satoshi Okumura (GODI) 80°N
Shinya Okumura (GODI)
Kazuho Yoshida (GODL)
Harumi Ota {GODL)
Byo Ohyama (GODI)

(2) Overview of the equipment

Ship's position, speed and course were provided by Radio Navigation System on BV MIRAL

The system integrates GPS position, Log speed, Gyro heading and other basic data on workstation.

Ship’s course and speed over ground are calculated from GPS position. The workstation clock is 20°N = ——

140°E 160°E 180° 160°W 140°W 120°W

synchronized to reference clock by using NTP (Network Time Protocol). Navigation data. called as ] .
Figure 2.2.1-1 Cruise Track of MRO7-04

=807 data", is distributed to client computer every second, and recorded every 60 seconds.
Navigation devices are listed below.
1. GPS receiver (2sets): Trimble DS-400{) 9-channel receiver. these antennas are located on
Mavigation deck, port and starboard side. GPS position from each receiver is converted to the

position of radar mast.

2. Doppler log: Furuno D8-30, which use three acoustic beam for current measurement
3. Gyrocompass: Tokimee TG-6000, sperry mechanical gyrocompass

4. Reference clock: Symmetricom TymServ2100, GPS time server

5. Workstation Hewlett-Packard ZXN2000 running HP-UX ver.11.22
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50N E 2.1.2 Bathymetry
(1) Personnel
Takeshi Matsumoto (University of the Ryukyus)
Principal Investigator / Not on-board:
Souichire Sueyoshi (GODI)
Satoshi Okumura  (GODI)

Shinya Okumura  (GODI)

40°N
Kazuho Yoshida (GODL)
Harumi Ota (GODIY
Ryo Ohyama (G001

=N (2) Overview of the equipments
R MIBAL equipped a Multi Beam Echo Sounding system (MBES), SEABEAM 2112.004
{SeaBeam Instruments Inc.) The main objective of MBES survey is collecting continuous bathymetry

data along ship’s track to make a contribution to geological and geophysical investigations and global

datasets. Data interval along ship’s track was max 17 seconds at 6,000 m. To get accurate sound velocity
of water column for ray-path correction of acoustic multibeam, we used Surface Sound Velocimeter

(55Y) data measured at the surface (6.2m depth). and the others depth sound velocity was calculated

using temperature and salinity profiles from the nearest CTD data by the equation in Mackenzie (1981).

20°s

System configuration and performance of SEABEAM 2112.004,

Frequency: 12 kHz
Transmit beam width: 2 degree
40°5 Transmit power: 20 kW
140°E 160°E 180° 160°W Transmit pulse length: 3 to 20 msec.

Figure 2.2.1-2 Cruise Track of MRO7-06 Depth range: 100 to 11,000 m



Beam spacing: | degree athwart ship

Swath width: 150 degree (max)
120 degree to 4,500 m
100 degree to 6,000 m
00 degree to 11,000 m
Depth accuracy: Within < 0.5% of depth or +/-1m, whichever iz greater,

over the entire swath.

{Madir beam has greater accuracy; typically within < 0.2% of depth or +/-1m, whichever is greater)

{3) Data Period

Bathymetric survey was carried out the CTD observation line during the cruise

MRO7T-04: P0O1-001 on 26 July 2007 to PO1-115 on 29 August. 2007

MROT-06 Legl: PO1-028 on 10 October 2007 to PO1-61 on 20 October 2007,
P14N-001 on 27 October 2007 to P14N-108 on 19 November 2007

MROT-06 Leg2: P14N-109 on 23 November 2007 to P14N-185 on 12 December 2007

P14C-048 on 13 December 2007 to P14C-001 on 22 December 2007

{4) Data processing
(4.1} Sound velocity correction

The continuous bathymetry data are split into small areas around each CTD station. For each
small area, the bathymetry data are corrected using a sound velocity profile calculated from the CTD
data in the area. The equation of Mackenzie (1981) is used for calculating sound velocity. The data

processing is carried out using “mbbath” command of MBsystem.

(4.2) Editing and Gridding

Gridding for the bathymetry data are carried out using the HIPS software version 5.4 (CARIS,

Canada). Firstly, the bathymetry data during a turn is basically removed before “base surface” is made. A
spike noise of each swath data is also removed using “swath editor” and “subset editor”™. Then the
bathymetry data are gridded by “Interpolate” function of the software with following parameters.

BASE surface resolution : 50m x 50m

Interpolate matrix size: 5x 5

Minimum number of neighbors for interpolate: 16

Finally, interpolated data is exported as ASCII data, and converted to 250m grid data using

“xyz2pgrd"” utility of GMT (Generic Mapping Tool) software

(5) Data Archive
Bathymetry data obtained during this cruise was submitted to the JAMSTEC Data

Management Division, and archived there.

Reference

Mackenzie, K.V, (1981): Nine-term equation for the sound speed in the oceans, . Acoust. Soc. Am., 70

(3), pp 807-812.
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2.1.3  Seasurface gravity

(1) Personnel
Takeshi Matsumoto (University of the Ryukyus)

Principal Investigator / Not on-board:
Souichiro Sueyoshi (GODI)

Satosht Okumura  (GODI)

Shinya Okumura  (GODI)

Kazuho Yoshid ({GODI)

Harumi Cta (GODI)

Byo Ohyama {GODI)
(2) Introduction

The difference of local gravity is an important parameter in geophysics. We collected gravity
data at the sea surface during MRO7-04 cruise from 23 Jul. 2007 to 2 Sep. 2007, MRO7-06 Legl cruise

from 7 Oct. 2007 to 19 Nowv. 2007, Leg? cruise from 23 Nov, 2007 to 23 Dec. 2007.

(3) Parameters

Relative Gravity [mial]

{(4) Data Acquisition

We have measured relative gravity using LaCoste and Romberg air-sea gravity system [l
(Micro-G LaCoste, Inc.) during this eruise. To convert the relative gravity to absclute one, we measured
gravity, using portable gravity meter (Scintrex gravity meter CG-3M), at Sekinehama and Nakagusuku

as reference points.
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(5) Preliminary Resualts

Absolute gravity is shown in Table 2.2.3-1

Table 2.2.3-1 Absolute gravity table MRO7-04 and MRO7-06 cruise

Absolute Sea Giravity &
No Date uTc Port Diraft L&R ™~
Gravity Level at Sensor’
(miGal) fcm) | (em) {mGal) {mial)
1| 23/ Jul2007 | 0616 | Sekinehama QE0371.94 | 261 | 615 | 9RO3T2ZTR | 12642.60
2" | 02/0et/2007 | 07:03 Sekinehama 980371.94 | 215 | 603 | 9RO3T2.64 | 1264229
30 070ct2007 | 00:29 | Sekinehama QE0371.93 281 | 628 | 9RO3TZ.R4 | [2644.04
4™ | 25/Jan/2008 | 03:53 | Nakagusuku 979114.70 | 285 | 628 | 97911562 | 11386.68
*1:  Gravity at Sensor= Absolute Gravity + Sea Level*0.3086/100 + (Draft-5300/100#0.0431
*2: LaCoste and Romberg air-sea gravity system 1
*3: MRO7-05 cruise
*4: MRO7-07 Legl cruise
{6) Data Archive

Division, and archived there.

Gravity data obtained during this cruise was submitted to the JAMSTEC Data Management




2.1.4 On-board geomagnetic measurement

(1) Personnel
Takeshi Matsumoto {University of the Ryukyus)
Principal [nvestigator / Not on-board:

Souichiro Suevoshi (GODI)

Satoshi Okumura (GODI
Shinya Okumura  (GODI)
Kazuho Yoshida (GODI)
Harumi Ota {GODI)
Ryo Ohyama (GODI)

{2) Introduction

Measurements of magnetic force on the sea are required for the geophysical investigations of
marine magnetic anomaly caused by magnetization in upper crustal structure. We measured geomagnetic
field using a three-component magnetometer during MROT-04 cruise from 23 Jul. 2007 to 2 Sep. 2007,
MRO7-06 Legl cruise from 7 Oct. 2007 to 19 Nov. 2007, Leg? cruise from 23 Nov. 2007 to 23 Dec.

2007,

(3) Method

A shipboard three-component magnetometer system (Tierra Tecnica SFG1214) is equipped
on-board R/W Mirai. Three-axis flux-gate sensors with ring-cored coils are fixed on the fore mast
Outputs of the sensors are digitized by a 20-bit A/D converter (1 nT/LSB), and sampled at ¥ times per
second. Ship's heading, pitch and roll are measured utilizing a Fiber-Optic Gyro installed for Doppler
radar system. Ship's position (GPS) and speed data are taken from Navigation data via LAN every

second,

(4) Data Archive
Magnetic force data obtained during this cruise was submitted to the JAMSTEC Data

Management Division, and archived there.

(5) Remarks

For calibration of the ship’s magnetic effect. we made a “figure-eight” turn (a pair of
clockwise and anti-clockwise rotation). This calibration was carmied out as below.

MRO7-04 cruise: 22 Aug 2007, 06:49 to 07:17 about at 46-59N, 152-31W

MROT-06 cruise: 03 Dec. 2007, 02:03 to 02:24 about at 00-035, 1 79-20E
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2.2 Surface Meteorological Observation

(1) Personnel
Kunio Yoneyama  (JAMSTEC)
Satoshi Okumura  (GODI)

Souichiro Sueyoshi (GODI)

Shinya Okumura  (GODI)

Karuho Yoshida (GODI)

Byo Ohyama {GODI)

Harumi Oita {GODI)
{2) Objective

As a basic dataset that describes weather conditions during the cruise, surface meteorological

observation was continuously conducted.

(3) Methods

There are two different surface meteorological measurement systems on board the BV MIRAL One
is the MIRAI surface meteorological observation system (SMET), and the other is the Shipboard
Oceanographic and Atmospheric Radiation measurement system (SOAR).

Instruments of SMET are listed in Table 2.2.1. All SMET data were collected and processed by
KOAC-TR00 weather data processor made by Koshin Denki, Japan, Note that although SMET contains
rain gauge, anemometer and radiometers in their system, we adopted those data from not SMET but
SOAR due to the following reasons; 1) Since SMET rain gauge is located near the base of the mast,
there is a possibility that its capture rate might be affected. 2) SOAR's anemometer has better starting
threshold wind speed (1 m s'l} comparing to SMET's anemometer (2 m s ", and 3) SMET's radiometers

record data with 10 W/m® resolution, while SOAR takes high resolution data of | Wim'
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SOAR system was designed and constructed by the Brookhaven National Laboratory (BNL), USA,
for an accurate measurement of solar radiation on the ship. Details of SOAR can be found at
http:/fwww. gim bnl.gov/soar. SOAR consists of 1) Portable Radiation Packape (PRP) that measures
short and long wave downwelling radiation, 2} Zeno meteorological system that measures pressure, air
temperature, relative humidity, wind speed/direction, and rainfall, and 3) Scientific Computer System
(SCS) developed by the National Oceanic and Atmospheric Administration (NOAA), USA, for data

collection, management, real-time monitoring, and so on.  Information on sensors used here is listed in

Table 2.2.2,
Table 2.2.1. Instruments and locations of SMET.
Sensor Parameter Manufacturer / type Location / height from sea level
Thermometer* ' air temperature Vaisala, Finland / HMP45A compass deck™ /21 m
relative humidity
Thermometer sea temperature Sea-Bird Electoronics, Inc/SBE3S™  4th deck /-5 m
Barometer pressure Setra Systems Inc., USA /370 captain deck / 13 m

*1 Gill aspirated radiation shield 43408 made by B M. Young, USA is attached.
*2 There are two thermometers at starboard and port sides.

*3 Sea surface temperature data were taken from EPCS surface water monitoring system.

Table 2.2.2.  [nstruments and locations of SOAR.
Sensor Parameter Manufacturer / type Location / height from sea level
Anemometer wind speed/direction R M. Young, USA /05106 foremast /25 m
Bain gauge rainfall accumulation  R. M. Young, USA /50202 foremast / 24 m
Radiometer short wave radiation  Eppley, USA /PSP foremast/ 24 m

long wave radiation  Eppley, USA/ PIR foremast / 24 m




(4) Data processing and data format

All raw data were recorded every 6 seconds. Datasets produced here are |-minute mean values
(time stamp at the end of the average). They are simple mean of 8 samples ([0 samples minus
maximum/minimum values) to exclude singular values. Liner interpolation onto missing values was
applied only when their interval is less than 5 minutes.

Since the thermometers are equipped on both starboard/port sides on the deck, we used air
temperatore/relative humidity data taken at upwind side. Dew point temperature was produced from
relative humidity and air temperature data.

Mo adjustment to sea level values is applied except pressure data.

Data are stored as ASCI format and contains following parameters.

Time in UTC expressed as YYYYMMDDHHMM, time in Julian day (1.0000 = lanuary 1, O000Z),
longitude (“E), latitude (*N), pressure (hPa), air temperature (°C), dew point temperature (*C), relative
humidity (%), sea surface temperature (“C), zonal wind component (m/sec), meridional wind component
(m/sec), precipitation (mmvhr), downwelling shortwave radiation (W/m'), and downwelling longwave
radiation fw."m}'}.

Missing values are expressed as “9999™,

(5) Data Quality
To ensure the data quality, each sensor was calibrated as follows. Since there is a possibility for fine
time resolution data sets to have some noises caused (generated) by turbulence, it is recommended to

filter them out (ex. hourly mean) from this 1-minute mean data sets depending on the scientific purpose.

/BH sensor:
Temperature and homidity probes were calibrated before/after the cruise by the manufacturer.
Certificated accuracy of T/RH sensors are better than = 0.2 °C and + 2 %, respectively.

We also checked T/RH values using another calibrated portable T/RH sensor (Vaisala, HMP45A)

before and after the cruise. The results are,
Temperature {*C)
Mean difference between T (SMET) and T (portable) is
~0.234-0.22 (°C} at port side, -0.06-£0.16 (*C} at starboard side.
Relative Humidity (%)
Mean difference between RH (SMET) and RH (portable) is

2.6+ 1.5 (%) at port side, 1.7 1.5 (%) at starboard side.

Sea surface temperature sensor:
Temperature sensor was calibrated before the cruise at the manufacturer. Certificated accuracy is

better than 0LO002°C for MRO7-04 creise and 0.00003°C for MROT-06 cruise, respectively.

Pressure sensor;
Using calibrated portable barometer (Vaisala, Finland / PTB220, certificated accuracy i3 better than
+ (1.1 hPa), pressure sensor was checked before/after the cruise. Mean difference of SMET pressure

sensor and portable sensor is 004 =+ 0.05 hPa.

Precipitation:
Before the cruise, we put water into the rain gauge to check their linearity between the indicated
values and water amount input. Expected accuracy is better than = | mm corresponding to the sensor's

specification. The results are as follows, and data were corrected using this relationship.

MROT-04  MRO7-06Leg-1  leg2
minimum input water volume {cc) 0.0 0.0 0.0
minimum measured value (mm) [.0 1.1 1.1
maximum input water volume (cc) 512.5 5123 510.0
maximum measured value (mm) 51.8 519 519
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Radiation sensors:
Short wave and long wave radiometers were calibrated by the manufaeturer, Remote Measurement

and Research Company, USA, prior to the cruise (April 2008).

(6) Data periods
MRO7-04 0700 UTC, July 24, 2007 - 0000 UTC, September 2, 2007
MRO7-06 Leg-1 2130 UTC, October 7, 2007 - 2110 UTC, November 20, 2007

MRO7-06 Leg-2 0100 UTC, Movember 23, 2007 - 0130 UTC, December 23, 2007

(7) Point of contact

Kunio Yoneyama (vonevamak{zjamstec.go.jp)

IORGC / JAMSTEC, 2-15, Natsushima,_ Yokosuka 237-0061, Japan
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Figure 2.2.1. Time series of (a) air and sea surface temperature, (b) relative humidity, (c)
precipitation, {d) pressure, (e) zonal and meridional wind components, and {e) short and

long wave radiation for MRO7-04 cruise data. Day 205 corresponds to July 24, 2007,
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Figure 2.2.2. Same as Figure 2.2.1, but for MRO7-06 leg | cruise.

October 7, 2007.

Shading in (c) indicates no data is available during this period.

Day 280 corresponds to

(8} Tair { 857 5 , . Mov. 23, 2007 - Dec. 23, 2007
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Figure 2.2.3. Same as Figure 2.2.1, but for MROT-06 leg 2 cruizse.  Day 325 cormresponds to
Movember 21, 2007.
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2.3 Thermosalinograph and related measurements

9 September 2008

(1) Personnel
Fuichiro Kumamoto (JAMSTEC)
Kimike Nishijima (MW}
Keisuke Wataki (MWI)
Masanor Enoki (MWT)

Mivo Tkeda (MWI)

{2) Objective
Our purpose is to measure salinity, temperature, dissolved oxygen, and fluorescence in near-sea

surface water during ME07-04 and MEOT-06 cruises.

{3) Methods

The Continuous Sea Surface Water Monitoring System (Nippon Kaiyoe Co. Ltd.), including the
thermo-salinograph, has five 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 on BV MIBAI and connected to shipboard LAN system.  Measured data, time,
and location of the ship were displayed on a monitor and then stored in a data management PC (IBM
NetVista 6826-CBJ). 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 controlled by several valves and adjusted to be 12 Limin except for a fluorometer (about

0.5 L'min).  The flow rate was measured by two flow meters. Specifications of the each sensor in this

system are listed below.
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a) Temperature and salinity sensors
SEACAT THERMOSALINOGRAPH

Model:
Serial number:

Measurement range:
Accuracy:

Resolution:

SBE-21, SEA-BIRD ELECTRONICS, INC.
MRO7-04 [25 ~ 31 July]: 2641 (Cal. Date: 9 Feb. 2007)
MR0O7-04 [31 July ~ 1 Sep]: 3126 (Cal. Date: 1 Sep. 2006)
MRO7-06: 2641 (Cal. Date: 9 Feb. 2007)
Salinity 0 10 6.5 S m’'
Salinity 0.001 S m'' month''
Salinity0.0001 § m'

Temperature —5 to +35°C,
Temperature 0.01°C émonth”,
Temperatures 0.001°C,

b} Bottom of ship thermometer

Model:
Serial number:

Measurement range:
Resolution:
Stability:

SBE 38, SEA-BIRD ELECTRONICS, INC.
MRO7-04: 2175 (Cal. Date: 15 Feb. 2007)
MRO7-06; 2607 (Cal. Date: 10 Aug. 2007)
5 to +35°C

+0.001°C

0.002°C year'

¢) Dissolved oxygen sensor

Maodel:

Serial number:

Measurement range:

Accuracy:
Stability:

d} Fluorometer
Muodel:
Serial number:
Detection limit:
Stability:

2} Flow meter
Madel:
Serial nomber:

21274, HACH ULTRA ANALYTICS JAPAN, INC.
47477

0 to 14 ppm
=1% at 5°C of correction range

1% month"!

10-AU-005, TURNER DESIGNS

5562 FRXX
5 ppt or less for chlorophyil-a
0.5% month' of full scale

EMARG2W, Aichi Watch Electronics LTD.
B6T2



Measurement range: 0 to 30 | min”’
Accuracy: +1%
Stability: +£1% day’

(4) Measurements

Periods of measurement, maintenance, and problems during MRO7-04 and MROT-06 are listed in
Table 2.3.1. During MRO7-04, SEB-21 was exchanged from 8/N 2641 to /N 3126 on July 31. During
MRO7-06, an antifoulant {antibiotic) device to prevent growth of aquatic organisms was detached from
the SBE-21 sensors due to a problem on November 7. Due to this problem salinity data were lost

between October 30 and November 7.

(5} Calibrations
{5.1) Comparison with bottle data

We collected the surface seawater samples for salinity sensor calibration (Table 2.3.2 and 2.3.3).
The seawaters were collected approximately twice a day using a 250ml brown grass bottle. The samples
were stored in the sea surface monitoring laboratory and then measured using the Guildline 84008 at the

cnd of the legs after all the measurements of the hydrocast bottle samples (see section 3.2).

{5.2) Sensor calibrations

The sensors for temperature and salinity were calibrated before the emise. After the cruise the

sensors will be calibrated again in order to evaluate drifts of measurements during the eruise. The
results of the calibrations are available via our web page,
httprfwww jamstec. go.jp/eruisedata/mirai/e/index html.
{6) Date archive

Quality  controlled data and meta-data are available wia our web  page,

http:fwww jamstec. gojp/cruisedata’mirat/e/index html.

Table 2.3.1 Events list of the thermo-salinograph during MRO7-04 and MRO7-06

Cruise Date [UTC] | Time [UTC] Event Remarks
MROT-04 | 25-July-07 10:07 All the measuremenis started. Departure
Hachinohe
31-July-07 20:49 All the measurements stopped.
Checked SBE21(8/MN2641)
31-July-07 22:19 All the measurements started.
Exchanged SBE21(3/N2641 —
S/M3126)
02-Aug-07 | 23:15-23:16 | Failure of data storage for Unknown problem
location.
08-Aug.-07 01:01 All the measurements stopped. Arrival
Hachinohe
10-Aug -07 00:46 All the measurements started. Departure
Hachinohe
O1-Sep.-07 1755 All the measurements stopped. Arrival
Dutch Harbor
MRO7-06 | 9-Oct.-07 02:17 All the measurements started. Departure
Hachinohe (Leg-1
start)
05-Nov-07 | 14:31-14:35 | Lost of all the data. Due to a tripping
of a circuit breaker
30-0et.-07 03:36 Lost of salinity data. Due to a problem
0T Nov-07 | 0808 shiiasaciiotk
device
07-Nov.-07 | 04:00-05:04 | Lost of all the data. Reboot of the data
management PC
18-Nov.-07 04:35 Failure of RMT temperature data | Due to a noise in
archive. the data
19-Nov.-07 07:36 All the measurements stopped. Arrival Majuro
(Leg-1 end)
23-Nov.-07 02:00 All the measurements started. Departure Majuro
(Leg-2 start)
23-Dec.-07 01:28 All the measurements stopped. Arrival Auckland
(Leg-2 end}
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Table 2.3.2 Comparison of the sensor salinity with the bottle salinity during MRO7-04, 2007/8/10 3:29 | 40-30.47580N | 148-30.41270E 326756 | 326924 0.016%
_— — 2007/8/10 15:38 | 41-45.96810N | 152-21.06700E 330687 | 33.0622 0.0065

Date [UTC] Time —— . i | senng Difference 2007/8/11 2:43 | 43-18.92240N | 155-37.71560E 339769 | 33.9437 0.0332
[UTC] [Sen. - Bot.] 2007/8/11 7:34 | 44-05.47490N | 156-59.82140F 328430 | 328564 -0.0134

[PSS-78] | [PSS-73] 2007811 | 21:08 | 46-15.85980N | 160-54.30660E 32.9301 | 32.9136 0.0165

2007/7/25 11:45 | 40-59.56800N | 143-01.10930E 33.5532 | 33.5435 0.0097 2007/8/12 10:23 | 47-00.16990N | 163-58.87420E 32,7841 | 32,8029 -0.0188
2007/7/25 22:50 | 41-25.73860N | 145-33.00760E 33.1134 | 33.1092 0.0042 2007/8/12 20:49 | 46-59.16850N | 166-44.32290E 32,8503 | 328436 0.0067
2007/7/26 7:50 | 42-48.17710N | 145-27.19090F 33.0332 | 329148 0.1184 2007/8/13 10:17 | 47-00.34900N | 171-07.85130F 327411 | 32,7608 0.0197
2007/7/26 18:35 | 42-39.75580N | 145-41.41540E 32.8070 | 327676 0.0394 2007/8/13 22:10 | 47-00.12300N | 175-35.01600E 328015 | 3281390 -0.0124
2007/7/27 6:57 | 42-10.79830N | 146-05.03190E 32,7934 | 327528 0.0406 2007/8/14 12:08 | 46-59.93210N | 178-18.23620E 327989 | 32,7947 0,0042
2007/7/27 18:26 | 41-52.48810N | 146-18.41610E 32.6836 | 32.6956 -0.0120 2007/8/14 21:53 | 47-00.83360N | 179-26.98080E 327283 | 327244 0.0039
2007/7/28 6:25 | 41-42.78640N | 146-26.08430F 327105 | 327144 -0.0039 2007/8/15 9:26 | 46-59.51960N | 178-18.91400W | 326862 | 32.6819 0.0043
2007/7/28 17:42 | 41-21.42700N | 146-41,11320E 327118 | 327226 -0.0108 2007/8/15 21:48 | 47-00.07570N | 176-37.54620W 32,5401 | 32,5288 0.0113
2007/7/29 6:17 | 40-50.82040N | 147-04.04230F 32,7539 | 328174 -0.0635 2007/8/16 9:45 | 47-00.04000N | 174-56.44210W | 326165 | 32.6103 0,0062
2007/7/29 18:17 | 40-07.44810N | 147-33,93700E 34.3895 | 343785 0.0110 2007/8/16 21:05 | 46-59.78510N | 172-42.64610W | 327305 | 327317 200012
2007/7/30 6:15 | 39-41 50140N | 147-55.39620F 34.3704 | 343733 -0.0029 2007/8/17 8:38 | 47-00.42840N | 171-15.40150W | 326261 | 326201 0.0060
2007/7/30 18:49 | 40-19.26800N | 148-52.31960E 34,4994 | 344946 0.0048 2007/8/17 20:13 | 46-59.66060N | 169-20.40430W | 325481 | 32,5443 0,0038%
2007/7/31 6:58 | 40-55.49780N | 149-51.04410F 34.4920 | 34.4889 0.0031 2007/8/18 8:55 | 47-00.45780N | 167-05.29050W 326200 | 326132 0.0068
2007/7/31 19:15 | 41-33.67610N | 150-52.33380E 33.0052 | 329972 (.0080 2007/8/18 21:57 | 47-01.17270N | 164-59.92870W | 327182 | 32.7068 0.0114
2007/8/1 7:01 | 42-20.17860N | 152-05.04200E 33.2326 | 332204 0.0122 2007/8/19 7:47 | 47-00.44260N | 163-43.31850W 3126417 | 32.6403 0.0014
2007/8/1 17:05 | 42-40.53890N | 152-42.26540F 33.0865 | 33.0802 0.0063 2007/8/19 20:06 | 47-00.56460N | 161-29.41830W | 326488 | 32.6454 0.0034
2007/8/2 3:43 | 42-46.24720N | 152-52.61200F 33.0009 | 33.086 0.0049 2007/8/20 £:42 | 46-59.45290N | 159-40.89610W | 32.8259 | 327851 0.0408
2007/8/2 14:40 | 42-16.33730N | 153-02.98470F 33.7921 | 337798 0.0123 2007/8/20 19:06 | 47-00.21960N | 158-08.58060W | 326516 | 32.6507 0.0009
2007/8/3 11:06 | 41-09.40780N | 153-00.48910E 34.5137 | 34.5066 0.0071 2007/8/21 8:05 | 46-50.50660N | 155-51.80530W | 326803 | 326504 0.0209
2007/8/3 21:09 | 40-32.21620N | 153-00.60930E 33,7968 | 33.8032 -0.0064 2007/8/21 20:49 | 47-00.05950N | 153-38.13320W | 326733 | 32.6492 0.0241
2007/8/4 8:43 | 40-00.34550N | 153-01.61040F 34.1606 | 34.1553 0.0053 2007/8/22 8:51 | 46-57.98700N | 152-03.39390W | 325771 | 32.5925 20.0154
2007/8/4 23:16 | 40-11.85680N | 153-09.64800F 338481 | 33.844 0.0041 2007/8/22 21:01 | 46-59.89670N | 151-37.39790W 32,5729 | 32.5669 0.0060
2007/8/5 7:25 | 40-12.99160N | 152-33.21310F 339156 | 339139 0.0017 2007/8/23 7:05 | 46-59.11440N | 150-17.59340W | 32,5377 | 32.5289 0,008%
2007/8/5 22:56 | 40-1%.83730N | 150-22.60930E 33.5227 | 335537 -0.0310 2007/8/23 19:37 | 47-00.48950N | 148-02.17190W | 324434 | 324448 0.0014
2007/8/6 £:20 | 40-21.15240N | 148-57.04860F 337405 | 33712 0.0375 2007/8/24 7:13 | 46-50.97990N | 145-48.73560W | 324713 | 323907 0.0806
2007/8/6 22:49 | 40-24.15980N | 147-13.70230E 344521 | 34.4463 0.0058 2007/8/24 19:29 | 46-59.56400N | 143-40.41810W | 323720 | 323577 0.0143
2007/8/7 8:34 | 40-26.14660N | 146-01.54310E 33.6041 | 33.5854 0.0187 2007/8/25 6:47 | 46-59.96520N | 141.54.50520W | 32.3190 | 32.3614 -0.0424
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2007/8/25 21:10 | 47-00.04030N | 139-04.06470W | 324736 | 324163 (0.0573 | Table 2.3.3 Comparison of the sensor salinity with the bottle salinity during MR07-06

2007/8/26 7:30 | 46-50.23350N | 137-29.04750W | 324100 | 32449 -0.0396 —

2007/8/26 17:20 | 46-59.98240N | 135-43.90050W 324774 | 324267 0.0507 Time ) o Difference
Date [UTC] Latitude Longitude salinity salinity

2007/8/27 5:59 | 46-59.30070N | 133-27.95720W | 32.4447 | 32.4419 0.0028 [UTC] [Sen. - Bot]

2007/827 | 17:02 | 47-00.38230N | 131-13.71710W | 323672 | 32.3549 0.0123 [PSS-78] | [PSS-78]

2007/8/28 6:43 | 47-00.11040N | 128-38.31500W | 32,3364 | 322963 0.0401 2007/10/9 5:25 | 40-32.06180N | 144-33.13440E | 33.8540 | 33.8458 0.0082

2007/8/28 18:37 | 47-00.30230N | 126-28.19600W | 32.0321 | 32.1002 -0.0681% | 2007/10/9 14:12 | 40-22 40990N | 146-42.40840E | 336539 | 33.7204 -0.0665%

2007/8/29 6:10 | 46-55.65720N | 124-58.92520W | 31.8860 | 31.581 0.3050% 2007/10/10 2:55 | 41-05.85970N | 150-18.13910E | 33.0454 | 33.0327 0.0127

2007/8/29 16:56 | 48-01.70010N | 127-57.81150W | 31.8923 | 32327 -0.4353% 2007/10/10 17:23 | 42-20.76330N | 152-00.03380E | 33.0246 | 33.0196 0.0050

2007/8/30 7:34 | 49-37437R0N | 132-44.53330W | 32.2069 | 320908 0.2061* | | 2007/10/11 6:36 | 43-04.88550N | 153-19.58350E | 32.8R80 | 328815 0,0065

* Difference between the sensor and the bottle salinity is large. 2007/10/11 18:27 | 44-04.74300N | 154-30.84680E | 32.6292 | 32.6202 0.0090
2007/10/12 6:42 | 44-20.23280N | 155-24.25840E | 326718 | 326882 A0.0164
2007/10/12 18:48 | 45-04.93350N | 156-38.62630E | 326208 | 32,6191 0.0017
2007/10/13 6:20 | 46-0523470N | 158-20.15860E | 32,6245 | 32.6095 00150
2007/10/13 17:47 | 46-30.35720N | 159-06.53620E | 32.6256 | 32.6067 | 0.0189
2007/10/14 6:03 | 47-01.02970N | 160-08.89530E | 32.6805 | 32.6503 0.0302
2007/10/14 17:40 | 46-59.52310N | 162-15.61480E | 32.6576 | 326517 0,0059
2007/10/15 5:48 | 47-00.14140N | 164-21.29860E | 32.7218 | 32.7181 0.0037
2007/10/15 18:09 | 46-59.07380N | 165-37.89780E | 327204 | 327177 0.0027
2007/10/16 5:45 | 46-57.67950N | 166-43.18590E | 32,7198 | 327006 0.0192
2007/10/16 17:21 | 46-59.41470N | 168-22.56610E | 326269 | 32.6230 0.0039
2007/10/17 4:43 | 47-00.57730N | 169-05.85870E | 32.6415 | 326348 0.0067
200710717 16:50 | 46-58.65870N | 160-48.59680E | 326433 | 326435 -0.0002
2007/10/18 4:37 | 46-59.83300N | 170-2831700E | 32.6664 | 326637 0,0027
2007/10/18 17:37 | 47-00.36100N | 172-11.21260E | 32.6925 | 32.6908 0.0017
2007/10/19 4:00 | 47-00.24210N | 173-49.77000E | 32.6660 | 326612 0.0048
2007/10/19 17:22 | 46-59.80860N | 176-05.82360E | 32.6682 | 326711 -0.0029
2007/10/20 4:52 | 46-59.40840N | 177-2384440E | 32,7044 | 32.6961 00083
2007/10/20 17:22 | 47-D0.00850N | 179-26.22310E | 327052 | 32.6981 0.0071
2007/10/21 4:47 | 47-50.94950N | 178-58.06240E | 32.7126 | 327113 0.0013
2007/10/21 16:29 | 48-50.35410N | 178-58.98040E | 327462 | 327458 00004
2007/10/22 5:27 | 50-00.83360N | 178-58.88200E | 32.7591 | 32.7558 0.0033
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2007/10/22 | 16:31 | 50-28.96300N | 179-17.18900E | 32.7410 | 32.7375 0.0035 2007/11/7 | 15:23 | 29-29.82960N | 178-59.54800E | 35.0656 | 35.0616 0.0040
2007/10/23 4:21 | 50-56.90210N | 179-34.72020E | 327865 | 32.7856 0.0009 2007/11/8 3:31 | 28-29.09130N | 178-59.81260E | 35.1072 | 35.1020 0.0052
2007/10/23 | 17:34 | 51-49.39240N | 179-48.31570W | 33.1172 | 33.0838 0.0334 2007/11/8 | 15:09 | 27-29.82050N | 179-00.43770E | 35.1408 | 35.1350 0.0058
2007/10/24 4:31 | 52.16.13690N | 178-58.41500W | 33.0384 | 33.0340 0.0044 2007/11/9 3:38 | 26-29.73000N | 179-00.05290E | 35.1328 | 35.1256 0.0072
2007/10/24 | 16:44 | 53-29.70310N | 178-14.46000W | 33.0212 | 32.9384 0.0828* 2007/11/9 | 15:02 | 26-01.48300N | 179-09.89370E | 352352 | 352285 0.0067
2007/10/25 4:14 | 54-20.63280N | 177-33.24850W | 32,9897 | 33.0030 00133 | | 2007/11/10 3:35 | 25-55.53690N | 179-35.36160E | 351871 | 35.1823 0.0048
2007/10/25 | 16:43 | 55-46.93320N | 176-39.18100W | 329090 | 328842 0.0248 | | 2007/11/10 | 14:53 | 25-37.38100N | 179-08.77730E | 35.1945 | 35.1835 0.0110
2007/10/26 5:22 | 56.58.85310N | 175-40.15170W | 32,6355 | 32.6284 0.0071 | | 2007/11/11 3:32 | 25-00.00200N | 179-00.87020E | 35.1259 | 35.1160 0.0099
2007/10/26 | 18:01 | 57-59.76550N | 174-49.00480W | 32.5895 | 32.5258 0.0637% | | 20071111 | 15:07 | 24-00.25110N | 178-50.54920E | 35.1751 | 35.1667 0.0084
2007/10/27 4:57 | 58-08.08730N | 174-44.48860W | 32,5030 | 32.3429 0.1601* | | 2007/11/12 3:25 | 23-00.17370N | 178-59.73550E | 35.1788 | 35.1675 0.0113
2007/10/27 | 17:19 | 56-30.05810N | 176-03.67350W | 32.5951 | 32.7054 20.1103% | | 200711712 | 15:29 | 22-00.68720N | 178-50.79810E | 35.2859 | 352776 0.0083
2007/10/28 4:39 | 54-08.81850N | 177-54.30220W | 32.9045 | 32.9649 0.0604% | | 2007/11/13 3:54 | 20-40.66570N | 178-59.76420E | 35.2590 | 352487 0.0103
2007/10/28 | 13:05 | 52-32.19380N | 179-08.82310W | 33.0417 | 33.0057 0.0360 | | 20071113 | 1515 | 19-30.66360N | 179-00.02710E | 34.9384 | 34.9276 0.0108
2007/10/29 4:01 | 50-14.37020N | 179-37.14930E | 327248 | 32.7183 0.0065 | | 2007/11/14 3:29 | 18-30.92670N | 179-00.39380E | 34.9828 | 34.9705 0.0123
2007/10/29 | 14:42 | 47-41.52110N | 179-02.67540E | 32.7274 | 32.6862 0.0412 | | 20071114 | 1543 | 17-31.50610N | 178-59.80200E | 34.7915 | 34.7802 0.0113
2007/10/30 3:41 | 46-53.64970N | 179-22.82010E - 32.6969 - 2007/11/15 4:07 | 16-24.89740N | 178-59.544R0E | 34.6641 | 34.6546 0.0095
2007/10/30 | 15:14 | 45-59.16150N | 179-01.56400E = 32.6628 . 2007/11/15 | 15:30 | 15-30.91970N | 178-59.09970E | 347727 | 34.7595 0.0132
2007/10/31 3:35 | 45-00.74700N | 178-57.16110E - 32.8870 3 2007111116 3:36 | 14-3031750N | 178-58.52030E | 34.7215 | 34.7105 0.0110
2007/10/31 | 15:15 | 44-25.17970N | 178-59.33940E - 32.9982 - 2007/11/16 | 15:14 | 13-30.46350N | 178-59.04190E | 34.6934 | 34.6809 0.0125
2007/11/1 3:39 | 43.25.96200N | 179-02.30580E ; 33.0939 : 2007/11/17 3:25 | 12-31.37000N | 178-59.21560E | 34.5697 | 34.5586 0.0111
2007/11/1 | 15:26 | 42-28.59190N | 178-59.11440E 3 33.4875 3 20071117 | 15:21 | 11-31.21370N | 178-59.68420E | 343699 | 34.3584 0.0115 |
2007/11/2 3:12 | 41-23.64650N | 179-01.51310E - 33.8685 - 2007/11/18 4:03 | 10-30.99360N | 178-59.81610E | 34.3508 | 343394 0.0114
2007/11/2 | 15:27 | 40-20.81390N | 178-59.78120E - 33.9810 - 20071118 | 15:29 | 09-29.79300N | 178-49.30000E | 34.2541 | 342427 0.0114
2007/11/3 3:24 | 39:26.10410N | 179-02.86940E = 33.9847 . 2007/11/19 4:12 | 08-45.75560N | 178-50.25940E | 34.0907 | 34.0779 0.0128
2007/11/3 | 15:45 | 38-23.33390N | 178-58.9%450E : 34.2733 - 2007/11/19 7:34 | 08-30.49010N | 178-59.17670E | 34.0624 | 34.0496 0.0128
2007/11/4 3:31 | 37-18.29470N | 179-01.24320E - 34.1793 - 2007/11/23 6:21 | 08-28.64970N | 177-35.78940E | 343121 | 34.2969 0.0152
2007/11/4 | 16:00 | 35-59.85240N | 179-00.06330E i 34.3576 : 2007/11/23 | 20:57 | 08-30.58210N | 178-59.31190E | 34.2402 | 342230 0.0163
2007/11/5 3:58 | 35-00.12920N | 179-00.07790E 3 34.3425 3 2007/11/24 4:35 | 08-15.65310N | 178-59.95810E | 34.2031 | 34.2779 0.0152
2007/11/5 | 15:55 | 33-44.35400N | 178-59.55440E - 34.3342 - 2007/11/24 | 15:11 | 07-44.86660N | 179-00.67490E | 343735 | 343571 0.0164
2007/11/6 3:11 | 32-20.25280N | 178-59.81090E - 34.4613 - 2007/11/25 5:25 | 06-59.91330N | 179-00.06250E | 34.9224 | 34.9055 0.0169
2007/11/6 | 15:20 | 31-30.00990N | 179-01.02830E = 34,9858 . 2007/11/25 | 15:03 | 06-43.39460N | 179-01.10810E | 34.9023 | 34.8856 0.0167
2007/11/7 3:58 | 30-20.46880N | 178-58.82510E : 34.8471 g 2007/11/26 9:02 | 05-48.04660N | 179-00.02110E | 34.6940 | 34.6773 0.0167
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2007/11/26 | 19:05 | 05-26.90940N | 178-59.91100E | 34.8380 | 34.8221 0.0159 | | 20071212 |  15:19 | 16-12.741408 | 177-54.43780E | 34.4854 | 344725 0.0129
2007/11/27 3:34 | 04-59.55490N | 178-59.60990E | 34.9097 | 34.8895 0.0202 | | 2007/12/13 4:35 | 18-00.973108 | 176-45.86950E | 34.5336 | 345170 0.0166
2007/11/27 | 15:19 | 04-28.97130N | 179-00.63150E | 351440 | 35.1281 0.0159 | | 2007/12/13 | 14:24 | 18-50.60070S | 177-46.34680E | 34.6658 | 34.6499 0.0159
2007/11/28 3:45 | 03-59.53280N | 179-00.29860E | 351021 | 35.0869 0.0152 | | 2007/12/14 3:17 | 18-55.979108 | 177-42.97910E | 34.6754 | 34.6600 0.0154
2007/11/28 | 15:44 | 03-30.23710N | 179-00.16020E | 35.1012 | 35.0856 0.0156 | | 2007/12/14 | 1533 | 19-28.61270S | 177-27.00180E | 34.6839 | 34.6687 0.0152
2007/11/29 3:36 | 03-00.21240N | 179-00.13510E | 351367 | 35.1212 0.0155 | | 200712115 3:23 | 20-07.583508 | 177-31.91270E | 34.8697 | 34.8541 0.0156
2007/11/29 | 16:01 | 02-1822210N | 179-00.16430E | 35.1347 | 35.1212 0.0135 | | 2007/12/15 |  14:34 | 20-49.630408 | 177-33.64870E | 34.7734 | 34.7594 0.0140
2007/11/30 3:55 | 01-46.88070N | 178-59.98650E | 351377 | 35.1235 0.0142 | | 2007/12/16 3:13 | 21-27.062208 | 177-28.28690E | 34.7654 | 34.7500 0.0154
2007/11/30 | 15:31 | 01-15.66770N | 179-0043110E | 35.1435 | 35.1276 0.0159 | | 2007/12/16 |  14:27 | 22-35.484708 | 177-15.81440E | 35.1803 | 35.1668 0.0135
2007/12/1 3:46 | 00-44.30730N | 178-59.59540E | 351914 | 35.1760 0.0154 | | 2007/12/17 3:34 | 2328792808 | 177-06.50720E | 352719 | 352571 0.0148
2007/12/1 | 15:37 | 00-14.79480N | 178-59.80660E | 352000 | 351943 0.0147 | | 2007/12/17 |  15:22 | 24-33.84780S | 176-55.51780E | 353974 | 353832 0.0142
20071212 4:15 | 00-14.67970S | 178-59.64810E | 352218 | 35.2073 0.0145 | | 2007/1218 3:14 | 25-40.207408 | 176-4422250E | 353818 | 35.3685 0.0133
20071272 | 12:41 | 00-10.57770S | 179-06.94120E | 352325 | 352174 0.0151 | | 20071218 | 1532 | 26-32.00690S | 176-35.73230E | 35.5411 | 355272 0.0139
200711273 4:52 | 00-12.285108 | 179-04.73820E | 352249 | 35.2099 0.0150 | | 2007/12/19 3:17 | 27-42.588508 | 176-23.83980E | 353077 | 35.2935 0.0142 |
2007/12/3 | 14:57 | 00-44.444208 | 179-00.38430E | 352623 | 35.2469 0.0154 | | 20071219 |  14:58 | 2842407308 | 176-13.37440E | 354757 | 354621 0.0136
2007/12/4 3:20 | 01-14.799308 | 178-59.80360E | 353369 | 353212 0.0157 | | 2007/12/20 3:33 | 29-47.612008 | 175-5831910E | 355968 | 35.5770 0.0198
2007/12/4 | 15:34 | 01-44.205008 | 178-59.90450E | 35.4360 | 35.4201 0.0159 | | 2007/12/20 | 1537 | 30-52.84490S | 175-51.55180E | 35.6651 | 35.6505 0.0146
2007/12/5 3:22 | 02-17.594608 | 178-59.93920E | 356036 | 35.5869 0.0167 | | 2007/12/21 3:21 | 31-44.204508 | 175-43.19030E | 356629 | 35.6484 0.0145
2007/12/5 | 15:24 | 02-53.723008 | 178-59.76740E | 35.6056 | 35.5887 0.0169 | | 2007/12/21 | 1540 | 32-49.34980S | 175-3203160E | 35.7132 | 35.6991 0.0141
2007/12/6 3:06 | 03-27.435308 | 179-00.16390E | 357017 | 35.6843 0.0174 | | 2007/12/22 3:07 | 33-42.103108 | 175-23.62260E | 356878 | 35.6729 0.0149
2007/12/6 | 15:36 | 04.00.425808 | 179-00.22410E | 35.6937 | 35.6779 0.0158 | | 2007/12/22 |  15:06 | 3501274208 | 175-09.08010E | 357422 | 35.7286 0.0136
200711277 332 | 04-30493208 | 179-00.53770E | 357250 | 35.7082 0.0168 | | 2007/12/23 1:20 | 35-33.057405 | 175-08.87520E | 35.6953 | 35.6812 0.0141
2007127 | 15:32 | 04-59.935308 | 179-00.01310E | 355754 | 355597 0.0157 |  * Difference between the sensor and the bottle salinity is large.
2007/12/8 3:45 | 06-00.491908 | 179-00.46560E | 353242 | 353077 0.0165
2007/12/8 | 14:36 | 06-53.233108 | 178-59.79630E | 34.9645 | 34.9512 0.0133
2007/12/9 4:03 | 08-00.07870S | 178-59.79360E | 34.9440 | 34.9289 0.0151
2007/12/9 | 15:36 | 09.00392108 | 178-59.93010E | 34.8335 | 34.8182 0.0153
2007/12/10 3:40 | 10-00.459708 | 178-59.86400E | 34.9014 | 34.8881 0.0133
2007/12/10 | 15:18 | 11-13.931508 | 178-59.74590E | 34.7253 | 34.7089 0.0164
2007/12/11 3:33 | 12-30374708 | 178-59.91460E | 34.6997 | 34.7019 -0.0022
2007/12/11 | 15:51 | 13-46.37280S | 179-00.26670E | 34.7411 | 34.7252 0.0159
2007/12/12 4:00 | 15-22.738908 | 178-59.73240E | 34.5721 | 34.5526 0.0195
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2.4 Underway pCO,
9 November 2008

(1) Personnel
Akihiko Murata (IORGC, JAMSTEC)
Yoshiko Ishikawa (MW
Yasuhiro Ari (MWI)

Mikio Kitada (MWI)

(2) Objectives
Concentrations of CO» in the atmosphere are now increasing at a rate of 1.5 ppmv v due to human
activities such as buming of fossil fuels, deforestation, cement production, etc. It is an urgent task to
estimate as accurately as possible the absorption capacity of the ocean against the increased atmospheric
C0;, and to clarify the mechanism of the CO, absorption, because the magnitude of the predicted global
warming depends on the levels of €0y in the atmosphere, and because the ocean currently absorbs 1/3 of
the & Gt of carbon emitted into the atmosphere each year by human activities.
In the P1 and P14 revist cruises, we were aimed at quantifying how much anthropogenic CO; 1s
zbsorbed in the surface ocean in the Pacific. For the purpose, we measured pCO, (partial pressures of

C0,) in the atmosphere and in the surface seawater.

(3) Apparatus and shipboard measurement

Continuous underway measurements of atmospheric and surface seawater pCO; were made with
the CO; measuring system (MNippon ANS, Ltd) installed in the B/Y Mirai of JAMSTEC. The system
comprises of a non-dispersive infrared gas analyzer (NDIR; BINOS”™ model 4.1, Fisher-Rosemount), an
air-circulation module and a showerhead-type equilibrator. To measure concentrations (mele fraction) of

CO; in dry air (xCOya), air sampled from the bow of the ship (approx. 30 m above the sea level) was

a0

introduced into the NDIR through a dehvdrating route with an electric dehumidifier (kept at ~2 *C}, a
Perma Pure drver (GL Sciences Inc.), and a chemical desiccant (Mg(ClO,).). The flow rate of the air was
500 ml min"'. To measure surface seawater concentrations of CO, in dry air (xC0,s), the airequilibrated
with seawater within the equilibrator was introduced into the NDIR through the same flow route as the
dehydrated air used in measuring xCOsa. The flow rate of the equilibrated air was 600 - 800 ml min 2
The scawater was taken by a pump from the intake placed at the approx. 4.5 m below the sea surface.
The flow rate of seawater in the equilibrator was 500 — 800 m| min".

The €Oy measuring system was set to repeat the measurement cycle such as 4 kinds of CO,
standard gases (Table 2.4.1), xCOa (twice), xCOys (7 times). This measuring system was run

automatically throughout the cruise by a PC control.

(4) Quality control

Concentrations of COy of the standard gases are listed in Table 2.4.1, which were calibrated by
the JAMSTEC primary standard gases. The CO; concentrations of the primary standard gases were
calibrated by C.D. Keeling of the Scripps Institution of Oceanography, La Jolla, CA, USA.

Since differences of concentrations of the standard gases between before and after the eruise were
allowable (< 0.1 ppmv), the averaged concentrations (Table 2.4.1} were adopted for the subsequent
calculations.

In actual shipboard observations, the signals of NDIR usually reveal a trend The trends were
adjusted linearly using the signals of the standard pgases analyzed before and after the sample
MiEASUTEIMENts,

Effects of water temperature increased between the inlet of surface seawater and the equilibrator on
xC0,s were adjusted based on Gordon and Jones {1973), although the temperature increases were slight,
being ~ 0.3 *C,

We checked values of xCO:a and xCOs by examining signals of the NDIR on recorder charts, and

by plotting the xCOsa and xCO0ss as a function of sequential day. longitude, sea surface temperature and



sea surface salinity.

Reference

Gordon, L. 1. and L. B. Jones (1973) The effect of temperature on carbon dioxide partial pressure in
seawater. Mar. Chem., 1, 317-322.

Table 2.4.1. Concentrations of CO, standard gases used in (a) P1 and (b) P14 revisit cruises

{a)
Cylinder no. Concentrations (ppmv)
CQB09354 2R9.77
COB15439 349.02
COB15432 39423
COBO93TS 439.75
(b)
Cylinder no. Concentrations (ppmy)
CQBOG555 27002
COB19242 330.40
CQB15437 36928

COBO952T 419.68




2.5 Acoustic Doppler Current Profiler
5 November 2008

(1) Personnel
Shinya Kouketsu (JAMSTEC)
Hiroshi Uchida (JAMSTEC)
Satoshi Okumura (GODI)
Shinya Okumura  (GODI)
Ryo Oyama (GODI}

Kazuho Yoshida (GODI)

(2} Instruments and method

The instrument used was an RDI 76.8 kHz unit. hull-mounted on the centerline and
approximately 23 m aft of the bow at the water line. The firmware version was 5.59 and the data
acquisition software was the RDI VMDAS Version. 1.4. The Operation was made from the first CTD
station to the last CTD station in each leg. It was continued to the Auckland port in the third leg. The
instrument was used in the water-tracking mode during the most of operations, recording each ping raw
data in & m x 100 bins from about 23 m to 735 m in deep. Typical sampling interval was 3.5 seconds.
Bottom track mode was added in the eastemmost shallow water region. GPS gave the navigation data.
Twao kinds of compass data were recorded. One was the ship's gyrocompass which iz connected the
ADCP system directory, were stored with the ADCP data. Current field based on the gyrocompass was
used to check the operation and the performance on board. Another compass used was the Inertial
MNavigation Unit (INU), DRU-H, Honeywell Inc. Its accuracy is 1.0 mile (about 0.056 degree) and had
already set on zero bias before the beginning of the cruise. The INU compass data were stored

independently, and were combined with the ADCP data after the cruise.

az

{3) Performance of the ADCP data

The performance of the ADCP instrument was almost good: on streaming, profiles usually
reached to about 600 m. Profiles were rather bad on CTD station, The profiles were sometimes obtained
from 200 m to 500 m. In these cases the ADCP signal was weak typically at about 350 m in deep. It is
probably due to the babbles from the bow-thruster. Echo intensities for each legs changed due to
environment of sea (Fig: 2.5.1), although the intensities were not different by each beams. During
MRO7-04 in which we observed in the subarctic region, enough echo intensities for good observation

{over 60 counts) were obtained up to bin number of 50.

{4) Data processing

We processed ADCP data as described below. ADCP-coordinate velocities were converted to
the zarth-coordinate velocities using the ship heading from the INU. The earth-coordinate currents were
obtained by subtracting ship wvelocities from the earth-coordinate wvelocities. Corrections of the
misalignment and scale factors were made using the bottom track data for each legs. The misalignment
angle calculated was 0.5, 1, and | degree and the scale factor was 0.975 for MROT-04, MRO7-06 legl

and MRO7-06 leg2, respectively.

MRO7-04 Leg. 1 MRO7-06 Leg. 1 MRO7-06 Leg. 2
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Fig. 2.5.1. Cruise-averaged echo intensities for each beams by bins.



2.6 XCTD
4 November 2008

(1) Personnel
Hiroshi Uchida (JAMSTEC)
Satoshi Okumura (GODI)
Shinya Okumura {GODI)

Ryo Ohyama (GODI)

(1) Objectives
Expendable Conductivity, Temperature and Depth profiler (XCTD) measurements were
carried out to obtain upper ocean temperature and salinity data at CTD stations skipped over in the

cruise MROT-04.

(3) Instrument and Method

The XCTD used was XCTD-1 (Tsurumi-Seiki Co., Lid., Yokohama, Kanagawa, Japan) with a
ME-100 deck unit (Tsurumi-Seiki Co., Ltd.). Ship's speed was slowed down to 12 knot during the
XCTD measurement. In the cruise MROT-04, 17 XCTD-1 probes were deployed by using B-loading
automatic launcher {Tsurumi-Seiki Co., Ltd.), except for stations PO1_42, 51, 53, 54, 55, 56, and 57 at
which the XCTD probes were deployed by using hand launcher from the stern of the upper deck due to

COMIMUNIcation ermor.

(4) Data Processing and Quality Control

The XCTD data were processed and guality controlled based on a method by Uchida and
Imawaki (2008} with slight modification. The followings are the data processing sequence used in the
reduction of the XCTD data.

. Raw temperature and conductivity data from the first nine scans of the XCTD data were deleted and

data considerably decper than depth range of the manufacturer's specifications and spikes were

manually removed.

. Missing data by the above editing was linearly interpolated when the data gap was within 15 scans

{about 2 m).

. Temperature and conductivity data were low-pass filtered (running mean with a window of 15 scans),

. The conductivity data was advanced for 1.5 scans (about 0.2 m), instead of 2 scans described in

Uchida and Imawaki (2008}, relative to the temperature data to correct mismatch of response time of

the sensors.

. Pressure was estimated from depth and location (latitude) by calculating backward from a pressure to

depth conversion equation (Saunders and Fofonoff, 1976), and salinity was calculated from the
pressure, temperature and conductivity data by using the reference conductivity of 42.896 mS em ' at
salinity of 35, temperature of 15 °C ([PTS-68) and pressure of 0 dbar. The reference conductivity

value is used in the manufacturer’s data processing software.

. The data were sampled at 1-dbar interval.

. Salinity biases of the XCTD data were estimated by using tight relationship between temperature and

salinity in the deep ocean. At in situ temperature of 2.75 °C, mean salinity was 34.399 (3D, 0.004)
and mean pressure was 993 dbar (SD, 53 dbar) for the CTD data obtained at four stations (PO1_40, 44,
58, and 60). Difference between XCTD salinity and the mean CTD salinity at temperature of 2.75 °C
was considered to be salinity bias of the XCTD data (Table 2.6.1). For the XCTD data of the station

POl 51, salinity bias could not be estimated because the maximum depth was too shallow to estimate

the salinity bias.

{5) Results

Vertical sections of potential temperature and salinity are shown in Fig. 2.6.1 combining with

CTD data obtained at four stations (PO1_40, 44, 58, and 60). Relationship between potential temperature
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and salinity is also shown in Fig. 2.6 2.

Table 2.6.1 Salinity offset correction value to the XCTD salinity data. Ship intake temperature

{S8T) and salinity (858), and maximum pressure for the XCTD data are also shown.

Station  Serial number 85T 558 Max. pressure Salinity oftset
[°C]  [PSU]  [dbar] [PSU]
PO1_41 03022140 10.725 32974 1045 0.009
P01 42 02121625 10580 32.857 1044 0.015
PO1_43 02121627 1048 32,835 1044 0.028
PO1_45 03022141 0.656 32801 1045 0033
POl _46 03022142 0.676 32.B58 1044 0010
PO1_47 03022176 9.892 F2E58 1044 0010
P01 48 03022171 D988 32B40 1044 0.024
POI_49 03022174 1116 32794 1043 0027
PO1_50 03022172 10.074 32782 1044 0.005
PO1_51 03022170 10000 32798 484 -
PO1_52 03022149 1100 32,739 1045 0015
P01 53 03022148 10293 32.755 1045 0.031
Pol_54 03022146 10,774 32756 1045 0024
P01_55 03022152 10788 32.719 1045 0.026
POl 56 03022147 10,858 32.735 1045 0.025
PO1_57 03022151 11.579 32797 1045 0010
PO1_59% 03022144 11.560 32770 1044 0014

Pressure (dbar)

162 164 166 168 170 172 174 176 178

Pressure (dbar)

162 164 166 168 170 172 174 176 178
Longitude (E)

Fig. 2.6.1 Vertical section of {a) potential temperature and (b} salinity. Filled triangles {open

triangles) show station locations for the XCTD (CTD) measurements.



Uchida, H. and 8. Imawaki (2008): Estimation of the sea level trend south of Japan by combining

Potential temperature (degC)
satellite altimeter data with im situ hydrographic data. J Geophys. Res, 113, C09035,

]
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Fig. 2.6.2 Potential temperature plotted against salinity for the XCTD (red curves) and CTD (blue
curves) data obtained from station PO1_40 to 60.
(6) Drata format

Data format for the XCTD data is basically based on WOCE Exchange Format for the CTD
data. Quality flags were set to *1" for the XCTD data except for the offset corrected salinity data for

which quality flags were set to “2". Temperature and salinity profiles near the sea surface were filled

with the shallowest values and the quality flags were set to ®7",

References
Saunders, P. M. and N. P Fofonoff (1976}: Conversion of pressure to depth in the ocean. Deep-Sea Res.,

23, 109-111.
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3.1 CTD/O; Measurements

1 Décember 2008

(1) Personnel
Hiroshi Uchida (JAMSTEC)
Satoshi Ozawa (MWI) (MRO7-04_1 and MROT-06_2)
Hirokatsu Uno (MW} (MRO7-04_1 and MRO7-06_2)
Tomoyuki Takamor (MWI) (MR07-04 1 and MRO7-06 2)
Kenichi Katayama (MWI) (MBE07-04_f and MRO7-06_1)
Hiroshi Matsunaga (MWI) (MEOT7-06 1)
Kentaro Ohyama (MWI) {MBR07-06 1)
Shinsuke Toyoda (MWI) (MROT-06_1)

Tsutomu Fujii (MWI) (MRO7-06_2)

{2) Winch arrangements

The CTD package was deployed by using 4.5 Ton Traction Winch System (Dynacon, Inc., Bryan,
Texas, USA), which was installed on the R/V Mirai in April 2001 (Fukasawa et al., 2004). Primary
system components include a complete CTD Traction Winch System with up to 8000 m of 9.53 mm

armored cable (Ocean Cable and Communications Co., Yokohama, Kanagawa, Japan).

(3) Overview of the equipment

The CTD system was SBE 911plus system (Sea-Bird Electronics, Inc., Bellevue, Washington,
USA). The SBE 911plus system controls 36-position SBE 32 Carousel Water Sampler. The Carousel
accepts 12-litre Niskin-X water sample bottles (General Oceanics, Inc., Miami, Florida, USA). The SBE
Oplus was mounted horizontally in a 36-position carousel frame. SBE's temperature (SBE 3) and

conductivity (SBE 4) sensor modules were used with the SBE Oplus underwater unit. The pressure

sensor is mounted in the main housing of the underwater unit and is ported to outside through the
oil-filled plastic capillary tube. A modular unit of underwater housing pump (SBE 5T) flushes water
through sensor tubing at a constant rate independent of the CTDs motion, and pumping rate (3000 rpm)

remain nearly constant over the entire input voltage range of 12-18 volts DC. Flow speed of pumped

water in standard TC duct is about 2.4 m's. Two sets of temperature and conductivity modules were used.

An SBE’s dissolved oxygen sensor (SBE 43) was placed between the primary conductivity sensor and
the pump module. Auxiliary sensors, a Deep Ocean Standards Thermometer (SBE 33), an altimeter
(PSA-916T; Teledyne Benthos, Inc., North Falmous, Massachusetts. UUSA), an oxyvgen optode (Oxygen
Optode 3830; Aanderaa Data Instruments AS, Bergen, Norway), and a fluorometer {Seapeint sensors,
Ine., Kingston, New Hampshire, USA) were also used with the SBE 9plus underwater unit. In addition,
two prototypes of oxygen optode (RINKO; Alec Electronics Co. Ltd., Kobe, Hyogo, Japan) were also
used. To minimize motion of the CTD package, a heavy stainless frame (total weight of the CTD
package without sea water in the bottles is about 1000 kg) was used with an aluminum plate (54 = 90

cm: see Fig. 3.1.1 in Kawano and Uchida, 2007).

Summary of the system used in the croises MRO7-04 and MROT-06
Deck unit:
SBE 11lplus, S/N 0272
Under water unit:
SBE 9plus, /N 79492 (Pressure sensor: S5/M 0575)
Temperature sensor:
Primary
SBE 3plus, 5/N 4216 (stations from P01 _1 1 to POL 44 1)
SBE 3plus, 3/N 4188 (stations from PO1_58 1to PO1_115 1)
(stations from P01 28 2to PI4N 4 1)

SRE 3, S/N 1525 (stations from P14N 30 1w P14C 1 1)
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Secondary

SBE 3, 5/N 1464 (stations from PO1_1 1t PO1_29 1)

SBE 3, 8/N 1525 (stations from POI_40 1w P0O1_115 1)
(stations from PO1_28 2 to P14N 4 1)

SBE 3plus, 5/N 4421 (stations from P14N 30 1 to P14N 33 1)

SBE 3plus, 5/N 4188 (stations from P14N_34 | to P14N_T73_1)

SBE 3plus, 5/M 4216 (stations from P14N 75 1t P14C 1 1)

* without secondary temperature sensor for station P14N T4 2

Conductivity sensor:

Primary
SBE 4, 5/ 1203 (stations from PO1_1_1 to PO1_10 1)
SBE 4, 5/N 3064 (stations from PO1_11_1 o PO1_115 1)
(stations from PO1 28 2 to PL4N 74 1)
SBE 4. 5/N 1206 (stations from P14N_74 2 to P14N_99 1)
SBE 4. S/ 3116 (stations from P14N_100_1 to PL14N_109_1)
SBE 4. 5 3124 (stations from P14N_109 2to P14C 1 1)
Secondary
SBE 4, S/N 2854 (stations from P01 1 1 to POL_115 1)
SBE 4. 5N 2240 (stations from P01_28 2 o PO1_46 1)
SBE 4, 5/N 3036 (stations from PO1_47 1 1o P14N_31_1)
SBE 4, S/N 2854 (stations from P14N_52 1 to PI4N 74 1)
SBE 4. 5/N 2435 (stations from P14N_80 1 to P14N_171_1)
SBE 4, S/N 1172 (stations from P14N_172 1 to P14C 1 1)

* without secondary conductivity sensor for stations from P14N_74 2to P14N_79 |

Oxygen sensor:

a8

SBE 43, S/N (949 (stations from PO _1_11ta PO1_115_1)

SBE 43, 5/N 0394 (stations from P0O1_28 2to PI4C 1 1)
AANDERAA Oxygen Optode 3830, SN 612
ALEC Oxygen Optode (RINKO, prototype I) (stations from P01 1 [t PO1 115 1)
(stations from PO1_28 2to PI4N_182 1)
ALEC Oxygen Optode (RINKO, prototype II) (stations from P14N 109 210 P14C 1 1)
Pump:
Primary
SBE 5T, 5/N 4598 (stations P01 1 1 to P01 58 2)
SBE 5T, /N 4595 (stations PO1_60 1 to POL_115 1)
(stations P01 28 210 P14C 1 1)
Secondary
SBE 5T, 8/N 4595 (stations PO1_1_1 to PO1_58 2)
SBE 5T, 5/N 4598 (stations PO1 60 1o POL 115 1)
{stations P01 28 2to P14C 1 1)
Altimeter:
P3A-916T, /N 1157
Deep Ocean Standards Thermometer:
SBE 35, S/N 0045
Fluorometer:
Seapoint Sensors, Inc., 8/N 2579
* without fluorometer for the following stations,
because the maximum pressure was beyvond the pressure-proof
stations from P01 9 1 to P01 12 1,
from PO1 44 2ta POL 46 1,
from PO1_53 1toP0O1_354 1,

from P14N_24 1 to P14N 23 1,



from PI4N_100 1 to PI4N_101 1,
from P14N_107_1 to P14N_109 2,
and PI14N 123 1
Carousel Water Sampler:
SBE 32, 5/N (0391
Water sample bottle:
12-litre MNiskin-X {no TEFLON coating)

(4) Pre-cruise calibration
i. Pressure

The Paroscientific series 4000 Digiquartz high pressure transducer (Model 415K-187:
Paroscientific, Inc., Redmond, Washington, USA) uses a guartz crystal resonator whose frequency of
oscillation varies with pressure induced stress with 0.01 per million of resolution over the absolute
pressure range of O to 15000 psia (0 to 10332 dbar). Also, & quartz crystal temperature signal is used to
compensate for 2 wide range of temperature changes at the time of an observation. The pressure sensor
has a nominal accuracy of 0.015% F8 (1.5 dbar), typical stability of 0.0015% FS5/month (0.135
dbar/month), and resolution of 0.001% FS (0.1 dbar). Since the pressure sensor measures the absolute
value, it inherently includes atmospheric pressure {about 14.7 psi). SEASOFT suobtracts 14.7 psi from
computed pressure automatically.

Pre-cruise sensor calibrations for linearization were performed at SBE, Inc.

S/ 0575, 27 October 1999

The time drift of the pressure sensor is adjusted by periodic recertification corrections against-a
dead-weight piston gauge (Model 480DA, S/N 23906; Bundenberg Gauge Co. Lid, Irlam, Manchester,
UK). The corrections are performed at JAMSTEC, Yokosuka, Kanagawa, Japan by Marine Works Japan
Led. (MWT), Yokohama, Kanagawa, Japan, usually once in a year in order to monitor sensor time drift

and linearity.

SN 0575, 5 July 2007
slope = 099980507
offset = 2.33363

Result of the pre-cruise pressure sensor calibration against the dead-weight piston gauge is shown

in Fig. 3.1.1.
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Figure 3.1.1 Difference between the dead-weight piston gauge and the CTD pressure. The calibration

line {(black line) is also shown.

ii. Temperature (SBE 3)
The temperature sensing element is a glass-coated thermistor bead in a stainless steel tube,
providing a pressure-free measurement at depths up to 10500 (6800} m by titanium (aluminum) housing.
The SBE 3 thermometer has a nominal accuracy of 1 mK, typical stability of 0.2 mK/month, and

resolution of 0.2 mK at 24 samples per second. The premium temperature sensor, SBE 3plus, is a more

39



rigorously tested and calibrated version of standard temperature sensor (SBE 3).

Pre-cruise sensor calibrations were performed at SBE, Inc.

Pressure sensitivity of SBE 3 was cormrected in accordance with a method by Uchida et al. (2007),

SN 4188, 16 May 2007
S/N 4216, 16 May 2007
S/N 1464, 28 June 2007
SN 1525, 14 June 2007

SN 4421, 14 June 2007

iii. Conductivity (SBE 4)

The flow-through conductivity sensing element is a glass tube (cell) with three platinum electrodes
to provide in-situ measurements at depths up to 10300 (6200) m by titanium (aluminum) housing. The

SBE 4 has a nominal accuracy of 0.0003 S/m, typical stability of 0.0003 S/m/month, and resolution of

0.00004 5/m at 24 samples per second.
Pre-cruise sensor calibrations were performed at SBE, Inc.

SN 1203, 14 June 2007

for the following sensor.

Time drift of the SBE 3 temperature sensors based on the laboratory calibrations is shown in Fig.

3.1:2
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SBE3 time drift (mK)

Figure 3.1.2 Time drift of SBE 3 temperature sensors based on laboratory calibrations.
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S/ 3064, 14 June 2007
5/ 1088, 14 June 2007
8N 2240, 10 August 2007
8/ 3036, 10 May 2007
SN 2854, 10 August 2007
S/M 1206, 10 May 2007
S/N 2435, 10 August 2007
/M 3116, 16 May 2007
SN 3124, 16 May 2007
5N 1172, 14 hune 2007
The value of conductivity at salinity of 35, temperature of 15 °C (IPTS-68) and pressure of ) dbar is

4.2914 5/m.

iv. Oxygen (SBE 43)

The SBE 43 oxygen sensor uses a Clark polarographic element to provide in-situ measurements at
depths up to 7000 m. The range for dissolved oxygen is 120% of surface saturation in all natural waters,
neminal accuracy is 2% of saturation, and typical stability is 2% per 1000 hours.

Pre-cruise sensor calibrations were performed at SBE, Inc.

SN 0949, 1 June 2007



SN 0394, 23 June 2007

v. Deep Ocean Standards Thermometer

Deep Ocean Standards Thermometer (SBE 335) is an accurate, ocean-range temperature sensor that
can be standardized against Triple Point of Water and Gallium Melt Point cells and is also capable of
measuring temperature in the ocean to depths of 6800 m. The SBE 35 was used to calibrate the SBE 3
temperature sensors in gitu (Uchida et al., 2007).

Pre-cruise sensor linearization was performed at SBE, Inc.

S/ 0045, 27 October 2002

Then the SBE 35 is cerified by measurements in thermodynamie fixed-point cells of the TPW
(0.0100 °C) and GaMP (297646 °C). The slow time drift of the SBE 35 is adjusted by periodic
recertification corrections. Pre-cruise sensor calibration was performed at SBE, Inc.

S/ 0045, 29 May 2007 (slope and offset correction)

The time required per sample = 1.1 * NCYCLES + 2.7 seconds. The 1.1 seconds is total time per an
acquisition eycle, NCYCLES is the number of acquisition cycles per sample and was set to 4. The 2.7
seconds is required for converting the measured values to temperature and storing average in EEPROM.

When using the SBE 911 system with SBE 35, the deck unit receives incorrect signal from the
under water unit for confirmation of firing bottle #16. In order to correct the signal, a module (Yoshi Ver.
I; EMS Co. Ltd., Kobe, Hyogo, Japan) was used between the under water unit and the deck unit.

Time drift of the SBE 35 based on the fixed point calibrations is shown in Fig. 3.1.5.
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Figure 3.1.3 SBE35 time drift based on laboratory fixed point calibrations (triple point of water, TP'W

and gallium melt point, GaMP) performed by SBE, Inc.

vi. Altimeter

Benthos PEA-916T Sonar Altimeter (Teledyne Benthos, Inc.) determines the distance of the target
from the unit by generating a narrow beam acoustic pulse and measuring the travel time for the pulse to
bounce back from the target surface. It is rated for operation in water depths up to 10000 m. The

PEA-916T uses the nominal speed of sound of 1500 m/s.

vii. Oxygen Optode
Oxygen Optede 3830 (Aanderaa Instruments AS) is based on the ability of sclected substances to
act as dynamic fluorescence quenchers. In order to use with the SBE 911plus CTD system, an analog

adaptor (1964) 15 connected to the oxygen optode (3%30). The analog adaptor is packed into titanium
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housing made by Alec Electronics Co. Ltd., Kobe, Hyogo, Japan. The sensor is designed to operate
down to 6000 m. The range for dissolved oxygen is 120% of surface saturation in all natural waters,
nominal accuracy is less than 5% of saturation, and setting time {68%) is shorter than 25 seconds.
Outputs from the sensor are the raw phase shifi and temperature. The optode oxygen can be
calibrated in accordance with a method by Uchida et al. {2008) by using oxygen data obtained from

discrete water samples.

viii. Fluorometer

The Seapoint Chlorophyll Fluorometer (Seapoint Sensors, Inc., Kingston, New Hampshire, USA)
provides in-situ measurements of chlorophyll-a at depths up to 5000 m. The instrument uses modulated
blug LED lamps and a blue excitation filter to excite chlorophyll-a. The fluorescent light emitted by the
chlorophvll-a passes through a red emission filter and is detected by a silicon photodiode. The low level
signal is then processed wsing synchronous demodulation circuitry, which generates an output voltage

proportional to chlorophyll-a concentration.

ix. Prototype of oxygen optode

The prototype of oxygen optodes (RINKO prototype I and 1I: Alec Electronics Co. Ltd.) provides
the raw phase shift and temperature at depths up to 7000 m. Pre-cruise calibration was not performed for
the prototype sensors. The RINKO can also be calibrated in accordance with a method by Uchida et al.

(2008) by using oxygen data obtained from discrete water samples.

(5) Data collection and processing
i. Data collection

CTD system was powered on at least 20 minutes in advance of the data acquisition and was
powered off at least two minutes after the operation in order to acquire pressure data on the ship's deck.

The package was lowered into the water from the starboard side and held 10 m beneath the surface
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for about one minute in order to activate the pump. After the pump was activated, the package was lifted
to the surface and lowered at a rate of 1.0 m's to 200 m (or 300 m when significant wave height is high)
then the package was stopped to operate the heave compensator of the crane. The package was lowered
again at a rate of 1.2 m/s to the bottom. For the up cast. the package was lifted at a rate of 1.1 m/s except
for bottle firing stops. At each bottle firing stops, the bottle was fired after waiting from the stop for 30
seconds and the package was stayed at least 5 seconds for measurement of the SBE 35. At 200 m (or 300
m) from the surface, the package was stopped to stop the heave compensator of the crane.

Water samples were collected using a 36-bottle SBE 32 Carousel Water Sampler with 12-litre
Miskin-X bottles. Before a cast taken water for CFCs, the 36-bottle frame and MNiskin-X bottles were
wiped with acetone,

Data acquisition software

SEASAVE-Wini2, version 5.27h

ii. Data collection problems
Temperature sensor
Scattering of difference between the primary temperature sensor /™ 4216 and the SBE 35 was
slightly greater than that between the secondary temperature sensor 5/N 1464 and the SBE 35, Therefore
the temperature sensor /N 4188 was used as primary temperature sensor after the station PO1 44 1.
Scattering of difference between the primary temperature sensor S/N 4188 and the SBE 35 was
slightly greater than that between the secondary temperature sensor SN 1525 and the SBE 35. Therefore
the temperature sensor SN 1525 was used as primary temperature sensor and the temperature sensor
SN 4421 was used as secondary temperature sensor after the station P14N 4 1. The secondary
temperature senser S/N 4421, however, showed large discrepancy (about 0.5 mK) between the
down-cast and up-cast. Therefore the secondary temperature sensor was replaced with the temperature
sensor 5/N 4188 after the station P14N_33 1.

Scattering of difference between the secondary temperature sensor 5/ 4188 and the SBE 35 was



gradually became large. Therefore the secondary temperature sensor S/N 4188 was replaced with the
temperature sensor S/N 4216 after the station P14N_73 1.

At the stations from P14M 75 1t PI4N 79 1, the secondary temperature sensor was used without
the secondary conductivity sensor, The temperature sensor was directly connected with the pump by a
tube. Consequently, the temperature sensor reading was about | mK higher than usual for the stations

from P14N_75 1 ta P14N_79 1.

Conductivity sensor

The conductivity sensor reading from the primary conductivity sensor was shifted during the down
cast of station P01 7 1, POL 8 I, PO1 9 1, and PO1_10 1. Therefore the conductivity sensor was
replaced after the station PO1_10_1.

The secondary conductivity sensor /N 2240 was broken near the bottom of the station PO1_45 1.
Therefore the secondary conductivity sensor was replaced with the conductivity sensor 8/N 3036 after
the station P01 46 1. The secondary conductivity sensor SN 3036 was broken near the bottom of the
station PL4N 51 1. Therefore the secondary conductivity sensor was replaced with the conductivity
sensor S 2854 after the station. The primary and secondary conductivity sensors 3™ 3064 and S/N
2854 were broken near the bottom of the station P14N_74 1. Therefore the primary conductivity sensor
was replaced with the conductivity sensor 8N 1206 and the secondary temperature and conductivity
sensors were removed from the CTD system after the station, and at the station PL4N_B0 1, the
secondary conductivity sensor 5/ 2435 was attached to the CTD system. The primary conductivity
sensor S/™ 3116 was broken near the bottom of the station PI4N [08 |. Because the secondary
conductivity sensor was in normal condition and the remaining station was only one station for the
cruise MRO7-06 1, the broken conductivity sensor was left for the station PL4N 109 1. At the
beginning of the cruise MRBOT7-06_2, the primary conductivity was replaced with the conductivity sensor
SN 3124, The secondary conductivity sensor SN 2435 was broken near the bottom of the station

PI4N 171 1. Therefore the secondary conductivity sensor was replaced with the conduoctivity sensor

S/ 1172 after the station.
Because the conductivity sensor reading from the primary conductivity sensor SN 1206 was
slightly shifted during a long stop due to the winch trouble during the station P14N 98 |, the primary

conductivity sensor was replaced with the conductivity sensor S/ 3116 after the station P14N_99 1.

Prototype of oxygen aptode
At the station P14N_181 1, the sensor reading from RINKO prototype I was unstable during the

down-cast, although the sensor reading was normal during the up-cast. At the station PL4N 182 [,
RINKO prototype | did not work during the cast due to leakage. Therefore the sensor was removed after

the cast.

Winch troubles

At the station PO1 34 1, a sensor in the hydraulic actuator of the crane broke at about 864 dbar of
the up-cast. Therefore CTD was operated without heave motion of the crane at the station PO1_35 1.

At the station P14N 98 1, a chain rotating the cable drum broke at about 713 dbar of the down-cast
and the CTD package was stopped at the depth for about 110 minutes during repair.

At the station P14N_178 1, the CTD package rapidly approached the bottom before firing the
bottle #1, and the neatly arranged cable on the winch drum broke down in disorder because the CTD
package was quickly upped near the bottom. Therefore the cast was quitted. The station location was

changed about one mile from the original location and the second cast was carried out.

Miss trip and miss fire

Niskin bottles did not trip correctly at the following stations.

Miss trip Miss fire
POL 23 1,#15 P14N_60 1, #26
POL_40 2 #10 P14N 71 1,#31
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PO1_54 1,#10 P14C_35 1, #11

P14N 54 1, #11
P14N 63 1,#11
P14N 64 1,#11

P1AN 77 1,#27
PL4N 92 1, #24
P14N 99 1, #18
P14N_101 1, #16
PL4N_103_1,#5
P14N_107 1, #3 and #12
PL4N_110_1, #2
PL4N_126 1, #30
P14N_127 1, #28
P14C 50 1, #24

P14C_7_1,#22

Other incidents of note

At station PO1 29 1. a longline for fishery was caught in a propeller at about 5000 dbar of the
down cast, Therefore the cast was quitted and no water was sampled.

At station PO1_5R 1, primary temperature signal was lost at 2400 dbar of the down cast. Therefore
the cast was quitted and the connection cable was replaced.

At stations PO1T_81 [, PO1_105 | and POL 111 1, Jellyfish was in secondary T-C duct, and data
quality from the secondary temperature and conductivity sensors was bad. The secondary T-C duct was
cleaned with Triton-X after the casts.

At station PO1_115 1, a fishing boat existed near the planned location. Therefore the station

location was changed a little to the north.

At the station PO1_47 1, the secondary temperature and conductivity data were noisy.

At the station PI4N 55 1, the SBE 35 data of bottle #8 was lost, because the next bottle firing
command was sent before storing the SBE 35 data in the internal memory.

At the station P14N_140 1, the secondary salinity data did not change from zero. Therefore the cast

was quitted. The secondary sensors were flushed with water and the second cast was carried out.

iii. Data processing

SEASOFT consists of modular menu driven routines for acquisition, display, processing, and
archiving of oceanographic data acquired with SBE equipment. Raw data are acquired from instruments
and are stored as unmodified data. The conversion module DATCNY uses instrument configuration and
calibration coefficients to create a converted engineering unit data file that is operated on by all
SEASOFT post processing modules. The following are the SEASOFT and original software data
processing module sequence and specifications used in the reduction of CTD data in this cruise.

Data processing saftware
SEASOFT-Win32, version 5.27h

DATCNVY converted the raw data to engineering unit data. DATCNY also extracted bottle
information where scans were marked with the bottle confirm bit during acquisition. The duration was
set to 4.4 seconds, and the offset was set to 0.0 second.

TCORP (original module, version 1.0) cormrected the pressure sensitivity of the SBE 3 for both
profile and bottle information data. One SBE 3 (S/N 4188) was corrected because it had relatively large
pressure sensitivity (about +1.8 mk per 6000 dbar).

ROSSUM created a summary of the bottle data. The data were averaged over 4.4 seconds.

ALIGNCTD converted the tme-sequence of sensor outputs into the pressure sequence to ensure
that all caleulations were made using measurements from the same parcel of water. For a SBE 9plus
CTD with the ducted temperature and conductivity sensors and a 3000-rpm pump, the typical net

advance of the conductivity relative to the temperature is 0.073 seconds. So, the SBE 1lplus deck unit



was set to advance the primary and the secondary conductivity for 1.73 scans (1.75/24 = 0.073 seconds).
Oxygen data are also systematically delayed with respect to depth mainly because of the long time
constant of the oxygen sensor and of an additional delay from the transit time of water in the pumped
plumbing line. This delay was compensated by 6 seconds advancing oxygen sensor output {oxvgen
voltage) relative to the temperature data. Data from the RINKO prototype | and [1 were also delayed 2
seconds relative to the temperature data.

ALIGNOPT {original module, version 0.1) also compensated the delay of the AANDERAA optode
sensor by advancing relative to the CTD temperature data as a function of temperature {t).

align (sec) =25 = exp(-0.13 xt) (for0=t=163*C)
=25 (fort=0°C)
=3 (fort=163°C)

WILDEDIT marked 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 all variables.

CELLTM used a recursive filter to 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 performed a low pass filter on pressure with a time constant of (.15 seconds. In order to
produce zero phase lag (no time shift) the filter runs forward first then backwards.

WFILTER performed as a median filter to remove spikes in fluorometer data. A median value was
determined by 49 scans of the window.

SECTION (or original module of SECTIONU, version 1.0) selected a time span of data based on

scan number in order to reduce a file size. The minimum number was set to be the start time when the

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 from the surface. Data for estimation of the CTD pressure
drift were prepared before SECTION.

LOOPEDIT marked scans where the CTD was moving less than the minimum velocity of 0.0 m/s
(traveling backwards due to ship roll).

DESPIKE (original module, version 1.0) removed spikes of the data. A median and mean absolute
deviation was calculated in 1-dbar pressure bins for both down- and up-cast, excluding the flagged
values. Values greater than 4 mean absolute deviations from the median were marked bad for each bin.
This process was performed 2 times for temperature, conductivity, oxygen voltage (SBE 43) and optode
oxyvgen (AANDERAA) data.

DERIVE was used to compute oxygen (SBE 43).

BINAVG averaged the data into 1-dbar pressure bins. The center value of the first bin was set equal
to the bin size. The bin minimum and maximum values are the center value plus and minus half the bin
size. Scans with pressures greater than the minimum and less than or equal to the maximum were
averaged. Scans were interpolated so that a data record exist every dbar.

DERIVE was re-used to compute salinity, potential temperature, and density (a,).

SPLIT was used to split data into the down cast and the up cast.

The shift of the primary conductivity data at stations PO1_7 1, PO1 &8 1, P01 9 1, and PO1_10 1
were corrected by using original module SHIFTCORR. The conductivity sensor gradually shifted from
1000 dbar to the following depth of the down cast. Magnitude of the shift at the following depth was

estimated and the conductivity data between 1000 dbar and the following depth was linearly corrected.

Station Maximum depth of the shift Magnitude of the shift
at the maximum depth
FOL 7 1 4170 dbar ~0.00003 5/m
POL_8 1 3774 dbar ~0.00001 5/m
FO1_9_ 1 5850 dbar ~0.00002 8/m
POL_10 1 5820 dbar ~0.00004 S/m
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For the station P14N_36 1, bad quality data of the primary temperature and conductivity between
17 and 78 dbar of the down-cast were corrected by using original module SWAFP. The bad quality data
were replaced with the secondary temperature and conductivity data for the depths. Offsets of the

secondary temperature and conductivity data relative to the primary temperature and conductivity data at

the depths were estimated from the upper and lower data and were subtracted from the secondary data.

For the station PI4N_36 1, bad quality data of the SBE43 between the surface and 70 dbar of the

down-cast were replaced by the up-cast data of the SBE43.

Remaining spikes in temperature and salinity data were manually eliminated from the

l-dbar-averaged data. The following data gaps over |-dbar were lincarly interpolated with a quality flag

of 6.

Station Pressure (dbar) Parameters
POl 21 348 Salinity

POL 4 1 70 Salinity
PO1 51 413, 435-440, 456, 475, 485, Salinity

485, 303-504

POl 12 1 173 Salinity

PO1 21 1 826 Salinity

POl 25 1 108, 416 Salinity

PO1 70 1 202, 207 Salinity
PO1_72 1 384 Salinity

POL X151 480 Salinity
PO1 79 1 141 Salinity

POl B2 | 1776-1780 Salinity

POl 84 1 26 Temperature, Salinity
PO1 114 1 284-290 Salinity

POL 1151 20 Salinity
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POL 28 2 99 Salinity
PO1_33 1 480 Salinity
POL_57 1 73 Salinity
Pl4N 1101 300 Temperature
P14N 111 1 139, 199 Temperature
P14N 154 1 201 Temperature
P14N 164 1 627 Salinity
Pl4N 170 1 1387 Salimity
Pl4C 10 1 50 Temperature
Pl4C 10 1 49-50 Salinity
P14C 6 1 1520 Salinity

(6} Post-cruise calibration
i. Pressure

The CTD pressure sensor offset in the period of the cruise was estimated from the pressure readings
on the ship deck. For best results the Paroscientific sensor was powered on for at least 20 minutes before
the operation. In order to get the calibration data for the pre- and post-cast pressure sensor drift, the CTD
deck pressure was averaged over first and last one minute, respectively. Then the atmospheric pressure
deviation from a standard atmospheric pressure (14.7 psi) was subtracted from the CTD deck pressure.
The atmospheric pressure was measured at the ecaptain deck (20 m high from the base line) and
sub-sampled one-minute interval as a meteorological data. Time series of the CTD deck pressure is
shown in Fig. 3.1.4.

The CTD pressure sensor offset was estimated from the deck pressure obtained above. Mean of the
pre- and the post-casts data over the whole period gave an estimation of the pressure sensor offset from
the pre-cruise calibration. Mean residual pressure between the dead-weight piston pauge and the

calibrated CTD data at & dbar of the pre-cruise calibration was subtracted from the mean deck pressure.



Estimated mean offset of the pressure data is listed in Table 3.1.1. The post-cruise correction of the 0~ i . I . !
Disch Presaure MR- avcrsge =011732
pressure data is not deemed necessary for the pressure sensor, s e i

Table 3.1.1 Offset of the pressure data. Mean and standard deviation are calculated from time series of

the average of the pre- and the post-cast deck pressures.

-aa- 3
. S

Cruise Mean deck pressure Standard deviation  Residual pressure  Estimated offset

"
MROT-04 1 (.12 dbar 0.09 dbar 0.06 dbar (+.06 dbar m:mws;

st = 0093215

MROT-06_1 0.11 dbar 0.09 dbar 0.06 dbar 0.05 dbar
MROT-06_2 0.16 dbar 0.17 dbar (.06 dbar (.10 dbar
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Figure 3.1.4 Time series of the CTD deck pressure. Pink dot indicates atmospheric pressure anomaly.
Blue and green dots indicate pre- and post-cast deck pressures, respectively. Red dot indicates an

average of the pre- and the post-cast deck pressures.



ii. Temperature

The CTD temperature sensors (SBE 3) were calibrated with the SBE 35 under the assumption that
discrepancies between SBE 3 and SBE 35 data were due to pressure sensitivity, the viscous heating
effect, and time drift of the SBE 3, in accordance with a methed by Uchida et al. (2007).

Post-cruise sensor calibration for the SBE 35 was performed at SBE, Inc.

SN 0045, & February 2008 (2nd step: fixed point calibration)

Slope = 1.000014

Offset =-0.001127

Offset of the SBE 35 data from the pre-cruise calibration was estimated to be smaller than 0.2 mK for
temperature smaller than 4.5 °C. So the post-cruise correction of the SBE 35 temperature data was not
deemed necessary for the SBE 35,
The CTD temperature was calibrated as

Calibrated temperature =T — (g = P+ ¢, =t + ;)
where T is CTD temperature in °C, P is pressure in dbar, t is time in days from pre-cruise calibration
date of CTD temperature and ¢, ¢,, and ¢, are calibration coefficients. The coefficients were determined
using the data for the depths deeper than 1950 dbar.

The primary temperature data were basically used for the post-cruise calibration. The secondary
temperature sensor was also calibrated and vsed instead of the primary temperature data, because the
primary conductivity data was not able to be used for the stations P14N_108 1 and P14N_109 1. The
number of data used for the calibration and the mean absolute deviation from the SBE 35 are listed in
Table 3.1.2 and the calibration coefficients are listed in Table 3.1.3. The results of the post-cruise

calibration for the CTD temperature are summarized in Table 3.1.4 and shown in Figs. 3.1.5 - 3.1.7.
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Table 3.1.2 Number of data used for the calibration (pressure = 1950 dbar) and mean absolute deviation
between the CTD temperature and the SBE 35. Serial number 4216 for the cruise MRO7-06_1 was

secondary temperature Sensor.

Cruise Serial number Number  Mean absolute deviation Note
MRO7-04 1 4216 382 0.1 mk Sms. from PO1 1 1 to P01 44 1
4188 760 0.1 mK Stos. from PO1 58 | to POL 115 1
MRO7-06 1 418R B25 0.1 mK Stns. from PO 28 2to PI4N 4 ]
1525 1210 0.1 mK Sms. from P14N_30 1ta P14N_109 1
4216 421 0.1 mk Sts. from P14N 80 1 to PL4N 109 1
MRO7-06 2 1325 1528 0.1 mK

Table 3.1.3 Calibration coefficients for the CTD temperature sensors.

Cruise Serial number cy (*C/dbar) ¢ (“Clday) cs (7C)
MEOT-04 L 4216 20206678 -2.25241e-5 0.0027
4188 44438 le-8 26927525 00016
MRO7-06 1 4188 3.E5000e-8 1.54264e—5 00013
1525 —6.56477e-9 1766795 00018
4216 4 6684608 ~6.65040e-5 00129
MRO7-06 2 1525 8.24860e0 -1.23300e-5 0.0028




Table 3.1.4 Difference between the CTD temperature and the SBE 35 after the post-cruise calibration.
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iii. Salinity

The discrepancy between the CTD salinity and the bottle salinity is considered to be a function of
conductivity and pressure. The CTD salinity was calibrated as

Calibrated salinity =8~ (¢ * P+ * C+ a2 C x P+ ¢y)
where S is CTD salinity, I* is pressure in dbar, C is conductivity in S/m and ¢, ¢, ¢; and ¢, are
calibration coefficients. The best fit sets of coefficients were determined by minimizing the sum of
absolute deviation with a weight from the bottle salinity data. The MATLAB® function FMINSEARCH
was used to determine the sets. The weight was given as a function of vertical salinity gradient and
PTESSUTE a5
Weight = min[4, exp{log{4) * Gr/ Grad}] * min[4, exp{log(4) = P*/ PR*}]

where Grad is vertical salinity gradient in PSU dbar', and P is pressure in dbar. Gr and PR are threshold
of the salinity gradient (0.5 mPSU dbar') and pressure (1000 dbar), respectively. When salinity gradient
is small (large) and pressure is large (small), the weight is large (small} at maximum (minimom) value of
L& (1). The salinity gradient was calculated using up cast CTD salinity data. The up cast CTD salinity
data was low-pass filtered with a 3-point (weights are 1/4, 1/2, 1/4) triangle filter before the caleulation.

The primary conductivity data created by the software module ROSSUM were basically used after
the post-cruise calibration for the temperature data. For the stations P14N_108_1 and P14N_109 1, the
secondary conductivity data was used, because the primary conductivity data was not able to be used for
the stations. The coefficients were determined for some groups of the CTD stations. The results of the
post-cruise calibration for the CTD salinity are summarized in Table 3.1.5 and shown in Figs. 3.1.8 and
3.1.9. And the calibration coefficients and number of data used for the calibration are listed in Table

3.1.6.

Table 3.1.5 Difference between the CTD salinity and the bottle salinity after the post-cruise calibration.
Mean and standard deviation (Sdev) are calculated for the data below and above 950 dbar. Number

of data used 1s also shown,

Pressure = 950 dbar Pressure < 950 dhar
Cruise Mumber Mean Sdev Mumbear Mean Sdev
MREOT-04 1 14494 0.0 0.4 1105 -5.7 19.1
MROT-06_1 2672 0.0 0.4 1870 0.0 43
MREO7-06 2 2067 ~.1 0.5 1647 1.1 BE

Table 3.1.6 Calibration cocfficients for the CTD salinity. Number of data used is also listed.

Station Mumber Ty cy C2 C3
MROT-04 1

P01 _1-28 24  L.0331764015e5  1L.6322214271e-3  -3.01041705576e-6 -5.21792e-3
PO1_40-82 B45 S5.5T43728228e-6 -T7.5153334807e-3 -1.5802276835e-6 2.33384e-2
P01 R3-92 357 -2.636567325le6 - 1.7948408615e-2 996437028607 5.64183e-2

P01 X17-115 3568 —6.8043279569e-7 ~1.1413741305e-2 3.6019288465e-7 3.54391e-2

MROT-06 1

PO1_28 33 1.2366877760e—5 —3.1864710265e-3 —3.7410180073e-6 8.30924e-3
Po1_29 34 1442950194405 —1.T179786002e-3 435632166556 3.810952-3
P01 30 33 BO0524460712e6 4634705524323 235959782656 1.29380:-2

a1



PO1_32-33
PO1_34-41
PO1_42-46
PO1_47-57
PO1_58-59
PO1_60-4
P14N _30-39
PI4N_40-53
P14N 54-73
P14N 74-77
P14N_78-81
P14N 82-99
P14N_100-107
P14N_108-109
MRO7-06 2
P14N_109-115
P14N_116-127
P14N_128-138
P14N_139-144
PI4N 145-149
P14N_150-158
P14N 159174
P14N_175-

P14C |
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Figure 3.1.8 Difference between the CTD salinity and the bottle salinity for the cruise MRO7-04 1. Blue
and red dots indicate before and after the post-cruise calibration using the bottle salinity data,
respectively. Top panel shows for P = 950 dbar. Lower two panels show histogram of the

difference after the calibration.
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iv. Oxygen (MRO7-04)

The AANDERAA and ALEC oxygen optodes were calibrated for the cruise MRO7T-04.

AANDERAA oxygen optode
The AANDERAA oxygen optode was calibrated by the Stern-Volmer equation, according to a
methed by Uchida et al. (2008):
O (pmol1) = (P, /P- 1) (K.,
where P is the phase shift. Py is the phase shift in the absence of oxygen and K. is Stern-Volmer
constant. The Py and the K, are assumed to be functions of temperature as follows.
K.=Cy+Cpuxt+Cpxt
Po=Cy+Cun=*t
P=Cy+Cu*Py
where t is CTD temperature (“C) and Py, is raw phase measurement (deg). The oxygen concentration was
calculated using temperature data from the first responding CTD temperature sensor instead of
temperature data from slow responding optode temperature sensor.

The calibration was performed for the up cast phase data created by the software module ROSSUM
after the post-cruise calibration for the CTD temperature and salinity. The calibration coefficients (C,;,
Cyz € €y, Cop, Gy and Cyp) were determined for all CTD stations. The offset (C,;) for the phase shift
was slightly changed for the 6 groups of CTD casts. The results of the poest-cruise calibration for the
optode oxygen are summarized in Table 3.1.7 and shown in Fig. 3.1.8. And the ealibration coefficients
and number of data used for the calibration are listed in Table 3.1 8,

Although the up cast optode data was well calibrated in situ (Fig. 3.1.8), difference between the up
and down cast was quite large in the surface layer (~150 dbar) (Fig. 3.1.9). Similar discrepancy was seen
in the data obtained in the North Pacific subarctic region (MR06-03_2), and was not seen in the data
obtained in the North Pacific subtropical region (MR05-05) (Uchida et al., 2008). Data quality of the

in-zitu calibrated down cast optode data was bad in the surface layer.

The optode oxyegen data from the down cast was about | pmol/kg smaller than that from the up cast
at depths between 1000 and 3000 dbar {(Uchida et al., 2008). Although more work needs to be done on
understanding the sensor’s response under various situations at ambient temperature and in a vertical
gradient of oxygen for more accurate compensation for the profile data, the down cast profile data were
empirically corrected by using following equation.

Oy, =0+ 20 = d0, / dp
where 0. is the optode oxygen (umol’kg) and p is pressure {dbar). For the calculation of the derivative,
the oxygen profile was low-pass filtered by using a box-car filter with a window of 5 dbar before the

calculation. The results of the correction is shown in Fig. 3.1.10.

Table 3.1.7 Difference between the optode oxygen and the bottle oxygen after the post-cruise calibration.
Mean and standard deviation (Sdev) are calculated for the data below and above 950 dbar. Number

of data used is also shown.

Pressure = 950 dbar Pressure < 950 dbar
Number  Mean {pmolkg) Sdev (umolkg) Number  Mean (pmolkg)  Sdev (umoldg)
1510 oM .31 [118 .10 2.00
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Fig. 3.1.8 Difference between the optode oxygen and the bottle oxvgen. Blue and red dots indicate

before and after the post-cruise calibration using the bottle salinity data, respectively. Lower two

panels show histogram of the difference after the calibration.

Table 3.1.8 Calibration coefficients for the optode oxygen. Number of data used is also listed.

Mumber Mean absolute deviation Coefficients

2627 0.60 umol'kg € =2.635256348237611-03

Cja= 1.225025719497067e--04

C:=1.76191633192419Te-06

Cy=60.17218R65923306

Cyn = 8903986993 19500002

Gy =-6.060184746615353

=—0.0045476TH4TITE

=-6.053733067496423
=-6.105901740541861
=-6.018089856760813
=-6.069381437495752

Cyo= 1.090377252560871
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Fig: 3.1.10 Mean oxygen difference between the down and up casts (down-up) for the oxvgen optode

before (closed circles) and after (open circles) the correction (see text for detail),

ALEC prototype oxygen optode (RINKO)

The prototype of ALEC oxygen optode was calibrated by the Stern-Volmer equation, according to a

method by Uchida et al. (2008):

O (pumoly= (P / P- 1) 1 K
where P iz the phase shift, Py is the phase shift in the absence of oxygen and K., is Stern-Yolmer
constant. The Py and the K., are assumed to be functions of temperature as follows.

Ko=Cy+Cpxt+Cyxt

Po=Cy+Cuxt

P=Cy+CuaxV
where t is CTD temperature (*C) and V is raw sensor output {voltage). The response of the sensing foil
of the prototype optode decreases with increasing ambient pressure, and this pressure effect was
estimated to decrease the response by 2.8 % per 1000 dbar. The oxygen concentration was calculated
using temperature data from the first responding CTD temperature sensor instead of temperature data
trom slow responding optode temperature sensor.

The calibration was performed for the up cast data created by the software module ROSSUM after
the post-cruise calibration for the CTD temperature and salinity, The calibration coefficients (G, Cya,
Cia, Csy, Css, Cyy and Cyy) were determined for some groups of the CTD stations. The offset (C;,) for the
phase shift was slightly changed for each CTD cast. The calibration coefficients and number of data used
tor the calibration are listed in Table 3.1.9. The results of the post-cruise calibration are summarized in
Table 3.1.10 and shown in Fig. 3.1.11. In the post-cruise calibration, data depths deeper than 2000 dbar
were not used for the first 2 groups (Stns. 1-15 and 16-28) because the calibration coefficients were not
well determined when the data were included. Therefore the quality flag of the calibrated oxygen data
depths deeper than 2000 dbar were set to 3 for stations from 1 to 28,

Although the up cast optode data was well calibrated in situ (Fig. 3.1.11}) and performance in the
surface layver was quite well (Fig. 3.1.9), difference between the up and down cast was quite large in the

deep layer (depths deeper than 1500 dbar).
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Fig. 3.1.11 Difference between the prototype optode oxygen and the boitle oxygen for after the

post-cruise calibration. Top panel shows for P = 950 dbar. Lower two panels show histogram of the

difference.
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Table 3.1.9 Calibration coefficients for the prototype of oxvgen optode. Number of data (Num) used and

mean absolute deviation (Adev) are also listed.
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Table 3.1.10 Difference between the prototype optode oxvgen and the bottle oxyvgen after the post-cruise
calibration. Mean and standard deviation (Sdev) are calculated for the data below and above 950 dbar.

Mumber of data used is also shown,

Pressure = 950 dbar Pressure < 950 dbar
Number  Mean (pmolkg) Sdev (pmolkg) Mumber  Mean (pmolkg)  Sdev (pmollkg)
1158 0.03 .24 1118 .15 2.59

Combined use of the two optode oxygen data
Final CTD oxwygen data were produced by combining the two optode oxygen data, because the data

quality of the down cast data for the AANDERAA oxygen optode was bad in the surface layer and for
the ALEC prototype oxygen optode was bad in the deep layer. The combined oxygen O in pmol’ke was
calculated as follows:

0=0, (for P <800 dbar)
= (for P = 1000 dbar)
=W;=0+Wyx0, {for 800 dbar < P < 1000 dbar)

Wy =(1000 — B) / (1000 - 800}

W.=1-W,
where O is the ALEC prototype optode oxygen in pmolkg, O, is the AANDERAA optode oxvgen in
umolkg, and P is pressure. The comparisons between the combined optode oxygen and the bottle

oxygen are summarized in Table 3.1.11.

S8

Table 3.1.11 Difference between the combined optode oxygen and the bottle oxygen after the
post-cruise calibration. Mean and standard deviation (Sdev) are caleulated for the data below and

above 950 dbar. Number of data used is also shown.

Pressure = 950 dbar Pressure < 950 dbar
MNumber Mean (pmolkg) Sdev (pmolkg) Number Mean (pmolkg)  Sdev (umoldkg)
1510 0m (.31 [118 .15 2.59

v. Oxygen (MRO7-06)

The SBE 43 oxygen sensor was calibrated for the cruise MROT-046 as follows,

0 [ml1] = Soc  {v+offset] = exp{{TCar) * t+ (PCor) » p} * Oxsat{t, 5)

where p is pressure in dbar, t is temperature in °C and s is salinity in psu. Oxsat is oxygen saturation
value minus the volume of oxygen gas (STP) absorbed from humidity-saturated air. Soc, offset, TCor
and PCor are the calibration coefficients. The best fit sets of coefficients are determined by minimizing
the sum of abselute deviation with a weight from the bottle oxyzen data.

The down-cast CTD data sampled at same density of the up-cast CTD data created by the software
module ROSSUM are used after the post-cruise calibration for the CTD temperature and salinity.

The coefficients were determined for some groups of the CTD stations. The calibration coefficients
and number of the data used for the calibration are listed in Table 3.1.12. The resulis of the post-cruise
calibration for the CTD oxygen are summarized in Table 3.1.13 and shown in from Figures 3.1.12 and
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Table 3.1.12 Calibration coefficients for the CTD oxygen. Number of data used 15 also listed. Days from 2007/10/10
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Figure 3.1.12 Difference between the CTD oxygen and the bottle oxygen for after the post-cruise

calibration for leg 1. Lower two panels show histogram of the difference,
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Figure 3.1.13 Difference between the optode oxygen and the bottle oxygen for after the post-cruise

calibration for leg 2. Lower two panels show histogram of the difference.
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Table 3.1.13 Difference between the CTD oxygen and the bottle oxygen after the post-cruise calibration.
Mean and standard deviation (Sdev) are calculated for the data below and above 950 dbar. Number

of data used is also shown,

Pressure = 950 dbar Pressure < 950 dbar
MNumber  Mean {pmolkg) Sdev (pmolkg) Number Mean (pmolkg)  Sdev (umoldkg)
Leg §
2698 -0.13 0.86 1876 -0.04 13.05
Leg 2
2096 -0.03 0.72 1642 -0.12 310
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Update of CTD oxygen data for the cruises MR07-04 and MR07-06
September 24, 2009

Hiroshi Uchida (JAMSTEC)

1. Intreduction

The CTD oxygen data were updated after the data book was published by Kawano et al. (2009). In
the data book, data from two oxvgen optode sensors (Oxygen Optode 3830; Aanderaa Data Instruments
AS, Bergen, Norway, and RINKO; JFE Alec Co. Lid, Kobe, Japan) were combined and used because
data quality of the SBE 43 oxygen sensor was relatively bad (Kawano et al., 2009) for the cruise
MREOT-04. Data from the two oxygen optode sensors were combined because the Optode 3830 had a slow
time response without pressure hysteresis and the RINKO had a fast time response with pressure
hysteresis. The time-dependent, pressurc-induced effect (pressure hysteresis) on the sensing foil of the
RINKO was similarly observed in the SBE 43 data. Recently, a correction method of the pressure
hysteresis was developed for the SBE 43 (Seca-Bird Electronics, 2009), and the correction method was
successfully applied to the RINKO (Murata, 2009). Therefore, the RINKO data were reprocessed,
calibrated, and used as the CTD oxygen data for the cruises MRO7-04 and MRO7-06.

2. Data processing
The RINKO data were reprocessed from the raw data. The time-dependent, pressure-induced effect

{pressure hysteresis) of the RINKO was corrected for both profile and bottle data by using RINKOCOR
{original module, version 1.0) and RINKOCORROS (oniginal module, version 1.0) after the module
TCORP. The calibration coefficients, H1 {amplitude of hysteresis correction), H2 {curvature function for
hysteresis), and H3 ({time constant for hysteresis) were determined empirically as:

HI1 = 0.0065 for the RINKO prototype I with the foil A or C

H1 = 0.0055 for the RINKO prototype [ with the foil B or prototype 11 with the foil D

H1 = 0.0060 for the RINKO prototype IT with the foil C

H2 = 5000 dbar

H3 = 2000 seconds.
Type of the prototype and foil is listed in Table 1. Data from the RINKO sensors are systematically
delayed with respect to depth because of the slow response time compared with the CTD sensors. This
delay was compensated by 1 second advancing sensor output {(voltage) relative to the CTD temperature
data by using the SEASOFT module ALIGNCTD. To remove spikes of the data, the process of the
DESPIKE was also performed for the RINKO data. The rest of the data processing was not changed from
the data book (Kawano et al.. 2009},

Table 1. Tyvpe of the prototype and foil used in the cruises.

Cruise RINKO Foil Note
MRO7-04 Prototype I (UV LED)
MRO7-06 1  Prototype ]
MROT-06_ 2 Prototype 1
Prototype I (Green LED)
Prototype I1

Stations from P14N_109 2 to PI4N_175 1
Stations from P14N_176_1 to PI4N_185 1
Stations from P14C_48 | to P14C_1 1

Ao A DS

3. Post-cruise calibration

The pressure-hysteresis corrected RINKO data was calibrated by the Stem-Volmer equation,

basically according to a method by Uchida et al. (2008) with slight modification:

[O:] (umel) = (Vy / V- 1)/ Ky
and

K=+ 0 xT+0xT

Vo=1+0Cy =T

V=Cy+ eV + Coet+Coxtxy,
where Vy, 18 the RINKO output {voltage), V is voltage in the absence of oxygen, T is temperature (°C),
and t is time (days). The ¥V, and V are normalized by the phase shifi in the absence of oxygen at 0°C, and
the time drift of the RINKO output was comrected. The oxygen concentration is calculated by using the in
situ calibrated CTD temperature data. The pressure-compensated oxygen concentration [0;.] can be
calculated as follows.

[O:] =02 (1 + Cyp / 1000)
or

[05] = 0: (1 + Cyp / 1000)"”
where p is CTD pressure (dbar) and C, is the compensation coefficient. Since the sensing foil of the
optode 15 permeable only to gas and not to water, the optode oxygen must be corrected for salinity. The
salmity-compensated oxygen can be caleulated by multiplying the factor of the effect of salt on the
oxygen solubility (Garcia and Gordon, 1992). Garcia and Gordon (1992) have recommended the use of
the solubility coefficients derived {rom the data of Benson and Krause,

The pressure-compensation coefficient (C;) and the coefficient for the V, (C:) were empirically
estimated 1n advance except for the Cp, for the crusse MRO7-06 leg 1 (Table 2). The C, for the cruise
MRO7-06 leg 1 was determined simultaneously with the remaining coefficients. The remaining scven
coefficients (Cy, Ci, Tz, Ca, Cs, C;, and C7) were determined by minimizing the sum of absolute deviation
with a weight from the bottle oxygen data. The revised quasi-Newton method (the FORTRAN subroutine
DMINF] from the Scientific Subroutine Library I1, Fujitsu Ltd., Kanagawa, Japan) was used to determine
the sets. The weight was given as a function of pressure as:

Weight = min[10, exp{log{10) = P/PR}]
where PR is threshold of the pressure (950 dbar).

The post-cruise calibrated temperature and salinity data were used for the calibration. The
coefficients were determined for some groups of the CTD stations, The calibration coefficients are listed
in Table 3. The resulls of the post-cruise calibration for the RINKO oxygen are summarized in Table 4

and shown in Figs. 1, 2, and 3.
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Table 2. Calibration coefficients for the V, (C;) and for the pressure-compensation equation (C,).
The pressure-compensation eguation is also shown.

Table 3. Calibration coefficients for the RINK( oxygen sensors. The group of the CTD stations is
same as that shown in Table 2.

Groups C: Gy Pressure-compensation equation Group Ca C Cs Ca s Cs C;
01-06 -0.0022 0.109 0 (1 +Cyp / 1000)"" MR07-04
07 —0.0028 0.055 0 (1 +Cyp / 1000) 01 5787693 1.8817le4 5216106 -0220888 (.254955 —2.43960e—3 1. 74806e-3
08 —0.0028 0.056 02 (1 +Cyp/ 1000) 02 576112¢-3 2.05112¢4 4208696 -0247620 0261781 2.66538ec3 -191261c4
09 —0.0028 0.057 0s (1 +Cyp / 1000) 03 5.58601e-3 1.94710e—4 3.6057%-6 -0212837 0.254295 -2.82424e-3 1379463
10-11 —0.0028 0.055 0z (1 + C,p / 1000) 04  5.52573e-3 25317led4 —9.45815¢7 —0.171401 0242433 —892725¢-3  3.03414e3
12 —0.0028 0.054 0 (1 +Cyp / 1000) 05 5.50404¢-3  1.54503¢4 620130e-6 -0.151539 0.241621 —4.59826e-3  1.44984c-3
13 —0.0028 0.053 0: (1 +Cp/ 1000) 06  5.33007¢-3 1.84105¢4 3.53496c6 -0211406 0257880 —926535¢-4 5216214
14-15 —0.0028 0.054 0, (1 +Cyp/ 1000) MRO7-06 leg 1
16 —0.0028 0.053 0 (1 +Cyp / 1000) 07 6.5522d4e¢-3 2.12959¢4 7.32523e-6 -0.408829 0281951  0.00000 0.00000
17 —0.0028 0.051 0 (1 + Cyp / 1000) 08 6.45822¢-3 2.14475¢4 6351R6e—6 -0.417754 0283925  1.81734e2 —232210e3
18 —0.0028 0.056 0s (1 +Cyp / 1000) 09  6.30664c-3 1.19267c—4 1.02338e-5 -0.374523 0274294 -1.66424¢-3  3.47136c-3
19 —0.0028 0.055 02 (1 +Cyp/ 1000) 10 6.29642¢-3 1.30131e4 1206135 —0.402078 0283497  7.75298¢-3 -8.98322e5
20 —0.0028 0.057 0 (1 +Cyp / 1000) 11 6.40532e-3 —6.71557e-6 2.64522¢-5 —0.367286 0275724 -4.93850e-3  2.98357¢-3
21 —0.0028 0.056 0: (1 +Cp/ 1000) 12 6.05874c-3 9.93107¢-5 1.32774e-5 0372592 0278740 2.17949¢3  1.09013¢-3
22 —0.0028 0.058 0, (1 +Cyp/ 1000) 13 6.03637c-3 8.01334e-5 1.58469¢-5 0380144 0285135 3.33545¢-3 9.87750c-5
23-41 —0.0021 0.100 0 (1 +Cyp / 1000)"" 14  5.94341c-3 8927745 1.27029e-5 0354093 0276789 6.36922¢4  1.1265%9c-3
42 —0.0024 0.066 0 (1 + Cyp / 1000) 15 6019713 1.30065¢4 1.09592¢-5 —0.344272 0.277559 —1.21930e-3  1.10575e-3
43-45 —0.0021 0.100 0: (1 +Cyp / 1000)"" 16 5.85814e-3 1.51238¢4 8.52212e6 0360336 0280217 9579004  7.46866c—4
17 5.76211e-3 2.02794e—4 7.38395¢6 0366150 0286581 5090664 5412194
Group of CTD stations  01: PO1_1_1-PO1_18 1, 02: PO1_19 1-PO1 21 1, 18  5.87643c-3 1.30110e4 147536e-5 -0.237946 0.233457 —6.75607¢-3  3.56108¢-3
03: PO1_22 1-PO1_26_1,04: PO1_27 1-PO1_29 1,05: PO1_40 1-P01 44 1, 19 5.71949¢-3 1.68597¢4 5.73708c—6 0347475 0284820 3.14416c4  4.89874c4
06: PO1_58 2-P01 115 1,07: PO1_28 2, 0%: PO1 29 2-PO1 30 1,09; P01 32 1-PO1 31 1, 20 5.70894¢-3  1.87827e4  4.02373e-6 0366959 0.293059  1.27735¢-3  1.13690c—4
10: PO1_33 1-P0O1_35 1, 11: PO1_36_1-P01_37 1, 12: PO1_38 1-POI1 43 1, 21 5.80033e¢-3 1.9576le4 4.35824e6 0375413 0302121  1.28422e-3 | 60368c—4
13: PO1_44 2-PO1 46 1, 14: PO1_47 1-POL 55 1, 15: PO1_56 1-POI1 61 2, 22 576787¢-3 1.80175¢4 438162e—6 -0.352233 (.298371  7.66105¢4 —8.16506c-5
16: P14N_29 1-PI4N 16 1, 17: P14N_15 1-P14N 5 1, 18: P14N_1_1-P14N 4 1, MRO7-06 leg 2
19: P14N_30 1-PI4N 49 1, 20: P14N 50 1-P14N 63 1,21: P14N 64 1-P14N 73 1, 23 544937¢-3 1.65251e4 2.7696le6 —0.199505 0.239278  3.09346e-3  4.15719c3
22:P14N_74 1-P14N 109 1,23: P14N_109 2-P14N 110 1, 24: P14N_111_1-P14N 112 1, 24 554177¢-3 1.6153le4 3.18336c-6 0228340 0249132  1.83265¢2 -2.15387c-3
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35 5.07284¢-3 1.80971e—4 2.12433e6 0238973 (.284333  3.72564e-3 -2.43784c3
36 5.16377e-3  1.77869¢4 2.70794e—6 -0209220 0246022 1.93576e—4  1.20839c-3
37 5.18307¢-3 1.78043¢4 297573e-6 0238163 0274864  2.183R3e3 —1.17744e3
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Table 4. Difference between the RINKO oxygen and the bottle oxygen after the post-cruise

calibration. Mean and standard deviation (Sdev) are calculated for the data below and above E
950 dbar. Number of data used is also shown. =
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Figure 1. Difference between the RINKO oxygen and the bottle oxygen after the post-cruise
calibration for the cruise MRO7-04. Lower two panels show histogram of the difference.
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3.2 Salinity
3 Ocrober 2008

(1) Personnel
Takeshi Kawano (JAMSTEC)
Fujio Kobayashi (MWI)
MNaoko Takahashi (MWJI)

Tatsuva Tanaka (MWI)

(1) Objectives
Bottle salinities were measured to compare with CTD salinities for calibrating CTD salinities and

for identifying leaking bottles

(3) Instrument and Method
(3.1} Salinity Sample Collection

Samples for salinity measurement were collected and stored in 250-ml brown borosilicate glass
bottleswith GL32 screw caps with PTFE liners.  Each bottle was rinsed three times with sample water,
and then the water was allowed to overflow the bottle for few seconds. Excess water was poured out
until the water was level with the shoulder of the bottle. The caps were also thoroughly rinsed and then
tightly screwed onto the bottles. The sealed bottles were rinsed with fresh water (cap side up) and dried
on a towel. The bottles were stored upside down in a carrving case and brought to the laboratory for
temperature equilibration. Samples were stored more than 12 hours in the laboratory where the salinity

wias to be measured.

(3.2) Instruments and Method

The measurements were conducted with two Guildline Autosal laboratory salinometers

(Madel B400B S/N 62556 and S/N 62827), which were modified by the addition of a peristaltic-type
sample intake pumps (provided by OSIL). Two digital platinum resistance thermometers (Model 9540)
were used to measure temperature: one placed in the bath of the Autosal to measure the bath temperature,
and the other placed beside the Autosal to measure the ambient temperature. The measurement system
was almost same as Aovama et al (2003). The Autosal and thermometers were connected to a laptop
computer through Binary Coded Decimal output and GP-IB interfaces, respectively. When the function
dial was tumed to the ‘read’ setting, 31 readings of the double conductivity ratio were acquired after a
pause of 5 seconds. Acquisition of the 31 readings took about 10 seconds. The double conductivity ratio
of a sample was taken to be the median of the 31 readings. The temperature was taken to be the average
of the values measured before and after readings of the double conductivity ratio.

The salinometer was operated in the air-conditioned ship's laboratory at a bath temperature of
24°C.  Anambient temperature varied from approximately 20 °C to 24 °C, while a bath temperature is
very stable and varied within +/= 0.002 °C on rare occasion. The double conductivity ratio (along with
temperature} was sampled for the sixth and seventh fillings of the conductivity cell. If the difference
between the double conductivity ratios obtained for these tweo fillings was smaller than 0.00002, the
average of the two double conductivity ratios was used to calculate the salinity. If the difference was
greater than or equal to 0.00003, we measured an additional filling of the cell. If the double conductivity
ratio obtained for the additional filling did not satisfy the criterion specified above, we measured two
additional fillings of the cell, and the median of the double conductivity ratios for the five fillings was
used to caleulate the salinity. Algorithm for practical salinity scale, 1978 (UNESCO, 1981) was
employed to convert the conductivity ratios to salinities

The measurements were typically conducted for 16 hours a day and the cell was rinsed by pure

water every day and cleaned by ethanol or seap or both after the daily measurement.
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(3.3) Preliminary Result
(i) MRO7-04
Standard Seawater

Standardization control was set to 452 and all the measurements were done by this setting.
STNBY was 5398 +/- 0001 and ZERO was 0.00001 +/~ 0.00001. We used IAPSO Standard Seawater
batch P148 whose conductivity ratio was 0.99982 (double conductivity ratio is 1.99964) as the standard
for salinity. We measured 37 bottles of P148 during routine measurement from Stn.l to Stm.28 and 78

hottles from Stn.40 to Stn. 115,
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Fig.3.2.1 History of Double conductivity ratio of P148 during Leg.1. X

and Y axes represents date and double conductivity ratio, respectively.

Fig.3.2.1 shows the history of double conductivity ratio of the Standard Seawater batch P148.
During the period from 27, July to 4, Aupust, the average of double conductivity ratio was 1.99985 and
no drifts was calculated. Therefore we subtract 0.00001 from double conductivity ratio of samples
measured during this period. Because of the trouble deseribed in Section.l, measurement was

interrupted for about 10 days. During the period from 13 August, double conductivity ratio of SSW was
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ground 1.99862, however, after 28 August, it became smaller, probably due to cooling of room
temperature. Therefore, we added 0.00002 to double conductivity ratio of samples measured from 13
Aungust to 28 August, and 0.00003 to it measured after 28 August. Correction for the history of double
conductivity ration after this correction was shown in Fig.3.2.2. After correction, the average of double
conductivity ratio of 115 bottles of S8W became 1.999636 and the standard deviation was 0.00008,

which is equivalent to 0.0002 in salinity.
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Fig.3.2.2 History of Double conductivity ratic of P14%; X and Y axes represent time
Date and double conductivity ratio, respectively. (after correction)
Sub-Standard Seawater

We also measured sub-standard seawater periodically to monitor the conditions of the Autosal.
Approximately 20 L of seawater collected from a deep layer and gravity filtered through a membrane
filter (Millipore HA, pore size 0.45 pm) was used as sub-standard seawater. The sub-standard seawater
was stored in an aged cubitainer with no headspace and stirred for at least 24 hours before use.
Sub-standard seawater was measured every six samples in case of a sudden drift in the Autosal

During the whole measurements, there was no detectable sudden drift of the salinometer.



Replicates

We took 491 pairs of replicates. Fig.3.2.2 shows the histogram of the absolute difference
between replicate samples. There were 4 bad measurements and 5 questionable measurements of
replicate samples. Excluding these bad and questionable measurements, the average and standard
deviation of the absolute deference of 482 pairs of replicate samples was 0.0018 and 0.0001 2 in salinity,

respectively.
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Fig.3.2.3 The histogram of the absolute difference between replicate samples,

(ii) MRO7-06 Leg.1
Standard Seawater
Leg.1
Standardization control was set to 460 and all measurements were done by this setting.
STNBY was 5402 +/- 0001 and ZERO was 0.00001 +~ 0.00001. We used LIAPSO Standard Seawater
batch P14%8 whose conductivity ratio was 0.99982 (double conductivity ratio is 1.99964) as the standard
for salinity. We measured 146 bottles of P148 during routine measurement.

Fig.3.2.4 shows the history of double conductivity ratio of the Standard Seawater batch P148.
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Figure 3.2.4. The history of double conductivity ratio of the Standard Seawater batch P142.

Drifts were calculated by fitting data from P148 to the equation obtained by the least square
method (solid lines). Correction for the double conductivity ratio of the sample was made to compensate
for the drift. After the drift comection, we add 0.00001 for the first and sccond set and 0.00002 for the
third set to make the average to 1.99%64. After these corrections, the standard deviation of 146 bottles

becomes 0.00000%, which is equivalent to 0.0002 in saliniy.
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Sub-Standard Seawater

We also measured sub-standard seawater periodically to monitor the conditions of the Autosal.
Approximately 20 L of seawater collected from a deep layer and gravity filtered through a membrane
filter {Millipore HA, pore size 0.45 pm) was used as sub-standard seawater. The sub-standard seawater
was stored in an aged cubitainer with no headspace and stired for at least 24 hours before use.
Sub-standard seawater was measured every six samples in case of a sudden drift in the Autosal.

During the whole measurements, there was no detectable sudden drift of the salinometer.
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Figure 3.2.5 . The histogram of the absolute difference between each pair of
replicate samples in Leg. 1. X axis is absolute difference in salinity and Y axis is

frequency..
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Replicates

We took E40 pairs of replicate. Fig.3.2.5 shows the histogram of the absolute difference
between each pair of the replicate samples. There were 6 bad measurements in the replicate samples.
Excluding these bad measurements, the standard deviation of the absolute difference in 834 pairs of the

replicate samples was (0.00017 in salinity.

(iii)MROT-06 Leg.2
Standard Seawater

Standardization control was set to 464 and all measurements were done by this setting.
STNBY was 5402 +/- 0001 and ZERO was 0.00001 +/- 0.00001. We used LAPSO Standard Seawater
batch P14% as the standard for salinity. We measured 160 bottles of P148 during routine measurement.
There were 2 bad bottles whose conductivities were extremely high. Data of these 2 bottles are not taken
into consideration hercafter.

Fig.3.2.6 shows the history of double conductivity ratio of the Standard Seawater batch PL45.
Drifts were calculated by fitting data from P148 to the equation obtained by the least square method
(solid lines). Correction for the double conductivity ratio of the sample was made to compensate for the
drifi. After correction, the average of double conductivity ratio became 1.999625 and the standard
deviation was 0.00008, which is equivalent to 0.0002 in salinity. We added 0.000015 to make an average
to 1.99964,

Sub-Standard Seawater

We also measured sub-standard seawater periodically to monitor the conditions of the Autosal.
Approximately 20 L of seawater collected from a deep layer and gravity filtered through a membrane
filter (Millipore HA, pore size (.45 pm) was used as sub-standard seawater. The sub-standard seawater
was stored in an aged cubitainer with no headspace and stirred for at least 24 hours before use.

Sub-standard seawater was measured every six samples in case of a sudden drift in the Autosal



During the whole measurements, there was no detectable sudden drift of the salinometer.
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Fig.3.2.6 History of Double conductivity ratio of P148 during Leg2. X and Y axes

represents date and double conductivity ratio, respectively..

Replicates

We took 749 pairs of replicate samples. Fig3.2.7 shows the histogram of the absolute
difference between each pair of the replicate samples. There were 4 questionable measurements in the
replicate samples. Excluding these guestionable measurements, the standard deviation of the absolute

difference in 745 pairs of the replicate samples was 0.00016 in salinity.
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Figure 3.2.7 The histogram of the absolute difference between
each pair of replicate samples in Leg.2. X axis is absolute

difference in salinity and Y axis is frequency.
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3.3 Oxyeen
& Novem beyr 2008

(1) Personnel
Yuichiro Kumamoto (JAMSTEC)
Kimike Nishijima (MW/)
Keisuke Wataki (MWDI)
Masanori Enoki (MWT)
Mivo lkeda (MWI)
Yukiko Hayakawa (MWI)

{2) Objectives

Dissolved oxygen is one of good tracers for the ocean circulation. Recent studies in the North
Pacific indicated that dissolved oxygen concentration in intermediate lavers decreased in basin-wide
scale during the past decades. The causes of the decrease, however, are still unclear. During eruises of
MROT-04 conducted from 24-Jul-07 to 03-Sep-07 and MRO7-06 from 08-Oct-07 to 25-Dec-07, we
measured dissolved oxygen concentration from surface to bottom layers at all the hydrocast stations
along around 47°N in the subarctic North Pacific and along 1 79°E in the central Pacific. These stations

recccupied the WHP-POL (1985}, WHP-P14N (1993), and WHP-P14C (1992) stations. Our purpose is to

evaluate temporal changes in dissolved oxygen in the Pacific Ocean between the 1980/90s and 2007.

(3) Reagents
Pickling Reagent I: Manganous chloride solution {3M)
Pickling Reagent [1: Sodium hydroxide (8M) / sodium iodide solution (4M)
Sulfuric acid solution (5M)

Sodium thiosulfate (0.025M)

Potassium iodate (0.001667M)
CSK standard of potassium iodate: Lot EWL3818, Wako Pure Chemieal Industries Led., 0.0 100N

(4) Instruments
Burette for sodium thiosulfate and potassium iodate: APB-510 manufactured by Kyoto Electronic Co.
Ltd. / 10 em’ of titration vessel

Diztector: Automatic photometric titrator, DOT-01 manufactured by Kimoto Electronie Co. Ltd.

(5) Seawater sampling

Following procedure is based on a determination method in the WHP Operations Manual (Dickson,
1996). Seawater samples were collected from 12-liters Niskin sampler bottles attached to the
CTD-systetn. Seawater for bottle oxygen measurement was transferred from the Niskin sampler bottle
to 2 volume calibrated glass flask (ea. 100 cm‘l}. Three times volume of the flask of seawater was
overflowed. Sample temperature was measured by a thermometer during the overflowing. Then two
reagent solutions (Reagent 1, I) of 0.5 em” 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 to disperse the precipitate. The sample flasks

containing pickled samples were stored in a laboratory until they were titrated.

(6) Sample measurement

At least two hours after the re-shaking, the pickled samples were measured on board. A magnetic
stirrer bar and | cm’ sulfuric acid solution were added into the sample flask and stirring began.
Samples were titrated by sodium thicsulfate solution whose molarity was determined by potassium
indate solution. Temperature of sodium thiosulfate during titration was recorded by a thermometer.

We measured dissolved oxygen concentration using two sets of the titration apparatus, named DOT-1



and DOT-3. Dissolved oxygen concentration (umaol kg'l} was calculated by the sample temperature

during the sampling, CTD salinity, flask volume, and titrated volume of the sodium thiosulfate solution.

(7) Standardization

Concentration of sodium thiosulfate titrant (ca. 0.025M) was determined by potassium iodate solution.
Pure potassium iodate was dried in an oven at 130°C. L7835 g potassium iodate weighed out
accurately was dissolved in deionized water and diluted to final volume of § dm’ in a calibrated
volumetric flask (0.001667M). 10 cm’ of the standard potassium iodate solution was added to a flask
using a volume-calibrated dispenser. Then 90 cm’ of deionized water, | cm’ of sulfuric acid solution,
and (1.5 cm" of pickling reagent solution Il and [ were added into the flask in order. Amount of titrated
volume of sodium thiosulfate (usually 5 times measurements average) gave the molarity of the sodium
thiosulfate titrant. Table 3.3.1 and 3.3.2 show result of the standardization during the two cruises.

Error (C.V.) of the standardization was 0,02+ 0.01 %, c.a. 0.05 pmol kg

(8) Determination of the blank

The exygen in the pickling reagents I (0.5 cm’} and II ((.5 cm”) was assumed to be 3.8 x 10™ mol
(Murray ef af,, 1968). The blank from the presence of redox species apart from oxygen in the reagents
{the pickling reagents 1, I, and the sulfuric acid solution) was determined as follows. | and 2 cm’ of
the standard potassium iodate solution were added to two flasks respectively. Then 100 em’ of
deionized water, 1 em” of sulfuric acid solution, and 0.5 cm® of pickling reagent solution I1 and 1 each
were added mto the two flasks in order. The blank was determined by difference between the two
times of the first {1 cm® of KIO:) titrated volume of the sodium thiosulfate and the second (2 em’ of
KI0:) one. The resulis of three-time blank determinations were averaged and listed in Table 3.3.1
(MRO7-04) and Table 3.3.2 (MRO7-06). During MBE07-04 cruise, the averaged blank of DOT-3 was
~0.010+£0.001 (8D, n=17) em". That of DOT-1 decreased from ~0.003=£0.001 (S.D., n=4) to —0.009

+0.002 (S.D,, n=12) em’ on July 31 because the pickling reagents for DOT-1 were replaced. During

MRO7-06 cruise, The averaged blank values for DOT-1 and DOT-3 before December 20 were ~0L007 £
0.001 (8.D., n=30) and -0.007 £0.001 (5.D_, n=29) cm’, respectively. After the day, the values of the
blank increased by about 0.005 em’ in the sample measurements for P14C-001~-009 because we
replaced the pickling reagents Il solution. We also confirmed that there was no systematic bias in the

blank determimation between the DOT-1 and DOT-3 measurements on the both cruises.

Table 3.3.1 Resulis of the standardization and the blank determinations during MRO7-04,

Date KIO, DOT-1 (cm’) DOT-3 (cm’) Samples
(utcy | # ID No. NasS.0: | EP |blank | Na,§:0: | EP. | blank (Stations)
20070613- 20070613- PO1-001,002,003,004,00
20070726 | |20070619-05-02 3.960 |-0.002 3.952 |-0.011
01-03 01-04 5_006,007
20070613- 20070613- [P1-008,009,010,011,01
20070727 | |20070619-05-03 3,959 |-0.003 3.950 |-0.012
02-03 02-04 o
20070413- 20070413- [P01-013,014,015.016.01
2007/07/28 | |20070619-05-04 3,968 [-0.003 1,962 |-0.011
03-01 03-02 7.018
1
20070413- 20070413- [PO1-019.020,021,022,02
2007/07/30 | |20070619-05-05 3,968 |-0.003 3,960 |-0.010
03-01 03-02 3,024 (DOT-01)
20070413- PO1-019,020,021,022,02
007/07/30 | |20070619-05-06] - - | - 3,961 1-0.011
03-02 2 024 (DOT-03)
2007061 3- 20070613-
20070731 | |20070619-05-07 3.961 [-0.011 3.959 |-0.011 [P01-025,026,027,028
03-03 03-04
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Table 3.3.2 Results of the standardization and the blank determinations during MEO7-06,

20070413~ 20070413-
20070812 | |20070619-06-01 | 3.960 |-0.009 1,962 |-0.011 [P01-040,044
03-03 03-04
20070413~ 20070413- P01-058,060,061,062 06
2007/08/14 | |20070619-06-02 | 3.960 |-0.010 1.960 |-0.011
04-01 04-02 3
20070413- 20070413- P 1-064,065,066,067 06
20070815 | |20070619-06-03 | 3.962 |-0.009 1.961 |-0.010
04-01 04-02 I8
20070413- 20070413- P01-069,070,071,072,07
20070817 | |20070619-06-04] | 3.960 [-0.012 3,962 |-0.011
04-03 04-04 3,074
20070413-| 20070413- PO1-X15.076.077.078,0
2007/08/19 | |20070619-06-05 | 3.962 |-0.006 1,962 |-0.010
04-03 04-04 79,080
20070413- | 20070413- Pi1-08 1,082,083 084 08
20070821 | |20070619-06-06 | 3,961 |-0.000 1,959 |-0.010
05-01 05-02 5. 086
20070413- | 20070413-
20070823 | |20070618-06-07 13961 |-0.008 1.959 |-0.009[P01-X16.087.088 089
05-01 05-02
20070413-| 20070413- P1-090,092,X17.0040
2007/0%24 | |20070619-06-08 13959 [-0.009 1961 [-0.010
05-03 05-04 95
20070413 | 20070413- P1-096,097,008 099,10
2007/0%25 | |20070619-07-01 1 3.959 [-0.00% 1960 |-0.011
05-03 05-04 0,101
20070413 20070413- P01-102,103,104,105,
2007/0%:27 | 3 |20070619-07-02 13957 [-0.010 1958 |0.011
06-01 06-02 106,107
20070413- 20070413- POI-108,109,110,111,
2007/0%28 | |20070619-07-03 13958 [-0.012 1.960 |-0.008
06-01 06-02 112,113.114,115

# Batch number of the KIO; standard solution

GE

Dhate K10 DOT-1 {em’} DOT-3 (em’) Samples
(UTC) ID No. NS0, | EP. | blank | Na,S:0s | EP. | blank [Stations)
20070613- 2007061 3- PO 1-028,029,030,032
200710009 | |20070619-09-02 3,951 (-0.008 3.952 |-0.007
03 03
20070613- 2007061 3- [P0 1-031,0053,034,035,
2007710/12 | |20070619-09-03 3,951 (-0.007 3.952 |-0.007
o3 03 036,037
20070613- 20070613 [P0 1-038,050,040,041,
20071014 | |20070619-09-04 3.953 |-0.006 3.952 |-0.005
n5-01 05-02 042,313,043
20070613 20070613~ PO1-044 045 046,047
2007/10/16 | 4 |20070619-09-05 3.953 |-0.006 3.954 1-0.007
Ds-01 05-02
20070613- 20070613~ [P(11-048 049 050,051,
2071017 | |20070619-09-06 3.953 |-0.006 3.951 |-0.008
D5-03 05-04 052,053,054
20070613- 20070613~ POL-055, 056,057,058,
2007/ 10/18 | |20070619-09-07 3.952 |-0.007 3.952 |-0.008
05-03 0504 059,060
20070613- 20070613~ PO1-061 P14N-029,
2007/10/20 | |20070619-09-08 3.956 |-0.009 3.956 |-0.009
D6-01 06-02 0128,027,026,025,024
20070613- 20070613~ [P 14N-023,022,021 020,
2007/10/22 | |20070619-10-01 3957 |-0.005 3.957 |-0.007
n6-01 06-02 012
P 14N-018,017,016.015,
20070613- 20070613~ 014,013,012.011.010,
20071023 | |20070619-10-02 3.957 |-0.006 3.956 |-0.006
D6-03 0604 0005, (1058, 007,006,005,
004,003, 002,001




P I4M-030, 501,032,033,

P IAN- 102 110011,

20070613- 20070613- 20070613~ 20070613-
2007/10/29 | |20070619-10-04 | 3.957 -0.007 1,957 (-0.008034,035,036,037,038, 2007/1123 | [20070911-12-02 3.960 |-0.007 3.959 1-0.010{112,113,114,115,118,
07-01 | 07-02 10-03 10-04
039,040 117
[P14N-041,042,043,044, [P14M-118,119,120,121,
20070613~ 20070613- 20070613- 20070613-
2007/11/01 | |20070619-10-06 1 3.957 |-0.007 1.957 |-0.007|045,046,047,048 049, 2007/11/26 | |20070911-12-04 3.956 |-0.007 3.955 |-0.009)122,123,124,125,126,
07-03 07-04 11-01 11-02
051,052 7 127,128,129
20070613~ 20070613- P14N-053,054,055,056, [P14N-130,131,132,133,
2007/11/04 | |20070619-10-08 | 3.955 |-0.007 1956 |-0.008 20070613- 20070613-
08-01 08-02 057,058.059.060,061 200771128 | [20070911-12-06 3.956 |-0.007 3.957 [-0.006134,135,136,137,138,
1 11-03 1104
20070613- 20070613- P14N-062,063 064,X02 139,140,141
2007/11/06 | |20070911-11-01 | 3,959 |-0.006 3,960 |-0.006
08-01 08-02 20070613- 20070613- [P14N-142,143, 144
1 200712201 | |20070911-12-08 3.953 |-0.006 3.956 |-0.005
20070613- | 20070613- [P14N-066,067 068 069, 12-03 12-01
2007/11/07 | |20070911-11-02 | 3.957 |-0.004 1.957 |-0.008
08-03 08-04 070,071.072.073 20070613- 20070613- [P14N-145, 146,147,148,
1 t -+ -t 1 2007/12/03 | |20070911-13-02 3,954 -0.007 3.956 |-0.006
20070613~ 20070613- P14N-074,075,076,077 12-03 12-01 149,150
2007/11/11 | |20070911-11-03 3.959 |-0.004 1.959 |-0.008
08-03 08-04 [P14N-151,152,153,154,
20070613- 20070613-
P14N-078,079,080,081, 2007/12/04 | |20070911-13-03 3,853 |-0.006 3.956 (-0.005155,156,157,158,159,
20070613« 20070613- 12-02 12-04
20071112 | [20070911-11-04] | 3.955 | 0,009 1,958 |-0.007[042,083,084,085 086, 160,161,162,163
09-01 09-02 8
087,085,090 [P14N-164,165, 166,167,
20070613- 20070613-
P14N-091,092,093,094, 2007/12/08 | [20070911-13-06 3,949 [-0.006 3,952 |-0.007|168,169,170,171,172,
20070613- 20070613- 13-01 13-02
200711114 | |20070911-11-06 13.955 |-0.008 3.957 |-0.008[095,096,097,098,099, 173,174,175,176
09-03 09-04
100,101,102 20070613- 20070613- [P14M-177,178,179,180,
1 2007/12/11 | [20070911-13-08 3.951 |-0.004 3.952 -0.00%
20070613- 20070613- P14N-103,104,105,X04, 13-03 13-04 181,182, 183,184,185
2007/11/18 | |20070911-11-08 13.956 |-0.010 3,958 |-0.008
1001 | 10-02 107,108,109 20070613 [P14M-184,185
2007/12/12 | 9 [20070911-14-01 3.944 -0.006] — - -
13-03
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200713 20070613-] 14049, 048,052,051.0
2007712013 2007091 1-14-02 3.950 |-0.007 1950 |-0.H8
1503 13-04 50,047 046 045 (44
200713 20070613-] 1 4C-043,042,04 1,040.0
2007/12/14 2007091 1-14-03 3.956 |-0.006 1958 |-0.007
9 14-01 14-02 39,038 037 036
] ¥
' 14C-032,031,030,029.0
200706013 2HITOGE3-
20071217 200709 11-14-05 3,955 |-0.008 3956 (-00092E 027 026,025,024,
[4-03 L4-04
023,022.021,020,019
. . T
20070613- 20070613-| [F 14 C-0:09 008 (07
2007712722 20070911-15-01 3966 | 0002 1967 | D004
1501 15-02
4] |
20070613- 20T70613-| 14C- 00, 005 (04, 0030
2007712722 200709111 5-02 3967 | 0001 1965 |-0.001
15-03 15-04 ERLID]

# Batch number of the K10 standard solition

(9) Replicate sample measurement

Replicate samples were taken from every CTD cast.
The replicate sample pairs of good measurement
(flagped 2} during MRO7-04 and MRO7-06 cruises
were 236 and 739, respectively, The total number
of the replicate pairs, 975 was about 9 % of the total
sample measurements, The standard deviations of the
replicate  measurements during MRO7-04  and
MRO7-06 cruises were 010 and 0.08 pmol kg,

réspectively, which was calculated by a procedure

(S0OP23) m DOE (1994). In addition, there was no

significant difference between the DOT-1 and
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pairs against sampling depth.

Differences of replicate sample

DOT-3 measurements on the both cruises. Although there are several outlying data, relationship between
the difference in the replicate sample pairs and sampling depth was not clear (Fig. 3.3.1). The
difference also did not depend on measurement date (Fig. 3.3.2).  In the hydrographic data sheet, the

results of the replicate sample pairs were averaged and flagged *2" (see section 11).

MRO7-04 MRO7-06
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Figure 3.3.2 Differences of replicate sample pairs against measurement date (Julian days).

(10) CSK standard measurements

The CSK standard is a commercial potassium iodate solution (0.0100 N) for analysis of dissolved
oxygen. During MRO7-04 and MRO7-06 cruises, we measured six bottles of the CSK standard
solutions (Lot EWL3818) against our KIO, standards as samples (Table 3.3.3). A good agreement
among them confirms that there was no systematic shift in our oxygen measurements during the two

cruises. These values also agree with those measured in our previous cruises, MRO7-03, suggesting

comparability in the oxygen measurements among the three cruises.



Tahble 3.3.3 Results of the CSK standard (Lot EWL3IE18) measurements on board.

DOT-1 DOT-3

Date (UTC) KIO, D No. T Remarks |

Conec. (N) | error (N} | Conc. (N) | emor (V)

2007/10/07 | 20070619-08-05 | 0.010009 | 0.000002 = =

200011119 | 20070911-12-01 0010003 | 0000001 | 0010000 | 0.000001 .
T MROT7-06 |

20071123 | 20070911-12-02 | 0.010000 | 0000001 | 0.010003 | 0.000002
20071223 | 20070911-15-09 | 0.010006 | 0.000002 | 0.010007 | 0000001 .

200740723 | 20070619-05-01 0.009999 | 0000001 | 0.010002 | 0.000002

2007/08/29 | 20070619-07-04 | 0010004 | 0000001 | 0.010006 | 0.000003

2007/06/10 | 20070424-01-08 = = 0.010006 | 0.000002
MROT-03 |

20070724 | 20070425-01-06 | 0.010006 | 0.000003 | 0.010005 | 0.000002

{11y Quality control flag assignment

Quality flag values were assigned to oxygen measurements using the code defined in Table 0.2 of

WHP Office Report WHPO 91-1 Rev.2 section 4.5.2 (Joyce of al, 1994).
i{good), 3 (guestionable), 4 (bad), and 5 (missing) have been assigned (Tables 3.3.4)

were averaged and flagged 2 if both of them were flagged 2.

Moeasurement flags of 2

The replicate data

If either of them was flagged 3 or 4, a

datum with "younger" flag was selected. Thus we did not use flag of 6 (replicate measurements). For

the choice between 2, 3, or 4, we basically followed a flagging procedure as listed below:

a. Bottle oxygen concentration and difference between bottle oxygen and CTD oxygen at the sampling

layer were plotted against CTD pressure.

noted.

b. Dissolved oxygen was then plotted against sigma-theta.

it was flagged 3.

€. Vertical sections against pressure and potential density were drawn.

the section plots, datum flag was degraded from 2 to 3, or from 3 to 4.

Any points not lying on a generally smooth trend were

If a datum deviated from a group of plots,

If a datum was anomalous on

d. If the bottle flag was 4 (did not trip correctly), a datum was flagged 4 (bad). In case of the bottle

flag 3 {leaking) or 5 (unknown problem), a datum was flagged based on the procedure shown abaove.

Table 3.3.4 Summary of assigned quality control flags.

Flag | Definition MROT-04 | MROT-06 |  Total |
2 | Good 2,628 8312 [1},941}.1
3 (uestionable 1 1o 20 |
4 Bad ] 17 17 |
5 Mot report (missing) 1 2 i

Total 2,630 8,350 10,980 |

(12) Preliminary Results

(12.1) Comparison with Winkler oxygen measurements by University of Washington on board

At station MROT-06 P01-035,
conducted an inter-comparison of
Winkler oxygen measurements
between University of Washington
and JAMSTEC on  board
Seawater sample for UW was
collected just after the oxygen
sampling for JAMSTEC. The
pxygen concentrations in  the

samples from 15 Niskin bottles
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Figure 333 Comparison of bottle oxygen measurement between UW and JAMSTEC. A
broken line shows a linear regression line whose comrelation coefficient {rl) and standard error are
0.99997 and 0.567 pmol ke'', respectively.
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analyzed separately by UW and JAMSTEC and compared each other. We got a very good agreement

between UW and JAMSTEC results (Fig. 3.3.3).

(12.2) Comparison of oxygen measurements at a cross point
During MRO7-06 cruise, we compared two profiles of bottle oxygen at a cross point, 47.0°N/179.5°E.
The first and second casts were conducted on 20-Oct.-2007 (MRO7-06_P01-061) and 30-Oct.-2007
(MROT-06_P14N-X01), respectively. Below 1200 dbar, we got a good agreement between the first and
second measurements (Fig. 3.3.4). We had also measured bottle oxygen concentration at the cross
point during our previous cruise, MRO7-04 (P0O1-061, 14-Aug-2007). The oxvgen profile in deep
waters at the cross point of MRO7-04 well agreed with those of MRO7-06 (Fig. 3.3.4).
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Figure 3.2.4  Vertical profiles of bottle oxygen concentration at a cross
point (47.0°N/179.5°E) during MR07-06 and MR07-04 cruises.

i

(12.3) Decadal changes in dissolved oxygen along WHP-PO1

Fipure 3.3.5 shows zomnal transects of dissolved oxygen along WHP-PO! in 2007. From 152°E
(PO1-028) to 179°E (PO1-061), we re-occupied during MRO7-06 in the October of 2007. The rest of
the WHP-PO1 stations were revisited during MRO7-04 in the July and August of 2007. Difference in
dissolved oxygen distribution between the eastern and western North Pacific can be distinguished. The
boundary between the cast and west is likely to be lying around 160°W. Dissolved oxygen
concentrations in bottom waters in the west are higher than those in the east. The minimum

concentration around 1000 m depth in the east was lower than that in the west,

Figure 3.3.5 Zonal transects of dissolved oxygen along WHP-PO1 in 2007 (Schlitzer, 2008).



We compared dissolved oxygen in deep waters below 4000 m depth in 2007 with those in 1985 and
1999 along WHP-PO1. The oxygen concentration in 2007 were slightly lower than those in 1985 and
1999 by 1.9+ 0.8 (n=641) and 1.1 = 1.2 (n=628) umol kg ', respectively. Despite of these small offsets
in the deep layers, dissolved oxygen concentrations in the thermocline in 2007 were significantly higher
than those in 1999, Distribution of differences in Apparent Oxygen Utilization (AOLU) against water
density between 1999 and 2007 (Fig. 3.3.6b) indicates that AQU (dissolved oxygen) decreased
(increased) in waters just below seasonal mixing layer from 1999 to 2007, The maximum AQU

decrease (about —50 umol kg') was found in 26.6 o, layer between 180° and 140°W approximately.
This AOU change between 199% and 2007 is opposite to that between 1985 and 1999 (Fig. 3.3 6a).

(12.4) Decadal changes in dissolved oxygen along WHP-P14N/C

Figure 3.3.7 shows meridional transects of disselved oxwgen along WHP-PI4N/C m 2007.
WHP-P14N and P14C lines are lying from the Bering Sea to the Fiji Island and from the Fiji Islands to
New Zealand (the South Fuji Basin), respectively. The transect of WHP-P14N is characterized by an
oxygen minimum in mid-layers from the Bering Sea to the equator.  In the Central Pacific Basin from
20°N to L0°S, dissolved oxygen concentration in bottom water (Circumpolar Deep Water) is slightly
high. In the South Fiji Basin, dissolved oxygen maximum was found in mid-layers around 600 — 800
m depth.

We compared dissolved oxygen in deep waters below 4000 m depth in 2007 with those in 1992/03
along WHP-PI4N/C. The oxvgen data in 2007 were slightly lower than those in 199293 by 1.3 £ 2.0
(n=1106). Figure 3.3.8 shows distribution of differences in AOU against water density between
1992/93 and 2007. Except in the Bering Sea there was not large change in dissolved oxygen or AOU.

The maximum AQU increase {about 40 pmol kg') was found in 26.6 o layer in the Bering Sea.
Small temporal changes in the tropical region between 20°N and 20°S may be caused by transition of
mesoscale eddies.

At a cross point between MRO7-04 and MRO7-06 cruises (47°N/179°E}), the

intermediate AOU decreased by about 30 umol kg™ from 1999 to 2007 (see Fig. 3.3.6b). On the other

(a) AAOU / umol kg™' WHP-PO1 (47°N) 1999 - 1985

25-{] L 'l i 1 L L 'l L i
255 Mid-winter outcrop
E 26.0 1
2 265-
27.0
275
160°E 180° 1607w 140°W
(b) AAOU / umol kg™ WHP-P01 (47°N) 2007 - 1999
25:[' 1 i L i | | ] 1 i i
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Mid-winter outcrop
g 26.0 -
g
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180¢

TE0"W 1409w

Figure 3.3.6 Distributions of differences of Apparent Oxvgen Utilization, AOU (umol kg ") against
density (o) between 1985 and 1999 (2) and between 1999 and 2007 (b). Contour intervals are 10

pmol kg'. Small dots indicate sampling lavers for bottle oxygen. Sparse data hinder the
comparison between 1999 and 2007 in shallow layers in the area to the east of 150°W (shaded area).

hand, that decreased by about 10 pmol kg from 1993 to 2007 (Fig. 3.3.8) These results imply that the
intermediate AOU increased by about 20 pmal kg'l from 1993 to 1999, which is consistent with the

AOU increase between 1985 and 1999 at the cross point (see Fig. 3.3.6a).
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Figure 33.7 Moeridional transects of dissolved oxygen along WHP-P14N/C in 2007 (Schlitzer, 2008).

4

AAOU / umol kg*! WHP-P14N/C (179°E) 2007 - 1992/93

25.0 L 1

25.5 - Mid-winter
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Sigma-theta

60°N 405N 209N o2 20°8 40°g

Figure 3.3.8 Distributions of differences of AOU (umol kg') against density (e,) between 1992/93
and 2007. Contour intervals are 10 pmol kg". Small dots indicate sampling layers of dissolved
oxygen in 2007,
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3.4 Nuitrients
27 Cretober 2008

(1) Personnel
MRO704 cruise
Michio AOYAMA (Meteorological Research Institute / Japan Meteorological Apency,
Principal Investigator)
Ayumi TAKEUCHI (Department of Marine Science. Marine Works Japan Ltd.)
Takayoshi SEIKE {Department of Marine Science, Marine Works Japan Ltd.)
Shunsuke MIYARE (Department of OD Science Technical Support, Marine Works Japan
Ltd.)
MRO706 cruise
Michio AOYAMA (Meteorological Research Institute / Japan Meteorological Apgency,
Principal Investigator)
LEG 1
Ayumi TAKEUCHI (Department of Marine Science, Marine Works Japan Ltd.)
Junji MATSUSHITA (Department of Marine Science, Marine Works Japan Ltd.)
Kohei MIURA (Marine Works Japan Ltd.)
LEG2
Kenichiro SATO (Department of Marine Science, Marine Works Japan Ltd.)
Takayoshi SEIKE (Department of Marine Science, Marine Works Japan Ltd.)

Kohei MIUBA (Marine Works Japan Lid.)

{2) Objectives
The objectives of nutrients analyses during the RV MiraiMRO704 and MROTO6 cruises,

WOCE P1 and P14 revistted cruise in 2007, in the MNorth Pacific are as follows;

- Deseribe the present status of nutrients concentration with excellent comparability.

- The determinants are nitrate, nitrite, phosphate and silicate.

- Study the temporal and spatial variation of nutrients concentration based on the previous high quality
experiments data of WOUCE previous P1 cruises in 1985 and 1999, PI4N/C cruises in 1992, GOESECS,
IGY and so on.

- Study of temporal and spatial variation of nitrate: phosphate ratio, so called Redfield ratio.

- (Mbtain more accurate estimation of total amount of nitrate, phosphate and silicate in the interested area.

= Provide more accurate nutrients data for physical oceanographers to use as tracers of water mass

movement,

(3) Summary of nutrients analysis
We made 83 and 266 TRAACSE0N) runs for the samples at 88 in MRO704 and 273 stations in
MROT06, respectively.  The total amount of layers of the seawater sample reached up to 263 and 8319

for MEOT04 and MROT06, respectively. We made duplicate measurement at all layers.

(4) Instrument and Method
(4.1) Analytical detail using TRAACS 800 systems (BRAN+LUEBRBE)

The phosphate analvsis is a modification of the procedure of Murphy and Riley (1962).
Molybdic acid is added to the seawater sample to form phosphomolvbdic acid which is in turn reduced
to phosphomolybdous acid using L-ascorbic acid as the reductant.

Nitrate + nitrite and nitrite are analyzed according to the modification method of Grasshoff
(1970, The sample nitrate is reduced to nitrite in a cadmium tube inside of which is coated with metallic
copper. The sample stream with its equivalent nitrite is treated with an acidic, sulfanilamide reagent and
the nitrite forms nitrous acid which reacts with the sulfanilamide to produce a diazonmium jon.
N-1-Maphthylethylene-diamine added to the sample stream then couples with the diazonium ion to

produce a red. azo dye. With reduction of the nitrate to nitrite, both nitrate and nitrite react and are
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measured; without redoction, only nitrite reacts. Thus, for the nitrite analysis, no reduction is
performed and the alkaline buffer is not necessary. Nitrate is computed by difference.

The silicate method is analogous to that described for phosphate. The method used is
essentially that of Grasshoff et al. (1983), wherein silicomolybdie acid is first formed from the silicate in
the sample and added molybdic acid; then the silicomolybdic acid is reduced to silicomolybdous acid, or
"molybdenum blue." using ascorbic acid as the reductant. The analytical methods of the nutrients during
this cruise are similar with previous eruises (Uchida and Fukasawa, 2003).

The flow diagrams and reagents for each parameter are shown in Figures 3.4.1-3.4.4.

(4.2) Nitrate Reagents
Imidazole (buffer), 0.06 M (0.4 % wiv)
Dissolve 4 g imidazole, C:H;N,, in ca. 1000 ml DIW; add 2 ml concentrated HC1. After mixing, | ml

Triton( BYX-100 (50 % solution in ethanol) is added.

Sulfanilamide, (.06 M (1 % wiv) in 1.2M HC1
Dissolve 10 g sulfanilamide, 4-NH:CsH-SO:H, in 900 ml of DIW, add 100 ml concentrated HCL After

mixing, 2 ml Triton{R)X-100 {50 %f solution in ethanol) is added.

N-1-Mapthylethylene-diamine dihydrochloride, (.004 M (0.1 %6 wiv)

Dissolve 1 g NEDA, C;yH,NHCH:CH,;NH, * 2ZHCL, in 1000 ml of DIW and add 10 ml concentrated HCI.

Stored ina dark bottle,
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550nm
Figure3.4.1: lch, (NOs+NO:) Flow diagram.

{4.3) Nitrite Reagents
Sulfanilamide, 0.06 M (1 % wi/viin 1.2 M HCI
Dissolve 10g sulfanilamide, 4-NH;C H50:H, in 900 ml of DIW, add 100 m! concentrated HC]. After

mixing, 2 m] Triton{R)X-100 (50 % solution in ethanol) is added.

N-1-Napthylethylene-diamine dihydrochlorde, 0.004 M (0.1 % wiv)
Dissolve | g NEDA, €, H,NHCH,CH,;NH, « 2ZHCL, in 1000 m] of DIW and add 10 ml concentrated HCL

Stored in a dark bottle.



Waste 4 WHT/WHT debubble
2ok astec |
NO» REDVEED sulfanilamide
20T 10T ST tor —A%
I (I 1 T | o sl o s e s
Adr
WHT/WHT NED

Waste

-

0.5mm 1D, #50mm

550nm

Figure3.4.2: Zch. (NO:) Flow diagram.

(4.4) Silicate Reagents

Molybdic acid, 0.06 M (2 % wiv)
Dissolve 15 g Disodium Molybdate(V]) Dihydrate, Na; MoOy « 2H; O, in 980 ml DIW, add 8 ml

concentrated H; SO, . After mixing, 20 ml sodium dodecyl sulphate (15 % solution in water) is added.

Oxalic acid, 0.6 M (5 % wiv)

Dissolve S0g Oxalic Acid Anhydrous, HOOC: COOH, in 950 ml of DIW.

Ascorbic acid, 0.01M (3 % wiv)
Dissolve 2.5g L (+)-Ascorbic Acid, CiHzOg, in 100 ml of DIW. Stored in a dark bottle and freshly

repared before every measurement.

2l Wisks % WHT/WHT dcbuhblcl
510z BLU/BLU melybdic acid
Alr
WHT/WHT sample or basc sca water

Alr

WHTWHT oxalic acid

ORMN/WHT — ascorbic acid

Waste

(r.5mm 1.D.*30mm

630nm
Figure3.4.3: 3ch, (810:) Flow diagram.

{4.5) Phosphate Reagents
Stock molybdate solution, 0L03M ((LE % wiv)
Dizsolve 8 g Disodium Molybdate(VT) Dihydrate, Na; MoO, + 2H; O, and 0.17 g Antimony Potassium

Tartrate, Cs HyE; O 8b: + 3H; O, in 950 mi of DIW and add 50 ml concentrated H. 50,

Mixed Reagent

Dissolve 0.8 g L (+)-Ascorbic Acid, CsHg O, in 100 ml of stock molybdate solution. After mixing, 2 ml

Fry



sodium dodecyl sulphate (15 %4 solution in water) is added. Stored in a dark bottle and freshly prepared

before every measurement,

Reagent for sample dilution
Dissolve Sodium Hydrate, MaCl, 10 g in ca. 950 ml of DIW, add 50 ml Acetone and 4 ml concentrated

H, 80, . After mixing, 5 ml sodium dedecyl sulphate (15 % solution in water) is added.

Waste <—WHT/WHT debubble

4ch.
e RED/RED PO, dilution

Adr

[m GRN/GRN sample or base sea waler

Air

WHTWHT PO, color reagent

Waste

||—|T

0.5mm 1D, #50mm

B80nm
Figurc3.4.4: 4ch. (PO,) Flow diagram,

(4.6) Sampling procedures
Sampling of nutrients followed that oxygen, trace gases and salinity. 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 are put into water bath at

7B

24 £ ldeg. C in 10 minutes before use to stabilize the temperature of samples in both MRO704 -and
MROT06,
Mo transfer was made and the vials were set an suto sampler tray directly. Samples were

analyvzed after collection basically within 20 hours in MRO704 and 14 hours in MROTOG.

(4.7) Data processing

Raw data from TRAACSE00 were treated as follows;

- Check baseline shift.

- Check the shape of each peak and positions of peak values taken, and then change the positions of peak
values taken if necessary.

- Carry-over correction and baseline drifi correction were applied to peak heights of each samples
followed by sensitivity correction.

- Baseline correction and sensitivity correction were done basically using liner regression.

- Load pressure and salinity from CTD data to ealculate density of seawater.

- Calibration curves to get nutrients concentration were assumed second order equations,

(5) Nutrients standards
(5.1) Volumetric Laboratory Ware of in-house standards

All volumetric glass- and polymethylpentene (PMP)l-ware used were gravimetrically

calibrated. Plastic volumetric flasks were gravimetrically calibrated at the temperature of use within
-3 K.
Volumetric flasks

Volumetric flasks of Class guoality (Class A) are used because their nominal tolerances are
(.05 % or less over the size ranges likely to be used in this work. Class A flasks are made of borosilicate
glass, and the standard solutions were transferred to plastic bottles as guickly as possible after they are

made up to volume and well mixed in order to prevent excessive dissolution of silicate from the glass.



High quality plastic (polymethylpentene, PMP, or polypropylene) volumetric flasks were gravimetrically
calibrated and used only within 3-4 K of the calibration temperature.

The computation of volume contained by glass flasks at various temperatures other than the
calibration temperatures were done by using the coefficient of linear expansion of borosilicate crown
glass.

Because of their larger temperature coefficients of cubical expansion and lack of tables
constructed for these materials, the plastic volumetric flasks were gravimetrically calibrated over the
temperature range of intended use and used at the temperature of calibration within 3-4 K. The weights
obtained in the calibration weightings were corrected for the density of water and air buoyaney.

Pipettes and pipettors
All pipettes have nominal calibration tolerances of 0.1 % or better. These were gravimetrically

calibrated in order to verify and improve upon this nominal tolerance.

(5.2) Reagents, general considerations
Specifications

For nitrate standard, “potassium nitrate 99,995 suprapur” provided by Merck, CAS No. :
T757-91-1, was used,

For phosphate standard, “potassium dihydrogen phosphate anhydrous 99.995 suprapur”
provided by Merck, CAS No. : T778-77-0, was sued.

For nitrite standard, “sodium nitrate™ provided by Wako, CAS No. : 7632-00-0, was used. And
assay of nitrite was determined according JIS K8019 and assays of nitrite salts were 99.1 % We use that
value to adjust the weights taken.

For the silicate standard, we use “Silicon standard solution Si02 in NaOH 0.5 mol/l
CertiPUR™ provided by Merck, CAS No. : 1310-73-2, of which lot number is HC623465 is used. The
silicate concentration is certified by NIST-SRM3 150 with the uncertainty of 0.5 %.

Ultra pure water

Ultra pure water (MilliQ water) freshly drawn was used for preparation of reagents, higher
concentration standards and for measurement of reagent and system blanks.
Low-MNutrient Seawater (LNSW)

Surface water having low nutrient concentration was taken and filtered using 0.45 pm pore
size membrane filter. This water is stored in 20 liter cubitainer with paper box. The concentrations of

nutrient of this water were measured carefully in May 2007.

(5.3) Concentrations of nutrients for A, B and C standards

Concentrations of nutrients for A, B and C standards are set as shown in Table 3.4.1. The C
standard is prepared according recipes as shown in Table 3.4.2. All volumetric laboratory tools were
calibrated prior the cruise as stated in chapter (i), Then the actual concentration of nutrients in each fresh
standard was calculated based on the ambient, solution temperature and determined factors of

volumetric lab. wares,

Table 3.4.1 Nominal concentrati ons of nutnents for A, B and C stand ards.

A B c1 €2 €3 C4 €5 Co CT

NOus(udM) 45000 Q00 BA AY  AX AY BF 55 BG
NO(uM) 4000 20 BA AY AX AV BF 1.2 BG
SiOx{uM) 36000 2880 BA  AY  AX AV BF 170 BG

PO uM) 3000 6l BA AY AX AV BF 16 BG

Table 3.4.2 Workin g calibration stand ard recipes.

C Std. B-1 Std. B-21 Std.

C-6 30 ml 30 ml

B-1 5td.: Mixture of nitrate, silicate and phosphate

B-2 Std.: Nitrite

i



(5.4) Renewal of in-house standard solutions.

In-house standard solutions as stated in (1i1) were renewed as shown in Table 3.4.3.

Table 3.4.3 Timing of renewal of in-house stand ards.

Ny, NOy, 8i0,, PO,

Renewal

A-1 Std. (NOy)

maximum 1 month

A-2 Std. (NO3) maximum 1 month
A-3 Std. (Si0.) commercial prepared solution
A-4 Std. (POy) maximum 1 month
B-1 Std.
({mixture of NO,, 5i0,, PO,) % days
B-2 Std. (NOy) 8 days
C Std. Renewal
C-6 Std. (mixture of 24 hours
B-1 and B-2 Std.)
Reduction estimation Renewal

D-1 Std.
(7200uM NOs)
43uM NO,

47uM NO,

when A-1 Std. renewed

when C Std. renewed

when C Std. renewed

&0

(6) Reference material of nutrients in seawater

To get the more accurate and high quality nutrients data to achieve the objectives stated above,
huge numbers of the bottles of the reference material of nutrients in seawater (hereafter RMNS) are
prepared (Aoyama et al.,, 2007). In the previous world wide expeditions, such as WOCE cruises, the
higher reproducibility and precision of nutrients measurements were required (Joyce and Corry, 1994),
Since no standards were available for the measurement of nutnients in seawater at thati time, the
requirements were described in term of reproducibility. The required reproducibility was 1 %, 1-2 %,
1-3 % for nitrate, phosphate and silicate, respectively. Although nutrient data from the WOCE one-time
survey was of unprecedented quality and coverage due to much care in sampling and measurements, the
differences of nuirients concentration at crossover points are still found among the expeditions (Aoyama
and Joyce, 1996, Mordy et al., 2000, Gouretski and Jancke, 2001). For instance, the mean offset of
nitrate concentration at deep waters was 0.5 pmol kg ' for 345 crossovers at world oceans, though the
maximum was 1.7 umol kg (Gouretski and Jancke, 2001). At the 31 crossover points in the Pacific
WHP one-time lines. the WOCE standard of reproducibility for nitrate of | % was fulfilled at about half
of the crossover points and the maximum difference was 7 % at deeper layers below 1.6 deg. C in

potential temperature (Aoyama and Joyee, 1996).

(6.1) RMMNSs for this cruise

BEMNS lots BA, AY, AX, AV and BF, which cover full range of nutrients concentrations in the
western North Pacific Ocean are prepared. 40 sets of BA, AY, AX, AV and BF are prepared.

Since silicate concentration along Pl section was expected to be very high, we also prepared
RMNS lot BG, of which silicate concentration is 255 pmol kg'. When silicate concentration expected to
exceed 170 pmol ke, we add RMNS lot BG as an additional standard as C-7. These RMNSs were
renewed daily and analyzed every 2 runs on the same day.

Eighty-five and 266 bottles of RMNS lot BC are prepared for MRO704 and MROT0D6,



respectively, to use every analysis at every hydrographic station. These RMNS assignment were
completely done based on random number. The RMNS bottles were stored at a room in the ship,

REAGENT STORE, where the temperature was maintained around 24-26 deg. C.
(6.2) Assigned concentration for RMMNSs
We assigned nutrients concentrations for RMNS lots BA, AY, AX, AV, BF, BC and BG as

shown in Table 3.4.4.

Table 3.4.4 Assigned concentration of RMNSs.

unit: pmol kg’
Nitrate Phosphate Silicate Nitrite
AH 35.31 2.114 132,20 (0.02)*
BA 0.07 0.068 1.60 0.02
AY 5.600 0.516 29.42 0.62
AX 21.42 1.619 58.06 0.35
AV 33.36 2.516 154.14 0.10
BF 41.39 2.809 150,61 0.02
BC 40.71 2.782 156.13 0.02
BG 36.85 2,570 254.42 0.06

* Concentration of nitrite for lot. AH did not assign. The value in the table is result of measurement on
T Oct. 2007,
(6.3) The homogeneity of RVMNSs
The homogeneity of lot BC and analytical precisions are shown in Table 3.4.5. These are for
the assessment of the magnitude of homogeneity of the RMNS bottles those are used during the cruise.
As shown in Table 3.4.5 and Table 3.4.6 the homogeneity of RMNS lot BC for nitrate and silicate are the

same magnitude of analytical precision derived from fresh raw seawater in May 2005. The homogeneity

for phosphate, however, exceeded the analvtical precision at some extent. In May 2007, analytical

precisions become better less than 0.1 % and the homogeneity at lot BF and BG for nitrate, phosphate

and silicate were 0.11-0.14 %, 0.17-0.21 %, 0.08-0.10 %, respectively.

Table 3.4.5 Homogeneity of lot BC and previous lots derived from simultaneous 30 samples

measur ements and an alytical precision onboard BV Mirai in May 2005,

Nitrate Phosphate Silicate

CV % CV % CV %
BC 22 .32 0.19
(AH) (0.39) (0.83) (0.13)
(K} (0.3) (1.0 {0.2)
Precision 0.22 0.22 0.12

Mote: N=30 = 2

Table 3.4.6 Homogeneity of lot BF and BG derived from simultaneous 7 samples measur ements

and anal ytical precision onboard RV Mirai in May 2007,

Nitrate Phosphate Silicate

CV % CV % CV %
BF 0.11 0.21 0.10
BG 014 017 0.08
Precision 0.05 0.07 0.0

Note: N=T7 » 4
(6.4) Comparability of RMNSs during the periods from 2003 to 2007
Crnuise-to-cruise comparability has examined based on the results of the previous results of
RMMNSs measurements obtained among cruises, and RMNS international comparison experiments in
2003 and 2006. The uncertainties for each value were obtained similar method described in 7.1 in this

chapter at the measurement before each cruise and inter-comparison study. shown as precruise and
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intercomparison, and mean of uncertainties during each cruise, only shown cruise code, respectively. MRII3_Tpreersise LTS T ST
As shown in Table 3.4.7, the nutrients concentrations of RMNSs were in good agreement among the MHEUE0S_Ipreeruise se0 08 B o
measurements during the period from 2003 to 2007, For the silicate measurements, we show lot numbers MUEEDE-04_Tprecruise LE T T} =R T
and chemical company names of each cruise/measurement in the footmote. As shown in Table 3.4.7, 8 Lats
there shows less comparability among the measurements due to less comparability among the standard CruiseLab AR ume  BA  ume  AY  wme AKX mie AV gme RE  sme  BE  mme
solutions provided by chemical companies in the silicate measurements. Hn
BMRES-05_lprecrate a7 L] LR U Il L] Jize (K1 4Ll noz
Table 3.4.7 (a) Comparability for nitrate.
MG e oo e e L] iLan 558 EL 21.40 ez Jasz (E ] EHN R o4
unit: "Lmu: kE.I 200Mntercomp_revisl 354 043
RM Lasy i
Creaeal el U e B - MROT-0_precredse wsd Bo0 55% Bel LM BAd 3R o A060 00T
Mierare MROT-OZ_jirecralse L] L] 541 L L4 LL LR (R L} 4030 LX)
JHIF MENT-04_precralse_1 3574 A3 LE o on BT Ll IL.5% ez 33.4% m 4147 LA 41,83 [k
200Rin bere nimpariven 3513 ATROT-4_precraise_2 35.80 LK1 ] UL [LAL] 545 L] ILob LL 3347 g 4055 LAk iz Loz
2005 AIRIT .04 LL] ool 5.8l a2 214 L 333K oS 41308 s .77 .05
NRHS-#1 3554 L) s L X1k] 1149 e A35H LRI BREOT-O5_precreise L] LEU] 545 L L] AR E] Az 354 nid 4bdn 05 AILET o4
MRU5-82 T w02 561 . 1145 AT 3338 LB 47 X1 MBROT-0h_Iprecidie 5.1 [ S bns? L] 5.6l L] L4 L1 1542 g 4044 L X1k 478 oz
VIROS-85_1precrulse 3545 o5 a7 L] 5.5T7 [ 1141 (K11} 3341 iz T8 LIk MENT-06_1 LE il 5.61 i L84 L] 3341 ILps 4130 aas 4i.H1 [N
VIRAS5-85 1 Ay LA 5.61 LK 1h3 1143 s 33350 L5 48273 L} L ATROT-0h_Iprecraive 35.81 LB i [LAL] 541 L L] L& naz 3354 i 4042 LA 4i.78 L5
MEREU5-85 T precrulic IR il 558 B 1139 A2 3330 .o 447 LX) AIROT-0G_T L il LR LLE L4 L] 33 g 4030 LY 4i.H1 o4
MRO5-85 T (LR ol 50l {IX:r3 1l.24 Lps 3330 05 4473 LA
MRI5-05_3 precomise LR aann 5.6l [ 11.49 IGE 3N no 479 LA
MRO5-05_F 1K ng L 5.6l . 11.44 LB 3337 .05 4375 L]
200nh
MR -BD_ e ol 5.6l L] 3130 [RI}]
VERBG-#3 precriibse 5.5% [ 3341 iz
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Table 3.4.7 (b) Comparahility for phosphate.

RME Loty
- =1
unit: pmol kg
Ciniselal AH une BA nni AY . Ax mne AV e HF [ B i,
RA Lasta
Fhosphais
rusielab Al une. Ba une. AY e AX mnE. AY une, BE wn. B R,
MEOT-0_precrulsc LTl 0.0y 514 aaan L&In LMz 1511 =3 1.7TH4 [IRIIES
Fhusphate
MENT-HI_precrulse s iR 593 Lt ] Lidi AL 1553 52 I¥3T &M
Ima
MENT-04_precrulse L 2148 i, [2 AdGI (I ] B51E aa 1620 s 1512 [IELrd 1E11 BIHIT 1.7H2 i HIT
DS e F e 1
MENT-4_precruise 2 1148 ILHE Desh U003 8514 aan 1&20 L 1517 32 1LE11 @I 2.THE .onx
ZE
NROT-I4 b L #5231 s L&r? s 2.513 (K] LEiS &.Hin 1.7H1 o7
MRAS-i] 2133 23 LX) 1.5 1822 L) 152 LT
MENT-05_precrulsc [F 2] 0.0y 500 aaan LE&IK LMz 150K =3 1§08 I3 .7 [IRIIES
RIHOS-0I &kl [[EJL ] IL51S LE L 1ald LI 1515 DA .7W LRI E
MLRIT-l_Iprecralse 2144 (K] b iR B520 Lt ] [ K AL 1517 (R I} 1MW &M I.798 Lo
MHDE0E_lprecruise 1148 [0 LNIEL T L.508 B 620 LR 1517 LT 1.7TE1 0.1
BIEOT-0_1 a4 [IEC Y B51% aas 1620 a3 1515 A= LA0H BIHIZ 1.THY IS
MHDEN5 1 Akl LT L5158 L i 1&I5 L 1515 DT 177E [INiE%
MENT-_Iprecrmise 2146 W2 L7 U003 a.520 aan 1&20 L 1517 32 LEGH  @HI 21.78% .onx
MHNS-05 1 procrgse albn IEC ) n.51% Bgon 1608 LR 510 LT LTEE  D.0DI
AREOT-0R_2 LI [IEC Y 521 Laas 1&1Y% s 1515 0,3 1307 B.iHIE LTHS LRI
MIHDS-05 T dilhd (R 1517 s [ald g4 1515 L] 1.THE LM
RHDEUS 3 precreise &bl [[EL L51% Al 1&Z0 LK 2517 LI ird 1.7HE .06
MRS ¥ Bkl IR 514 a3 I6EH s 1515 ] 2.97%. O.0OE
TS
MHDE-UD_precruise .51 g 1515 LE )
MIHDE-OF precralse .49 L] 14w D3
MHDE-IE_ Tgrecruise 504 L] 1515 L]
MHDE-UE_lprocrise n.snx Bgon .50 L
SIHBE-4_Tpieerulse 508 gan 2.507 DT
MRS lprecrise nati (IR 0.5I7 g 1529 LG 2513 DL .78 .
U B T TR R BTl [[EC ) 514 bgan 1LA23 LR 1518 D2 . 00T

IS eremmp_revialr L141 (K1}
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Table 3.4.7 {¢) Comparability for silicate.
unit: pmaol kg"
HM Leis
Erubse/Lab AH ume.  BA mne AV mne AX . AY ume, BF BC s
ilicate

M3
N ercomparban®t 13397

M
BIDEN1E 11541 0M 158 5942 W4T 15171 1
BHOENIE 1465 WS 3NAS 04 SRS LIl ISTET 0% 15993 @14
MEOSDS lpresruised® 135H9 003 155 BAe 313 D@2 SRSS 03 152D 00w LOILES
MEIEDS_ 149 143 bAT  ALIE A% SRS0 N3 15T 026 THOAE
BRNS-D5_? precruivess 142 8 302 MA2 SR4e Rl ISHOD 0 0ae L6R22 A
BIILDES_ 244 143 B LD 0T ER4N Wed ISHO0 06 (R ER N
BIHDEDS 3 procruisesd 160 @48 3NA3 0E3 5954 WBE ISHND 004 IGRIZ  #Ed
BHDENS_ 353 164 DA 3T 00 5947 W I5THR 0K L6IES L3

004
MEDEUD_precralsets EL TS 15414 012
MBH-IE precraise FUECINT 5] 15447 1B
MHDE-IE_2greeruise mss bl 15451 maE
BUHDEIE Ipreeuise mE e 15431 oz
BURLH-IE_Tprecruise FEEEIY T [EEE TR
BIHDE-DS Iprecnises** 1467 GAe 2962 042 SE3Z M 15415 0 ISRI0 11
20 eresmparios + 164 D 20ER QB SKIE 083 15433 0 15630 0
IMniereemp_revisit 13255 007

R

RO Lastn
Ciruise/Lal AH e, BA e AN wn. AN e AV nne BE [ B wn.
Hilicage
MIEET-00_proersise 1 159 L 37 w03 T8 LT 154.11 nis 156 ln
MRAT-02_procrudse ¥ a5 LR 580 &0z AT i 154.55 L 15857 (1N

MIROT-04_procuise 15 133,38 [[EC Lal LA 57 LRI .40 LR k] I54.H1 LE 1 15003 nuT 156938 e

MHAT-04_precruise I8 13315 niz LAY L] I8l 203 5544 s I54.HT {RE] 1504 014 15654 14

MHET-04 5 162 a7 842 o7 =11 LA} §54.45 nzi 1559 LB EY 15662 LR

MIET-05_procrise § LT L] 43 a0z 55.0H M E5405 i 15848 011 15631 11

MEET-D6_Iprecrade: § 133.01 (B 164 LR ] mmn 302 E8.50 L i55.06 (R} 15831 11 15633 &1l

MIROT-06_1 5 L&l LA 43 a7 5415 LR 154.4% a3 15055 1 15684 LAIES

MIHAT-U6 g ecinkee § 132, oy L5k L] Iy LA 5515 LUL ] 154.5% L i5h 0OK 15657 30K

MHET-06_2 5 158 a7 835 LRI i) LA 054,58 s 1549 [ 15681 Lls

List of lot numbers: *: Kanto 306F9235; ** Kanto 402F2041; # Kanto 502F9205; ##: Kanto

609F0157; ¥ : Merck OC551722; #*#%: Merck HC694149; 5: Merck HC623465

{7T) Quality control
{7.1) Precision of nutrients analyses during the cruise
MRO704

Precision of nutrients analyses during the cruise was evaluated based on the 11 measurements,
which are measured every 12 samples. during a run at the concentration of C-6 std. We also evaluated
the reproducibility based on the replicate analyses of five samples in each run. Summary of precisions
are shown in Table 3.4.8. As shown in Table 3.4.8 and Figures 3.4.5-3.4.7, the precisions for each
parameter are generally good considering the analvtical precisions estimated from the simultancous
analyses of 12 samples in May 2007, Analytical precisions previously evaluated were 0,05 % for nitrate,

0.07 % for phosphate and 0.06 % for silicate, respectively, During this cruise, analytical precisions



were (106 % for nitrate, 0.10 % for phosphate and 0.07 % for silicate in terms of median of precision,

réspectively. Then we can conclude that the analytical precisions for nitrate, phosphate and silicate were

maintained throughout this cruise. The time series of precision are shown in Figures 3.4.5.3.4.7;

Table 3.4.8 Summary of precision based on the replicate analyses of 11 samples in each run

thr ough out cruise.
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Nitrate Phosphate Silicate
CV % CV % CV %
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Figure 3.4.5 Time series of p recision of nitrate  for MRO704,
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Figure 3.4.7 Time series of pr ecision of silicate for MRO704.
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MRO706

Precision of nutrients analyses during the cruise was evaluated based on the 11 measurements, which

are measured every 12 samples, during a run at the concentration of C-6 std. We also evaluated the - . ' SR R S ' R
reproducibility based on the replicate analyses of five samples in each run. Summary of precisions are £ s

shown in Table 34.9. As shown in Table 349 and Figures 3.4.8-3.4.10, the precisions for each _E B i y

parameter are generally good considering the analytical precisions estimated from the simultaneous g‘: o1 _--..-'-' ...-:- :.... i
analyses of 12 samples in May 2007, Analytical precisions previously evaluated were 0.05 % for nitrate, -E‘ gy .....g.-.-.. ik :_..-_-:.-.:.. ..-_—.

0.07 % for phosphate and (.06 % for silicate, respectively. During this cruise, analytical precisions E 005 |- :T::'-.-':E.-.:..--::.-:::__:-_ )
were 0,07 % for nitrate, .09 % for phosphate and 0.07 % for silicate in terms of median of precision, E . e :-'-'-:- '. .
respectively. Then we can conclude that the analytical precisions for nitrate, phosphate and silicate were Ulﬂﬂ- : iél} i ZiI]'D : 25& : 3[IIU 550" 4Uﬂ
maintained throughout this cruise. The time series of precision are shown in Figures 3.4.8-3.4.10, station serial

Figure 3.4.8 Time series of p recision of nitrate for MROT06.
Table 3.4.9 Summar y of precision based on the replicate analyses of 11 samples in each run

thr ough out cruise.
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(7.2) Carry over
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Figur e 3.4.10 Time series of pr ecision of silicate for MRO706.

We can also summarize the magnitudes of carry over throughout the cruise. These are small enough

within acceptable levels as shown in Table 3.4.10.

Table 3.4.10 (a) Summa ry of carry ov er thr ough out MRO704 cruise.

Nitrate Phosphate Silicate

CV % CV % CV %
Median 0.16 0.11 0.20
Mean 0.16 13 .20
Maximum 0.28 044 .36
Minimum 0.02 0.00 0.07
N 85 85 85

Table 3.4.10{b) Summar vy of carry ove r through out MROTOG cruise.

Nitrate Phosphate Silicate

CV % CV % CV %
Median 14 014 0.12
Mean 0.14 .14 0.13
Maximum 0.33 .40 0.29
Minimum 0.00 .00 0.01
N 166 266 266

i8) Problems/improvements occurred and solotions.
MROT04

During the analysis for the samples between station 8 and station 27 of WHP-P1, we got a problem on
phosphate measurements. 1 7 samples from ¥ stations showed large difference on duplicate measurements
exceeding uncertainty of (L02 pmol kg Y

Especially 12 samples showed 0.05 to 0.97 umol kg higher values. We had judged that these higher
values are contamination during the sampling from Niskin bottle or test tube itself. Therefore, we had
checked probable source of this contamination including air-conditioners in the water sampling room
and the laboratory. For the air-conditioners, we had cleaned up them. For the test tubes, we had made
blank test for 440 tubes.

We did not see any contaminations on test tubes. Since higher phosphate concentration did not ccour
after we clean up the air-conditioners, we had concluded that the source of the contamination of

phosphate might be one of air-conditioners in the Lab.

MRO70

No problem occurred during this cruise.
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3.5. Dissolved inorganic carbon (Cq)
9 November 2008

(1) Personnel
Akihiko Murata (IORGC/JAMSTEC)
Yoshiko Ishikawa (MWI)
Yasuhiro A (MW

Mikio Kitada (MWI)

{2) Ohjectives

Concentrations of CO, in the atmosphere are now increasing at a rate of 1.5 ppmv v ' due to human
activities such as bumning of fossil fuels, deforestation, cement production, ete. It is an urgent fask to
estimate as accurately as possible the absorption capacity of the oceans against the imcreased
atmospheric CO,, and to clarify the mechanism of the CO. absorption, because the magnitude of the
predicted global warming depends on the levels of CO, in the atmosphere, and because the ocean
currently absorhs 1/3 of the & Gt of carbon emitted into the atmosphere each vear by human activities.

In the cruises (MRO7-04 and MRO7-06, revisit of WOCE P1 and P14 lines) using the BV Mirai,
we were aimed at quantifying how much anthropogenic CO; is absorbed in the Pacific Ocean. For the
purpose, we measured COy-system properties such as dissolved inorganic carbon (Cq), total alkalinity
(A7), pH and underway pC0,.

In this section, we describe data on C; obtained in the cruise in detail.

(3) Apparatus
Measurements of Cp were made with two total CO, measuring systems (systems-A and -C; Nippon

ANS, Imc.), which are slightly different from each other. The systems comprise of a seawater dispensing

system, a U0y extraction system and a coulometer (Model 5012, UIC Inc.).

The seawater dispensing system has an auto-sampler (6 ports), which takes seawater from a 300 ml
borosilicate glass bottle and dispenses the seawater to a pipette of nominal 20 or 26 ml volume by a PC
control. The pipette is kept at 20 “C by a water jacket, where water from a water bath set at 20 °C is
circulated.

£, dissolved in a seawater sample is extracted in a stripping chamber of a CO. extraction system
by adding phosphoric acid (10% w/v). The stripping chamber is approx. 25 cm long and has a fine frit at
the bottom. The acid is added to the stripping chamber from the bottom of the chamber by pressurizing
an acid bottle for a given time to push out a right amount of acid. The pressurizing is made with nitrogen
gas (99.9999 %), After the acid is transferred to the stripping chamber, a seawater sample kept in a
pipette is introduced to the stripping chamber by the same method as in adding an acid. The seawater
reacted with phosphoric acid is stripped of CO, by bubbling the nitrogen gas through a fine frit at the
bottom of the stripping chamber. The CO, stripped in the stripping chamber is camied by the nitrogen
gas (140 ml min"' for the systems-A and -C) to the coulometer through a dehydrating module. For the
system-A, the module consists of two electric dehumidifiers (kept at 1 -2 °C) and a chemical desiceant

(Mg(C10,).). For the system-C, it consists of three electric dehumidifiers with a chemical desiccant.

{4) Shipboard measurement
(4.1} Sampling

All seawater samples were collected from depth with 12 liter Niskin bottles basically at every other
stations. The seawater samples for C; were taken with a plastic drawing tube (PFA tubing connected to
silicone rubber tubing) into a 300 ml borosilicate glass bottle. The glass bottle was filled with seawater
smoothly from the bottom following a rinse with a seawater of 2 full, bottle volumes. The glass bottle
was closed by a stopper, which was fitted to the bottle mouth gravimetrically without additional force.

At a chemical laboratory on the ship, a headspace of approx. 1 % of the bottle volume was made by

removing seawater with a plastic pipette. A saturated mercuric chloride of 100 pl was added to poison
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seawater samples. The glass bottles were sealed with a greased {Apiezon M, M&I Materials Lid) ground
glass stopper and the clips were secured. The seawater samples were kept at 4 °C in a refrigerator until

analysis. A few hours just before analysis, the seawater samples were kept at 20 °C in a water bath.

(4.2) Analysis

At the start of each leg, we calibrated the measuring systems by blank and 5 kinds of Na,COy
solutions (nominally 500, 1000 1300, 2000, 2500 pmel/L). As it was empirically known that
coulometers do not show a stable signal (low repeatability) with fresh (low absorption of carbon)
coulometer solutions. Therefore we measured 2% CO; gas repeatedly until the measurements became
stable. Then we started the calibration.

The measurement sequence such as system blank (phosphoric acid blank), 2 % CO: gas in a
nitrogen base, and seawater samples {6)was programmed to repeat. The measurement of 2 % CO. gas was
made to monitor response of coulometer solutions (from UILC, Inc.). For every renewal of coulometer
solutions, certified reference materials (CEMs, batch 80 and a small number of batch 75) provided by
Prof. A. G Dickson of Scripps Institution of Oceanography were analyzed. In addition, in-house
reference materials (RM) (batch: QRM Q13, Q16 and Q1Y) were measured at the initial, intermediate
and end times of a coulometer solution’s lifetime.

The preliminary values were reported in a data sheet on the ship. Repeatability and vertical profiles
of Cy based on raw data for each station helped us check performances of the measuring systems.

In the cruise, we finished all the analyses for C; on board the ship. As we used two systems, we had

not encountered such a situation as we had to abandon the measurement due to time limitation.

(5) Quality control
We conducted guality control of the data after return to a laboratory on land. With calibration
factors, which had been determined on board a ship based on blank and 5 kinds of Na,CO; solutions, we

caleulated C; of CRM (batches 80 and 75), and plotted the values as a function of sequential day,

a0

separating legs and the systems used. There were no statistically-significant trends of CRM
measurements.

Based on the averages of Cp of CRM, we re-calculated the calibration factors so that measurements
of seawater samples become traceable to the certified value of batch B0, We did not use the measured
results of batch 75 because of a small number of measurements.

Temporal variations of BEM measurements for one coulomer solution are shown in Fig. 2.5.1. From
this figure, it is evident that RM measurements had a linear trend of -3 to ~7 pmol kg, implying that
measurements of seawater samples also have the trend. The trend was also found in temporal changes of
2 % C0y gas measurements. The trend seems to be due to “cell age” change (Johnson er al, [998) of a
coulometer solution.

Considering the trends, we adjusted measurements of seawater samples so as to be traceable to the
certified value (2006.50 pmol kg ') of batch 0.

Finally we surveyed wvertical profiles of Cp. In particular, we examined whether systematic
differences between measurements of the systems-A and -C existed or not. Then taking other
information of analyses into aceount, we determined a flag of each value of C;.

The average and standard deviation of absolute values of differences of C; analyzed
consecutively were 1.1 and 1.0 pmol kg (n=162), 1.2 and 1.1 pmol kg' (n = 440) for MRO7-04 and
MRO7-06, respectively.

To evaluate accuracy of measured Cy, we compared vertical profiles of Cr measured in MROT-04
and MROT-06 with those measured at a station of other WOCE lines crossing the P1 and P14 lines.
Results are shown in Fig. 3.5.2. From these figures. it is found that C; measured in the cruises is

sufficiently accurate. Together with other comparisons, we estimated the accuracy to be — = 2.0 pmol

kg
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3.6. Total alkalinity (Ax)
2 November 2008

(1) Personnel
Akihtko Murata (1I0RGC/AMSTEC)
Minoru Kamata (MWT)
Fuyuki Shibata (MW}

Aya Hatsuyama (MWI)

(2) Objectives

Concentrations of COs in the atmosphere are now increasing at a rate of 1.5 ppmv v due to human
activities such as buming of fossil fuels, deforestation, cement production, etc. It is an urgent task to
estimate as accurately as possible the absorption capacity of the oceans against the increased
atmospheric CO;, and to clarify the mechanism of the CO; absorption, because the magnitude of the
predicted global warming depends on the levels of OOy in the atmosphere, and because the ocean
currently absorbs 1/3 of the 6 Gt of carbon emitted into the atmosphere each year by human activities.

In the cruises (MRO7-04 and MRO7-06, revisit of WOCE P1 and P14 lines) using the RV Mirai,
we were aimed at guantifying how much anthropogenic C0O; is absorbed in the Pacific Ocean. For the
purpose, we measured CO,-system properties such as dissolved inorganic carbon (Cr), total alkalinity
{Ag), pH and underway pCO..

In this section, we describe data on Ay obtained in the cruise in detail.

(3) Apparatus
Measurement of Ay was made based on spectrophotometry using a custom-made system
(Wippon ANS, Inc.). The system comprises of a water dispensing unit, an auto-burette (765 Dosimat,

Metrohm), and a spectrophotometer (Carry 50 Bio, Varian), which are automatically controlled by a PC.

The water dispensing unit has a water-jacketed pipette and a water-jacketed titration cell, The
spectrophotometer has a water-jacketed quartz cell, length and volume of which are 8 cm and 13 ml,
respectively. To circulate sample seawater between the titration and the gaurtz cells; PFA tubes are
connected to the cells.

Acseawater of approx. 40 ml is transferred from a sample bottle (brosilicate glass bottle; 130 mi)
into the water-jacketed (25 °C) pipette by pressurizing the sample bottle (nitrogen gas), and is introduced
into the water-jacketed (25 °C) titration cell. The seawater is circulated between the titration and the
quartz cells by a peristaric pump to rinse the route. Then, Milli-Q} water is introduced into the titration
cell, and is circulated in the same route twice to rinse the route. Next, a seawater of approx. 40 ml is
weighted again by the pipette, and is transferred into the fitration cell. The weighted seawater is
introduced into the quartz cell. Then, for seawater blank, absorbances are measured at three wavelengts
(750, 616 and 444 nm). After the measurement, an acid titrant, which is a mixture of approx. 0.05 M
HCl in 0,65 M NaCl and bromocresol green (BCG) is added (approx. 2.1 ml) into the titration cell. The
seawater + acid titrant solution is circulated for 6 minutes between the titration and the guartz cells, with
stirring by a stirring tip and bubbling by wet nitrogen gas in the titration cell. Then, absorbances at the
three wavelengths are measured again.

Caleulation of Ap was made by the following equation:
. +
A=V + MYV

where M, is the molarity of the acid titrant added to the seawater sample, [H']; is the total excess
hydrogen ion concentration in the seawater, and Vg, V,, and V., are the initial seawater volume, the
added acid titrant volume, and the combined seawater plus acid titrant volume, respectively, [H'}y is

calculated from the measured absorbances based on the following equation (Yao and Byme, 1998):
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pH, = ~log[H' ], = 4.2699 + 0.002578(35 - S) + log((R — 0.00131) /(2.3148 - 0.1299R ))
~ log(1 - 0.0010058),

where 8 is the sample salinity, and R is the absorbance ratio calculated as:

R= {Aﬁiﬁ = A'-‘iﬂ }J';{A-idd - A'-'su )

where A, is the absorbance at wavelength / nm.
The HCI in the acid titrant was standardized (0.049977 M) on land. The concentrations of
BCG were estimated to be approx. (.04 = 107 M, and 2.0 = 10" M in the acid titrant and in the sample

seawater, respectively.

{4) Shipboard measurement
{4.1) Sampling

All seawater samples were collected from depth using 12 liter Niskin bottles basically at every
other stations. The seawater samples for A; were taken with a plastic drawing tube (PFA wbing
connected to silicone rubber tubing) into borosilicate glass bottles of 130 ml. The glass bottle was filled
with seawater smoothly from the bottom after rinsing it with a seawater of half'a or a full bottle volume.

A few hours before analysis, the seawater samples were kept at 25 °C in a water bath.

(4.2) Analysis
We analyzed reference materials (RM; Batch: QBRM 15, 16 and 17), which were produced for Cq
measurement by JAMSTEC, but were efficient also for the monitor of Ay measurement. In addition,

certified reference materials (CRM, batches 80 and 75, certified value = 2214.49 and 221009 umol kg",

B4

respectively) were also analyzed periodically to monitor systematic differences of measured A;. The
reported values of A; were set to be traceable to the certified value (2214.4%9umol kg') of the batch 80,
The preliminary wvalues were reported in a data sheet on the ship. Repeatability calculated from
replicate samples and vertical profiles of A; based on raw data for each station helped us check
performance of the measuring system.
In the cruise, we finished all the analyses for Ay on board the ship. We did not encounter so serious

problems as we had to give up the analyses.

(5) Quality control

Temporal changes of Ar were monitored by measuring Ay of CRM. We found no abnormal
measurements during the cruises.

After making the measured values of A; comparable to CRM, we examined vertical profiles of A
Then taking other information of analyses into account, we determined a flag of each value of Aq.

The average and standard deviation of absolute values of differences of Ay analyzed consecutively
were 0.4 and 0.4 pmol kg '{n=152), and 0.5 and 0.3 pmol kg" (n = 407} for MRO7-04 and MROT-06,
respectively.

To evaluate accuracy of measured A, we compared vertical profiles of A; measured in MROT-04
and MROT-06 with those measured at a station of other WOCE lines crossing the P1 and P14 lines.
Results are shown in Fig. 3.6.1. From these fipures, it is found that A measured in the cruises are more
accurate than those obtained in other WOCE lines, which were measured based on potentionmetry.
Together with other comparison, we estimated that the reported values were systematically 2.0 - 3.0

umol kg higher than the previously reported values.

Reference
Yao W. and R. H. Byme (1998} Simplified seawater alkalinity analysis: Use of linear array

spectrometers. Deep-Sea Research [ 45, 1383-1392,
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3.7.pH
2 November 2008

(1) Personnel
Akihiko Murata (I0RGC, JAMSTEC)
Fuyuki Shibata (MWT)

Aya Hatsuyama (MWI)

{2) Ohjectives

Concentrations of CO, in the atmosphere are now increasing at a rate of 1.5 ppmv ¥ ' due to human
activities such as bumning of fossil fuels, deforestation, cement production, ete. It is an urgent task to
estimate as accurately as possible the absorption capacity of the oceans against the increased
atmospheric €0y, and to clarify the mechanism of the CO; absorption, because the magnitude of the
anticipated global warming depends on the levels of CO; in the atmosphere, and because the ocean
currently absorbs 1/3 of the & Gt of carbon emitted into the atmosphere each year by human activities.

In the cruises (MRO7-04 and MRO7-06, revisit of WOCE P1 and P14 lines) using the RV Mirai,
we were aimed at gquantifying how much anthropogenic COy is absorbed in the Pacific Ocean. For the
purpose, we measured CO-system properties such as dissolved inorganic carbon (Cr), total alkalinity
(A7), pH and underway pCO..

In this section, we describe data on pH obtained in the cruise in detail.

{3) Apparatus

Measurement of pH was made by a pH measuring system {(MNippon ANS, Inc.), which adopts
spectrophotometry. The system comprises of a water dispensing unit and a spectrophotometer (Carry 50
Scan, Varian).

Seawater is transferred from borosilicate glass bottle (300 ml) to a sample cell in the

26

specirophotometer. The length and volume of the cell are ® cm and 13 ml, respectively, and the sample
cell was kept at 25.00 = 0,05 °C in a thermostated compartment. First, absorbances of seawater only are
measured at three wavelengths (730, 578 and 434 nm). Then an indicator is injected and cireulated for
about 4 minutes, to mix the indicator and seawater sufficiently. After the pump is stopped, the
absorbances of seawater + indicator are measured at the same wavelengths.

The pH is calculated based on the following equation (Clayton and Byme, 1993

A, [ 4, - 0.00691 J 3

H = K-"_l +1
PR = PR “g[z.zzm- 0.1331(4,/ 4,)

where A and A indicate absorbances at 578 and 434 nm. respectively, and pK. is calculated as a

function of water temperature and salinity.

{4) Shipboard measurement
{4.1) Sampling

All seawater samples were collected from depth with 12 liter Niskin bottles basically at every
other stations. The seawater samples for pH were taken with a plastic drawing tube (PFA tubing
connected to silicone rubber tubing) into a 300 ml borosilicate glass bottle, which was the same as used
for C; sampling. The glass bottle was filled with seawater smoothly from the bottom following a rinse
with a sea water of 2 full, bottle volumes. The glass bottle was closed by a stopper, which was fitted to
the bottle mouth gravimetrically without additional force.

A few hours just before analysis, the seawater samples were kept at 25 °C in a water bath.

(4.2) Analysis
For an indicator solution, m-cresol purple (2 mM) was used. The indicator solution was

produced on board a ship. and retained in a 1000 ml DURAN" laboratory bottle. We renewed an



indicator solution 3 times when the headspace of the boitle became large, and monitored pH or
absorbance ratio of the indicator solution by another spectrophotometer (Carry 50 Scan, Varian) using a
cell with a short path length of 0.5 mm. In most indicator solutions, the absorbance ratios of the indicator
solution were initially in the range 1.4 — 1.6, and decreased to 1.1.

It is difficult to mix seawater with an indicator solution sufficiently under no headspace condition.
However, by circulating the mixed solution with a peristaltic pump, a well-mixed condition came to be
attained rather shortly, leading to a rapid stabilization of absorbance. We renewed a TYGON" tube of a
peristaltic pump periodically, when a tube deteriorated.

Absorbances of seawater only and seawater + indicator solutions were measured 15 times each, and
averages computed from the last five values of absorbance were used for the caleulation of pH (Eq. 1).

The preliminary values of pH were reported in a data sheet on the ship. Repeatability calculated
from replicate samples and vertical profiles of pH based on raw data for each station helped us check
performance of the measuring system.

We finished all the analyses for pH on board the ship. We did not encounter so serious a problem as
we had to give up the analyses. However, we sometimes experienced malfunctions of the system during
the cruise:

Differences between absorbances of seawater only and those of seawater + indicator solution were

infrequently greater than +0.001. This implies dirt of the cell. In this case, we cleaned or replaced the cell.

(5) Quality control

It is recommended that correction for pH change resulting from addition of indicator solutions is
made (DOE, 1994). To check the perturbation of pH due to the addition, we measured absorbance ratios
by doubling the velume of indicator solutions added to a same seawater sample. We corrected
absorbance ratios based on an empirical method (DOE, 1994), although the perturbations were small.
Figure 3.7.1 illustrates an example of perturbation of absorbance ratios by adding indicator solutions.

We surveyed vertical profiles of pH. In particular, we examined whether systematic differences

between before and after the renewal of indicator solutions existed or not. Then taking other information
of analyses into account, we determined a flag of each value of pH.

The average and standard deviation of absolute values of differences of pH analyzed consecutively
were 0.0008 and 0.0007 pH unit (n = 199), and 0.0005 and 0.0006 pH unit (n = 565) for MRO7-04 and

MROT-06, respectively.

References

Clayton T.D. & R.H. Byme (1993) Spectrophotometric seawater pH measurements: total hydrogen ion
concentration scale calibration of m-cresol purple and at-sea results. Deep-Sea Research 40,
21152129,

DOE (1994} Handbook of methods for the analysis of the various parameters of the carbon dioxide

swystem In sea water, version 2, A. (. Dickson & C. Goyet, eds. (unpublished manuscript).
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Figure 3.7.1. Perturbation of absorbance ratios by adding indicator solutions. The line (y =

-0.00009% + 0.00011, R* = 0.72132) was determined by the method of least squares.




3.8 Chlorofluorocarbons (CFCs)
3 November 2008

(1) Personnel
Ken'ichi 8as aki (MIO, JAMSTEC)
Masah ide Wakita (MIO, JAMSTEC)
Katsunori Sagishima (MWI)
Yuichi Sonovama (MWI)

Shok o Tatam isashi (MWI)

(2) Introduction
Chlorofluorocarbons (CFCs) are completely man-made compounds that are chemically and
biologically stable gasses in the environment. The CFCs have accumulated in the atmosphere since
1930°s (Walker et al., 2000} and the atmospheric CFCs can slightly dissolve in sea surface water. The
dissolved CFCs concentrations in sea surface water should have changed year by year and then penetrate
into the ocean interior by water circulation. Three chemical species of CFCs, namely CFC-11 {CCLF),
CFC-12 (CCLF5) and CFC-113 (CyCLF,), dissolved in seawater are useful transient tracers for the ocean
circulation with times scale on the order of decades. In these cruises, we determined concentrations of
CFCs dissolved in seawater on board.
Carbon tetrachloride (CCly), CFC like compound, have been used as an additional chemical tracer
which have longer history than CFCs. This compound was also been analyzed for several stations as

qualitative indicator.

(3) Apparatus
Dissolved CFCs and CCL, were measured by a typical method modified from the original design of

Bullister and Weiss (1988). A custom made purging and trapping system was attached to gas

chromatograph (GC-14B: Shimaden Lid) having an electron capture detector (ECD-14: Shimadezm Ltd).
Cold trap columns were stainless steel tube packed with 80/100 mesh Porapak T in MR07-04 cruise and
with 80/100 mesh Porapak N in MR07-06 cruise. A pre-column and a main column on CFCs system
were Silica Plot capillary column [id.: 0.53mm, length: 8m, film thickness: 6pm] and a complex
capillary column (Pola Bond-Q) [1.d.: 0.53mm, length: 7m, film thickness: 10um] followed by Silica Plot
[i d: 0.53mm, length: 22m. film thickness: 6pm]), respectively. On the CCl; system, these were
DB-624 capillary column [id.: 0.53 mm, length: 30 m, film thickness: 3um] and longer DB-624

capillary column [length: 100 m], respectively.

(4) Shipboard measurement

{4.1)5ampling

Before casting CTD, the water sampling system was cleaned by diluted acetone to remove any oils
which could cause contaminations of CFCs. Seawater sub-samples were collected from 12 litter Niskin
bottles into glass bottles. The bottle volumes were 300ml] and 150ml for CFCs and CCly analyses,
respectively. The bottles had been filled with pure nitrogen gas before the sampling. The two times
bottle volumes of seawater sample were overflowed, The bottles filled with seawater were kept in water
bathes roughly controlled on the sample temperature. The concentrations were determined as soon as

possible (normally within 12 hrs).

(4.2)Analysis

Constant volume of sample water (50ml for CFCs and 30 ml for CCL) was taken into the purging &
trapping system. Dissolved CFCs and CCly were extracted by nitrogen gas purge. The sample gas were
dried by magnesium perchlorate desiccant and concentrated on a trap column cooled to -45 °C. The
compounds were desorbed by electrically heating the trap column to 140 °C for CFCs and to 130 °C for

CCl, within 1.5 minutes, and led into the pre-column. The gasses were roughly separated on the

pre-column. When required compounds were eluted, the pre-column was switched onto cleaning line

29



and flushed back by counter flow of pure nitrogen gas. The back flush system prevented to enter any
compounds that had higher retention time than CFCs and CCly into main analytical column and
permitted short time analvsis. The compounds which were sent onto main column were separated further
and detected by an electron capture detector (ECD). On the CFCs analytical system, retention time of
compounds was around 1.5, 4.4 and 1! minutes for CFC-12, -11 and -113, respectively. On the CCl,
system, that was 6 min, Bmin, 10 min and 15 min for CFC-12, -11, -113, and CCl,. Temperatures of an
analytical column and a detector were 25 and 240 °C far CFC analysis, respectively. These were 50 and
200 °C for CCly analysis, respectively. Pure nitrogen gas (99.99995) was purified by a molecular sieve
13X gas filter and was used for analyses. On the CFCs system, mass flow rates of nitrogen gas were 17,
20, 20 and 200 ml/min for carrier, detector make up, back flush and sample purging gasses, respectively.
On the CCl, system, these were 13, 27, 20 and 130 ml/min, respectively.

{as loops whose volumes were around 1, 3 and 10 ml were used for introducing standard gases mnto
the analytical system. The standard gasses had been made by Japan Fine Products co. ltd. Standard gas
cylinder numbers used in cruises were listed in Table 3-8-1. Cylmder of CPB30524 was for reference.
Precise mixing ratios of the standard passes were calculated by gravimetric data. The standard gases

Table 3-8-1. Standard gas cvlinder list

Cylinder No. Concentration determined gravimetric data (pptv).

CFC-11 CFC-12 CFC-113 CCl,
CPBO2957 300 159 300 249
CPBO3033 302 162 0.8 0
CPBO3322 ol 16l e 399
CPBOOEIR 301 161 0.6 400
CPB2E480 300 Lad 00 250
CPB30524 300 159 30.2 403
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used in this cruise have not been calibrated to 51O scale standard gases vet because SIO scale standard
gasses is hard to obtain due to [egal difficulties for CFCs import into Japan. The data will be corrected as

soon as possible when we obtain the standard gasses.

(5) Quality control
{5.1) Main problems on the shipboard analysis

CFC-12

CFC-12 data observed from Station PO1-010 and POE-011 {(MRO7-04) may contain large err. At the
analyses, there was trouble of air conditioner of analytical room and room temperature remarkably rose
up to 37 °C. Capacity of cooling system of cold trap felled off and a part of CFC-12 was not
guantitatively absorbed on the trap. Although the concentrations were corrected by the trapping

efficiency estimated from standard gas analyses, we give this data flag “3".

CFC-113

A large and broad peak was interfered determining CFC-113 peak area for samples collected from
surface several hundred meters depth in the latitude band of subtropical and tropical region (MRO7-06).
Retention time of the interfering peak was around 3 % shorter than that of CFC-113. The peak of a
compound interfering CFC-113 determination could not be completely separated from the peak of
CFC-113 by our analytical condition. We tried to split these peaks on chromatogram analysis and give
flag “4". In the case of the interfering peak completely covering the CFC-113 peak, we could not

determine CFC-113 peak area and give flag 5",

CCly

Several problems were found inCCl analysis as follows, and all.CCl data were given flag “4”One
of the problems was in standardization, Mixing ratio of the atmospheric CCl: observed in these cruises was
notably higher than the annual mean value reported by Dr. 1. L. Bullister in web site of Carbon Dioxide

Information Analysis Center (CDIAC, http:/ediac.ornl. gov/oceans/new atmCFC himl). Concentration



of CCly in surface water was also higher than predicted value from the solubility (Bullister and
Wisegarver, 1998). Concentration of CCl; was corrected by using the reported atmospheric CCl; mixing
ratio and concentration of CCly was corrected but accuracy was doubtful, Additional problem was high
blank. The gas line blank was negligible but water line blank was high and varied from 0.04 to 0.07
pmolkg. These blank values were too high to determine precise concentration of CCly though the blank

value was frequently obtained and corrected.
(5.2) Blank of CFC-11 and CFC-12

Some blank water samples which were made by nitrogen purge of seawater in CFCs sample bottle
were anabyzed and any CFCs were not detected. Significant increase in CFCs concentration during keeping
sampling bottle in a water bath was not found for around one week. CFCs concentrations in deep water
which was one of oldest water masses in the ocean were low but not zero for CFC-11 and -12. Average
concentrations of CFC-11, 12 in the deep water denser than 27.7 oy and warmer than [°C of potential
temperature were 0.012 = 0.005, 0.006 £ (LO03 pmol kg"(n = 1500), respectively. These values were
assumed as sampling blanks which was contaminations from Niskin bottle and/or during sub-sampling

and were subtracted from all data. Significant blank was not found in CFC-113 measurements.
(5.3) Precisions

The analytical precisions were estimated from replicate sample analyses (Table 3-8-2). The
replicate samples were basically collected from two sampling depths which is around 150 m and 700 m

depths.

Table. 3-8-2_ Analytical precisions of CFC concentrations estimated from replicate analyses.

Cruise CFCs Precisions® n
(pmol kg') (%)

MRO7-04
CFC-11 0.009 0.4 154
CFC-12 0.007 0.6 151
CFC-113 0.008 7 158

MRO7-06 Leg 1
CFC-11 0.010 & 233
CFC-12 0.008 0.9 234
CFC-113 0008 10 217

MROT-06 Leg 2
CFC-11 0.007 & 206
CFC-12 0.009 0.8 206
CFC-113 0.004 5 12

*Precision whichever is greater

(6) References
Walker, 5.1, Weiss, B.F. and Salameh, PK., Reconstructed histories of the annual mean atmospheric
mole fractions for the halocarbons CFC-11, CFC-12, CFC-113 and Carbon Tetrachloride, Jowrnal
of Geaphysical Research, 105, 14, 285-14 206, (2000).
Bullister, I.L and Weiss, B.F. Determination of CCLF and CCL:F; in seawater and air. Deep Sea Research,

35, 230853 (1988).
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3.9 Lowered Acoustic Doppler Current Profiler
5 November 2008

(1) Personnel
Shinya Kouketsu (JAMSTEC)
Hiroshi Uchida (JAMSTEC)
Yoshimi Kawat (JAMSTEC)
Katsurou Katsumata (JAMSTEC)

Toshimasa Doi (JAMSTEC)

(2) Overview of the equipment
An acoustic Doppler current profiler (ADCP) was integrated with the CTIVEMS package. The
lowered ADCP (LADCP). Workhorse Monitor WHM300 (Teledyne RD Instruments, San Diego,
California, USA), which has 4 downward facing transducers with 20-degree beam angles, rated to 6000
m. The LADCP makes direct current measurements at the depth of the CTD, thus providing a full
profile of velocity. The LADCP was powered during the CTD casts by a 50.4 volts rechargeable Ni-Cd
battery pack. The LADCP unit was set for recording internally prior to each cast. After each cast the
internally stored observed data was uploaded to the computer on-board. By combining the measured
velacity of the sea water and bottom with respect to the instrument. and shipboard navigation data
during the CTD cast, the absolute velocity profile can be obtained (e.g. Visbeck, 2002).
The instrument used in this cruise was as follows.
Teledyne RD Instruments, WHM300-I-UG27T
S/ H484 (CPU firmware ver. 16.28)
S/ 2553 (CPU firmware ver. 16.28) (with pressure sensor) *

* Serial number 2553 was used at stations from P14C 41 to P14C_32.
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(3) Data collection
In this eruise, data were collected with the following configuration.
Bin size: 8.0 m
Number of bins: 14
Pings per ensemble: 1
Ping interval® 1.0 sec
At the following stations, the CTD cast was carried out without the LADCP, because the maximum
pressure was beyond the pressure-proof of the LADCP (6000 m).
Stations from PO1_11 to POL_12
Stations from PO1_44 to PO1_46
Stations from P01 53 to P01 354

Stations from P14N_24 to P14N_23

(4) Data collection problems

Echo intensity of a transducer of serial number 8484 was found to become weak gradually, which is
shown in the echo intensity means in each cast at the second (Fig. 3.5.1). The peak after station
P14 140 results from enhanced reflections by the equatorial upwelling and that after P14C-52 from
the substitution by anther sensor (serial number 2553). A part of data from the substituted sensor was
missed by unknown reason at the following stations.

PL4C 40 from 2920 m of down-cast to 2870 m of up-cast

PI4C 33: from 2440 m of down-cast to 2680 m of up-cast

PI4C 32: from 3540 m of down-cast to 3330 m of up-cast
Therefore the original senszor (serial number 8484) was used again after 10 casts from the

substitution.



generation data are used for calculating magnetic deviation to correct the direction of

''''''''' H velovity, In the processing, we use Matlab routines provided from M. Visbeck and G.
— B | i Krahmann (http:/fladep.ldeo.columbia.eduladep).
= Biems I
— B 4 Reference
i Visbeck, M. (2002): Deep velocity profiling using Lowered Acoustic Doppler Current Profilers:
| | Bottom track and inverse solutions. J. dtmos. Oceanic Technol., 19, 794-807,
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Fig. 3.9.1. Cast-averaged echo intensity at the second binin each beam of the L ADCP for MRO7-04

and MR 07-06 cruises,

(4) Data process
Vertical profiles of velocity are obtained by the inversion method (Visbeck, 2002).
Since the first bin from LADCP 1=z influenced by the turbulence generated by CTD
frame, the weight for the inversion is et to small value of 0.1. GPS navigation data are
used in the caleulation of the reference velocities and the bottom-track data are used
for the correction of reference velocities. Shipboard ADCP (SADCP) data averaged for

1 minute are alzo included in the calculation. The CTD data are used for the sound

gpeed and depth caleulation. IGRF (International Geomagnetie Reference Field) 1040
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3.10 5“C and A™C of Dissolved Inorganic Carbon
14 June 2013
Yuichiro Kumamoto, Research Institute for Global Change, JAMSTEC

{1} Personnel
Yuichiro Kumamoto (Rescarch Institute for Global Change, JAMSTEC)

{2} Introduction

Stable and radivactive carbon isotopic ratios (8°C and A"'C) of dissolved inorganic carbon (DIC) are
good tracers for the anthropogemic carbon in the ocean, During our MR07-04 and MEO7-06 cruises in
2007, named revisit cruises of WHP-PO1 (47°N approx.) and WHP-PI4NC (179°E approx.) lines,
respectively, we collected seawater samples for 6'°C and A'*C analyses at stations along the lines in the
Pacific. Here we report the final results of 8°C and A"C of DIC. Our preliminary report of °C and A¥C
measurcments is replaced by this final report. General information and other hydrographic data of the
cruises have already published in our data book for WHP-PO1 and -P14NC Revisit Cruises (Kawano ct al.,
2009

2078

4005
120°E 150°E 180° 150°W 120°W

Figure 3.10.1 Sampling stations for 6°C and A'*C of dissolved inorganic carbon during MRO7-04 and
MRO7-06 cruises (July 2007 — December 2007) except stations PO1_010, PO1_027. P01-060, PO1_072,
and PO1_097.

(3) Sample collection

The sampling stations are summarized in Figure 3.10.1 and Table 3.10.1. A total of 1319 seawater
samples, including 74 replicate samples, were collected between surface (about 10 m depth) and near
bottom at 39 stations using 12-liter X-Niskin bottles. The seawater in the X-Niskin bottle was siphoned
into a 250 cm’ glass bottle with enough seawater to fill the glass bottle two times. Immediately after
sampling, 10 cm’ of seawater was removed from the bottle and poisoned by 50 ul of saturated HgCl,
solution. Then the bottle was scaled by a glass stopper with Apiezon M grease and stored in a cool and
dark space on board. These procedures on board basically follow the methods described in WOCE
Operation Manual (McNichol and Jones, 1991).

Table 3.10.1 The sampling stations, number of samples, and maximum sampling pressure
for carbon isotopes in DIC during MRO7-04 and MRO7-06 cruises.

Cruise Station No. samples e pa N
samples pressure /db
MRO7-04 POL1-010 36 2 6501
MRO7-04 PO1-019 34 2 5314
MRO7-04 PO1-027 34 2 5242
MRO7-04 PO1-066 36 2 5853
MRO7-04 PO1-072 34 2 5499
MRO7-04 POL-X15 34 2 5430
MRO7-04 PO1-081 34 2 5324
MRO7-04 PO1-X16 33 2 5227
MRO7-04 POI-X17 31 2 4742
MRBO7-04 PO1-097 30 2 4399
MRO7-04 PO1-101 29 2 4202
MRO7-04 PO1-108 23 1 2752
| MRO07-06 PO1-032 34 2 5451
MRO7-06 PO1-038 33 2 5279
MRO7-06 POI-X13 36 2 6008
MRBO7-06 PO1-048 29 2 4255
MRO7-06 PO1-056 36 2 5904
MRO7-06 PO1-060 36 2 5737
MRO7-08 P14N-005 26 2 3529
MRO7-06 P14N-011 28 2 3852
MRO7-06 P14N-023 36 2 6500
MRO7-06 P14N-X01 35 2 5718
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Table 3.10.1 continued.

Mo, replicate Max. sampling
Cruise Station No. samples
samples pressure /db
MRO7-06 P14N-042 32 2 4970
MRO7-06 P14N-050 34 2 3487
MRO7-06 P14N-056 25 1 3194
MRO7-08 P14N-X02 30 2 4623
MRO7-06 P14aN-077 34 2 5838
MRO7-06 P14N-087 32 2 4890
MRO7-06 P14N-097 36 2 3780
MRO7-06 P14N-X04 35 2 5706
MRO7-06 P14N-123 35 2 3763
MRO7-08 PI14N-143 34 2 5497
MRO7-06 P14N-160 35 2 5724
MRO7-06 P14N-171 33 2 5084
MRO7-06 P14N-180 25 1 3087
MRO7-06 P14C-037 28 2 3R38
MROT-06 P14C-028 31 2 4338
MRO7-08 P14C-X06 29 2 4310
MRO7-06 P14C-007 20 1 2012
Total 1245 74
(4) Sample preparation

In our laboratory, DIC in the scawater samples were stnipped cryogenically and split into three
aliquots: Accelerator Mass Spectrometry (AMS) " measurement {about 200 pmaol), ¢ measurement
{about 100 pmol), and archive {about 200 pmol). Efficiency of the CO; stripping from seawater sample
was more than 95 % that was calculated from concentration of DIC in the scawater samples. The stripped
CO; gas for "'C was then converted to graphite catalytically on iron powder with pure hydrogen gas.
Yield of graphite powder from CO- gas was estimated to be about 80 % in average by weighing of sample
graphite powder. Details of these preparation procedures were described by Kumamoto et al. (2011).

(5) Sample measurements
§"C of the sample CO; gas was measured using Finnigan MAT252 mass spectrometer. The &"c

value was calculated by a following equation:

8"C (%0) = (Runmpie / Ripunura — 1) % 1000, (1)

where Rlopg. and Rignieq denote B¢t C ratios of the sample C0Oy pas and the standard CO» gas,
respectively. The working standard gas was purchased from Oztech Gas Co. and assigned 8"°C value of
=367 %o (Lot No, SHO-1250C) versus VPDEB (Vienna Pee Dee Belemmnite) standards. The gas has been
calibrated relative to the appropriate internationally accepted IAEA primary standards. A"C i the
graphite sample was measured at AMS {acilities of Institute of Accelerator Analysis Ltd in Shirakawa
{Pelletron 98DH-2, National Electrostatic Corporation), Paleo Labo Co. Lid in Kirvu (Compact-AMS,
Mational Electrostatic Corporation), Japan Atomic Energy Agency in Mutsu (Model 4130-AMS, High
Voltage Engineering Europa), and National Institute for Environmental Studics in Tsukuba (Pelletron
9SDH-2, National Electrostatic Corporation). The A"'C value was calculated by:

8'C (%o) = (Rampte ¢ Rusanara — 1) % 1000, (2)
AMC (%) = 8"C -2 (8" C +25) (1 + 8"*C / 1000), (3)

where Rompe and Ry, denote, respectively, ¥ 7 2C ratios of the sample and the international standard
(WIST Oxalic Acid SRM4990-C). R 14e was corrected for decay since A.D. 1950 (Stuiver and Polach,
1977; Stuiver, 1983). Equation 3 is normalization for isotopic fractionation. When quality of §°C value
was not "good”, A''C was calculated by an interpolated 5"°C value derived from data at just above and
below layers. Finally A"'C value was cormrected for radiocarbon decay between the sampling and the
measurement dates. Individual errors of 5'°C were given by standard deviation of repeat measurements.
Errors of A'"C were derived from larger of the standard deviation of repeat measurements and the
counting error. Means of the &C and A"C errors were caleulated to be 0.004 %e (m=1.073) and 2.5 %
{(n = 1,070), respectively, which corresponds to "repeatability” of our 5°C and A"'C measurements.

&"C and A"C in the seawater samples from stations PO1_010, POl 027, PO1-060, POl 072, and

POL_097 (170 samples) were not measured due to shortage of rescarch funds,

(6) Replicate measurements

Replicate samples were taken at all the stations. §C and A"'C values in “pood™ quality were obtained
from 64 pairs of the replicate samples (Table 3.10.2). The standard deviation of the 8°C and A"'C
replicate analyses was caleulated to be 0,021 %e (r = 58) and 3.6 %e (n = 60), respectively. These were
larger than the values of repeatability (0.004 and 2.5 %o, respectively) probably due to errors from the

sample preparation, which corresponds to "reproducibility” of our 8°C and A"C analyses.

(7} Reference seawater measurements
During the sample measurements period from October 2008 to March 2010, we also measured 8'C

and A"C in reference scawaters together with those mn the samples. The reference scawater (RS) was
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prepared from a large volume of surface seawater collected in an open ocean. The surface scawater was
filtered, exposed to ultraviolet irradiation, poisoned by HgCly, dispensed in 250 cm’ glass bottles, and
then has been stored smee July 2004, &"C and A"C in one of the reference seawaters were measured at
every suite of samples from a station (every 40 samples approx.). The results are shown in Table 3.10.3.
The standard deviations (m = 32) of 8"°C and A™C were 0.022 %o and 6.1 %o, respectively, which
cormresponds to "uncertainty” of our 5°C and A''C analyses including error due to the sample preparation
and sample storage.

Table 3.10.2  Summary of replicate analyses.

8°C 1 %o AYC [ %a
Station | Bil :
8C | Error® |E.W.Mean" Uncertainty® AYC | Error? |E.W Mean" Uncertainty”
o . =123 1.9
PO1-01% | 32 - - -8.7 5.2
- - =5.0 1.9
0.005 | 0.005 -231.2 1.5
PO1-019 | 12 0010 0006 -232.8 2.4
0.014 | 0,004 -234.6 1.6
= . -63.4 1.7
PO1-066 | 32 - - =628 1.2
. = =23 1.7
=051 | 0.003 -228.1 2.1
PO1-066 | 12 -0.072 0.030 -225.2 3.2
=0.093 | 0.003 -223.6 1.6
0.081 | 0.003 -35.0 1.9
PO1-X15| 32 0.045 0.071 =33.0 35
=0.020 | 0.004 -30.1 2.3
=0.002 | 0.003 -227.4 1.7
PO1-X15]| 12 -0.070 0.059 -227.9 1.2
=0.009 | 0,005 -228.4 1.6
0.145 | 0.003 -11.8 3.0
PO1-081 32 0.134 0.016 =108 21
0.122 | 0.003 -9 2.9
0071 | 0.004 -24].4 2.6
PO1-081 12 -0.062 0.007 -233.6 104
0,061 | 0.001 -226.8 2.4
0.128 | 0.009 -14.8 1.7
PO1-X16 | 32 0.128 0.002 =12.4 35
0.128 | 0.002 -9 1.7
=0.093 | 0.002 -24].4 1.6
PO1-X16 | 12 -0.095 0.023 -239.0 3.3
-0,125 | 0.007 -236.7 1.6
0.015 | 0.002 -28.7 2.4
PO1-X17 | 32 (013 0040 =34.6 T.9
=0.041 | 0.002 -39.9 2.3

Table 3.10.2  continued.
57C | %e AMC [ %
Station | Btl _
5°C | Error" |E.W.Mean” | Uncertainty’ | A"C | Error® |[E.W.Mean" | Uncertainty”
=0.005 | 0.004 -237.4 2.0
PO1-X17 | 12 -0.012 0.010 -236.7 1.4
=0.019 | 0.004 -236.1 2.0
0.018 | 0.003 - -
POL1-101 | 32 0.024 0.006 - -
0.026 | 0.002 - -
= - -237.2 1.6
POL1-101 | 12 - - -240.7 4.7
& = -243 8 1.5
0310 | 0.005 -9.3 1.9
POL-108 | 32 -(1.309 0.003 =23 1.3
-0.308 | 0.003 9.3 1.9
=0.457 | 0.004 081 29 2.1
PO1-032 | 32 -(L458 0.003 -08.3
=0.460 | 0.005 085 3.1
0.054 | 0.003 -222.3 2.6
POL1-032 | 12 0.057 0,004 -222.5 1.8
0.059 | 0.003 2228 | 2.6
(L5821 | 0.006 -110.4 29
POL1-038 | 32 -0.820 0.002 -112.6 3.0
=0.820 | 0.002 -114.7 29
0.057 | 0.004 -220.0 2.7
POL1-038 | 12 0.062 0.012 -225.6 7.7
0.074 | 0.006 -2310 | 246
0560 | 0.006 -100.6 23
PO1-X13 | 32 -0.559 0.003 087 2.7
-0.559 | 0.003 -06.8 23
0.042 | 0.003 -224.5 3.5
POL1-X13 | 12 0.037 0005 -2239 2.5
0.035 | 0.002 -223.3 la
=(1.556 | 0.005 =047 29
PO1-D48 | 32 -0.565 0.007 -03.6 2.0
-0.566 | 0.002 -02.5 28
g Z -2224 2.6
POL1-048 | 12 - - -221.1 1.8
- - 2198 | 2.4
-(0L.&l6 | 0.005 -101.7 2.2
POL1-056 | 32 -0,750 0.054 -102.8 1.5
=0.739 | 0.002 -103.8 21
- - -224.5 1.8
POL1-056 | 12 - - -226.3 2.8
- - -2284 | 2.0
0.011 | 0.005 -63.9 32
Pl4N-005| 32 0.015 0.004 -67.3 4.5
0.016 | 0.002 -70.2 3.0
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Table 3.10.2 continued.
8°C / %o A"C / %o
Station | Bil
8"C | Error* |E.W.Mean" | Uncertainty | A"C | Error® |E.W Mean®| Uncertainty®
-.232 | 0.005 -230.5 23
PL4N-005) 12 -0.271 0.029 -229.6 2.0
-0.273 | 0.001 -2286 | 2.8
-0.213 | 0.002 =74.0 30
P14N-011) 32 -0.224 0.057 =730 21
-0.293 | 0.005 =720 29
-0.253 | 0.004 -234.9 26
Pl4N-011) 12 -0.254 0.003 2277 10.7
-0.256 | 0.005 -219.7 | 2.8
-0.728 | 0.003 -106.1 32
P14N-023) 32 -0.719 0.009 -107.0 21
-0.715 | 0.002 -107.8 29
0038 | 0.004 -219.4 23
PL4N-023) 12 0.037 0.002 -219.0 1.2
0.036 | 0.003 2186 | 2.7
-0.211 | 0.004 =697 32
Pl4N-X01] 32 -0.206 0.011 -68.5 22
-0.195 | 0.006 -67.5 29
0.004 | 0.006 -224.2 23
PlaN-X01] 12 0.009 0.004 =224 9 1.2
0.010 | 0.002 -2256 | 2.8
0.405 | 0.004 342 43
P14N-042) 32 0.401 0.004 33.0 33
0.399 | 0.003 3l4 5.1
-0.027 | 0.002 -229.4 i6
Pl4N-042) 12 -0.033 0.033 -231.2 2.6
-0.073 | 0.005 -233.1 | 3.7
(.392 (0.003 38.0 38
P14N-050] 32 0.397 0.007 349 4.2
0.402 | 0.003 320 36
0.030 | 0.002 -226.4 28
Pl4N-050] 12 0.025 (1.011 -224.1 33
0.015 | 0.003 -221.7| 2.8
(427 | 0.004 456 33
Pl14N-056] 32 0.435 0.011 46.7 23
0.442 | 0.004 478 il
0467 | 0.007 59.7 i4
Pl4N-X02| 32 (462 0.004 593 2.4
0.461 | 0.003 58.9 34
(.033 [ 0.005 -231.4 2.7
Pl4N-X02] 12 0.058 0.029 -230.7 1.9
0.074 | 0.004 -230.1 2.6
0316 | 0.002 46.0 i3
PL4N-0T77) 29 0.320 0.010 47.5 23
0.330 |0.003 49.0 i3

Table 3.10.2  continued.
57C [ %o AMC /%o
Station | Btl :

&"C | Eror® |E-W.Mean® | Uncertainty® | A™C | Error® |E.W.Mean®| Uncertainty”
0.087 [ 0.002 -231.3 29

Pl4N-0OTT| 12 0.085 0.008 -227.9 4.6
0,075 |0.005 -224.8 273
0.570 | 0.003 T72.4 43

Pl4N-087| 32 0.535 0.050 698 38
0.499 |0.003 67.0 | 4.5
0.060 |(0.002 - -

Pl4N-0RT]| 12 0.064 0.006 - -
0068 |0.002 - -
0658 | 0.003 723 6.4

Pl4N-097| 32 0.656 0.007 T6.4 5.7
0648 | 0.006 B3 6.3
0070 [ 0.003 -230.6 39

Pl4N-097]| 12 0.059 0011 -229.4 28
0,054 |0.002 -228.2 39
-0.085 | 0.003 -7.9 2.1

Pl4N-X04] 32 -0.085 0.001 6.9 1.5
0,085 | 0.001 58 | 22
0066 |0.002 - -

Pl4N-X04] 12 0.068 0.004 - -
0,072 |0.003 - -
0403 | 0.004 -70.7 22

PlaN-125| 29 0.403 0.003 -65.8 6.9
0.402 | 0.004 -60.9 2.2
0.080 | 0.006 -223.5 1.5

Pl4M-125] 12 0.092 0011 -225.1 29
0,095 (0.003 -227.6 1.8
0693 | 0.005 73.0 2.0

PlaN-143] 312 0.696 0.003 708 2.8
0,697 | 0.003 69,1 1.8
0,125 | 0.003 -225.8 21

Pl4N-143] 12 0.124 0.003 -222.6 38
0121 | 0.004 -220.4 1.8
1.040 | 0.003 625 23

PlaN-160| 32 1.032 0.016 609 2.1
1.017 | 0.004 59.5 2.1
0.151 | 0.002 -219.1 1.7

Pl4N-160| 12 0.154 0.014 -215.7 47
0.171 | 0.005 2124 | 17
0634 | 0.003 -18.1 2.1

Pl4N-1T1| 29 0.636 0.002 -17.8 1.4
0,637 | 0.003 -17.5 2.0
0.164 | 0.003 =225.0 24

Pl4MN-1T1| 12 0.184 0.028 -222.0 4.2
0203 |0.003 -219.0 ) 24




Table 3.10.2  continued.
8"°C 1 %o AYC /%o
Statton | Bl

8°C | Error’ | E.W.Mean" | Uncertainty®| A'"C | Error® |E.W.Mean®| Uncertainty®
0978 | 0.003 B5.7 3.0

Pl4MN-180| 32 0.979 0.002 RBE.1 36
0.980 | 0.004 90.8 3.2
0928 | 0.004 - -

P14C-03T7| 32 0.935 0.010 - -
0.942 | 0.004 - -
0260 | 0.003 -203.7 1.6

P14C-037| 12 0.253 0.014 =203 .8 1.1
0.240 | 0.004 2038 1.6

- - 590 1.8
P14C-028] 32 - - BT.6 2.4
- - B5.6 2.1

0.252 | 0.003 2056 1.7

PI4C-028) 12 0.24%8 0.006 -204.7 13
0.244 | 0.003 -203.7 1.7
0951 | 0002 79.2 2.2

Pl4C-X06) 32 0.952 0.004 T9.8 1.6
0,956 | 0.006 804 2.2
0.232 | 0.004 -213.3 2.0

Pl4C-X06; 12 0224 0.009 -210.4 3.7
0.219 | 0.003 -208.0 1.8
1O | 0002 52.9 2.4

P14C-00T| 32 1.005 0014 536 1.6
0.991 | 0.003 54.1 2.2

a. Standard deviation of repeat measurements.
b. Error weighted mean of the replicate pair.
¢. Larger of the standard deviation and the error weighted standard deviation of the replicate pair.

d. Larger of the standard deviation of repeat measurements and the counting errors.

Table 3.10.3  Summary of 8°C and A'"'C measurements in the reference seawaters (E5).

- o 5°C / %o AMC ™/ %o
Measurement date | §“C | Error® | Measurement date | A''C | Emor®
| EMO407-162 10-Sep-09 0,908 | 0.002 09-0ct-09 igQ9 2.0
2 | RMO407-165 14-Sep-09 0,902 [ 0003 16=-0ct-09 439 2.0
3 RMO407-160 19-Jan-10 -0.903 | 0.005 23-0ct-09 156 1.9
4 | RMO407-115 21-Jan-10 0,908 | 0.003 13-Nov-09 39.1 1.9
5 EMO407-33 (1 -Feb-10 0887 | 0005 2T7-Nov-(9 26.6 23
& | RMO407-136 03-Feb-10 -0.900 [ 0003 18-Dec-09 228 1.8
T | RMO407-145 04-Feb-10 0926 | 0.005 11-Mar-10 176 3.2
# FEMO407-60 11-Sep-08 -0.856 | 0.004 07-0ct-08 ilg 3.3
9 | RMO407-173 1 6-Sep-08 0,890 [ 0.003 07-0ct-08 3.7 32

Table 3.10.3  continued
s | wsTE 8C / %o AMC* [ %
Measurement date 8" C | Error® | Measurement date | AYC | Errorf
10 | RMO407-30 07-0ct-08 -0.876 | 0.004 31-0ct-08 32.5 34
11 RMO4OT-17 08-Oct-08 -0.881 | 0.002 31-Oct-08 236 33
12 | RMO407-181 0d-5ep-08 -0.924 | 0.002 0E-Oct-08 40.4 4.4
13 | BEMO407-134 (5-Mov-08 -(.891 | 0.005 15-Dec-08 37.3 34
14 | RM0D407-142 13-Nowv-08 -0.891 | 0.004 15-Dec-08 6.1 i3
15 | RMO407-137 1 7-MNov-08 -0.888 | 0.003 15-Dec-08 393 iz2
16 | RMO407-19 04-Moy-08 -0.897 | 0.004 11-Now-08 272 34
17 | BMO407-61 09-Dec-08 -0.866 | 0.003 0l-Apr-09 25.6 4.4
18 RMO407T-62 13-Jan-09 -0.883 | 0.003 07-Apr-09 35.5 6.2
19 | BMO407T-63 15-Jan-09 -0.873 | 0.004 1 4-May-09 45.9 2.1
20 | RMO&0OT-34 09-Feh-09 -0.931 | 0.005 27-May-09 26.2 g
21 RMO40T-E5 12-Feb-09 -0.922 | 0.002 12-Jun-09 40.0 1.8
22 | RMO407-41 l6-Mar-09 -0.883 | 0.005 19-Jun-09 36.2 1.9
23 RMO40T-84 18-Mar-09 -0.911 | 0.006 (6= Jul-09 422 21
24 | RMO40T-95 19-May-02 -0.892 | 0.005 05-Aug-09 28.0 EXI
25 RMO407-21 20-May-09 -0.933 | 0.002 28-Aug-09 31.2 1.9
26 | RMOM0T-108 21-May-09 -0.957 | 0.004 04-Sep-09 309 1.8
27 | RMO407-179 23-Jul-09 -0.892 | 0.006 05-Sep-09 249 2.5
28 RMO407 -4 1 6-Jun-09 -0.880 | 0.002 11-Sep-09 334 2.0
29 | RMO407-105 1 8-Jun-0% -0.916 | 0.003 18-Sep-09 353 2.1
30 BMO407-7 21-Jul-09 -(0.899 | 0.002 26-0ct-09 353 31
3l | RMO407-187 22-Jul-09 -0.913 | 0.006 26-0ct-09 34.7 N
32 | RMO0407-5 08-Feb-10 -0.881 | 0.004 16-Mar-10 374 3.1

a. Decay corrected for 01/July/ 2004,
b. Standard deviation of repeat measurements.
c. Larger of the standard deviation and the counting error,

(8) Quality control flag assipnment
Quality flag values were assigned to all 8"°C and A"*C measurements using the code defined in Table
0.2 of WHP Office Report WHPO 91-1 Rev.2 section 4.5.2 (Joyce et al., 1994). Quality flags of 2, 3, 4, §,
and & have been assigned (Table 3.10.4). For the choice between 2 (good), 3 (guestionable), or 4 (bad),
we basically followed a flagging procedure in Key et al. (1996) as listed below:
4. On a station-by-station basis, a datum was plotted agamst pressure. Any points not lying on a
generally smooth trend were noted.
b. 8”C (A"C) was then plotted against dissolved oxygen (alkalinity) concentration and deviant
points were noted. If 4 datum deviated from both the depth and oxygen (alkalinity) plots, it was



flagged 3 (questionable),
. Vertical transections against depth were prepared using the Ocean Data View (Schlitzer, 2012). If
a datum was anomalous on the transection plots, datum flag was degraded from 2 to 3, or from 3 to
4.
Quality flags of 8"°C and A"'C for all the samples from stations PO1_010, PO1_027, PO1-060, PO1_072,

and PO1_097 (170 samples) were assigned to be 5.

Table 3.10.4  Summary of assigned quality control flags.

Flag Definition 5 ‘:u.mbc; c
2 Good 931 952
3 Questionable 34 58
4 Bad 0 0
5 Mot report (missing) 172 175
[ Replicate 58 ol
Total 1245 1245

(%) Data Summary
Figure 3.10.2 shows vertical transection of 8"°C against depth. Higher "°C values were observed in

surface waters. Along the meridional line higher values were found in the southern subtropical region.
Minimum of §°C was found in deep waters from 500 to 2,000 m depth approximately in the North
Pacific and the smallest value was in the deep waters of the subarctic region. From the deep to the bottom
waters 8 'C increases gradually. The general distribution of 8°C well agrees with that presented in a
previous study (Kroopnick, 1985) and i1s mainly governed both by biogeochemical process and ocean
circulation.

Figure 3.10.3 shows vertical transection of A''C against depth. Higher A"'C values were observed in
the thermocline (< about 1,000 m depth) because of the bomb-produced radiocarbon penetration. In the
North Pacific relative higher A"'C was measured in bottom waters below 4,000 m depth approximately
where the high-6""C water was observed, which is derived from a northward transport of the Circumpolar
Deep Water from the South Pacific. Minimum of A"*C was found in deep waters from 1,500 to 4,000 m
depth approximately. The general distribution of A'C in deep and bottom waters supports a previous
study (Key et al., 2004) and indicates the global pattern of thermohaline circulation,
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Figure 3.10.2  Vertical transections of §"C (%) against depth along the WHP-PO1 (upper, 47°N approx.)
and WHP-P14NC (lower, 179°E approx.) lines in 2007,
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Figure 3.10.3  Same as the Figure 3.10.2 but for A"'C (%e).
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Fil BEV BV MIBAT CHRUISE MROT04

EHIP/CRS WICE CAST IFTC - EVENT POSTTION R OOR HT ABCNE  WIEE MAX RO, OF

EXPOOCOE SECT STHKBR CASTNO TYFE DATE TIME COIE IATITUDE  1ONGITUDE HAV [DEPTH DEFTH 2 BOTIOM 0OT PEESS BOTTLES PARAMETEERS COMMENTS

4@EO07T4 1 POL 1 1 B 072807 0%05 BE 42 5B.28 ™ 145 27.30 E Gre 1ol a9

GapOT04 1 POL 1 1 BUC 072607 0%06 Rl 42 GR.2E M 145 27.2% E GRS 102 ad 1,31,33,54,482 i B

A%R07 1 POL 1 1 BROs 072607 0%10 B 42 5B.2% M 145 27.26 E GPS 102 a4 10 BS ] 6 1=8,23, 24,26, 27,31,33,34,37, 81,82 ¥2 CHIOE MAX, S0ME SMPLS WERE TRAFEN FROM OUPL
BTLS

4%E07T04 1 POL 1 1 PRI D287 0318 EN 42 5B.30 ™ 145 27.26 E Gre 102 a3

GapOT04 1 POL 1 1 e 072607 O%ee Rl 42 BR.21 M OI45 2T.46 E S 10% ad ATR CHA/M20 AND 003 SMPL

4%4R07 1 POL 2 1 PROE 072607 1109 BE 42 53.36 1 145 31.20 E GRS atg ‘356

A8ROTHM 1 POL 2 1 BUC 072807 1112 42 53.35 M 145 31.17 E @2 357 355 1 1080

4%E07T04 1 POL 2 1 R D28t 1120 B0 42 53.36 M 145 31.10 E Gre 357 354 G 350 353 T 1-B,23,24,26,27

GapOT04 1 POL 2 1 RO 072607 1137 EM A2 53,35 M 145 30.94 E G2 355 353

4%4R07 1 POL 3 1 POE 072607 1315 BE 42 5L.36 ™ 145 32.54 E GP2 GEE 1]

A8ROTHM 1 POL 3 1 BUC 072807 1323 42 51.34 M 145 32.50 E @P= 343 aqd 1 11.20

4%E07T04 1 POL 3 1 PR D287 1336 B0 42 5L.31 ™ 145 32.45 E Gre 523 L FL 12 08 ale 14 1-B,23,24,26,27

GapOT04 1 POL 3 1 Bos 072807 1418 EM A2 BL.23 M 145 3221 B oGPS BEE a57

ASAROT 1 401 1 1mE 072607 1444 BE 42 50.94 1 145 3254 EGRPE 1025 1029 FOG WATER ZMPL FOR TRACE ETRMENTS (421}

ASMROTO4 1 FOL 4 1 Ros 072607 1801 BE 42 qBE.B1 M 145 35.61 E GFE 1534 1534 THICK FOG

4%E07T04 1 POL 4 1 B DI28l7 1608 o 42 48.B0 ™ 145 35.54 EGrs 1825 1h23 1 11.0C

GapOT04 1 POL 4 1 BOS 072607 1633 BOOA2 4B.B5 M 145 35.38 B ors 1536 1534 1 1586 1566 17 1=-8,27,37

4%4R07 1 POL 1 1 PROE 072607 1729 EM 42 4B:BO T 145 34.68 E GP2 1516 1E17

A8ROTHM 1 POL 5 1 ROE 072807 1848 B 42 3B.88 M 145 41.92 E GPE Z3BE 234D THICK FOG

4%E07T04 1 POL 5 1 B D28t 1356 42 36.B0 ™ 145 41.87 EGrE 2408 . 240B 1 11.4C

GoPOT04 1 401 1 e 072607 1456 EM A2 3B.B1 W OI45 41,87 Eops 240 2408

ASAROT 1 a0 1 1mE 072607 1856 BE 42 3B.B1 ™ 145 41.87 E GP2 2408 2408 FOG WATER ZMPL FOR TRACE ETRMENTS (422}

AROTHM 1 POL 5 1 ROE 072807 1330 BO 42 3E.684 M 145 41.56 E P2 2413 2411 14 24z 2441 21 1=B,23,24, 26,27

49E0T 1 POL 5 1 R D28l 2042 EN 42 3B.11 ™ 145 41.13 EGrs 2351 2358

J:IRIRDTM:]. BOL & 1 PRoe 02807 2221 B 42 20 5% 145 50.41 E P 31446 3149 THICE, FOG

4%4R07 1 POL E 1 BIC 072607 2220 042 29.56 1 145 50.36 E Gp2 3180 3160 1 11.49cC

48RO 1 POL 6 1 UmE D72B0T 2232 I 42 29.54 M 145 50.36 E G 3148 3148 BT, THEOUEH HILL PIME FOR BLI.

4Wp0i0d 1 POL & 1 POE 072607 2315 BOOAZ 29,37 M 145 50.1% EGFE 3146 3144 10 3150 31E: 33 1=-8,22,27

ASROT0M 1 402 1 B OT2ELT 2340 EM 42 28,31 M 145 50.12 E GRS 3146 3148

AS4ROTGM 1 POL £ 1 R 072707 0044 EM 42 2903 M 145 49.78 E GFE 3148 31448

48RO 1 POL 7 1 PROE 092707 0218 BE 42 17.11 M 146 3.27 EGPE 4166 4166 THITK FOG

4Wp0i0d 1 POL 7 1 BUC 07277 022G a2 17,05 N 146 323 EGPS  A171 41T 1 13.4C

ARE0T04 1 POL 7 1 ROS 092707 0335 BOO42 17.08 ™ 146 3.20 EGPs 4160 415A 13 4171 42Ee 26 1=8;23,24,26,27

AS4ROTGM 1 POL 7 1 RO 072707 0514 EM 42 16.93 M 186 2.97 E GPE 4169 4166

ASMROTE 1 403 1 mE 0V2TOT O8O0 B A2 14,12 N 146 3.90 EGPS 4N a504 FOG WATER SMPL FOR TRACE EILEMENTS (#23)

4Wp0i0d 1 POL E] 1 ROE 072707 06SE EE A2 10.7% M 146 5.03 EcEE 5055 5OGD FOG

ASROT0M 1 403 1 TmE OUROT 0700 EM 42 10.7%m 146 5.05 E G 5047 5047

AS4ROTGM 1 POL 4 1 BT 072707 0705 42 10.7% M 186 5.04 E GFE 5051 5054 1,3L,33 13.7C

48RO 1 POL | 1 ROE 092707 0314 B 42 10.82 M 146 5.18 E G 5033 5036 11 5062 5134 33 1-B,23,24,26,27,31, 33

4Wp0i0d 1 POL E] 1 POE 072707 117 EM 42 10.97 M 146 5.84 E=PE 5057 GOGE

ARE0T04 1 POL ] 1 Foe 092707 1290 ED 41 50,11 M 146 13.56 E P2 616l #16D WITHOOT FLINERETER, FOS

AS4ROTGM 1 POL ] 1 BIC 072707 1238 o4 BO0E] M OIGE 13080 E GPE 61EE  E1A2 1 13.4C

48RO 1 POL g 1 RE D277 1404 B 41 5B.95 M 146 14.55 E GFE 6256 E255 11 6240  E2B2 36 1-6,27,37

4Wp0i0d 1 POL L] 1 POE 072707 1655 EM 4L 5H.56 M 146 16.46 EGFE §138  £130

ASROT0M 1 404 1 e 07207 1921 BD 41 BH.IZ M 146 16.38 E GRS 61TT  ELTT FOZ WATER SMPL FOR TRACE EIEMENTS (434)
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BN 41 52.70 M 146 18.17 E GPS
BEE 41 52.48 M 146 18.52 E GFS
W 41 52.41 W 146 18.65 E GPS
B0 41 5199 W 146 18.40 E oPs
B4l 51,16 N 146 19.6% E GPS
BE 41 48.89% M 146 21.36 E GFS
EY A1 43.96 N 146 24.01 E GPS
BE 41 43.88 N 146 24.01 E GBS
B4l 42.80 N 146 24.53 E GPS
BEE 41 42.68 M 146 24.68 E GFS
m 41 42.68 N 146 24.72 E GBS
WAl AZ.ER N 146 24.74 E GBS
B 41 42.62 M 146 24.593 E GFs
W A1 42.79 W 146 26.00 E GPS
B 41 42.78 W 146 26.14 E GBS
BE 41 40.36 N 146 31.80 E GPS
41 40.35 M 146 31.82 E GFS
BO A1 40.29 N 146 31.99 E GPS
B 41 39.87 N 146 32.33 E GBS
1M 41 39.39 M 146 32,498 E GPS
BEE 41 37.76 M 146 33.31 E GFs
B 41 24,18 M 146 40.1% E GPs
BE 41 Z1.67 W 146 41.37 E GPS
1M 41 21,62 N 146 41.41 E GPS
B 41 21 .44 W 146 41.16 E GFS
B 41 20.73 M 146 40.88 E GBS
m 41 20032 W 146 40.%4 E GBS
HE 41 7.34 ¥ 146:53.33 E GPS
W41 785 W 146 53.31 E GES
B 41 7.80 M 146 53.29 E GBS
B 41 7T.ES M 146 52.83 E GBS
HE 40 51.74 ¥ 147 4.41 E GPS
w40 5177 W 14T 4.32 E GFS
BO A0 51.%0 N 147 3.8 E GBS
BN 48 5180 M 147 31,15 E GPS
HE 40 37.51 N 147 13.3% E GBS
W 40 37.51 W 147 13,34 E GFS
BO A0 3760 M 147 12.43 E GBS
B 48 3797 W 147 11,77 E GPS
BE A0 #3.%1 N 147 23.65% E GPS
w40 23.2T W 14T 23.63 E GFS
BO A0 23,26 N 147 23.04 E GBS
B 48 23032 W 147 22.58 E GPS
BE 40 7.47 N 147 33.97 E GBS
w40 7.52 W 147 33.91 E GES
W40 7T.54 N 147 33,82 E GBS
B 48 8101 W 147 33.78 E GPS
B0 9030 N 147 31.%3 E GBS
BE 3% 56.36 N 147 43.11 E GFS
39 5645 N 147 43.04 E GBS

£108
735
€734
£136
"
212
EB0L
EROL
EESY
6553

EEGL
E541
6538
E496
495
262
£257
£251
101
EBOET
54926
SE14
SAET
5476
54715
5472
S48
533
5335
5335
5335
5034
45493
4714
4764
BzuL
5292
saglp
Lxun
5272
5274
il
LE0
=
52687
SERY
DIEB
BiR3
5233
5229

E708
B736
E735
6734
7175
T213
EBOL
EROL
BG4
BS54

B552
B541
B539
E498
B4495
B2G2
B257T
RSl
Bloi
BOET
5925
EE15
5487
5477
5475
=5 el
5478
5334
5335
5334
5335
5035
4993
4714
4794
5293
b292
5292
5297
L3278
5278
E275
5275
EZB8
5290
il b
5291
L2887
L3234
E230

=4

=4

E110

B394

E273

5369

4889

x5

52o2

LEieg

6502

6501

6383

h574

5aza

4960

5341

5363

537%

3
38 1-8,12, 13, 2%, 34,36, 7, 45

36 1=8,2%, 27

1,51, 3%, 34, B2
36 1-8,23, 24,26, 27, 31,33, 34, 82

1,83
36 1-8,27, 37,81, B

1
34 18,23, 24, 26,27

1
a5 18,27

181,33
34 1-8,23,24, 26,27, 31, 33

1,83
2% 18,27, 37

36 1-8, 22,27

WITHOUT FLOCRMETER, FOG
13.1C

FOGE WATER 3451 FOR TRACE ELEMENTS (#253)

FOG WATER SMFL FOR THACE ELEMENTS (F2E)
WITHOUT FLOOROMETER AND LADCP, REFLACED FRI
COMD SEMSOR.

13.eC

951 THEOODGH HULL PUMP FOE. B.H.

FAIN SMFL FOR STRELE ISOTUFE (#1, O.6MM)
WITHOUT FLOORMETER BMD LADCE

15.2C

ATR CHA/NED SMPL

FOG WATER L FOR TEACE ELEMENTS (#27)

WITH FLUTROMETER AND LALDCP

13.4cC

42 AT CHLOR MRX

ATH 005 EMPL

14.30

15.20

1710

£0.40
95T, THREODGH HAULL PUMP FOR BLM.

105



49R0T04 1 POl 149 1 B80S 073007 0111 BO 35 56.92 W 147 42,81 E GPS 5237 E239 10 EEe0 5314 34 1-8,02,13, 23,24, 26,27

dBROTOL 1 PO 14 1 FOS 073007 4337 EN 35 57.75 M 147 42,536 E GPS = 5239 5240

A%RIHE 1 POl 20 1 Bos 073007 0531 EE 3% 41.32 W 147 55.€3 E GP5 5358 5358

dPdTd 10 POl i) 1 BOC 073007 0539 N 3% 41.36 W 147 55.51 E gps 5365 B354 1,83 20,70

490704 1 POl il 1 508 073007 0655 BO 35 41,67 ¥ 147 55,26 E GPS 5353 5361 10 G3g0 5442 24 1-8;27,37

dBROTOL 1 PO 20 1 FOS 073007 0904 EN 35 .42.07 M 147 54.51 EGPS 5346 5345

A%RIHE 1 POl 1 1 Bos 073007 1124 EE 40 L1.06 W 148 24.64 EGPs 5475 B8

dPdTd 10 POl bl 1 BOC 073007 1131 oAl 1.06 W 148 24.50 E Gps 5467 Bdéd 1,31,33,34, 82 21.1c

490704 1 POl 21 1 BOS 073007 1249 BO 40 1.31 ¥ 148 24.1F E GPS 5458 G461 10 544 555% 36 1=8,23,24,26,27,31,33,34, 64,81, 82 42 AT CHLOR MRX

AROT0N 1 A08 1 ImE 073007 1312 W40 1.35 M 148 24.15 E GFS = 5461 B4& FATH SMFL FOR STABLE ISOTOFE (¥2, O.8MM)
A%RIHE 1 POl 1 1 Bos 073007 1510 EN 40 1.36 W 148 23.66 E GPS 3452 5453

dPdTd 10 POl bl 1 reE 073007 1524 oAl 2.06 W 148 24.50 EGps 5461 B459 ATH. CH4/M20 SMEL

49R0T04 1 410 1 DeE 073007 1524 BE 40 2.11 ¥ 148 24,60 E GPS G458 5459 FOG WATER 451 FOR TRACE ELEMENTS (£28)
dBROTOL 1 PO g 1 FOS 073007 1732 BE 40 19.23 M 148 52,67 E GPS = 5468 5484 oG

A%RIHE 1 POl 2 1 BXC 073007 1742 W40 19.21 W 148 52.62 E GPs 5468 5468 1 20.5C

dPdTd 10 POl ol 1 reE 073007 1748 A0 19,20 0 148 52.E0 E GRS 5467 B4AY G5 THRODGE HULL PUMP FOR RN
49R0T04 1 410 1 DeE 073007 1820 ENO40 19008 W 148 5240 E GPS G466 BdAA

dBROTOL 1 PO 1 FOS 073007 1857 B 40 19,28 M 148 52,30 E GPS = 5465 5465 7 5475 5541 36 1=8,22,27

AR 1 411 1 e 073007 2055 W40 19.59 W 148 51.843 E GPs 5468 5468 BAIN S*FL FUR STRELE ISOTUFE (#3, 0.32M)
40pTd 1 POl ol 1 P08 073007 2108 ENOA0 19062 W 148 51,70 E Gps 5467 Bdéd

{SE-HI}TIMZI P01 Kol 2 [ME 073007 2130 W40 21.03'W 14k 54,26 E GPS 5489 5489 ATR 0S5 EMPL

ARROT0 1 q41# 1 IME 073007 2204 BE 40 24.7T ¥ 149 0.79 EGPS = 5507 5507 FOGE WATER 5L FOR TRACE ELEMENTS  (#28)
d';E-RGTMZI 412 1 DMK 073007 2300 EM A0 30.74 ¥ 149 11.08 E BPS 5260 E2aY

ARP0Tod 1 POl 2 1 =05 073107 0023 HE 40 37.28 M 1404 22,48 E GP3 5366 5354

4®R0TM 1 P01 23 1 BOC 073107 0030 W40 37.33'y 145 -22.57 E GPS 5351 5349 1 21.3C

d%R0T04 1 PO 23 1 BOS 073107 0144 BO 403741 W 149 2277 E GPS 5351, 5349 9 B3eZ. 5450 33 1-8,23,24, 26,27 #15 MISS FIFE

APy 1 POl n 1 EBOS 073107 G401 EM 40 37.85 ¥ 149 23,21 E EPS 534B  L346

ARP0Tod 1 POl 2 1 BOS 073107 OTi4 BE 40 55.4% M 144 51.86 E GRS 5390 5384

4®R0TM 1 P01 2 1 BaC 073107 0721 W40 55055 ¥ 14%-51.17 E GPS 5386 5386 1,83 21.4c

d%R0T04 1 PO 24 1 BOS 073107 0836 B0 40 55.67 ¥ 149 51,73 E GPS 5362 5380 5  E410. 5476 35 1-8,27,37

APy 1 POl 4 1 BOS 073107 1047 EM 40 55.75 ¥ 149 53,14 E EPS 5370 L5389

ASR0T04 1 413 1 DME 073107 1134 EE 41 1.31 W15 1.00 EGP3 5232 G2A% FOG WATER SMEL FOR TEACE ELEMENTS (§30)
4BROTM 1 413 1 ME 073107 1340 EN 41 15021 M 150 1963 E GPS 5356 5353

d%R0T04 1 PO 25 1 BOS 073107 1255 BE 41 15.83 ¥ 150 20.61 E GFS ~ 5370. 5364

APy 1 POl F.i1 1 BOC 073107 1303 Wy 41 15050 8 150 20.42 EEPs 5371 E3&Y 1,31,33 19.6C

ARP0Tod 1 POl 25 1 BOS 073107 1418 BO 41 15.68 M 150 21,42 EGP3 5376 5373 9 E3Bl G448 34 1-8,23,24,26,27,81,33

4®R0TM 1 P01 5 1 ROE 073107 1634 ENO41 15010 M 150 .50 E GPS 5373 5349

d%R0T04 1 PO 26 1 EBOS 073107 1853 BE 41 33.70 W 150 52:27 E GFS = 5213, 5211

APy 1 POl 2R 1 BOC 073107 1900 w41 33068 M 150 52.30 E @RS SRE EEn 1 16.6C

ARP0Tod 1 POl 26 1 DME 073107 1902 m 41 33068 W 150 52,33 EGP3 5214 GRI3 U5 THRODGEH HULL PUMP FTR, BN
4®R0TM 1 P01 26 1 ROS 073107 2011 BO 41 33.73'M 150 52,43 E GRS 5XlE BRIl B E219 5303 36 1=8, 25,27

d%R0T04 1 PO 26 1 BOS 073107 2215 BN 41 33.76 W 150 52.92 E GPS 0 5208 5204

APy 1 POl 27 1 EBOS 080107 O04B BE 41 56.44 ¥ 151 27.78 E BPs 5152 L5154

ARP0Tod 1 POl 27 1 BEOC 080107 0055 m 41 56.45 W 151 27.85 E'GP3 5151 5153 1 16.49C

4®R0TM 1 P01 27 1 FOS 080107 0Z0B BO 41 56.41 ¥ 151 24.18 E GPS 51685 5157 10 Ble0 5242 34 1=8,13,13,23,24,26,27,43

d%R0T04 1 PO 27 1 BOS 080107 0419 EN: 41 55.58 ¥ 151 28.70 E GPS 5164 51a4

APy 1 POl 24 1 EB0S 085107 ORSG BE 4% 20.1% ¥ 152 5.0 EEPS 5112 E1ip

ARP0Tod 1 POl it 1 EOC 080107 OT0E m 42 20.11 W 152 5,15 EGP3 51080 5107 1,83 16.0C

4®R0TM 1 P01 i 1 FOS 080107 OBLA B 42 1978’ 152 5.43 E GRS 5133 i 10 5138 5202 33.1=8, 27,37

d%R0T04 1 PO 28 1 EBOS 080107 1021 BN 421944 W 152 5. 73 EGPS 5130, 5128

APy 1 POl 29 1 EB0S 0ad1pt 1257 BE 4% 40.5% ¥ 152 40.74 E EP5 5313 L5313
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AWRGTO 1

4BRATOL 1
ABROTOL_1
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ABROTO4 1
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ABROTO4 1
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ABRATOL 1
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H
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15%
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153
153
153
153
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153
153
153
153
153
153
152
147
158
154
154
160
162
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1g2
162
162
162
163
164
168
1€E
186
1ER
166
1€E
167
1E8
168
168
169
168
164
1M
13
171
172
173
174
176

10.91 E
11.83 E

4147 E
1203 E
56,81 E
0.1
0.1
1.16
2,85
2.5
2.40
.48
0.17
0.4
0.97
0.56
19,85
57.61
PR
24,83
24.8%
6,22
15.17
15.15
15,16
15.47
16.18
18.00
.62
30,55
.58
1.1
4483
44,84
44,69
14,18
49,42
2.m
9.3
5.89
10.84
.52
9.7
0,59
28,53
36,59 E
1268 E
50.82 E
58.51 E
5,60 E

]

AR ABARAARA
8

B EEE

[ I T B

AR EARAREERREBEERFEEREABRE AR A

GRS
GPE

GPE

GRS

GPE

GPE

5315
5303

5302
5203
5133
5144
5144
5164
5150
5260
]
5209
5107
3691
S64L
5673
5718
5328
N7
5ZR9
5269
5473
SE40
5647
=L
SER3
5670
5645
5716
SE4S
SRl
5051
5451
5653
5458
5058
251
E2EL
L]
41ED
2716
2385
4208
4499

102
Se0B
5785
5706
SEGE

L34
5309

Ea02
243
5133
E144
E14d
E1gg
5150
E2an
E2an
E244
5714
Egdg
ET]
LEHD
5727
332
Ll
E3@9
289
473
L]
LE4E
LG8
Egag
&0
BG4S
5779
ER4S
L&
L5
4953
Eg54
-0
L5549
6251
E260
L]
A180
714
23E5
204
4999
6344
AN
L]
5785
5708
E0T

=4

9

-0

44947

Eeds

B2

5027

577E

6001

1,31,33,34, 62
o

1,31,33,34, 82,83

2 16,23, 24,26, 31, 33, 34,37, 64, B1-83

1,41, 33,83

29 1-6,29, 54, 26,26, 81, 39,34, 83

16.00

WINCH SITFPFED (LOMGLIME FOE FISHERY WAS
CAUGHT IH A PROSELLER)|
QUITED THIS CRET

MO WATER 2MPL

FOG WATER

FoG WATER

FOG WATER

FoG WATER

FOG WATER

FoG WATER

BATR 3xFL

BAIN SFL
FOG WATER

FEL FOR TRACE ELEMENTS (£31)
2FL FOR THACE ELEMENTS {$32)
FEL FOR TRACE ELEMENTS (£33)
2FL FOR THACE ELEMENTS {$34)
FEL FOR TRACE ELEMENTS (£33)
2FL FOR THACE ELEMENTS {§3E)
FOR. STABLE ISOTOFE (#4, 4.744)

FOF. STRELE ISOTUFE (#5, 2.1MM)
2FL FOR THACE ELEMENTS {$#37)

FOGE WATER 3451 FOR TRACE ELEMENTS (§38)

REPLACED 520 TEMP SEMSOR
10.48C

20L THRGUG HILL FUMP FOR R.3.
42,3 AT CHLOR MBX

ATR MED/CHI AND 005 SMPL

TEE. XCTD=-1 {MR=100) §03022140
TSK ¥CTD-1 {MR-100) §02121625
TAK HOTD-1 (ME=100) §2E121627

9.4C
201, THROOGH HULL PUMP FOE BLM.
42,3 AT CHLOR MBX

TEK. XCTD=-1 {ME=100) §#03022141
TSK ¥CTD-1 {MR-100) §03022142
TAK HOTD=1 (ME=100) §02022176
TSE XCTO=1 {ME=100) §03%022171
TEE. XCTD=-1 {MR=100) $03022174
TSK ¥CTD-1 {MR-100) §03022172
TAK HOTD-1 (ME=100) §02022170
TSE NCTO=1 (MF=100) §0%022149
TEK. XCTD=-1 {ME=100) $03022148
TSK ¥CTD-1 {ME-100) §03022146
TAK MOTD-1 (ME=100) 02022152
TSE NCTO=1 (MF=100) §0%022147
TEE. XCTD=-1 {ME=100) §03022151
FEFIACED PRI TEMP SEMSOR

107



49R0T04 1 POl Lk 1 EOC 021307 2348 e 59071 ¥ 196 5.6T E GRS L4696 LEd4 1,31,33,34, 62,43 12.00

dBROTOL 1 PO 56 1 IRE 081307 2350 e 5972 M 176 5,68 EGPS 5695 5A%4 20L THRODE HULL FIMP FOR BN
A%RIHE 1 POl 56 1 BOs DalapT oes W46 59.89 W 1V6 5.84 EGPS 5696 5638 LOST PRI TEME SIGAL AT 240014
dPdTd 10 POl =t 1 P08 081407 9100 EN AT D06 W 1VE 6.01 EGPs 5695 Bedh JUITED THIS CRET

490704 1 POl Lk 2 BOS 0491407 01563 BE 46 59048 ¥ 176 5.36 E GRS 4695 GeO4 PEPLACED PRI TEMP CRELE
dBROTOL 1 PO 56 2 FOS 081407 0321 B 46 59,84 M 176 5,68 EGPS 5696  5A94 11 5711 5801 20 1=6,23,24,26, 31,33, 34,37, 41=83 42,3 AT CHLOR MAX

A%RIHE 1 POl 56 2 BOS 0al407T oh26 EN 47 0,12 W 176 6.6l EGPS 5694 5694

dPdTd 10 POl =t 2 ME 081407 0550 AT 0.15 W 1VE 12,35 Eges 550F BGO2 ATH MED/CHA AND 008 SMPL
490704 1 POl 3] 1 MCT 021407 0830 CE 4T 0.2 177 11.50 £ GPS 5664 L6GS TSE NCTO-1 {Me=-100) 02022144
AROT0N 1 E01 EQ 1 EOS 081407 1138 EE 46 5%.78 M 178 182 E GFS 5756 5754 CHAMGED PRI PIMP WITH SEC PIE
A%RIHE 1 POl 24 1 XX 0a140T 1146 W 46 59.85 W 176 18.27 EGPs 5760 57aD 1,31,33,83 12.1C

dPdTd 10 POl (=] 1 [mE 081407 1148 w46 59,86 % 178 18.28 E @5 5757 LYSY 20L THRODGH HULL PUMP FOR RN
490704 1 POl ] 1 508 021407 1309 BO AT 0.17 ¥ 178 18.27T EGPS 576G 5765 9 L7799 5esY 2B 1-8,23, 24, 26,51,33, 34,27 82,3 AT CHLOE MAX

dBROTOL 1 PO (4] 1 FOS 081407 1527 EN4T 0,47 M 178 1830 EGPS 5752 5742

A%RIHE 1 POl Bl 1 Bos Dal4apT 1851 EE 47 0.43 W 179 26,65 E GP5 5560 5561

dPdTd 10 POl Bl 1 BOC DA1407 1900 AT 0.500W 170 26.56 E Gps 55865 BAGG5 1,83 12,30

490704 1 POl Bl 1 508 021407 2019 BO AT 0.75 M 176 26.%0 E GPS L6299 Le30 9  Egl9 5701 36 1=8;27,37 #3=§3 DOPLICRTE SMPL

dBROTOL 1 PO (18 1 FOS 081407 2235 EN4T 0.86 M 179 26,92 EGPS 5640 5640

A%RIHE 1 POl EL 1 BOs Da1b07 ols2 EE 46 59.45 W 179 20,69 wGPs 5TLB 5718

40pTd 1 POl (] 1 BOC D150 0200 N A6 59,45 0 170 25.70 weps  5T19 B7iA 1,31,33,34, 82 1360

{Sciﬂﬂ?ltli:l P01 62 1 FOS 081507 022 BO 46 B9 EE'M 176-25.77T W GRS §5TiE 5721 9 BTG50 SR40 36 1=H,23%,24,26,27,31,33,34,82

ARROT0 1 A2 1 IME 081507 0342 BE 46 59.71 M 179 25,77 wGPS = 5724 5723 BATH SFL FOR TRACE ELEMENTS (#21)
d%RGTNZI 425 1 MK 081507 0523 AT 0,06 M 190 25,88 W EPS 5652 Gen2 FATH SMEL FOR STRELFE ISOTOES (#6, 1.8MM)
ASR0T04 1 424 1 [ME 081507 0532 B 4T 0.28 M 176 25,78 wGPS 5604 Ge03

4BROTM 1 426 1 [ME 081507 0532 HE AT 0.2 176-25.78 W GPS 5604 5603 BATH SMPL FOR TEACE ELEMENTS (#23)
d%R0T04 1 PO [¥3 1 EBOS 081507 0544 B 4T 0.26 W 179 25.8%3 WGEPS  5e0B 5607

APy 1 POl B2 1 MK 081507 0558 AT 0,31 M 190 24,02 WwEPS 5618 Be1R ATH M20/CHY SMEL

ARP0Tod 1 POl [£) 1 =05 081507 0905 HE 46 59.41 ¥ 178 19.08 wGPS 5674 Ge?3

4®R0TM 1 P01 X 1 BIC 081807 0912 A6 5947 M 178 19.01 W GPS 5643 BE43 1,83 13.0C

d%R0T04 1 PO 63 1 EBOS 081507 1031 B0 46 59.81 ¥ 176 18.46 W GPS = 5503, 5503 9 5558  BA3C 36 1-8,23,27,28,34, 37,81 #Z AT CHLOR MRX

AP 1 426 1 MK 081507 1060 EM 4B 59.50 ¥ 176 18.33 wEPs 5502 5502

ASR0T04 1 427 1 [ME 081507 1060 HE 46 59.80 ¥ 178 18,33 wGPs  S5BR02  5hO2 FATH SEL FOR TEACE ELEMENTS (#23)
4BROTM 1 A28 1 [ME 081507 1144 W4T 13N 178 17.84 W GRS 5495 5495 BATH SMPL FOR STRABIE TSOTOFE (47, G.8MM)
d%R0T04 1 PO B3 1 EBOS 081507 1255 BN 4T 0.2B W 176 17,32 WwGEPS 5508 5509

AP 1 429 1 MK 081507 1%40 BE AT 0.1% ¥ 176 4.7% W EPs 5642 Ge42 FOE WATER SMEL FOR THACE ELEMENTS ($34)
ARP0Tod 1 POl B4 1 BOS 081507 1606 BE 46 59067 M 177 13,07 w GRS STOO 5701

4®R0TM 1 P01 £ 1 BIC 081507 1620 W A6 B9.TE'N 17T 12,96 W GPS 5706 5704 1 13.7C

d%R0T04 1 PO £ 1 EBOS 081507 1742 B0 46 59.96 W 177 12.63 WGPS 5708 5710 B 5732  5B23 35 1-8,23, 24, 26,27

AP 1 429 1 MK 081507 1755 EM 46 59.58 ¥ 197 12,60 WwERS  5T1D. B

ASR0T04 1 427 1 [ME 081507 1756 BN 46 59098 M 17T 12,60 W GRS 5TIOD 5711

4BROTM 1 430 1 [MFE 081507 1765 HE 46 59.98'8 177 12,60 W GPS 5710 5711 BATH SMPL FOR TEACE ELEMENTS (#24)
d%R0T04 1 PO £ 1 BOS 081507 2002 EN 4T 0.36 % 177 11,63 W GEPS 57100 5711

AP 1 431 1 MK 081507 2033 my 47 0,31 8 177 446 W GRS SEES B2 FATH SMEL FOR STRELF ISOTOES (44, 1.8MM)
ASR0T04 1 430 1 WME 081507 2120 B 4T 0.0 M 176 46.75 W GPS 56EG Ge2d

4BR0TM 1 P01 B5 1 FOS 081507 2333 HE 4T 0.76 M 176 3.09 W GPS 5633 5633

d%R0T04 1 PO A5 1 BIC 081507 2340 4T 0.75 8 176 3,08 W GEPS 5636 5635 1 13.480

APy 1 POl 1] 1 MK 081507 2343 AT 0.76 M 1VE 3.0% W EPRS 5634 Ge3d 100L THROUGH HOLL PIMP FOR B.N.
ARP0Tod 1 POl 4] 1 =S 081607 0059 BO4T 0.74 M 176 Z.EE W GRS 5637 Led? 9 EeSD 5735 36 1-8, 22,27

4®R0TM 1 P01 B5 1 FOS 081607 0326 EN AT BT M 176 1.35 W GRS Se3d BE33

d%R0T04 1 PO 31 1 BOS 021607 0633 BE 47 0.45% 174 57,84 W GPS 5790, 5789

APy 1 POl b6 1 EOC 081607 OR41 AT 0.45 ¥ 1% 57.74 wEPs  STRE  57as 1,31,33 13.8C
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i e
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1 FOS 081607
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= 8 o
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02107
Da1e07?
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Da1e07?
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20449
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ERE |
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Q408
417
aL40
OR3E
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OELE
1124
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1352
1519
1530
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1623
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1851
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1R5G
1858
1854
1048
2203
20
2230
2230
0131
a142
it

BERHBE A EE A EE B EREAAE EN B EER B ERBHERE B

a7
46
46

0.31 W
5991 N
59.86 N

46 59.41 H

ae
46
46
a7
a7
46
46

Cade M
5992 M
59.81 W
0.05 "
000
59.9T N
59.82 W

46' 59,88 H
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fae N
5967 H
59.7T W

46'59.78 H
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5%.68 M
59.53 W

46' 5946 H
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035N
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0.E% M
0BG N
0.68 ¥
0.11 8
010 M
59,95 M
59.31 W
59.28 N
B9.6T M
G966 M
53,96 H
53.85' M
59,45 M
59,75 M
59.75.H
53.95' M
B9.6T M
G963 M
59.60 W
59.E6 M
B9ED M
2N
0.14 ¥
59,30 N

1M
1M
1M
173
173
173

57.28 W GPS
S56.07 W GFS
50.%6 W GP3
48.11 W GP=E
q8.08 W GPS
W GFS

a8 .04

193 4.8

173
173
173

47.78
17.37
46,96

173 26.25
173 26.25

172
172
172
17%
172
172

42.54
42,85
42.70
42,65
42.36
41.85

172 41.26

17%
172
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171
171
1
171
171
171
1

41.04
q0.a2
0.8
50.405
33,3
33.27
33.15
33.43
33,43
33.42

171 29.22
170 26,38
170 26.37
170 25877
170 24.12
170 23,90

170
1M

5.54
.97

169 21,11
169 20.81
164 20,78
165 -20.68
169 20.68
169 20,68
164 20,55
165-20.11

169
1ea
164
16k
168
168

11,75
14.54
14,54
£3.17
14,06
12,83

W
w
W

GPs
GRS
GRS

W GPE

W
w
W

GPs
GRS
GRS

W GPE

W
w
W

GPs
GRS
GRS

W GPE

W
w
w

GPs
GRS
GRS

W GPE
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A999397979797929:g293 933838

GFs

5787
57494
5H7T
506
5716
5724

572z

5124
5122
5718
5633
5633
5790
5745
5763
5763
5703
5804
5814
SE25
SRR
5828
STeE
5753
5767
5TR4
573z
5T
5731
5721
SERT
5543
SE20
2 ey
S463
o3
5510
Sel6
5617
SE1S
SELB
5616
SE1B
SE17
5619
5620
LT
SLea
S401
53585
5403

5747
5784
L
5704
5715
5723
Ly
5734
5722
5719
L6z
5E32
5790
5784
5762
5762
5792
5803
B4
BR2G
ER2T
527
E766
5755
5767
5764
5739
577
5731
B0
C15:13
£Eg2
E52f
B426
B4g1
5304
EE1f
La0d
EE16
£813
BE18
L1
CIST
5817
Bg20
sa20
BEgY
L1
E403
L34
5405

10

ETeé

ET45

ETR9

ETea

EEG2

LR35

B431

EES3 36 1-8;12,13, 2%, 24, 26,27, 51, 13
1,83

5830 25 1-8,27, 28,57
3

EE3 36 1-H; 23, 24, 26,21
1,83

5BE 36 1-8,27, 37,83
1,591,433, 34, B2

BEEE 36 1-8, 23,24, 26,27, 31, 33, 34, 81, 82
1.

CF T 46 1-8, 22,27
1

5495 36 1-8,12,13,23, 24,26, 27, 40, 43

FOE WATER 5451 FOR TBACE ELEMENTS (#40)

13.7C

FATN SFL FOR TRACE ELEMENTS (#25)
FATN SPL FOH STABLE ISOTOPE (#%, D.EM4)

BATH SFL FOR TRACE ELEMENTS (#26)

14.1C

FATN SFL FOR STRELE ISDTORE (#1080, 12,604

FOGE WATER 3451 FOR TRACE ELEMENTS (#41)

ARGED A2A11/IDEE10Z

FOGE WATER 3451 FOR TRACE ELEMENTS (#42)

FAIN SFL FOR TRACE ELEMENTS (#27)

14.50

FATN SFL FOR STARBELE ISCTOFE (#11, &.4M4

13.9C
#2 AT CHLOR MAX

ATR M20/CH SMPL
FATN SMEL FOR STRBIE ISOTOPE (012, 3.2M4
FOG WATER 861 FOR TRACE ELEMENTS {§43)

130480
1005 THROOGH HOLL FIMP FDE R.N.

FOG WATER SMPL FOR TBACE ELEMENTS (#44)

RATH 5MFL FOR TRACE ELEMENTS (§28)

AIR.CO5 EMPL

14.80
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LEE
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G990 M 168
46 59.51 N 168
47 0.80 W 187
47T 0.
47T 0.13 W 16T
46 59,25 M 167
46 59.
47 L.
47 1.03 W 185
47T 0,71 W 165
46 59.85 W 165
47T 0.
4T 0.890 M 164
46 59,80 N 164
46 5a.
e
Ol MW

1€7

1€7
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1E3
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181
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160
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164
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12.43 W GP5
11.73% W GPS

5.62 W GPS

5.4l wEPs

A58 W GPS

4,63 W GPS

.38 W GPS
59.22 W GP5
5923 W GPS
SH. 81 W GPS
57.96 W GP3
59.72 W GP5
5947 W GPS
59,14 W GFS
59.15 W GPS
43,46 W EP5
4346 W GPS
4342 W GPS
43.31 W GP3
43.15 w @Ps
37.45 W GPS
37.41 W GPS
37.21 Grs
31.08
2945
29,34
29.18
29,00
21
2213
22,04
21,87
20,83
15,68
15,62
15.50
15,06
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5
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1,83
3 1-8,27, 28,37

1,31,33
3 1-8,23, 24, 26,27, 51,33

1

30 1=8,1%,13,2%, 24,26, 27

36 1-8,22, 27

1
34 18,23, 24, 26,27

1,83
4% 1-8,27,37, 83

1,80, 33,04, 82

3 1-8,0%, 54, 26,27, 51, 93,34, 64, 81, 82

1,83
34 1-8,27,25,37

1

36 1-8,12,13, 2%, 24, 26, 27,40, 43

3B 1=8,22,27

1,91, %9
30 1-8, 2%, 24,26,27, 31, 33

FAIN SMFL FOH STAHLE ISOTOFE (#13,

14.7c

ARGD $2804/IDEEDYS

14.72

14.72

14.5C
951 THROOE HULL FIMP FOR BLM.

13.7C

13.80

13.80
ATR M20/CH SMPL
A2 BT CHLOR MAX

13.7c

13062
JELLYFISE IN ZEC TC DUCT

13.80
1005 THROOGH HOLL FIMP FDE R.N.
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49R0T04 1 POl & 1 E0C 022107 1408 e 59045 W 154 46,28 W GPS 5206 5208 1,83 14.1c

AROT0N 1 A48 1 IRE 082107 1445 EE 46 5%.53% M 154 48.14 W GFS = 5303 5204 FOE WATER IFL FOR TRACE ELEMENTS (#45)
A%RIHE 1 POl B4 1 BOs DAz10T 1521 BO 46 59.64 W 154 45.%2 W GPs 5205 5206 B 5229, RE® 3 1-8,27,28,37

ARPrTid 1 446 1 rmE DA20Y 1TIS EN A6 59.74 W 154 45.15 waEps 5R07 B304

490704 1 POl & 1 508 022107 1721 BN o6 59076 W 154 45.04 W GPS 5206 5208

AROT0N 1 47 1 IRE 082107 1834 EE 46 5%.61 M 154 19.%3 W GFS  51BET 5187 FOE WATER IFL FOR TRACE ELEMENTS (#4E6)
AR 1 447 1 K Daz1oT 2024 EN AT 0.20 W 153 39.20 wGPs  S2El B220

dPdTd 10 POl &t 1 BOS DA2107 2033 BE AT 0.08 W 153 38.28 wops  52RE B

490704 1 POl BE 1 EOC 022107 2040 AT 0.0T M O153 38.18 w GRS S:M a2 1 14.3C

AROT0N 1 A48 1 IRE D82107 2125 BE AT 0.00 M 153 37,88 WGFS  SiER  Ran FOG WATER IFL FOR TRACE ELEMENTS (#47)
A%RIHE 1 POl B: 1 BOs DAazipT 2154 B AT 0.00 W 153 37.66 W GPs  S2¥3  BaX2 9 5349, 5314 33 1-8,23,24,26,27

ARPrTid 1 A48 1 DmE DA210Y 2348 EN 659,93 W 153 37.03 waps  52ET B3de

490704 1 POl BE 1 508 082207 o004 EN 46 59091 M 153 36.93 W GPs 52XT B23%

AROT0N 1 444 1 IRE D82207 0037 BE 4f 59.86 M 153 29.65 w GPS = 5220 5219 FOE WATER 5L FOR TRACE ELEMENTS (§48)
AR 1 445 1 mE DazzoT 0z49 EN 46 59.64 W 152 38.20 wGPs 5237 L238

dPdTd 10 POl EE 1 pOS DAY 0313 BE 46 59,52 W 15F 32.45%5 waEps 5199 5199

49R0T04 1 450 1 DME 022207 0315 o6 59053 W 152 32.4F W GPS 5207 B208 FATN SMEL FOH STAELE ISOTOFE (#14, 0.6M4
dBROTOL 1 PO BR 1 EOC a0t Q%20 W46 59.33 M 152 32,38 wGPS 530B. 5210 1 14.3C

A%RIHE 1 POl BB 1 mE DazzoT o328 W46 59.53 W 152 3232 wEPs  S2l0 B2l 95L THROOG HULL FUMP FOR B.H.
40pTd 1 POl EE 1 pOS DAY 0434 BO A6 59,42 W 15F 31.84 wEps 5195 51495 10 5241 53m 36 1=f, 22,27

{R-ﬂﬂ?ltli:l 451 1 [ME 082207 0544 HE 46 59.20 ¥ 152 31.20 W GPS 5196 5197 FOG WATER SMEL FOR TRACE ELEMENTS (§4%)
AMROTM 1 a5E 1 IME 082207 0634 4B 5%.03 W 152 30.66 WGP SEEL ham FATH SMFL FOR STAELE ISOTOFE (#15, 1.2M4
d';v.-RG‘INZI B0l -1 1 EBOS 082207 ORIE EM 4B 59.01 ¥ 152 30.61 W BPS  S2EE  LE2e

ASR0T04 1 451 1 ME 08EI07 0640 EN 46 59.01 M 152 30.61 WGPS SRR Gpag

4BROTM 1 453 1 [ME 082207 0649 HE {4& SH.3T M 152 30.€9 W GPS 5230 5230 3=fMT5 MAURETOMETER, CALTERRTION

ARG 1 453 1 MR 082207 0717 BN 46 58.33 W 152 30.38 wGPS 5248 5250

APy 1 POl MG 1 EBOS 082207 1630 BE 4T 0.35¥ 152 0.22 wEPs 5117  Elis

ARP0Tod 1 POl ¥16 1 EOC 08Z07 164D m 4T 0.23W 152 0,18 WwGEPS 5138 5135 1 14.1C

4®R0TM 1 P01 X1E 1 FOS Daz:07 1749 BO 46 5%.79 M 151 59.86 W GPS 513 5131 B E17& 5227 33.1=8,13,13,23,24,26,27

d%R0T04 1 PO X6 1 BOS 082207 1950 BN 46 59.31 ¥ 151 59.51 W GPS 5166 5145

APy 1 POl &7 1 EBOS 082207 2148 BE 4T 0.44 ¥ 151 25.21 W EPs 5141  5l4o

ARP0Tod 1 POl &7 1 EBEOC Dazp? 2157 m 4T 0.37 W 151 25,18 wGPS 5138 5138 1,31,33,34, 82 13.9C

4®R0TM 1 P01 &1 1 [ME 082207 2230 W AT 02E M 151 F5.04 W GRS 5163 BiGd ATR MED/CHI AND 005 SMPL

d%R0T04 1 PO &7 1 BOS D8z207 2310 B 4T 0.11 W 151 24,92 WGPS 5177 B1M B 5182 5266 3 1-8,23,24,26,27, 31,33, 34, 91, 82 #Z AT CHLOR MAX

APy 1 POl &7 1 EBOS 082307 0124 EM 4E 59.80 M 151 24.48 w EPS 5149 5l4d

ARP0Tod 1 POl &7 1 FLT 082307 0132 E 46 59,65 M 151 24,37 WwGPS 5164 5l64 ARG 2352/IDEOLLE

4®R0TM 1 P01 #E 1 FOS 082307 0442 HE 46 S%.61 ¥ 150 18.01 W GRS 5037 5037

d%R0T04 1 PO &5 1 BIC 082307 0449 46 59.61 W 150 17.%0 W GPs 5043, 5043 1,83 14.1C

APy 1 POl R 1 EBOS 082307 GRDD BO 4E 59.35 ¥ 150 17.7 w EPs 5052  Lp4s 10 5059, 5131 13 1-8,27,37,83

ARP0Tod 1 POl BH 1 BOS 082307 0756 EN 46 5H.80 M 150 17.20 WGPS 4593 4994

4BROTM 1 454 1 [ME 082307 0906 HE 46 5%.06 ¥ 14%-54.84 W GPS 5147  Bi4H FOG WATER SMEL FOR TRACE ELEMENTS (§50)
ARG 1 454 1 [ME 082307 1039 EN 46 59.58 ¥ 149 18.78 W GPS 5073 5074

APy 1 POl -] 1 EB0S 082307 1115 BE 4E 59.82 ¥ 149 9.04 W EPs 5058 LOSH FOG

ARP0Tod 1 POl -] 1 EOC 082307 1125 m 46 59.77 M 144 8.3 wWw GRS 5067 SOSA 1 13.8C

4BROTM 1 4EE 1 [ME 082307 1147 HE 46 5966 M 14%- B.75 W GPS 5065 BDSS FOG WATER SMFL FOR TRACE ELEMENTS (§51)
d%R0T04 1 PO L] 1 BOS 082307 1236 B0 46 59.50 W 149 B.67 W GPS 5056 5054 10 5068 5l40 33 1-8,23,24, 26,27

AP 1 455 1 DMK 082307 1%47 EM 4E 59.58 ¥ 149 8.7 W EPS 5056 LOSs

ARP0Tod 1 POl -] 1 BOS 082307 1442 EN 46 SH.82 M 149 8,54 WwGPS 5063 5063

4BROTM 1 456 1 [ME 082307 1516 HE 46 SH.TT M 148 59.21 W GPS 5029  5D2§ FOG WATER SMEL FOR TRACE ELEMENTS (§53)
ARG 1 456 1 [MF 082307 1735 EN: 4T 0.59-% 148 V.88 wGPs 5007 5007

APy 1 POl [ 1 EB0S 08z3n? 1754 BE 4T 0.E6 M 148 2,67 wEPs 5004  S003
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08507
0a2507
oazs07
oE2s07
08507
0a2507
oazs07
oE2s07
08507
oaz607
oazE0T
o8ze07
082607

1807
1831
1917
2035
2107
2114
O2E
[fkl]
0105
0148
0315
EL L
0351
OR56
o703
oTin
0T
(811
o940
1007
1017
1412
1421
1434
1535
1714
2008
2015
21149
2313
axle
[l
040
0327
o515
oz
@34
OE47
ausy
1131
1455
1503
1602
1744
2116
2125
2223
ootz
0328
Q336
433

BEEHHURERAE AR E R E AR EA MR EERNE BB EREEEERE

a7
aT
47
a7
a7
aT
47
a7
a7
46
46

065 M
LI |
051 N
0.35 "
0.2TH
0.2 M
0.22 W
016 H
046 M
5989 M
59.70 W

46'59.58 H

ae
aT
47
a7
ae
46
46

5935 N
0,14 M
0.07 W
0.01 "

Cade N

5963 M

59.17T W

46 GA.9E W

A&
46
4k
46
A&
46
47
47
a7
47
47
47
a7
47
47
46
A&
46
4k
46
a7
47
47
47
a7
46
4k
46
A&
46
4k

GR.H1 M
54.089 M
b4.08 N
B4.05 M
5400 M
53.88 N
1.18 M
110 M
0891 M
0.50 ®
0.85
0.6 M
OEE'N
0498
0.17 8
59,1 M
G963 M
59.55.H
53.35' M
5347 M
LATH
L.7S:H
LD M
0.45 M
00N
59.98 W
53.71L H
59.14 M
5993 M
5347 W
59.58 N

148 e0 W

GRS

148 2.37T W GFS

148 2.21 W
148 1.88 W
148 1MW

GPs
GRS
GRS

148 1.71 W GFS

146 55.76 W
146 55.59 W
14T 4.06 W

GPs
GRS
GRS

146 55,86 W GFS

146 55.70 W
146 55.55 W
146 55.35 W

GPs
GRS
GRS

145 4904 W GFS

145 48.88 W
145 48.77 W
145 4863 W

GPs
GRS
GRS

145 48.40 W GPS

145 48.15'w
145 47,48 W
145 47,702 W

GPs
GRS
GRS

144 25.5% W GFS

144 26,05 W
144 26.04 W
144 36,18 W
144 26.07 W
143 30,18 W
19%°30.10- W
1932984 W
143 29. 713 W
142 36,39 W
143 26,30 W
142 26,20 W
142 26.29 W
142 36,26 W
141 21,17 W
141 #2114 W
141 2118 W
141 21,16 W
1 21,38 W
140 r3.52 W
140 13.49 W
140 13,56 W
140 13,80 W
135 4,15 W
139 4,11 W
139 3.0 W
136 MW
137 57.€0 W
137 51.62 W
137 57.80. W

GFs

5002
5008
3007
5015
5012
5009
4508
4612
4915
4413
4811
4614
4416
A815
4808
AR0T
4814
A810
4808
ARDE
qEDE
A6EZ
AEBE
4EEL
AREE
1678
4549
4603
401
4601
4502
4502
A504
4506
4504
4418
Q431
4418
4420
4418
4330
4331
4331
9332
4231
qxz
4230
A232
4170
4171
4172

LA
5007
5006
Bhig
B0i2
5009
4909
4914
1916
4913
4913
4915
1918
4813
T
4806
4813
4808
T
4806
4807
4681
4882
4681
4682
4678
4539
4603
4601
4600
4502
4502
4504
457
4509
4418
4421
4420
4419
4418
4331
4332
4332
4332
4231

4239
4231
4170
4170
4172

g

]

10

10

10

5020

44930

4542

AEE0

4605

4524

A424

4348

4249

5087

4941

4EH1

4742

1687

4574

A4a1

4400

4295

4235

1,83

32 1-8,27,28, 37,83

1,%,1

33 1-8,2%, 24, 26,27, 51,33

36 1=8,2%, 27

36 1=8,12,13,23%,24,26,27,40, 43

1,43
31 1-8,27,28,37

1,591,433, 34, B2

32 18,23, 24,26, 27, 31, 33, 34, 81, 82

36 1-8, 22,27

1
30 1-8,12,13,25, 24,26, 27

1,83
30 1-8,27, 37,83

181,33
25 1-8,23, 24, 26,27, 31, 33

14.0C
FOGE WATER 3451 FOR TRACE ELEMENTS (#53)

FATM SMFL FOR STRELE ISOTOFRE (#16, 0.2M4

o e

14.2c
FOG WATER 3L FOR TRACE ELEMENTS [#54)

APED 43050/I0704095
13.7C

95T, THROOGH HULL PUMP FOR RN,
FOG WATER 3L FOR TRACE ELEMENTS [#55)

ARGD 43049/ TO00494

13062
FATN SFL FOR STRBELE ISCTOFE (#17, 0.2M4

14.0C
ATR MED/CHI SMPL
#2 AT CHLDR MAX

14.1C
951 THRGUGH HULL PIMP FOR RB.H.

14.40

14.€0



AROTOL 1
ADROTON 1
ABROTO4 1
ABRATOL 1
ABROTOL_1
ADROTON 1
ABROTO4 1
ABRATOL 1
ABROTOL_1
ADROTON 1
ABROTO4 1
ABRATOL 1
ABROTOL_1
ADROTON 1
ABROTO4 1
ABRATOL 1
ABROTOL_1
ADROTON 1
ABROTO4 1
ABRATOL 1
AQROTO 1
ADRATON 1
AREITO4_1
ABRIT0E 1
ABROTOL 1
ABROTO4 1
ABROTO4 1
ABRIT0E 1
ABROTOL 1
ABROTO4 1
ABROTO4 1
ABRIT0E 1
ABROTOL 1
ABROTO4 1
ABROTO4 1
ABRIT0E 1
ABROTOL 1
ABROTO4 1
ABROTO4 1
ABRIT0E 1
ABROTOL 1
ABROTO4 1
ABROTO4 1
ABRIT0E 1
ABROTOL 1
ABROTO4 1
ABROTO4 1
ABRIT0E 1
ABROTOL 1
ABROTO4 1
ABROTO4 1

FO1

FO1

FO1

=11k}

=11k}

=11k}

Qo
100
10
100
100
100
101
1o
10
A6
101
02
102
162
il
1043
1403
103
103
104
104
14

10
108
105
105
145
108
106
106
106
106

1
107

108
108
109
100
100
104
109
110
114
110
110

e e e e e e e e e e e e e e e e e e e N e e e e o L e i

oazen?
DEzenT
paze0?
nazend
oazen?
DEzenT
paze0?
pazend
oazen?
DazenT?
paze0?
pazend
pazen?
DEzenT
pazroT
pazTod
0azTo?
i Fa )
pazroT
pazTod
o8xTo?
i P
naxToT
o8xTa%
oaxTod
oazTo?
i
o8xTa%
oaxTo?
oazTo?
i
o8xTa%
oaxTo?
oazsn?
naxan?
ogxen?
oazen?
oazsn?
naxan?
ogxen?
oazen?
oazsn?
naxan?
naxan?
oazen?
oazsn?
naxan?
ogxen?
nazend?
oazsn?
naxan?

0eLE
0926
u3E
042
1035

1547
1855
1651
1726
1832
2152
2200
PESH
00Ee
01354
o401
(53
0625
{1938
O%ia
0951
1036
1210
1831
1539
1600
1620
17386
2107
2118
2153
2312
aJ10B
116
a151
0257
0506
514
0552
a70z
auld
023
0528
1001
1116
1329
1337
1413
1528
1738

ae
46
46

ae
46
47
a7
a7
46
47
a7
a7
aT
47

ae
46
46
a7
47T
a7t
4k
46
a7
47
47
47
a7
46
4k
46
A&
46
4k
46
A&
47
47
47
a7
46
4k
46
A&
46
4k
46
A&
BN 46
EE 47

EEREEEEREEREREREBEREREENUNBEEREBEREBEREEREREREERE

Cg.20 N
59.86 M
59.75 K

46'59.74 H

Ca.54 N
5903 W
025N
018 H
0.0
59.94 N
016N
1,580
151w
12T H
0.88 W

46'59.81 ®

595N
59.52 W
59.15 W
0.13% 1
008N
008 M
53.82 N
5930 M
0AT N
0458
0.41 8
035 M
03T N
5882 W
58.31 N
Bl M
GROED N
59.90 W
53.8% N
59.7% M
5962 M
0.2T w
0.24 ¥
018 M
005N
53.859 N
53.85' M
G984 M
59,75 M
59.52 W
53.80 M
59.7% M
9. 65 M
53.38: W
0.1% ¥

57.96 W GPS
51.25 W GFS

51,
3 1
o7
5.
44,
4.
4.
1348
43,
=,
3.
3
6.
28,
28,
R
7.
o5,
22,
22,
24,
#,
14,
14,
14,
1%,
4.
23
2,
1,
1,
3.0
22,
a9,
2%,
3886
8.
s,
8,
58,
Bk
55,
55,
5.
12,
-
i1,
11,
28,

37

27

21
25
23
21
a5
a1
o7

B
a3
15

a0
a0
i)

a7
16
05
04
k]
£l
16
10

E 2

3979397979397 939: 9293933838

12
(i)
46
23

1
T8
27

T8
&0
11
25
20
17
a2
47
16
i}
1
57
17

W
w
w

GPs
GRS
GRS

W GPE

W
w
W

GPs
GRS
GRS

W GPE

W
w
w

GPs
GRS
GRS

W GPE

W
w
w

GPs
GRS
GRS

W GPE

W
w
W

GPs
GRS
GRS

:

=
G

am
d417L
4188
4165
173
4165
4147
a4z
a4z
a14a
4146
345468
ao0L
4000
350
3630
3644
3642
3657
3301
3300
3709
32488
3304
204z
24938
2644
2645
045
2635
263z
2632
ZEzE
2564
2563
2578
EET3
FioR
2124
L
216
2699
2701
2608
2700
2701
2633
2633
2632
R34
285z

417
170
4189
1164
4174
1165
4147
4142
141
A146
4146
3699
4001
000
3G9E
3640
3644
BT
T
3301
3300
3299
3299
3305
2047
2940
2944
2945
3045
2635
2632
2631
FR22
2563
2563
2578
2572
2127
2725
Fran
2727
2699
27m
2647
700
701
2633
2633
FEAZ
2634
2552

10

177

4161

q012

3668

133

20432

2635

257

2730

1oz

ZE36

4228

4202

4055

36496

20649

25

2599

2752

et

2659

36 1=8,22,27

1
36 1-8; 12,13, 23, 24, 26,27, 40, 43

1,83
28 1-8,27, 28,37

1

T 1=8,23,24,26,27

36 1-8, 22,27

1,80, 33,04, 82

an -8, 0%, 54, 96,27, 81, 99, 34, 82

1.
3% 1-8,09, 54, 26,27

1,83
22 1-8,27,47,43

1

3% 1-8,12,13, 2%, 24, 26,29

31 1=g,22,27

1,91, %9
231-8,23,24,26,27,31, 33

14.8C
95T, THROOGH HULL PUMP FOR RN,

15.4c

FATH SMFL FOR STAELE ISOTOFE (#1858, 0.2M4

15.3C

16.1C0

16.3C
951 THROOE HULL FIMP FOR BLN.

16.€0
ATH N20/CHY AND 005 SMPL

17.1c

17.1c

17.50
951 THRODGEH HULL PUMP FOR, 2.M.

18.1c

113



49ROTM 1 POL 111 1 BOC pB2adT 1745 47 .21 M 126 2B.45 WweEs 2h4E 254B 1,83 18.3C

A3RITH 1 POL 111 1 PROE DB2807T 1821 B0 47 O.30 M 126 2627 W EPE 2530 2550 5 2536 2572 24 1=8, 27, 28,37, 83

49ROV 1 POL 111 1 Poe D807 1928 B 47 0.26.0 126 27.88 WwoPs 2550 2550

49pi 1 PO 112 1 poE OB2AOT 2101 BE 47 0.19m 126 0.30 woss  2G5E 25ER

49ROTM 1 POL 112 1 BEOC pB2A0T 2111 ™47 0.24m 126 0.30 wes 2658 2567 1 18.6C

A3RITH 1 POL 112 1 ROE DB284O7 2147 BO 47 O.31 MW 126 017 W GPE 2532 255F 5 2562 . 25E1 23 1=8,23,24,26,27,

49ROV 1 POL 1iz2 1 Poe DB28l7 2254 B 47 0.27 W 125 59.88 WoEs 2535 2535

49pi 1 PO 113 1 poE OB2S0T 0037 BE 47 0.35m 125 30.55 wess 1751 1950

49ROTM 1 POL 113 1 BEIC OB2EYT 0046 ™47 0032 m 125 A0 56 wees 17 1750 1 18.7C

A3RITH 1 POL 1i3 1 PROE DE280T 0110 BO 47 025 MW 125 3062 W EPE 1736 1757 5 174 1756 I8 1=8,23,24,26,27

49ROV 1 POL 113 1 POs DB23OT 0L5E B 47 0.06.1W 125 30.87 woes 1748 1749

49pi 1 PO 114 1 poE OB2SOT 0358 BE AT S.02 M 128 388 WwoEs 906 -

49ROTM 1 POL 114 1 BIC OB2ENT 0406 M 46 59,97 m 125 3.41 wess 952 G52 1,31,33,34,82, 83 18.1C

A3RITH 1 POL 114 1 PROE DE250T 0421 B0 46 39,94 M 125 3048 W GPE 436 SE6 22 444 850 16 1=8,23,24,26,27,31,33,34,37,81, B2 HABE MERSUFED BEY L&DCE
49ROV 1 POL 114 1 mE 0BT 0440 46 58.91 ® 125 3.57 Wwoes 1031 1031 AR WeO/CHA aND SMPL
49pi 1 PO 114 1 pDE OB2SOT 045% EM 46 5087 M 125 364 woms 1038 1038

49ROTM 1 POL 115 1 P02 DB2EDT 0635 BE 46 5634 M 124 5B.91 W &Es 280 280

A3RITH 1 POL 115 1 BIC DBE2%0T 0657 46 36.32 M 124 5B.93 W GBS aGe 306 1 1T.8C

49ROV 1 POL 115 1 POe D30T 0708 BD 46 56.30 W 124 59.02 W &F5 287 287 10 318 322 6 1-8,27

4WEOTIM 1 PO 115 1 poE OB2S0T 0721 M 46 56,28 W 124 59,30 w o= 294 2449

l‘iﬂlﬂ[&ﬂf’l‘ﬂ-‘!:l 163 1 [ QE2%0T 0331 EE 47 3,83 W 125 17.05 woes 1746 1746 FOG WATER SMPL FOR TRACE EIEMENTS (fAba)
AREDTH L 463 1 e OB2507T 1247 EM 47 33391 126 38,74 W GPE 2381 2341

Farametar

1-3alinity, 2=Omygen, 3=Silipate, 4=Mitrate, S-flitrite, 6~PHOSPHATE, T=CFC-11, 8=CFC-12, 12-AYC, 13=F7C, 22-9709, 23= Tetal cavbes, 24=-Alkalindty, 26-PH, 27-CPC-113, 28-Carban tetrachlarids, 31= CH, 33-H0,
W=Chicrephyll &, 3T=Bicgenic salfor serpounds, d0=Particulate epganie carbos, 42= Almdsnes of bacteria, 49=Plubopiom, €4= Incibatios, Bl= Partimslate arganic matter, Sf="N0;, B3=Particulate inorganic matter

14



49MRO706_1.sum file

P1/FLd REV RSV MIRAL CRUISE MROTO6

EXPOODOE ZECT STHHER CASTHD TYPE DATE TIME COOIE IATITUDE  1ONGITUDE NAV [CEPTH DEPTH  BOTTOM (00T PEESS BOTTLES DARAMETERS COMENTS

ARROTCE 1 a0l 1 UmE 100807 0245 A0 34,48 M 141 31.9% E GFS =5 =4 BATK SMPL FOR STRELE ISOTOFE #L

4REO0T0E 1 602 1 ImE 100%T 0208 B 40 34,25 M 144 33.80 EGrE 425 =g FELEASING EXCESS TWLET.OF CID CAELE

GRPOTE 1 anz 1 e LOOSLT 0703 M40 31.70 W 144 3276 EGpe 73R =0 WOUT 0000, WETIGHT OF 300KE WITH
COMPRSS/TILT METER

ASROTCE 1 an3 1 UmE L00%ET 0455 A0 29,45 M 145 3.27 E @2 5965 =9 BATK SMPL FOR STRELE ISOTOEE #2

4%m07T06 1 POL 24 2 PBe 101007 1028 BE 42 20,11 W 152 5.48 EGrs 51200 5113

GapOTie 1 POL 23 2 BUC LOL04T 1036 w42 20,07 W 1562 547 Ecps 5123 G118 1 18.2c

49R070E 1 POL 24 2 RS 101007 1149 BO 42 19.82 1 152 5.43 E G2 5127 5118 11 5135 5205 33 1=-8,27

A8ROTCE 1 POL 28 2 PROS L0LOOT 1408 EM 42 19,50 M 152 5.52 EGPE 5130 3126

4%m07T06 1 POL 29 2 PBIG 101007 2304 B 42 4L.0% W 152-41.25 EGre 5313 5312

GapOTie 1 POL 23 2 BUC LO104T 2213 Rl 42 41.08 w152 41,28 B e 5311 5310 1 15.12

49R070E 1 POL 29 2 PBOE 101047 2328 BO 42 40.B% ™ 152-41.30 E GP2 530 5307 11 53z 5400 34 1=-8,23,24, 26,27

ARROTEE 1 FOL 2% 2 ROS 101107 014% EN A2 a0.24 M 152 41.14 E G 5311 5310 A SHREIMP IN ZEC TC=DUCT

4%m07T06 1 POL 30 1 RIe 101187 0447 BZ 43 5.50 ™ 153 19.50 EGre 5165 5164

4WE0TEEe 1 POL 30 1 BOC LO01147 0456 43 G.41 w153 19,43 E @ps 51EY 5161 1 14.9c

JJM'IRIJTGE:I POl a0 1 ROE 101107 Oe09 B0 43 4.92 M 153 19.50 E G2 5165 5143 11 5212 5261 34 1=8, 27,28

dRE0TEE 1 POL 30 1 ROE 101147 0825 EM-43 5,45 M 153 20,14 E P2 5175 3173

dﬂ-mﬂ'?ﬂﬁ:l Bol 3z 1 P08 101007 1442 EE 44 4.7% M 154 5B.18 EGFE 5357 5366

4WE0TEEe 1 POL 32 1 BOC 101147 1452 el 44 4,80 M 154 EB.30 E Eps 535G 535A 1 12.%

qﬂmﬂ?ﬂﬁ:l POl 32 1 PRCE 101107 L1606 B0 44 4.83 M 154 GR.9E E GPE 5344 5343 10 5401 5452 34 1=8,13,13,23,24, 26,27

48RO7T06 1 POL 32 1 PG 101107 1428 EN 44 4,73 M 154 58.87 E Grs 531 5312

A%p0T0E 1 604 1 e 101107 2141 43 37,71 W 154 17.07 E R 5553 5E5S RRTH EMPL FOR STRELE ISOTOPE #3

ARE0T0E 1 POL 31 1 PF0E 101107 2220 BE 43 33.88 M 154 9.43 E GPs G45F SaG2

A8ROTEE 1 POL 31 1 BIXC 101107 2238 M43 33.90 M 154 9.49 E GPE 5455 5465 1 14.5C

A8ROT0E 1 POL 31 1 m 101107 23252 I 43339 M 154 9.81 E GPs 5450 5451 300 THEOUGH HILL PUOMF FOR R.N.

4WpOT0E 1 POL 31 1 R0E 1011487 2344 BOOA3 33,88 M 154 10.25 EGPE 5453 Sqbd 10 5486 5hA1 36 1=-8,23,27

ARE0T0E 1 POL 31 1 F0E 101207 0205 EM 43 3384 M 154 11.73 EEPE 5474 5475

A8ROTEE 1 POL EE] 1 PROE 101207 0413 BE 44 34.58 M 155 47.29 E GPE 513E 5133

48RO7T06 1 POL EE] 1 BUC 101207 0422 I 44 34,58 M 155 47.34 E Grs 5135 5135 1 12.2C

4WpOT0E 1 POL 13 1 P08 101207 0533 B0 A4 34,55 M 155 47,75 E P2 5138 5138 11 5157 5228 34 1=8.27

ARE0T0E 1 POL EE] 1 PFpE 101207 1150 EM 44 34.42 ™ 155 48.73 E P2 5147 5148

A8ROTEE 1 POL 341 1 PROE 101207 1520 BE 45 4.26 M 156 3R.00 EGEE 4TTE ATTH

48RO7T06 1 POL k5] 1 BUC 101207 1528 I 45 4.25 M 156 3B8.04 E Grs 4185 4786 1 1.0

4WpOT0E 1 POL 34 1 P08 101207 1E36 BOOAS 4,38 M 156 3B.23 EcEE ATEE 4766 10 48T 4852 32 1=8,23,24,26,27

ARE0T0E 1 POL 34 1 PF0E 101207 1856 EM 45 4.91 ™ 156 38.80 E G 473 4TH

A8ROTEE 1 POL 35 1 PROE 101207 2233 BE 45 33.85 M 157 FR.6Y E GPE S03E 5031 N0 HEAVE MOTION OF CRAME

48RO7T06 1 POL 35 1 BUC 101207 2240 I 45 .33.86 M 157 28.70 E GPs 5037 5037 1 1010

4WpOT0E 1 POL 35 1 R0E 101207 2351 BOAS 33,83 W 157 20.10 EcRe G022 Loz 10 5345 5100 32 1=-8,.27,28 OXY¥ SMPL FOB U.W,

ARE0T0E 1 POL 35 1 FpE 101387 0155 EM 45 3276 M 157 30.02 E P2 49956 4985

A8ROTEE 1 POL 36 1 PROE 101307 1111 BE 46 .32 M 154 19.66 E GFE 4433 4838

48RO7T06 1 POL 36 1 BUC 101307 1132 46 4.24 M 154 19.52 E Grs 4837 4836 1 9.5

4WpOT0E 1 POL 36 1 P0E 1001307 1236 BOOA6 3,93 M 158 19.56 EGFE 4835 4835 11 4851 44914 32 1=8,23,24,26,27

ARE0T0E 1 POL 36 1 F0E 101387 1445 EM 46 341 ™ 158 20.21 E GRS Q416 4816

A8ROTEE 1 POL 37 1 PROE LOI3OT 1828 BE 46 34.22 M 159% 12,94 E GPE 5130 513

48RO7T06 1 POL 3 1 BUC 101307 14908 I 46-34.05 M 159 15.48 E Grs 5116 5115 1 9.5

4WpOT0E 1 POL a7 1 e 101307 1490E 46 33,90 M 159 13.5% E G 5106 5106 801 THROUGH HOLL PUME FOR BN,

15



ABROTOE 1
ADROTOE 1
ABROTOE 1
4BRATOE 1
ABROTOE 1
ADROTOE 1
ABROTOE 1
4BRATOE 1
ABROTOE 1
ADROTOE 1
ABROTOE 1
4BRATOE 1
ABROTOE 1
ADROTOE 1
ABROTOE 1
4BRATOE 1
ABROTOE 1
ADROTOE 1
ABROTOE 1
4BRATOE 1
ADROTOE 1
ADROTOE 1
AREITOE 1
ABRII0E 1
ABROTOE 1
4BROTOE 1
ABROTOE 1
ABRII0E 1
ABROTOE 1
4BROTOE 1
ABROTOE 1
ABRII0E 1
ABROTOE 1
4BROTOE 1
ABROTOE 1
ABRII0E 1
ABROTOE 1
4BROTOE 1
ABROTOE 1
ABRII0E 1
ABROTOE 1
4BROTOE 1
ABROTOE 1
ABRII0E 1
ABROTOE 1
4BROTOE 1
ABROTOE 1
ABRII0E 1
ABROTOE 1
4BROTOE 1
ABROTOE 1

16

FO1

FO1

Y

o

oo

]
EOE
=]
35
40
a0
an
40
q1
a1

11
q1
42
L s
4z

xi3
X13

¥13
13
13

43
44
44
a4
44
45

45
q5
45
46
46
16
46
47

17
a7
47

L Y N S S S N S

e e e e e e o S I e e e e e e S L e o S S T 5

101307
101307
inl4o7
1ni40%
101407
101407
inl4o7
1ni40%
101407
101407
inl4o7
1ni40%
101407
101407
inl4o7
1ni40%
101407
101407
inisp7
1msat
10sp?
101507
ia1sn?
101507
osp?
101507
ia1sn?
101507
osp?
101507
ia1sn?
101507
0sp?
101607
101607
101607
10ten?
101607
101607
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22.05
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30.43
30,48
30.61
30.45
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59.28
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38.58
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44.57
43.14
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59.50 E
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S8dE
SE4B

5040
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i
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5314
5356
5242
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5T
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£205
B347
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1
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1

35 1=8,23,24,26,27

36 1-8,22, 27

1
36 1-8, 23, 24,26,27

1
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1
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quzz
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€498
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4964
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Leos
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Ee39
LeTe
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22 1-8,27

1
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1
6 1-8,1%,13,2%, 24,26, 21, 42, 43

1
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1
45 18,23, 24, 26,27
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46 59,26 N
47 024N
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47 5951 W
4T 59.30°H
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4% 29.86 W
49 29,46 8
4% 2844 M
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50 041 M

031 N
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50 14.45 M
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59,41
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57.85
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59.37
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58,47
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g.08
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5536
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ds18
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5023
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e
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LE3im
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35 18,15, 27,45

34 1=-8,27

35 1=8,2%, 24, 26, 27
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49RO 1 PL4M a3 1 B80S 111307 0015 BE 2 0.13 ¥ 178 59085 E GRS 2811 2pi2

dROT0E 1 PLAN 83 1 HOC 111307 (d2a WAL O.18 M 178 59.84 EGPS 2807 ZBOY 1 27.1c

A®POHE 1 PLAN 83 1 Bos 111307 Q105 Bo 21 0.2B W 1V 59.80 EGPs 2796 2798 B 2811 2832 25 1-8,27,B5

A%POT0E 1 PLAN &3 1 mos 111347 0220 EN 21 0.58 W 17E 59.71 Eges 2773 73

49RO 1 PL4M a3 1 FLT 111307 Q228 CE 2 0,66 M 178 59088 £GP 2T 2744 ARGD #3333/I075745
dROT0E 1 PLAN -0 1 FOS 111307 (M4B BE 20 30.300M 179 0.65 EGPS 3358 3359

A®POHE 1 PLAN B4 1 BIC 111307 0455 w20 30,34 W 176 59.99 E GPs 3328 3328 1 27.2C

4PITE 1 PLAN 2 1 omE 111307 0803 N 20 30037 W 1R 59.463 Eges AXTL @M 20L THROOGH HILL PIMEP FOR B.M.
{R-ﬂﬂ?ﬂﬁ:l Pl4m -1 1 ROS 111307 0539 BO 20 3044 M 178 B9.88 E GPS 3E35 3324 10 3313 3240 26 1=8,27

ARROT0E 1 FL4N -0} 1 FOS 111307 0654 ENO20 30.83 M 178 59,56 E GPS 3351 3353

dMGTﬁﬁ:l PLAN 85 1 EBOS 111307 OW3E BE 20 0.04 ¥ 170 0.03 EEPS 4129 4123

ARP0T06 1 - PLAH 85 1 EBEOC 111307 0946 m 20 0,07 M 179 0.0 EGPI 4145 4142 1 2M.ac

4BROTIE 1 PLN AL 1 ROS 111307 1044 B 20 034 M 178 59.98 E GRS 4149 4149 9 4lBs 4221 20 1=H,23%,24,26,27

A2R0T0E 1 PLAN 85 1 BOS 111307 1224 B0 0.8T7 W 178 59.67 E GPS - 4250, 4249

ALPOT0E 1 PLAN -1 1 EBOS 1311307 1448 BE 19 30.47 ¥ 198 0.13 EGPs  4T7L 470

ARP0T06 1 - PLAH BE 1 EBEOC 111307 1456 m 1% 30.51 ¥ 179 0,87 EGP3 ATTR 47N 1 27.8¢c

4BROTIE 1 PLN BE 1 ME 111307 1501 1% 3056 M 176 0.07T EGPS 4TT0 47489 BOL THROMGH HILL PIMP FOR B.M.
A2R0T0E 1 PLAN L1 1 EBO5 111307 1603 BO.1% 30.99-8 178 59.492 EGPS 4ATTL. 4T 11 4811 4B36 36 1-8,22,27,32, 34,84, 86,87

ALPIT0E 1 E11 1 DMK 111307 1635 Wy 1% 31,10 M 176 59.98 EBPS 4769 4768 FATN 5L FOR STRELE ISOTOFE 421
ARP0T06 1 - PLAH BE 2 BEOC 111307 1TiS m 1% 31.36'W 178 59.84 E GRS ATTE 4775 32,34, B4, 86,87 PLAMKTON NET
4BROTIE 1 PLN BE 1 ROS 111307 1765 EN 19 31.7: M 178 B9.60 E GRS 4TT0 47489

A2R0T0E 1 PLAN &7 1 BOS 111307 2022 BE 1% 0.22 ¥ 1768 59.%0 E GPFS  4821. 4821

ALPOT0E 1 PLAN &7 1 BOC 111307 2031 my 1% 0.30 % 176 59.80 E GRS AEEL 4821 1 27.7c

ARPET0E 1 B4z 1 DME 111307 2040 m 1% 0.35 M 178 59.7 E GRS 4820 4819 ATR SMPL FOR BVOC §17
4BROTIE 1 PLN &1 1 ROS 111307 2139 B 1% (.86 M 178 59.39 E GPS (825 4B2S 10 4ge?  4B9O 331=8,12,13,15,23,34, 26, 27, 45

A2R0T0E 1 PLAN &7 1 BOS 3111307 2330 EN-1% 1,81 W 176 58.%6 E GPS  d814  4Bi4

ALPOT0E 1 PLAN R 1 EB0OS 111407 G203 BE 18 30.18 ¥ 170 0.30 E GRS 4500 4499

ARP0T06 1 - PLAH BH 1 EBEOC 1171407 011 m 18°30.32 M 179 033 EGP3 4500 44399 1 2n.8c

4BROTIE 1 PLN #E 1 FOS 111407 0316 BO 18 3085 ¥ 176 0.37T E GRS 4570 4549 10 4887 4563 31 1=8,15,27,45

A2R0T0E 1 PLAN &5 1 BOS 111407 0504 EN: 1B 31.61 W 179 0.11 EGPS 4751 4752

ALPOT0E 1 PLAN -] 1 EBOS 111407 0732 BE 18 0.04 ¥ 176 59.69 E BPS 3T46 3748

ARP0T06 1 - PLAH -] 1 B=oC 111407 oT40 m 18 0.0% M 178 59.66 E GRS AT4E 346 1 21.7c

4BROTIE 1 PLN E- 1] 1 ME 111407 OT4R W18 015 M 17%R S9.E2 E GRS 3T 3739 20L THROUEH HILL PIMP FOR A.M.
A2R0T0E 1 PLAN L] 1 BOS 111407 0836 BO. 18 0.47 ¥ 176 59.5%6 E GPS 3645 3646 5 3M0. 3781 2T 1-8,27,28

ALPOT0E 1 PLAN -] 1 EB0OS 1311407 1004 B 18 1.07 M 176 59.29 E EPS 35200 3520

ARP0T06 1 - PLAH ] 1 BOS 117407 1230 EE 17 30.26'W 174 0,15 EGP3 47T 48

4BROTIE 1 PLN 4] 1 BEIC 111407 1341 1T 3035 176 0.16 E GRS (EB3.  4BA3 1 2.7

A2R0T0E 1 PLAN L] 1 BOS 111407 1348 BO. 1T 30.76 W 179 0.03 E GPS 4870, 4B43 10 4%p2 4945 32 1-8,23,24, 26,27

ALPOT0E 1 PLAN [ 1 B0OS 111407 1548 EM 17T 31,85 ¥ 176 59.80 E BPS 4864 4B84
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ABROI0E 1
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1038
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2127
21386
008
oole
(030
0127
0327
QE00
G610
OeLE
0res
T
1150
1158
1315
15824
16
1756
1811
1620
2119
2343
2351
aaon
a109
o3z
0545
555
a6
0715
0830
1144

1158
1501
1639
1858
1408
2008
2151
2158
oals

0025
Q02e
a1s1

BE 16 59

LR

W16 5%.81 M

15 3n.

14 30.
14 =0
14 30,

14 51,

B EEREEEEHEER EREBREREREEREREERHEEE

1% 300

FEHEBEREEE

[y
1]
(L= N = R == R ==

LN
A4 H
EEN
a0 M
AZ W
LBEH
AT
1M
AT H
AT H
0T M
AT M
22 H
JSENH
A0
L20M
AL H
55 N
U1 N
55N
ST N
JBEH
EEN
Al w
16 "
16 M
154
A3
26 M
PEM
J2EH
Al W
L33 N
AT H
(i

178

G383 E

GRS

178 59.70 E GPS

178
178
178

59.713 E
L9614 E
5353 E

GPs
GRS
GRS

178 59.10 E GFS

178
178
178

59.25 E
59,68 E
G369 E

GPs
GRS
GRS

178 59.70 E GPS

178
178
178

59.64 E
£9.34 E
G995 E

GPs
GRS
GRS

178 59.92 E GPS

178
178
178

59.87 E
BAME
Ga.E2 E

178 59093 E

178
178
178

59.89
59.€1
G904

178 59.84

178
178
178
178
178
178
178
178
178
178
178
178
178
178
178

178
178
178
178
178
178
178
178
170

178
179
178

E
E
E
E
59.87 E
5449 E
5944 E
5H.66 E
59.53 E
5948 E
5942 E
E8.01 E
58.45 E
5946 E
5978 E
59.70 E
59,60 E
5964 E
5961 E

5961
59.46
SH.EE
5%.75
59.67
59.45
59.21
5%.33

0.17

856988838

0.2 E
0.02 E
59.62 E

RE RN AERRANAAARASARABERT

R

S4B6
546
5465
1]
SET3
SRES
SToL
SE64
3537

3554
LT
4137
4337
4294
4214
4099
4146
S04

5473
54975
5073

4710
d659E
1698
4711
4739
4791
4782
4978
4980
1983
4978
4974
L£232
5245
5255
B2
L2658
5334
5338
327
Elel
Ba14
E412
415
5417
5417
L4BS
E4az2
Ed4BS
5478
Ldaq
Ledg
EET
LeRE
E7o1
Lead
3536

1o

1o

10

10

4765

i

ELT]

Eeo5

L

4272

BO31

4770

5053

L343

L4149

L500

5571

5175

3gg2

1317

6074

1,32,%4, 84, 86, 87 27.%C, PLANKTON MET
BOL THROUGH HULL PIMP FOR R.N.
36 18, 22,27

FAIN 3FL FOR STREIE ISOTOFE 422

ARZD #3332/I075744

1 28.2c
AIF SMPL FOR BVOC #18

32 1-8,23, 24, 26,27 #24 MISS TRIE

1 28,00
20L THROUGH HULL FIRMP FOR R.N.
34 1-8,27
1 27.5C

34 1-8,15,23,24,26,27, 45

1,32, %4, 84, 86, 87
36 1-8,15,27,3%, 34,45, 84, 88, 47

27.9C, PLANFTCH MET

FAIN SMFL FOR STREIE ISOTOFE 423

1 28000
BOL THROIGE HULL PIMP FOR F.N.
36 1-8,22,27

i 800
ATR 8MPL. FOR BVOO #1939
36 1-8,1%,13,2%, 24,26, 29, 42, 43

SI0FPED 2HE AT 718 O DOMM CRAST IUE TO
WINCH TEIRIELE
1 za.00
S8 1-8,09, 594, 26,27

1,32, 34, 84, 66, 87
4 1-8,15, 27,45

28_2C, PLANFTCH MET
#18 MISS TRIP

APED #3343/1D75755
WITHOUT FLOOROMETER, FEPLACED BRI CHD
EEME0R
1 28.2C
201 THROUGH HULL FIMP FOR B.N.
36 1~8,15,23, 24, 26,27, 45
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ARROTOE 1 PLIN 108 1 1127007 0417 ENM 12 31.69 M 170 5B.984 E &e= 5904 5973

ARITHE 1 PlAN 101 1 112707 D645 GE 1% 5%9.94 M 178 59.86 E GP3 5396 59454 WITHOUT FLUOFOMETER

A9MROTOE 1 PLAN 101 1 L1177 0656 i 11 58,97 ™ 178 59.73 2 Gpg 600G edde 1 2B.2C

49pi70E 1 PlaN 101 1 113707 0828 BO 12 (.51 w178 B9.1% E &F5 5943 5443 4 6076 B9 36 1-8, 27,28 Y16 MISS TRIP

ARROTOE 1 PN 101 1 112707 1045 EM 12 1.48°M 178 GE.G0 E G2 5979 5578

ARITHE 1 PlAN 102 1 112707 1310 BE 1% 30.45 M 179 0.05 E GP3 5053 5052

A9MROTOE 1 PLAN 102 1 1127007 1318 11 30.48 w179 0.00 = @5 5016 5015 1 2B.2C

49pDN0E 1 a4 1 113707 1331 o 1% 30,57 M 174 B9.95 E GF5 4991 4440 ATE SMPL FOR BVOC 820

ARROTOE 1 PN 102 1 1127007 1428 BO 11 30,89 M 178 59.80 E 2= 5026  WOEG 12 44957 5405 33 1-8, 23,24, 26,27,32, 34,84, 86,87

ARITHE 1 PlAN 102 s 112707 1554 1% 31.40 W 178 59.5% E GP3 521% 5214 33, 34,84, 86,87 PLANETON HET

A9MROTOE 1 PLAN 102 1 111707 1631 B 11 31.58 ™ 178 B9.42 2 @y 5353 GB3E2

49pi70E 1 PlaN 103 1 113707 1854 EE 11 (.17 w178 B9.90 E &5 525% 5260

ARROTOE 1 PN 103 1 112797 1905 ™ 11 0.18°W 178 B9.H1 E GFE 0 5246 X6 1 28.1C

ARITHE 1 PlAN 103 1 112707 201% B0 1i 0.85 M 178 59.45 E GP3 0426 5425 11 5378 5376 34 1=-8,27,85 ¥5 MISS TRIFP

A9MROTOE 1 PLAN 103 1 111707 2221 B 11 1.36. w178 59.01 = @pg 5582  55EL

49pi70E 1 PlaN 104 1 113807 0045 EE 10 30, 34 179 0.22 E&s G476 54T

ARROTOE 1 PN 104 1 1131807 0056 ™ 10 30,42 W 179 0.17 E & L5467 5465 1 28.3C

ARITHE 1 PlAN 104 1 112847 0059 U 10 30.42 M 179 0.04 E GRS 5472 5472 200 THROAFEH HILL POME FOR B.N.

A9MROTOE 1 PLAN 104 1 111847 0214 B0 10 30,77 w179 0.08 2 &g LG40 S4TL 11 5478  5E45 36 1-8,23, 24,26, 27,85

AREOT0E 1 Fl4M 104 1 113807 0426 EM 10 31.03 M 174 B9.78 E /5 5412 5411

dﬂmﬂ?ﬂﬁ:l P1AM 105 1 111807 0648 EE 10 .19 MW 174 59.91 E &#5 5554 5853

AREOTHE 1 P14 105 1 1128{7 D656 10 0.25 W 178 59.83 E GP3 5535 5553 1 28.3C

&QI-IRD'?G-E»:]. Flay 105 1 113847 0814 BO 10 O.55 M 174 59.88 £ &8 5521 5521 % 5556 SE20 iz 1-8,2%

ARROT0E 1 1AM 105 1 113847 1022 EM 10 1.08 W 178 59.2Y 2 &@3 554 55

AREOTHE 1 PlAM x4 1 1132847 1250 EE 0% 25,56 W 174 49.86 E &#5 5577 G55TH

49MROTOE 1 Pl4N Xo4 1 111847 1258 ™I 09 259.57 0 178 49.65 B G282 5579 558D 1 28T

ARMOT0E 1 P14y x4 1 113807 1419 BO 0% 25.74 M 178 49.40 £ &8 5640 5640 13 5640, 5T0E 36 1-8,12,13,23, 24, 26,27, 40,42, 43

ARROT0E 1 1AM X04 1 113847 1635 EM 09 25,93 W 178 49.04 2 G2 5635  5R3R

AREOTHE 1 B4d 1 111847 1817 md 0% B 32 W 178 5710 E GBS G340 5433 RRIN SMPL FOR STRELE ISOTOFE #24

49MROTOE 1 Pl4N a7y 1 111847 1858 BE 09 (.30 0 178 59.84 B G22 5907 Sude WITHOUT FLIOBEDMETER

ARMOT0E 1 P14y 107 1 L13807 1947 m7 09 O0.29mM 178 59.87 £E &8 5908 5407 1 2B.4C

ARROT0E 1 1AM 107 1 1131847 1917 09 0,32 M 178 59.83 E @S G905 SH09 BOL THROUGH HOLL PP FOR BN,

AREOTHE 1 Pl4AM 147 1 111807 2028 BO 0% .33 W 178 59.77 E @5 5905 5504 % SE 0l 38 1-8, 15,22, 27,45 ¥3,12 MISS TRIP

A9MROTOE 1 649 1 111847 2037 ™I 09 0,340 178 59.78 B G228 D905 S5uld ATR SMPL FOR BVOC fl21

ARMOT0E 1 P14y 107 1 113807 2247 EM 09 O.72 0 178 59.58 £ &5 GE50 5450

ARROTV0E 1 650 1 113847 2257 09 0,01 M 178 59.64 E GPS GHSS  Laa2 BATM SMPL FOR STRELE ISOTOPE #25

AREOTHE 1 PlAM 104 1 111407 0012 EE 08 45.27 W 178 0.12 E GP5  A000 &300 WITHCOT FLOORDMETER

49MROTOE 1 Pl4N 108 1 112847 0021 ™I 08 45,31 0 179 0.06 B G282 D980 54491 1 28,50

ARMOT0E 1 P14y 104 1 111507 0145 BO 08 45.47 M 178 59.91 £ &8 6025 BOES 10 a0de 8095 36 1-£,15,27, 45 PRI WO SENSOR BROKE

ARROT0E 1 1AM 108 1 113507 0412 EM 08 45.75 W 178 59.24 2 @3 G970 547D

AREOTHE 1 Pl4AM 10% 1 111407 0535 EE 08 285.75 W 174 59.56 E &P5 G043 093 WITHCOT FLOOROMETER, LEFT BROFEM PRI CHD
SENSOR

ARMOT0E 1 P14y 109 1 LII%07T 0543 M7 08 25.78 M 178 59.53 £ &°8  &0G5  GOSE 1 28.3C

ARROT0E 1 1AM 10% 1 113407 07068 BO 08 3024 W 178 5922 2 @3 a0l Ed69 4 /147  E161 36 1-8,23,24,26,27

AREOTHE 1 Pl4AM 10% 1 111407 0937 EM 08 31.2: M 174 56.87 E &P5  A026  EGES

A9MROTOE 1 651 1 112847 1002 ™7 08 30.46 0 178 55.34 B =8 -G -4 RAIN SMPL FOR STRELE ISOTOPE. f28

Far&mater

1-3alipity, 2=Omygen, I=Silipate, 4=Mitrate, S-flitrite, 6~PHOSPHATE, T=CFC-11, 8=CFC-12, 12-AYC, 13=F7C, 22-9109, 23= Tetal cavbes, 24=-Alkalinity, 26-PH, 27-CPC-113, 28-Carban tetrachlarids, 31= CH, 33-HD,
M=Chicrephyll a, 3T=Bipgenic sulfur compoands, d0-Particulate crganic carbon, 42= Abundance of bacteria, 47=Plucondum, Ed4= Incubation, Bl= Particrularce organis matter, 82-"W0,, B3=Particulare imorganic matter
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49MRO706_2.sum file

P1/FLd REV RSV MIFAL CRUISE MROT06 LEG2

EXPOODOE ZECT STHHER CASTHD TYPE DATE TIME COOIE IATITUDE 1ONGITUDE MRV [CEPTH DEPTH  BOTTOM (00T PEESS BOTTLES DARAMETERS COMENTS

ARROTCE 2 Fl4N ing 2 UmE LIR30V 0934 BE 0F-35.3% M 178 12,28 E GP2 6362 6361 RELFASING FXCESE TWIST OF OTD CABLE
AFTER CUTTING OF THE CABLE {400M)

GRPOTEE 2 P14N g 2 ImEC 132307 1326 EM 08 3644 M 10A 11.92 E Ers RI1ET B4LE WOUT £200M, WEIGHT OF 300KE WITH
COMPRSS/TILT METER

ARROTCE 2 FL4N ing 2 BOE LIR3OT 1740 BE 09 29.7% M 174 59.45 EGPE 6045 BD495

AREOTIE 2 Pl4N 09 2 B 112307 1752 08 29.91 ™ 173 59.4% E Gre 6084  BOBS 1,34,86,87 28 .30, FLANKTON. NET

GRPOTEE 2 P14N g 2 PO 132307 1412 BOO08 30.2%m 178 50.4% E ore 60O BOGR 1 &d74 6156 36 1=-8, 23,24, 26,27 A NEW OPTOOE ACDED, “WITHOUT FLUOBOMETER

ASROT0E 2 PL4N ikl 2 ROE 132307 2140 EM 08:-°30.75 1 174 B9.2¢ E P2 6090 £OBO

ARROTOE 2 Fl4N iig 1 ROE L1407 0038 BY 0F-15.48 M 17% 0.33 EGPE 5814 3815

AREOTIE 2 Pl4N 110 1 B 112407 0049 08 15.54 ™ 179 D.33 EGre 5796 5796 1 2820

GRPOTEE 2 P14N 110 1 PO 132ady 0213 BOO08 15.62 M 179 0.17 Ecee 5737 5736 11 5A36 54l 35 1=8,27 §2 MISS THIP, #33 LEAK AT ICWER CHP

ASROT0E 2 PL4N 111 1 PROE 1324487 0435 EM 08:-15.685 1 174 S99 EGp2 572 5720

ARROTOE 2 Fl4N i1l 1 ROE LI2407 0630 BY 0d- 0.0 M 174 59.83 E@PE 5310 5311

AREOTIE 2 Pl4N 111 1 BT 112407 08 o8 0.03W 173 59.9%6 EGrs 5315 5313 1 2B.4C

GRPOTEE 2 P14N 111 1 PO 13xadT 0755 BO08 0.11 w19 D30 Eces 5307 5307 1 5313 5375 34 1-8,23,24, 26,27 ¥2, 43 FOR TC TECHMICAL STUDY

ASROT0E 2 PL4N 111 1 PROE 1324487 0%59 EM 08 D.24 1 176 0.9 E GP2 5418 5418

AREOTIE 2 FLAN il 1 FLT 112407 1005 E 08 0AT W 1T% 1.21 E GRS 5403 544 RRGED $33277107573%

JH-IRD'?EEZZ Pl 112 1 ROE 132407 1216 B 07 45.03 M 178 D.44 EGPE 5864 SEES

4WEOTEE 2 TN 112 1 BOC 13ixagyT 1227 w07 44.9% 1 170 D56 E GPE GHEE  GHEED 1 28.3C

JJH'IPJJTGE:E LN 1i2 1 [mE 132407 1236 07 45.02 M 17% 0D.E2 E GPE G861 SHAS 200 THROUGEH HULL PUME FOR BLH.

ASROT0E 2 F14M 112 1 R 112407 1345 B 07 44.92 M 179 D.6% E GPE 586E 5RGT I 5478 5966 36 1-6,27

4Wp0T0E 2 PlaN 112 1 P0E 132407 1621 EM 07 44,74 M 179 0.5% EGFE 5868 SEAD

AREOT0E 2 Flay 113 1 PFoe 112407 1815 BE 07 29,92 w178 50.50 E ops 5547 5547

ASMROTEE 2 Pl4d 1L 1 BIC 132407 1833 07 29086 M 174 S9.82 E GPE 5536 5538 1,34,86,B7 28, 4C, PLANKTCM MET

ASROT0E 2 F14M 113 1 R 112407 15 B 07 Z29.63 M 173 59.66 E GPrs 5342 5543 11 5557 5629 35 1=B,23,24, 26,27

4Wp0T0E 2 PlaN 113 1 P0S 132407 2200 EM 07 29.51 W 178 549.7¢ EGPE 5537 5537

AREOT0E 2 Flay 114 1 PFoe 112587 0002 BE 07 14.47 w176 0.21 E =P 5556 5BG66

ASMROTEE 2 Pl4d 114 1 BT 1325807 0010 07 14.44 M 17% 0,24 E GPE 5544 5545 1 2850

ASROT0E 2 F14M 114 1 RIS 13125407 0128 B 07 14:23 M 179 0.26 EGPs 5341 554D % 558 5631 35 1=6,27

A%P070E 2 652 1 e 132507 0140 07 14, 5% M 179 0.23 EGPE 5543 5h4d BRATH EMPL FOR STRELE ISOTOPE #27

AREOT0E 2 Flay 114 1 PFoe 1312587 0345 EM 07 14.01 w1 196 0.05 E =P 55445 5540

ASMROTEE 2 Pl4d 115 1 PROE 13258407 0523 BE 06 50092 M 17% 0.03 EGPE 5516 5516

ASROT0E 2 F14M 115 1 BUC 13125407 0536 06 59.8%9M 179 0.12 EGPrs 5315 5515 1 28.4C

4Wp0T0E 2 PlaN 11 1 P0e 132507 0651 BOO06 59.74 M 179 0.32 EcGPE 5516 5EiR 4 5530 Le0S 35 1=8,23,24,26,27

AREOT0E 2 Flay 115 1 PFoe 112587 0%00 EM 06 54,48 M 176 0.4% E =P3 5511  5b12

ASMROTEE 2 Pl4d 1i6 1 ROE 13125807 1056 BE 06 44.75% M 17% 0.11 E GPE S6TD 5671

ASROT0E 2 F14M 116 1 BUC 13125407 1106 06 44,73 M 179 0.25 E G 5671 5672 1 28,30

4Wp0T0E 2 PlaN 116 1 e 132507 1111 06 44, 7¢ M 178 026 EGPE HET3 0 LETS 801 THROUGH HOLL PUME FOR BN,

AREOT0E 2 Flay 116 1 PFoe 112547 1225 BO 06 44.54 m 1% 0.4% E &P 56780 5670 10 5896 5764 36 1=B,22,27 V2 ENTEA FOR FLM,

ASMROTEE 2 Pl4d 1i6 1 PROE 1328407 1451 EM 06 44.07 M 17% 0.B4 E GPE 5650 560D

ASROT0E 2 F14M 117 1 R 1312507 1642 BE 06 29.81 M 173 58.74 E Ggrs 5762 5742

4Wp0T0E 2 PlaN 117 1 BUC 132507 1652 06 29.76 M 178 SO.80 EGPFE 5763 5TES 1 28.2C

AREOT0E 2 Flay 117 1 PFoe 112547 1812 BEO 06 29,63 W 178 59,77 E GPs GUED 576D 9 5781 5E&D 36 1-8;23,24,26,27

ASMROTEE 2 853 1 DmE 1325407 1923 06 2958 M 174 S99 E GPE 5769 577D AR SMPL FOR BWOC #2332

A8ROT0E 2 634 1 UmE 1325407 2015 W 06 29.52 M 173 58.80 EGrs 5765 5766 BATK 3MPL FOR STARLE ISOTOPE fl28

4Wp0T0E 2 PlaN 117 1 P08 132507 202G EM 06 29.4% M 178 SO.B2 EcPE 5773 5773

129
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ARETE 2
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130

FL4N

Pl4m

PLaH
PL4H
Pl4m
FLaN
PLaH

118
118

655
118
118

110
1149
118
120
1x0
120
120
1z1
1x
121
121
1z1
1k
1x2
12

123
123

124
134
124
124
124
138
125

125

L e e e e e e Y C N e Y S i I

e e e e e e e e I e e e e o S i o L e o 5

11507
112507
112507
11607
112607
11607
11ze07
11607
112607
11607
112607
11607
112607
11607
112607
11607
112607
11607
112607
11607
11607
11607
11
11x7ma7
11X
11107
11
11x7ma7
11xT07
11107
11
11x7ma7
11X
11107
11
11x7ma7
11X
11107
11T
11x7ma7
11Ee07
112807
112807
11807
11Ze07
112807
112807
11807
11807
112807
112807

2220
LR
2348
kY
6218
347
(355
434
BELE
0736
2R
LR
1055
1316
1450
1458
1618
1725
1841
2048
2057
2215
o031
0300
308
TET
a4
K]
0816
T Fal
1036
1300
1440
1449
1609
1727
1826
2oaL
2039
2158
o7
eh3
0210
{20
0330
a2
542
o743
aTiL
GE57
1100

BE &
W06
BO 06

mOE

B OGE

EEEE

lagg M
14.498 H
la.36 W
14300
1439 M
008 M
0.1l N

C 033N

041 ¥

090 N
4.9 N
A5.0F N
15.18 M
A5 20 H
29.58 W
29.58 W

2949 W

93T H
29.41 W
14.48 H
1408 N
14.79 H
15.25 8
LY 48 M
G909 N
3.8
59,86 M
44,67 M
14 68 N
14.70 |
44.92 N
45.27T H
213N
2310 H
28.8T M
ZH.EE M
IHEE N
14.43
14.45 M
14.46 M
14.56 N
59.51 W
59,55 H
5958 M
69,50 N
3.3 H
59,63 M
44,98 M
d4. 9 N
14.60 W
44.91 M

178

178
178
178

178
178
178

178 59
59.
54.
0.
0.
0.
o.

178
178
178
174
178
174
178

178
178
178

178
178
178
178
178
174
178
178
170
174
178
179
170
174
178
179
170
174

179
170
174
178
178
178
174
178
179

5379 E GPS
178 59.80 E GPS
59.84 E
B9 E
0.3 E
178 59.84 E GPS
59.62 E
BT E
L3786 E

n
L
&4
19
1
a2
fie]

53:93
178 59.93

59.
54.

™
8

59.M
178 5963

54.
5a.

17
T2

59 .66

53.
59
o.

&6
34
(4]

5959

5%,
Q.
0.
.
Q.
Q.
0.
.
Q.
Q.
0.
.
Q.
Q.

E L]
(i3]
)
50
&0
El
54
50
48
17
17
27
6
34

E

B RO E

BoE R

[ I B

BoEA @A AR RR AR RRBREEA

LM E

.
59,
54.

0.

.

Q.

a0
63
55
13
a7
G2

178 59.93

o I I O R I

GPs
GRS
GRS

GPs
GRS
GRS
GPE
GPs
GRS

5782
5TRD
5791
5774
5701
57498
5197
5197
5709
57491
SEE3
SEET
5671
SEEL
5764
5758
5142
5738
5731
5692
SRUZ
5704
Shea
E0B
E117
E126
12z
LT
SRGE
5856
SRET
SEEL
SET0

5670

SET4
5674
SETE
55BL
SERD
SEEL
5576
5564
5573
5573
SE70

5570.

5505
5505
5504
s520

Lraz
5779
5793
5773
5792
5796
798
E798
57499
5740
Lead
LEean
Lemi
5661
5764
5757
5742
5739
5731
Eedd
693
5705
E7a9
E097
ELL7
6127
E120
LB5d
LRG2
5Ba6
L
Leao
670
5670
Ee73
L5
LET3
1.1
L1
L1k
L5785
5563
k572
L]
LEag
5570
Egay
L&
EE04
5504
E&20

10

10

10

5780

LR19

Eean

5T

5r21

6133

5873

Eegd

Ghag

ELR4

5514

5B72

593

s

LBSS

57491

6213

5a52

5764

5E70

EESS

h5a7

1
36 1-8,27

36 1-B2%, 24, 26,27

1
36 1=8,27

1
36 1-B2%, 24, 26,27
34, 86, 87

1
36 1=8,27, 28

1

36 1-8,23, 24, 26,27

36 1-8, 22,27

1

45 1-8,12,13, 2%, 24, 26, 29, 32, 34, 43, 84, 86, 87

34,06, BT

1
35 1-8,27

3L 1=H,23%,24,26,27

1
3 1-8,27

28.3C

FAIN SMFL FOR STRELE ISOTOFE 429

28.3C
20L THROOGH HILL FIMP FOR B.N.

2.2c
#2 EXTRAR FOR CFC
FLANKTOR KET

28.3C
#2 EXTEA FOR CFC

28040
WITHOOT FLOCRCMETER

7.6
BOL THROUGH HIOLL FIMEP FOR B.M.

27.4C

PLANETCH NET

27.5C
ATR, SMPL FOR BVDC 23

RAIN SM4FL FOR STRHEIE ISOTOPE 430

27,82
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ABROTOE 2
ABROTOE 2
ABRII0E_2
ABROTOE 2
ABROTOE 2
ABROTOE 2
ABRII0E_2
ABROTOE 2
ABROTOE 2
ABROTOE 2

PLiH

FL4N
FL4N

FLAN
FL4N
FL4N

FL4N
FL4N

Pl4m
FLaN
PLaH
PL4H
Pl4m
FLaN
PLaH
PL4H
Pl4m
FLaN
PLaH

129
124
125
130

124
130
130
EEY
130
130
13
131
B0
131
13
152
132
132
13
133
133

137

138
138

139
134
139
139

e e e e e e e e e e e e e e e e e e e e e N e e e e e L e i

11807
11807
112807
11ka07
11807
11807
112807
11k07
11807
11807
112807
11kand
112907
i12e07
112507
11kand
112907
i12en7
112507
11kand
112907
iiz2ep?
11607
11kand
11x807
112807
1107
113407
11x807
112807
1107
113407
113007
113007
113007
1135007
113007
113007
113007
113007
113007
113007
113007
1135007
113007
113007
113007
1135007
113007
113007
120107

1235
1244
1248
1402
1616
1619
1830
1834
1628
1954
2158
[efilii]
0g
011
olze
x40
0h43
0550
o707
outl
1119
1126
1235
1432
1637
1645
1650
1804
2021
2232
21
2350
0ELz
13
20
0537
o754
0958
1007
1011
1124
1338
1544
1553
1710
1728
1wy
2131
2140
2258
a1y

BE 03 29,81 N 179 0.32 E GPS
N O3 29043 M 179 0.28 E GPS
03 29.83 W 179 0.24 E GPS
BO 03 30.08 ¥ 179 0.14 E GPS
W03 30,30 N 179 0.01 E GPS
ENOO3 30,26 M 179 0.01 E GPS
HE 03 14.83 N 179 0.0% E GPS
w03 14.84 W 176 59.97 E GPS
W03 14.92 N 178 59078 E GPS
B 03 15.08 M 178 59.57 E GFS
EY 03 15.51 N 176 58.46 E GPS
BE {2 5947 H 179 0.87 E GBS
W02 59,97 N 179 0.41 E GBS
N OOF S9.E% N 179 0.5 E GFS
BO 02 59.89 W 179 0.53 E GPS
03 0,20 W 179 0.09 E GPS
BE 02 44.87 ¥ 179 0.84 E GPS
N OF 44.86 N 179 0.49 E GFS
BO 02 44.81 N 176 59.94 E GPS
B0 44.6% N 178 59,25 E GBS
BE (2 29,81 N 179 0.45 E GPS
N OOF 2978 N 179 0.3 E GPS
BO 02 29.82 N 199 0.10 E GBS
BOO2 29.76 H 178 59,87 E GBS
HE 02 14.77 ¥ 179 0.42 E GPS
02 14.70 W 179 0.25 E GPS
W 02 14.70 N 199 0.18 E GBS
BY 02 14.7% M 178 59.67 E GBS
BN 02 15:23 N 178 SH.63 E GPS
EE (1 59.83 W 178 59.99 E GFS
W 01 59.78 N 176 59.82 E GBS
BY 01 5988 M 178 59.47 E GBS
B0l 59,98 N 178 SH.91 E GBS
EE (1 45.38 ¥ 179 0.11 E GPFS
m 01 45.31 N 176 59.%3 E GBS
By 01 4510 M 178 59.66 E GBS
B0l 4490 N 178 59.10 E GBS
EE (1 30.08 W 179 0.1% E GFS
W 01l 30.08 H 199 0.09 E GBS
m a1l 30.0% M 179 0.06 E GBS
BO 01 3030 N 178 59.90 E GPS
B 01 30.53 W 178 59.65 E GPS
BE 01 15.08 N 178 0.43 E GBS
m a1 15.05 ¥ 17% 0.31 E GBS
BO 01 15:00 N 179 0.14 E GBS
I 01 14.58 W 179 0.10 E GFS
B 01 14.92 N 178 59.58 E GBS
BE 41 0.16 W 17% 0.01 E GPS
W0l .14 N 178 5986 E GBS
BO- 01 0.3 W 178 53.75 E GPFS
B0l 0.84 N 178 59.70 E GBS

5505
5506
5507
5493
5493
54493
5385
53RO
53
5350
5371
5513
5514
5521
5515
5519
L4097
5507
5528
SExG
4810
A8LT
4875
4058
SELD
5616
5619
SE1G
5646
5587
sL87a
SE70
S&RO

5540.

SE4E
SE4E
SEG4
5518
s520
5518
SE23
5524
S467
S445
S4B
5428
5304
5T
5T
5727
ST4D

LGoe
5506
5507
L4493
L4
5494
L85
L3a0
i
5350
5371
LG4
L5614
522
5514
L5619
L4497
5506
525
EGa7
4811
AB1R
4BTE
44958
LE10
held
Lelg
Leid
45
L5868
EL
L
LEED
5540
E545
LEG4e
EB&5
5517
E519
L
Eg22
5525
487
Ed44e
429
5430
L400
L5718
5734
5728
E7an

1o

10

10

10

11

Ll

5420

5535

5578

4863

LEED

EEg?

=11

ER4L

EdBO

5744

LGa1

5456

500

Se08

4913

5719

LEe3

LE2E

BE0E

E541

hB15

35 1-8,23%, 24,26, 27

34 1=8,27

34 1-8,23, 24, 26,27

1
35 1-8,27,28

1

4 1-8,23,24,26,27

36 1-8, 22,27

1
a6 11,09, 54, 26,27

1

35 1-8,27

30 1=8,23%,24,26,27

1
35 1=8, 27,32, 34, B4, BE, 87
44, 86, 57

1
36 1-8,23, 24, 26,27

100
20L THROUGH HULL FIRMP FOR R.N.

FAIN 34FL FOR STREIE ISOTOFE 431

2.4
FAIN 3FL FOR STREIE ISOTOFE 432

27.4c
FAIN 3¢FL FOR STREIE ISOTOFE 433

27.4c

27,850
BOL THROOEH HIOLL PLMEP FOR B, N
42 EXTRR FOR RN,

27.8C

27.8C
ATH, SMPL FOR BVDC 24

FLAMNETON WET

2.7

1



49R0T0e 2 PL4N 140 2 BOS 120007 0347 BE 0 44.30 W 178 59056 E GPS 5514 5b11
dROT06. 2 PLAN 140 2 BEOC 120107 0355 W00 44.31 M 178 5945 E GRS 5511 5509 1 27.85C
A®POHE 2 PLAN 140 2 BO5 120107 0513 B 00 44.57 W 176 59.27 E GP5 55l 5520 10 5534 553% 3 1-8,27 CAST 1 CRANCELLED [UE TO SENSCR TROUELE

[ETECTED AT SURFACE

49R0T0e 2 PL4N 140 2 BOS 120007 0725 B0 44.70 W 178 58002 E GPS 5519 Ghia

dROT06. 2 PLAN 141 1 FOS 120107 0928 BE 00 29 80 M 178 59.%9 E GPS = 5409 5409

A®POHE 2 FLAN 141 1 B 120107 0938 W00 29.88 W 176 59.85 E GPs 5406 5408 1 27. 80

ARPOT0E 2 PLAN 111 1 P08 125107 1054 BO OO0 30,030 170 0.3 EGps 5410 B4in 9 E434  S4H4 35 1-8,23%, 24,26, 27

49R0T0e 2 PL4N 141 1 508 120007 1310 ENOG0 30013 W 108 59091 E GRS 5407 5408

dROT06. 2 PLAN 142 1 FOS 120107 1514 BE 0 14.80 M 178 59.46 E GPS = 5354 5353

A®POHE 2 FLAN 142 1 B 120107 1522 W00 14.76 W 176 59.77 E GP5 5353 5352 1 27.3C

ARPOT0E 2 PLAN 142 1 P08 125107 1638 BO 00 15.03 0 178 59.83 EGps 5348 Ea49 9 B3R 5431 3 1-8,27

49R0T0e 2 PL4N 142 1 508 120007 1846 B0 15.5T7 ¥ 178 59068 E GRS 5351 5340

dROT06. 2 PLAN 143 1 FOS 120107 2051 BE 00 0.00 M 178 59.95 EGPS = 5414 5414

A®POHE 2 FLAN 143 1 B 120107 2058 W00 0,02 W 176 59.84 E GPs 5413 B413 1 27.2C

ARPOT0E 2 PLAN 143 1 pOS 120107 2214 BOOO0 0.10W 170 0.07 E GRS 5408 B40A 9 E4ZF 5457 36 1=8,12,13, 2%, 24,26, 27,40, 43 42, 43 EXTRA FOR POLAC
49RO Te 2 EE2 1 DmE 120007 2350 el 0,100 178 0.09 E GRS 5409 5409 PFAIN SM5L FOR STABIE ISOTOTE 434
dROT06. 2 PLAN 143 1 FOS 120e07 0024 EN 0D 0.07T M 179 008 EGPS 5410 5410

A®POHE 2 FLAN 144 1 BO5 120207 0228 EE 00 14.86 5 178 59.52 E GPS = 5462 5460

4PITE 2 PLAN 144 1 BOC 120007 0237 00 14.505 178 59.48 E gps 5465 BdE2 1 2.3

{SE-HI}TIDEZZ Pl4m 144 1 DME 120207 0242 W00 1490 5 178 59,80 E GPS 5462 BdAD BOL THROGH HILL PIMP FOR B.M.
ARROT0R 2 FLAN 144 1 FOS 120e07 0354 B} 00 14.72 5 178 59,60 E GPS = 5442 5441 9 5475 5545 36 1=8,22,27 #2 EXTFA FOR R.H.
d';m:mﬁ:z PLAN 144 1 BOS 120207 GR0T B 00 14.46 5 176 59.55 E BPS 536B 536

ARPOT06E 2 PLAH 145 1 B0S 120007 0756 BE 0 29.87 5 178 59.3% E GRS 5457  B45%

4BROTIE 2 PLN 145 1 BIC 120307 0803 W00 29.8% 5 178 5945 E GPS 5458 5459 1 27.3C

ARR0T0E 2 PLAN 145 1 BOS 120307 0919 BO-:29.5T7 5 178 59.98 E GFS = 5457 B447 10 EB2 5545 3 1-8,23, 24, 26,27

ARPGT0E 2 PLAN 145 1 EBOS 1200307 1128 BN 00 29.11 5 176 59.95 E BPS 5455 Ld4bs

ARPOT06E 2 PLAH 146 1 BOS 120007 1%28 BE 00 44.76 5 179 0.25 EGP3 G445 G444

4BROTIE 2 PLN 146 1 BIC 120307 1338 W00 44785 176 0.21 E GRS 5440 5440 1 27.1c

ARR0T0E 2 PLAN 146 1 BOS 120307 1454 BO- 44,455 179 0.3 EGPS 5473 5478 11 E475. . 5533 3 1-8,27

ARPGT0E 2 PLAN 146 1 EBOS 120307 1709 BN 00 44,03 5 170 0.4% EEPS S4B5 B483

ARPOT06E 2 PLAH 147 1 BOS 120007 1900 EE 01 0.0% 5 179 0.08 EGPI 5463 G464

4BROTIE 2 PLAN 147 1 BIC 120307 1917 w0l 0S5 176 0.4 E GRS 5459 Bda2 1 2762

ARR0T0E 2 E63 1 MR 320307 1956 5981 5 179 0.07 E GPS 5466 5443 ATR SMPL. FOR BVOC #25
ARPGT0E 2 PLAN 147 1 EBOS 1200307 2034 BO 00 59.E5 5 170 0.04 EBPS S4T4 E474 9 L5493 5549 A5 1-8, 23,24, 26,27

ARPOT06E 2 PLAH 147 1 B0S 120007 2245 B o0 59,30 5 179 0,18 EGPS 5487 5484

4BROTIE 2 PLN 148 1 ROS 1204007 0051 HE (1 14.87 5 178 59.%2 E GPS 5447 5447

ARR0T0E 2 PLAN 148 1 BIC 120407 0058 0l 14,81 5 176 59.88 E GPS 3444 5443 1 27.3C

ARPGT0E 2 PLAN 144 1 EBOS 120407 0217 BO 01 14.84 5 176 59.%3 E BPS 5445 D444 9 L5457 5524 34 1-8,27

ARPOT06E 2 PLAH 148 1 =08 120407 0431 B 01 14060 5 178 59.47 E GRS 5448 5449

4BROTIE 2 PLN 144 1 ROS 120407 0627 HE (1 33.28.5 176 0.06 E GPS  S464  Bda2

ARR0T0E 2 PLAN 145 1 BIC 120407 0635 01l 33.28B 5 179 0.04 E GPS 5463, 5462 1 2740

ARPGT0E 2 PLAN 149 1 EBOS 120407 OT5E BO 01 32,87 5 170 0.14 EEPs 5457 L4455 10 5490 5544 34 1-8,23,24,26,27

ARPOT06E 2 PLAH 144 1 BOS 120407 1000 EN 01 32.50 5 178 59.84 E'GPS 5457 G455

4BROTIE 2 PLN 150 1 ROS 120407 1156 HE (1 44.75 5 17& 59.86 E GPS 5452 5452

ARR0T0E 2 PLAN 150 1 BOC 120407 1205 0l 44.74 5 176 59.86 E GPS = 5452 5453 1 2740

ARPGT0E 2 PLAN 150 1 EBOS 120407 1323 BO 01 44.45 5 176 59.86 E BPS 5450 E453 10 547" bh3d 35 1-8,27

ARPOT06E 2 PLAH 150 1 BOS 120407 1540 B 01 44.23 5 178 59.3% E GRS 5456 G456

4BROTIE 2 PLN 151 1 ROS 120007 1744 HE (1 5%.85 5 176 0.08 E GPS 5443 5442

ARR0T0E 2 PLAN 151 1 BOC 120407 1752 01l 59.58 5 179 0.04 EGPS 3445 5444 1,34,86,87 27.8C, FLANKTON MET
ARPGT0E 2 PLAN 151 1 EB0S 120407 1909 BO 01 59.88 5 170 0.20 EEPS 5443 Ld442 10 Gae2 552§ 34 1-8,23,24,26,27,32, 34, B4, 86,87

132
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PL4H
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Pl4m
FLaN
PLaH
PL4H
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FLaN
PLaH
PL4H
Pl4m
FLaN
PLaH

152
152
182
182
153
183
1E3
153
153
154
1E4
154
154
1EL
1EBE
1EE
155
156
156
156
156
157
187
EEd
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158
154
ERE
156
154
154
160
160
160
160
161
161
161

161
162
162
162
162
163
163
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120407
12007
120407
120507
120507
120607
120507
120607
120507
120607
120507
120507
120507
120607
120507
120507
120507
120607
120507
120507
120507
120607
120607
120607
120607
120607
120607
120607
120607
120607
120607
120607
120607
120607
120607
120607
120607
120607
120607
120ma?
2077
120707
126107
120ma?
20707
120107
126107
120ma?
20707
120107
126107

2120

2333
oo
a7
(57
Q505
o513
OeLG
(&z0
1025
1033
1150
1411
1616
1624
14z
14955
2158
2208
2319
(129
L]
0338
400
450
il
OBES
a0z
1019
1235
1440
1442
1450
1603
1R322
2026
2035
2153
0015
1B
0225
U226
0346
003
0831
&3
03l
1104

1350

Py
3
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Las
b tn ta g tn a0 B0 G b0 o G b0 G o G b0 tn G b0 G tnfa b0 la tonfa o a tn g tn la Bn A ta a o ta a o A ta la @n

178 53.97 E GPS
179 0.65 E GPS
178 0.0l E GPs
178 59.84 E GPS
178 53.35 E GPS
179 0.0% E GPS
178 0,10 E GPs
179 0.1z E GPs
178 59.35 E GPS
178 59.56 E GPS
178 0,14 E GPs
178 0.11 E 5P5
178 59052 £ GPS
178 59.53 E GPS
17% 0.l1b E GP3
179 0.10 E GPs
178 53.76 E GPS
178 59.36 E GPS
17% 0.1% E GPs
178 0.11 E 5P5
178 53.77 E GPS
178 5H.%0 E GPS
1%0 0,39 E'GPS
179 0.32 E GpPs
175 0.23 E GPS
178 0,19 E GPS
178 59.62 E GPS
17% 0.24 E GP2
1758 0.17 E GP3
178 59.87 E GPS
178 59.44 E GPS
17% 0.35 E GP2
175 0.33 E GPS
178 0.28 E GPS
198 0.1% E'GPS
17% 0.01 E GP2
178 59.50 E GPS
178 59.% E GPS
178 59.66 E GPS
178 54.55 FE GP3
1758 0.51 E GP3
178 0.53 E GPS
1%0 0,52 EGPS
17% 0.53 E GP2
175 0.44 E GPS
178 0.28 E GPS
130 0,29 E'GPS
17% 0.31 E GP2
175 0.19 E GPS
178 0,1 E GPS
1%0 0,10 EGPS

5437
5308
5307
5300
5308

4997
4535
4860
4TRL
5498
5503
5499
5501
346l
5471
S47e
5478
5131
5120
5165
Q266
il
5220
Bxa0

5220.

5230
5550
5550
5545
5535
Ll
Bide
5256
L25g
SHE
5637
56R36
5631
SE36
SE36
Shdd
5633
SE3B
SEEL

3819
aB2E
3735
5485
5472

L437
5307
£307
L£2499
L3058
1953
4997
44935
4B59
A7H1
5499
EGo3
L&00
5501
5462
E472
B4
5478
5130
Eiig
Eiel
5265
Lkl
a0
5220
k220
Lk i
L6650
L5G0
5545
E535
L2443
Eza4
52585
Eaoh
L2346
LE37
5637
1
Le3e
L35
h642
L3z
Le3d
Le20
3B05
3B18
326
3735
486
L4773

1o

11

10

10

10

10

E303

Eod4

CELg

L1786

ora iy

5575

Lvl.1

Eedd

Leed

3HAT

5374

4994

5540

L549

G223

52949

5636

5722

5742

3gaz

Fl

35 1-8,27

331=-8,27

1
S5 1-BDN 54, D627

1
34 1=-8,27

1

34 1=-8,27

33 18,23, 24, 26, 27

1
35 1-8,27

1
34 1-8,27,28

1
36 1-8,1%,13,2%, 24,26, 29, 40, 43

1
36 1-8, 22,27

1
2B 1-8,23,24,26,27

27.8C

27.8C
20L THROOGH HILL FIMP FOR B.N.

27.8c

2.1

A0
AIR SMPL FOR BVOC §26

FAIN SMFL FOR STREIE ISOTOPE #35
27.9C

Z8.6C
#2 EXTRAR FOR PCOAC

BOL THROUGH HIOLL FIMEP FOR B.M.
28.4C
42 EXTRR FOR RN,

28.2C

28.7C
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1hz22
1638
1863
2112
214
2154
254
a1i4
i i)
0234
0439
a7Tos
o713
738
ORE2
1022
1257

1415
1550
1625
1825
1611
1919
1821
2024
2
0045
fililt ]
aE0L
040z
G620
ORIR

B M4
W0
B .M

Sg a1
59 40
59.45

EBE (05 29.43
05 29.aT
BD 05 29,61
BN 05 29.11

BE (6

e
i e
BO 06

e
(813
06
a7
06

v

a7
or

08

o8
[oF-
08
[l
[l
(o]
il
[l

EREHERECEHEHE RN EHEREEREEREBERE

i3
0E 29.86
06 2977
06 29.75
06 29.58

T 29

a7 59,

08 29.
o829,

O 26.
0% 29,
0% 29.
el

0.47
0.4g
0. a8
0.53
0.3k

59.495
59._47
59.%6

0.0%
59.47

a7 29,85
oT 29,55

30,08

4

59.47
ba.

30,
30.:

ERURREREES

= = I = = = |
&
(PO ]

£

=]

L L
(=2 =
oy oo o
SER R RE
At fa g ta fa Bt fa B0 a0 B0 fa B0 B0 o toa o a tn oo a tn oo a o atn a o fatnlafn

oo o
| i
oW W W

L
[= =]
W

2
&
i
=

178

0.06 E GFS

178 59.89 E GPS

178
174
178

59.80 E GP5
0.31 E GPS
0.27T E GP3

178 59.57 E GPS

178
174
178
174
178
174
178

59.37 E GP5
0.4% E gps
0.48 E GFS
0.47 E GFS
0.42 E GPs
0.41 E gps
G384 E GPS

178 59,80 E GPS

178
178
178
174
178
178
178

59.43 E GP5
59,64 E GPs
.08 E
0.6 E
0.06 E
L9614 E
SH.55 E

178 5980 £

178
178
178
179
170
174
178
178
178
178
178
178
178
178
178
178
170
178
178
178
178
178
178
178
178
178
178
178
178

GRS
GPE
GPs
GRS
GRS
GFE
59.86 E GPS
59.76 E GRS
59.£1 E GPS
0.27 E GFS
0.24 E GPS
0.7 E GP3
59.53 E GPS
44.% E GPS
44.393 E GPS
44,93 E GP3
14,30 E GPS
44.52 E GPS
59.88 E GPS
59.%0 E GRS
59.42 E GPS
53.94 E GPS
0.03 E GPS
59.46 E GRS
59.95 E GPS
53.95 E GPS
59.95 E OPS
59.%0 E GRS
59.53 E GPS
53.% E GPS
59.90 E OPS
59.45 E GP3
59.49 E GPS
53.91 E GPS
59.%] E OPS

EETE
5553
5551
SEET
S601
5704

5702

L407
5407
2404
5430
5355
5348
5353
5347
L4BE
5484
5478
5466
SEDB
2103
2127
2158
2164
S0B2

S0R2
S04
4838
4830
B34
QB3B8
4837
5014
5013
5013
5018
5017
ag9b
qe0z

ae00.

AERT
ALEG
4658
4755
4753
4758
ATEE
4411
4418

Lhde
5553
k552
=L
Legl
5704
ko2
425
L4058
L4008
5403
429
L3655
5346
5352
LE347
L4886
5485
5480
E4a7
k510
2103
2128
2156
2158
b1
Lppz
LEpaz
EpBs
4B39
4B38
4838
qB37
4B35
Lpi3
Epi3
Epi3
Lpia
Epav
3B45
4603
4600
4587
4589
4659
4754
4753
4755
4756
4409
4417
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1o

10

10
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10
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5E13

5T1a

5418

5363

244

Lhug

18449

Sze

4549

4775

CE:

5786

5491

5654

2154

G156

44902

5Bl

4644

4619

35 1-8;27,32, 34, B4, 86,87
34, 86, 87

1

35 1=8,2%, 24, 26, 27

35 1-8,27

1

34 1-8,23, 24, 26,27

34 1-8,27,28

1
20 1-8, 0%, 54, 26,27

1

2% 1-8,09, 54, 26,27

52 1=8,23,24,26,27

1
36 1=8,12,13,2%, 24,26, 27, 32, 34, 40, 43, 84, BE, &7
44, 86, 57

36 1-8, 22,27

1
31 1-8,23,24,26,27

#2 EXTRAR AT 1000HEAR
FLANKTOR KET

29.4c

29.4c
AIF SMPL FOR BVOC 27

£8.1C

28.5C
20L THROUGH HULL FIRMP FOR R.N.

2%.4C

2%.4C

29 50
ATR, SMPL FOR BVDC 28

2920

#2, #3%, M EXTRE FOR POL4C
FLANETON NET

BEC (D SENSOR. BROEE

FAIN SMFL FOR ETREIE ISOTORE A3E
BEPLACED SEC CWD SENSOR

29.3c

BOL THROUGH HIOLL FIME FOR B, M.
#2-§E EXTOA FOR B.M.

29.2C

29.5C
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2TE9
2815
2835
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ELLL
L
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1557

357
3056
3059
3147
3173
1469
1472
21477
14B1L
2263
2261
2246
2247
2356
2384
2348
2409
2363
2605

1454
1524
3096
3adq
3093
3116
3149
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3oz
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Z58A
583
2092
2555
FTaY
ZE18
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3173
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1479
2761
2381
FE45
2245
2385
2354
2347
2409
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2606

11

16

11

11

14

14

4474

3113

aipg

ZERD

2Tk

1554

3073

1470

a0

230%

4518

3132

33

2558

=9

3046

1561

3083

1471

2303

2397

31 1=-8,27

25 1=8,2%, 24,26, 27

1
34, 86, 87
26 1-8,27,28

1
3 1-8,2%,24,26,27

4 1.8, 22,27

1

17 18,23, 24, 26,27

o 1-8,12,13, 2%, 24, 26,29

1,34, 86,87
18 1-8,29, 24, 26, 27, 32,34, B4, 86, 67

1
2001-8,27, 28

1
30 1=g,22,279

28.3C
ATH IMPL FOR BVOC 29

20L THRODGH HULL FIMP FOH R.M.
28.2C
FLANETON WET

BOL THROUGH HULL FIRP FOR R.N.
28.4c

WINCH TROUELE MERE BOTTOM, CAST
CRNCELLED

an.ac
BOL THROUGH HIOLL FIMEP FOR B.N.
#2=§5, 47=410 EXTEA FOR R.M,

29.7C

28.3C
AIR SMPL FOR BVDC #30

29.00
414 ENTEA FOR 32, 34,84, 86,47
28.9C

CETOLE PROTOTYPE 1 BROEE
BOL THROOG HOLL FIMP POR B M.

29.3c
#2=§5, 47=410 EXTEA FOR E_N.
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49R0T0e 2 PL4N 184 1 E0C 121207 444 15 290795 178 59984 E GRS 2800 w01 1 29.2c

dROT06. 2 PLAN 184 1 FOS 11207 0521 B} 15 29 68 5 178 59,65 EGPS = 2579 2580 11 Z589 2606 22 1=8,23,24,26,27

A®POHE 2 FLAN 184 1 BOS 121207 0634 BN 15 29.65:5 178 59.54 E GPs 2572 2573

ARPOT0E 2 PLAN 18t 1 P08 121207 OR44 BE 15 GH.ET 5 178 59.41 EGps 1471 147D

49R0T0e 2 PL4N 185 1 E0C 121207 CRS1 15 GE.EN 5 178 59040 E GRS 1472 1472 1 28.8C

4ROT0R. 2 ET1 1 IRE 121207 0902 WH-15 5H.5T7 5 178 5985 EGPS 1474 1473 ATR SMPL FOR BVOC 431
A®POHE 2 FLAN 185 1 BOs 121207 0911 B 15 58.31 5 176 59.46 EGPs 1474 14M4 0 1471 14N 16 1-8,23,24,26,27

ARPOT0E 2 PLAN 18t 1 pOS 121207 0954 EN 15 5B.30 5 178 59.76 E GRS 14BL 1431

49R0T0e 2 PLAC a8 1 BOS 121307 1200 BE 18 52.97 5 177 45.05 E GPs 2126 2124 BEFLACED & FOIL OF OPTOCE FROTOTYPE #2
dROT06. 2 PL4C a5 1 EOC 121307 1208 W18 53.00 5 17T 45.07T E GPS | 2126 2124 1 28.3C

ARPOHE 2 PLAC 48 1 BOS 121307 1241 BO 18 53.06 5 177 44.97 EGPs 2146 2148 12 Zleg 2171 20 1-8,23,24,26,27

A®P0T0E 2 PL4C 48 1 mos 121307 1343 EN 18 53.14 5 177 44.70 E gps 2MT 23R

49R0T0e 2 PLAC 44 1 508 121307 1545 BE 18 45.02 5 177 4978 E GRS 1834 1933

dROT06. 2 PL4C a4 1 HOC 121307 1554 W18 45.03 5 177 49,7 EGPS 1430 1830 1 28.3C

ARPOHE 2 PLAC 45 1 BOS 121307 1622 B 18 45.06 5 177 49.€5 E GPs 1918 1918 9 1918 192¢ 15 1-8,27

A®P0T0E 2 PL4C a4 1 mos 121367 1721 EN 1B 44.88 5 177 49.40 Egps 1917 1918

49R0T0e 2 PLAC E2 1 BOS 121307 1515 BE 18 32.2T7 5 177 55.71 E GPS E45 B44

4ROT06. 2 PL4C 5z 1 HOC 121307 1918 N 18 32.25 5 17T 55,73 E GPS BLE 615 1 2H.2C

ARITHE 2 &72 1 e 121307 1927 W9 18 32.21 5 177 55.71 E GPS ] &0d AR ZMPL FOR BVDC #32
4PTE 2 PlaC o2 1 mos 121307 1031 BO 18 32,165 177 55.71 E GpS EOL G0l 15 E16 g1 11 1-8,2%,24,26,27

{SE-HI}TQEZZ PL4C 52 1 FOS 121307 1955 EN 18 32.1% 5 177 55.68 E GPS Eaq 5495

ARROT0R 2 Fl4C 51 1 FOS 121307 2154 BE 18 35.88 5 177 56.45 E GPS E45 B35

d%ﬁ?ﬁﬁ:ﬂ PL4C =i 8 1 BOC 121307 2207 my 18 35.%0 5 177 55,95 E GPS BE4 EA4 1 28.1C

48R0T06 2 - Pl4C £l 1 P08 121307 2214 BO 16'35.86 8 177 55,98 E GPS BaL B92 10 B72 ETE 13 1-8,27

4BROTIE 2 PLAC Bl 1 ROS 121307 2351 EN 18 35.B8'5 177 55.87 E GPS L1 1]

ARR0T06E -2 PLAC 50 1 BOS 121407 0051 BE 18 39.67 5 177 52536 E GPS 11268 1124

ARG 2 PLAC 50 1 DMK 121407 0055 w18 39.68 5 177 52,583 E @RS 1128 1127 20L THROOGH HIULL PIME FOR B, M.
48R0T06 2 - Pl4C =] 1 EBEOC 121407 0050 m 18°39.88 5 177 S52.48 EGPS 11X 1129 1 B

4BROTIE 2 PLAC 50 1 ROS 121407 0117 BO 18 39,69 5 177 5243 E GRS 1137 1124 10 1132 1126 16 1=H,2%,24,26,27 #24 LIKELY MISS TRIP (RENDEMALLY WAFM)
ARR0T06E -2 PLAC 50 1 BOS 121407 0156 EN1E 39.72 5 177 52.36 E GRS 1129 1130

ARG 2 PLAC 47 1 EBOS 121407 G401 BE 1% 3.01 5 177 38.50 EEPs 2543 2543

48R0T06 2 - Pl4C 17 1 EBEOC 121407 0400 m 1% 2.955 177 38,459 EGP3 2537 2538 1 pid- e o

4BROTIE 2 PLAC 17 1 FOS 121407 0444 B} 1% 2.85 5 177 38.46 E GPS  E51B 261A 10 819 2537 2 1=8, 27,28

ARR0T06E -2 PLAC a7 1 BOS 3121407 0556 EN:-1% 2.85.5 177 38.38 E GFS @ 2492 2492

ARG 2 PLAC 46 1 EBOS 121407 0757 BE 19 12.8% 5 177 34.78 E EPs 3011 31

48R0T06 2 - Pl4C 46 1 EBEOC 121407 0805 m 1% 12.86-5 177 34, E'GP3 3013 3013 1 bt T

4BROTIE 2 PLAC 16 1 [ME 121407 OBL3 W 1% 12.83°5 177 34,70 E GRS 3013 30313 BOL THROGH HILL PIMP FOR B.M.
ARR0T06E -2 PLAC 46 1 BOS 121407 0547 BO.1% 12:69. 5 177 34.65 E GFS  3011. 3011 9 3020 3034 33 1-8,22,27 A2=45, #7-410 EXTRA FOR R.N.
ARG 2 PLAC 46 1 EBOS 121407 1410 EM 159 12,50 5 177 34.53 E RS 3009 3pip

48R0T06 2 - Pl4C 45 1 BOS 121407 1218 EE 1% 23.8%°5 177 29.30 E'GP3 3162 3142

4BROTIE 2 PLAC q5 1 BOC 121407 1324 W 1% 23.91 5 177 2920 E GPS 3163 31Al 1 7.6

ARR0T06E -2 PLAC 45 1 BOS 121407 1310 BO.1% 23.78 5 177 29.34 E GFS 3157 3157 9 3183 3184 25 1-8,23, 24, 26,27

ARG 2 PLAC 15 1 EBOS 121407 1445 EM 19 23,50 5 177 29.47 EEPS 3158 3154

48R0T06 2 - Pl4C a4 1 BOS 121407 1649 EE 1% 38.01 5 177 22.00 E'GP3 2536 2534

4BROTIE 2 PLAC 44 1 BIC 121407 1658 W 1% 38.01 5 177 22,00 E GRS BER34 3624 1,34,86,87 27.5C, PLANFICH MET
ARR0T06E -2 PLAC 44 1 BOS 321407 1735 BO.1% 38.04 5 177 21.85 E GPS 2544 2545 1B 2518 2544 22 1=8,23, 24, 26,27, 32,34, 84, 86, 87

ARG 2 PLAC 44 1 EB0S 121407 1848 EM 19 38.08 5 197 277 EBPS 2575 2574
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ARG 2 PLAC 43 1 EBOS 121407 2308 By 18 48.54 5 177 24,15 E GP5 3193 3A192
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Figure captions

Figure 1{a)

Figure 1{b}

Figure 2(a)

Figure 2{h)

Figure 3

Figure 4

Figure 5

Figure &

Figure 7
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Station locations for WHP-PO1 cruise with bottom topography based on Smith and
Sandwell (1997).

Station locations for WHP-P14 cruise with bottom topography based on Smith and
Sandwell (1997).

Bathymetry measured by Multi Marrow Beam Echo Sounding system for WHP P01
Cross mark indicates CTD location.

Bathymetry measured by Multi Narrow Beam Echo Sounding system for WHI P14,
Cross mark indicates CTD location.

Surface wind measured at 25 m above sea level. Wind data is averaged over 1-hour and
plotted every 0.5 degree in latitude.
(a) WHP-PO1 (b) WHP-P14

Sea surface temperature (S5T). Temperature data 1s averaged over 1-hour.
(a) WHP-POL1  (b) WHP-P14

Sea surface salinity (S85). Salinity data is averaged over 1-hour.
(a) WHP-PO1  (b) WHP-P'14

Difference in the partial pressure of C(y between the ocean and the atmosphere,
ApCO..
(a) WHP-PO1 (b)) WHP-P14

Surface current at 100 m depth measured by ship  board acoustic Doppler
current prof iler (ADCP).
(a) WHP-POI  (b) WHP-P'14

Figure &

Figure 9

Figure 10

Figure 11

Figure 12

Figure 13

Figure 14

Figure 15

Potential temperature (°C) cross section calculated by using CTD temperatre and
salinity data calibrated by bottle salinity measurements. Vertical exaggeration of the
0-6,500 m section is 1000:1. Expanded section of the upper 1000 m is made with a
vertical exaggeration of 2500:1.

ta) WHP-PO1  (b) WHP-P14

CTD salinity {psu) cross section calibrated by bottle salinity measurements. Vertical

exaggeration is same as Figure 8,

{a) WHP-POL (k) WHP-P14

Same as Figure 9 but with SSW batch correction’.
f{a) WHP-POL (k) WHP-P14

Density (og) {kg.-'mlj cross section calculated using CTD temperature and calibrated
salinity data with S5W batch correction. Vertical exaggeration is same as Figure 8.
{a) WHP-POL (b)) WHP-P14

Same as Figure 11 but for o, {kg."m“’).
f{a) WHP-POL  (b) WHP-P14

Neutral density (3" ) (kg/m") cross section calculated using CTD temperature and
calibrated salinity data with S5W batch correction. Vertical exagperation is same as

Figure 8. (a) WHP-PO1 (b) WHP-P14

Cross section of bottle sampled dissolved oxvgen (umolkg). Data with quality flags of
2 were plotted. Vertical exaggeration is same as Figure 8.

f{a) WHP-POL (b)) WHP-P'14

Silicate (pmolkg) cross section. Data with quality flags of 2 were plotted. Vertical
exaggeration is same as Figure 8. (a) WHP-POL (b)) WHP-P14



Figure 16

Figure 17

Figure |8

Figure 19

Figure 20

Figure 21

Figure 22

Figure 23

Figure 24

Figure 25

Mitrate (pmolkg) cross section. Data with quality flags of 2 were plotted. Vertical
exaggeration of the upper 1000 m section is same as Figure 8.

(a) WHP-PO1 (b) WHP-P14

Nirite (pmol’kg) cross section. Data with guality flags of 2 were plotted. Vertical
exaggeration is same as Figure 8. (a) WHP-PO1  (b) WHP-P14

Phosphate (umolkg) cross section. Data with quality flags of 2 were plotted. Vertical
exaggeration is same as Figure 8. (a) WHP-FO1 (b) WHP-F14

Dissolved inorganic carbon (umol/kg) cross section. Data with quality flags of 2 were

plotted. Vertical exaggeration is same as Figure 8. {a) WHP-PO1 (b) WHP-P14

Total alkalinity (umolkg) cross section. Data with quality flags of 2 were plotted.
Vertical exagperation is same as Figure 8. {a) WHP-POL (b) WHDP-P14

pH cross section. Data with quality flags of 2 were plotted. Vertical exaggeration is

same as Figure 8. (a) WHP-PO1  (b) WHP-P14

CFC-11 (pmolkg) cross section. Data with quality flags of 2 were plotted. Vertical
exaggeration is same as Figure 8. {a) WHP-PO1 (b)) WHP-P14

CFC-12 (pmolkg) cross section. Data with quality flags of 2 were plotted. Vertical
exaggeration is same as Figure 8. (a) WHP-PO1 (b) WHP-P14

CFC-113 (pmolkg) cross section. Data with quality flags of 2 were plotted. Vertical
exaggeration is same as Figure 8. (a) WHP-PO1  (b) WHP-P14

Cross section of current velacity (cm's) normal to the cruise track measured by

LADCP (northward is positive). (a) WHP-PO1  (b) WHP-P14

Figure 26

Figure 27

Figure 28

Note

Difference in potential temperature (“C) between results from WOCE (from Oct. to
Now., 1993) and the revisit cruise (from May to Jul., 2005). Red and blue areas show
the areas where potential temperature increased and decreased in the revisit cruise,
respectively. On white areas differences in temperature do not exceed the detection
limit of (002 “C. Vertical exaggeration is same as Figure 8.

(a) WHP-PO1  (b) WHP-P14

Difference in salinity (psu) between results from WOCE and the revisit cruise. Red and
blue areas show the areas where salinity increased and decreased in the revisit cruise,
respectively. CTD salinity data with SSW batch correction' are used. On white areas
differences in salinity do not exceed the detection limit of 0.002 psu. Vertical

exaggeration is same as Figure 8. (a) WHP-FO1  (b) WHEP-F14

Difference in dissolved oxygen (pmol’kg) between results from WOCE and the revisit
cruise. Red and blue areas show the areas where salinity increased and decreased in the
revisit eruise, respectively. Bottle oxygen data are used. On white areas differences in

salinity do not exceed the detection limit of 2 wmol/kg. Vertical exaggeration is same

as Figure 8. (a) WHP-POL (b) WHP-P14

l. As for the traceability of S8W to Mantyla's value, the offset for the batches P120 (P14, P122
(P14N), P133 (PO1E and POIW), P134 (POL1C, a part of POLE and POIH) and P148 (Revisit) is
-0.0022, -0.0009, -0.0010, -0.0011 and -0.0011, respectively (The newest values, Kawano et al., in

preparation).
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Figure 1(a)
Station locations for WHP-PO01 cruise
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Figure 1(b)
Station locations
for WHP-P14 cruise
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Figure 2(a)
Bathymetry measured by Multi Narrow Beam Echo Sounding system for WHP-P01
STATION No. (P01)
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Figure 2(a)

Continued
STATION No. (P01)
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Figure 2(a)
Continued
STATION No. (P01)
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Figure 2(a)

Continued
STATION No. (P01)
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Figure 2(a)

Continued
STATION No. (P0O1)
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Figure 2(b)
Bathymetry measured by Multi Narrow Beam Echo Sounding System for WHP-P14
STATION No. (P14C)
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Figure 2(b)

Continued
STATION No. (P14C) STATION No. (P14N)
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Figure 2(b)

Continued
STATION No. (P14N)
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Figure 2(b)

Continued
STATION No. (P14N)
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Figure 2(b)

Continued
STATION No. (P14N)
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Figure 2(b)

Continued
STATION No. (P14N)
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Figure 2(b)
Continued
STATION No. (P14N)
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Figure 2(b)
Continued

STATION No. (P14N)
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Figure 3
Surface wind measured at 25 m above sea level
(a) WHP-P01
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(b) WHP-P14
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Figure 4

Sea surface temperature (SST)
(a) WHP-PO1
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(b) WHP-P14
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Figure 5
Sea surface salinity (SSS)
(a) WHP-PO1
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Figure 6
ApCO,
(a) WHP-PO1
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Figure 7

Surface current measured by shipboard ADCP
(a) WHP-PO1
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(b) WHP-P14
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Figure 8
Potential temperature (°C)
(a) WHP-PO1
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(b) WHP-P14
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Figure 9

CTD salinity (psu)
(a) WHP-P01
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(b) WHP-P14
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Figure 10
CTD salinity (psu) with SSW batch correction
(a) WHP-PO1
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(b) WHP-P14
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Figure 11
Density (o,) (kg/m”)
(a) WHP-PO1
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(b) WHP-P14
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Figure 12
Density (o,) (kg/m?3)
(a) WHP-PO1
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(b) WHP-P14
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Figure 13
Density (y") (kg/m’)
(a) WHP-PO1
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(b) WHP-P14
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Figure 14

Bottle sampled dissolved oxygen (umol/kg)
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(b) WHP-P14
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Figure 15
Silicate (umol/kg)
(a) WHP-PO1
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(b) WHP-P14

Depth (m)

STATION NO.

1 10X06 2530 4052 180 170 160 140 120 X04 98 90  X0371X02 58 50 40 X01 20 10 1
S E i it G e ou ke D ol lesusgbonsn Lo sl

.2 ST L : - ..I. 2 e

T e

INRLERETR AN RTNN] "“'“:_""'_"..'I. [ARTRAREANRTHI |.|||| [ARLSTORE] 1 ,D

20 - e e v

500 1
1000
1500
2000
2500
3000
3500

4000

4500

5000

5500

6000

6500 I R R A L 6500

-30"s -20°s -10"s o° 10°N 20°N 30°N 40°N 50°N
Latitude

[urmolfkg]

250

170

150

= 130

= 100

= 50

— 20

<

185



Figure 16
Nitrate (umol/kg)
(a) WHP-PO1
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(b) WHP-P14
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Figure 17
Nitrite (umol/kg)
(a) WHP-PO1
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(b) WHP-P14
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Figure 18

Phosphate (umol/kg)
(a) WHP-PO1
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(b) WHP-P14
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Figure 19
Dissolved inorganic carbon (umol/kg)
(a) WHP-PO1
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(b) WHP-P14

Depth (m)

STATION NO.
1 10 X06 2530 4052 180 170 160 140 120 X04 98 90 X03 71 X02 58 50 40 XO01 20 10 1

2 W 0

200 200
400 400
600 600
800 800
1000 N .'f:. ?f;“fﬁ = RS s Sl i e R T 1000

, 0

500 o0
1000 100
1500 1500
2000 e
2500 2500
3000 3000
3500 3500
4000 4000
4500 4500
5000 5000
5500 5500
6000 6000
6500 —E— - 6500

——— - _— : - — '
-30°s -20°s -10°S 0° 10°N 20°N 30°N 40°N 50°N

Latitude

[umolfg)

2500

2400

2360

2330

2300

2250

2200

2100

2000
1950
1900

133



Figure 20

Total alkalinity (umol/kg)

(a) WHP-PO1
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(b) WHP-P14
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Figure 21
pH
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(b) WHP-P14
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Figure 22
CFC-11 (pmol/kg)
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(b) WHP-P14
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Figure 23

CFC-12 (pmol/kg)
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STATION NO.
j 20 28 35 X13 50 57 61 70 X15 8D Xxie  X17 100 105 115
0 " el el L b e L L Ll ) [pmolikg]
200 200 3
400 400
600 - 600 2
800 - 800
1000 1000 1.6
; ll
500
B i
1000
— 07
1500
0.5
2000
0.35
2500
. 0.25
E
“5" 2400 0.18
L
@ 3500
2 0.13
4000 0.09
4500 0.06
5000 0.04
5500 0.03
8OO0 0.02
6500 , s ; 6500

- T A T T T T e T L,
150°E 160°E 170°E 1B0° 170°W 160°W 150°W 140°W 130°W

Longitude
200



(b) WHP-P14
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Figure 24
CFC-113 (pmol/kg)
(a) WHP-PO1
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(b) WHP-P14

Depth (m)

STATION NO.

1 10X06 2530 4052

180 170 160 140 120 X04 98 90 X0371X02 58 S50 40 X01 20 10 1

[pmolikg]

0.5

|

|

|

Lo T - ]
S o o
& & ©

1 -

ok

-
=
=
=

=03

0.06

0.04

0.02

20's 1f's 0° 10°N 20°N 30°N 40°N 50°N
Latitude

203



Figure 25
Current velocity (cm/s) normal to the cruise track measured by LADCP (northward is positive)
(a) WHP-P01
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(b) WHP-P14
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Figure 26
Difference in potential temperature (°C) between results from WOCE and its revisit cruise the cruise

(a) WHP-PO1
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(b) WHP-P14
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Figure 27
Difference in salinity (psu) between results from WOCE and its revisit cruise the cruise
(a) WHP-PO1
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Figure 28
Difference in dissolved oxygen (umol/kg) between results from WOCE and its revisit cruise the cruise
(a) WHP-PO1
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Update of CTD oxygen data for the cruises MR07-04 and MR07-06
September 24, 2009

Hiroshi Uchida (JAMSTEC)

1. Introduction

The CTD oxygen data were updated after the data book was published by Kawano ot al. (2009), In
the data book, data from two oxygen optode sensors (Oxygen Optode 3830; Aanderaa Data Instruments
AS, Bergen, Norway, and RINKO; JFE Alec Co. Ltd., Kobe, Japan) were combined and used becausc
data quality of the SBE 43 oxygen sensor was relatively bad (Kawano et al., 2009) for the cruise
MR07-04. Data from the two oxygen optode sensors were combined because the Optode 3830 had a slow
time response without pressure hysteresis and the RINKO had a fast time response with pressurc
hysteresis. The time-dependent, pressure-induced effect (pressure hysteresis) on the sensing foil of the
RINKO was similarly obscrved in the SBE 43 data. Recently, a correction method of the pressure
hysteresis was developed for the SBE 43 (Sea-Bird Electronics, 2009), and the correction method was
successfully applied to the RINKO (Murata, 2009), Therefore, the RINKO data were reprocessed,
calibrated, and used as the CTD oxygen data for the cruises MBE07-04 and MB0O7-06.

2. Data processing
The RINKO data were reprocessed from the raw data, The tme-dependent, pressure-induced cffect

{pressure hysteresis) of the RINKO was corrected for both profile and bottle data by using RINKOCOR
{original module, version 1.0) and RINKOCORROS (original module, version 1.0} after the module
TCORP. The calibration coefficients, H1 (amplitude of hysteresis comrection), H2 {curvature function for
hysteresis), and H3 (time constant for hysteresis) were determined empirically as:

H1 =0.0065 for the RINKO prototype 1 with the foil Aor C

H1 =10.0055 for the RINKO prototype I with the foil B or prototype 11 with the {oil D

H1 = 0.0060 for the RINKO prototype II with the foil C

H2 = 5000 dbar

H31 = 2000 seconds.
Type of the prototype and foil is listed in Table 1. Data from the RINKO scnsors are systematically
delayed with respect to depth because of the slow response time compared with the CTD sensors. This
delay was compensated by 1 second advancing sensor oulput (voltage) relative to the CTD temperature
data by using the SEASOFT module ALIGNCTD. To remove spikes of the data, the process of the
DESPIKE was also performed for the RINKO data. The rest of the data processing was not changed from
the data book (Kawano et al., 2009).

Table 1. Type of the prototype and foil used in the cruises.

Cruise RINKO Foil Note

MRO7-04 Prototype I (LW LED)
MRO7-06 1 Prototype 1
MRO7-06 2 Prototype 1
Prototype I (Green LEDY)
Prototype I1

Stations from P14N_109 2 to P14N 175 1
Stations from P14N_176 1 to PI4N_185 1
Stations from P14C_4% 1to P14C 1 1
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3. Post-cruise calibration

The pressure-hvsteresis corrected RINKO data was calibrated by the Stern-Yolmer equation,

basically according to a method by Uchida et al. (2008) with slight modification:

[O2] (pmold) = (Vs /V -1}/ K,
and

Ka=CotC*xT+C =T

Yo=1+CxT

V=Gt Cix WV + Coxt+ Gt 2V,
where Vy, 1 the RINKO output (voltage), Vy 18 voltage in the absence of oxygen, T is temperature {°C),
and t is time (days), The V; and V are normalized by the phase shift in the absence of oxygen at 0°C, and
the time drift of the RINKO output was corrected. The oxygen concentration is calculated by using the in
situ calibrated CTD temperature data. The pressure-compensated oxygen concentration [0;] can be
calculated as follows.

[02] =0 (1 + C,p/ 1000}
or

[05] =0, (1 +C,p/ 1000)""
where p is CTD pressure (dbar) and C; is the compensation coefficient. Since the sensing foil of the
optode 1s permeable only to gas and not to water, the optode oxygen must be corrected for salinity, The
salinity-compensated oxygen can be calculated by multiplying the factor of the effect of salt on the
oxygen solubility (Garcia and Gordon, 1992). Garcia and Gordon (1992) have recommended the use of
the solubility coefficients derived from the data of Benson and Krause.

The pressure-compensation coefficient (C.) and the coefficient for the V, (C;) were empirically
estimated in advance except for the C, for the cruise MRO7-06 leg 1 (Table 2). The C, for the cruise
MRO7-06 leg | was determined simultancously with the remaining coefficients. The remaining seven
cocthicients (Cy, C, Ca, €y, Cs, Cs. and C5) were determined by minimizing the sum of absolute deviation
with a weight from the bottle oxvgen data. The revised quasi-Newton method (the FORTRAN subroutine
DMINF! from the Scientific Subroutine Library 11, Fujitsu Lid., Kanagawa, Japan) was used to determine
the sets. The weight was given as a function of pressure as:

Weight = min[10, exp{log{10) = P/ PR}]
where PR 18 threshold of the pressure (950 dbar).

The post-cruise calibrated temperature and salinity data were used for the calibration. The
coctficients were determined for some groups of the CTD stations. The calibration coefficients are listed
in Table 3. The results of the post-cruise calibration for the RINKO oxygen are summarized in Table 4
and shown in Figs. 1, 2, and 3.
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Table 2. Calibration coefficients for the V, (C;) and for the pressure-compensation equation (C,).
The pressure-compensation equation is also shown.

Groups C; C, Pressure-compensation equation
01-06 —0.0022 0.109 0, (1+ Cyp/ 1000)"”
07 ~0.0028 0.055 0, (1 +C,p / 1000)
08 ~0.0028 0.056 0, (1+ C,p/ 1000)
09 ~0.0028 0.057 01 (1+ C,p/ 1000)
10-11 ~0.0028 0.055 02 (1 + Cp / 1000)
12 ~0.0028 0.054 03 (1 + C,p / 1000)
13 —0.0028 0.053 0, (1 + Cyp / 1000)
14-15 ~0.0028 0.054 0, (1+ C;p/ 1000)
16 ~0.0028 0.053 0, (1 + C,p / 1000)
17 ~0.0028 0.051 0, (1 + C;p/ 1000)
18 ~0.0028 0.056 0, (1 +C,p/ 1000)
19 ~0.0028 0.055 0, (1 + C,p / 1000)
20 -0.0028 0.057 01 (1 + C,p/ 1000)
21 —0.0028 0.056 0, (1 + Cyp / 1000)
22 ~0.0028 0.058 0, (1+ C,p/ 1000)
23-41 ~0.0021 0.100 0, (1 + C,p/ 1000)"”
42 ~0.0024 0.066 0, (1 + C;p/ 1000)
43-45 ~0.0021 0.100 03 (1 + Cyp / 1000)""

Group of CTD stations  01: PO1_1_1-P01_I8 1,02: P01_19 1-PO1 21 1,
03: P01 22 1-PO1 26 1,04: POl 27 1-P01 29 1,05: P01 _40 1-P01 44 1,
06: PO1_58 2-P01 115 1,07: P01 _28 2, 08: P01 29 2-P01 30 1,09: PO1_32 1-P01 31 I,
10; PO1_33_1-P01 35 1, 11: P01 36 1-P01_37 1, 12: POl 38 1-PO1 43 1,
13: PO1_44 2-P01 46 1, 14: PO1_47 1-P01_55 1, 15: P01_56_1-P01 61 2,
16: P14N_29 1-P14N_16_1,17: P14N_15_1-P14N_5 1, 18: P14N_1_I-P14N 4 1,
19: P14N_30_1-P14N_49 1,20: P14N_50 1-P14N 63 1,21: PI4N 64 [-PI14N_73 1,

2: P14N_74 1-P14N_109 I,23: P14N_109 2-P14N _110_1, 24: P14N_I11_1-P14N_112 1,
25:P14N_113_1-PI4N 115 1,26: P14N_116_1-P14N 118 1,27: P14N 119 1-PI4N 120 1,
28: PI4N_121_1-P14N 122 1,29: P14N_123 1-PI14N_124 1, 30: PI4N 125 1-P14N 126 1,
31:PI4N_127 1-P14N 130 _1,32: P14N_131 1-P14N 135 1,33: PI4N 136 I-P14N 141 1,
34: PI4N_142 1-P14N_144_1,35: P14N_145 1-P14N_147 1, 36: P14N_148_1-P14N_149 1,
37: P14N_150_1-P14N_154 1, 38: PI4N_155_1-P14N_160_1, 39: P14N_161_1-P14N 164 1,
40: P14N_165_1-P14N_170_1,41: PI4N_171_1-P14N_175_1,42: PI4N_176_1-P14N_185 1,
43:P14C_48 1-P14C_49_1,44: P14C_52 1-P14C_19_1,45:P14C_18 1-P14C 1 1




Table 3. Calibration coefficients for the RINKO oxygen sensors. The group of the CTD stations is
same as that shown in Table 2.

Group Gy Ci C, &y £ Cs (o
MRO7-04

01 5.78769¢-3 1881714 5.21610c-6 —0229888 0254955 -2.43960c-3  1.74806e-3
02 5.76112¢-3 2.05112¢-4 4.20869¢6 —0.247620 0261781 2.66538¢-3 —1.91261e-4
03  5.58601c-3 194710c4 3.60579c-6 -0.212837 0254295 -2.82424¢-3  1.37946¢-3
04 5.52573e-3 2.5317le4 —9.45815¢-7 —0.171401 0242433 —8.92725¢-3  3.0341dc-3
05  5.504040-3 1.54503c4 6.20130e-6 -0.151539 0.241621 -4.59826e-3  1.44984c-3
06 533007c-3 1.84105¢4 3.53496e6 -0211406 0257880 -9.26535¢4 5.21621c4
MRO7-06 leg |

07 6.55224e-3 2.12059¢4 7.32523c6 -0.408829 0281951  0.00000 0.00000
08  6.45822¢-3 2.14475¢-4 63518606 -0417754 0283925 1.81734e¢-2 -2.32210¢3
09 63066403 1.19267c-4 1.02338c-5 —0.374523 0274294 —1.66424c¢-3  347136e-3
10 6.29642e-3 130131e4 1.20613c-5 —0.402078 0283497 7.75298c-3 -8.98322¢-5
11 640532¢-3 —6.71557c6 2.64522¢-5 -0.367286 0275724 -4.93850c-3  2.98357¢-3
12 6.05874e-3 0.93107¢-5 1.32774e-5 -0.372592 0278740 2.17949¢-3  1.09013¢-3
13 6.03637c-3 B.01334c-5 1.58469¢-5 —0.380144 0285135 3.33545¢-3  9.87750e-5
14 594341e-3 R92774e-5 1.27029¢-5 —0.354093 0276789  6.36922¢4  1.12659¢-3
15 6.01971e-3 1.30065¢-4 1.09592¢-5 —0.344272 0277559 -1.21930e-3  1.10575¢-3
16 5.85814e-3 1.51238¢-4 8.52212¢6 -0.360336 0280217 9.57900c<4  7.46866c4
17 5.76211e-3 2.0279%e—4 7.38395¢6 -0366150 0.286581 5.00066c—4 5.41219¢4
18 5.87643c—3 1301104 1.47536e-5 —0237946 0233457 —6.75607¢-3  3.56108¢-3
19 5719493 1.68597¢-4 5.7370Re—6 -0.347475 0284820 3.14416e-4  4.89874e-4
20 5.70894c-3 1.87827c4 4.02373c-6 -0.366959 0.293059 1.27735¢3  1.13690c-4
21 5.80033¢-3 19576le4 4358246 -0375413 0302121 128422¢-3 —1.60368c4
22 5.76787e-3 1.80175¢-4 4.38162c-6 -0352233 0298371 7.66105¢4 —8.16506c-5
MRO7-06 leg 2

23 5.44937¢-3 1652514 2.7696lc—6 —0.199505 0.239278  3.09346ec-3  4.15719¢-3
24 5.54177e-3 1.61531e4 3.18336c-6 —0.228340 0249132 183265¢-2 —2.15387¢—3
25 54204803 1.83287e4 20755506 -0.192462 0241038 —4.07720c4  2.49626¢3
26 54588903 1.64536e-4 2.88640c-6 -0.192265 0.243283 -1.88936c-3  2.06094c3
27 535393c-3 1.60876e4 2.80193e6 -0.138462 0225840 -1.67471e-2  7.32406¢3
28 5.38960e-3 1.85479%-4 2.07045¢-6 -0.213034 0253068 4.39692¢-3 —6.93024c4
29  491234e-3 1.69346e-4 134107c-6 —0.138257 0.236248 -7.47363¢-3  3.11840¢-3
30 5.29710e-3 1.86796c-4 1.85766c-6 -0.190758 0248364 -7.30369c4  7.20446¢4
31 5.29129¢-3 1.84R07c—4 2.06747c-6 —0.197598 0249238 -1.06270c4  8.01728c4
32 53560603 1.85304e4 22948306 -0.188360 0.247306 -2.3496lc-3  1.19205¢-3
33 5.23672e-3 1.76559¢4 2.52414c-6 -0.195684 0.252713 -1.02750e-3  5.84364c4
34 536437c-3 1.71687c4 3.34220e-6 -D2R7TH8I 0282532  7.97539¢3 -2.50022¢3
35 5.07284e-3 1.8097le-4 2.12433c-6 -0.238973 0284333  3.72564c-3 —2.43784c3
36 5.16377e-3 1778694 2.7079%c-6 -0209220 0246022 1.93576¢-4 1208393
37 5.18307e-3 1.78043e4 297573c6 -0.238163 0274864 2.18383c3 —1.17744e3




38 5.18550e-3 1.72648c4 333028e6 0224989 0271406  6.54311ed —6.82668e
39 4.73947e-3  1.70534e4 2094476 0237438 0284716 33425003 —1.60T718e3
40 4.53781e-3 1.65093e+4  L7576d4c-6 0113741 0233677 —4.2446%9e-3  1.73284c-3
41  4.60581e-3 1.62495e4 2.23853e6 0179177 0254948 5.72044e4  4.97%947e4
42 3.51665e-3 1.16255e4 2375826 0413749 0300233 -3.2486le-3 1348263
43 424252e-3 1.22672e4 3.09423c6  0.122545 0051831 30544602  1.20623:-2
44 3T77773e-3  1.2074le4 2445506 0507127 0309672 4314074 —1.68904c—4
45 34068203 1.16962e4 1798796 0529886 0323479 1740463 62245604

Table 4. Difference between the RINKO oxygen and the botile oxygen after the post-cruise
calibration. Mean and standard deviation (Sdev) are calculated for the data below and above
950 dbar. Number of data used is also shown.

Cruise Pressure = 950 dbar Pressure < 950 dbar
MNumber  Mean Sdev Number Mean Sdev
(umolkg) (umolkg) (nmolkg)  (umolkg)
MEO7-04 1510 —(.01 0.22 1118 .25 270
MRO7-06_1 2698 —.01 018 1876 —0.07 1.31

MRO7-06_2 2095 —0.00 0.24 1642 ~0.01 1.03
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Figure 1. Difference between the RINKO oxygen and the bottle oxygen after the post-cruise

calibration for the cruise MRO7-04. Lower two panels show histogram of the difference.
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Figure 2. Same as Fig. 1, excepl for the cruise MRO7-06 leg 1.
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Figure 3. Same as Fig. 1, excepl for the cruise MRO7-06 leg 2.



