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1. Cruise I nformati on
Cruise | D MR 1-0 4
Name of vess®&IMirai

Ti tlce uofse GOSHI P Obs-fhewadéatiaon material transports
circulation and their variability

Chief Scientieg 2: Aki hi ko Murat a
LegK&tsuro Katsumat a,

Physical and gQhaepnhiyc aR e sCecaeracnho Gr ou p , Gl o
Observation Research Center, Research |
(RI GC), Japan -Egenbdy Stoenklar amed Technol
(JAMSTEC)

Cruise periodeg UWNoviember4D2OER®™ber,
Leg ‘DPeckBer , -200O9cember,
Leg28Decembe+] 0Felruary, 2020
Leg YEeblrBuariFeB®rOary, 2020

Ports of departure [/ <call [/ arrival
Leg 1: WsaenhgiedDpmh ke o
Leg 2mb/@okoui s
LegP@LtouiySi ngapor e
Leg 4: M&omgapor e

Research are&degldian Ocean
LegS@8uthern Ocean
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Samplng positions
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Narrative for Leg 2 (A. Mur at a)

IDec: Water sampling traininglseasi omhe, pwhitclof:
Cl_u_mbo_,ﬂ Sri Lanka.

e

4'Dec: Me-b'o'ang MhemiR/hV peopl e from authorities o
observation within the EEZ of Sri Lank.

5'Dec: Depar tCod ufmbo at 10: 00 | ocal tkinnmewn We pr a
as a guardian of sailing in Japan, for the crui
station.

8Dec: The |l ast CTD station (CTD e# 1d5e)p awittuhrien ftrho
Col umbo, good weat her candimoekbig wave conditior

the equator. A certificate for c

13 Dec: Suspended CTD observations for 24 hours.
CTD observation system, not because of mal funct

14"De c :-s tReer t of CTD observation from CTD #39.

18Dec: At one time, CTD, olbserawbste radd smewleircea |s ucsrpie
few hoursst dratteedr., r e

20Dec: Slightly bumpy conditions.
2"Dec: The | ast CBRidteat iton.PoAftt eroutiat ,

2''Dec: Arrival at a port of Port Louis.



Narrative fKaoart sluengat3a)( K.

29%Dean approackiinlgedtywsfonRort Louis some 17 hou
schedul ed. As soonwaveee &as5 hm gun daegra da slobutnh/,s g

30DeEmergency evacuation drihb tomphenhgdsaebfsiepn
3iDecbast day offi rtshika @Tebafr tdhhed Iceagst st aht pd at 7
timketh four liemg péan sslouremd mplit astancell ation and
condi ti ontso o ks anmupcl i hlgosneg edru rtihnagn tthe previous | eg

*Jamlkessed by a nice breeze ofwiabbua @i m/ef & wt
m) from the cyaldored afserd aasstouthatf Port Loui s.

2" aftation 8k,sttAlet leegpsitt has WwWeennotcUpPpDeto i

sure abduftAhet saddpscussion, we decided to proce
pressure | imitidb@te b606ntHM" whmbwags escape to
shall ow si de0.5 mnldewewdatstlwarnflie.then it

4% aoi | |l eaked from Dynacon winch. Suspended up:
Onet tetwo CFC ah &l yweadersmai nt emam cea.stAl8I3 et tb atc
frifge.stateDursi excedowrenast of 85, communicatio
deck unit was | ost.tAdewkalse wats wanclkeld ¢ eghtanlia

t hmugh check, thehddCraeadt ao mobetdweam|l e showed
Ret ermi nted the arSnoatédemgabh| aft €astll2hotirs.

5Mawas instead a peaceful day.

66Maamt about 0200GAT, 28We Twheg
dr o plpkeld6 AC1 and 8% .3B5.(dr | ower
fromrobably Agul hasd®edur auC
t owards NE, > 1.5 kt. At 093
the Port SiKiePb&t ohet s & ysphoif
( MWJ ) .

st be a
t i s
w a yell

7% ' amddhygugh the upper watetrhseunbssopicalumgrye e .

9 amow we ar er efhaaormith 4a.t6 Me2S AC IS BC,155FSKk85. 07
34Surface c WArramt3 ikintot s1!0

100 anfat aj el Iy fi sh ICeld3 egcootn dsatruyc kseyds tienmi.o Tthhee pr i |
and healty (good35)giroe enrecgads tNwAvinit oOSBAE pressure va
and too&f®B. hAlumest hal fway.

11% 41"Pasl ow but stesadypdoeGuat nduplaitcat eamel | . The
suspect edantdhepeglfoorensed several experiments. It
the problem prasgesd sowarf t@glrowes .

187aat | ast we got caugh6. Dymasil gwi preasturwasegs
> 20 m/Se4 awmidndby24 hour s.



147 amack to work. The -fHeapttd ona xte dt Hraylegh wtalse hwe

t er mibnyatneodr e d chuelmorf®@osiiaGTDar ound

Mo d uelror or Alalg aii 1. wel | t hat

15Mamt oi furious fifties
wavei ght > 3 m/ s. Expec
appaliangWis(eemp,i cweairset)r et
station spacing from 30

16 amughnobhew press
During Station 126 wu

A0 @Gpaubtatri ndgo wnh. e

CD set back on decakndancdlogeaemgiothgaecchesc&upwe di d |
ends wel | ?
10m/ s and
t em
‘finles
IJ
ur e X
pca O dbar),
to

piedtp > 20dangtdeeicn ded

CTD W|th0ut'amegpp|nanfuccllly

sampling bot tdhamsunbwetr swewarsamaged .
down towke®dOoO>m2@awmés amd

179 an:wedepnddepl oyi ng 8o fXOTDD so bi sneowpvl afDaienen W e

saiilnreod t he leyw prfe g4 sher e,

afuXLCiITiDt ut ed

r

the wind al most stoppe:

froMResumetdds cfar on2 .St ation 13

18T astill strong wind >t lir@ grh/ts aaargd es weeldlh > h&a.t5 t
andedalrling CTD cast s.

19T aRinal ly much ni cershseerae, wWiwdthofsaebe zit egnpelrtat sim

200 ahcebergs!

299 amxit remely cal m. Al most
l e o

but comfortahb

zer o -avé mam@maerrda t<u rle m
n tmae bkedlk.ssSgFaregdiiemti dehlmenr gvah,

V

229 ame soutBeartrinmnwmgt ¢65dered by ice. We deployed

north of a%tdatiiacdmwibBT I ¢ d ad

Ov i2s imd Il el!ls) nort h

an X@akx.k htoeme 3afweek transit.
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2Science Party

Table 2.1 List of04d4padrfg

Na me Responsibility Af filiat
AKi hi ko Mu DI C/pC®MWat er sampl RI GC/ JAMS
Kat suro Kat CTDADORIt er samp Rl GC/ JAMS
Yui chiro Ku DO/ CRELIE/ Wat er sar R GC/ JAMS
Hir oshi Uch Salinity/ DenkkWatyé Mis Rl GC/ JAMS
Shinya Koul CTDADCP/ Water sar R GC/ JAMS
Sayaka Yasu Water samplin¢ REGC/ JAMS
Masahito Sh CECs/ FDOM/ DOC Rl GC/ JAMS
Kosei Sasa Chda/ CDOM/ Wai@ag s&¢ R GC/ JAMS
Mi noru Ham Water samplin¢ REGC/ JAMS
Tai chi Yokaoa CHJ PO/ Bacterial/ DNA/' SUGAR/ JAMES
Ei ji Taswut CH4 PO/ Bact eri a/ DNA/' SUGAR/ JAMES
AkKi ko Maka CH4 PO/ Bacteri al/ DNA/' SUGAR/ JAME
Ki mi nori Sh Radon & pHhpOO®s/ Wat TUMSAT
Sat oko Owa 12 Water sampli TUMSAT
Pet er Lesli lodate/ Ureal/ Water NUI G
Li Bofeng No @ ArWwat er sampl Ho k k au ndi ov
Wang Cheny No & Arwater sampl Ho k k a i idw.
Sasaki Yus Mi clriodar / Water s Univ. of
S C. W Jay Observer S Lanka
K. Arul ana Observer/ Water s NARA
Adi kari Appuh Observer/ Water s NARA
Kasumi Yama FDOM Rl GC/ J AMS
Ko ki Miay a k DNA Water sampli R GC/ JAMS
Soichiro Su Met eor ol ogy/ Geoph NM E
Yut aro Mur ¢ Met eor ol ogy/ Geoph NM E
Masanor. Mu Met eor ol ogy/ Geoph NM E
Yasuhiro A Water sampl i ng MWJ
Masahiro C CECs MWJ
Shi nsugdaTc CTD Argo MWJ
Mi sat o Kuw. DO/ TSGAChI MWJ
Tun Htet A CTD Argo MWJ
Tomoyuki Ta Nutrients MWJ
Hi r oki Us hi Salinity MWJ
Kei suke Ta CTDAr go MWJ
Yut a Oda DI C/ TA MWJ
Kat sunor.i S CFECs MWJ
Nagisa Fuj DI C/ TAd pCO MWJ
Hir os hi Hos CFECs MWJ
Keitaro Mat Nutrients MWJ
At sushi Ol DI C/ TAd pCO MWJ
To mo mi Son Nutrients MWJ
Erii 1rice DO/ TSGAChI MWJ
Yuko Miyos DO/ TSGAChHI MWJ

RI GC: Research Institute for GI obalar rChmen§cece anAdSTTeEcGunpod acpgayn, AJLEGAC
cuteidge Grand and Advand&dMSR&sedokhoPUpbpgvyaeamsity of Marine Scienc
Nati onal fUnlirveelrasnd yQwal twaoynalNARgAuat i ¢ Resources NRMMEdeppaeh and Devel
Marine Enterprises, MWJ : Marine Works Japan



Tabl2ei 8t of

partiodi paogts for

Na me

Responsibility

Af T iliat

Kat sur o Kat

CTDADCP/ Water sa

Rl GC/ J AMS

Yui ¢ Kuma mo t

DO/ CsYER&/ Wat er sar

Rl GC/ J AMS

Hiroshi Uc Salinity/ DenkkWatyé™Mis R GC/ JAMS
Shinya Koul CTDADCP/ Water sar R GC/ JAMS
Masahito Sh CFCs/ FDOM/ DOC Rl GC/ J AMS
Kosei Sasa Chda/ CDOM/ Water se R GC/ JAMS
Mi noru Ham Water samplin¢ REGC/ JAMS
Maija | . | odatad \Mant er samg PCUV
Mel i ssa T. SOCCOM fl oats/ Wat S1 O
Sasaki Yus Mi cro lidar/ Wat e Univ. of
Kas uYmimauch FDOM Rl GC/ JAMS
Koki Miyak DNA/ Water sampl Rl GC/ JAMS
Kazuho Yos Met eorol ogy/ Geoph NM E
Wat aruToku Met eorol ogy/ Geoph NM E
Sat omi Ogce Met eorol ogy/ Geoph NM E
Yasuhiro A Wat er sampl i ng MWJ
Kat sunori S CECs MWJ
Masanor. E DI C//TARCO MWJ
Shinichiro Nutrients MWJ

Mi sat o Kuw. DO/ TSIl C MWJ

Hi r oshi Ho CECs MWJ

At sushi O CFCs pCO MWJ
Tomomi Son Nutrients MWJ

Erii 1rice DO/ TSGAChI MWJ
YukMi yoshi DO/ TSGAChI MWJ
Nagisa Fuj DI C/ TAd pCO MWJ

Hi royuki H CTIArgo MWJ
Ri o Kobaye CTIArgo MWJ
Kent o Fuka CTDArgo MWJ
Dai ki Kawi: DI C//ITARCO MWJ
Shungo Osh Sal iArigtoy / MWJ

Ko Morita Nutrients MWJ
Shuntaro H Water sampling MWJ
Takuma Mat s Water sampling MWJ

Mi ki o Hase Water sampl i ng MWJ

Mi saki Ot ¢ Water sampling MWJ

RI GC: Research |
Catholic Universi
Japan

ute for
f Val parai so,

10
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4.

HydrograpkimenMeas

41CTDD

February 9, 2020

(P)ersonnel

Hi roshi Uchida (JAMSTEC)

Kat suro Katsumata (JAMSTEC)
Shinya Kouketsu (JAMSTEC)
Shinsuke Toyoda (MWJ) (leg 2)
Kei suke Takeda (MWJ) (leg 2)
Tunt elt Aung (MWJ) (leg 2)

Ri o Kobayashi (MWJ) (1l eg 3)
Hiroyuki Hayashi (MWJ) (1l eg 3)
Kento Fukahori (MWJ) (leg 3)

(20bjective

The CIWw@t er sampling measurements were conducted

properties by séemgars and water sampl

(3d)nstruments and met hod

Mat er i alhsi suscerduiisne tare as foll ows:

Winch, cable, and fr ame

Traction winch system (4.5 ton), Dynacon, Il nc. , B |

8,080 m of 9.53 mm ar mor ed cCaullpee,peRaqgc e gtge mi Wi, r &JSq
(routinely tchuet 14e0g0 2m) aft er

Compact underwater slip ring swivel, Hanayuu Co. ,

Deck wunit
SBE 11pBusd Seaentific, Bell evue, Washington, USA
Seri al ned87121 P54451

Frame, water sampler

460 kg st dirmlimespocsittdeadwatler sampl e bottl es
with an al umi nurmh90e)c maon grue sairs tf ifnr a(nbedds r ot ati on
(weight of the full CTD/ water sampling package

3§osition casampkeér wRibSrBE BQi, e rSteiaf i ¢
Sdral no.0&826 4451

12 Ni-Xkwater sample bottl e, mo del 1010X, Gener al
(No TEFLON coating)

122 sampl e bottl e, model OTE 110, OJOcceraindle,stUEAQui pm
(No TEFLON coating)

Under water unit
Pressur38Es®dmps@ds,r dS8aientific
Seri al n el.0 2079 A(51414754157) (cal i bration date: April
Deep standard referenBerdh8cmemettr¢ SBE 35, Sea
Seri al nor.at0i0Ocdrb deatad:i bApri |l 1, 201
c

i
Tempeurne sensoB, r8BEc3kEntSda
Primary seri al no. 031525 (calibration date Ju
Secondary serial no. 31359 (calibration date
t4G,i cSea

Pr i nsaerryi al no. 0424395
Secondary serial no.
Di ssolved oxygen sensor

(nea l2i5h r 2t0i1® dat

0
Conductivity sengar,hSc3Bkh
u
042854 (calibration date:

11



primary, RI NKO 111, JFE Advantech Co. , Ltd., Os
Seri al no. 037, Sensing:f&epbterpmbhel82822204¢A8
Secon3BE y4 B,i rlYeaScientific
Seri al no. 432211 (calibration date: June 1

Transmi sG9®tmen ,erWET Labs, Il nc. , Phil omat h, Oregon,
Seri al no. 1727DR
Chlorophyl |l fluoromet erNe ws ekgnop snhti rSee,n sbwSA | nc., E:

Seri al no. 36l&,g/Ga3i dorBVBX,atd ons 001
Gain: -0 Xug/oL) faeL58tations 098

Ultraviolet fluorometer, Seapoint Sensors 1|lnc.
Seri al no. 6-2@3QSBpin 30X (O

Turbidity meter, Seapoint Sensors |Inc.
Sdral no 1290 B35 OFRGauU )n

Phot osynthetically Actiyso®gRaLCiSAM, i on (PAR) sensor,

Satl anti c, L P, Hal i f ax, Nova Scotia, Ca

Serial no. 1025 (calibration date: July 6, 2015

Alti met-2Y6 T PSPel edyne Bent hos, | nc.

Seri al no. 1157
Pump, SBEBIi5SdI, SSieant i fi c

Primary seri al no. 055816
Secondary serial no. 054598
Ot her additional sensors

Lowered acoustic Doppler current profilers (see
Mi cro Ridar (see section 4.5)

Refractive index deXs)ity sensor (see section 4.
Sound weloddiltey (see section 4.29)

RBR TD/ ODO sensors (see section 4.32)

Radon (rgaaymmasensor (see section 4.27)

pH/ p€®nsors (see section 4.28)

Sftware
Data acquisitionWism32 waver, siSEMRASAVEI. 2
Data procas®BEDataPtWwmne2si wgersion 7.23.2 and some

@DPreruise calibration
(4.1) Pressure sensor

Preruise sensor calibration -Biord| $amieamt izfaité¢ .onT lwa st
the pressure ds emgdrodwas redjersttied i cati owetcghtetéesbass
(mod®WHE A70M and A200M, Fl uke Co. , Phoenix, Arizona

BA100Ks, Fluke Co.):
Seri al no. 18710 (MW7a0)M)( c(afloibrr$alt i 21 H)at e: Janu
Seri al no. 1305 (A200M) (for 90 to 100 MPa) (ca
Seri al no. 1453 (BA100OKs) (for O MPa) (calibrat
These reference pressure sensors wegreaambl é bratNat ibgn
I nstitute of Standards and Tec-bnol sgyc¢Nit &d)i pnewast
at JAMSTEC (Kanagawa, Japan) by Marine Works Japan |

12
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Fig. 4 -lr.uli.s aPirceaimptahe CTD pressure abWT)t.he referen
(4.2) Temperature sensors
Preruise sensor calibrationsBiorfd t3icei -€SIBIEi 8isc sveR 20 rp ¢
calibration of the SBE 35 fSoeiBi 1 d nSairénthitfiion. wake asls
of the SBE 35 was adjusted by periodic recertificat
fixednt cells (water triple point [0.01 AC] and gal
Si nxClgrer ui se calibration was per-pormedcalkl| s AMSTEEa
Nati onal Metrology Institute of Japan (NMIJ) temper .
Year
2002 2004 2006 2008 2010 2012 2014 2016 2018 2020
2 | Il | ! Il 1 Il
£ B o =g g
& 14 T I S
s F
&£ '/
E 0 %o gy g0q® —F8 "0\0“0\
2 g o
é -1 SBE3S5 serial no.
2 ® 22 v 53 Sea-Bird Electronics
022m = 45 JAMSTEC
“2 T T T T T
2, 1 | Il L
x
£
3 N g '\;mﬂ:ii’? e 7
E / /" =Sy UV
E ol e L
g .\. 9\8\070%,
2 ™ °
© ® o O\\
o _1 | [\ L
e = \./ \d.\ o
s -
—2 T T
Fig. 4. 1. 2. Time drifts (tenperbantauroef offdusretSBE €3 g i
| aboratory capoibntatd elnlss i (nwdtixredtri pl e point: WTP,
4.3) Condustivity sensor
Preruise sensor calibr-BitidnSciwemtei fpieaf or med at Ses
(4. 4) Di ssnolsveends oorxy g e
Preruise sensor cvwalsi lpreatfioomeadf aR| MKNMSalrEdCa rbdy guass ensg
(JCSS Grande 1, Taiyo Nippon Sanso Co., Japan):



3.978% of 02, @€haénbeftcenti BIMKati on dat e: May 29
9.979% of 02, -Z2&mhere craad.i olnMKdat e: May 29, 2018)
16. 97% of 02, Thambefcamwmti BIMKati on dat e: May 29
24.96% of 02, -8citbal@b grcerad.i fMKati on date: May 24,
The stasadawudagas pure water was me actulr,le,d2 Ob ya ntdh e2 9R | ANC
Oxygen saturation was calculated from oxygen concent
the atmospheric pressure in the calibration vessel ¢
modi fi e/d| ®euearteigon sl ightly modified from a method by
coefficients for the pressure dependency were detern
of the calibration eqesathoafs paiski de scaliibkkerdatiinon.he s
Oxygen (umol/kg)
0 100 200 300 400 500 600
5 : ‘
6._ =
el o £05% |
3 2 o
: TR 3
e 5 2 i
g %ﬂﬁl@n@g 0 %
e
-4 - -
-6
-8
Fiog. 4. 1. 3 .-c rReissud tc aolfi bprra¢tlilon( odr itahle nRI.NKGO0 3 7)) . Di f f
calibrated oxygen sensor data and the reference di

Prerui se senosnoB&fcdS ivbasatpeBifrod m@di eant iSfeiac .

4.5) Ultraviolet fluorometer
Periodic recertification was not performed by th
However, the wul tr a -ppaurraemewati ecr Sa rach Wiah €PIRME@ I8tVia tweerr e ( MS

periodically measured at JAMSTEC (Fig. 4. 1. 4) . The
KANSO CO., Ltd. (Osaka, Japan) (Uchida et al., 2020)
wi || be measuredcalfelerhe¢ hilst cawicleet fluorometer in
Temperature dependency of the ultraviolet fluor om

(2015) :

CTDUVFLUORcorr = CTPUVFIHUYOR/ (1.0 +

}] i®.0065

T= 20

wher et dmper at ur@s
fro t

ief AdrCdnce temper dathier eco(firrrcACpnand
determined m I |

aboratory measurement (Fig. 4.

14
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g. 4. 1. 4. Temperature dependency of the wultraviol

output washstitdtddnlypy s5he deep oceAwngasutri 21@l1 & h(eRW T\ND
crui sed4yR18

.6) Transmi ssometer

Light tr@memi%ysiencalibrated as

T= (W HVgiMoo
hre V is thevmetadge etoh e¥ idgairiaké o fnfssterti deortrth,e a&n dy n\a | f
ear jwahebe ¥Ybtained byhlkel caki bg at iv®md)ic gelstt fi pnaatit erdt s
om the previous crui se wenr ewauss endo,t bpeecraf uosrrereapde rbiyo d ihc
r the transmi ssometer.

. 7) Turbidity meter, chl orophyl |l fluorometer, PAR,

Periodic recertification was not performed by the

) Data collection and processing

.Dadta collection

TheTD systowewasl on at | east 20 minutes in advanc
pres.suTlee skkaatsaorwas acquired at | east two minute
pheric pr epsbssurdeecdkat a on the shi

backage was ntowdrhe water from the starboard
e in order to activate the pump. After the pu
wered at a raBeoofm whenmssghod®OWngrh Waotrbemet |
e was stopped to operate the heave compensato
f 1.2 m/s to the bottom. For the ap bastlethe
st olpes . b Atst lae rwdse ,fitred aft er 30wasietciomg sf rammnd tthh
was stayed at |l east 5 seconds for measur emer
erticaprogpawdsiepéc bé dyhhoelme sluaf g@gc,e tthe tthhetrtmoe |
ed after waiting fromhamtghedwapt drorb é6tOweesrc oinrd:
of the bottle. At 200 wagost @@fPedn)t drotmop ht
mpseat or of the crane.

The water sampl e bottddlesf rammme tdfe tshteai@TRspackage w
fore a cast taken water for CFCs.

o —

.2) Data collection probl ems

There were maayekreahsmpoe blert Ibeost thoent acuaspe otf h & hteo b o
ose correctly, especially for the bottles model O
At station 86, data quality of the prdiemgprey ttedmmer &
8 dbar probsalbliynduleet'ﬁdealhd:lyf|Therefore, the seco
ta were used for station 86.

15
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uoromefdr data w
eEeeKOrrang

At station 97, the chlorophyl
anr tihe down cast) due -He®/ Lo wo in r
At station 126, the water sam bottles were clo
an 2730 dbar to finish the CTD ttasdbtuaigred | wi dhheut
ring avepags#idrseevceornd of the bottle firing ti me.

At station 132, the RINKO data were not obtained b

[
@

fore the cast. Therefotret,i drhel 3BE 43 data were us:«
For the transnsiosrs omettput, wade shkinfted at 581 dbar i
fset correction (+0.006 V) was applied to the sens:c
the sensor adwtwmutcawds blradveiem QOB 6t and6®d@tavkam dfl
78 dbar of station 55 probably because of the eff
ad measurement) for the dat a.

3) Data processing

The foll owitmg pameesbBéendasoftWmrde) ogBhEDatad Psod d svair
ta processing module sequence and specifications |
DATCNV converted the raw data t o enge nienefroirnnga tuinoint

ere scans whee eb antatrlkee dc owvri ftihr m bit during acquisitio
d the offset was set to 0.0 second. The hysteresi
rr-both prioffidremaatnido rb od a tl ae.

TCORP (origveabkbimadal &) corrected the pressure sen
d bottle information data.

RI NKOCOR (original modul e,-depesdenti hdfucedouenfe @tce c
ysterodsitshe RI NKO for both profile data.

RI NKORROS (original modul e, weerpseinadre n ki, Odpirceedds ue et
fect (hysteresis) of the RINKO foar rbeodttdd prmdfoirlmea
BOTTLESUM ac rseuamtnreaddr y of t he bavetageddtavedThée. dasacw
ALI GNCTD conveasrtigaid ntclee offi m@ensor outputs into the

I calcul ations were made using measplresame@TBd irtolm 1
e ducted tedperiiaviury seawmpmopuampd ahd00§pical net
nductivity relative to the temperature is 0.073 s
e primary andctihei sepcfoomdaty7 2 omadans (Ok.yg®/n2 4 at a0 .al
stematically delayed with respect to depth mainly
d of an additional del ay fro tnhge |tirnaen s iTthitsi ndee | af
mpensatcendd byadbvasrci ng the SBE 43 oxygen sensor out
t a. Del ay of the RINKO data was also compensated
|l ative to tae Dehtarpa md mitdbsepdaaestvoa sc camipensated by 2 ¢
vancing sensor output (voltage) relative to the t
WI LDEDI' T marked extreme outliers in the data fil
curate estuemastantfiattedevitat iwem eofr etalde i dhathd .ocklse o
ta greater than 10 standard deviations were fl agge
e same 1000 scans excludi nng 2t0h es tfa nadgagredd dveavliuaetsi.o nvs
di sTphrocess was applied to pressure, temperatur e,
CELLTM used a recursive filter to remove conduct i
nductivity.edTweircecalt healmad s amnsOn3a layn da mphlei ttu dnee alomisa
7.0.

FILTER performed a | ow pass filter on pressure wi
oduce zero phase |l ag (no tiamekwaids) the filter r
WFI LTER performedteas t@a medioar HKipl kes i n fluor ol
ansmi ssamet avj ohbedatfa.uoAh ommediean value was det er mi
ndeow. t he ultraviolet Ifllmeax omet eer dawt 8h wamsmwaddbwi c
plied to remove noi se.

SECTI ONU (original module, version 1.1) selected ¢
reduce a file size. The mini mum prawrkbaggre waass sheetn etac
essedacet iafdteirom of the pump. The maxi mum number

pth of the package was 1 dbar below the surface
tomatically calculated in the modul e.
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LOOPMET marked scans wherses tthhanCThewars nmonuimn gv ell ® ¢
travedadkhwards due to ship roll).

DESPI KE (original modul e, t verddtoame di &) amredomednsa
deviation wadbaespuwulatkidnsahdcapoddhiedpWWtnhe fl agged v
Val ues greater than 4 mean absolute deviations from
was perfor meem@et admemsceufootri vity, SBE 43, and RINKO ou

DERI VE was used to compute oxygen (SBE 43).

Bl NAVG averagedbahepdaesaurptbibhs. The center val ue

the bin size. The bin minimum and maxi mum values ar
Scanwith pressures grcdealtegs tthramn tdire endg wmalmutmo amhe ma
Scans were interpolated so that a data record exi st
BOTTOMCUT (original module, version 0.1) deleted t
number of the deeptelsea avier avpes saomeand |reumbeéranof t he bin
DERI VE -wasdrto compute salinity, potenti al temper e
SPLI'T was used to split data into the down cast al
Remaining spikes in the CTD ddadtbavweragemdamwmdlal. y Tdlei mi
resulting from the elimination were |inearly interp
B)Postuise calibration
(6.1) Pressure sensor
The CTD pressure sensor offset in tebsuper ireddofngt
on t haed extki.p For best results the Paroscientriefic sens
the operation. I'n order tand egastth ep roeaslsiulrrea tsienms od a tdar
deck pressagedwasveavéirst and | ast one minut e, res,|
deviation from a esstsatnOdda3d (dp Savt BnBoasspuhbetrriacc tperd f r om t he C
to check the pressure sensor tamarddi at. tibecapmashp
hi h from t he-slmanpd etdi nouet)ee ainndt esruvbal as a meteorol ogic

g

Ti me series of the CTD decdndprde Sher e TiDs pslecwmur ien ¢
of fset was est i nsastuerde .f rioensamh thoeft Jatehsalk gppreat a over t he wk
gave an estimation of07t haen dibr@eoDs3U reeg s2e msnad) | efghb sB8e, t  r(els.
thecpuése cal i kraitiisen .c oTh e cpgdiasisra ndoft tdheee nperde snseucrees s a r
pressure sensor.

Moniter of Deck Pressure MR19-04Leg2

0.9
average = 0.068712
0.7 std = 0.036245 r
0.5 r
T 034 r
o
&
¢ 01 : [} -
o M ',.na./_/ 09, Pe0%0g® sest. w
¢ TOd S TN g et — "Sheten mei
8 -0.1 4 ) =
-0.3 1 -
0.5 r
-0.7 T T T T T
220 225 230 235 240 245 250

Days from 19-Apr-2019

Fig. ®Birme 5series of the @TDnodsgodeke pprreessssuurree dfeovri altei go n2 .(
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from a standard atmospheric pressuBéuwasndubteaant
dots indawcdteaosptr edeck pressures, respectively. Red
and tkcasgkogpteessures.

Moniter of Deck Pressure MR19-04Leg3

0.8 1 L L !
average = 0.025329
0.6 std = 0.020775
04 B

0.2

Pressure (dbar)
o

_02 - L
) : —&— Ave Pre
-04 - ’ - Zero Pre B
Ve o Ave Atm
®— Start Pre
-06 * EndPre
All Ave Pre |
-0.8 T T T T T T T
250 255 260 265 270 275 280 285 290

Days from 19-Apr-2019

FFg. 4.1.6. Same as Fig. 4.1.5, but for

6.2) Temperature sensors
The CTD tempeSBE wkgkaddmgarted( with the SBE 35 und:
di screpancies between SBE 3 arndiYBE y35 that aaiwerna sd i
and time drilUchodateé¢ EBE,32015)
Postuise sensor calwibdatbieompefrdrortiead uUSRE 2BRMBSTEC i n
The CTD temperature was <calibrated as
Calibrated fte@hpetbhticu® ec = T
where T is CTRE,t emper ptrierses uirre i n ebrari,s et ciad itbirme iiom
of thee@g®r atOQul, € aazaddecccal i bration coefficients. The
using the data for the depths deeper than 1950 dbar.
The primary tempeshtakbBy Hlatcatuiveepaecsmt i brati on. Th
tempesansioe was alwsoed ailn dtreac dofantdhe pri mary tempe
quality of the pri ma(rsyt ateingdnhred@r)erser¢td i adwa dleb pdatti o
the CTD temperdaabteFdadaga., TWown 8i,n and bdr.alt.i%,n acnode ftfhiec i
are as foll ows:
c0 = 5. 10987,3 4c215 2=0 64,. 49286330143 e [for |l eg 2, primary]
c0 = 1. 1038,49c719 6=0 52,. #Aw2277PpB3M4 e [for |l eg 3, primary]
c0-3= 567 30582,0 8ceB 58er3,. 46121 50645 e | [efgor3, secondary]

Tablle D4 fference between the CTD tempreuiagzer e@alaintdr & thie
Mean and standard deviation (Sdev)95d0r e baal ¢ Nuatbed

oftdaused is also shown.
LegSasor PresGlase dbar 1950 dbar
Number  Mean  Ssdev N

( mK) ( mK)
- 2 R -P-r -i -m-a-'r'(;yL- - -0-4- - -4-5-(; o “9“1_5“ “'|'-(36_“_8_._4-1_ I
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Fi

5 x10° MR19-04Leg2 Temperature sensor (primary): correct conditjon P>=1950dbar

Pri maiOy. O
Secondary

Om 2 s g . after i
3 1 : . -
a » i By e, . (Y ° . H ' » A
£ o- cop bbb o ber i -
A L e g . P . . HE™ (15 » : 1
d._|_ . CL . o H ] g2 | L] |-
2 . [] . [ ]
£ [P>=1950dbar] :
2 . L
G »
-3 T T T
185 190 195 200 205
Days from 01-Jun-2019
L 1}
T* We = Lad

Pressure (dbar)

001 0008 0006 0004 -0002 0 0002 0.004 0.006 0.008 001
CTDTMP - SBE35 (degQ)
40 L 1 Il L 1 1 g
[P<1950dbar 915
30+ Ave:-0.00058 -
S
& Std: 0.00843
&
5 20 -
=
L
@
i
10 =
0 T T
0.01 0.008 -0.006 0.004 -0.002 0 0002 0.004 0.006 0.008 001
corCTDTMP - SBE35 (deg(Q)
50 | 1 1 1 1 1 1
[P>=1950dbar] N: 450
0 ADEV: 0,00020196
& corPres: 5.1973e-08
%30 -
< corTime: 44988e-06
q?-; 20 | offset:-0.00096313 =
= Ave:-0.00006
A0z Std: 0.000358 i
0 T T
2 ‘15 A 05 0 05 1 15 2
corCTDTMP - SBE35 (degC) %107
g. Bi fif &rence between the CTD

temperBlitwe eatf g

i ndibceaftoer e
panel s

show histogram

and-cafut sre tclaé i pbosati on using
of the difference
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x10? MR19-04Leg3 Temperature sensor (primary): correct condition P>=1950dbar

-5 g before
o) 25 ‘4 ; after -
2 . . o e ; g
S 14 . . patly p it L
= s g T T H iR LA LAt
@ 3 | I IIII‘II tiis l.'ll: i: 1 Bitas
2 o- IH!!!!l WHHLHE R (i i J -
%'-]_ R E: :-: : . @ E:. .:-:: . 8
E [P>=1950dbar] s e
G2 r
-3 T T T T T
210 215 220 225 230 235 240
L I
’g R
o
z L
@
2
&
&
7000 T T T T T T T T T
-0.01 -0.008 -0.006 -0.004 -0.002 0 0002 0.004 0.006 0.008 0o
CTDTMP - SBE35 (degC)
10 I I I I | | I |
[P<1950dbar 1890
3074 Ave:-0.00047 u
&
= Std: 0.00606
o)
< 20 -
=
=
@
fire
10 4 =
0 T T T T T T T
0.01 -0.008 -0.006 -0.004 -0.002 0 0002 0.004 0.006 0.008 (e10)]
corCTDTMP - SBE35 (degC)
20 I I I I I I
[P>=1950dbar] N: 525
.30+ ADEV: 0.00022554 =
s
% corPres: 1.1355e-08
S 20 corTime: 2.7274e-05 o
=
T offset:-0.0057034
“ 104 Ave:-0.00004 -
Std: 0.000408
0 T T T T T
2 =15 -1 05 0 0.5 1 15 2
corCTDTMP - SBE35 (degC) x1073
Fi g 4. 1.8 Same as Fig 4.1. 7,
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5 x10° MR19-04 Temperature sensor (secondary) : correct condition P>=1950dbar
. bef
oy - el
g1 e : . : -
Sl M il i i e -
. !l!n-l“!“.lin,!il!l'l IR |
= [P>=1950dbar] « ', : : :
o .
52 : M L
-3 T T T T T
185 190 195 200 205 210 215
Days from 27-Jun-2019
01 e e L IR
oo v |
’52000— -
£
Z 3000 =
o
) [ |
550007 » after L
6000 - . . -
7000 T T T T T T T T T
0.01 -0.008 0.006 -0.004 -0.002 0 0002 0.004 0.006 0.008 001
CTDTMP - SBE35 (degC)
60 | | | | | | | | |
[P<1950dbar 1832
50 Ave: 0.00026 =
cor Std: 0.00262
& 40 -
&
S 30 -
Z
Z 20+ -
10 -
0 I T T T T T
0.01 -0.008 -0.006 -0.004 -0.002 0 0002 0.004 0.006 0.008 001
corCTDTMP - SBE35 {deg()
60 1 L 1 1 1
[P>=1950dbar] N: 511
50 o ks
= ADEV: 0.00016671
& 401 corPres: -3.5674e-08 r
g 30 - corTime: 3.4136e-07
3 offset:-0.00051565
£ 207 Ave: 000000 Il
104 Std: 0.000275 L
0 T T ] T T
-2 15 1 0.5 0 05 1 15 2
corCTDTMP - SBE35 (degC) x 107
FFg. 4.1.9. Same as Fig. 4.1.7, but for 1leg
6.3) Conductivity sensor
The discrepancy between the CTD comdudhtei bioty | &@&nd at
data with the CTD t e nspecroantsuirdee raendd tpor ebses uar ef udnacttai oin
and time. The CTD conductivity was calibrated as
Calibrated conductivity =
Ci(dC +IR # G P+cl P+ 4kcPPI C I BRI C?+cl t c7f
where C is CTD/ m,onRluicsd iprndgsUmeaded dbhaa,swsacnd
ccare calibration coefficients. The beste tekethséegseof
to minimize the deviation fhreomotthd ecsrmadu atiitwi tdyataal
The primary conductivity data created by-the soft
cruise calibration for tthhe -tpeomsipee atafrebdatiaon Ther r e
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are summar k2 dandn sThesbi¥4elOnaBdldg4mM2le cal i bration coeff
as foll ows:
c0 = 5. 1106514 81199888e2 40679,2 6c82 = 8-08423667125¢e
c3-7= 821601012,14c34e = 1-1521-389200D491812,83 2 ¢
c6 = 5.59068,Z24#64483M45172(03 e |l eg 2, primary]
cO0 = 8. 400559,17c1108-8e3-0930-523&37210275126¢
c3-6= 67 27 41300,5 3c548 6=0 0 51306,6 1£25¢l &6 7 31114,9 6 4 e
c6 = 5. 320869,9 167.7819688e8 20853 23 € or Il eg 3, primary]
c0 = 9. 210655,74c51106e3-0272-82B82ZQQB0E8,706 e
c3-25801401209,33c24e = 1-1931-858368231413,715¢e¢
c64=484720363,8 72874 32480545 04B€&0r |l eg 3, secondary]

Tablle R4 fference betavnei@md btbtea ICE& Ds a mgpfl teedr stalidi rsped gt
cal i bMean oannd st andard deviation ( Sadbeot®)®& Oardeb acra.l c ul

Number of data used is also shown.
LegSesor Pres@labse dbar 1950 dbar
Number Me an SiNewmber Me an Sdev
(1% (10 ") ) (10
2 P r4i 3nba r 0yl 05 601 01 8. 3
3 Pri marOy. 1 5202. 4 10. 4 4.9 8 4
3 Secondary 501 0. 0D0. 4 0.54. 8
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; MR19-Q4 Leg2 Slalinity (p[imary)
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-04 Leg3 Salinity (primary)

MR19

oy
S
s
7}
el

after

15 20 25 30

Daysfrom 30-Dec-2019

10

after

-0.005 +

TS11d - T¥sALD

-0.01

0.008 -0.006 0.004 -0.002 0 0002 0.004 0006 0.008 001
CTDSAL - BTLSAL

0.01

1843

[P<1950dbar

Ave:-0.00041

Std : 0.00489

|Max]| : 0.0828

50

40

=]
M

(%) fouanbaly

<
~

T
=

-0.006 -0.004 -0.002 0 0002 0.004 0006 0.008 001
corCTDSAL - BTLSAL

-0.008

0.01

1522

1950dbar

[P>=

Ave: 0.00005

Std: 0.00043

|Max|: 0.0017

50

40

o
M

T

f=}
~N

(96) Aouanbaiy

T
2

1.5

-15

x1072

corCTDSAL - BTLSAL

but or eg (r

10,

Fi

4. 3amd as

Fi

24



001

0.005 +

CTDSAL - BTLSAL

0.01 -0.008 -0.006 0.004 -0.002 0 0002 0.004 0006 0.008 001
CTDSAL - BTLSAL

50 | | | | |
40 4 [P<1950dbar 1824 =
g
g, 30 Ave:-0.00042 =
5
g 20+ Std: 0.00484 -
[V
10 |Max] : 0.0835 -
0 1 i 1 ) | T
001 0,008 -0.006 0004 -0.002 0 0002 0.004 0006 0.008 001

corCTDSAL - BTLSAL

40 4 [P>=1950dbar 1501 -
Ave:0.00004 -

Std : 0.00049 -

Frequency (%)

|Max]|: 0.0017 =

-2 -15 -1 0.5 0 0.5 1 1.5 2
corCTDSAL - BTLSAL %103

Fig. 4.1.12. Same as Fig. 4.1.10, but for |e

6.4) ®dsew@wygen sensors
6.4.1) Primary oxygen sensor, Rl NKO

Data from the RINKO c are pdssan tc,o rirnedcstseedd ef eof rf etchte btyi nmee
the same method as that developed for the $BE 43 (E

(amplitude of hysteresis correction), H2 (curvatur e
hyesrtesi s) wetre mieniemmcastih-aadbwgat a.
H1 = 0.0060, H2 = 4000.0, H3 = 2000.0 [for | eg
H1T = 0.0058H3H2 308000.0,[for | eg 3]
Out pfurtdkrh NKaQtehe r awhiphf sWadaN&kan be cal mbdaféeeddby t
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St erol mer efught bfir ommd afbitdcdh i da2 &0 al . (

Ox(emo | /1 3/ ®YLI(M K
where V isi svovalatgeege Vi n t he sal®te mea «ofonsxyagqdare, Tkhe co
corrects nonl i-Yelamén ye qu adtritdent $tfledrknia sYsumed t o be fun

temperature as follows.
Kswc Gc 1T cr2T?
Vo= 1d 0+T

Vv d:leij+d§t+d4 Tt\/b+d§ 2T'[Vb
where Tt émp€rAd@t varpéds (Vr aw outopot Yvaleshorwalized by
the absenceofamakytgeins awomOki ng ti me ( dfagrs)e.d mh elgg@t
The oxygen icoalcewnltadagdubnestipeegr ®8 data from the CTD tem
instead of temper atTuhree pdreebsespubrnes mt etle o Ry Jl&EBncbeacent r
calculated as foll ows.

O :01cp N1 POOO)
wheRies CTD pressprse thebaro)mpemdati on coefficient. Sin
is permeable only to gas and not to water,-the opto
compensated akywleat € dannd ptemas | ftd ptloyri of t he effect of
(Garcia and. Gordon, 1992)

The -positseedcampbratiusdhiwvai e yused f or Tihhee rceasluilbtrsata

t he cprousits e cal Rb NBXiyogne ® os u rnirmeer Tdakbeldle and sshlawa 3in Fig

andl .41.4. The cali bration coefficients are as foll ows
c0 = 4. 481 8-B 3c612 68 214.583918:7-B 2c524 5=2 038.213806e0-0 8747588371
d0 4= 993114904412 80938475DPHB30255=3 0.4A9BBDBHLHS 4,
d3 -2= 360370-R3#M48 19 174.e7812BAPRBHT2020&066792388e¢e
E =,clp. 2= 0.025 [ for leg 2]
c0 = 4. 2312-08cll7 54 311.955856e4-0 3c724 8=3 415.697245%30 8563039167
d0 3= 77R2098383DBH3IAe88H75699580RZ7064@. 30849271820501
d3-3=2 6958401-08d649 6=7557.e0509090ADB-723862928085027660¢e
E =,clp. 2= 0.0214 [for |l eg 3]

Tablle B4 fference beotxwegend bthted IPd Bda max yt gepmo-d thei s e
cal i bMean oannd st andard deviation (Sdet950rdebara.l cul

Number of data used is also shown.
LegSesor Pres@lo6@ dbar 1950 dbar
Number Me an Sdev N
(emol Ydop | Y kg (emol Ydow | Y kg
2 Pri maifo005 030 421 599 003 1.08
3 Pri matifopw4 030 511 826 006 0.77
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MR1§|)-04Le92|DissoIvepI Oxygen (RINKO |Il)

CTDOXY - BTLOXY (umonl/kg)
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Fig. ®DiTfe3tewmeceen btehe CTD oxygen and the hotdtilceatoexy ge:
before and-cafutiesre tctad i po |t i on, respectively. Lower
di ffer

r
erence after the calibration.
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s ; MR19-04|1Leg3 Dissolveld Oxygen (RINKO 1)) l
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firs
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Fig. 4.1.14.4 Shfme8 alsk Fti 3.

(6.4.2) Secondary oxygen sensor, SBE 43
The primary oxygen sensor RINKO data was not avail

foil was not removed. Therefore, the tsuecfoondd atrhye o&Ty g
cast. The bottle sampled oxygesnt daBB w&reata mpatedc
same density surfaces (Fig. 4.1.15). The SBE 43 dat

SBE43OX%Y c0 + c1 T253“E433TGX\C3+TC

c0 = 8.776269046135372

cl = 0.9875226996210535

c2 = 3.7297B38540353487e

c3-2=227812374383066



deviation of thBH4IIGMNEntbebbbwebeeEmoxxiyigegn fwars de @Bt
deeper than 950 dbar.

Difference, SBE 43 - bottle oxygen (umol/kg)
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FFg. 4.1.15. Comparison of the secondary dissolved o
the in situ calibrationb(bhtadat dpeHdopr astdaafoer1l8B8c¢
cast oxygen sensor data were compared with the bof

6.5) Transmisso eter
Ligh t ra@ o nmekhdds ibobenam att engratei cwral cwd faftieaddi €rtonmc t he
V (in volst) asfollow
Tr= (VY /r|VdI 00
=i (1 [/ G/728P0Nn(
wehrdethhe dark of fsetti $ orhe hei gmalfodummendg |, @ mmaivdv/e & r
bl ocking t‘MdeNalsmegBUrpdtbn deckii befestreonma aitetde €mesda s u rVe d
maxi muiminmlt he eep ocean at each <cast. Fil6eVthe tr.

is expressed as
V= o€ 1le+ old?
where t is working timeipitrgdaye)d oéf ofmve hera&tms hieg<a

ang icc aad ec cal i br atMiacm maaone isfiignniaé ntwas extracted for
coefficients are as foll ows:

Leg 2, working time < 5.3169 days

c0 = 4. 7548410.0600241018442,2 1c84 747569, c¢c2 = 0.0

Vg= 01@

Leg 2, workile§ diame >= 5.3

c0O = 4.7436, ¢1 = 0.0, c¢c2 = 0.0

V¢g= 0.0012

Leg 3

c0 = 4.7417262802323390385¢t28%e 1. 050048980541784

V¢g= 0.0012
Al s o, the | ight (atFrr V¥ gNJo e i e sai mMaT@8533 fbreom t he
measurements after the |l ast CTD cast of |l eg 3.
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Working time in Leg 2 (day)
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Fig 4.1.16. Time series of the maximum value of the

used in the calibration ceefhecegbhbhbiasbomate and

6.6) Turbidity meter

The turbidity meter was not calibrated in situ si
of fset can be easily obtained by a dark pestandThe of
a biaaoll tape. The sensor offset was estimated to b
®6.7) Chlorophyll fluorometer

The chlorophyll fluorometer data show positive bi e
by t hreesfclemeeddbsgahvc materi al (FDOM) (Xing et al .,
interference by FDOM was corrected by wusing the ult
foll ows:

CTDFLUODR 0rCTDFLUWOR+ c1 T ORLDUVIEOLD 00013 1 P)

c0 = 0.037595034491929, c¢cl1 =i9PYP7]982993745243338

c0 = 0.0316388799077501, cl1 =i053F)22499476069204
where CTDUVYIRL UORe ul traviolet fluoremeitmrdband, (3ee
cl are the correction coefficients.

Thehl orbpbhygt dmétet huswvasocanbkib Bguttseithhge bottl e sampl
chl or-apdatfdohehl|l ordbpbygt bmewast i At By noi-cgstbopreddbt & he
whiwéds averaged morzgr e@ewidtelc i blae bott | ectslaonrpd phdy Idlat a
fluorometer datfa rabstgailshheodpe aor eptt he CTD fluorometer
dept hs extr a-c aedf iplreo ntatimge aweprde wi t h t he batdatasampl
The bottle sampled data obtained at dark condition
E/ tsntec)] were used for the calibrhtoomplsgidhttesentsi
at nighdaytmemeandFigs. 4.1.19 and 4.1.20). The calibr
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CTBLUORIGTI o€ 1kCTBLUORm cor
For CTDfRWU®RO. 15

c0 = 0.0, ¢cl1 = 1.0576092012502214 [for I eg
c0 = 00080¢36&5935896424 [ for I eg 3]

For CTDfibk®RKR:0. 15
c0-9=266249182486984¢&&.1193841938¥4591 [ for
c0 = 8.7856-29163DP20D08B&F0479180169]for statioc
c0-5=693867582326385P83 14893829 iIffldr station
c0 = 5.686892728856560688044018 21514002718 85 [ f ol
c0 = 8.200529268327072627010750i2154365 8 [ f ol

whepa&ndadartehceal i brati on coefficients
Ultraviolet fluorometer (QSU)
1.0 1.2 14 1.6 1.8
0.08
g
1‘ Stations 98-153
rl
0.03
Fig. L.omplat.i son between the chlorophyl/l fluorometer
ocean (depths deeper than 400 dbar)
Fluorometer (ug/L) FL with UVFL correction (ug/L)
0.00 0.04 0.08 0.12 0.00 0.04 0.08 0.12
0 e -
1000
2000
3
2 3000
g
2
¢ 4000 -
(=W
5000
6000
Fig. 4.1.18. Vertical profiles of the chlorophyl]| fl
corrdotri drhe interference by fluorescence dissol ve
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CTD Fluorometer (ug/L)
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The regression |ines are also
| ar gee/2M = 50
CTD Fluorometer (ug/L)
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Fig. 4.1.20. Same as Fi
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6.8) Ultfhvoobmeter
The sensor output from the ultravioledstfl-arnd oumet e
cast. The piressfurtethédhysedmregers outpat wasacbyrftol edwiog
CTDUVFLUBRCTDUVFLUDR+ To@mPl] )[ P [/flar P < P
Pim 2500 dbeér, [Dor lLled2]
Pim 2500 dbeér, [Dor Lei@g®R]stations 70
Pim 3000 dbeér, Dor DedgEe3B3stations 103
where P is prigeigssutrter ddmoldbavgdl,uée of pressure and cO
the pressure Bmich ogwaesatseert tthoanz el o .( FAWh eorf tthhee nocaaxsit muan
smal | ernmtas £k t o P
The sensor output from the ultraviolet fluorometer
because of the interference by sunligheat(t-Fhan BOQA. 2
¢eE/a, the deviated data near the surface was repl ace
surface to the pressure where the minimum value was
The wultraviolet fluorometernndatautthys usommge dtheed bw
fluorescence dissolved organic matter ( FDOM) dat a
wavelength of 370 nm as foll ows:
CTDUVFLWBAOR [RU] = ¢c0 + GLQBULTPHPUVELUOR
c0-1=163505362380728e
cl = 1.491182270086319¢e
c2-1=1257151B84068824¢e
where T is tempce2r aatruer et h(eA @)a lainbdr actOi on coefficients.

bet ween CTDUNFLAUOR FDOM was 0.00041 (RU) (Fig. 4.1.2

Ultraviolet fluorometer (QSU)

1 2 3 4
| | 1
=k
1000 - - L
100 -
Q
=
o 10 =
LQ
[°N]
2
o
<<
o
'l - -
0.1 o
Down cast
Up cast
0.01 T . . -

Fig. 14. 0l 2fAvuoobeeter data plotted against P
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Ultraviolet fluorometer (QSU) Ultraviolet fluorometer (RU)

0.8 1.0 1.2 14 1.6 1.8 0.000 0.005 0.010 0.015
0.015 . : . :
S 0010 o 3
&
R
<
(o]
o
W 0.005 1
0.000 T =
Fig. 4.1.22. Comparison of the wultraviolet fluorome:
(FDOM) (l eft panel). The sensor data calibrated ag
panel ) .

6.9) PAR

PAR is expected to be zero in the deep ocean. The

corrddhtedorrected data (PARc) is calculated from th

PAREE [#sY]= PAR. 104.

(W"Ref esence

Edwar ds, B. , D. Mur phy, C. Janzen and N. Larson (20
sea dissolved odygAtmmseasOrem@p83TO6chnol .

FukasaMd&lawano.lacnhdi( @& B4 Ju:e &laorhtahl ExpeéectsoT® data al
Mi rai, BEAGLE 2003 conducted usi ng oanplywrsaac cend QT a nte
Sea TechmMobld gy

Gar c? a, H. E. and L. I . Gordon (19 %X)u:aslOroyrgeln. sol ul
Oceammno@®@7 (iI63121307

Uchida, H., G. C. Johnson, and K. E. McTaggart (201
GOSHI P Repeat Hydrography Manual: A collection of
No. 14, leG\WO HRWBWK.. S

Uchidda. , T. Kawano, T. Nakano, M. Wakita, -t Tanaka
batch correction for | APSO standard seawater. subi

Uchi da, H., Y. Maeda and SwakKawamauviepl :( 2MihBi)smw i zZCiormp ae fi
of CTD package rotation oni3d2ata quality, Sea Techr

Uchi da, H. , T. Nakano, J. Tamba, J. V. Wi di at mo, K.
ocean temperature measwrfemendo i Odeami mndechanoht,
2210.

Xing, X., H. Claustre, E. Boss, C. Roesler, E. Organ
Correction ofitpuofhles opliyliln fl uoremetrge for t he
originandoalggdlrommatter, Limnoli930ceanogr.: Methods,

Yamashi t-h, Liu, CH. Ogawa, J. Ni shi oka, H. Obata and
fluorometer to determine the ditcter iobpuetni ioameeacafn , f | Mac
Chemi stry308.77, 298

8Data archive
These obtained data wil!|l be submitted to JAMSTEC |
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4 BRottle Salinity
February 5, 2020

(1Personnel
Hi roshi Uchida (JAMSTEC)
Hi r oki Ushiromyra (MWJ) (I eg
Shungo Oshdi)t a(nlie g MW

(20bj ective
Bottle salinities were measured to calibrate the

(3d)nstruments and met hod

Sampl e bottl es:si2bi

Salinity measurement was conducted basically base
used i n atrhei sascrfuoilsleows :
Staar d Sea ater: | APSO Standard Seawater, Ocean Sc
Bath P162
Salinometer: Autosal mo del 8400B; Guildline I nstr.
Seri al no. 62556
Seri al no. 728¢4d4 (PbortéopaimessaweEetmemtsampl es)
A peritgtpael tsiaampl e i ntake pump, Ocean Scientific In
Ther mometer s: PRT model 1502A, Fluke Co. , Everett,
Seri al no. B81550 (for monitarnieng Aulgeeshati® ,t edd
Seri al no. B78466 (for monitoring the room temp
Stabilized power supply: model PCR1000LE, Ki Kusui
Seri al no. XH004198 (calibration date: February
Oc amtle bgrloawsns bboortot | es with screw c
i

(A polyethylene nner plugswhenogedphocosampt s
Decade resistance -X--b s K0, 1 ultEelr :L arbosd el SIAAARS New Yor
Ser i all 3514 88212 r a(tmadn d a0t,e :2 00le3c)e mb e r
Seri all9m00355511 (calibration date: January 17, 2C

The bath temperature of the salinometer was set t
the beginnilmg wsi ndpet be uli AtReSrO (S &W)d.arTdh eSesatwaandar di z a
to 621 and never clhangednduwiitmgsthlhedarwi ssevi ati on of
was 5144 N 0.7 and 0.0000 N 0.0000@t,j oneopedthievalmy

6

0
room it @mpree was 23.0 N 0. 4 AC, while that of the ba
the cruise.
The double conductivity ratios measured by the sal
using the algorithmef dO7Br 4dtOiCc &It Sdl.i,ni2t0y1 03ca A con
n t

o}
was used i he uxiangethlmatied bashetndmpérature.

(4Results

Ul tpruar e waiQemwaf Mirl, | iMi I | i por e, Billerica, Masachuse
me as utr etdhea begi nning and the end of Tihmeeme asurod mdrhtes
measur ed cdoonwdhulct i vity ratios are shown in Fig. 4.2.1

with the certified valuée@l1399966) sadbinbegt2)y MHWawewd
l'inear time drift was esdad naamnd dc drrroec ttende tloe amat cshg utal
the certified value The measured doubl e ucsoinndguct i vi t
the estimated offset due to the time drift. The st a
0000016, which is equivalent to 0.0003 in salinity,
The resulteopuot wheewul and t heentAPSKO ¢gS SN 2mela)s usrlegrg e
salinometer drifted in time by ehangiwgrahgespéntabot
sample was close to the salinity of SSW (dbofut 35 g/
corpaecis adequate for the seawater sampl es.

A tot al of 2,773 (58) sampl es nver t-dredrangoworgeada ph o r
measur ement . Mi ni mum and maxi mum value of the measul
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As for the adjgat & wou slaimpy efsl (st ations 103 #14 and ]
measurement) duei stkoi nmibso tttrliep, oafndt hfeouN sampl es (st af
122 #15) were set to flag 3 (quesltairognea bdleev i naet a sounr ef ne
CTD sensor value.

A tot al of 366 pairs of r e pa ni dcaartde dseavmipal teiso nwaosf ctoh
samples was 0.00024 in salinity. B

At station 030, duplicate sampl eB@. veN@. todbarct edx
for bottles #12 and #25 which were notheldospldi pato@e
samples was 34.7170 N 0.00030 in salinity. For the
from four bot#tllBesan(d#6&,25H12at 4999.7 N 0.2 dbar of st
for the secohdsdwpbti 8dat@leamMmp. 00050 in salinity.

The linearity error of the salinometer was esti mat
etlh .a [2020] for more detail). For the salinometer (s
wd estimated to be N 0.0005 in salinity for salinit

Days from 2019/12/05
0 5 10 15 20 25 30 35 40 45 50 55 60 65
00001 RV S I A W W VO LA S O V0 W (VA vy e GO 0 W N i Wkl G VO 00 M O v W GO i D s O K W W W 0 A s W O

] ] .

é :1(.0 ..(..0..... ....‘... .....‘........:.f.. ... g... P I

5 59_05—_ ® e 00 © 00 o ° o. o.o:o e -

< ° . ®

~N 5 ] n =86, 0.000059+0.000011

T EEN RSN RN LN R RIS RN A
1.99975 reoy oy e Pogey oy o B gepeoy o0 JF geegeny s g geopeos b e geeyenn W e e Sy g pepe a0 o ge g e g g gl o e o Py
: Leg 2 Leg3 I

S 1.9997 E

= ] o . . :

bl i«.o_: So o %

2 199965 R '.""",""'.""""""""i‘:&"«'«2;'.'.'“""" """""""""""""""""" L

o . o L X \o* |

é 1 e ® 00—, 0® o 00 B

- ] ° [ \Q.. °

N 1.9996 - * e -

1 e%e o

1 P162:1.99966 .
1.99955 T T T T T T T T T T T
199975 PRI SN SRR W S AN SNV T S SN (NS SN T NN S T WA Y N S ST VAT SN TSN ST N S U TN S ST S (NSO S TS S T SO S S

s ]

m = =

wv R I

8 1.9997 - e ® 5

] ° ° o0 i

< Faead S0 000 A e DY S :

< 1.99965 7] % & o le @ w *e ‘e PR ° * T

o ° o eo

gel ] ° L] L

gz i . ]

g 1:999% 1 -

é 1 P162:1.99966 n =287, 1.999661+0.000016

1.99955 B WIS I W R B L W T N NN [ N R

FigureTidmezrles of the measatiecads diog@hltehavamldiurcd uppey ¢

and the | APSO SSW (-dhi dodt eeptbeeél Joubhe tomeuctivity

SSW were also shown (|l ower panel). The }tast two do
salinogresph sampl
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Salinity
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Figure 4.2. 2. Linearity errors in woadécadé satiaf ar
substituters for salinometers with seri al number s

B)Ref erences
| OC, SCOR and HeAAPISMO gr2matli)andl thern@dyfamiCal eqlati o

and use ofithpr ompdyhbhams. Il ntergovernment al Oceano
Guides No. 56, UNESCO (English), 196 pp.
Kawano, T. (20109HI PPaRdgreadyr.dHpihhye MaGhual : A col l ecti o
and Guidelines, | OCCPi Rapopbph Beri 84, NbCPO3RBRubVer si
Uchi da, H. , T. Kawano, T. Nakano, M. Wa k i ttao, T. Tan
batch correcttiaoid afrdr sleARVa® er . submitted to J. Atm

(6)Dat a archive
These obtaiwield dbe submitted to JAMSTEC Data Manac¢
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4 . Bensity
February 2, 2020

(1Personnel
Hiroshi Uchida (JAMSTEC)

(20bj ective

The objeé¢tithhis study is to collect absolute sal
evaluate the algorithmatoomaé gt ipmaotvei de llsloél |uo{negh esvail ti
I nternational ThermodynaniCc eEqWmA).i,omR of Seawater 2

i n
hn
0.
(3d)nstruments and met hod
Seawater density for water stampé edemweirtey maatsair e(dDM
eri al no. -B8a706mBH, &naebn Austria) with a sampl e

[ s
85484 9%20phaaAmHmbThe sample changer is used t-o | oad s:
ei ghmL 12l ass vial s.

The water samples collected in 250 mL brown boro:
packing) for practi caneasalteatk itonyg meltaes uw @ tme-mk s avap lee |
glass vials for each bottle just before practical sa

M (Pechiney Plastic Packaging, Inc., Mesnasks, oW gdor
sampl es were measured at 20 AC by the density meter
estimate the density.

Theensity meter was initially calibrated by measur
manualeveHgwmmeadewnsi ty for the | APSO Standa-@ Seawate
calcul ated from practical sal initwyl iamaarciotmp ocfi tti lben d

met er (Uchida et-lianeari2tOyldded Thugr ime@mase reference s
simultaneously as:
Jcor:rJT(JreTeref)trQﬂa"'Jref_)t,rue

whegcgirs the correctedjidenmeédgurodd tdcenssiiasnypmhefsthed s a
density of jrtihiesusterf ledf edeaires irteytied emiamee,araintdy correcti on

The -lIniomearity factor is estimated to be 0.000411
this cruliisemeaantdh®®yinmoen dr i ft of the densiytpemebdri cads$y
measuring the dpeanrsaimeyt rdfc tSheanMuwlrtdi Seawat er ( MSSW) |
devel opment jointly by KANSO Co. ,edLttdo. ,J.OsAaknao,s . J aQxa

Technol .) or the | ARSOhStPdA®Rar ;asSd daiwatreerf e(r ence. Tr L
PRE19 and P162 is estitamatedO?24.5D&0&s0dRad. 2 1v8e6l yk g /fmm o m
salinity andawamposiudiOong THhteO$SAPSO Standarth8eawater
stations 078, 081, 083, 111, 114, 138 and 149, and t

@DResul ts

Density salinity (ADNSSALO) canemsibgclndalteuwmpat e
20 AC) ioA ht oTtEaOS sofof2 Or3e pplaiicrat e sampl es was measur e
f the replicate FBhampreeass uwaesd 0d.enCsliidn)yg /ska@ .i hd wn ainm mRa
. 3. 1. ThiSs weer aes uw eeldl ali§areeset i wniatt ke dt He om OPLalwyl owshiicczh et
exploits the dSamclmutiroine btetoverementrati ons and carbo
mat hemati cal i nvestigation wusingyaamdddensgsiettyat ohg a
seawaters.

(
0
4

B)Ref erences
| OC, S@OR APSO (2010): The internatii®mdl0:t KCarl mawdyrtarm

and use of thermodynamic properties. I ntergovernm
Gui tNes 56, UNESCO (English), 196 pp.

Pawl owi cz, R., .D.JG. MArlilgehrto a(n2do 1IFL) : The effects of b
conductivity/salinity/density relationships and t/|
36387.

Uchidd&l. , T. Kawano, M. Aoyama anmde @&As urMumeantas (a2f0 1dlt) a
seawaters for conductivi2t4yy.and nutri ent s. La mer,
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4 4owered Acoustic Doppler Current Profiler

(1) Personnel
Shinyat KwWkAeMSTEC) (principal investigator)
Kat sur o KaltAsMiSnTaEtCa)

(2) rOovew of the equi pment

Two acoustic Doppler current profilers (ADCP) wer
|l owered ADCP (LADCP) s, Wor khor se Moni tor WHM3 00 (-
California, USA), which #%awi-thbh gdeé&anvaleasnf arcaitnegd ttroa nésk
make direct current measurements at the depth of th

LADCP was powered during the CTD casts by a 48 vol
recordtegnal Ity oastor Afot eeraceach cast the internally
the compodaed. oBy combining the measured velocity of
the instrument, and shhpb&c€dDd caatte gdthiecomibtbwtl mr dbr | a
obtained (e. g. Vi sbeck, 2002 as i mpl ement ed by
ftp://ftp.ldeo.columbia.edu/pub/LADCP .
The instruments used in this cruise were as foll o\
Teledyne RD I n80Oruments, WHM3
S/ M8 downward | 03 Kumpgva,r dS/IdMoXi ng)
(3) Data collection
I'n this cruisewi tdhidod | wevi @ gc.cloiné ¢tgaid at i on
Bin size: 8.0 m
Number of Dbins: 12
Pings per ensembl e: 1
Ping interval: 1.0 sec
The downlforaadgendemfticlldeiur red at ahe $48&tdoestofcdhll ed@r
data from upward | ooking at the station 2, 5 and 72
|l ost due to operation pr obwaesmslsotsatt paatnt 8ofdudat @ dart it

shortage.
Ref erence

Vi sbeck, M. (2002) : Deep velocity profiling using L
track and i RdverAdsdenosol OicliedamB8Iwd Tec hnol
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4 . Mi.cro Rider

( 1P esronnel
Yusuke Sasaki (Univ. of Tokyo) (Principal i1
Shinya KoukAeMSsTLE C)
Katsuro Katsumata (JAMSTEC)
Hi roshi Y cJhAiMISaT E C)

(2) Objective

The objective is to measure mectospgtumi xie in t

(3) Instruments and met hod
Micro structure observat-Rbder wéboeoOo caMR6@A@0;0uRDO
Scientific International Il nc. ), which was mounted
9plus. We i nstmildteadrsewtoe FPBEéghbghy changes in tem
had to replace probes, as s ome -forfe g uheen cpyr opbreess sfuariel
acceleration profiles are also odbteaeqgnoefdiclpegysptdfe i n

tempature and conductivity were reco3 deand onr 4 hen Ml
the CTD system. We downloaded the raw data from t
plan to examine met hodcshefcokr doaftt bti Hhay atcioonpp aa nd g g o & le |
temperature with CTD, free fall instrument s, and

(4) Measurement history
(4) Micro Temperature

f Sensor sockef/0):; TL1L®HDG) (SHtd TAZI3) (St. 81

T Sensor2soktk&HBP)(,StT.18NMB) ,( SEL58B8) (aSntd T-B38) (St . 8
() Howquency Temperature and conductivity
Th & ofwr equemmpyer ature profiles oif) talree fciorrstu psteevde r glr o
toable pooonbhbéemsd-8wsehs8BEon the CTD system. The | ov
these stations were not used for analysis.

(5) Note for using dat a

The file incdnu6@ed®ds meswshet deatcaorrespondencantet ween
datid ef name (DAT_?7?27?2.P).
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46 Oxygen
Febr uar2300 3
Yui chiro Kumamot o
Japan AdvandBmeStonr ence and Technol

(P)er sonnel

Yui chiro WEmairipMiros &et o K UYwakhoa rM#)y o s hi
Japan AdvanmcBmaebtohr e n ceec hamadl orfg y
2) Marine Works Japan Co. Ltd

(2) Objectives

Di ssol ved oxygeni csé domre tcdhfe o€kiamatceéer matdelcd amreedi ct
idi ssolved oxyger onsregaretnrt atgiyqyre ms rinth me wodu g o atylaedr

war mwhgrecésmht nly from dedveasiedn i aneér ongoibryg oxygen
remi ner.ahi patdteonto discuss the tempor al chweenge in o
measdigedol ved oxygesucbmacent oabioeviaodimr 06 sseapilimomga |l |t |
the westernuf ndi DMRABC eaanrBck e § S

(3) Reagents

Pickling Reagent slol uMdiogne flt®tEs 1chl ori de

Pickling Reagent | 1| s o @®iowidaaleh4 o nixditdre 2( 8 M) /

Sul faucriidc s(®M)u tLiebthcCl, $B1, 9 F

Sodium t (@i ®<26IM)ctd €,9MS,9 R,9 UL,9V,9Q

Potassium ioddtaeg i 0a00M&& 7M) ogy I nstitute of Japa
Maetr i al 3(0@BM)7,Mass f:r a9cot.0BIBH( expanded uncertainty)
Lot : KOPERJ)eg KQ9FOKIOBG (3L)eg

CSK standard of pPwWwWilaad&mkowomPiuoccdatChemiatald. d NNt ries

(4) I nstruments
Det eAdtoamati ¢ phot omet rmam utfiatcrt autrcerd, bO TKLUwdtt:0 EI ect
DO 910

Bur eAtPtEe2 0 anddl APBanufactured by Kyodeofo Eipermrsgtroonmmn ¢ Co
Lot : -DOT-OMB MVBEQ -DOT-OMB MYLQ ;KIMB / MM1LO

Di speRMORTUNA Opti flPoktc:R | ic mg, RMQ@Rjiecnktl ilng ,ReM@ent |
313343

(5) Seawater sampling

Seawater sampl esildgirtee rc osl aaapd taecdb et dhizely &CsTEre.asvat er

wats ans fteor raecec al Uume at e(dc ag.l &$00r fodun h k a. pT harsetd ct itmebse v o |
of the flask of seawater was ovamufrlimyged.heSavapdleg tsar
usiandher momd@hen two r eagnetntl 5 od0fetaicodin sve(r Re amaglal ed i mme o
into the samppeef lwak iamgdertthedsecadrefully into the fI
to mix the contents and to disperse thetpgrledi pitt dtea
hal fdwawn t he f |l ask, t he f | aes kprwacsi psihtaakteen. aTghaei ns atnmop ldei
pickled sampl eaicwerdeé t $ tommeuehdt |iidh daheetyo.uwerde

(6) Sample measurement

At | eastafttweorshtalei stTge, t he pickled sampbestiwver et meas
bar ardgdullfacmidd ut i @adhdevitrient o the sample flask and st
titrated by sodium thiosulfaned shhyupbbaswhomei onadadta
Temper atur e of uroidigunt itthrieotsiudnf awaes dr ecorded by a t he
oxygen concdadmmeasi ofi téeiengy $,r ama el 9alpapriadr CDtOUNMo | a |
concentdastsiod v eadmwIxYlggvas (cal cul ated byduhiwagambée te
sampling, salinicowncemhl atsiktircontl eadmelv, o lannnde of t he sodi ur
(titrant)
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(7S99t andardi zati on
Concenbofasbdiiudarh et tiiasr ant (ca. 0. 025M) swtaasn ddaertder mi n
soluti on-CRMheoNBIs$i um i odate whs7&rg emotiams @ainumvieand at

out accurately was dissolved in dedmdinmzaedcwht br atae
volumetric f |lTahsekn (tOlod OfLI&iBgy M) 400 ml ) of the solutior
bottle (506f mtheddoOdcmotassium iodate solution was
calibrated @i gopfe ndseciro n iTZed udaiairidc slo It uaOhoof n ,piacnkd i ng
reagent solution Il and | were added into the fl ask
(usually 5 times measuremensediavmralieds glab.&lt ¢ htei tmrod
show sods sdhmtel ar dd zraitece ndifThee aver aged coéfCf Vablhehorof v
st andaiswa@.hok 0.097%0 (standard deviatign n = 4 4) .

(8) arekt ed mi nati on

The oxyhgenpiakl|lin@Mr eangdnfitl swals (ds Ful@eddhot o (Marr r ay
et, aldthee)deypeapast from oxygen in the reaqdntus i(ct he
aci d sallud iafnBecont heehtichris call ed tvwaderteeagreimte db | an
as followsof 1t aedsR2amdnard potassium iodate solution
Then 260 dei oni z gods wiafaeriidc $ ot mt fwfn, piacnikdl ilnd rcemgent
each wer e ad#®tkEkdisrk aotrod eerh. g eThhtveodbel taenrkmivwaesd by di fference
two times ofoft hfgl @i rsat ¢d wvoml ume of the sdafi um thio
KI4 onet hrifekes ultthéel @ik deter minati on6lwEhe averaged (
coefficien{fCoV.t)hreeamentonbl ankgadienstr mi mattobration v
potassium iodate st amdlalrddg (dd oxuytlgwedndnelo)n c&rd@> 50 i on we

0.030 % (standard deviatgn n Thet4)edox species in seawater samp
fidi ssolved oxygeno, which is called as the seawater
measure trheélsaemkwattehe di ssolved oxygen m onfcethhosd i on
concentrationsmmbhdikmgi shé emxecrelpaonasdnnse in suboxic an

(Kumambt aR015) .

Tabd.e®Results of (sEmdh dR§edn &Zeagldimannk det(efnmi nat i on

112019/ 2 |1 |K19E|[ T19T73.9(-0.0[3.9[{0. 0(0. OfTes't
212019/11 2 | 3| K19E| T1973.9|-0.0/3.9/0. 0(0. 1|St n -001042
312019/ 11 2 |5 |K19E| T11973.9|-0.03.9/0. 0(0. 0j]St n -003127
412019/ 1 2 |6 | K1I9E| T19T7 3. 9|-0.0/3.9|0. 0|0. 1|St n -04%4
512019/ 11 2 |7 |K19E| T119T73. 9/-0.0/3.9/0. 0[(0. 1|INaS0sc hang
612019/ 2 | 8| KL9E|[ T11993. 9|-0. 0/]3.9|0. 0]|0. 1|St n -005488
712019/ 2| 9| K19E| T11993.9|-0. 0/]3.9]0. 0]|0. 0|]St n -006680
812019/ 2 [100 K19E| T11993.9|-0.0/3.9|0.0(0. 1fFinal st &
912019/ 3 | 1| K19F[ T19R3.9|-0.0/3.9/0. 0]|0. 1|St n -008710
142020/ {33 | K19F| TTA9H 3. 9|-0.0/397|0. 0f(0. 1|St n -009893
112020/ 3| 4| K19F| T119H3. 9({0. 0|3.9|/0. 0/0. O[Nas0sc hang
132020/ )3 |6 [K19F| T294y3.9|0.0|3.9|/0.0)0. 2/St n -110081
12020/ {3 (7 |K19F| T194Y3.9/0.0|3.9|/0. 0f(0. 2[Test
142002 Ja 3 [ 8 [ K19F| T194y3.9{0.0|3.9{0.0|0. 0/St n:111161
142020/ | 3 [ 9 [ K19F| T294y3.9|/0.0|3.9|0. 0|0. OfTes't
142020/ {3 (10 K19F| T29Yy3.9/0.0|3.9|/0. 0f(0. 0jSt n-112148
112020/ ) 3 [11{K19F| T2194y3. 9|-00@3.9|/0. 0]0. O|[NaS0Osc hang
142020/ { 3 (12 K19F| T219Y3.9|-0.0/3.9/0. 0f(0. 1|St n -113286
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1942020/ ) 3 |13 K19G| T19Y3.9|/0.0|3.9(0. 0|0. 1fst n -114470

22020/ 3|15 K19G| T19V3.9(-0.0/3.9/0. 0[0. 1|Sh . 114583

212020/ | 3|16/ K19G| T19VYY3.9/-0.0[{3.9|0.0/|0. 1Final st 4
2312020/ 1 3 |1177K19G| T19Q3.9(-0.0/3.9/0.0[0. 0[Tes't

*Difference in sodium thiosulfate concentbOdtainad ATt er mi ned
(9) Replicate sample measurement

At all the water sampdrdg3asdpatiroms dempilngatbtegsampl
abne or twdashdeenpdtahrsd devi ati ons from t he editfsf ewmaesnce ¢
esti matC.doftod * ke = 146), which corresponds 0.036% of

agai2d@mol L kgusing the standard opeetr a2(08Hhepaodaeddre 2
devi attilmemsdiofff er ermqpad rb eotf meeempu tifcewrd et he sampl es whose
concentration i s 1Bbingohlelrkrgeng (Imo ww@l ndgalnikrny = 25),

respec¢tig®lThe difference between the Fweststamda® d
confidemonea lisvelrobably due t odwmitragnitnlad i want erf saa Mol

0.40

0.35 —

0.30 —

0.25 —

0.20 —

0.15 —

0.10 —

Differences of replicate pairs / (umol/kg)?

0.05 —

0.00

0 50 100 150 200 250 300

Bottle Oxygen (umol/kg)
Fi garl®xygen difference between measurement.s of a re

(10) Duplicate sample measurement

Duing2 Ltdlge | i c atsave steankpelail iffgor he 36 bo(dbhee6laThewo st a
standar dofdetvheatd woml i caatt et hmee asstuawes moan t3s0| beadnld@ 83e9d t o

34) ammhoDl®M = eds)pectiveby. aTh®5%m confidence | evel i

reason to believe that these standamad oévitetei ornespl a
measur ¢ menct son 9) . Thereépbeej s weo caodmoénfge dtehdec trheastu | tths
duplicate measurements, which suggests that all the
Tabd.eRexd ultthdeu plfi cate sample measur ements.
Samplin Dissolved
No. | Leg | Station pling Position # Bottle # oxygen
Pres.(db)

nmol/kg

1 X12S01 177.

1 2 30 4750 2 X12046 177.

3 X12S03 177.
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4 X12S04 177.
5 X12S05 177.
6 X12S06 177.
7 X12S07 177.
8 X12103 177.
9 X12S09 177.
10 X12S10 177.
11 X12S11 177.
12 X12S12 *
13 X12S13 177.
14 X12S14 177.
15 X12S15 177.
16 X12S16 177.
17 X12S817 177.
18 X12S18 177.
19 X12S19 177.
20 X12S20 177.
21 X12S21 177.
22 X12S22 177.
23 X12S23 177.
24 X12S24 177.
25 X12S25 *
26 X12S26 177.
27 X12S27 177.
28 X12S28 177.
29 X12S29 177.
30 X12S30 177.
31 X12S31 177.
32 X12S32 177.
33 X12S33 177.
34 X12S34 177.
35 X12S35 1735
36 X12S36 177.
6 X12S06 182.51
5 5 39 5000 12 X12S12 182.34
18 X12S18 182.34
25 X12S25 182.18
*Sampl e | osttr idpu e( Iteoa kminsg ) .
(1CPK standard measurements
The CSK stamihepdiiassaum i o@a0eNsofatiamalPsDs

We titrated the CSIKWJsOpPa8nldgaaridn ss ¢ leouutdia ok s diauarti snagmpt lhe s

crwi3edH! pPTBgood agreement among

oxy@geml yses on board.

Tabdl.eRe3ul ts

of t heT WISKpPngeOaandameén¢ sot

t hemeaoan fiiiar mduirtf h a t

Datel KI®OD|Conc.| error Conc.| error R
(UTC] No. DO® DOT 0 emar
2019/ K19EO 0.01(¢ 0.00¢ 0.01Qq 0.000¢ L e-B
2019/ K19EO 0.01(¢ 0.00¢ 0.01Qq 0.000¢ L e-B
2019/ KI9FO| 0.0104 0. 00 0.010 0.000¢( L e-§
2020/ K19G0O| 00100 0.00(¢ 0.01Q0 0.000¢( L e-§
(12) Quality control flag assignment
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box gy gvaatl au efsr om wvamel eaabeghniwéheeg code defined
Of fi ceORePoevi2 WH®OWedOte na l41.959.42) .( Measur emen
, 3 (questing)nalbhdveg ,bden Bady i,gaaendt H=ET a(bhi@s s
3jfcak ll weadgegi ng procedure as | isted bel ow

Quality f
Tabd.edf WHP
of 2 (good

2 p

Q)v

a Bottle oxygen concentpil atbig@ani natt tstaenpd ampl ipmgsisay
not | yi nrgalolny as mgemwnteh trend were noted.

b. Di fference betweesie hwast [teh eorx ypglent taendd aogxaigresnt s an
datum deviated from a group of plots, it was fl agc
c. iVealt sections against pdrawnu.r el fana patemtwad arn
section plots, datum flag was degraded from 2 to 2
d. I f there was problem in the measurement, the dat
e. I f theadvodt(aekidlmgt trip cornectiny),asa ddt dmewds
3 (leaking) or 5 (unknown problem), a datum was f|
Tabl6dS4dmmary of assigned quality control

Fl a Definition Nu mb 4

2 Good 23 8

3 Questionabl 18

4 Bad 2

5 Not repomtg) 0

Tot 23 7
*The replicate samples (n = 146) and duplicate

(3 Uncertainty

We assume that the wuncertainty of di ssolved o0oXxyc
concentrati onlasisti eant A odlawd $ol uti on, reagent bl ank
awater sampl e, afnlda(stkeol lueme 4 .06 . 599 ampWee found tempor
andardization due to unknown causes in e@dcdhe titrat
ese uncertainties yielded 0.09% of the combined
cemttyai Note that this combined uncertainty does nc

om temperature. Howevetrhe tihtast wwearsi ant®ifiol nb AvCapsl esTribael cla
certainty due to the sbawause Wwkadkd(settmeas8y)y ei
ateavweaet er bl ank conamal tdagdi otnh ei sdiOs.t50 bBultd o510 iosf t h

mWCcooocCc ~+~c=c—Hnww
® 350003 TS0 T~O

iform or rectangul ar, it s s tmaonldlgkgd Ou @O d &G aiad tuye i s
rresponds to the standard mmoclefYdfpi dt 9s wlifved 12X g
ncentration. The icrotmb,i nehli sh ainmalrdd eisn ctelrd auncert a
ncentration, is catendad edombi med Oundéa t(daihret ye i s
certainties, however, are applicabl e ontlhye for t h
awater blank mohdlgtration (0.50

Tabl6BUrMcertainties of oeygemadederméemation the
Rel ative wu
2 5fano | (k%)
Sodium thomsetht 0. 042, 3, 4
Pot as si ucno ni coednatt OlKumamet  210.15
Titration of p 0lSection 7
Reagent bl ank . 0lSection 8
Titration of s 0lSection 9
Vol ume off] assakmp | OlKumamet  210.15
Stability of ti 04Sectidon 1
Combined wunc .0l 4, 5, 6,
Expanded combined

Esti mated items Ref erences

N[OOI WIN|F-

olo|olo|olo|o|e

(AHProbl em
a. The <concoednitunatti heiaodkssuwliffoast ed et el @i wad wksigmer DOThH an
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det er mi ne d 9u shiynt@UA&IS@ndird deviaton n = 22, Tdibfl feerde rbc el )wa ST |
cancelled in the <calculation of di ssolved oxygen c
temporally by unknown causes, whi ch probably af fe
concémmnr atTherefore, weeraidded ftrhemutnlties ttad ntlye combi
oxygen measurement (section 13).

We found whiiteklieiangdebvdi thyi 8l" F)hetAp2 hough we repl
spendaAs3 1L MPbvo ti mes duri ngi ttyhedicd unctesdi ¢ dappeanm bfirc
ution, which i mpliels9mmyauthdhe doff @acti on of this |

n o

ST D QT OO0 O

some measurements, the titration di dfndti gfhitni sh
ough the sampl @ hfalna Dk 1was Wei dpel i eve the probl em
the threshold Iimit.

The titration was disturbed by air bubbles in t}
ibe speatd of t hea dgthiarnr grhe(  prtpmun sonfeast e
During the crumeasursesdxbeamptesoivepeobkems in tF
e problems ¢ and;dtalWdaaddsdl mkibhahbheoKeBerosampVe
odsi um atséodauulifon titrated was recorded. Eventually
each sample measurement .

A sample flask was turned over by aecé¢ixdedamturjsust
the watveas ,salmmpwd wmer., Trhoerper obl em in the concent

—

Q
—

— ">
—
()
-

(15) Data archives
The data obtained in the cruises wil/ be submitted

be openpuwbltioc tvhiea ADat &¢hReéee&raoah seysnémrfmant i on in JA
in the JAMSTEC web site.

Ref erences

Di ckson, A. G. , c. L. Sabine, and J. R. Christian (E
measur ement s, PItGBOS S3p, e cliall pRubl i ca

Joyce, T. , and C. Corry, eds. , C. Corry, A. Dessi er,
Mill ard, R. Onken, PL9 983 unRleegrusi,r ehentSg alf oup WOCE
Programme RBaorting-l ReENMOYy PMWDODH4H4S0 Hol eA. Mass., US

Kumamoto, Y., Y. Takatani, T. Mi yao, H. Sato, and K.
Oce@mservations, vol . 3, chap. 1, G301JP: 0011029 (

Murray, Ri.INy, JanPd T.R.S. Wilson (1968) The solubili
determination of -8¢asRéyL2B8bXyg2d7 Deep
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4 . 7. Nutrients
as ofovkWmbMr 2019 ver 3. 3
Vv

as of 9 March 2020 er 3.6

as of 17 march 2020 ver 3.7

as 2df March 2020 verd4.0

as 3df Maoepw ver 4.1

as of 2 April 2020 verd4.2

as of 3 April 2020 ver4.3, verd4d.4 and verd.5

1) Personnel
Mi chi o AOYAMA (JAMSTEC/ Ppadk Udmar eWrtiivg.a)t:orPr i n
Yuichiro KUMAMOTO (JAMSTEC)
LEG?2
Keitaro MATBWMODTOOperation Leader
Tomo mi SONE ( MWJ)
Tomoyuki TANAKA ( MWJ)
LEG3
Shinichiro YOKOGAWA (MWJ): Operation Leader
Tomo mi SONE ( MWJ)
Ko Morita (MWJ)

(2) Objectives

The objectitvve amfal ystesi ealur i-04 ¢ hei Ré Vi Mi rlae MRA
and Sout hern Ocean, of which EXPOCODE are 49NzZ201
-Describe the present status of nutriented concent
reference material of nutrient in seawater.

(3) Parameters
Theedmtnants are nitrate, nitrite, silicate, p
Sout hern Ocean.

(4) I nstruments and met hods
(4.1) Analytical -HRetsygislt ednEiC{ ®. AuAAtro 2

Nitrate + nitrite and nifiicae¢i aneoénahgzenkthold
(1976). The sample nitrate is reduced to nitrite
metallic copper. Theéeosampl ¢rettedmwat hemanradudi c,
produceniaum ilimamp.hthhyl et hyl enedi amine di hydrochl orii
to produce a red azo dye. With the reductainan of
are measured. Thus, for thtonmédi aedanhéyal Eal no
necessary. Nitrate is computed by the difference
concnetration,

The silicate methtddati deasrcalidgeadud or phosphate.
t haft Grasshoff et al. (1999). Silicomolybdic acid
mol ybdic acid. The silicomolybdic acndmilsl vue,duce

using ascorbic acid.

The phosphate aoal pé§i shespaomediufiecafi Murphy an
acid is added to the seawater sample to form ph
phosphomol ybdewshoacc iadc i ds iansg tlhe reductant .

The ammonia in seavkatléarnei comitxae chi wigt tEDam, alammo
formed from seawater. The ammonia (mmsp)ories salesor
membrane filter (ADVANEEC aRTRE)heat ttohd hki anal yti
absorbedi ¢ naciud fius determined by coupling with ph
bl ue.

The details of a modification of analgteécal me
and phosphate, wused in thidghordei ddee sacrre belds d nc mmmg 2
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in the-SHéew G@peat hydrography nutrients manual (
ver sion-SoHl Pt hreep&@&t hydaogalphdMydesretenals. m 2019) ,
met hod of acnromopna tuinb lies with the determination of

vaporization membrane permeability method (Kimur
each par ametkirg warrklestsdh.ofun7 i n

(4.2) Nitrate + Nitrite Reagents
50 T%i ton solution

50 mL "™X-liGQ@npr ovi dlerdd rbiyc iSiJganppan & 3A K. weCASMNeed9
with 50 mL ethanol (99.5 %).

|l midazole (buffer), 0.06 M (0.4 % w/v)
Di ssol vezddl eg (iGAXM2ANaQ. i 218 8L 6plulr emlwautlethryad mdge 2 mL
chloride (&9 NOAft7Z&G4 ™M xi ng, 1 mL 50 % triton sol

Sul fanil amide, 0.06 M (1 % w/v) in 1.2 M HCI
Di ssol vemilmolgeMzenesul f oh4 ind 9 0(0C Arfi.u bd. wél & e ra,
add 100 mL hydAS gNeon-0 éJnpldorrAifd e r( @i xing, 2 mL 50 % t

NED, 0.004 M (0.1 % w/vVv)

Di ssol vw(eh alp hgt hfh le&t rhyaln)e di ami ne, di hydz®ghl oni de |
1000o0fmLyplutrrea water and add 10 mb4dPJr.od@Pdrn ec h Imo rxii ch
1 mL 50 % Triton solution is added. This reagent

Waste YEL/YEL : Debubble (430 pL min. ™)
]

A

ORN/YEL : Sample or LNSW (79 pL min.™!)

GRN/GRN: Imidazole (635 uL min.!)

Cd coil X2 ORN/WHT: Air (111 pL min.)

WHT/WHT: Sulfanilamide (258 pL min.!)
ORN/WHT: NED (111 pL min!)

Waste

(.

1.0 mm [.D. X 10 mm
LED 545 nm

Fi gurl&NQ4N&® 1ch.) flow diagr am.

rite Reagents

on solution

50 mL "WX-1@@nprovid-AddumhiycSi Janméman G:9 3K). .(weArSe No.
h 5 mL et hanol (99.5 %) .
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Sul fanilamide, 0.06 M (1 % w/v) in 1.2 M HCI
Di ssol vemillolgemMzenesul fomdéanji den( eBAPumb. wBerlir a
add 100 omgle nhycdh | or i d0eld X CAMSf tNor. mi6xdi7ng, 2 mL 50 % t

NED, 0.004 M (0.1 % w/Vv)

Di ssol vehalp hgt hth let rhyaln)e di ami ne, di hydz®E¢thl oni de {
1000 mL-poafr euwtat @ mLahg daldareihdec h( CA3 )No .Af7t6ed7 mi xi n
1 mL 50 % triton solution is added. This reagent

WHT/WHT: Debubble (258 uL min.!)

Waste |

5T 10T RED/RED: Sulfanilamide (323 pL min."!)
Qm) (j]))))j]) GRN/GRN: Sample or LNSW (635 pL min.")

ORN/WHT: Air (111 pL min.™})

RED/RED: NED (323 puL min.")

Waste

1.0 mm I.D.X 30 mm

LED 545 nm

FigurdNQ4 2t h.) fl ow diagram.
(4.4) Silicate Reagents
15 % Sodium dodecyl sulfate solution

75 g sodylumsddéddoe2 I 6Awas mi xed piutrle 2a%emL ul t

Mol ybdic acid
Di ssol ve 7.

, 0.03 M (1 % w/v
5 g sodium mol-4@&3y
add 12 mL 4.5M sulfuric acmddo
Note that the amount of sul fu
Grasshoff et al. (1999).

)
atendbpodenawval ¢ CAS
Ad dyelr ssod Ixftahgn 268 @l
ric acid is reduce

Oxalic acid, 0.6 M (5 % w/v)
Di ssolve 50 g oxa&lZlt), aicn d9 F-fClArSlw dldbfe r uLl4t4r a
Ascorbic acid, 0.01 M (3 % w/vVv)

Di ssol vas2obbgclLaci8d’7)(,CASY NoO-pPpusnde whtaelbtr@ahis r
was freshly prepared every day.
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WHT/WHT: Debubble (258 pL min.!)

Waste I

ST 20T 20T 10T 5T 20T WHT/WHT: Sample or LNSW (258 pL min."!)

(D (IO MD @ QWD | BLUBLU: Molybdic acid (530 uL min-")

ORN/WHT: Air (111 pL min.!)

WHT/WHT: Oxalic acid (258 puL min.!)

ORN/WHT: Ascorbic acid (111 pL min.t)

W}ste
]

1.0 mm I.D.X 10 mm
LED 630 nm

Figur3e 4. h. ) fl ow diagr am.

4.5) ePhResphant s
5 % Sodium dodecyl sulfate solution
75 g sodium dodecy2B ruwénme emi CAS -pMiorteh IwWsa2t5e rmL  u |

(
1

Stock molybdate solution, 0.03 M (0.8 % w/v)

Di ssolve 8 g sodium mol yvb@at eaddh § dhibtdaysgspi@uC,AS No
tartrate trihydirdaxe (CASSPome2&BOOBFt amad added 50
acid (CADIMp. 7664

PQcol or reagent

Di ssol v-asdoRbigc lLacB& )(CAS N&b.O 5mL of stock mol yk
m Xxinfg,18 ®w sodium dodecyl sulfate solution is ad
every measurement .
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Waste WHT/WHT: Debubble (258 pL min.-!)
]

<
<

WHT/WHT: PO, colorreagent (258 puL min.™)

20T 20T 20T

(MO ORI 1 o GRN/GRN: Sample or LNSW (635 uL min.")

ORN/WHT: Air (111 pL min.)

Waste

| M

1.0 mm I.D.X 10 mm

LED 880 nm

Fi gurde PElOACh. ) fl ow diagr am.
(4.6) Ammonia Reagents
30 % Triton solution

30 mL "WX-1@@nprovid-Addmbipai pana K. (-€&A3 Nower @00 2
mi xed withpuome mikatudrt.r a

EDTA

Di ssol ve 41 g -2 bied r@aasroldo xuyml; 2t-omet hyl )
(carboxylatemethyl )amino] a8élt)at eayntde t2r agh ybdorraitce acG 4
10038) ,20iOn mL -ppUdr eul wataer. After mixing, a 1 mL 30
reagent is prepared a week approximatel y.

NaOH | iquid

Di®lsv e 1.5 g sodium hyd2pxi dend( ABS dgNdt e tlr3alst
s(car boxyl at-(amrebtohxyyl |)aatmoi nmeot] heytlh)yami no] acet ate; te
3a&) in 100pmbLeofvauwétraThis reagent iwWe prepar e
uced the amount of sodium hydroxide from 5 g t
uehet occhange of recipe of B standards solution.

Stock nitroprusside
Di ssolve 0.25 g s

pure water and add

appratke Imy .

odium nitro3@&nrdyadhi dé dl hydi
0.2 mL 1M sulfuric acid. St

Nitroprusside solution

Mi x 4 mL stock nitroprusside angub emiwalt®rsuAfu
mi xing, 2tomh 806l titonh is added. This reagent i s s
2 or 3 days.
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Al kaline phenol

Dissolve 10 g ph2nol 5( GASONOUMLOF-dRYxiachel RCAHS I
sodium citrate diOMy)d,r aitlee E@EIN San Nwa.t e6rl. 32St ored i n a
prepared a week approxi mately.

NaCl O solution

Mi x 3 mLypodhbubomr ht e-5(ZC)ASi MNod-p vymBEB lwlat ea . St ored
bottle and fleshly prepared Isefporreep aawvwear yO. e a¥% ua «
chlorine.

YEL/YEL: Air (430 pL min.)

ORN/YEL: NaOH liquid (79 pL min.")

5T 10T BLK/BLK: EDTA (151 pL min.")
i) Ul | YEL/YEL: Sample or LNSW (430 pL min. ")
Dialyzer
Waste
T ORN/YEL: Air (79 pL min. ')
PTFE Membrane filter (0.5 pm) —.=.=. . &
10T ST 5T
(mn) YEL/YEL: Nitroprusside solution (430 puL min.!)

l

Heating bath 45 degree Celsius
T Waste

[,

1.0 mm [.D.X 10 mm

|

BLK/BLK: Alkaline phenol (151 pL min.!)
ORN/YEL: NaClO solution (79 puL min.")

LED 630 nm
Figurbe MH5ch. ) fl ow diagr am.
(4.7) Sampling procedures

Sampgiof nutrients followed that oxygen, salini
new 10 mL polyacryldraeswingatsbewsthdobeseseamplbre rin
filling and the vials were cappbdadsmadeat Ehg af ¢
into water bath adjusted to ambient temperatur e,
use to stabilize tWhe nt evep  roautnudr @ hef vad mel ed. Xmi s
than 95 % ofrordotuhbet fruarti cl es in the salnp)l ef,orwe c e
the samples by usi-&©130 ,an ddeThair)i.f uTghee (ctoynpdei:t iGN s of
about 3400 rpm for 2.5 minut es.upWer ead ss ot epmp e rcaotou raen
of samples during centrifugation.

No transfer from the vial to aenetbet eantatonen
tray directly Samples were analyzed after coll ec
(4.8) Data processing

Rawwata fromHRuwWAL eotRReated as foll ows:
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-Check the baseline shift.
t he

-Check shape of each paldnanangpotshéemnmoankbamdge pt
peak values taken if necessary.

-Carawer correction aendomawetlténappdbri éd torpeak he
foll owed by sensitivity correction.

-Baseline correctiomweared doeres ibtaisvi ictay | oo rurse sntgi dnn ne
-Load pressure and salinity frdm wrfc asleiabwaateead tE@MD
To calculate the final nutrient concentration, We
semsaat a.

-Calibration curves to get nutrients concentratio

(4.9) Summatry arfalnwgirg e
We made 33 QuAAtro runs for the samples coll ecH

runs for thebgampl eastel bectiéddst atilomdsuri mglL MRI 9a s
04. The tot al amo untmpdfe Ireaeyaecrhse do ft ot h2ed 96e a wa tLeerg 2s ¢
made basically duplicate measurememtss fatr alult ri ke
measurement is -8hown in Figure 4.7

40°Sy

Ocean Data View

" 40°E 60°E  80°E 100°E
Fi gurbe Sa.npl ing positions of nutrients
(5) dtiastti on
The sampling station |istt.for nutrients is shov

Tabl4 4 8t of stations

. Date (UTC) Position*

Station Cast (mmddyy) Latitude Longitude Depth (m)
002 1 12051 552.3|] 7%9. 2 82
003 1 120591 547.5| 7%9. 6 139
005 1 120671 539. 9] 8@0. 4 323
006 1 120671 534.9| 8@M0. 1 401
007 1 120671 519.9| 7%9.7 414
009 1 120671 439.9) 7%9.9 427
012 1 12071 340.3| 8M0.O0 4 35
014 1 12071 300. 0y 8@MO0. O 431
017 1 120871 200. 0| 8&00.0 387
019 1 12081 120. 0] 8@M0.O0 4586
022 1 120971 030.1| 80.1 4685
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025 1 12101 015. 0| 8&00. 3 46§
026 1 12101 030.0| 8@0. 2 471
027 1 12101 044. 9| 80. 0 473
029 1 12111 120. 0| 8@0.0 48 3
032 1 12111 219. 9| 799. 9 4 9 (
034 1 12121 259. 9| 7%99. 8 496
036 1 12121 400. 1| 79%9. 8 46 3
038 1 12131 459. 9| 799. 8 514
040 1 121471 559. 9| 7%99. 9 524(
042 1 12141 700. 0| 799. 9 491
044 1 12151 800. 1| 800. 1 547
045 1 1219571 850. 0| 80. 0 519
046 1 12161 900. 0| 79%9. 9 524¢0
048 1 12161 1@0. 0 7%99. 9 538
050 1 12171 100.0f 7%99. 8 534
052 1 12171 10D0. 0 800.O0 5175
054 1 12181 13905.8 800O0.O0 500
056 1 121871 13%9.9] 8@0.1 504
058 1 12191 1469. 9 8@00.1 511
060 1 12191 1%9. 9 80.1 504
061 1 12201 1&9. 8 7%9.9 503
062 1 12201 169. 9 8a00.0 507
06 4 1 12201 1459.9 800.0 5140
066 1 12211 1&%9. 8 7%9.9 494
068 1 12211 20001 8e00. O 4 8 q
069 1 12221 2@9.7, 799. 9 4 8 7
070 1 12311 229. 6| 542984 4 9 (
072 1 01013 3@9. 3] 581. 2 47 (Q
074 1 010173 3#9. 3] 552. 4 4 43
076 1 010274 3&29. 0] 5a3. 5 47§
078 1 01027 308. 9] 5745.0 2917
08 1 0103732 351.0 507.0 534
081 1 010379 33 2.0 502. 4 6 01
083 1 010373 33%8.0] 502.1 503
085 2 010473 389. 3] 54 7.3 384¢0
086 1 01054 390.0] 525.0 4 8 2
089 1 01057 3&0.0] 5B32.5 4 4 2
091 1 010674 3743. 3] 57/-37.5 533
093 1 01064 385. 3] 5B39. 3 534
095 1 0107732 3944. 7, 5#41. 4 5175
097 1 010773 4a44. 9 5#44.9 499
099 1 010874 4109. 6| 5#44.6 48 8
101 1 010873 404. 7] 545.1 479
103 1 01097 459. 7 5#45. 4 47 4
105 1 001092 43%9.8 5#4A5.5 46 3
107 1 0109% 40.0] 547. 2 45 3
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108 1 0110272 4880. 0 547. 9 4 497
111 1 01113 448. 2| 5740. 9 4 4 4
113 1 01112 4#40. 7| 58B35. 3 45 3
114 1 01123 4H655. 1 5#41.0 4 3 3
116 1 011273 483. 6] 565DO0E 448
118 2 01143 4B3. 5| 5#49. 8 4 4 3
120 1 011423 5A0. 4 5729. 8 451
122 1 0115232 5#47.5 5740. 4 4 4 2
124 1 01153 554. 2 560.0 428
126 1 01167 5491. 2 5&9. 9 349
132 1 0117232 56a5.0 550.1 47 4
134 1 01174 574 2.9 583.0 509
136 1 011827 581. 1 585. 8 51¢9
138 1 011823 599. 0 5468. 4 514
140 1 011932 6@M7. 2 5#41.1 514
142 1 011972 605. 1| 5£3. 8 517
144 1 01203 6D3. 3] 54096. 2 5075
147 1 0120742 638B0. 1] 53 0.6 47 5
148 1 012132 6358.0 525.0 434
149 1 01213 6426.1 5304.6 414
150 1 01213 646. 9 559. 2 343
151 1 01213 696. 1 5300. 9 250¢0
152 1 012273 683. 4 5307. 8 188
153 1 01223 6820. 2 5385.1 12(

* Posittieblati hddeaand | ongitude where CTD reached

(6) Certified Reference Materi al of nutrients in

KANSO certified reference materials (CRMs, Lot:
the comparabitlhyftgnuanmd etnt a anealsiulriement s during thi
are shown bel ow.

Producti on

KANSO CRMs for inorganic nutrients in seawater
CRM has been produced using aut ogolnatvreod nsaytsutreant usne
| SO Guide 34 (JI'S Q 0034).

KANSO Co., Ltd. has been accredited under the A
Technol ogy and Evaluation (ASNITE) as a CRM prodiu
0052 R)

Pr opwadtuwassi gnment
The certified values are arithmetic means of tr

in duplicates) analysed by KANSGEaCd.h, LScdi.e nared al
Technology (JAMSTEC) wusimtgiotultse fd mlworminmétyrsii s, me&€tFiho
salinity of solutions of calibration standards to
of this CRM within N 0.5.
Metrological Traceability

Each certified val ueaboef nKANSaQ eCR Msi tweirtee ,c aal nidb r|
one of Japan Calibration Service System (JCSS) st
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and phosphate ions. JCSS standard solutions are ¢
each s,dnis.heThe secondary solution of JCSS is cali
produced by Chemicals Evaluation and Research | n
solutions are calibrated verpa@ENMIhle) Noartiinanrayl sMeatn
solution of nitrate ions, nitrite ions and phospt

For a certified value of silicate of KANSO CRM
standard soliBtii dm ak®B®® | mget IK®tfMantdiao sl alnmds tTietclhhtn o | o
SRM of silicon standard solution (SRM 3150).

The certified values of nitrate, nitrite, and |
I nternational System of Units (S9ICE tGERuUugdnd hHMIuk
solutions as stated above, each having stated unc
CRM are traceable to the SI through the unbroken
3150 solutions,ncecacmtha&wing stated u

As stated in the certificate of NMIJ CRMs, eac
and nitrite ions was determined by more than one
solution and NMIJ priomarptetandarasadsaoliatriodoe i on
phosphate ions as stated information value in the
solution of phosphate ions. Those values in the o

Onef the analytical met hods wused for certificat
phosphate ions and dissolved silica was a col orin
colorimetric method i s t heuosuasmemoadse tohnel ya)n aul syetd cfaolr
of KANSO CRM. For certification of dissolved sil
inductively coupled plasma mass spectomatnmy and
detection wasfusati oFRoDTf nitrate ions, ion chrom
chromatographyomf separhat iogrenwas used. For certi
chromatography by direct analysis was used.

NMI J CRMs wer e analridcdadt i aotn tplreo cteisme fofr CeRM anc
confirmed within expanded uncertainty stated in t
(6.1) CRM for this cruise

60 sets of CRM | ots CE, cJ, CG, CB, Bz and F
concentnretthi mdhisam Ocean and Southern Ocean are pre

These CRM assignments were done based on a rand
a room in the ship, Bl OCHEMI CAL LABORATORY, where
18. 0 degi2kd&sgd sCeulssi us.

(6.2) CRM concentration

Nutrients concentiC&ti €ds ffC&r, ClBe BEMahdt €F ar e

2.
Tabl€ L£ev7tified concentration and uncertai
unit: rmol kgt
Lot Nitrate Nitrite Silicate Phosphate Ammonia*
CE 0.01 N 0.03 N o0.06 N 0.012 K 0.69
cJ 16.20 [ 0.04 N 38.50 I 1.1290 K 0.77
CG 23.70 I 0.07 N 56.40 I 1.700 K 0.61
cB 35.79 I 0.13 N 109.20 2.520 K 0.77
BZ 43.35 I 0.23 N 161.00 3.056 K 0.49
CF 43.40 I 0.09 N 159.70 3.060 N 0. 46
*For ammoninat va¢mutisf iaee and shown as only referen
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(7) eNwuttsrist andards
(7Va) umetr i avalr ®@bhoofuastiemrsyt andar ds

Al l vol umetric gl asswar e-waarned wsod dy mee hg | pe mtva m
calibrated. Pl astic volumetric flasks wede gravin
K at arowun@. 22 deg

(7.2.1) Volumetric fl asks

Volumetric flasks of Class quality (Class A) ar
or |l ess over the size ranges I|likely to bs,used in
and theosuandasdwere transferred to plastic bott]l
up to volume and well mi xed in order to prevent
PMP volumetric flaskbrawbedgamdi mebdidoadl hoyf ctahle c e
temperature.

The computation of wvolume contained by gl ass f
calibration temperatures were done by usmng the ¢
gl ass.

Becausheeiof ltarger temperature <coefficients of
constructed for these materials, the plastic vol
temperature range of i ptahded o$wictahidbudeBoaThehoe
obtained in the alibration weightings were coOfrr e

(7.1.2) Pipettes
Al I gl ass pi pettes have nomi nal calibration 1
gravriinteatl 'y eveli byated t mprove upon this nominal

(7.2) Reagents, general considerations
(7.2.1) Specifications

For nitrate standard, fApotassium nitrate 99. 995
CAS No-797,75was used.

For rsittarnidtae d sol uti on, we usedlGOO)X rpt e@eviided sh
Wako, Lot APJ62Q&245To@l&. MNhi.s 1sitCandard solution w
chromatography met hod. 'Gal 2fr alei €6al sessl t Expahded
of calibration (k=2) is 0.8 % for the calibratior

For the silicate standard, we cechmanda®Hf Do MSi
Certi PUREO pr oV ihdoeuds eb yS iMesrtcakngddat tedhvises | ptrioam cexd by
fusion technipwevdferompr®duie® jointly by JAMSTEC
fraction of Si in the expb64 sol-a0Ro8i wasandarirbdrao

For phosphate stiamyddoradgleoffpdhtada €sianmhydir ous 99. 9

provided by Merck, Bat-c®,Bwa42@acG&d.CAS No.: 7778
For ammonia standard, AArmamonipun vChdlear ibdge NMIRM
21@2®. The purity of thi s%.stBEangddanrudn cwearst agirnetayt eorf tct
k=2) is 0.022 %.

(7.2. Durgl twaa er
Ul tpruar e watQerwa(t Mirl)l if reshly drawn was wused for
solutions and for measurement of reagent and syst

(7.2.3) tLtowsgeawa L&NBSW)

Surface water having |l ow nutrient croma@reaeat rati o
capsule cartr-Ddgertii beernaAuly®ed8 2018. This water
cardboard box.

Nutrients coaNS®Wnavemeasonmrsed non February 2019.
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(7. r A, D, B a
t e, phosph:
concentration stocklottéaddpfdserktmnfibaddssickuc

2.4) Concentrations of nutrients fo

h [

h

ut i-anstassnddar d, The " B" stahidaleidqu st :n exft girreglaa
r

wn

c

o

e A0 standards for nitrate, ni tri

ite, S|I|cate, phosphate and ammonia A stand
vhoil yamea.y al i g
entrai'i ontsanaoar

i
0
i
n uot of t he B st andsatrandiasr dmade
0 dCfor nitrate, niti+#itamd ELhosph
r ammonia typical, oceani cr dcsopnaceegratrreadt itoon smeuassil
reduction rate from nitrate to nitrite.

Concentrations of nutrients for A, -3B, C and D s

We developed a new receipt to prepare ¢he B stoz¢
al kMelrick silicon standard solution. Pure water wa

salinity and density, we add NacCl powder as appro

T
g
I
t
0
n
f
e

00O XS wn Iz

h

The C standard is prepared accéodrdiAhyg wvol vumet p
| abtoorray st omer e <cali brated prior to the <cruise as
concentration of nutrients in each fresh standar
solution temperature and detrywamesed factors of v

The calibration curves for -@a2B3C4@g5®and EGbt ain
6C1l,2C3C4Camwd W\&re the CRM of nHt wialeod e i st srdavad .

Tabl&8 MNowmi nal concentr ABi @msl &€f shandiaentss f o
Uniemol * kg

A B D c1 C2 C3 C4 C5 ¢Cc6 C7 C-8
NG 450C 900 90C CE CJ CG CB 45. BZ - -
NQ 218C 17 87CCE CJ CG CB 0.8 BZ - -
Siz20 3560 285 CE CJ CG CB 14: BZ - -
PQ 600 60 CE CJ CG CB 3.( BZ - -
N H 4001 120 - - - - 6. ( - 2.¢ 0

Tabld4 ¥WorPking calibration standard reci
C Std B St
C-5 25 m
C-7 10mL

(7.2.5) Reoewalstodndard solutions
l#iMouse standard patagiapk @%. 3t4) edabber dnéwed
5(a) to (c).

Tabl®(4)7Ti ming -lopduge netwan d arfdsd.n

NG, NOSJI GPONH Renewal
Al Std). (NO maxi mum a mot
A2 Std). (NO commer ci al prep

JAMSTKAENSO Si st

A3 Std) (SiO colution

A4 Std. (PO maxi mum a mor
A5 Std) (NH maxi mum a mot
D-1 Std. maxi mum 8 da
D-2 Std. maxi mum 8 da
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B Std.

(mi xt -t 62 D3 AMAarbd SA | maxi mum 8 da

Tabl&(d)7Tirmineguadf of working calibration s

Wor king stand Renewal
C Std. (dilut every 24 hc
Tabl&(4)7Ti ming -lmdugenetwandarfdd nfor reduction e:
Reduction est Renewal
36MeNsOdi |-t 8t @ wherstd . ren e
35MeNOdi I-Bt 8Bt @ when C Std.
(8) Quality control
(8.1) The precision of nutrients analyses during
The precision of nutrients anal ysteltse daurti amgl1l0 h
measurements, which are measured every 8 to 13 s
std. Summary of precibsiammds FiiRy og-lswmMDWwni igbtbadi §. ¢
anal ytical preciS|on@sZWe%ef@rleﬁl%rfbe,nDtﬂaté/o, f
phosphate and 0.31 % for ammonia in terms of a me

The precisions folnlsaclhupaeamleeegederahlgytcons
precisionkR/ WWuMiirnaggi tchreui sezs0Xk®.ndudMeeadl s 209 say t
of precision as7 sthdivdnsh eiwéd gtulmats 4h & amdaltytiiteeal p
silicate, phosphate and ammoseseaeweeptmbhontai hed t

Tabl €6 &Sufmmary of precision MKdged on the rep

Nitrate Nitrite Silicate Phosphate Ammonia
CV % CV % CV % CV % CV %
Median 0.16 0.22 0.12 0.16 0. 31
Mean 0.15 0. 214 0.12 0.16 0. 34
Maximum 0.32 0.60 0.214 0.69 0.69
Minimum 0.03 0.11 0.05 0.06 0.15
N 76 76 76 76 76
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Fi gurlel 4S.a/me/ absutd4d f7or ammoni a.

(8.2) CRM |l ot. CF measurement during this cruise

CRM | ot. CF was reevaasluuraetde etvheer yc oonupnartacbi I i ty tth
results of |l ot . CF d uRiignudr.-&t8h itst 6cdr.ufilsle oafr et hseh omvene
concentrations of CRM |l ot. CF was withinttehe unce

and phosphate.
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1

Concentration / ¢ mol kg

-1

Concentration / (£ mol kg
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(8.3) Carryover

The carryover results from the finitetamd more
bet ween samples. Thus, an error is present in any
be axpippraot ed as | inearly dependent upon the differ
and that of the precmdi hlge saampd o eor @od¢fi nieaire sty,s
hannel by measuring the dofff ehencecosmstcvadeend fh e
tandards fallrowisnrggnaandamor sampl e, al |l having
ompons.i tlito can equally well be calcul atzeedr of r om t |
tandar ds Isoclalloewisntga nad afrud or sample. Measurement
t the beginning of a crueigemifncantdenumbenbt bt nm
arefully every time any changediimg tdesiphmplmd i mymgpg
r coi l repl acement . -dCeasrirgynoevde ra ncdo rmmaeicntti aoinnse df ocrh awe
han 0. 3 %.

Wesummari ze the magnitudes OAfl tchaoruoghhs eviech ati hr ou gt
carryoceras@dpriobdllgy due to overhaul of the ana
within acceptable | evel s offab07€3 4% de xFelegputr-ea Mmo/n i a
21.

T OO ”MOnLO

Tabl & &Summary of caMRIW¥@4ver throughout

Nitrate Nitrite Silicate Phosphate Ammonia
% % % % %
Median 0.19 0.08 0.21 0.13 0.69
Mean 0.17 0.11 0.21 0.12 0.81
Maximum 0.31 0.53 0. 31 0. 30 2.30
Minimum 0.01 0. 00 0.08 0.00 0.14
N 76 76 76 76 76
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Empirical equations, eq. (1), (2) and (3) to e
sil aodt phosphate are used based on 73) oid@s winr e ment
calibration curve during this cruise. These empir
Nitrate Convg @andlirlakg on C
Uncertainty of measurement of nitrate (%) =
0.10303 + 7nodPiM29 1% 3(ndd (F 1d1l C/ C- A1)
wherned £ nitrate concentration of sampl e
Silicate Coacamaoltkhgi on C
Uncertainty ooff smelaiscuateeme(n%) =
0.14938 + 6si dgif086L2*3 7(7silh2/(* Fighh C € -2)
whersed2€ Bl coacentration of sampl e.

Phosphate Cepodiamoltthgi on C

Uncertainty of measurement of phosphate (%) =
0.172783¥% 6,881 / C - 4-3)
wherpei £ phosphate concentration of sampl e.

Empirical equatiess] magge (HA® ander(Baintoy of me
ammonia are used based on duplicate measurements
Nitrieert CaubL amo IC:k g
Uncertainty of measurement of nitrite (%) =
i0.027319 + OnoBIDIDDO*L(OBWIBI /*ECNolx 1l - HAQ
wherned € nitrite concentration of sampl e

Ammoni a Congudammohtkgon C

Uncertai nrteymeonft nmoefa sasammoni a ( %) =

11.768 + 0.~nG4P428 * ( 1 /| C -{5)
wherngd £ ammonia caeampekeptration of s
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Uncertainty / %

Uncertainty / %

1000 — ; e — — 1
b y=ml +m2 * (1/m0) + m3 * (1/m0) * (1/mo0) |
r Value Error ||+

ml 010303 0.01152

m2 7.0029 0.29917
m3 -0.1113 0.0059791

chi-square 0.00029428 NA
100 ¢ R 1 NA |
10 ¢ 1
- a— ]

8
01 L L L L L L L

0 10 20 30 40 50

Nitrate concentration / pmol kg™
F i g u r2eEstinatidn of uncertaintyfor ni tr at e.

y=ml +m2 * (1/m0) + m3 * (1/m0) * (1/m0) E
Value Error |4
ml -0.027319 0.45311 ||

m2 0.32334 0.008212
m3 -0.00019896 1.606¢e-5 ||

chi-square 3.9479 NA
R 0.99981 NA |
L S |
L O\ ]

—
\\
1.0 )

01 1 1 11 1 1 1 1 1
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35

Nitrite concentration / pmol kg'1

F i g u r28Est#natién of uncertaintyfor ni t ri t e.
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Uncertainty / %

Uncertainty / %

100.0

5 T T T [ T T ]
F y=ml+m2* (1/m0) +m3 * (1/m0) * (1/m0) |
- Value Error |4
ml 0.14938 0.019062 ||
m2 6.7786 1.2563 ||
m3 -0.12377 0.050225 ||
chi-square 0.0014069 NA
10.0 R 1 NA [H
10 F 1
L \9\\‘——&““_ @ 4
O
01 1 1 1 1
0 50 100 150 200
o . -1
Silicate concentration / pmol kg
Fi g u r2éEstimatidn of uncertaintyfor si | i cat e.
1000 T ; ; —— ]
E y=ml +m2 * (1/m0) E
F Value Error |[4
i m! 0.17278 | 0.0054725 |
m2 0.28937] 0.00013404 | ]
chi-square | 0.00059297 NA (7
R 1 NA
L \@\ﬂ\ J
L -——__ﬁ_a_\k_qg 4
01 L1 L 1 1 1 L L1
0.0 0.5 1.0 15 2.0 25 3.0 35

Phosphate concentration / pmol kg'1
F i g u r2BEstination of uncertaintyfor phosphat e.
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1 ,,,—,
y=ml +m2 * (1/m0)
value Error |||
ml 11.768 3.3617 ||
m2 0.79428 0.11252 ||
S o chi-square 190.42 NA [l ]
O\ R| 094474 NA
© — |
~— Q T
g 10
=
D o
g
-
1
0.00 0.05 0.10 0.15 0.20 0.25

Ammonia concentration / pmol kg'l

F i g 4 r28Estimation of uncertainty for a mmo ni a

(P)roblems and our actions/solutions
I n this section we describe wloatsowe eolisherswee prarb

During this cruise, we see a few problems espec
1, Serious nitrate contaminia¢i onamploenst he envir
2. Mal function of one of#1lt haen da ma ltyrzagres coofn crewnttrrie
by wunit #1 showed | arger variability which exceed
3 We needed to replaceon hrei tcraaltmé umme a fwWrueme mMtNs cn

operation.

We facednigearaiteeuscontamination from the environi
observed a | arger difference of nitrate concentra
samploitntgl eb f or several bottles ofal36 Thet tli és et knc
nitrate contamination omoltldagrti wg ¢ drepibdy , 229 8um@tt
mmo |l *ckugr i ng the first hladf fmddldekddrd on g3 t(hset steicomsd
of the | eg-13()st Atsi ssthsowh03 n Figure 4.7 _22, the 1
rab became high in some samples collected at st at
with tbe nabhgeal values between 13.6 and 14.7 apyg
rati o anomalies in -BE@Mmeadd@dpp®cxiamatsalay i dursi @ | e

The magnitude of the difference bheatlwe eonf dtuhpel ilceag

and frequency we see a |l arger difference of nitra
increased-22Fhgumétdhdafie vs. phosphatei Ebacenteati
sample increasededrad i smMocwedd g tlhiendaroken | ine frol
ratio at nitrate concentration lodpglatearcreati iso zatr
concentratiorremdifHkgmerFdguire U.5% 23&a, pbiaddcat edh
nitrate contamination occurred one of two duplic
al so observeplhddsmhatnd tmmrattieo vdi.d not <change whil e
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1. fhot-lkg. indi catzedtad d4ime in Figure 4.7 _ 23a. W
sampler we stated | ater may causet hneg tarnaotuen tc oonfc e nntt
of seawater sample compared with theamntma&keeaser e
of nitrate vs. phosphate ratio in spite of | ess
Figure 4.7 _23gufrer 4. &g 2BcadrFthe second half of
nitrate contami hattihons ampy escavint hbat phosphate cc
second half of |l eg 3 case we guess tplhaethomegler n
due to intrusion of Atlantic Ocean origin seawate
We did not obasneirnvaet inoint roant es achnopnite-s s ta&edaf do®ms €RWM
too Thi s may indicate that nitrate fcomt anrhienat i
environment and/or nitrate contamination inside t
16.0 2.0
o = NIPI A diff N g
= =
g 155 . N2P2 : :;. 2
g g
= =
£ a
= =
D g
S g
= oy
< =
o @
175} =
=) (]
= 2
~ 4]
€] P
- E
2 =
Z. a,
v’—‘
Station number
Figur-22 4Ni7trate/ phosphate <concentration rati o
bet ween duplicate two sampl es.
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Fi

Nitrate vs Phosphate concentration ratio

i
cat

Nitrate vs Phosphate concentration ratio

gur e

Leg2 stn002-069
16.0

15.5
15.0

14.5

o = NIPI
% . NP2
[]
L]

0.0 0.5 1.0 1.5 2.0 25

Nitrate concentration difference (pmol kg'l)

7_23d Reédaltataiteenshompcentration
on rBdtuieo adchudr irregl tdloda sl déghdd.cat e
e

respectivel y.
Leg3 stn070-101

pair,
16.0

15.5 _

- = NIP1
12.5 ;‘? _. '
12,0 & . :
0.0 0.5 1.0 1.5 2.0 25

Nitrate concentration difference (umol kg’l)

4.7 23b Same asst adt.iIo0As3 a7nb u th ef ¢ re gt I1Be
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Leg3 stn103-153

Nitrate vs Phosphate concentration ratio

0.0 0.5 1.0 1.5 2.0 25

Nitrate concentration difference (umol kgfl)

Figure 4.7 _23c Same as 4. r13®Bai rhutthd olreg hE. d

We started to seek cause(es) of this nitrate co

t he water sampladd gpedrefcoarunsaen coef oift shagnod! i ng. First,
nitrate contamioaésoonfbomrdat®wwe gl so tested oth
materials as -8hoWs alnr daddyesdated i n tBsecskheorweedt al
that | atex gloves might be a sourcreewfglinovesatteales
from a package. Therefore, we stopped to use | at
station 101 on 8 iJoann,u ahroyw e2v0e2r0,. dTihde nsoitt ucahtange and
continued, whi c h ssouugrgceesst si notthlree shitp.atWwWe al so ct
contamination from the atmosphere by exposing t
| aboratdomyfea other places in the ship and by so
deck tohfe isnhi p. The exposing tests showed that am
contamination while the smalltibdlackowpraaces cdfesnicton
(Tabl%) .4.TThen we <cl eaned up t heo nCTLR 4r.0 AArs8 bme fcraens
Figur2e2 ,4.tthe di fference of two replicate samples
a nor mal siteathenejndstofbethos cruise. We believe
deck may berocrnee ooff tnhe rsad e contaminati on.

As stated previously, we also found a Ilinear rel
the repliicnatteh es asnepcloensd hal f of the |l eg 3 (Figures
in thhealffi rosft t he |l eg 3 (Figures 4.7 23b). On the
ratio without the | al3@ appgirhiex emkeekbhgc sndthalnfs d
(Figuz2) 4. which was not obge3vedt iinnttheefli egt2 h@F
The high N/P ration without the | arge difference
both twe sgaemplieator did not occurre. The |l atter m
nat uratli ovna.r iWe concl udedl 3tOh aatp ptrioxs enaate | syt dathi arh el X
|l eg 3 are probably due to tbeOcatanrabtenriabiusty

Therefore, we concluded that soenrmeonuts tnoi ttrhaet es ecaol
samples occurred during the sample drawing alth
contaminations.

Mal functi theoBnahgzefs of nutrients named #1 an
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Tab4d 8Results of tests for cont ami
Measuremen Nitrate Nitrite Siicate | Phosphatg Anmonia mel
Gloves Methods Seq. A B _ _ A Sample na
date (emd)|(emd)|(emd)|(emd)|(emdl
1 2.95 0.00 0.99 0.059 0.19 |samplel 1 1
Latex Al-1 22-Dec-19 2 0.38 0.01 0.98 0.051 0.09 |sample2_1 1
3 0.11 0.01 1.02 0.051 0.06 |sample3 1 1
1 4.78 0.00 0.99 0.037 0.58 |kuaran 1 1
Latex A1-2 07-Jan-20 2 0.62 0.00 1.02 0.043 0.08 |kuaran 1 2
3 0.29 0.00 0.99 0.042 0.05 |kuaran 1 3
1 1.95 0.00 0.98 0.045 0.12 |kuarao 1 1
Latex A2 07-Jan-20 2 0.20 0.00 0.99 0.041 0.07  |kuarao_1_2
3 0.16 0.00 1.00 0.041 0.05 |kuarao 1_3
1 1.65 0.00 0.97 0.039 0.03 |posive_1 1
Latex B 07-Jan-20 2 0.43 0.00 0.98 0.040 0.03  |positve_1 2
) 3 0.20 0.00 0.98 0.039 0.04 |posive_1 3
1 0.34 0.00 1.01 0.037 0.03 |diamond_1 1
Latex C 07-Jan-20 2 0.17 0.00 0.98 0.037 0.03 |diamond_1 2
3 0.12 0.00 1.00 0.038 0.01 |diamond_1 3
1 0.29 0.00 1.12 0.039 0.00 |labtex 2 1
Latex D-1 08-Jan-20 2 0.27 0.01 1.12 0.039 0.00 |labtex 2 _2
3 0.18 0.01 1.05 0.039 0.00 |labtex 2_3
1 0.11 0.00 1.05 0.041 0.06 |labtex 1 1
Latex D-2 07-Jan-20 2 0.07 0.00 0.99 0.039 0.06 |labtex 1 2
3 0.07 0.00 1.00 0.041 0.07 |labtex 1 3
1 0.05 0.00 1.06 0.037 0.00 |labtex 3 1
Latex D-3 08-Jan-20 2 0.08 0.01 1.09 0.036 0.00 |labtex 3 2
3 0.04 0.01 1.05 0.040 0.00 |labtex 3 3
4.42 0.02 1.17 0.304 0.62 |labtex 4 1
Latex D-4 2) 09-Jan-20 | replicated]  4.90 0.03 1.17 0.263 0.40 |labtex 4 2
4.17 0.02 1.11 0.256 0.48 |labtex 4 3
1 1.20 0.00 1.01 0.040 0.07 |safe 1 1
Nitrile rubber 07-Jan-20 2 0.09 0.00 0.98 0.038 0.03 |safe 1 2
3 0.07 0.00 0.98 0.037 0.04 |safe 1 3
1 0.06 0.00 0.97 0.039 0.03 |saniment 1 1
Polyethylene 07-Jan-20 2 0.06 0.00 0.96 0.039 0.05 |saniment 1 2
3 0.05 0.00 0.97 0.036 0.03 |saniment 1 3
Polyvinyl 1 0.02 0.00 0.99 0.039 0.02 |clean 1 1
chloride-1 07-Jan-20 2 0.04 0.00 1.01 0.039 0.01 |clean 1 2
N 3 0.03 0.00 1.02 0.043 0.04 |clean 1 3
Polyvinyl 1 0.00 0.01 1.09 0.048 0.02 |clean 2 1
chloride-2 08-Jan-20 2 0.00 0.00 1.03 0.041 0.00 |clean 2 2
3 0.00 0.00 1.03 0.051 0.00 |clean 2 3
Polyvinyl 1 0.00 0.00 0.96 0.043 0.05 |clean 4 1
chloride-3 10-Jan-20 2 0.01 0.01 0.95 0.040 0.03 |clean 4 2
3 0.00 0.00 1.01 0.041 0.02 |clean 4_3
Polyvinyl 1 0.00 0.00 0.98 0.041 0.02 |clean 5 1
chloride-4 10-Jan-20 2 0.00 0.00 0.98 0.041 0.01 |clean 5 2
3 0.00 0.00 0.98 0.038 0.01 |clean 5 3
Polyviny! ' 0.03 0.01 1.02 0.101 0.06 |clean 3_1
choride-5 ?3) 09-Jan-20 | replicated 0.03 0.01 1.01 0.090 0.03 |clean 3 2
0.05 0.01 0.99 0.107 0.05 |clean 3 3
0.01 0.01 0.98 0.042 0.06 |cap 1 1
Blank 4) 11-Jan-20 | replicated]  0.00 0.00 0.95 0.031 0.05 |cap_1 2
0.01 0.00 1.01 0.036 0.03 Jcap 1 3

(1) A fingertip (1 cm) of the glove was dipped into low nutrient seawater (LNSW) in the three sample tubez (10 ml) sequentially 1

seconds each.

(2) A fingertip (2 cm) of the glove was dipped into LNSW in the sample tube (10 ml) for 1 hour.
(3) A fingertip (2 cm) of the glove was dipped into LNSW in the sample tube (10 ml) for 10 hours.
(4) LNSW in a sample tube (10 ml) with three time rinses.
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Tabl ®Rdsul ts of tests for contaminatio
Experiments Measuremen] Nitrate Nitrite Siicate | Phosphatq Anmonia s "
am)| name
P date (emd)|(emd)|(emdi|(emd)i|(emd P
0.02 0.04 1.02 0.044 0.09 [ctdroom 1 1
CTDroom | 13-Jan-20 [ 0.00 0.05 1.00 0.042 0.08 |[ctdroom 1 2
0.00 0.06 0.97 0.042 0.10 [ctdroom 1 3
No.1 buoy 0.00 0.03 0.94 0.038 0.05 [nolmooring 1 1
mooring 13-Jan-20 0.00 0.03 0.99 0.040 0.07  [nolmooring_1 2
Exposure of low nutreint seawater (LNSW) infroom 0.00 0.03 0.96 0.039 0.08 [nolmooring_1 3
sample tube (10 ml) without lid for three hours| Cherical 0.00 0.08 0.97 0.037 0.38  [chemicallab_1_1
aborato 13-Jan-20 0.00 0.11 0.99 0.040 0.47  [chemicalab_1_2
v 0.00 0.10 1.02 0.038 0.45 [chemicallab_1 3
Within 0.00 0.05 1.01 0.040 0.29 |autosampler 1 1
chamber for | 13-Jan-20 0.00 0.05 0.98 0.040 0.31 [autosampler_1_2|
autosampler 0.00 0.06 1.01 0.042 0.33  [autosampler_1_3]
Posiion A in 0.05 0.00 1.90 0.037 004 [119 A1
CTDroom | 15920 [ 0.04 0.00 1.81 0.038 0.02 [119 A 2
0.03 0.00 1.79 0.042 001 [119 A 3
Posior B in 0.00 0.00 1.59 0.043 001 [119 B 1
CTDroom | 15-%an20 [ 0.00 0.00 1.61 0.032 001 [119 B 2
Exposure of LNSW in sample tube (10 ml) 0.00 0.00 1.62 0.032 0.00 [119 B 3
without fid for 1.5 hours. Poskion C 0.00 0.01 1.68 0.034 0.03 [119 C 1
CTDroom | 159020 [ 0.01 0.00 1.62 0.034 0.00 [119 C 2
0.01 0.00 1.61 0.038 0.00 [119 C_3
Posiion D in 0.00 0.01 1.61 0.033 0.00 [119 D 1
CTDroom | 1598020 [ 0.00 0.01 157 0.040 0.00 [119 D2
0.00 0.01 1.69 0.044 001 [119 D 3
. ] o ] 0.01 0.00 0.98 0.040 0.00 |[tube 1 1
2':"5"29632 ;3;“”"”9 tube tip into LNSW in sample tube (1011 5,1 56 [™0.01 0.00 097 | 0041 | 000 Jube 12
) 0.03 0.00 1.02 0.045 0.00 |[tube 1 3
Whie paper| .| 0.04 0.00 0.00 0.000 0.13 [kim 1 1
Pure water that fowed over the surface of pa|towel 0.11 0.01 0.05 0.014 0.25 [kim_1_2
towel Brown papel 11-Jan-20 0.04 0.01 0.00 0.513 0.13  [kim 2 1
towel 0.08 0.01 0.00 0.493 0.16 [kim 2 2
0.16 0.00 0.00 1.358 0.04 |[water 1 1
Fresh water for general use 11-Jan-20 019 000 001 1439 0.04 |water 1.2
Dipping of small black particulates collected in No.1 bouy 15-Jan-20 1.63 0.00 1.80 0.115 0.28 [hachinohe_1_1
mooring room into LNSW in sample tube (10 ml) 0.97 0.03 1.83 0.231 0.26 _ [hachinohe 1 2
Dur thcheaogesdmphewedr awi ng ordet® dseshowhheéent iTs
nitrate contaminasiohowkeek, the sample drawing ¢
contaminati on.
Talbe -140. 7Sampl i ng order
Station Sampling order
002-099, 103| Oxygen, CFCs, Salinity, gas, Nutrients, N§), others
101 Oxygen, CFCs, Nutrients, Salinity, gas, others
105-153 | Oxygen, CFCs, Salinity, Nutrients, NGi, gas, otherd
We so need to note that replacement of cadmium
forced more frequepaetdtyi omtdheri ndpanhess8tah b1l8, 122
I

;
| ocat ed -5a6r oduergch

5D 14) T 7
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Tabl414The number ofstN@dmiwnmncdoirleaicnt iNNQat i
coi l
Station | Cast | machingl cadmium coil new cadmlum cot Station | Cast | machingl cadmium coi new cadmlum cor
or reactivation or reactivation
2 1 unit #1 double 70 1 un?t #3 double
3 1 72 1 unit #2 double
5 1 unit #2 double 74 1 unit #3 double
6 L | unit#1|  double 6 1 |l unt#2] single
7 1 78 1 unit #2 single
9 1 unit #2 double 80 1 unit #3 double
12 1 unit #1 double 81 1 unit #2 single
14 1 unit #2 double 83 1 unit #2 single
17 1 unit #2 double 85 2 unit #2 single
19 1 unit #1 double 86 1 unit #3 double
22 1 unit #2 double 89 1 unit #3 double
25 1 unit #1 double 91 1 unit #2 single
26 1 unit #1 double 93 1 un:rt #3 dguble
27 1 95 1 unit #2 single
29 1 unit #2 double 97 1 unit #3 double
32 1 unit #2 double 99 1 unit #2 single
34 1 unit #2 double 101 1 unit #2 single
36 1 unit #3 double 103 1 unit #3 double
38 1 unit #2 double 105 1 unit #2 single
40 1 unit #3 double 107 1 unit #3 double
42 1 unit #2 double 108 1 unit #2 single
44 1 unit #2 double 111 1 unit #3 double
45 1 unit #3 double 113 1 un?t #2 single
46 1 114 1 unit #3 double
48 1 unit #3 double 116 1 unit #2 single
50 1 unit #2 double 118 2 unit #2 single
52 1 unit #3 double 120 1 unit #2 single
54 1 unit #3 double 122 1 unit #2 single
56 1 unit #2 double 124 1 unit #2 single
58 1 unit #2 double 126 1 unit #2 single
60 1 unit #2 double 132 1 unit #2 single
61 1 unit #2 double 134 1 un?t #3 s?ngle
69 1 136 1 unit #2 single
62 1 unit #2 double 138 1 unit #2 single
64 1 unit #2 double 140 1 unit #3 single
66 1 unit #2 double 142 1 unit #2 single
68 1 unit #2 double 144 1 unit #3 single
147 1 unit #2 single
148 1 unit #3 single
149 1 unit #2 single
150 1 unit #2 single
151 1 unit #3 single
152 1 unit #2 single
153 1
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Tabl&44Z4ntrifugeledlg3ampl es in
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Station| Cast | Bottle | Depth (dbar)| Trans (%) Station| Cast | Bottle | Depth (dbar)| Trans (%)
78 1 36 10.0 98.4 97 1 36 9.5 88.1
78 1 35 50.1 98.4 97 1 2 35.9 94.9
78 1 2 88.3 97.9 97 1 35 49.8 97.2
78 1 34 101.7 97.1 97 1 34 100.9 98.6
78 1 33 151.1 99.3 97 1 33 151.2 99.0
81 1 36 10.7 98.6 99 1 36 10.7 93.8
81 1 35 50.0 98.3 99 1 2 37.5 95.4
81 1 2 95.2 98.2 99 1 35 50.0 96.3
81 1 34 101.7 98.2 99 1 34 98.1 99.3
81 1 33 150.5 98.8 99 1 33 150.7 99.3
83 1 36 9.3 97.6 101 1 36 105 91.8
83 1 35 50.0 98.2 101 1 2 25.2 92.2
83 1 2 76.7 98.3 101 1 35 50.8 98.2
83 1 34 101.2 98.8 101 1 34 100.6 99.0
83 1 33 150.7 99.2 101 1 33 150.5 99.2
80 1 36 10.8 98.8 103 1 36 10.1 92.2
80 1 35 49.9 98.6 103 1 35 50.1 93.7
80 1 2 70.7 98.7 103 1 34 100.3 97.0
80 1 34 100.2 99.1 103 1 33 151.3 98.6
80 1 33 150.0 99.4 105 1 36 10.3 91.7
85 2 36 10.8 96.0 105 1 2 30.8 91.7
85 2 35 50.4 94.2 105 1 35 50.2 95.9
85 2 2 77.5 97.5 105 1 34 99.8 99.4
85 2 34 100.9 98.7 105 1 33 149.5 99.6
85 2 33 149.7 99.3 107 1 36 104 94.2
86 1 36 9.7 96.9 107 1 2 42.8 93.9
86 1 35 50.5 97.6 107 1 35 50.4 96.0
86 1 2 85.5 97.2 107 1 34 100.9 99.5
86 1 34 100.7 98.6 107 1 33 150.9 99.6
86 1 33 150.3 99.2 108 1 36 11.0 94.5
93 1 36 10.2 92,5 108 1 2 45.0 95.1
93 1 2 24.8 89.6 108 1 35 50.6 95.8
93 1 35 50.5 95.0 108 1 34 100.8 98.8
93 1 34 100.1 98.8 108 1 33 149.9 99.6
93 1 33 150.6 99.1 111 1 36 11.2 93.6
89 1 36 10.0 93.9 111 1 35 50.8 94.1
89 1 35 49.9 93.6 111 1 2 58.2 94.2
89 1 2 73.4 95.4 111 1 34 100.2 99.0
89 1 34 100.4 98.9 111 1 33 150.3 99.5
89 1 33 151.0 99.1 113 1 36 9.8 94.9
91 1 36 10.6 95.1 113 1 2 30.1 95.0
91 1 35 50.3 94.0 113 1 35 49.6 95.2
91 1 2 65.4 96.0 113 1 34 100.5 98.7
91 1 34 100.7 99.0 113 1 33 150.6 99.4
91 1 33 150.6 99.2 114 1 36 11.6 95.3
95 1 36 10.3 86.9 114 1 2 34.7 95.3
95 1 2 23.6 91.6 114 1 35 49.2 95.4
95 1 35 50.6 98.1 114 1 34 101.0 98.5
95 1 34 100.4 99.5 114 1 33 151.8 99.4
95 1 33 152.3 99.6
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Tadbl4.Zlentrifuged samples in | eg3 (conti
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Station| Cast | Bottle | Depth (dbar)| Trans (%) Station| Cast | Bottle | Depth (dbar)| Trans (%)
116 1 36 11.3 95.2 140 1 36 9.9 97.2
116 1 2 25.6 95.2 140 1 35 49.2 97.2
116 1 35 51.1 95.4 140 1 2 55.5 97.7
116 1 34 100.6 98.5 140 1 34 99.9 99.4
116 1 33 152.4 99.5 140 1 33 150.0 99.7
118 2 36 111 95.7 142 1 36 10.8 97.8
118 2 35 50.2 95.8 142 1 2 40.0 97.7
118 2 2 84.8 95.1 142 1 35 50.6 97.4
118 2 34 99.9 97.0 142 1 34 100.7 99.3
118 2 33 150.5 99.4 142 1 33 150.3 99.7
120 1 36 9.3 95.4 144 1 36 10.7 98.0
120 1 35 50.2 95.3 144 1 35 50.2 97.2
120 1 2 71.8 95.4 144 1 2 60.8 98.2
120 1 34 100.2 98.2 144 1 34 100.6 99.3
120 1 33 150.2 99.2 144 1 33 150.4 99.6
122 1 36 10.2 95.2 147 1 36 10.1 98.7
122 1 35 50.8 95.1 147 1 35 50.1 98.5
122 1 2 62.3 95.1 147 1 2 58.1 98.4
122 1 34 100.5 97.9 147 1 34 100.6 99.2
122 1 33 150.8 99.1 147 1 33 150.8 99.6
124 1 36 11.2 95.8 148 1 36 10.3 98.3
124 1 35 51.1 95.5 148 1 35 50.4 98.0
124 1 2 69.5 95.4 148 1 2 56.6 98.7
124 1 34 101.0 97.8 148 1 33 150.3 99.6
124 1 33 151.0 99.4 148 1 32 199.5 99.7
126 1 35 10.3 95.5 149 1 36 10.7 98.8
126 1 33 50.2 95.2 149 1 35 51.2 98.6
126 1 32 74.5 95.0 149 1 2 84.9 99.0
126 1 31 99.0 97.2 149 1 34 100.4 99.3
126 1 30 147.5 99.3 149 1 33 150.3 99.6
132 1 36 9.9 95.7 150 1 36 104 98.4
132 1 35 50.4 95.6 150 1 35 50.3 97.3
132 1 2 73.1 95.7 150 1 2 80.2 98.8
132 1 34 99.9 98.6 150 1 34 100.3 99.5
132 1 33 148.5 99.5 150 1 33 150.9 99.6
134 1 36 9.1 95.2 151 1 36 10.0 98.0
134 1 2 27.8 95.2 151 1 35 50.0 97.8
134 1 35 50.3 95.3 151 1 2 69.9 97.9
134 1 34 100.6 98.7 151 1 34 99.6 99.4
134 1 33 151.7 99.5 151 1 33 149.9 99.9
138 1 36 9.4 97.0 152 1 36 10.3 98.2
138 1 2 41.1 96.9 152 1 35 50.1 97.2
138 1 35 51.0 96.9 152 1 2 80.1 98.1
138 1 34 98.9 99.3 152 1 34 100.4 99.1
138 1 33 151.8 99.6 152 1 33 150.3 99.9
136 1 36 9.4 95.7 153 1 36 9.7 97.2
136 1 35 51.2 95.9 153 1 35 50.4 97.7
136 1 2 61.4 96.0 153 1 2 87.4 98.0
136 1 34 101.4 99.2 153 1 34 100.4 99.1
136 1 33 151.8 99.6 153 1 33 150.1 99.9
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(10) List of reagents
Li st otfs riesagsehnowh3.in Table 4.7
Tabl434Lvst of +Odagent in MR19
IUPAC name CAS Number [Formula Compound Name Manufacture Grade
4-Aminobenzenesufonamide 63-74-1 CeHgN,0,S Sulfanilamide wako I?ure Chemical JIS Special Grade
Industries, Ltd.
Antimony potassium tartrate Bis[(+)- Wako Pure Chemical
amony p 28300-74-5 |K,(SbGH,0q), 3H,0 [tartrato]diantimonate(lll) ‘ JIS Special Grade
trihydrate h ) ) Industries, Ltd.
Dipotassium Trihydrate
Boric acid 10043353 |H4BO, Boric Acid Wako Pure Chemicall ;o o0 ol Grade
Industries, Ltd.
. . . Wako Pure Chemical .
Hydrogen chloride 7647-01-0 HCI Hydrochloric Acid Industries, Ltd. JIS Special Grade
. . Wako Pure Chemical .
Imidazole 288-32-4 C5H4N, Imidazole Industries, Ltd. JIS Special Grade
L-Ascorbic acid 50-81-7 CgHgOs L-Ascorbic Acid Wako I_Dure Chemical JIS Special Grade
Industries, Ltd.
N-(1-Naphthalenyl)-1,2- 1465-25-4 CH-CLN N-1-NaphthylethylenediamindWako Pure Chemicallfor Nitrogen Oxides
ethanediamine, dihydrochloride 121167272 Dihydrochloride Industries, Ltd. Analysis
. . N . Wako Pure Chemical .
Oxalic acid 144-62-7 C,H,0, Oxalic Acid Industries, Ltd. Wako Special Gradg
Wako Pure Chemical .
Phenol 108-95-2 CgHeO Phenol Industries, Ltd. JIS Special Grade
Sodium citrate dihydrate 6132-04-3 NagCsHs0; 2H,0 Trisodium Citrate Dihydrate Wako l.jure Chemical JIS Special Grade
Industries, Ltd.
" " Wako Pure Chemical . .
Sodium dodecyl sulfate 151-21-3 Cy,HosNaO,S Sodium Dodecyl Sulfate Industries, Ltd. for Biochemistry
" . Sodium Hydroxide for Wako Pure Chemical . .
Sodium hydroxide 1310-73-2 NaOH Nitrogen Compounds Analys|Industries, Lid. for Nitrogen Analysiq
Sodium hypochlorite 7681-52-9 NacClo Sodium Hypochlorite Solution :zinto Chemical co., Extra pure
" , Disodium Molybdate (V1) Wako Pure Chemical .
Sodium molybdate dihydrate 10102-40-6  [Na,MoO,n 2H,0 Dihydrate Industries, Ltd. JIS Special Grade
Sodium :
Sodium nitroferricyanide dihydrate [13755-38-9 |Nay[Fe(CNENO] 2H,0 [Pentacyanonitrosylferrate(lll :lr\]/gllfstrli:;usrel_::dhemlcal JIS Special Grade
Dihydrate T
Sulfuric acid 7664-939  |H,SO, Sulfuric Acid Wako Pure Chemical ;o o ol Grade
Industries, Ltd.
}zitsr?::i)lzm;;—t{:\zr;weth l)aminojethyt Ethylenediamine-N.N.N'N™ |5 w0 Volecutar
y A 113235364 [CyoH1N,NaOgn 4H,0  [tetraacetic Acid Tetrasodiun|— . ;
(carboxylatomethyl)amino]acetate;t Technologies, Inc.
Salt Tetrahydrate (4NA)
ahydrate
Synonyms:
t-Octylphenoxypolyethoxyethanol
4-(1,1,3,3-Tetramethylbutyl)phenyl- . - Sigma-Aldrich Japan
polyethyiene glycol 9002-93-1 (C;H40),C14H20 TritonE X-100 GK.
Polyethylene glycol tert-octylphenyl
ether
(11) Data archives

These data obtained in this cruise will be submitted to the Data Man@ig@mep of JAMSTEC,

and wil/l be opened to the

JAMSTEC (DARWIN)O in JAMSTEC web si
<http://www.godac.jamstec.go.jp/darwin/e>
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4.8 Chlorofluorocarbons and Sulfur hexafluoride

(1) Personnel

Masahito XreingeammihtisuSasaki:i (JASMTEC) , Mas ahi

Atsushi Ono and Katsunori Sagishima (MWJ)

(2) I ntroduction
Chlorofluorocarbons (CFCs) and sulfbexafluoide (Sk) are marmade stable gases.
These atmospheric gases can slightly dissolve in the sea surface watesday gais exchange
and spread into the ocean interior. Thus, the dissolved gases could be used as chemical tracers for
the ocean cirdation/ventilation. In this cruise, we try to gain insights into the ventilation rates
and pathways in the Indian Ocean. To this end, we measured the concentrations of three chemical
species of CFCs, CFCL (CChHF), CFG12 (CChF,), and CFE113 (GClsFs), and Sk in the
seawater on board.

(3) I nstrument and met hod
Bottle sampling

Discrete water samples for each station were collected using 12 liter Niskin bottles mounted
on a CTD system. Each sample was introduced to a glass bottle of d&@ataped in JAMSTEC
by connecting a spigot of Niskin bottle throu@igon tubing Before water sampling, each glass
bottle was filled with CFCs/SHree N.. Seawater of twice the bottle volume was overflowed for
each sample. The seawater samples weredtor a thermostatic avt e r bath kept
immediately after the water sampling, and the samples were measured as soon as possible (usually
within 18 hours after sampling).

Air sampling

In order to confirm CFCs/SFoncentrations of the standard gases the stabilities offte
concentrations as well as to check the saturation levels in the sea surface waters, the mixing ratios
in background air were periodically analyzed. Air samples were continuously led into a laboratory
by an air pump. The end of 100mOD Dekaron tubing waput on a head of the compass deck
and the other end was connected onto the air pump in the laboratory. The tubing was relayed by
a T-type union which had a small stopcock. Air sample was collected from the flowing air into a
200 mlglass cylinder by atthing the cylinder to the cock.

CFCsdm@RRsurement s

T h svo SR/CFCs analyzing systems, which were based on purging and trapping gas
chromatography, were used. Constant volume of water sample (approximately 200 ml) was
introduced into a sample loop. @lsample was first drawn into a stripping chamber and the
dissolved Skand CFCs were extracted by CFCs/8Ee N> gas purging for 8 minutes at 220 ml
mint. The extracted gases were dried by passing them through a niagpesthlorate desiccant
tube, ad concentrated in a main trap column cooled dows8 t0 . The main trap
a 30cm length of 1/8n stainless steel tubing packed with 80/100 mesh Porapak Q of 5 cm and
100/120 mesh Carboxen 1000 of 5cm. Stripgffigiencies were confirmed by +s#ripping of
surface layer samples for every station and more than 99 % of dissolyethdSEFCs were
extracted on the first purge. The purging and trapping were followed by the isolation and heating
to 180 toap colunneAften & mimute, trlesorbed gases were transferred to a focus

rc

C

trap (same as the main trap, except for 4fil&ibing) cooled down te3 0 for 30 secorl

Then, the sample gases held in the focus trap were desorbed by the same mannemaaitin th

trap, and were transferréato a precolumn 1 (PC 1, ~6 m of Silica Plot capillary column with

i . d. of 0.53 mm and film thickness of 6 &m,
separated in the PC 1, and thes 8kd CFCs were eluted into aegolumn 2 (PC 2, ~5 m of
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Molsiwve 5A Pl ot <capillary column with i.d. of O.
95 ) . Then, the PC1l was connected to a cleanin
points were flushed by a counter flow@©FCs/Sk-free No. Sk and CFCs we quickly eluted

from the PC 2 onto a maitolumn 1 (MC 1, ~9 m of Pola Bor capillary column with i.d. of

0.53 mm and film thickness of 6 em which is con
hel d at NGwasretaireedah the PC 2.6TRC 2 was then connected to a bfieckh

carrier gas line and 0 was sent onto a magolumn 2 (MC 2, ~3 m of Molsieve 5A Plot
connectedto~9mofPolaBo®@l capi |l |l ary c¢ol wanm CFChweredurttetr 95 )
separated on the MC 1 and detectadthe one ECD. PO sent onto the MC 2 was detected by

the other ECD. However, 9 was not targeted in this cruise. The PC1, PC2, MC1 and MC2 were

in a ShimadzwC2014@s chr omatograph with t hoeth&gt@®®s hel d
CFCs/Sk-free N usel in the water sampling and the measurements gISFCFCs was filtered

by a gas purifier column packed with Molecular Sieve 13X (M) before the gas was

introduced to the system. The mass flow rates of CFG$/&& N for the carrier and detector

make-up gases were 10 ml mirand 27 ml mirt, respectively.

(4) Perfor magpmeaodr e€€ReCrst/ SF

The analytical precisions were estimated from over 200 duplicate samples. The estimated
preliminary precisions wer+ 0.015 pmol/kg, £ 0.009 pmol/kg, 2004 pmol/kg, and = 0.014
fmol/kg for CFG11, CFG12, CFG113, and SE, respectively.

(5) Data archives

These data obtained in this cruise wild/| be
JAMSTEC, and wil|l be open totdmef rubWhaol evi @r
Il nformation in JAMSTEC (DARWI N)O in the JAMSTEC
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4.9 Carbpertie
(1) Personnel

Aki hi ko Murata (JAMSTEC)
Nagi sa( MWJ ) ki

At sushi Ono ( MWJ)
Masanor { MB/A D k i

Yut a ( ™Mdva )

Dai ki Kawata ( MWIJ)

(2) Objectives

Conncter at i oins tolie CODt mosphere araebonwmp hih@&wiemgsi ng at
to human activities such as burning of fossil fuel s,
t o estdaoraurastagploys si bl ec atphaec iathgseoarfpsttibognai nst t he increa
CQ and to clarify ahsompthanj sheochusbetB® magnit ude
warming depends iom the &dtemesphefeCOand bsecan8eofhe
th&te of carbon emitted into the atmosphere each yea

Thlendi an oOcee aonf itshe umegirofas nwtyeke of ast haopegeni
because oppoquahitbpessdopblsiegivta®d .otntsk earr ehdndn t he Sol
Ocean is known to be a reghoamsaohlred byOttthefoa@aamriop (
this cr ulids el gsRt1Pe B avBioBtge, ngeanttiof y how muckwvaant hr opo
absor beod eiam wihherl ndi an Ocean and the Southern Ocea
CQOsystreonpey tsuch as di ssolpv,edan c otr @tagnlitichadc keaadbdoam g(yC (A

(3) Apparatus

i .t C

Measur emevrats onffad@ widt W Géuwtl oyreaetre ( Ni ppon ANS, I nc
system comprises of a seawatet i dinspgmssiemganyshempudc
Ni ppon ANS, Il nc., Japan). Specification of the syst

The seawater di snpeamsiimpd esy t6emohhas)a which di spe
286 ml borosil(iRBWUWRBN plsass b obi anthttel,ea2 pO mleY t e of about 15

control. The pipdtyta iwatlkept aztke2Q i n awh iAxohi swat er f
circul adtiesds.olG@®d in a seawater sample bextexdcotaicared i
system by adding phosphoric acid (~ 10 % v/v) of abc

and has a fine Hhdid ias daddekedottd otmhe stripping chambe
by pressurizing an acid bottle for a given time to
made with nitrogen gas (99.9999 r%ypichfatmebrert, h ea asceiadwv
sample kept in a pipette is introduced to the strip
The seawater reacted withbphbspbhbing abednisregenpp
frit am thhee tsbhtatitpopi ng 2cthraimpbeed iThet IC&O chamber i s car
(flow rates!) itso 1t4De md ounli oomet er t hrough a dehydrati ng
electric dehumiCdi fainar sa (c krestpnti(cBA@D . 4 si c c a

The measurement sequence such as sy)gsaftsreimt-hd qenrk (pt
basen) a nitrogen base, sea water samples (62 is prog
gas is made to monetoagobeasppuse hafsedotdIrome Ul C, Il nc.
i A

Measur e mavrats onffadAk based on spectrophotometry with
using anacdwstsogmtem (Ni ppon ANS, Il nc., Japan). The sy
an @sytro(nthaemi | t on) for hydrochl or irikV/Ia2 i €1 0 (88 2sCpAeHc t r ©
Hamamat su Photonics, Japan), and a |ight source (
controlled by a PC. The -jvaatkert eddi4®ppi g2e&5&)tregndnatt hasati
cell, which isCalso controlled at 25

Aseawater ®nl aipsprtorxansdamprt e(dDWRANheas s, bloaxa | el )
into the pipette by pressurizing thet stainppnTdceblolt.t | e (
seawaterrissaesthllettwint r-@iivhthecel 5. i Mhroduced into th¢
ri nse.awhaft eap@mloxi.s 4wei ght ed again by the pipette, an
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Then, &abersbhwnk, absorbances aréléeasdrédd4anbm) hrAaket
measurement, an acid titoOamMbHEGWh@Rdhn W a @Inwd @t ure of
m™ bromocresol green (BCG) @ svalddmael ofnttohd hacitd triat
bet wde® mi2.alndnL accordi ng t.o Tehset isneaatweadt evra | +u easc i odf tA 1
stirred for over 9 minutes with bubbling by nitrogei
wavelengths are measured.

Cal cul attiisadreoby At he foll owing equation:

AT :(' |_H+JTVSA+ MAVA)/V ,

whera@ sMt he molarity of the aci d]yits ttrhaentt catdadle de xt coe s sh «
ion conédent hat segwa&neraM eantdheV i niti al seawater volun
vol ume, and the combined seawatelripleal aaldt éeédt fanpt
measurebbaabes based on t hed fBylrlnoewi nlg9 %8qu:ati on ( Yao &

pH, =- log[H*], =4.2699+0.00257835- S) +log((R - 0.0013)/(2.3148 0.129R))
- log(L- 0.00100%),

where S is the sample salinity, and R is the absor b:

R=(Ags~ Azz0)/(Asis~ Aszo),
wheriies At he absor bamnc.e at wavelength
(4Resul ts

Cross segt iamfsnfodr ee)c tdedn ednagr @i $é | usdr%.tled i n Fi
4.9. 4
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4. ACh!l or aaphyl |

(1) Personnel
Ko s&as a(oJkbaMS TEH@)B )
Mi sat o Kuwahar2g, (3IMWJ) (Leg
Erii I r(iLee 30, MVBJ)
Yuko Miyoglieg) MBJ)

(2) Objectives

Chl or@apbylbinhe of the most convenientd hasdgi baetear sisef
extensively for the estimation of omhmetnapsl.anknt onhiasbus
we | nvahsotriigzaotnet al and verticall othgst 0OBbBDuseohioh phego
I ndi an Oceani amd( LO&FgS3seicn The SwmilehephgDhbazed
cal i bratioonet efrhsifd uowet bei sstahbtedwhher mewsteming an

(3) Instrument and Met hod

Seawater sampl es00wémlegc@l | aActedtiaati9donhsaOmid el 5 3: St
(Leg 3: -1S5&axtowm. N&Il gene bepasladsampieccheougemielayd filtra
|l ow vacuum pressure (<0.02 MPa) through Whdteman GF/ F
vol ume of each sampling bottl Af twetrs afjphlen ¢ gled iy k tnoem s L
pigments were i mmediNathe lnme tehxytlrfaocrtnmeadmiidre 7( DMF )o,f and s
at2@ under the dar k cohahiotrieo2t4htdoo werxg .r ead@dtn acehd tpotraatl pil hoynl s
were meadguhieeadn bfyl uor-ad=,r TUWRNER DESI GNS) , which w
brated agai naf{ Siaghnpaurriec hclhf ®urggi Oy ) ITo esti mate t |
ragomyleint rati ons, we appdaicedi focahkieohhlmeetebrmd 6r ( ©
)

Vertical dafi s¢hli douampdognistil r ati on at each stations al o
(Legdu3)i ng tahshacwniusdel FAmgd Figure 4. COostieapodt i ve
chl oracpohnyclelnt rati on al ong t harsehOo8wMh Wirdee @ i2gn dadd 1100 BS
respectuibuelf mce arhdwirmprhy(I3SCM) was cl| eaFilgyursee edn. 1iOn. 2a,l
4. 10.3). The SCédh edde pgrhasd wmeelrley dfereopm n°8r aheng ®shatl 08¢
section (Figure d4acbhc4e)ntrBhe onhlwasoijhh ghieBn dt( mdout 1
subarctic frontebthofé@pmpt atbegSCMedT®®Zxamseeti on (F
measur ement29pr(decigsi2)n, apnadi rs4 ofLergepd)i cate sampl es v
hydrographi t he asamaxr onpnhnyTitlep tab sol ut e val wewseemf t he
replicaterO®aiimgime sahnwds et av er ag ave raeplpartoixviemaetrerloyr s3% ( Leg
4% (Leg 3).

(5Ref erence
Wel schmeyer, N. A. (1994) : Fluorometric analysis of
pheopi gimmdrs.. QceafmdPr2.., 39, 1985
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