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A. Cruise narrative

1. Highlights
Cruise designation: RB105, RF1406 and RF1D7 (WHP-P10reuvisit)
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t er
RF 1047 : 2 floats and 1 drifter
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1. Cruise Summary Information

RF14-05, RF1406 and RF147 cruises werecarried out during the period fromnkg to
Septembell6, 2014. The observation line along approximatel®E meridianwas observed by
Japan Agency for MarinBarth Science and TechnologlAMSTEQ), Japarin 2005, 2011 and
2012.These cruises were carried @stdVHP-P1® which isa part of WOCE (World Ocean
Circulation ExperimentHydrographic Programme, CLIVARC{imate Variability and
Predictability ProjegtandGO-SHIP (Global Ocean Shipased Hydrographic Investigations
Program).

Thestations from Stn.1 (300N, 14918&; RF5113)0 Stn.18 42°150N, 14344 ; RF5130)
for RF1405 cruise, from Stn.2(B4°020N, 14920 ; RF5145)0 Stn.44 (203048N, 149 20&;
RF5169) for RF146 cruise and from Stn.420°304N, 14920 ; RF5171)%o Stn.111 (22085,
141°09¢; RF5236) for RF1407 cruise had been designed.

A total of 111stations was occupied using a $ied Electronics (SBE) 36 position carousel
equipped with 18iter Niskin water sample bottles, a CTD system (SBE911plus) equipped with
SBE35 deep ocean standards thermometer, JFE Advantech oxygen sensor (RINKO 1),
Teledyne Benthos altimeter (PS#L6D), and Teledyne RD InstrumentsADCP (300kHz).

Cruise track and station location are shawfigure 1.

At each station, fultlepthCTDOz (temperature, conductivity (salinity) and dissolved oxygen)
profile and up to 36 water samples were taken and analyzed. Water samples were obtained from
10 dbarto approximately 1@n above the bottormn addition, surface water was samplesihga
stainless steel bucket at each statleampling &yeris designed as scalled staggered mesis

shown in Table 1gwift 2010) The bottle depth diagram is shown in Fig@re

Water samples were analyzed for salindigsolved oxygen, nutrients, dissolved inorganic
carbon (DIC), total alkalinity (TA), pHCFG11, CFCG12 andphytopigment ¢hlorophylta and
phaeopigmen)s Underway measurements of partial pressure of carbon digp@ie)
temperature, salinityichlorophylta, subsurface current, bathymetry and meteorological
parameters were conducted along the cruise track.

RF14-05

RF14-05 cruisewascarried out during the period frodune9 to June 292014. Before the
observation at the first statiorl| watch standers were drilled in the method of sample drawing
and CTD operations near Kdshima 84°424N, 139%50¢). The cruisestarted fron5tn.19
(34°004N, 149°18¢E; RF5113) on June l1a&nd sailechorthwardto Stn.1 (42150N, 143°44CE;
RF5130) on June 18. We skipped the Stn.7qadN, 145°26¢; RF5135) that was cross 40
After observation of Stn.1, wabserved twelve stations at the’MOsection. Stn.7 was done
while observing along 40! on June 19. RF185 cruiseconsisted ofl9 stationsat the WHPP10
section

Three Argo floats and one drifting ocean data buoy were deployed along the cruise track. The
information of deployed the float and the buoy are listed in T2dle

RF14-06



RF14-06 cruisewascarried out during the period froduly 3 to Juy 16, 2014. Before the
observation at the first statior| watch standers were drilled in the method of sample drawing
and CTD operations at the poi@4(27aN, 142°59¢). The hydrographic cast of CT2 was
started at the first statiq®tn.20 (3402aN, 149208E; RF5145)) that was the same location of
Stn.19on July 5, and sailed southward to Stn.44 90N, 14920&E; RF5169) at July 13fter
observedstn.44shesailed towardrokyo. RF14-06 cruiseconsisted oR5 stations.

RF14-07

RF14-07 cruisewascarried out during the period froduly 28to September 16, 201Before
theobservation at the first station| watch standers were drilled in the method of sample
drawingand CTD operations at the poiB4(446 N139°500 E The hydrographic cast of CT2
was started at the first statigBtn.45 (2030AN, 14920&; RF5171))that was the same station of
Stn.44on Augustl. Leg 1 consisted of 43 stations from Stn.45 to Stn.871, 14609¢E;
RF5213).Stn87 was finished on July 2%he called fopohnpei(Federated States of M@resig
onAugust 19Leg 1). She leflPohnpeion August 23, 2014The hydrographic cast of CTRO
was restarted at the station (88(0°018N, 146°08&e; RF5214) that was the same station of
Stn.87on August26. We sailed westward to Stn.100°30385, 14200&; RF526) at August 30
and turned southward to Stn.1(PP2035, 141°09¢E; RF536) Stnl111was finished on
Septembel. After observation of Stn.111 she sailed northwardobserved Stn.100 {004
142°00&; RF5237) on Septemberadhd observed othéwo stations(1°N and 2N, 142°E). She
arrived at Tokyo (Japan) @eptembell6, 2014 (Leg 2).Leg 2 consisted of 24 stations from
Stn.88 to Stn.114t the WHPP10 section

Two Argo floats and one drifting ocean data buoy were deployed along the cruise track. The
information of deployed the float and the buoy are listed in T2le

Location data of stations ghown in Table.
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Figure 1. Cruise track of RB105, RF1406 and RF14€7. Red closed circles indicate the
observation stationstthe WHRP10section. @en circlesndicate the CTD stations of other
section



Bottle Depth Diagram along P10
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Figure 2. The bottle depth diagram for WARRO revisit.



Tablela The scheme of sampling layer in met@&14-05).



Bottle Bottle

schemel scheme2 scheme3 schemel scheme2 scheme3

count count
1 10 10 10 37 5000 5080 4920
2 25 25 25 38 5250 5330 5170
3 50 50 50 39 5500 5580 5420
4 75 75 75 40 5750 5830 5670
5 100 100 100 41 6000 6000 6000
6 125 125 125
7 150 150 150
8 200 200 200
9 250 250 250
10 300 330 280
11 350 350 350
12 400 430 380
13 450 450 450
14 500 530 470
15 600 630 570
16 700 730 670
17 800 830 770
18 900 930 870
19 1000 1070 970
20 1200 1270 1130
21 1400 1470 1330
22 1600 1670 1530
23 1800 1870 1730
24 2000 2070 1930
25 2200 2270 2130
26 2400 2470 2330
27 2600 2670 2530
28 2800 2870 2730
29 3000 3080 2930
30 3250 3330 3170
31 3500 3580 3420
32 3750 3830 3670
33 4000 4080 3920
34 4250 4330 4170
35 4500 4580 4420
36 4750 4830 4670

Tablelb. The scheme of sampling layer in met@&1406 and RF14D7).

North of 20°N (Stn.201 Stn.45) South of 20°N(Stn.46 Stn.111)
Bottlecount schemel scheme2 scheme3 scheme4 scheme5 scheme6
1 10 10 10 10 10 10
2 25 25 25 25 25 25
3 50 50 50 50 50 50
4 75 75 75 75 75 75
5 100 100 100 100 100 100
6 125 125 125 125 125 125
7 150 150 150 150 150 150
8 200 200 200 200 200 200
9 250 250 250 250 250 250
10 300 330 280 300 330 280
11 400 430 370 350 380 320
12 500 530 470 400 430 370
13 600 630 570 450 480 420
14 700 730 670 500 530 470
15 800 830 770 600 630 570
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North of 20°N (Stn.201 Stn.45) South of 20°N(Stn.46 Stn.111)

Bottlecount schemel scheme2 scheme3 scheme4 scheme5 scheme6

16 900 930 870 700 730 670
17 1000 1070 970 800 830 770
18 1200 1270 1130 900 930 870
19 1400 1470 1330 1000 1070 970
20 1600 1670 1530 1200 1270 1130
21 1800 1870 1730 1400 1470 1330
22 2000 2070 1930 1600 1670 1530
23 2200 2270 2130 1800 1870 1730
24 2400 2470 2330 2000 2070 1930
25 2600 2670 2530 2200 2270 2130
26 2800 2870 2730 2400 2470 2330
27 3000 3080 2930 2600 2670 2530
28 3250 3330 3170 2800 2870 2730
29 3500 3580 3420 3000 3080 2930
30 3750 3830 3670 3250 3330 3170
31 4000 4080 3920 3500 3580 3420
32 4250 4330 4170 3750 3830 3670
33 4500 4580 4420 4000 4080 3920
34 4750 4830 4670 4250 4330 4170
35 5000 5080 4920 4500 4580 4420

Table 1. Continue.

North of 20°N (Stn.201 Stn.45) South of 20°N(Stn.44 Stn.111)
Bottlecount schemel scheme2 scheme3 scheme4 scheme5 scheme6
36 5250 5330 5170 4750 4830 4670
37 5500 5580 5420 5000 5080 4920
38 5750 5830 5670 5250 5330 5170
39 6000 6000 6000 5500 5580 5420
40 5750 5830 5670
41 6000 6000 6000
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Table 2a. Information of deployed float and buoy at R6%4

Float Date and Time (UTC) Positionof deployment PI
WMO number of Deployment Latitude Longitude
2902517 20132‘?2?8 16 40-01.63 N 14459.61 E JMA APEX
2902516 20134\.1121§e 19 40-01.04 N 14525.52 E JMA APEX
2002522 2018 June 22 4002.74N  15419.92E JAMSTEC  Navis
Buoy Date and Time (UTC) Positionof deployment
WMO number of Deployment Latitude Longitude
21638 201;'3‘?288 15 39-29.37 N 14547.08 E JMA YTSS2100
APEX: Teledyne Webb Research (USA)
Navis: SeaBird Scientific(USA)
YTSS2100: JVCKENWOOD Co., Japan
Table 2b. I nformation ofOM™deployed fl oat
Float Date and Time (UTC) Positionof deployment PI
WMO number of Deployment Latitude Longitude
2902523 2015‘8?5‘(')3’ 30 27.31.02N 1470921 E JAMSTEC Navis
2902524 2015‘095(')3’ 31 240096 N 1481462E JAMSTEC  Navis
Buoy Date and Time (UTC) Positionof deployment
WMO number of Deployment Latitude Longitude
21597 201(;13$1e7p. 10 2950.35 N 14008.58 E JMA YTSS2100

Navis: SeaBird Scientific(USA)
YTSS-2100: JVC KENWOOD Co., Japan
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Table 3a. Station data of RFD% cruises. ThéRFocolumn indicates the JMA station
identification number.

Leg Station Position

Stn. RF Latitude Longitude
1 1 5130 42-15.03N 14344.19E
1 2 5129 42-00.03N 1435851 E
1 3 5128 41-45.02N 14407.93E
1 4 5127 41-29.69N 1441826 E
1 5 5126 4059.64 N 14441.77E
1 6 5125 40-32.29N 1450342 E
1 7 5135 4001.67N 14525.68E
1 8 5124 393198 N 14546.44E
1 9 5123 3900.87 N 14606.67 E
1 10 5122 3832.20N 14628.8lE
1 11 5121 37-59.37 N 14649.48 E
1 12 5120 37-30.99 N 147-08.86 E
1 13 5119 3659.01 N 147-29.97E
1 14 5118 36-29.52N 147-48.70 E
1 15 5117 36-01.89 N 14809.81E
1 16 5116 3531.74 N 14825.42E
1 17 5115 3500.94N 14842.14E
1 18 5114 34-31.15N 14901.67 E
1 19 5113 3400.14 N 14917.68 E
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Table 3b. Station data of RFD$ cruises. ThéRFOcolumn indicates the JMA station
identification number.

EXPOCODE Leg Station Position
sub number Stn. RF Latitude Longitude
2 20 5145 3401.66 N 14919.74 E
2 1 21 5146 3345.70N  14920.62 E
2 1 22 5147 3329.03N 14919.89E
2 1 23 5148 33-09.33N 1491934 E
2 1 24 5149 3249.02N  14919.83E
2 1 25 5150 3228.04N 14918.40E
2 1 26 5151 3208.21 N 1491757E
2 1 27 5152 314844 N 14918.67E
2 1 28 5153 31-09.38 N 14920.39 E
2 1 29 5154 30-30.07 N 1492262 E
2 1 30 5155 30-00.27 N  14915.18 E
2 1 31 5156 29-08.74N  14920.68 E
2 1 32 5157 28-29.22N 1492052 E
2 1 33 5158 27-49.37 N 1492047E
2 1 34 5159 27-08.57N  14920.13E
2 1 35 5160 26-29.33 N  14921.17E
2 1 36 5161 254911 N 1491949 E
2 1 37 5162 2508.81 N 1491959 E
2 1 38 5163 241483 N  14900.98 E
2 1 39 5164 2350.37 N 14920.25E
2 1 40 5165 2310.17N  14920.10E
2 1 41 5166 22-2945N 1491848 E
2 1 42 5167 21-49.24 N 14917.72E
2 1 43 5168 21-10.82 N 1492251 E
2 1 44 5169 20-30.37 N 1491965 E
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Table 3. Station data 0RF14-07 cruises. The®RFocolumn indicates the JMA station identification
number.

EXPOCODE Leg Station Position
sub number Stn. RF Latitude Longitude
3 1 45 5171 20-30.10N 14919.69 E
3 1 46 5172 1949.89 N 14918.45 E
3 1 47 5173 1910.43N 14919.32 E
3 1 48 5174 1831.70N 14919.34 E
3 1 49 5175 17-51.28 N 14919.77 E
3 1 50 5176 17-11.64 N 14920.19 E
3 1 51 5177 16-30.13 N 14920.46 E
3 1 52 5178 1549.22 N 14919.84 E
3 1 53 5179 1509.66 N 14919.25 E
3 1 54 5180 14-29.44 N 14918.83 E
3 1 55 5181 1349.67 N 1491858 E
3 1 56 5182 1310.15N 14919.59 E
3 1 57 5183 12-29.53 N 14920.33 E
3 1 58 5184 11-49.48 N 14920.40 E
3 1 59 5185 11-09.20 N 149-20.46 E
3 1 60 5186 10-30.02 N 14919.58 E
3 1 61 5187 10-00.72 N 14919.33 E
3 1 62 5188 9-30.62 N 14919.92 E
3 1 63 5189 851.10N 14920.91 E
3 1 64 5190 8-31.36N 14921.27 E
3 1 65 5191 801.84N 14914.63 E
3 1 66 5192 7-30.74 N 14856.56 E
3 1 67 5193 7-00.56 N 14842.74 E
3 1 68 5194 6-30.91N 14829.30 E
3 1 69 5195 6-00.53 N 14816.54 E
3 1 70 5196 5-31.03N 14804.85 E
3 1 71 5197 4-59.79 N 147-51.09 E
3 1 72 5198 4-29.87 N 147-38.95 E
3 1 73 5199 4-00.49 N 147-26.65 E
3 1 74 5200 3-30.67 N 147-14.39 E
3 1 75 5201 3-00.93N 147-01.28 E
3 1 76 5202 2-4581N 14656.21 E
3 1 77 5203 2-30.55N 14653.13 E
3 1 78 5204 2-15.59N 14647.45 E
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Table 3. continue.

EXPOCODE Leg Station Position
subnumber Stn. RF Latitude Longitude
3 1 79 5205 2-00.31N 14642.47 E
3 1 80 5206 1-45.29 N 146-38.34 E
3 1 81 5207 1-30.57 N 14634.26 E
3 1 82 5208 1-15.10N 14629.19 E
3 1 83 5209 1-00.30 N 14625.47 E
3 1 84 5210 0-44.88N 1462141 E
3 1 85 5211 0-30.18 N 14616.15 E
3 1 86 5212 0-14.61 N 14612.88 E
3 1 87 5213 0-00.72 S 14608.78 E
4 2 88 5214 0-00.50 N 14607.86 E
4 2 89 5215 0-14.93S 146:02.90 E
4 2 90 5216 0-30.02 S 14559.21 E
4 2 91 5217 0-44.96 S 14555.30 E
4 2 92 5218 0-59.91S 14550.38 E
4 2 93 5219 0-29.85S 14528.77 E
4 2 94 5220 0-30.12S 14458.78 E
4 2 95 5221 0-30.37S 144-28.85 E
4 2 96 5222 0-30.67 S 14358.64 E
4 2 97 5223 0-30.24 S 14329.52 E
4 2 98 5224 0-29.81S 14259.15 E
4 2 99 5225 0-30.76 S 142-29.23 E
4 2 100 5237 0-00.00 N 141-59.81 E
4 2 101 5226 0-30.38 S 141-59.69 E
4 2 102 5227 0-45.35S 141-59.35 E
4 2 103 5228 1-00.25S 141-59.90 E
4 2 104 5229 1-1558S 141-59.89 E
4 2 105 5230 1-29.96 S 14200.33 E
4 2 106 5231 1-4456 S 142:00.04 E
4 2 107 5232 2-00.23 S 141-59.58 E
4 2 108 5233 2-05.05S 141-44.59 E
4 2 109 5234 2-10.14 S 141-28.66 E
4 2 110 5235 2-14.98 S 141-14.04 E
4 2 111 5236 2-20.34 S 141-09.17 E
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List of Principal Investigators for all Measurements

The principal investigator (P1) and the person in charge responsible for major parameters
measured on the cruise are listed in Table 4a (Rk)4Table 4b (RF106) and Table 4c
(RF1407).

Table 4a. List oprincipalinvestigator and the person in charge on the ship for RB14

ltem Principal Investigator Pl Person in charge on the
ship
Hydrography
CTDOz/ LADCP  Toshiya NAKANO Keizo SHUTTA
Salinity Toshiya NAKANO Keizo SHUTTA
Dissolve oxygen Toshiya NAKANO Takahiro KITAGAWA
Nutrients Toshiya NAKANO Takahiro KITAGAWA
Phytopigment Toshiya NAKANO Naoshi KUBO
DIC Toshiya NAKANO Shu SAITO
Total Alkalinity Toshiya NAKANO Shu SAITO
pH Toshiya NAKANO Shu SAITO
CFCs Toshiya NAKANO Shu SAITO
Underway

Meteorology

Toshiya NAKANO

Kazuhiro NEMOTO

ThermaSalinograph Toshiya NAKANO Shu SAITO
pCO2 Toshiya NAKANO Shu SAITO
Chlorophylta Toshiya NAKANO Naoshi KUBO
ADCP Toshiya NAKANO Keizo SHUTTA
Bathymetry Toshiya NAKANO Keizo SHUTTA

Float and Buoy

Argo float (JMA) Kazuhiro NEMOTO Keizo SHUTTA
Argo float (JAMSTEC) Shigeki HOSODA Keizo SHUTTA
Buoy (JMA) Kazuhiro NEMOTO Keizo SHUTTA

Table 4b. List oprincipalinvestigator and the person in charge on the ship for RB14

Item Principal Investigator Pl Person in charge on the
ship
Hydrography
CTDOz/ LADCP  Toshiya NAKANO Keizo SHUTTA
Salinity Toshiya NAKANO Keizo SHUTTA
Dissolve oxygen Toshiya NAKANO Sonoki IWANO
Nutrients Toshiya NAKANO Takahiro KITAGAWA
Phytopigment Toshiya NAKANO Sonoki IWANO
DIC Toshiya NAKANO Kazutaka ENYO
Total Alkalinity Toshiya NAKANO Kazutaka ENYO
pH Toshiya NAKANO Kazutaka ENYO
CFCs Toshiya NAKANO Akira WADA
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Underway
Meteorology

Toshiya NAKANO

ThermaSalinograph Toshiya NAKANO

pCO2
Chlorophylta
ADCP
Bathymetry

Toshiya NAKANO
Toshiya NAKANO
Toshiya NAKANO
Toshiya NAKANO

Kazuhiro NEMOTO
Kazutaka ENYO
Kazutaka ENYO
Sonoki IWANO
Keizo SHUTTA
Keizo SHUTTA

Table 4c. List oprincipalinvestigator and the person in charge on the ship for RF14

ltem Principal Investigator Pl Person in charge on the
ship
Hydrography
CTDOz/ LADCP  Toshiya NAKANO Keizo SHUTTA
Salinity Toshiya NAKANO Keizo SHUTTA
Dissolve oxygen Toshiya NAKANO Sonoki IWANO
Nutrients Toshiya NAKANO Hiroyuki FUJIWARA
Phytopigment Toshiya NAKANO Sonoki IWANO
DIC Toshiya NAKANO Shu SAITO
Total Alkalinity Toshiya NAKANO Shu SAITO
pH Toshiya NAKANO Shu SAITO
CFCs Toshiya NAKANO Kazutaka ENYO
Underway

Meteorology

Toshiya NAKANO

ThermoSalinograph Toshiya NAKANO

pCO:
Chlorophylta
ADCP
Bathymetry

Float and Buoy

Argo float(JAMSTEC)

Buoy (JMA)

Toshiya NAKANO
Toshiya NAKANO
Toshiya NAKANO
Toshiya NAKANO

Shigeki HOSODA
Kazuhiro NEMOTO

Takahiro SEGAWA
Shu SAITO

Shu SAITO

Sonoki IWANO
Keizo SHUTTA
Keizo SHUTTA

Keizo SHUTTA
Keizo SHUTTA

Toshiya NAKANO (nakano_t@met.kishou.go.jp)

Marine Division, Gl obal Environment
1-34, Otemackhiu, CThi8y@?®2a0d APAN
Phone33282841 Ext. 5131

Kazuhiro NEMOTO (knemoto@met.kishou.go.jp)

Marine Division, Gl obal Environment
1-34 OtemacHhu, TbhBY@RR24d 00 APAN
Phone33282B841 Ext. 5128

Shigeki HOSODAas @ amstec. go. jp)
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Ocean Circulation Research Group,

Research and Development Center for GIlobal
Strategic Research and Devel opment area,
Japan Ageneckarftohr Svwaireenncee and Technol ogy (J.
2215 Natsushi-gnai,, Ye&ao@&@Qg&®a 2BA2PAN

Reference

Swift, J. H. (2010): Refereneaguality water sample data: Notes on acquisition, record keeping,
and evaluationOCCP Report Nd.4, ICPO Pub. 134, 2010 ver.1
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5. Underway tlorophyll-a
17 October2023

(1) Personnel
Chihiro KAWAMURA (GEMD/JMA)

(2) Method

The Continuous Sea Surface Water Monitoring System of fluorescence (Nippon Kappd
automatically had beerontinuouslymeasuredeawater which ipumpedfrom a depth of about
4.5m below the maximunioad lineto the laboratoryThe flow rate of the surface seawater was
controlled by several valves and adjusted to about @ontl. The sensor in this system is a
fluorometer 10AU (S/N: 5408, Turner DesignsUnited States)

(3) Observation log

Thechlorophylla continuous measurements wer@adocted during the entire crujfeom 10
Jun to 25 Jun 2014 in RF1405,3 Jul.to 16 Jul, 2014 in RF1406, 28 Julto 15 Aug., 2014 in
RF1407 Leg 1, and fron26 Aug. to 11 Sep 2014 in RF14)7 Leg 2.

(4) Water sampling

Surface seawatavas correctedrom outlet of water line othe system atominally 1 day
intervals.The seawater sample waasured in the same procedure as hydrographic samples of
chlorophylta (see Chapter CBPhytopigments).

(5) Calibration
At thebeginningand the endf legs, a rawltiorescence@alueof sensor waadjustedn
sensitivityof the sensousingdeionized water andrdodamined.1ppmsolutionmeasured
After the cruise, thlluorescencevalue was converted tthlorophylla concentratiorby
programs in the system based on nearby water sampling data (chlo@pbgtientration and
distance frontocationof sensor data).

(6) Data
Underway fuorescencandchlorophylta data is distributeth JMA formatin
fM9UP20140609 P10 underway_chl@sihe record structure tfieformat isas follows;

Columnl1DATE: Date(YYYYMMDD) [JST]

Column2TIME: Time (HHMM) [JST](= UTC + 9l

Column3LATITUDE: Latitude

Column4LONGITUDE: Longitude

Columrb FLUOR Fluorescence valu@gRFU)

Columré CHLORA: Chlorophylta concentrationr(g L™ 1)
Column7BTLCHL: Chlorophylka concentratiorof watersampling(ng L-1).
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C. Hydrographic Measurement Techniques andCalibration

CTDO; Measurements
Updated 5March 2020

(1) Personnel
RF1405
Keizo SHUTTA(GEMD/JIMA)

Kiyoshi MURAKAMI (GEMD/JMA)
Noriyuki OKUNO (GEMD/JMA)

Jinya MIURA (GEMD/JMA)
RF1406

Keizo SHUTTA(GEMD/JIMA)

Shuji TSUBAKI (GEMD/JMA)

AtsuroICHIMATSU (GEMD/JMA)
Tomoyuki KITAMURA (GEMD/JMA)

Sho HIBINO (GEMD/JMA)

Ryoma SUZUKI (GEMD/JMA)
RF1407

Keizo SHUTTA(GEMD/JIMA)

Noriyuki OKUNO (GEMD/JMA)
Masahiro TANIGUCHI (GEMD/JMA)
Jinya MIURA (GEMD/JMA)

Atsushi KOJIMA (GEMD/JIMA)

(2) CTD@measurement system

(Software: SEASAVEwIn32 ver7.23.p

Deck unit Serial Number Station
SBE 11plugSBE) 0683 RF5113i 5237
Under water unit Serial Number Station
SBE 9plus (SBE 69709(Pressurei1l03 RF51131 5237

Temperature Serial Number Station
SBE 3pluySBE) 4437 (primary) RF5113i 5237
4199(secondary) RF51131 5237
SBE35 (SBE) 0083 RF5113i 5237
Conductivity Serial Number Station
2842(primary) RF5113i 5236
2987(secondary) RF51131 5135
SBE 4C (SBE) RF51717 5237
3670(secondary) RF51451 5169
Pump Serial Number Station
6552 (primary) RF5113i 5237
SBE 5T (SBE) 6021 (secondary) RF51131 5237
Oxygen Serial Number Station
025 (foil number: 331014 RF51131 5237
RINKO Il (JFE) 003 (foil numner: 50008A RF51131 5237
Water samplel(36 position) Serial Number Station
SBE 32 (SBE) 0734 RF51131 5237
Altimeter Serial Number Station
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PSA916D (TB) 47830 RF51131 5237

Water Sampling Bottle Station
Niskin Bottle (GO) RF51131 5237
SBE: SeaBird Electronics, Inc., USA JFE: JFEAdvantech Co., Ltd., Japan
TB: Teledyne Benthos, Inc., USA GO: General Oceanics, Inc., USA

(3) Precruise calibration

B3)Rressure
SIN1103 25 Apr. 2014

C1 = 14.282684+004 ty = 3.006702+01
C2 = 5.09774Zi 001 t2 = 18.60799&1 005
Cs = 1.312@®0& 002 ts = 3.7278Dei 006
d = 3.5838)04 002 ts = 3.6990Pe 009
dz = 0.000000e+00 ts = 0.000000e+00

Formula:
c=c +C,3U +c,3U?
d=d, +d,3U
t, =t +t,3U +t,2U*+t,3U°+t.3U"*
U (degres Celsiug = M x (12-bit pressure temperature compensation ward
U: temperature in degrees Celsius

S/N1103coefficients in SEASOFT{configuration sheet dated 68 May 2017)
M = 1.28)40ei 002, B = 19.31868+000
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Finally, pressure is computed as
P(psi) = c3 (1- t2/t?)3 {1- d3 (1- t2/t%)}
t: pressure perioftsec)

Thedrifti corrected pressure is computed as
Drift correctedpressurédbar) = slopex (computedpressuren dbar) offset
Sope= 1.00001 Offset= i 0.0008

B3.)Remper@at ®®eg: SBE 3pl us
S/N4437(primary),_25 Apr.2014

g = 4.3341249%2i003 j = 182723328006
h = 6.37239388i 004 fo = 1000.0
i = 2.11053848i 005

SIN4199secondary)25 Apr. 2014
g = 4.3946218%i003 j = 2.2396081& 006
h = 6.4983398@i 004 fo = 1000.0
i = 239904658 005

Formula:
1
Temperatue(ITS- 90) = - 27315

g+h3In(f,/f)+i2In*(f,/f)+jIn°(f,/f)

f: Instrument freq.[HZz]

B3.)BeeQx ean StTamadramodnselteemp e(rla®d)y ¢ 5SBE 3
S/N 008, 23 Oct 2006

a = 4968127281003 a = 11.148279181 005
a = 11.39341438i 003 a = 2442004221 007
a = 2.06596098i 004

Formula:
Linearizedemperatwe(ITS 90) = 1/{aO +a3I(n)+a,3In’(n)+a,3IN°(n)+a,3In 4(n)} 273.15
n: instrument output

The slow timedrift of the SBE35
S/N 008, 22 Sep 2013 (2nd stepfixed point calibration)
Sope= 1.000®8, Offset= 7 0.000532
Formula:

Temperatug(ITS 90) = slopex (Linearizedtemperatug) offset

B3)@onductivity: SBE 4C
SIN284Zprimary), 25 Apr. 2014

g = 11.0130997e+0M® j = 4.32083308i 005

h = 1.3892207@+000 CPeor = 19.570ei 008

i = 3.33035746i 004 CTeor = 3.250ei 006
S/IN2987secondary)25 Apr. 2014

g = 19.91860554+00 j = 4.7245529@i 004

h = 13619405@+000 CPeor = 19.5700ei 008

i = 5.0339408@i 004 CTeor = 3.250ei 006
SIN367(secondary)p3 Jan 2014

g = 11.01868926+00L j = 2.06528406i 004

h = 157207852+000 CPor = 19.570ei 008
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i = 171.1106633&i 003 CTeor = 3.230ei 006

Conductivity of a fluid in the cell is expressed as:
c(s/imy=(g+h3 £2+i3 £3+j3 £4)f10° (1+CT,, 2 t+CP, 3 p)}
f: instrument frequencgkHz)

t: water temperatur@egrees Celsilis
p: water pressurébar).

3.)6xygeml NKO 11 1)

RINKO III (JFE Advantech Co., Ltd., Japan) is based on the ability of selected substance to act as dynamic
fluorescence quenchers. RINKO Il model is designed to use with a CTD system which accept an auxiliary analog
sensor, and is designed to operate dtwr000 m.

RINKOIII output is expressed in voltage from0to 5 V.
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(4) Data correction and Postuise calibration

(4.)Temporal change of -deokspreabubeaandnPost
Thedrifti corrected pressui postcruiseis computed as

Drift correctedpressurédbar) = slopex (computedpressuren dbar) offset
S/N1103 09 Oct 2014
Sope= 1.00002 Offset= 0.0799
Days from 2014/6/9(days)
0 10 20 30 40 50 60 70 80 90

0.4 4 40
Deck Pressure(blue)wa Pressure Anomaly(red)

Pressure(dbar)

-0:4 Wopﬂu&w % - 40

{ Air Pressure Average= 1009.790 (1P

1 Deck Pressure Average= —0.41 0 dbar)
_0-8 . T T T T T T 1 _80

Figur eTiGnel .sleries of tFReddi QTeD idiedc kc aptreess sauurmeB.s pkrer i c

| i amared Woit cadas tprae cakn dp raevsesruar gee

Pressure Anomaly(hPa)

4)Pemper astemrseoer ( SBE 3pl us)
The practical corrections for CTD temperature data can be made by using3® SRErecting the SBBplusto
agree with the SBB5 (McTaggart et al., 201,Jchida et al., 200Y.

CTD temperature is corrected as
Correctedemperatue=T - (c, +c,3 P+c,3 P?)
T: theCTD temperaturédegrees Celsius)P: pressurddbal andco, ¢, ¢, : coefficients
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Table C.11. Temperatur&orrecton summary (Pressuf@2000dbar) (Bold : selected sensor)

SIN Num co(K) ci(K/dbar) Cy(K/dbar) Stations
4437 188 6.4259848i 4 1.3309508i 7 0.0000000e+0 | RF5113i 5130
4437 460 6.869654 @i 4 1.0220544i 7 0.0000000e+0 | RF5145i 5169
4437 577 3.8729708i 4 1.316396&i 7 0.0000000e+0 | RF5171i 5213
4437 168 1.6603746i 4 1.646444% 7 0.0000000e+0 | RF5214i 5237
4199 188 1.164719%i 3 14.1792194i 7 7.831054@i 11 | RF5113i 5130
4199 442 14.5753638 4 1.7899292i 7 0.0000000e+0 | RF5145i 5169
4199 579 4.114167@1 4 19.8262538&i 8 3.345919@i11 | RF5171 5213
4199 164 1.045753@i 4 11.208365%i 8 3.0561553e11 | RF52141 5237

Table C.12. Temperatureorrectionsummary for S/N4437.
Pressure < 2000dbar Pressur€2000bar

Stations Num | Average Std Num | Average Std

(K) (K) (K) (K)
RF5113i 5130 315 0.0003 0.0206 188 0.0000 0.0002
RF5145 5169 462 0.0000 0.0063 460 0.0000 0.0001
RF5171i 5213 979 0.0007 0.0107 577 0.0000 0.0002
RF5214i 5237 528 0.0004 0.0115 168 0.0000 0.0002

Table C.13. Temperatureorrectionsummary for S/N4199
Pressure < 2000dbar Pressur€2000dbar

Stations Num Average Std Num Average Std

(K) (K) (K) (K)
RF5113i 5130 315 0.0001 0.0220 188 0.0000 0.0002
RF5145 5169 445 10.0004 0.0078 442 0.0000 0.0003
RF5171i 5213 979 10.0012 0.0118 579 0.0000 0.0003
RF5214i 5237 528 10.0004 0.0097 164 0.0000 0.0003
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SBE 3 plus (S/N 4437)
P=2000dbar
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SBE 3 plus (S/N 4437)
P=2000dbar Days from June 9, 2014
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Figure C.13. Difference between the CTD temperat(8&N4437) and the Deep Ocean Standatttermometer
(SBE35) atRF1406. Blue and red dots indicate before and afterctiveectionusing SBE35 data respectively.
Lower two panels show histogram of the difference after correction.
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SBE 3 plus (S/N 4437)
Days from June 9, 2014
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SBE 3 plus (S/N 4437)
Days from June 9, 2014
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Postcruise sensor calibration for tIBE 3plus
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g = 4.33422048&i 003 j = 186411402006
h = 6.3746095%& 004 fo = 1000.0

i = 2.1263068& 005

S/N4199secondary)09 Oct 2014

g = 4.3946130%i003 i = 2.23286586i 006
h = 649808588 004 fo = 1000.0

i = 239650888 005

Formula:
1
Temperatug(ITS- 90) = - 27315

g+h3n(f,/f)+isn?(f,/f)+ 3 n3(f,/ 1)

f: Instrument freq.[Hz]

Postcruise sensor calibration for the SB&
S/N 008, 17 OCT. 2014 (2nd stepfixed point calibration)
Sope = 1.000A.2, Offset= 10.000550
Formula:

Temperatug(ITS 90) = slopex (Linearizedtemperatug) offset

4.)Bonducti viSBEsensor
The practical corrections for CT€@nductivitydata can be made by usingattle salinity datacorrecting the SBE
4Cto agree withmeasured conductivityNicTaggart et al., 2010

CTD conductivityis correctel

| o 4
CorrectedConductiviy=C- (§ ¢ 3C' +gQ p;* P')
i=0 j=1
C: CTD conductivity,c; andp; : calibration coefitients
i, j: determined by referring to AlCAkaike 1974). According tdlcTaggart et al(2010), maximum of | and J are
2.

Table C.14. Conductivitycorrectioncoefficientsummary (Bold : selected sensor)

SN Num S pl(S/rCnl/dbar) pz(gzlinn}ijsb)a?) Stations
o842 | 363 |—L043le4d (1)'_83832;0 '|' f_'ggfggig RF51131 5130
oga2 | o72 | L:2142€4 g:ggggz;‘) .I.g:ggggzzg RF5145i 5169
2842 | 1535 |S999F4 gzggggg : 55_'13?3?5' fz RF5171i 5213
o842 | g5g | A096LEI3 igjgﬁ;:g : 22_'122257;' fl RF5214i 5237
2087 | 335 | 1317284 4 g;;f:; 'r gﬁggggig RF5113i 5130
3670 | 940 | 1:9699€3 S:g;gi:g 'r f_g?gggig RF5145i 5169
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143426 4 0.0000e+0 0.0000e+0 .
2987 1595 ~ 481661 8 533165 12 RF5171i 5213

13.6741ei 3 1.6944¢ei 3 12.027&i 4 ,
2987 662 1748% 7 T1.968% 11 RF5214i 5237

Table C.15. Conductivity correction and salinisummaryfor S/IN2842.
Pressure 4900dbar
Stations Conductivity Salinity
Num Average Std Num | Average Std
(S/m) (S/m)
RF51137 5130 164 0.0000 0.0002 164 0.0001 0.0027
RF5145 5169 473 0.0000 0.0003 473 0.0001 0.0026
RF5171i 5213 908 0.0000 0.0003 908 10.0001 0.0022
RF5214i 5236 458 0.0000 0.0003 458 0.0000 0.0022
Pressuré)1900 dbar
Stations Conductivity Salinity
Num Average Std Num | Average Std
(S/m) (S/m)

RF51137 5130 199 0.0000 0.0001 199 10.0001 0.0009
RF5145 5169 499 0.0000 0.0001 499 0.0000 0.0007
RF5171i 5213 627 0.0000 0.0000 627 0.0001 0.0005
RF5214i 5236 200 0.0000 0.0001 200 0.0001 0.0007

Table C.16. Conductivity correction and salinisummaryfor S/N2987.

Pressure < 1900dbar

. Conductivity Salinity
Stations
Num Average Std Num | Average Std
(S/m) (S/m)
RF5130i 5113 154 0.0000 0.0003 154 0.0001 0.0029
RF5171i 5213 952 0.0000 0.0019 952 0.0000 0.0172
RF5214i 5236 464 0.0000 0.0003 464 0.0000 0.0025
Pressuré)1900 dbar
Stations Conductivity Salinity
Num Average Std Num | Average Std
(S/m) (S/m)
RF5130i 5113 181 0.0000 0.0001 181 710.0001 0.0010
RF5171i 5213 643 0.0000 0.0001 643 0.0000 0.0006
RF5214i 5236 198 0.0000 0.0001 198 0.0001 0.0008
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Table C.17. Conductivity correction and salinisummaryfor S/IN367Q

Pressure < 1900dbar
Stations Conductivity Salinity
Num Average St Num | Average Std
(S/m) (S/m)
RF5145i 5169 455 0.0000 0.0003 455 0.0000 0.0026
Pressuré)1900 dbar
Stations Conductivity Salinity
Num Average Std Num | Average Std
(S/m) (S/m)
RF5145i 5169 485 0.0000 0.0001 485 0.0000 0.0010
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SBE 4C (S/N 2842)
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SBE 4C (S/N 2842)
P>1900dbar Days from June 9, 2014

0

50 60 70 80 90

0.0005

0.0000 A

Cero—Caorrie (S/m)

-0.0005 +——

10 20
L Il
|

30 40
L !
N !it:ﬂ

04

1000 4
2000 1

3000
4000 1

5000
6000 -

Pressure (dbar)

T — T 7 — T T T | — T
-0.0010 -0.0005 0.0000 0.0005 0.0010

CCTI;)_CBOlTTLIE (81 m)

80
70 5
60
50
40 1
30
20

Frequency (%)

10 4

_— 3
-0.0010 -0.0005 0.0000 0.0005 0.0010

Coro-Caorrie (S/m; P<1900dbar)

Frequency (%)
]

-0.0005 0.0000 0.0005

Figur7eDid.fler en
Blue and red
show histogra

Ccro-CprotrLe (S/m; P=1900dbar)

ce bedmweedd/iENE @2 W o tctol ned u @ RiF1ME vy

dots indicat eb dtetfddeae reaspeaftt erel
m of the difference before and

C1-35

tyhe Lo
after



E
(
t

L
w

SBE 4C (S/N 2842)

P=19800dbar

0 10
L

Days from June 9, 2014
60

20 30 40 50

70 80 90

0.0005

0.0000 A

Cero—Caorrie (S/m)

p
i,
b4

Pressure (dbar)

- ':W-'.':.- x l.‘gf ,:--;\x:
o e

’fﬂr‘,‘ 'va.'d_

X XA

-0.0010

—_— —_—
0.0000 0.0005

CCTI;)_CBOlTTLIE (81 m)

—
-0.0005 0.0010

Frequency (%)

-0.0005 0.0000 0.0005
Coro-Caorrie (S/m; P<1900dbar)

0.0010

Frequency (%)

gur8Did.fler ence
egBlluye and red
o panels show

0.0000
Ccro-CprotrLe (S/m; P=1900dbar)

bed nwe & ¢S /iONB i@ t2 \8 Thiieo tctol ned u @tRIFEMT y

dots indicatebbéedatea
hi stogram of the di

C1-36

fference

rangdp ecf ttiewe Ity
befor



E
(
t

L
w

SBE 4C (S/N 2842)

P=19800dbar
0 10
L

20

Days from June 9, 2014
30 40 50 60 70

0.0005

0.0000 A

Cero—Caorrie (S/m)

0 it

-0.0005 +————

1000 -
2000
3000 -
4000 1
5000

Pressure (dbar)

-0.0010

80 A

—
-0.0005

 — —
0.0000 0.0005

. CCTI;)_CBC)lTTLIE (81 m)

0.0010

70
60 4
50 4
40 4
30 5
20 4
10

Frequency (%)

——
-0.0005

0.0000 0.0005
Coro-Caorrie (S/m; P<1900dbar)

0.0010

Frequency (%)

gur%DbDid.fler ence
egBl2uye and red
o panel s

0.0000
Ccro-CprotrLe (S/m; P=1900dbar)

0.0005

bed nwe & ¢S /iONB i@ t2 \8 Thiieo tctol ned u @tRIFEMT y

dots indi

t he

C1-37

catebbedateae
show histogram of

di

fference

rangdp ecf ttiewe Ity

bef or



Postcruise sensor calibration for tiSBE 4C
S/N2842primary), 09 Oct. 2014

g = 11.0135173+0Q | = 4.21172142i005

h = 1.38330984+000 CP.or = 19.5700ei 008

i = 3.20625744i 004 CTeor = 3.250ei 006
S/N2987secondary)09 Oct.2014

g = 19.9205555@+00 | = 5.0684080&i 005

h = 1.3622983&+000 CP.or = 19.5700ei 008

i = 452626818 004 CTeor = 3.250ei 006
S/N367(secondary)27 Jan 2015

g = 11.02157134+0 ] = 3.5187613& 004

h = 158102504+000 CP.or = 19.5700ei 008

i = 13.32850262i 003 CTeor = 3.250ei 006

Conductivity of a fluid in the cell is expressed as:
c(s/m)=(g+hs £2+i3 £3+js £*)f10s (1+CT,, 3 t+CP, 3 p)}
f: instrument frequencgkHz)

t: water temperatur@egrees Celsilis
p: water pressurébar).

4)0xygen ReENKOY I | |

The CTD oxygen is calculated using RINKO Il output (voltage) by the Stetmer equation, according to a
method byUchida et al. (2008andUchida et al. (2010)The pressure hysteresis for the RINKO Il output (voltage)
is corrected according ®omethod byseabird Electornics(2009)andUchida et al. (2010)The formulas are as
follows:

~
g

0 p8 ® O
0 ®@ ® 0 @ Y ® "YU
0 ® ® o6 ® °o
WEQMET w Ojp T
/ / 0jO0 p8LJjU  GEQQ

P: pressurddbal), t: potentialtemperaturey: RINKO output voltage (volt)
T: elapsed time of the sensor from theginningof first station in calculation group in day
Ozsat- dissolved oxygen saturation Barcia and Gordorf1992) € mo 1)/ k g

[O,]: dissolved oxygen concentrati@ mo 1)/ k g

cii co: determined by minimizing difference betwe@mD oxygenand bottle dissolved oxygen by quasiwton
method(Shanno, 1970
Table C.18. Dissolvedoxygencorrection coefficient summar{Bold : selected sensor)

SIN Stations = C2 Cs Ca Cs
Ce C7 Cs Co

025 RF5113i 159979e+0 | 2.9154&i 2 2.644540 4 8.7564% 4 711.2391&i 1
5130 3.0496F1 1 71.60558&4 3 1.24424i 3 1.0265%i 1

025 RF5145i 157836e+0 | 2.5121&i 2 1.71414&i 4 11.2008%i 4 11.1277%i 1
5169 3.0450% 1 5.55988& 4 264313 4 1.10789% 1

025 RF517171 1.63304e+0 | 2.2525&i 2 1.7285%i 4 19.6309@& 4 711.1202%i 1
5213 3.0369% 1 14.32823 4 6.799265 4 1.1363%i 1

025 RF5214i1 1.60853e+0 | 2.35403i 2 15305Fi 4 17.8026%i 4 711.15573Fi 1
5237 3.03759€i 1 6.025940 4 4.3974€ 4 1.06033i 1

003 RF5113i 16005&8+0 | 29772Z&i 2 3.06813 4 1.2763%i 3 11.432460 1
5130 3.2481& 1 18.514&%¢€i 4 7.3634%k 4 8.3972&1 2
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003 RF5145i 15706@+0 | 247923 2 1.8033@i 4 1.38014i 4 i11.261465 1
5169 3.2146&i 1 4.57588&i 4 7.3527& 4 8.92324%i 2
003 RF5171i 16235k+0 | 2143432 15375&i 4 711.0720&13 | 11.2497%i 1
5213 3.1920%ki 1 13.4979&i 5 3.3816&i 4 9.5622%i 2
003 RF5214i 15972%&+0 | 2457132 12799%i 4 15.29590@4 | 11.2549% 1
5237 3.1938&i 1 1454323 5 4.0683%i 4 8.8121%&i 2
Table C1.9. Dissolved oxygerorred¢ion summary for S/IND25.
Pressure < 950dbar Pressur€950 dbar
Stations Num | Average Std Num | Average Std
(emol/kg) (emol/kg) (emol/kg) (emol/kg)
RF5113i 5130 243 10.29 2.86 211 0.02 0.35
RF5145i 5169 328 10.04 0.72 507 0.00 0.36
RF5171i 5213 736 0.01 0.89 755 i0.01 031
RF5214i 5237 371 10.01 0.99 270 i0.02 0.38
Table C.110. Dissolved oxygegorredion summary for S/NDO3.
Pressure < 950dbar Pressur€950 dbar
Stations Num Average Std Num Average Std
(emol/kg) (emol/kg) (emol/kg) (emol/kg)
RF5113i 5130 243 710.30 2.96 211 0.01 0.35
RF5145i 5169 328 10.04 0.73 507 0.01 0.35
RF5171i 5213 736 0.02 0.84 755 0.00 0.27
RF5214i 5237 399 10.01 1.01 270 i0.02 0.36
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The altimeter detected the sea floo®abf 115stations, the average distance of beginning detecting the sea floor
was 3.7m, and that of final detection of sea floor was2t8. The summary of detection of P@A6D was shown

in Figure C.1.8.
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Bottle Salinity
1 NovembeR019

(1) Personnel

RF14-05
Keizo SHUTTA(GEMD/JIMA)
Kiyoshi MURAKAMI (GEMD/JMA)
Noriyuki OKUNO (GEMD/JMA)
Jinya MIURA (GEMD/JMA)

RF14-06
Keizo SHUTTA(GEMD/JIMA)
ShujiTSUBAKI (GEMD/JMA)
Atsuro ICHIMATSU (GEMD/JMA)
Tomoyuki KITAMURA (GEMD/JMA)
Sho HIBINO (GEMD/JMA)
Ryoma SUZUKI(GEMD/JMA)

RF14-07
Keizo SHUTTA(GEMD/IMA)
Noriyuki OKUNO (GEMD/JMA)
Masahiro TANIGUCHI(GEMD/JMA)
Jinya MIURA (GEMD/JMA)
Atsushi KOJIMA(GEMD/JMA)

(2) Salinity measurement

Salinometer: AUTOSAIL8400B §/N68614; Guildline Instruments Ltd., Canada
ThermometerGuildline platinum thermometers model 94B® monitor an ambient
temperature and bath temperajure

IAPSO Standard Sea Water: P156 (K15=0.99984)

(3) Sampling and measurement

The measurement system was alnsasheasKawano(2010).

Algorithm for practical salinity scale, 197B$S78; UNESCQ 1981) was employed to
convert the conductivity ratios to salinities
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(4) Station occupied

130°E 140°E  145°E 160°E
45°N § § 45°N
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I5°N 35°N
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20°N 20°N
15°N 15°N
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0° 0°
5°S b 5°S
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FigureC.2.1 Location of observation stations of bottle salinity. Closed and open circles
indicate sampling and reampling station, respectively. Triangle shows a sampling station
which is not reported in the bottle data file but is used for calibration for condysrisors.
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Bottle Depth Diagram along P10
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FigureC.22. Distancedepth distribution ofampling layers of bottle salinity.
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(5) Result

G )Ambi ent temperature, bath temperature and
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Figure C.23. The upper paneted line, black line and blue limedicatetime-seriesof ambienttemperature,
ambient temperature average and bath temperdiumireg cruise. The lower pandlackdots anded dots

indicateraw and corrected timseriesof the double conductivity ratio of the standard sea watEsgP

G.)Replicate and Duplicate Sampl es

We took replicate (pair of water samples taken from a single Niskin bottle) and duplicate (pair
of water samples taken from different Niskin bottles closed at the same depth) samples of
bottle salinity through the cruise. Resulfghe analyses are summarized in Table C.2.1.
Detailed results of them are shown in Figure C.Bh# calculation of the standard deviation

from the difference of sets was based on a procedure 231DRDOE (1994).

Table C.2.1Summary of replicate and duplicate analyses.

Measurement Ave.° S.D.
Replicate 0.00(B+0.00 (N=337)

Duplicate 0.0005+0.00(® (N=126)
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Replicate Sampling Duplicate Sampling

0.005 0.005 : .
g 0.004 § 0.004 12 Leg1|Leg 2 Leg 3 Leg 4
3 0003 T 0003 | : : : 1
& 0002 g o002 | : e
a 0.001 O 000 4 L . — o, Y |
0.000 0.000 I I B, 7‘“-"- T ﬁi‘ll- i
20 40 &0 80 100

o &

) o ! L
= . = N
e . o o et T L T et

0 1000 2000 3000 4000 5000 6000 2000 3000 4000 5000 8000
Pressure(dbar) Pressure(dbar)
0.005 . L 0.005 : L

8 o004 0 8 o0.004 &)

g 0.003 1 i : : g 0003 : | L
3 0002 — F£ oo+ ’ e | i
4 0.001 . o ooetarld ! L & o001 4 . -;.;d. i +

0.000 S—— .‘l.._-"l A s ] 0.000 0 2 . Tv' . Cul M
34.0 34.5 35.0 340 34.5 350
Salinity Salinity

— 100 < L — — 100 n — .r' -

2 20 {9 0.0003 £ 0.0003 (n=B37) £ 80 d) 0.0006 +0.0005 (n=] 26)

g w g e

3 4w g 40

g = o 20

[ L0

0.000 0.001 0.002 0.002 0.004 0.005 0.000 0.001 0.002 0.003 0.004 0.005
Difference Difference

FigureC.24. Result of (left) replicate and (right) duplicate analyses during the cruise against (a)nsiadiar,
(b) pressure and (c) salinity, and (d) histogram of thasmmements. Green line indicates the mean of the
differences of salinity of replicate/duplicate.

G)Summary of assigned quality control f
Table C2.2. Summary of assigned quality control flags

ags

Flag Definition Salinity
2 Good 2688
3 Questionable 0
4 Bad (Faulty) 317
6 Replicate measurement; 351

Total number of samples 3356

Referencs

DOE (1994), Handbook of methods for the analysis of the various parameters of the carbon dioxide system in

sea water; version A.G. Dickson and C. Goyet (eds), ORNL/CDIAC

Kawano (2010)The GOSHIP Repeat Hydrography Manu&l:Collection of Expert Reports and Guidelines.

IOCCP Report No. 14, ICPO Publication Series No. 134, Version 1
UNESCO (1981), Tenth report of the Joint Panel on Oceanographic Tables and StaidBRISO Tech.
Papers in Mar. Sci.36, 25 pp.
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Bottle Oxygen
Updated17 October 2023

(1) Personnel

RF14-05
NaoshiKUBO (GEMD/IJMA)
Takahiro KTAGAWA (GEMD/JMA)
Chihiro KAWAMURA (GEMD/JMA)

RF14-06
SonokilWANO (GEMD/JMA)
ShoSHIMAMURA (GEMD/IJMA)
Chihiro KAWAMURA (GEMD/JMA)

RF14-07
SonokilWANO (GEMD/JMA)
Hiroyuki FUJIWARA (GEMD/JMA)
Chihiro KAWAMURA (GEMD/JMA)
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(2) Station occupied

A total of 107 stations RF1405: 17, RF1406: 26, RF1407 Legl: 43,Leg2: 21) were
occupied fodissolved oxygemeasurementstation location and sampling layersbaitttle
oxygenare shown in Figures C.3.1 and C.3.2, respectively.
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Figure C.3.1. Location of observation stations of bottle oxygsed and open cirde

indicate sampling and reampling statiog respectivelyTriangles show sampling station
which is not reported in the bottle data file, but the data at closed triangle is used for quality
control ofdissolvedoxygen. These data are available from the JMA
(https://lwww.data.jma.go.jp/gmd/kaiyou/db/vessel_obsf/data
report/html/ship/ship_e.php?year=2014&seaspnnag and
https://www.data.jma.go.jp/gmd/kaiyou/db/vessel_obs/data
report/html/ship/ship_e.php?year=2014&season=summer).
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Bottle Depth Diagram along P10
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Figure C.3.2. Distanedepth distribution of sampling layers of bottle oxygen.

(3) Instrument
Detector DOT-01X (Kimoto Electroni¢ Japan)
Burette APB-510(Kyoto Electroni¢ Japan)

(4) Sampling and measurement

Methods of seawater sampling, measurement, and calculatiessofvetd oxygen
concentratiowerebased onOCCP Repor{Langdon, 2010)Details of the methods are

shown in Appendix Al.

The reagentfor the measurement were prepared according to recipes described in Appendix
A2. It is noted thattmndardKIO3 solutions were prepared gravimetrically using the highest
purity standard substance KdQ.ot. No. TLG0272 Wako Pure Chemicalapan). Batch list

of prepared standaklO3 solutionsis shown inTable C.3L.

Table C.31. Batch ist of the standard Ki&solutiors.

KIO 3 batch Concentration and uncertainty (k=2)  Purpose of use

at 20°C. Unit is normality (N).
20140313 0.01000&0.00006@t Standardization (main use)
201402181 0.00999#0.0000@ Mutual comparison
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(5) Standardization

Concentration of N£&520s titrantwas determinewith thestandard KIQ solution
fi20140318, based on the methodsI@FCCP Repor{Langdon, 2010)The results of
standardization during éitruiseare shown in Figure C.3.3teé®idard deviation afts
concentratiorat 20C determined through standardizatasused in calculation cdn

uncertainty.

Standardization
0‘04-1 -I 1 1 rl 1 L 1
_ 0.0410+ — 0.040858 + 0.000019|
< 0.0409 | 0.040989 + 0.000023 =
- : =t s—b o [0.040690+ 0.000053
Q. 0.0408 - i _
tz.gﬂ 0.0407 { [0.040608 + 0.000023 753 £ 000005 _._'
0.0406 | = N
0.0405 T T T T L T L] T
10 20 30 40 50 60 70 80 90

Days from 2014/06/09

Figure C.33. Calculatedconcentratiorof NaxS203 solution at 20C in standardization during
the cruise. Different colors of plots indicate different batchd$ae$.03 solution. Eror bas
of plotsshowstandard deviation afoncentratiorof NaeS203 in the measurementhick and

dashedines denote the mean
respectively.

aBdimes of standardeviationsfor the batchmeasurements
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(6) Blank
(6 .)Re agdnmtn kb
Blankin oxygen measureme(reagent blankyvik, aw) can be represented follows;

Vblk, dw = Vblk, ep + Vblk, reg (C3.)
whereVbuik, ep represents blank due to differences between the measuregheimtl and the
equivalence pointandVik rega blankassociated witloxidants or reductants in the reagent
Thereagenblank \bi, aw was determinely the methods described in IOCCP Report
(Langdon 2010) Becausave used twaes (set A and Bf pickling reagemtl and-Il, the
blanksin each set were determin@€igure C.3.4)

Blank for SetA
0‘ 004 i " 1 i 1 " i - L 1 L 1
"""" 0.0023  0.0001
1\ I L.l 0.0012 + 0.0004

= 0.002 A —
E \{/ | 1 WL
x R L [ ] ‘ '., -
= [ _ 1=
@ 0.000 - = u j H

_O‘ 002 L] T L] T L] T T 1

0 10 20 30 40 50 60 70 80 90
Days from 2014/6/9
Blank for SetB
0‘004 i " 1 i - 1 " i " 1 L 1

U e N | 0.0005 £ 0.0003
-] / _ -
T 0.002 7 = -
x ~4 1
o 0000 0.0016+ 0.0008) [0.0019 +0.0001

_0002 1 T T T T T T T

0 10 20 30 40 50 60 70 80 90

Days from 2014/6/9
Figure C.34. Reagent blank\Yik, aw) determination for set A (top) and set B (bottom).
Error bass of plotsshowstandard deviation of the measurem@ihick and @shedines
denote the mean artimes of standardeviationsfor the batchmeasurement
respectively.

(6.)Qt hielr asn k

We also determined two other blanks related to oxygen measurehedsignk Voik, regand
the seawater blank ¥ sw). Details are described in Appendix A3.
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(7) Quality Control

(7. Repl iacnat @upl i cate analyses

We took replicate (pair of wateamplegaken from a single Niskin bottle) and duplicate (pair
of water samples taken frodifferentNiskin bottles closed at the same deinplesof
dissolved oxygen through the cruise. Resnflthe analysearesummarized in Table C.3.2.
Detailed results of them are shown in Figure C.Blte calculation of the standard deviation
from the difference of sets was based on a procedure 2300R DOE (1994).

Table C.3. Summary of replicate and duplicateeasurements
Measurement  Ave.° S.D. frmol kg 1)

Replicate 0.19:0.18 (N=369)
Duplicate 0.24+0.24 (N=149)
Replicate Sampling Duplicate Sampling
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Figure C.35. Resuls of (left) replicateand (right) duplicateneasurementduringthe cruise
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(7)2 Mutual comparison Kdet owleetni @emch standard
During the cruise, mutual comparison between differiets of standard KIQ@ solutionwas
performed to confirm the accuracy of our oxygen measurement and the bias of a standard
KIOs solution A concentration ofhestandard KI@s o | u 201402181Gi was det er mi n
usingNaS20s3 solution standardized witihe KIO3 solutionfi20140318 , and the diff
between measurement value and theoretical one. A good agreement among twasstandard
confirmed that there was no systematic shift in our oxygen measuresoents tre cruise
(Figure C.30).

Mutual comparison of KIO4

0.01004 ———+— — —

el gl L L
soosse] LT T SESIENIEE

0.00996
0

KIO, (N)

10 20 30 40 5 60 70 80 90
Days from 2014/06/09

Figure C.36. Result of mutual comparisasf standard Kl@ solutions Circlesanderror

bars show mean othemeasurement valuendits uncertainy (k=2), respectively.Thick

and ashedinesin bluedenote the mean ardtimes of standardeviations respectively

for themeasurement through the crui§reen thin line and light green thick lidenote

nominalconcentratiorand its uncertainty (k=2) aftandard<lO3 solutionfi2014021810.

(7)3 Quality control flag assignment
Quiality flag value was assigned to oxygen measurenasrghown in Table C.3.8sing the

code defined in IOCCP Report No.14 (Swift, 2010).

Table C.33. Summary of assigned quality control flags

Flag Definition Number of samples
2 Good 3104
3  Questionable 49
4  Bad (Faulty) 32
5 Not reported 1
6 Replicate measurements 349

Total number of samples 3535
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(8) Uncertainty

Oxygen measurement involvearious uncertaintiesletermination of glass bottles volume,
repeatability and systematic erafrburettedischargerepeatability opickling reagend
dischargedeterminatiorof reagenblank, standardizatiomf NaS:03 solution and
uncertaintyof KIOs concentrationConsidering evaluablencertainies asabove expanded
uncertainty obottle oxygerconcentratior{T=20,S=34.5)was estimatedsashownin Table
C.34. However, it is difficult to determinastrict uncertaintyfor oxygen concentration
because thre is no reference material for oxygen measurement.

Table C.3.Z&xpandedincertainty(k=2) of bottle oxygen in tacruise
Oz conc. fmolkg )  Uncertainty fmol kg 1)

20 0.27
30 0.28
50 0.32
70 0.36
100 043
150 0.58
200 0.73
250 0.89
300 1.06
400 1.39
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Appendix

Al. Methods

(Al.1) Seawater sampling

Following procedure is based on a determination methtd@CP Repor{Langdon, 2010).
Seawater samples were collected frorditéds Niskin bottle attached the CTBystem and a
stainless stedducket for the surface. Seawater for bottle oxygen measurement was transferred
from the Niskin bottle and stainless stedducket to a volumetrically calibrated dry glass

bottles At least three timethe glasyvolume water was overflowe@hen, pckling reagem

1 mL andreagerdll 1mL were added immediatelgndsample temperature was measured
usinga thermometer. Aftesistopper was inserted carefully into the gléisaas shaken

vigorously to mix the content and to disperse the precipitate fiAéligr the precipitate has

settled at least halfway down the glass, the glass was shaken again. The sample glasses
containing pickled samples were stored in a laboratory until they were titrated. To prevent air
from entering thelass deionized watefDW) was added tds neck after sampling.

(Al1.2) Sample measurement

At least 15 minutes after the-shaking, the samples were measured on boatdedl mL
H2SOs solution and a magnetic stirrer bato the sample glassamples were titratedith
NaxS203 solution whose molarity was determinedh KlOssolution.During the titration, the
absorbance of iodine in the solution was monitored using a detatsortemperature of
NaxS203 solution duringhetitration was recordedsinga thermometer. Dissolved oxygen
concentrationrfmol kg 1) was calculatefrom sample temperature at the fixation, CTD
salinity, glass volume, and titrated volume of the3d@s solution,andoxygen in the
pickling reagentd (1 mL)and II(1 mL) (7.63 108 mol; Murray et al, 1968).

A2. Reagents recipes

Pickling reagentl; Manganous chloride solutigi8 molL-1)

Dissolve 600y of MnCk-4H20 in DW, then dilute the solution with DW to a final volume
of 1L.

Pickling reagenll; Sodium hydroxide (8nol L-1) / sodium iodide solution (¢hol L-1)
Dissolve 320y of NaOH in about 50L of DW, allow to cool, then add 6@PNal and
dilute with DW to a final volume of L.

H2SQu solution; Sulfuric acid solution (&ol L-1)

Slowly add 280mL concentrated Qs to roughly 500 mL of DW. After cooling the final
volume should be L.

Na2S203 solution; Sodium thiosulfate solution (0.6l L 1)

Dissolve 50y of N&S203-5H20 and 0.4 of N&CQOs in DW, then dilute the solution with
DW to a final volume of %..
KIOs3 solution; Potassium iodate solution (0.0016631 L 1)
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Dry high purity KIGs for two hours in an oven at 130°After weight out accurately KI§&)
dissolve it in DW in a & flask. Concentration of potassium iodate is determined by a
gravimetric method.

A3. Other blanks in oxygen measurement

(A3.1) Blank associated withoxidants or reductants in the reagerd

The Hank Voik, reg associated with oxidants or reductants in the reagerst determined as
follows. Using a calibratedipette,1 mL of the standarlIO3s solution and 100 mL of DW
were added to two glasses eathen,1 mL H2SQs solution, ImL of pickling reagent and
1 mL reagemt were added in sequenitgo the first glassiNext, added two times volume of
the reagents (&L of H2SO; solution, pickling reagert and | each) into the second one.
After that, the sample was titrated to the @uiht with Na2S203 solution.Voik, regwas
determinedvith differenceof titrated volume of N25:0s between the first (total reagents
volumeis 3 mL) and the second (total reagents volusr@mL) oneaso, experiments for
three times and four times volume of them were carried outrédudtsare shown in Figure
C.3AlL.

0.000 t
2 | |
o —0.003 1 5
E ] * !
= L]
§ 1 \ [
£ -0.006 2
£ ~ .
o ] \ .
-
z -0.009 _ l\ _
3 _ $ |
&
b -0.012 -
| Difference of lTe titrant volume = -0.0010V ...
-0.015 '

0 3 6 9
Volume of Reagents (mL)

Figure C.3A1. Blank (mL) due to redox species othtbanoxygen in the reagents

The relation between difference of the titrant volume and the reagents of the volggnis (V
expresseas follows;

Difference of the titrant volume F0.00L0 Vreg. (C3.A)
Therefore Voik, regwas estimated to kabout ©.004 mL.
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(A3.2) Sample blank(Voi, spi)
Blank due to redox species other than oxygah@sample (Vi sp) can be a potential source
of measurement errofotal blank during seawater measurement, seawater blarks/
can be representexd follows;

Vblk, sw= Vblk, spl + Vblk, dw. (C3.A2
If theVbik, aw determined ireq.(C3.]) is identical both in seawater and in pure water, the
difference between the seawater asagenblanksgives the Mix, sp.
Here, \bik, spiwas determinedy following procedure. Seawater was collected in the
calibrated volumetric glass without the picklisglution Then ImL of the standard Ki®
solution, HSQs solution, and reagent solutidhand | each were added sequencénto the
glass After that, the sample was titrated to the @it by NaS:Os solution.Similarly, a
glass contained 100L of DW added withl mL of the standard Kl@solution, BSQs
solution, pickling reagent solutiehand | were titrated witiNa2S20s3 solution. The difference
of the titrant volume of the seawater dd@W/ glassegave \bi, sp.
The sample blank has beaporedfrom 0.4 to 0.8imol kgt in the previous study
(Culbersoret al, 1991).Additionally, these errors are expected to be the same to all
investigators and not to affect the comparison of results from different investigators
(Culberson, 1994However, he magnitude and variability of the seawater bliagrke not yet
been documented. We believe that understanding of the magnitude and variability may be
importantto evaluate comparability @omputed oxygen concentrationgh other groups.
Thedeterminedsample blangare shown in Table CAL.
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Table C.3A1. Results of the sample blank determinations

Station:RF5113
34 -00M/149 -181§

Station:RF5126
41 -00W/144 -421%

Station:RF5143
40 -01W|/154 -20Ng

Depth Blank
(m) (mmol kg'*)
11 0.50
251 0.71
602 0.69
1001 0.66
1798 0.63
1798 0.64
2598 0.57
3252 0.76
4247 0.78
5000 0.73
5748 0.67
5748 0.84

Depth Blank
(m) (mmol kg
50 0.58
331 0.87
832 0.74
832 0.66

1270 0.74
2071 0.67
3080 0.80
3830 0.83
4831 0.76
4831 0.74
5581 0.77
6005 0.74

Depth Blank
(m) (mmolkg'*)
26 0.51
26 0.52
401 0.52
901 0.51

1400 0.62
2250 0.60
2751 0.60
3502 0.75
4501 0.93
5250 0.89
5250 0.60
5540 0.96
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Table C.3A1. (continued)

Station:RF5154
30 -30M/149 -23§

Station:RF5169
20 -30MW/149 201

Station:RF5200
3 -31W/147 14

Depth Blank
(m) (mmol kg'*)
49 0.75
152 0.71
152 0.74
403 0.74
803 0.70

1405 0.81
2206 0.74
3006 0.85
3999 0.81
5000 0.74
5000 0.85
5498 0.83

Depth Blank
(m) (mmol kg
103 0.24
498 0.81
498 0.74
702 0.80
1003 0.71
1602 0.78
2402 0.85
2800 0.83
3002 0.80
3251 0.81
3251 0.82
3500 0.90
3500 0.77
3751 1.17
3751 1.05
4517 0.76

Depth Blank
(m) (mmolkg'*)
101 0.78
101 0.72
151 0.78
320 0.64
670 0.83
1131 0.87
1931 0.93
2532 0.84
3171 0.92
3921 0.88
3921 0.84
4571 0.88
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Table C.3A1. (continued)

Station:RF5213 Station:RF5234 Station:RF5239
0 -01§j/146-09 2 -101§j141 -29 2 -00/142 -01
Depth Blank Depth  Blank Depth Blank Depth Blank
(m) (mmol kg %) (m) (mmol kg %) (m) (mmol kg %) (m) (mmol kg %)
11 0.51 800 0.74 10 0.57 11 0.47
26 0.48 900 0.86 25 0.61 26 0.49
50 0.51 1001 0.73 50 0.62 52 0.46
74 0.64 1201 0.79 74 0.69 75 0.52
74 0.64 1401 0.76 100 0.76 101 0.57
100 0.75 1600 0.79 125 0.67 126 0.62
125 0.67 1800 0.69 125 0.65 151 0.73
150 0.80 1800 0.80 149 0.67 202 0.71
150 0.69 2000 0.76 200 0.74 202 0.65
201 0.74 2201 0.82 250 0.76 251 0.69
250 0.79 2401 0.70 280 0.75 301 0.81
299 0.75 2600 0.81 321 0.78 351 0.69
350 0.82 2800 0.79 422 0.76 401 0.72
400 0.79 3001 0.76 869 0.74 451 0.62
449 0.81 3250 0.77 1532 0.78 701 0.70
501 0.70 3527 0.67 2131 0.78 1002 0.63
600 0.81 3527 0.86 2131 0.73
700 0.73 - - 2932 0.83
3672 0.79
4146 0.76
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Nutrients
Updatedl7 October 2023

(1) Personnel

RF1405
Naoshi KUBO (GEMD/JMA)
Takahiro KITAGAWA (GEMD/JMA)
Chihiro KAWAMURA (GEMD/IMA)

RF1406
Takahiro KITAGAWA (GEMD/JMA)
Minoru HAMANA (GEMD/JMA)
Chihiro KAWAMURA (GEMD/JMA)

RF1407
Hiroyuki FUJIWARA (GEMD/JMA)
Tomohiro UEHARA (GEMD/JMA)
Minoru HAMANA (GEMD/JMA)
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(2) Station occupied

A total of 107 stations (RF14€5: 17, RF1406: 26, RF1407 Legl: 43,Leg2: 21) were
occupied for nutrientmeasurementsstation location and sampling layers of nutrients are
shown in FigureC.4.1and C.4.2

130°E

35°N

160°E
g 45°N

35°N

30°N

30°N

15°N 15°N
10°N 10°N
5'N 5'N
0 0
5°5Hd 58

130°E 135E 140°E  145°E  I1S0°E 155°E  160°E
Figure C4.1. Location of observation stations of nutrientéos2d and open cirdendicate
sampling and neampling statiog) respectivelyTriangles show sampling station which is

not reported in the bottle data file, but the data at closed triangle is used for quality control
of nutrient. These data are available from the
JMA(https://www.data.jma.go.jp/gmd/kaiyou/db/vessel_obs{data
report/htnl/ship/ship_e.php?year=2014&seasqmirg) and
https://www.data.jma.go.jp/gmd/kaiyou/db/vessel obsfdata
report/html/ship/ship_e.php?year=2014&season=summer).
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Bottle Depth Diagram along P10
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Figure C.4.2. Distanedepth distributions of sampling layers of nutrients.

(3) Instrument
The nutrients analysis was carried out echdnnel Auto Analyzer 11l (BL TEC K.K.Japah
for 4 parameters;itnate+ntrite, nitrite, phosphate, and silicate.

(4) Sampling and measurement

Methods of seawater sampling, measurementgdatal processingf nutrientconcentration
weredescribed in Appendixes Al, A2, and A3, respectivEhe reagents for the
measurement were prepared according to recipes shown in Appehdix A

(5) Nutrients standards

5. 1) Vollaubmernt anaacrey-bbuse standards

All volumetric wares were gravimetrically calibratedhe weights obtained in the calibration
weighing were corrected for the density of water fmchir buoyancyPolymethylpenten
volumetric flasks were gravimetrically calibrated at the temperature of use dihirC. All
pipettes have nominal calibration tolerances of 0.1 % or better. These were gravimetrically
calibrated in order to verify and improve upon this nominal tolerance.

(5. 2) Reoafg esnttasndar d
The batches of the reagents used for standard are listed inCl 4ldle
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Table C.41. List of reagents of standard used ir tihuise.

Name CAS No  Lot. No Industries
Nitrate potassium nitrate 99.995 7757791 BO0771365 Merck KGaA
suprapu®
Nitrite sodium nitrite GR for analysis 763200-0 A0544949 Merck KGaA

ACS,Reag. Ph Eur

Phosphate potassium dihydrogen phosphes 777877-0 B0960508 Merck KGaA
anhydrous 99.995 supraggur

Silicate Silicon standard solutiohO00 - HC247279  Merck KGaA
mg/l St

* Traceable toNIST-SRM3150

(5Ldmutrissceantat er (LNSW)

Surface watewith sufficientlyl ow nutri ent concentration was
pore size membrane filtér our previous cruiserhis watemwas stored in 20 liteflexible

containemwith paper box.

G )M ousteandatdti ons

Nutrient @ncentrations for A, B and C standavdsreset as shown in Table C4A and B
standards were prepared with deionized water (DW). C standard (full scale of working
standard) wamixture of B-1 and B2 standards, and was prepared with LNS\AL §tandard,
whose concentrations of nutrient were nearly zero, was prepared as LNSW slightly added
with DW to beequalwith mixing ratio of LNSW and DW in C standaithe G2 to-5

standard werepreparedvith mixture of G1 and C standards in stages as 2/4, 3/4, and

4/4 (i.e., puréiC standard) concentration for full scale, respectivelyhelactual

concentration of nutrients in each standard was calculated based on the solution temperature
and factors of volumetric laboratory waiedibrated prior to usé&Nominal zero concentration
of nutrient was determined in measurement of B®rrefraction error correctiomhe
calibration curves for each run were obtained uSifeyelsof C-1 to-5 standardsThese
standard solutions weperiodically renewedsashown in Table C.4.3.
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Table C.42. Nominal concentrations of nutrients for B, and C standardst 20T. Unitis
e mdil

A B C
Nitrate 27470 550 43.7
Nitrite 12460 250 2.0
Phosphate 2150 43 342
Silicate 35680 2130 170

Table C.4.3Schedulef renewal of inRhouse standards.

Standard Renewal
A-1std. (NO3) No renewal
A-2 std. (NO2) No renewal
A-3std. (PQy) No renewal
A-4 &td. (Si) Commercial prepared solutior
B-1 std. (mixture of A-1, A-3, and A4 stds) Maximum8 days
B-2 std. (diluted A-2 std.) Maximum B days
C-std. fmixture of B1 andB-2 stds.) Every measurement
C-1to-5 stds. Every measurement

(6) Certified eferencematerial

Certified reference materigCRM) and eference materigRM) for nutrients in seawater
which were prepared e General Environmental Techn@&ANSO Technos Japai, was
usedevery analysis at each hydrographic statidsing CRMs and RMdor the analysis of
seawater, stable comparability and uncertaintyurfdataaresecured.

CRMs and RMsused in the cruise ashown in Table C.4.4.

Table C.4.4Certified concentration and uncertainty (k=2)@RMs. Unit is emol kg L.

Nitrate Nitrite Phosphate Silicate
CRM-BY 0.024:0.019 0.019:0.0085 0.039+0.010° 1.763+0.063
RM-BT 18.15:0.24 0.4710.011 1.296:0.027 42.02:0.64
CRM-BV 35.36:0.35 0.04#0.0073 2.498t0.023 102.2:1.1
CRM-BX 43.0Gt0.45 0.034:0.0035 2.906:0.064 136.11.5

" Referencevalue because concentration is undm®itlof quantitation

The (RM-BY and-BV wereanalyzed every runs using newly opened battkach
hydrographic statiorifThe RM-BT andCRM-BX werealso analyzed every runs but were

newly openeckvery?2 or 3runs.Although thisusageof CRM might be less common, we have

confirmed astability of the opened bottles to be tolerance in our observaftioenCRM and
RM bottles were stored atl@aboratoryin the ship where the temperature was maintained
around 28C.
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It is noted that nutrient data in our report are calibrated not on CRM and RM iouhouse
standard solutiond'herefore, to calculate data based on CRM and RM, it is necessary that
values of nutrient concentration in our report are correlated with CRM and RM values
measuredn the same analysis run. The result of CRM and RM measuremaetiiscised as
49UP20140609 P10 _nut CRM_measurement.csv

(7) QualityGontrol

(7) Repadmdadepl!l i cate anal yses

We took replicate (pair of wateamplegaken from a single Niskin bottle) and duplicate (pair
of water samples taken from different Niskin bottles closed at the same siempibleof

nutrient through the cruise. Results of the analyses are summarized in Tabl®é&tiléd
results of thenmare shown in FiguseC.4.3i C.45. The calculation of the standard deviation
from the difference of sets was based on a procedure 231DR DOE (1994).

Table C.45. Averageand standard deviation differenceof replicateand duplicate
measurementhiroughthe cruise. Unitis € m dkdy *.

Measurement Nitrate+ntrite Phosphate Silicate
Replicate 0.033+0.032 0.0@+0.0@ 0.093t0.092
(N=375) (N=368 (N=372)
Duplicate 0.045+0.44 0.0+0.0(8 0.121+0.109
(N=151) (N=144) (N=151)
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Figure C.43. Result of(left) replicateand (right) duplicateneasurementsf nitrate+ntrite
throughthe cruise versu&) station number, (b) sampling pressure, (c) concentrainoh(d)
histogramof the measurement&reen line indicates the mean of the differences of
concentration of replicate/duplicate analyses.
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Figure C.45. Same as Figure C.4.3 but filicate

(7. Measur e@BNM&aNnd RMs

CRM and RM measurements during the craisessummarizedn Table C.46, whose
concentrations were assigned witkhouse standard solutianEhe measured concentrations
of CRM-BX through the cruise ahown inFigures C.46i C.49.

Table C.46. Summary of ppe) meanconcentratiorand its standard deviation (urgtmol
kg 1), (middle)coefficient of variation(%), and (lower}otal numbef CRMs and RMs
measurementhiroughthecruise.

Nitrate+ntrite Nitrite Phosphate Silicate
0.046:0.030 0.0210.002 0.03#0.004 1.70+007
CRM-BY 65.477%0 9.95% 10.92% 4.30%
(N=231) (N=230) (N=229) (N=233)
18.5%0.04 0.47Q:0.003 1.29+0.01 41.93+014
RM-BT 0.24% 0.61% 0.54% 0.35%
(N=166) (N=168) (N=164) (N=168)
35.33:0.06 0.067+0.125 2.5:0.01 102.16+0.29
CRM-BV 0.18% 2.1% 0.27% 0.28%
(N=232) (N=239) (N=230) (N=234)
43.13t0.08 0.036:0.002 2.88:0.01 137.93+0.24
CRM-BX 0.18% 5.00% 0.25% 0.17%
(N=166) (N=168) (N=164) (N=167)
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Figure C.46. Time-series of measured concentration ifate+ritrite of CRM-BX through
the cruiseClosed and open circles indicate the newly and previously opened bottle,
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Figure C.47. Same as Figure C.4.6 but for nitrite.
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Figure C.49. Same as Figure C.4.6 but for silicate.

(73yPrecision of analysis in a run

To monitor precision of analysis, the same samples were repeatedly measured in a sample

array in a run. For this,-6 standard solutions werandomlyarrayed in evergi 10 samples

asficheck standaal(the number of the standard is aboi®Bin the run. The precision was

estimated asoefficient of variatiorof the measurementshe results are summarized in

Table C.4.7The ime series are shown in Figei©€.410i C.4.13.
0.5 ——
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Figure C.410. Time-series ofcoefficient of variatiorof ficheck standa@measuremertf
nitrate+ntrite through the cruiserhick and dshedines denote the mean aBdimes of
standarddeviationsof the measurements through the crursspectively.
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Figure C.411. Same as Figure C.4.10 but for nitrite.
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Figure C.412. Same as Figure C.4.10 but for phosphate.
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Figure C.4.8. Same as Figure C.4.10 but for silicate.

Table C.47. Summary of precisiaduring thecruise.

Nitrate+ntrite Nitrite Phosphate Silicate
Median 0.11% 0.08% 0.15% 0.10%
Mean 0.11% 0.09% 0.15% 0.10%
Minimum 0.4% 0.03% 0.01% 0.03%0
Maximum 0.24% 0.20% 0.30% 0.21%
Number 104 105 103 104

(r4)Carryover
Carryovercoefficientswere determined irachanalysis run, using-6 standard (high

standard) followed by two-@ standards (low standard)me series of the carryover
coefficientsare shown in FiguseC.4.14i 17.
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Figure C.416. Same as Figure C.4.14 but for phosphate.
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(7.5) demectiodbn/ gquantitation of measur ement
Limit of detection(LOD) and quantitatiofLOQ) of nutrientmeasuremenwere estimated

from standard deviatiors | of repeated measurements of nutrients concentratiorlin C

standard ass3and 13, respectivelySummary oflLOD and LOQare shown in Table C4&.

Table C.48. Limit of detection (LOD) and quantitation (LOQ) of nutrient
measurement in the cruiddnitis € m ddr L.

LOD LOQ

Nitrate+ntrite 0.036 0.121
Nitrite 0.002 0.005
Phosphate 0.013 0.44
Silicate 0.088 0.294

(7Q@rl ity control flag assignment
Quiality flag value was assignedriatrimentmeasurementas shown in Table C.4.@sing
the code defined in IOCCP Report No.14 (Swift, 2010).

Table C4.9. Summary of assigned quality control flags.

Flag Definition Nitrate+ritrite Nitrite Phosphate  Silicate
2 Good 3111 3157 3087 3142
3 Questionable 14 0 7 19
4  Bad (Faulty) 55 17 87 16
5 Not reported 0 0 0 0
6 Replicate measurement: 355 361 354 358

Total number of samples 3535 3535 3535 3535

(8) Uncertainty
8l Unceassoaot gaermdceaewnttrhaWci on | evel
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Generally, an uncertainty of nutrient measuremeaxgessed as a function of its
concentration level which reflects that some components of uncertainty are relatively large in
low concentration. Empirically, the uncertainty associated with concentrégieiqUc) can
be expressed as follows;

Y P ® ®Opfs  @Opfs (C4.1)
whereCx is the concentration of sample for parameter X.
Using thecoefficients of variatiorof the CRM measurements throughout the cruise,
uncertainty associated with concentrations of nitrate+nitrite, phosphate, and silicate were
determined as follows:

Ucnos (%) =0.130+ 2.0023 (1/Cn) + 0.0453 (1/Cn)? (C42)

Ucpos (%) =0.002+ 06963 (1/Cp)T Q1.3 Q1/Cp)? (C43)

Uesil (%) =0.130+ 5.4003 (1/Cs) + 2.8223 (1/Cs)?, (C44)
whereCn, Cp, andCs represent concentrations mfrate+ntrite, phosphate, and silicate,
respectively, ire mdkdr *. Figures C.4.18C.4.20 show the calculated uncertainty

graphically.
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Figure C.418. Uncertainty of itrate+ntrite associated witlconcentration level.
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Figure C.420. Same as Figure C.418 but for silicate.

(8.2)

measured concentrations of CRBX with the highest concentration among the CRM lots

Uncertain
Uncertainty of analysis amomgns (Us) wasevaluated based on the coefficient of variation of

t Yy oUs

anal ysis

120

160

bet ween

runs:

throughout the cruise, as shown in subsection (7.2). The reason for using the CRM lot BX to
stateUs is to exclude the effect of uncertainty associated with lower concentration described

previously.As is clear from the definition dfc, Usis equal tdJc at nutrientconcentrations

of lot BX. It is important to note thals includes all of uncertainties during the measurements
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throughout stations, namely uncertainties of concentrationshajuse standard solutions
prepared for each run, uncertainties of slopes and intercepts of the calibration curve in each
run if first order calibration curve applied, precision of measurememtun Ua), and
betweenrbottle homogeneity of the CRM.

(8.3) Uncertaintyaof analysis in a run:
Uncertainty of analysis in a ruk/§) was evaluated based on the coefficient of variation of
repeated measurements of the fAche®rd TeWaandar d
reflects the conditions associated with chemistry of colorimetric measurement of nutrients,

and stability of electronic and optical parts of the instrument throughout a run. Under a well
controlled condition of the measuremertds might showPoisson distributiomvith a mean as

shown in Figure€£.4.10 C.4.13 and Table C.4ahd treated as a precision of measurement.

Uais a part olUc at the concentration as stated in a previous sectiducfor

However,Ua may show larger value which was not expected fRoisson distributionf Ua

due to the malfunction of the instruments, larger ambient temperature change, human errors in
handling samples and chemistries and contaminations of samples in a run. In the cruise, we
observed thatla of our measurement was usually small andeefitrolled in most runs as

shown in Figure€.4.10 C.4.13 and Table C.4.However, in a few rungd)a showed high

values which were over the mean + twice the standard dengaditJa, suggesting that the
measurement system might have some problems.

(8.4) Uncertainty Wf CRM concentration:

In the certification of CRM, the uncertainty of CRM concentratiah$ (vas stated by the
manufacturer (Table C.4.4) as expanded uncertainty at k=2. This expanded uncertainty

reflects the uncertainty of the Japan Calibration Service System (JCSS) solutions,
characterization in assignment, betw4serttle homogeneity, and lorigrm stability. We have

ensured comparability between cruises by ensuring that at least two lots of CRMs overlap
between cruises. In comparison of nutrient concentrations between cruises using KANSO
CRMs in an organization, it was not necessary to indllide the conclusive uncertainty of
concentration of measured samples because comparability of measurements was ensured in an
organization as stated previously.

(8.5) Conclusive uncertainty Wf nutrient mea
To determine the conclusive uncertainty of nutrient measurements of sabple® (Use two
functions depending oda value acquired at each run as follows:
WhenUa was small and measurement was weelhtrolled condition, the conclusive
uncertainty of nutrient measurements of samplesnight be as below:
YOy, (C4.5)
WhenUa was relative large and the measurement might have some problems, the conclusive

uncertainty of nutrient measurements of samplesan be expanded as below:
C4-16



-~ = 2

Y ¥ 7. (C4.6)
WhenUa was relative large and the measurement might have some problems, the equation of
U is defined as to includga to evaluatdJ, althoughUa partly overlaps witiJc. It means that
the equation overestimates the conclusive uncertainty of samples. On the other hand, for low
concentration there is a possibility that the equation not only overestimates but also
underestimates the conclusive uncertainty because thedinalcshape of)c in lower
concentration might not be the same and cannot be verified. However, we believe that the
applying the above function might be better way to evaluate the conclusive uncertainty of
nutrient measuraents of samples because we can do realistic evaluation of uncertainties of
nutrient concentrations of samples which were obtained under relatively unstable conditions,
largerUa as well as the evaluation of them under normal and good conditions of
measurements of nutrients.
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Appendix
Al. Seawater sampling
Seawater samples were collected frbdrliters Niskin bottleattached CTBsystem and a
stainless steel bucket for the surface. Samples were drawn intb A6lymethylpenten vials
usingsample drawing tubes. Th@ls were rinsed three times befataterfilling and were
capped immediately after the drawing.

No transfer was made and the vials wereosetn auto sampler tray directly. Samples were
analyzed immediately after collection.

A2. Measurement

(A2.1) General

Auto Analyzer lllis based oi€ontinuous Flow Analysismethod and consists of sampler,
pump, manifolds, andotorimetes. As a baseline, we used artificsglawater (ASW).

(A2.2) Nitrate+nitrite and nitrite

Nitrate+ntrite and nitritewereanalyzed according to the modification method of Armstrong
(1967). The sample nitrateasreduced to nitrite in glasstube whichwas filled with

granular cadmiungoated with copper. The sample stream with its equivalent mitaise

treated with an acidic, sulfanilamide reagent and the nitrite forms nitrous acid which reacts
with the sulfanilamide to produce a diazonium iNR1-naphthylethylenaliaminewasadded

to the sample stream then couplath the diazonium ion torpduce a red, azo dye. With
reduction of the nitrate to nitriteum ofnitrate and nitriteveremeasured; without reduction,
only nitritewas measuredrhus, for the nitrite analysis, no reductiwasperformed and the
alkaline bufferwasnot necessaryl he flow diagrars for each parameter are showrFigures
C.4.Al1 and C.4.A2f the reduction efficiency of the cadmium column became lower than 95
%, the column was replaced.
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Figure C.4A1. Nitrate+ntrite (1ch) flow diagram.
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Figure C.4A2. Nitrite (2ch.)flow diagram.
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(A2.3) Phosphate

The phosphate analysisasa modification of the procedure of Murphy and Ri{@962).
Molybdic acidwasadded to the seawater sample to form phosphomolybdic acid whgih
turn reduced to phosphomolybdous acid usiragtorbic acid as the reductanie flow
diagram forphosphatés shown inFigure C.4.A3.

BLK/BLK air (0.32 ccmin'?)

ORIORMebubBPe (0

10T 1 »Wa's 't

or
(0) @ YEL/BLU sample 0ASW (1.40)

O >

BLK/BLK ammonium molybdaté.32

\9

ORN/WHT ascolbic acid0.23

= Heating bath
37C

/<_> Waste Waste,

Colorimeter
15mm(1.D.) x 50 mmflow cell
880nm

Figure C.4A3. Phosphatd3ch.)flow diagram.

RED/RED waste(0.80
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(A2.4) Slicate

The silicatewas analyzed according to the modificatroathod of Grassho#t al.(1983),
wherein silicomolybdic acievasfirst formed from the silicate in the sample and added
molybdic acid, then the silicomolybdic acMhsreduced to silicomolybdous acid, or
"molybdenum blue," using-ascorbic acid as the reductanfie flow diagram fosilicateis
shown inFigure C.4.A4.

BLK/BLK air (0.32ccmin?)

10T 10T 10T
(0) (0) (0) ’_GWHT/WHT ammonium molybdaté0.60
ORN/YEL sample o ASW (0.16
ORN/ORN oxalic acid(0.42
= Heating bath - _ _
37C WHT/WHT ascolbic acid0.60

/g_» Waste Waste, YEL/YEL waste(1.20

Colorimeter

15mm(1.D.) x 15 mmflow cell

820nm

FigureC.4 A4. Silicate (4ch.)flow diagram.

A3. Data processing

Raw datdrom Auto Analyzer Il weregecorded at -second interval and weteeated as
follows;

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

Baseline correction was done basically using liner regression.

Reagent blank correction was done basically using liner regression.

Carryover correction was applied to peak heights of each sample.

Sensitivity correction was applied to peak heights of each sample.

Refraction error correction was applied to peak heights of each seawater sample.
Calibration curveto get nutrients concentration weissamed quadratic expression
Concentrationsvere convertel r o m Le'mo | ekgn'ausingseawatedensity.

Te "o aoT
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A4. Reagents recipes

(A4.1) Nitrate+nitrite

Ammonium chloride (buffer), 0.8 md.i* (0.04% w/v);
Dissolve 190 @mmonium chloride, NELI, in ca. 5L of DW, add about 5 in
ammonig(aq)to adjust pHof 8.2 8.5.

Sulfanilamide, 0.06 md_f* (1% w/v);
Dissolve 5 gsulfanilamide,4-NH2CsHaSOsH, in 430 ni. DW, add 70 rh concentrated
HCI. After mixing,addl mL Brij-35 (22% w/w).

N-1-naphtylethylenediaminedihydrochloride(NEDA), 0.004¢ md_f* (0.1% w/v);
Dissolve 0.5 g NEDAC10H7NH2CH2CH2NH2-2HCI, in 500 ni. DW.

(A4.2) Nitrite

Sulfanilamide, 0.08 md_f! (1 % w/v); Shared from nitrate reagent.

N-1-naphtylethylenediaminedihydrochloride(NEDA), 0.004¢ md.I? (0.1% w/v); Shared
from nitrate reagent.

(A4.3) Phosphate

Ammonium molybdate, 0.005 md_1* (0.6 % w/v);
Dissolve 3 gammonium molybdate(VI) tetrahydrate, (MsM07024-4H20, and 0.05 g
potassium antimony! tartrate glkd4K 2012Ske-3H20, in 400mL DW and add40 mL
concentrated E5Qu. After mixing, dilute the solution witibW to final volume of 500mL
and add® mL sodium dodecyl sulfate (1% solution in water).

L(+)-ascorbic acid, 0.08 md.1! (1.5% w/v);
Dissolve 4.5 g L(+ascorbic acid, €HsOs, in 300mL DW. After mixing,add10 mL
acetone. This reagent wa®shly prepared before every measurement.

(A4.4) Silicate

Ammonium molydate, 0.006 md_1 (0.6 % w/v);
Dissolve 3 gammonium molybdate(VI) tetrahydrate, (MisM07024:4H20, in 500mL DW
and added concentrat@anL H2SQu. After mixing, add2 mL sodium dodecyl sulfate (15
% solution in water).

Oxalic acid, 0.£ md.1t (5% wiv);
Dissolve 25 goxalic acid dihydrate(COOH)2-2H20, in 500mL DW.

L(+)-ascorbic acid, 0.08 md.1! (1.5% w/v); Shared fronphosphateeagent.

(A4.5) Baseline
Artificial seawatel(salinity is ~34.7);
Dissolvel60.6g sodiumchloride,NaCl, 35.6 g nagnesiunsulfate heptahydrate
MgSQy:- 7H20, and 0.84 gadiumhydrogencarbonateNaHCG;, in 5L DW.
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Phytopigments (slorophyll-a and phaeopigment)
1 November019

(1) Personnel
Naoshi KUBO (GEMD/JMA)
Chihiro KAWAMURA (GEMD/JMA)

(2) Station occupied

A total of 60 stations (RF105: 17, RF1406: 12, RF1407 Leg1: 20,Leg2: 11) were
occupied for phytopigmemheasurementsStation location and sampling layers of
phytopigment are shown in Figuress@. and C5.2.

130°E 135°E  140°E 145°E 150°E  155°E 160°E

45°N § B 45°N
40°N 40N
35°N 35°N
30°N 30°N
25°N 25°N
20°N 20°N
15°N 15°N
10°N 10°N
5°N 5°N
0’ 0°
5°S 5°S

130°E 135'E  H40°E 145°E 150°'E 155°E 160°E

Figure C5.1. Location of observation stations of chloroptyliClosed and open cirde
indicate sampling and reampling statiog) respectively.
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Bottle Depth Diagram along P10
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Figure C5.2. Distancedepth distribution of sampling layers of chloropkell

(3) Reagents
N,N-dimethylformamide (DMF)
Hydrochloric acid (HCI)0.5mol L !
Chlorophylla standard fronAnacystis nidulanalgae(SigmaAldrich, United States)
Rhodamine WTTurnerDesigns United States

(4) Instruments
Fluorometer 10-AU (Turner DesignsUnited States
SpectrophotometeldV-1800(Shimadzy Japan)

(5) Standardization

G.)het er mi nht oo ogchofniccent rati on of standard so
To prepare the purehlorophylta standard solutiorrgagent powdeof chlorophylta
standardvasdissolved in DME A concentratiorof thechlorophylta solution was
determinedvith thespectrophotomet as follows

chla concentrationrfg mL %) = Achi/ a'phy (C5.1)

where Aniis the difference between absorbance at 66&nd 750m, and &ny is specific

absorption coefficient NESCQ 1994. The specific absorption coefficiest88.74 Lg*

cnr ! (Porraet al, 1989).

G.)Reterminatifsmn of R and
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Before measurements, sensitivity of thmrometer was calibratedith pureDMF and a
rhodaminel ppmsolution(diluted with deionized watgr

The chlorophyHa standard solution, whose concentration weciselydetermined in
subsection (5.1Wwasmeasuredavith thefluorometer and aftelacidifiedwith 1i 2 drops 0.5
mol L 1 HCI the solution was also measur&the acidification coefficient (R)f the
fluorometer waslsocalculatedasthe ratio of the unacidified aratidified readings of
chlorophylta standard solutiarirhe linear calibration factor ) of thefluorometer was
calculatedas the slope of the acidified readmgainsichlorophylta concentrationThe R and
fpn in the cruiseare shown iMmable C5.1.

TableC.5.1. Randfpnin the cruises.

Cruise number RF1405 RF1406 RF1407
Acidification coefficient (R) 1.942 1.919 1.904
Linear calibration factor £f) 5.3974 5.4389 6.4657

(6) Seawater sampling and measurement

Water samples were collected frdifxliters Niskin bottleattached the CTBystem and a
stainless stedducket for the surface. A 200L seawater sample was immediately filtered
through 25 mm GF/F filters by low vacuum pressueow 15 cmHgthe particulate matter
collected on the filte?hytopigmentsvereextracted in vial with 9 in of DMF. The etracts
were stored for 24 hours in the refrigerator 3® °C until analysis.

After the extracts were put on the room temperature for at least one hour in the dark, the
extracts were decanted from the vial to the cuvette. Fluorometer readings for each cuvette
were taken before and after acidification wiit2 drops 0.5nol L-* HCI. Chlorophylla and

phaeopigmentoncentrationsng mL 1) in the sample are calculatad follows:
F-F O\i

chlaconc=—"—2— (C5.2)
fL.aR-1) V
phaeoconc.= RO-F o (C5.3)
f.GR-1) V

Fo: reading before acidification

Fa: reading after acidification

R: acidification coefficient (k/Fa) for purechlorophylta
fpr: linear calibration factor

Vv: extraction volume

V: sample volume
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(7) Qualitycontrol flag assignment
Quiality flag value was assigned to oxygen measurements as shown in Bahlegng the
code defined in IOCCP Report No.14 (Swift, 2010).

Table C5.2. Summary of assigned quality control flags

Flag Definition Chla Phaeo
2 Good 392 392
3 Questionable 0 0
4 Bad (Faulty) 4 4
5 Not reported 0 0

Total number 396 396

Referencs

Porra, R. J., W. A. Thompson and P. E. Kriedemann (1283¢rmination oficcurate
coefficients and simultaneous equations for assaying chloroghatidb extracted with
four different solvents: verification of the concentration of chlorophyll standards by
atomic absotption spectroscoBiochem. Biophy. Act®75, 384394

Swift, J. H. (2010)Referenceguality water sample data: Notes on acquisition, record
keeping, and evaluatiofOCCP Report No.14, ICPO Pub. 134, 2010 ver.1

UNESCO (1994)Protocols for the joint global ocean flux study (JGOFS) core
measurements: Measurement of chloropayhd phaeopigments by fluorometric
analysisJOC manuals and guideXd, Chapter 14.
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6. Total Dissolved Inorganic Carbon (DIC)
17 Octobe023

(1) Personnel

ONO Etsuro (RF1405)

SAITO Shu (RF1405, RF1407)
SAKAMOTO Naoaki (RF1405)

ENYO Kazutaka (RF1406, RF1407)
HIRAISHI Naotaka (RF1406)
KAWAHARA Kyouichi (RF1406)

ONO Hisashi (RF1407)

(2) Station occupied

A total of 50 stations (RF145: 8, RF1406: 12, RF1407 Leg 1: 20, RF197 Leg 2:10)
were occupied fototal dissolved inorganic carbon (DIC3tation location and sampling
layers of them are shown in Figure$Q.and C.6.2, respectively.
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Figure C6.1. Locationof observation stations @fIC. Closed and open circles indicate
sampling and neampling stations, respectivelriangles show sampling station which are
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control of DIC. These data are available from the JMA
(https://lwww.data.jma.go.jp/gmd/kaiyou/db/vessel_obsfdata
report/html/ship/ship_e.php?year=2014&seaspnng).
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Figure C6.2. Distancedepth distribution of sampling layers of DIC.

(3) Instrument

Themeasuremerdf DIC wascarried out with DIC/TA analyzsei(Nihon ANS Co. Ltd
Japan). We used two analyzeoncurrently These analyzers are designaasdpparatus A
andB.

(4) Sampling and measurement

Methods of seawater samplimqmpisoning,measuremenand calculation of DIC
concentratioawere based othe Standard Operating Procedure (SOP) described in PICES
Special Publication 3, SGP (Dicksonet al, 2007).DIC was determined by coulometric
analysis Johnsoret al, 1985, 1987) using an automatedA&Rtraction unit and a
coulometerDetails of sampling and measurement are shown in Appendix Al.

(5) Calibration
The oncentration of DICCr) in moles per kilogram (mol k§) of seawatewas calculated
from the followingequation

6 0T O (C6.1)
whereNs is the counts ofthe coulometer(gC), cV is thecalibration facto(gC (mol L™%)' 1),
andrsis density of seawatékg L'1), whichis calculated fronthe salinity ofthesample and
thewatertemperaturef thewaterjacketfor thesamplepipette
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The values otV were determined byneasuremestof Certified Reference Matere{(CRMs)
thatwereprovided byDr. Andrew G. Dicksorof the Scripps Institubn of Oceanography
TableC.6.1providesinformationabout theCRM batchesused in this cruise

Table C6.1. Certified Ct and standard deviatiasf CRMs. Unit of Crise mdd' * Moreinfo
rmaiton is availableatthe NOAA web site fittps://www.ncei.noaa.gov/access/oceanbona
cidification-datasystem/oceans/Dickson_CRM/batches.html

Cruise RF1405 RF14-06, RF1407
Batch number 134 137
Cr 2026.91+0.78 2031.90+0.32
Salinity 33.651 33.607

The CRMmeasuremenwas carried out avery stationAfter the cruiseavalue ofcVwas
assigned to each apparatus (A, B3bleC.6.2summarize thecV values.FigureC.6.3shows
details

Table C6.2. AssignedcV and itsstandard deviation for each apparatusingthe cruise. Unit
isgC (mol LY,

Apparatus  Cruise cV
RF1405 0.135116+0.00019N=33)

B RF1406  0.135030+0.00017@N=52)
A RF1407  0.189882+0.00025(N=40)
B RF1407  0.196323+0.000178N=108)
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Figure C6.3. Resuls of thecV at each station assigned apparatuga) B in RF1405, (b) B
in RF1406, (c) A in RF1407 and(d) B in RF1407. Thesolid, dashedard dottedlines
denote the meathe mean = twice the S.andthe meart thrice the S.D. foall
measurements, respectively.

Theprecisions othecVis equated to its coefficient of variation $.D. / mean). They were
0.144 % for apparatus in RF1405,0.133% for apparatu3 in RF1406,0.134% for
apparatu®\ in RF1407 and 0089 % for apparatu® in RF1407. Theycorrespond to 21
mmol kg %, 2.69 nmol kg %, 271 mmol kg * and1.81 nmol kg * in Cr of CRM batch 134,
respectively.

Finally, the value ofCr was multiplied by 1.00067 (= 300.2 / 300.@) correctdilution effect
induced by addition 0®.2 mL ofmercury (1) chloridgHgCl) solutionin asampling bottle
with avolumeof ~300 mL

(6) Quality Control

6.1) el i cat e aandaldyuspdsi cat e

We took replicate (pair of water samples taken from a single Niskin bottle) and duplicate (pair
of water samples taken from different Niskin bottles closed at the same siampible of

DIC througloutthe cruise. Table 6.3 summarizes theesults of theneasurementwith each
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apparatusFigures C.6.4i C.6.5 show cktails of theresults.The calculation of the standard
deviation from the difference of seit§measurementsas based on a procedure (SZ8 in
DOE (1994).

Table C6.3. Summary ofeplicate and duplicate measurements. Uninim| kg' *.

Apparatus A Apparatus B
Measurement  Average magnitude of difference® S.D.
Replicate 2.0+£1.9 (N=29) 15+1.3 (N=112)
Duplicate 1.7+1.5 (N=10) 1.5+1.6 (N=54)
Replicate Sampling Duplicate Sampling
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Figure C6.4. Resuls of (left) replicateand (right) duplicateneasurementduringthe cruise
versus(a) station number(b) pressureand (c)Cr determined by apparatus Ahe geen
lines denote the averagef the measurement$he mttompanes (d)show histogramof

the measurements
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Figure C6.5. Same as$igure C6.4, butfor apparatus B.

(6)Measur gonienGRM and working reference mater.i
The precision of theneasuremestwas monitoretdy using the CRM and working reference
materials bottledn our laboratory(Appendix A2) The CRV (batch B4 in RF1405, 137 in
RF1406 and RF14€7) andworking referencenaterialmeasirements were carried out at
every stationAt thebeginning of theneasurement afachstation, we measuredworking
referencanaterial anda CRM. If the results of these measurements were confitmbd
good,measurements on seawatamples werebegun At the end of sequene of
measuremesiat a station, another CRM bottle wasasuredA CRM measurement was
repeatedwice from the same bottl@able C6.4 summarizeshe differencein the repeated
measurements tfie CRMs, the mearCr of the CRM measurementandthe mearCr of the
working referencenaterial measurementsigures C.6.6i C.6.8 show cetailed results
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Table C6.4. Summary otdifference and mean @ in the repeated measurementC&M
andthemeanCr of theworking reference materialhese data are based on good
measuremestUnit ise mdkdf' L.

Cruise RF14-05 RF14-06 RF14-07
Apparatus B B A B
Average magnitude
of difference® S.D. 2.3::2.0 2.3_12.0 2.8_12.4 1.3_11.2
(CRM) (N=16) (N=26) (N=20) (N=52)

MeanAve.° S.D. 2027.04#26  20319+23  2081.9+21  20318%15
(CRM) (N=16) (N=26) (N=20) (N=52)

Mean Ave.° S.D.

(Working reference 2035.5+2.6 2035.9+2.6 2035.3+2.2 2035.7+1.7

material) (N=9) (N=18) (N=11) (N=27)
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Figure C6.6. The absoluteifference(R) of Cr in repeatedneasurements &RM
determined bypparéus(a) Aand (b)B. Thesolid line indicates the averagéR (Y). The
dashedand dottedines denote thapper waning limit (2.512Y) and upper control limit
(3.267Y), respectively(see Dickson et al., 20Q7)
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(B8 Comparsws o her b@RMhes

At every few statiors, otherCRM batcles(132 in RF1405, 129 in RF1406, 134 in RF1407)
were measuretb providecomparisos with batch134 (in RF1405) and 137 (in RF1406 and
RF1407)to confirm the determination &r in our measuremesitFor these CRM
measurement&r wascalculated fronthe cV determinedrom batch134 (in RF1405) and
137 (in RF1406 and RF14€7) measuremest Figures C.6.8how thedifferences between
the calculatedandcertified Cr.

—_
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RF14-07
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Figure C6.9. The differences betweehe calculatedCr from batd 134 (in RF1405) and 137
(in RF1406 and RF14€7) measuremestand thesertified Cr. The panet show the resustfor
appaatus(a) A and(b) B. Colors indicate CRM batchesed 132, green 129 andblue 134.

(®Quality control flag assignment
A quality controlflag value was assigned titee DIC measurement@ able C6.5) using the
code defined ithe [IOCCP Report No.14 (Swift, 2010).

Table C6.5. Summary of assigned quality control flags

Flag Definition Number of samples
2 Good 1517
3 Questionable 34
4 Bad (Faulty) 6
5 Not reported 1
6 Replicate measuremen 135

Total number of samples 1693
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Appendix

Al. Methods

(Al.1) Seawater sampling

Seawater samples were collected frbdrliters Niskin bottls mounted orCTD-system and a
stainless steel bucket for the surface. SanfpleBIC/TA weretransferredo Schott Durafi
glass bottlesisingsample drawing tubeBottles were filledsmoothly from the bottom after
overflowing double a volume while taking care of not entraining any buldotedid
temporarilywith ground glass stoppers.

After all sampling finished2 mL of sample is removed from each bottle to make a headspace
to allow thermal expansigand then samples wepeisoredwith 0.2 mL of saturatedHgCl
solutionandseaédwith ground glass stoppers lubricated with Apiezgrease (L).

(Al1.2) Measurement

The unit for DIC measurement in the coupled DIC/TA analyzer consists of a coulometer with

a quartz coulometric titration cell, a @Extraction unit and a reference gas injection unit.

The CQ extraction unit, which is connected to a bottle oP20/v phosphoric acid and a

carrier N> gas supply, includes a sample pipette (approxnilPand a CQextraction

chamber, two thermoelectric cooling units and switching valves. The coulometric titration cell

and the sample pipette are wacketed and are connected to a thermostated (25 °C) water

bath. The automated procedures of DIC analysis in seawater were as follows (Ishii et al

1998):

(a) Approximately 2ZnLof20% v/ v phosphoric acid was inject
¢ h a mh.e,ra glass tube with a course glass frit placed near the bottom. PurifieasN
then allowed to flow through the extraction chamber to purgedd@® other volatile acids
dissolved in the phosphoric acid.

(b) A portion of sample seawater was delivered from the sample bottle into the sample pipette
of COz extraction unit by pressurizing the headspace in the sample bottle. After
temperature of the pipette was recorded, the sample seawater was transferred into the
extraction chamber and mixed with phosphoric acid to convert all carbonate species to CO
(aq).

(c) The acidified sample seawater was then stripped e a stream of purified N
After being dehumidified in a series of two thermoelectric cooling unite\tbkred CQ
in the Nb stream was introduced into the carbon cathode solution in the coulometric
titration cell and then Cfwas electrically titrated.

A2. Working reference material recipe

The surface seawatr the western North Pacifiwastakenuntil at least a half year ago
Seawater was firstly filtered bywembrandilter (0.45mm-mesh) using magnetic pump and
transfer into large tank. After first filtration finished, corrected seawater in the tank was
processed in cycle filtration again for 3 hours and agitated in clean condition air for 6 hours.
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On the next day, agitated 5 minutes to remove small bubbles on the tam&residito Schott
DurarP glass bottlesis same method as samples (Appendix Al.1) excepvésflowing a
half of volume not double. @atdof headspacand poisoned with Hg€ivas as same as
samples, finallyseakd byground glass stoppers lubricated with Apiezgrease (L).
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7. Total Alkalinity (TA)
17 Octdoer 2023

(1) Personnel

ONO Etsuro (RF1405)

SAITO Shu (RF1405, RF1407)
SAKAMOTO Naoaki (RF1405)

ENYO Kazutaka (RF1406, RF1407)
HIRAISHI Naotaka (RF1406)
KAWAHARA Kyouichi (RF1406)

ONO Hisashi (RF1407)

(2) Station occupied

A total of 50 stations (RF1-85: 8, RF1406: 12, RF1407 Leg 1: 20, RF197 Leg 2:10)
were occupied for total alkalinity (TA). Station location and sampling layers of them are
shownin Figures C.7.1 and C.7.2, respectively.
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FigureC.7.1. Location of observation stations of TA. Closed and open circles indicate
sampling and neampling stations, resgigvely. Triangles show sampling station which are
not reported in the bottle data file, but the data at closed triangles are used for quality
control of TA. These data are available from the IMA
(https://lwww.data.jma.go.jp/gmd/kaiyou/db/vessel_obsfdata
report/html/ship/ship_e.php?year=2014&seaspnng).
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Bottle Depth Diagram along P10
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Figure C7.2. Distancedepth distribution of sampling layers of TA.

(3) Instrument

Themeasuremendf TA was carried out with DIC/TA analyzefslihon ANS Co. Ltd.
Japan) The methodology that these analyzers usmased oran open titration celWe used
two analyzergoncurrently These analyzers agesignatecsapparatus A anB.

(4) Sampling and measurement

Theprocedure of seawater sampliofTA bottles and poisoning with mercufly) chloride

(HgClk) were based orthe Standard Operating Procedure (SOP) described in PICES Special
Publication 3 (Dicksort al, 2007).Details are shown in Appendix Al in C.6.

TA measuremerns based oraonestep volumetric addition of hydrochloric acid (HCI) to a
known amount of sample seawater with prompt spectrophotometric measurement of excess
acid using the sulfonephthalein indicator broonesol greesodium sal{BCG) Breland and
Byrne,1993).We useda mixedsolution ofHCI, BCG, and sodium chloride (NaCl) as
reagentDetails of measurement are shown in Appendix Al.

(5) Calculation

(8 Volume of sampl e seawat e

The volume of pipetteVs usingin apparatus A and B®as calibrated gravimetricalip our
laboratory.Table C7.1 shows hesummay.
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Table C7.1. Summary of sample volumes s¢awatelMsfor TA measurements.

Apparatus Vs/ mL
A 42.7760
B 41.3393

(8. pcHal dwinapectrophotometric measur ement
The data of absorbanéeandpipettetemperaturd (in °C) were processed to calculgtier
(in total hydrogen ion scaléeletails shown ippendixAl in C.8 andthe concentratioof
excess acifH*]t (mol kg %) in the following equations (C7.1(C7.3)(Yao and Byrne 199),
pHr =T logio([H ]7)
=4.2699 + 0.02578(351 9 + log{(Rzs1 0.00131) (2.31481 0.1299YRus)}
T log(11 0.00100519) (C7.0
Res = Rr {1 + 0.009® 1[(251 T)} (C7.2

Y 0 0 0 0 0 0 0 o . (C7.3
In the equation (C7.1Rr is absorbance ratio at temperatiliyes is absorbance ratio at

temperature 28C andSis salinity. © ando denote absorbance of seawdtefore and
afteracidification respectively, at wavelengthnm.

(5.3) TA calculati on
The calculatedH ]t wasthen combined with the volume of sample seawdéethe volume
of titrantVa added to the sample, anblarity of hydrochloric acidHCla (in mmol L™Y) in the
titrant todetermineto TA concentratiorAr (in mmol kg %) asfollows:

Ar= ([T [H*T T(Vs+ Va)Trsa+ HCla TVa) / (Vs rs) (C7.9
rsandrsa denote the density of seawater sample before and after the addition of titrant,
respectively. Here we assumed that is equal tars, since the density of titrant has been
adjusted to that of seawater by addieCland the volume of titrar{epprox. 2.9mL) is no
more than approx. & of seawater sample.
Finally, the value ofAr was nultiplied by1.00067 (= 300.2 / 300.® correctdilution effect
in At induced by addition of Hg&bkolution.

(6) Standardization of HCI reagent

HCI reagerd wereprepared in our laboratofAppendix A2)and divided into bottles (HCI
batches)HCla in the bottlesveredeterminedusingmeasuredRMs provided byDr. Andrew
G. Dickson in Scripps Institigin of OceanographyTable C7.2 providesinformationabout
the CRM batchusedduringthis cruise.
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Table C7.2. Certified Ar and standard deviatiaf CRMs. Unit of Arise mdkd/:. More
informationis available athe NOAA web site(https://www.ncei.noaa.gov/access/ocean
carbonacidificationdatasystem/oceans/Dickson_CRM/batches.hitml

Cruise RF1405 RF14-06, RF1407
Batch number 134 137
At 2236.51+0.52 2231.59+0.62
Salinity 33.651 33.607

The CRMmeasuremenwas carried out advery stationThe apparenitiCla of the titrant was
determined fronCRM usingequation (C7.4).

HCla was assignetbr each HCI batabsfor each apparatuassummarized in Tabl€.7.3
and detailed in Figur€.7.3.

Table C7.3. Summary of assignddCla for eachHCI batches Thereportedvaluesaremears
andstandard deviationgJnit ismmol L',

Apparatus Cruise HCI Batch HCla
50.6397+0.0456 (N=27)
RF1405 50.6196+0.0305 (N=24)
50.7654+0.0260 (N=21)
50.6903+0.0267 (N=32)
50.7137+0.0248 (N=24)
49.4218+0.0243 (N=29)
49.4308+0.0235 (N=30)
49.3946+0.0257 (N=31)
49.4008+0.0390 (N=42)
49.4311+0.0163 (N=15)
49.3414+0.0217 (N=18)
49.3624+0.0390 (N=51)

lm
=

RF1406

OO |IN[ONFRPOWN

A RF1407

B RF1407

W mw|w|w|w|> > m|w|w|w

[
o
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Figure C7.3. Resuls of HCla measured bypparats (a) B in RF14D05, (b) B in RF1406, (c)

A in RF1407 and €) B in RF1407. TheHCI batch names are indicated at thp of each

graph, and vertical lines denote the adyen theHCl batd wasswitched The redsolid,
dashedand dottedines denote the mean and the mean * twice the S.D. and thrice the S.D.
for each HCI batobs, respectively.

Theprecisions oHCla, defined aghe coefficient of variatio= S.D. / mea)) were0.0475i
0.0492 % for apparatus A and @B80i 0.0900 % forapparatus3. They correspond td.06i
1.10 nmol kg ! and0.74i 2.01 nmol kg ! in Ar of CRM batch 134tespectively.

(7) Quality Control

(7)) Repl i cat e aandaldyuspedsi cat e

We took replicate (pair of water samples taken from a single Niskin bottle) and duplicate (pair
of water samples taken from different Niskin bottles closed at the same siapihlpof TA
througloutthe cruise. Table @4 summarizes theesults of theneasurementsith each
apparatusFigures C.7.4i C.7.5 show cktails of theresults.The calculation of the standard
deviation from the difference of seitfmeasurementsas based on a procedure (SEH in

DOE (1994).

C7-6



Table C7.4. Summary ofeplicate and duplicate measurements. Unini®| kg' .

Apparatus A Apparatus B
Measurement  Average magnitude of difference® S.D.
Replicate 1.1+0.9 (N=29) 1.0+0.9 (N=116)
Duplicate 0.6+05 (N=14) 0.9+0.8 (N=55)
Replicate Sampling Duplicate Sampling
E’ RF14-07 Leg1 | § RF14-07 Leg 1
5 ° a) g5 a)
E 4 E 4
= 3 23
Eé 2 ’ : [ s Eé 27
2 : - | o 1
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Figure C7.4. Resuls of (left) replicateand (right) duplicateneasurementduringthe cruise
versus(a) station number(b) pressurgand (c)Ar determined by apparatus Ahe geenlines
denote the averagef the measurement$he ottompanes (d)show histogramof the
measurements
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Figure C7.5. Same as$igure C7.4, butfor apparatus B.

(7. Measur gonfenGRM and working reference mater.
The precision othe measuremestwas monitoretdy using the CRM and working reference

materials bottledn our laboratory{Appendix A2 in C.6) Themeasurementsf the CRMs

andworking referencenateriak were the samthose used to measupC (see (6.2) in C.6),

except thathe CRM measurement was repeated 3 times from the same Battle. C7.5
summarizeshe differencein the repeated measurementsha&fCRMs, the mearAr of the

CRM measurements, atite mearAr of theworking referencenaterial measurements

Figures C.7.61 C.7.8 show cbtailed results

C7-8



Table C7.5. Summary otdifference and mean @& in the repeated measurement&M
andthemeanAr of theworking reference material. These datatzsed on good
measuremestUnit ise mdkdf' L.

Average Mean Ave.° S.D.
Cruise HCI magnitude of Mean Ave.° S.D. (Working
Batch difference® S.D. (CRM) reference
(CRM) material)
B 1 15+1.2(N=9) 2236.5+£1.9 (N=9) 2269.8+1.7 (N=6)
RF14-05
B_2 1.3+1.0(N=8) 2236.5+£1.2 (N=8) 2270.0+0.9 (N=5)
B_3 1.1+0.9(N=7) 2231.6£0.9 (N=7) 2270.941.6 (N=5)
RF1406 B 4  0.6+0.5(N=12) 2231.6+1.2 (N=12) 2269.0+2.4 (N=7)
B 5 0.7£0.7(N=8) 2231.61£1.0 (N=8) 2271.7+2.5 (N=6)
E1407 A 1 08%0.7(N=10) 2231.6+1.0 (N=10) 2272.5+1.7 (N=8)
A2 1.1+0.9(N=10) 2231.6+0.8 (N=10) 2272.1+1.7 (N=5)
B 6  10+0.8(N=11) 22315+1.0 (N=11) 2269.7+1.3 (N=8)
B_7 0.8+0.6(N=14) 2231.6+1.8 (N=14) 2269.3%£1.9 (N=6)
RF1407 B_8 0.91£0.7(N=5) 2231.61£0.5 (N=5) 2269.7+1.4N=3)
B 9 0.8+0.6(N=6) 2231.6+£0.9 (N=6) 2270.7+0.9 (N=5)
B_10 0.6+0.5(N=17) 2231.6+1.8 (N=17) 2270.8+1.5 (N=8)
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Figure C7.8. CalculatedAr of working reference materiateasured by appatus (2)A and
(b) B. Thesolid, dashedand dottedines haveahe samemeaningasin Figure C7.7. The
labelsatthe top ofthegraphandverticallineshave thesamemeaningasin Figure C7.3.

100

(73yComparsiwsg @t her b@RMhes

At every few statiors, otherCRM batcheg132 inRF1405, 129 in RF1406, 134 in RF1407)
were measuretb provide comparisonsith batch B4 (in RF1405) and 137 (in RF186 and
RF1407)to confirm the determination @fr in our measuremesitFor these CRM
measurement#r wascalculated fromHCla determinedrom batch B4 (in RF1405) and
137 (in RF1406 and RF14€7) measuremestFigures C.7.$how thedifferences between
the calculatedandcertified Ar.
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(in RF1406 and RF14€7) measuremestand thesertified Ar. The panelsshow the resustfor
apparatuga) A and(b) B. The labelsatthe top ofthe graphand verticalineshave thesame

meaningasin Figure C7.3. Colors indicate CRM bat@s red 132, green 129 andblue 134.

(749 Quality control flag assignment
A quality controlflag value was assigned tloe TA measurement@able C7.6) using the

code defined itheIOCCP Report No.14 (Swift, 2010).

Table C7.6. Summary of assigneglality control flags

Flag Definition Number of samples
2 Good 1540
3 Questionable 7
4 Bad (Faulty) 6
5 Not reported 1
6 Replicate measurements 139

Total number of samples 1693
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Appendix

Al. Methods

(Al.1) Measurement

The unit for TA measurements in the coupled DIC/TA analyzer consists of sample treatment

unit with a calibrated sample pipette and an open titration cell that are-jacteted and

connected to a thermostated water bath (25 °C), an auto syringe coriaeetagenbottle of
titrant stored at 25 °C, and a doubleam spectrophotometric system with two CCD image
sensor spectrometers combined with a high power Xenon lamp. The mixture Nfl9@5nd

40 nmol L™ BCG in 0.65M NaCl solution was used asagentto automatically titrate the

sample as follows:

(a) A portion of sample seawater was delivered into the sample pipettexa®pmL)
following sampledeliveryinto the DIC unit for a measurement. After the temperature
thepipette was recorded, the sample was transferred into a cylindrical quartz cell.

(b) An absorption spectrum of sample seawater in the visible light domain was then
measured, and the absorbaneese recorded at wavelengths of 444 nm, 509 nm, 616 nm
and 730 nm as well as the temperature in the cell.

(c) The titrant thatontainsHCI was added to the sample seawater by the auto syringe so that
pH of sample seawateaiteredin the range between 3.85 and 4.05.

(d) While the acidified sample wéaing stirred, the evolved C@Was purged with the stream
of purified Ne bubbled into the sample at approx. 200min' ! for 5 minutes.

(e) After the bubbled samp#teadied dowifor 1 minute, the absorbanceBRE€Gin the sample
was measured in the same way as described in (b), and pH (in total hydrogen ion sgale, pH
of the acidified seawater was precisely determined spectrophotometrically

A2. HCI r eagents recipes

0.05N HCI and 40mmol L' BCG in 0.65M NaCl solution
Dissolve0.30 g of BCG and 190 g of NaCl in roughly 1L.50f deionized water@W) in a 5
L flask, and sowly add 20 mL concentrateddCl. After thepowders completely dissolved,
dilute with DW to a final volume 5 L.
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8. pH
17 Octdber 2023

(1) Personnel

ONO Etsuro (RF1405)

SAITO Shu (RF1405, RF1407)
SAKAMOTO Naoaki (RF1405)

ENYO Kazutaka (RF1406, RF1407)
HIRAISHI Naotaka (RF1406)
KAWAHARA Kyouichi (RF1406)

ONO Hisashi (RF1407)

(2) Station occupied
A total of 9 stations (RF145: 8, RF1406: 12, RF1407 Leg 1: 20, RF107 Leg 2:10) wee

occupied for pH. Station location and sampling layerhemare shown in FiguseC.8.1 and
C.8.2, respectively.
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Figure C8.1. Locaton of observation stations pH. Closedand open circles indicate

sampling and n@ampling stations, respectiyellriangles show sampling station which are

not reported in the bottle data file, but the data at closed triangles are used for quality control
of pH. These data are available from the JIMA
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Bottle Depth Diagram along P10
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Figure C8.2. Distancedepth distribution of sampling layers of pH.

(3) Instrument
Themeasuremerdf pH was carried out with a pH analyzgdihon ANS Co. Ltd Japan)

(4) Sampling and measurement

Methods of seawatesampling, poisoningspectrophotometrimeasuremestusingthe indicator
dyem-cresol purpldhereaftemCP)and calculation of piH(on thetotal hydrogen ion scale
AppendixAl) were based oB8aitoet al (200). The pHr is calculatedrom absorbance rati@r)
with the following equations

B( B0 1TCY mrnmejwg ¢ ¢mp oy (C8.1)
Y O 0 0 0 0 0 0 0 (C8.2
where Xz is the acid dissociation constantmCP,

B0 pqw@UY oocgBincfipou Y (C8.3
(293 KOT 0303 K, 300S037).

0 and0 in equation C8.2 are absorbance of seawater itself and dye plus seawater,
respectively, at wavelength(nm). The value of I§2 in equation C8.3 is expressed as a
function of temperaturé (in Kelvin) and salinityS (in psu) Finally, pHr isreportedas the value
at temperature of 28C. Detailsareshown in Appendix Al.



(5) pH pertubation caused by addition af-cresolpurple solution
ThemCP solutionusingas indicatodyewas prepared in our laboratory (Appendix ARdwas
suldivided into some bottlesnCP batches) that attached to the appardtus.injection oimCP
solutionperturbsthe samplepHr slightly because the acidase equilibrium of the seawater is
disrupted by the addition of the dye atidse pairDickson et al., 2007
BeforeapplyingR to the equation (C8.1), the measufoh the sample was corrected tath
value expected tbeunperturbedy the addition of the dy@ickson et al., 2007; Clayton and
Byrne, 1993) The magnitudeof theperturbation(DR) was calculateé@mpiricallyfrom that by
the second addition of the dye and absorbance ratio measusrietiows:

DR=R2T Ry, (C8.9

whereR:1 andR: are the absorbance ratio after thigial addition of dye solutioim the sample
measurement and after teecondaddition in theexperimentameasurementespectively.
Becauselte value oDR depend on the pH of samplewe expresseBR as a quadratic function
of R1 based on experimentBR measuremerdbtained at this cruisas follows:

YY # Y # Y #. (C8.5)
In eachmeasuremerfor a station DR wasmeasurd for aboutl0 samplesfrom various depths
to obtainwide range oR:1 andexperimentaDR data.For eachmCP batch bottlegoefficients
(Co, C1 and C) werecalculatedoy equation (C8.5), anOR was evaluated for eadh. The
coefficientsfor eachmCP batchare showed in Table 81. The plots and function curves are
illustrated in Figure @.3.

Table C8.1. Summaryof coefficiens; &, Ciand GinYY # 'Y # 'Y #.

Stations mCPbatch C C1 Co
2119 1 T1.08631 1 9. 1EE395 1.1715F 02
20i 44 2 T3.16E56343 1 9. 7H©@350  1.3945@T 02

451111 3 1 3. 7208446 1 1. 46B02 2 1.3494(@1 02
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Figure C8.3. The function curve of thBR (= Rz 1 Ri1) vsRu for (@) first, (b) secondand (c)third
mCP batch ofsolutionshown in Table C.8.1

(6) Quality Control

(6.1) Replicate and duplicate analyses

We took replicate (pair of water samptagenfrom a single Niskin bottle) and duplicate (pair of
water sampletakenfrom different Niskin bottles closeat the same deptsampledor pHr
determinatiorthroughout the cruiseTable C8.2 summarizes theesultsof themeasuremest
Figure C8.4 shows e@tails of theresults.The calculation of the standard deviation from the
difference of setef measurementwas based on a procedure (SZ& in DOE (1994).

Table C8.2. Summary ofeplicate and duplicate measuremesftpHr.
Measurement  Average magnitude of difference® S.D.
Replicate 0.02210.0(@3 (N=143)

Duplicate 0.0@540.0@7 (N=68)
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Figure C8.4. Resuls of (left) replicateand (right) duplicateneasurementduringthe cruise
versus(a) station number(b) pressureand (c)pHr. The geenlines denote the averagef the
measurementd he ttompanes (d)show histogramof the measurements

(6.2) Measuremens of CRM and working reference materials

The precisiorof the measuremestwas monitoretdy using the CRMs and working reference
materials bottledn our laboratoryAppendix A2 in C.6)Although te pH value ofthe CRM
wasnotassignedit couldbe calculatedrom certified parametersf DIC and TA
(https://www.ncei.noaa.gov/access/oceanbonacidificationdata
system/oceans/Dickson_CRM/batches.htpalsed orthe chemical equilibrium othe carbonate
system(Lueker et al., 2000)The pHr of the CRMs (batch134 and 137 werecalculated to b
7.9013 andr.882Q Working referencenaterialmeasurements were carried fitgt at every
station. If the results of the measurensemere confirmed to bgood,measurements on seawater
samplesverebegun CRM (batch134 in RF1405, 137 in RF14€6 and RF14€7) measuremest
were done at every fevaljout3) statiors. The measurement f@eawatesampleand working
reference material was made once for a single battlgthat forCRM was made twicelable
C.8.3 summarizeshe means ofitferenceof pHr betweerntwo measuremenendpHr valuesfor
a CRM bottleandthe means of th@Hr value foraworking referencenaterialfor eachmCP
batch Figures C.8.5i C.8.7 show detailed results



Table C8.3. Summary odifference and meaof the pHr values fortwo measurementsr a
CRM bottle and mean gbHr for a working reference materiathichwascalculated with data

with good measurements

Magnitude of

Mean Ave.° S.D.

Cruise mCP difference Mean Ave.° S.D. (Working
Batch Ave.° S.D. (CRM) reference
(CRM) material)
0.0005+0.0005 7.896940.0014 7.935040.0(82
RF14-05 1 (N=4) (N=4) (N=12)
0.0013+0.0011 7.880540.0R7 7.935740.0082
RF1406 2 (N=7) (N=7) (N=16)
0.004+0.0013 7.882640.0021 7.936540.0(29
RF14-07 3 (N=13) (N=13) (N=33)
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Figure C8.5. The absoluteifference(R) of pHr between twaneasurements @CRM botte.
ThemCP batch namgareshown aboveéhegraph, and vertical lines denote the dayP batcles
werechangedThe solid,dashedand dottedines denotehe average randg), upper waning
limit (2.512Y) and upper control limit (3.26%) for eachmCP batchoottle respectivelysee

Dickson et al., 2007).
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Figure C8.7. Same a£.8.6, but forworking reference material

(6.3) Quality control flag assignment
A quality controlflag value was assigned tioe pH measurement&able C8.4) using the code
defined intheIOCCP Report No.14 (Swift, 2010).

Table C8.4. Summary of assigned quality control flags

Flag Definition Number of samples
2 Good 1528
3 Questionable 22
4 Bad (Faulty) 6
5 Not reported 0
6 Replicatemeasurements 137

Total number of samples 1693

(6.4) Comparison at crossstations during the cruise



There were crosstationsduring the cruise locateda 3 4 e-R0 NjE9 € St n-05hd&d
Stn.20in RF149 6 ) -3 02N)Nef2104NPEe ( St n-064rd Stn.A5 inRRF1372) and
OeN/ 146eE (St n. 807). At thasepdnts,mydr®cast samplirg forlp#ivas

conducted two times at interval 8 days (Stn.19 and Stn.20), 1ysléStn44 and Stn.46and
12 days(Stn.87 and Stn.88Yyespectively These profiles are shown in Figuzes.8.
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( b) RF1406-RF1407
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(Stns.20, 45 and 88&}atiors, resgectively. Triangles denote the difference intphleasured at
same depth in different legs.

(6.5 Comparison at crossstations of WHP cruises

We compared pHdata ofthis cruiseandotherWHP cruisedy JMA, Japan Agency for Marire
Earth Science and Technology (JAMSTESSrippsInstitution of Oceanography (Sl@nd

Tohoku National Fisheries Research Instiffit&lFRI) at cross points. Summary of the comparisons are
shown in Figue C.8.9(a) for cross point with WHIP4 line (around @N/14%E), Figure C.8.9(b)
for cross point with WHHP3 line (around 28N/149%E), Figure C.8.9(c) for cross point with
WHP-P2 line (around 3/149E) and Figure C.8.9(d) for cross point with WH4BN line
(around 4@N/145%E). Data of other cruises are downloaded ftoe@mCCHDO web site
(https://cchdo.ucsddy.




