#EDFE (Oceanography in Japan), 29(5), 153—187, 2020, doi: 10.5928/kaiyou.29.5_153

Mg KERREYE O BUIR & PR
—REHECRMZIZ LD E LT—

NH EE - FllERY - Far THEF ZW#° - B - oem et
bR W' - Y R - R et O - S R - R RS T - BV 1A
AR BT W TR - ANV ERT - B 0 - A R - AR s
AN BT N T RS - SR AT - i B

®F

RO RINZB 2 A 5 720121, WKEEYEI AR TH S, Bz, KEH 19 #
PR DWBPE A ORI O ED 6 RS CHEDS TN TR D, M ORELH %1€ X
20ICb T RTF—YBOEEPH L, LrL, REEF—2IcEI O ENES O fET
ISV, SR, F— 2 QBT & (AR T 2 Y E A 5 7o T LTI L
TWw3, B, HAKTHAYTD & 2 WKEEYE T H 5 K EERIEAEYE (Certi-
fied Reference Material, CRM) St R DR S 2 =F 4 iIcEkLooH b, FHillfEIC X
2 EMEHORHENS IR L R 2 BEFEICETE T3, ARFITIE, SKEHE CRM 2l
Z OFIFEICRD 2 RHEE R EBUR, EEROMMFIZ EE2iRR2 &L bic, MKEEYE
DFATHITH 5 KEHR CRM, & 5 IhOIEEYE O KEEYEIC OV AL, 5%
DHEHEIZOVWTHENT 3,

F—T— 8 i KEEYE, K CRM, HECRTREN:, SEMRFTREE, WEEREEAE)

*

2019 4£ 9 H 24 H3Z%H 2020 4 8 H 3 HAzH

FAFEME - AT 2, 2020 4R

HEPENTZERHTE A MR BT 72 v 9 — T 237—0061 w1 G ZH B T ST 2—15
PR 74V b= TEREEEI ey — T 3058577 FHWEOEHREAR 1-1-1
FEFERARA AT SHEEER S 2 v & — T 305—8563  JabRo  iFTifEE 1—-1-1
HRASHBER G T 7 7 2 (Bl A&t KANSO 727 7 ) FHllZHT T 576—0061 KB HidAR 3—1—1
SRETHIBREREE - Wpredl T 100—8122  HUHETAUHIX R T 1-3—4

Rl i55a T 850—0931 RkIRRRT R (LT 11—-51

IREEWTSE - ZOEHEME AKEERIRITIEAT T 236—8648 1A I| BE fi GoR X AR 2—12—4
JKEEWFSE - 207 HHE /K PEEIRITZE TSR LS. T 085—0802  ALiE ik k7 116

IKEERTSE - 2B RS AKEERANDIZEAT T 851—2213 RIRIREIRTH % U RH] 1551 -8
HAatt~v v 72 - Orotr T 237-0063 A IEZEEANRECRIT =T H 54 & 1 =
JEHEERFARABREREDIZERE T 060—0810 el di ALk 10 209 5 T H BREERlAbe
R ZERHFE R O ORTYERT T 035—0022 FHARR T ST ARFBIRFILEIM 690 Zih

HHEEH R EE

e-mail : murataa@jamstec.go.jp

O 3 O U1 &= W Do —

— = =
DD = O O

*
*



NHE-Fil - Far-

=3 - e - JER - R - oY - N - X - 80 -

154 TEA - g - NEE - RE)IL - A - AR - I - A - N - R - SN -

. FUBHIC

MR ORI, WIEEY OTEENC AR TH 51
0T, BHEEROEEL L TCOAEMNTH 5720,
B ER N oA O 2 A5 SIRIA S JIEDTThI T
ETVd, L2L, ZOHEMBRDONEICLZ2E VIR
L, HIEORWERELH 21Cb 53, EHFEREOF
RUZSOBHECHMD 7z dICRKER T -2 205 C
EEWNEETHD, HIVIEFHL L, BLAETTDhTT
o T, WEDE A, IPCCH 4 X FAf#H & F
(http://www.data.jma.go.jp/cpdinfo/ipcc/ar4/index.
html) IZHEHEHH 2 & S, Z ORIED MBI IZHE
HOREMEYE P NETH B L DRHRICE-> TV 5,

HAROWHEY IS 2 =7 1 Cl&, #WE25FICHD, K
Mt DEED—ANTH 2 FILOMBIFFEICIHED, ZD
% DR E EFR R R 0 FE e, MRS TR
(LU TJAMSTEC ) O tERIIZEM T4 5w i
EBVE— A FaT T 7 4 — i T OREEIEHES
EHETHERLEER E2@EL T, REEFEEYED
Wy &2 I TiIT - TE 2, ZOfER, HAE %
AetRERET 7 2 2 (B ket KANSO 727 7/
A, BUF TKANSO j) 238UE L T\ 2 EEHEY B A3
T =Y OHEEATREYE (20898 T 4) 2ED 57200
bDLLTHRBETH S I EDTHoT 05, T DOWKIEHE
WHD—>TdH 2 KEHFAAFEYE (35 Certified
Reference Material (CRM)) % ERII 7 BHEY 2 S 2 =
T4 TIALAVEND X ST B7201, JAMSTEC Tl
2015 4% X b Scientific Committee on Oceanic Research
(SCOR) & 4T, SCOR-JAMSTEC CRM o+ % Bl
5 U 72 (http//www.jamstec.go,jp/scor ), Z D—H Dk
BT LT, ESEEICHYS S ST P L —3 TV lR
FE AT O AR CRM ofiFE b Thi 7z,

ATk, EHE CRM 0Bi% & &k ofREE IR D
KB L EbIT, KEHEDN OB T ORI EHNT
b, %7z, S CRM D7 DI S -3k, Al
DIEEIGY, BIZ SRR, KRR, B ERY, %
E%SO CRMICHIGHARLEEZ 6D 70, ZDWL
ONEEET D, REIC, HARFEOHKEEYE Ot
AN DHEFFDL S DFEIC O W TIRE T 5, 4 DFtHE

1% 2018 4E 11 A 9 Hiz JAMSTEC =5 ChiffE S 1
7o T KEEMEYVE R 25 Rl v RY v L) O
FICME - BIELZbDTH DD, YHFERESN TR
EEREENERA - 7 F I A4 - 0% (E—x1
T v VRRRSHPENRIC & ) iIcowTiE, BEHE T
LTYETCHD-DEFL 0D,

KRHOMEBIIL T O Th b, $TH2ET, K
#iE CRM OFiFIc 2T, ZORMENE S LT oE
PRAFESEEEORSE (21, FILWE), FL L s
OB IS I LEHWE LTS CRM
OB - AR & 2 oM (22, B OEH, JLRE#
&) L EFEAEICHY T2 ST L —Y 7L CRM DB
¥ (23, Fav, ZHAE) KOovTHhRDE, i, X
EHCRM o EHEN 2 E ke RET 270 FRL 7
SCOR-JAMSTEC CRM % 4/ 3 % (24, NH#AFE),
HFIETIE, KEH CRM o ARIICO VT, KRT
TORBEBIHICOMEM (31, {8, |, KH, Fil#E
), KEWEMRICB T 26HH (32, BE, &7 1§
A, WEEE /N %), JAMSTEC @ Global Ocean
Ship-based Hydrographic Investigations Program ( GO-
SHIP) cfrbiCw 28U (33, M, HH, &R, A
JIL, A, FIUEE) cowTE#T 5, H4=ETII,
PR EE 2% CRM £ L CIREBKEY (41, FH#
&), WEKEHEYE & U CBRICIA A & v B REER
CRM (42, NH#E) 20D EiF %, £72, One bottle
TEHBD NS A=Y PHFES TV D T & & HIE I IEHE
MK OB (43, WHEE) 28N 5, B5ETHE
DML OV TIRIET 5,

DIFOETIX, REHOKS 2 WL THINS M
wWHNTW S THEEeE ), THRRSEEIE, TV VR, T
AWM, "7 vy L) OREIHKE—-LTWD, %
7o, BEMEYIE 2R TMEEEE LCRM, RMNS, CRM #%fi#i
L Cw %, RM (Reference Material, ZHB¥E) i,
il % O RESLHHEFTCEEINTZDDTH D05, £72
FAEEN TRV bDTH B, Certified RM (CRM) 12,
PRREE A D RM %278 L TWw %, RMNS 12 KANSO Tl
FESNTWwSRM OGS4 TH D (22 (i), RiFskd
HLTw3, ik#Ei:, KANSO-CRM & RMNS i[FH U
bDTH 5,
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2. R#EE CRM OB EBRK

21. MENEREGEOEBRHAFRBROBER

2.1.1. BKAOKEER
WAKFITIFER, VYV, FAREL o EYITIZNA
DICEHIRIE, U VBIE, 7 ABEO»whW 5 KER

ELTHEELTEY, ZDZEMDTC KM BT O
RENEBRET LI 06, FEEIFEFOERE &S
TIA=YELTHEINT VS, £, HAEBPWERE
Wo e EYNEEIC L D REFERLE S C:ONPEILVH
(F: s —ETH2ETRL TV EDITTIEARY) 20
LTEBICE T LT w3 ZEh 5, HIRERELOWEE
LB D 6 b EEHEI N TV 2,

o, RIAEHINTE T 3O AMRNMICD
WTH, EYEE RN L TERICBEEL T 5, BREI,
KEM L ARIOBETOEMICE > TUHDHFETH D,
HIER EOF R RBEESLCRZOMFRE, £13b C:O:N:P
ENVHENLTHEEDVL T 5, % 50 FHic, JHEIC
B 22ED 2%ICHNT 2ERINEE L2 L v S B
b AN, HEDIKEE 200 m T 70 umol/kg A D
VAR NS LA > T b L it b &% (https//
www.ocean-oxygen.org/de/declaration), L L, ZE&
BHE NS DB TOREBREOZEHIE S 2>Tw5
D, Fl:, BIEROLEFHL OBERIZEI RoTWED
DEVI ROV, FREHRISNHRET LA S
NTW»zwn,

HEEODAZ, WHEFCTBLOTRFL—Y—LLTD
HELKRE 2RI UCE e, HIAIXERIGER DT
BWT, WHAOMERIEERGUL MR 3K &
WHREBRO2RAMAEFAL CEEH N Tz (Bro-
ecker, 1991), %7z, BEFILPAE L I KEHEEEHEY)
BHEEMEL L Eon i 2RoREE -2y b
GND13 (http://www.godac.jamstec.go.jp/resource/
data_catalog/GND13/GND13zip) > 5 1%, ¥ VY
DF =R F 056 TREBELNR Y, KFHEFEOWEKR
TEBRB T 2 el D b 5,

D&, KEEIMNBHORGLE %M 570
KARRAIROSDTHZZ Lidimr LA, LeLk

235, 18 BT R ORHAPREVEBLN O BRI A & HIE 34T
bh, BICEL TR THER TR TV
159, BREFEEVEIE N LIRD7-DIXTSRIED
ETh D, AFETIE, HHLLUIRD IOV TR VIR
5L bz, REEREIEICR D RITDORIUT D W THEN
5,
21.2. BENETREER

WIRERSE D2 E), FHICHEREIC B U 2 KEEOZLH)
DOWFZRIC B W TIE, &R CRM 23N $ 2R T£%
R2ZE) ZTELD TZOENIEALI DEHICLD
bDOTHDHPED D 2D B LiE, FHEYHELE
B ERIC K2 ERE AT — VO EN TV 72
b, HEECTHo7, bbAHA, KEHOII2=74
WFRFE DT O LB RTREME 2 HENL T 2 72 D DB 1% 1R -
TWebFTREroT, KBEHDI I 227 1 FRE
B\ —4 omEm ke stk om L2 HEEL T,
<o EBRHEFSEER, EN® 2 it 2 Ef LR E s &
BT TC&ET, £z, W OhrDEPCTuY =2 Ml
BCATREME 2 HECR § 2 e D IR EBREER 2 FAFE L, Ef6
THIELITHTER, T, ThboHFAFER L S
FEER OB LA B D S BB ICHE > T, i
% 1%, International Council for the Exploration of the
Sea (ICES) 2347 5 788 5 M| @ A EEr @ 7z d ICHFE X
N7 REIERER O EBLEAN I, BRREH F AW, Y
VIR E T AR T T AT v AL D 2 R0 H
BIREIE T LV TH 297 35 @ VKI(Water Quali-
ty Institute) FEEEEHEE L TR M0, FHS T
% (https//www.eurofins.dk/miljoe/vores-ydelser/vki-
certificerede-referencematerialer/information-in-
english/certificates-in-english/ 20204F 6 H 26 H [
)., 2w, 2000 F B & 2002 F T b ik E
National Oceanic and Atmospheric Administration
(NOAA) & 7 F # National Research Council of Cana-
da (NRC) o EERILHEEE I, SLRERIC L 2D
dIcfrhbNn T3 (Clancy and Willie, 2004), #AHZ,
TAWRME, VR, HERE, B X ORI +
H ORI EY E R Cd - 7- MOOS-1 TH b, Z ot
FEBOFERCHBIES N/, HWBHAZIZLD 11 #
3200 L 72 Cooperative Study of the Kuroshio and Ad-
jacent Regions ( [E & 5 i I A 5 7 :1965 4F ~ 1977 4F,
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CSK) @7z iz HAR DB I AF R 23 ER L 72
CSK #EHER DS & %, FIARR—ATHo/EMNMF I I D
LANTHRKR=ZATHEZ Ll oF FVic Ao T
5L, GOV TERNAHNED o7z b DD, #
FEERIEICEB T 2 TR o1 Ric&iciZoTwiz
LI3FEHETH D, 7z, 5 30 ICES EFRILFHTEE (1969-
1970) Tk, FHEFHFEOWFAKZHLFEERZEE LTl
T 5 EDRLEIICRDNE, HARD CSK K %
HFAEEOREHCRAL Tw3, TIN5 OREEEER
&, BETL {0 R THEHINT»5 2 LI, 2018 4
@ International Ocean Carbon Coordination Project
(IOCCP) & JAMSTEC I & 3 HELHFEETOK T R
»HOFHET, ZMIAR69H6 IR JIcill 72 3
BHORERFHEZHoT0R LRIZEL TR L L HHA
L TH D,

N Zs i COy DWFHE T O E =AM T, ALtdiR
COy IFEERETE R\, BHETHEHL TS, &
DRFEBRICB VT, BERDL SR TEYIC X 28%
RS LWL, BREBIIKKBHERTOH A5
B IRE DZALFIC X DA HED S HRE W LW S A
BRH O, REEIOGEYHIREZAED 2N TE
i, XOARHEIPZIONIVEED DX AREE D, L
L, WEORER T — 2 OB A BEME XN IR
$, WPENER D AR CO, &% B d 5 72011,
b o LW REEZ R T 20ENH -7, IPCC D
2007 4 WGl Chapter 5 Observations: Oceanic Cli-
mate Change and Sea Level TlZ, ¥EFEHREDRFEER
F T & 72 DGR FTREYE O KA & 5 LHERES
T3 (Bindoff et al., 2007),

REHERIEICB T 2 TR R < iR PLE A
DO IRRT B 7o, KEH CRM OB ITMH % - 72,
1990 FAR I T b 7 EEREM 7" v 75 LT H % World
Ocean Circulation Experiment (WOCE) DIz 5455
B CRM 3BT H % L OiEmIFfThh Toih, ik
ELTCHEb s TE d o7, HATIZ JAMSTEC
1993 4£» WOCE #ii#ic 8> T, JAMSTEC 0 %= T
g AT I R U 72 3R 0 SR E R RM 23] 0 T b
Teo % O, REHEHFEORIE O3k 50, 2000
EAER O ot Kk W CHBRIE & 7 A BRIE D1 — 1D
04% & b B 7%z b, ko ICES o EEH R 525 ¢ B

SNTAEEYE L ABREIGELZ, L L IORATE
VU0 —HIZ 1% 2 BATED, 51D
HCThol, ZOBMIEEZHT, ZORKHE, 2002 £ D
Ocean Sciences Meeting T, 4 £ DRI 2, ¥H—
b BORARNEAKD SAFHL L 7R BRSNS CE 228, 1
vy k300 AEFIRETH D L EERE L, F,
BAGCORRETEHFRIECE Tk o7ch, LD
OIS 20 L ORERE 2T o7z (RFETH S0
RIKHFIR D B o T REBIEIEEYE ST E T2 L DFERIC
R U “I can not believe” L FbN7zl E2HZTW3),
MR 21T o 7o Bl I, RS EERIR S BRER R
FOBHED 6, AN S FL—H T TH B LDUh
HATHDLEMELCO»HTH S, MRz, BF
2V v ORIEMME L R RFEORIEM L DI ETS 72
DI, WHOMEMEHSEHICSI L= TNV THSZ
EDBIMEATH DD H5TH D, %7, mEDMOOS-1 %
VKI REEEHED X 5 1 HFAFERIC Xk 23R ATHETH
0, FFZoE%EEILT, ERLVOFHEELEL
vy — (HRoHLEX, (B RS AR 5EiT
FEfE#EL » 4 — National Metrology Institute of Japan:
NMIJ) ic & 28GR E L LT 2L ThL—
HEU T4 RRERHET 200 HmNICIEL CIEY R
ETHHLEHERFE LT, fERE LTNMI 258
AEEEHE L LTRSS D KDk o7, T 6 DRER
BEHEEBL D R R P RRARICBI L Cld B CREL S BR B
%,

Z 0%, [T OEBOEREM I 2 KEL <, fF
B 7o R EHEHER 2003 £ & 2004 FFICEIAE L, REfE]DY
T L Z RN - CTH AR R S T3 Z
EaMEDP D BEREZTO, FHFAEL REEFEER
i o 7o e ) O BRI A 9288 % 2003 FFICSEME L 72, DURE
2006 4F, 2008 4, 2012 4, 2014/2015 4%, 2017/2018 4F &
EEL TE w3 (Aoyama et al., 2007, 2008; 2010a;
2016; 2018).,

FEIFR A I 1% 2009 4 12 BUN VB Y & B4 (Intergov-
ernmental Oceanographic Commission: IOC) @ FiZ A
JOINT ICES-IOC STUDY GROUP ON NUTRIENT
STANDARDS (SGONS) #1326 b, ERWH 1% #ED
LIEH 2L L 72, S 6K 0 FEEL IR ZA
72 & SCOR @ Working Group % Hi#& L, 2015 F2 5%
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gL, 2L FHBEOER RO 50, 2019 FF T
EE 2 ML T 5 2 & k7 o 7 (https//scor-intorg/
group/147/), %72, JAMSTECIic & % T& 5w B2k
BRI — A (2003-2004) le BT, A CHREE
REHE 2 AR o AT e e 2 fEGR L 72 7 — 2 &2 v b
BEH L7 . 20%Hb TAB W) Ol Tl
ZRREMRE LCHEAL, HARE X OWiER o ik e
PRHER L T &/, S 5ICHREEENER M2 - T
THI LIk, FEENEOREICKET 2 A ) S
DREH D HHHEL 7257z (33 i),
2.1.3. mEQEEHFEERER
FEEOMEM GBE) &, MWEHEAHE» ST 1%
WA RFo 2 &, ZEBREMNROELH D
WIFHEBIZM L =Y TN THL I EDRRDENT B,
KT OREE O CRM 1% 10 FFRE#TH 5 AF A HEIC 4 -
EPOTHY, COIBDHEERZERT 2720I1I1F
CRM o &R Cc oS AAIRTH 5, ST T
DO KRBT — 4 DA E2HIE LT,
IOCCP & JAMSTEC 1% 2014 4 & 2018 4 @ 2 [], F:f#
T EEE CRM o [E BR 3t [F] 92 8% % 920 L 72 (Aoyama et
al., 2016; 2018), 2018 F DI FAEKICSM L 72 69 D 5
A28 DT KB CRM 2L T3 ERZFLTED,
CO4EMICCRM 2 2 7 R 2L 72,
F7:, CRM 2 L7259 X oMmE s n - BERBRIL,
Wm0 I ARSI EL b D E o T, L
22 L, 2014 4 o Sk [A] FEERAS R & 2018 4 o S [7] FZ B 2R
b, WDHLDITRICE B RELRNEROBERDIE
I O W ASEY TR E b BSlchotz,
N5 OREHRIE, HEFOWIEICE W ORERIRE O 2H
P T o HEBS AT REVE & AR 01T 13, SREIR IR o 2 & Hi
2HN—F5CRM DLy F2HHTI2HERH B L
ZEWRLTWw 5, SR TR IESHER I N
KEHT— 52y ME, RIRHECOWTFERIELAE DM
HERRRIC T 2 LIRF ST 5,

214. SHEDEZE

BfE, HAKTHAYITDH & 2 W/KEHEYME CdH 54
EIE CRM SR OWHEa 2 2 =7 4 TR L2DH 5,
e CRM I HD W 7 HIEE 2> 5 M EBREE O R B ZE 5
PHLPICENEZHbEWEEDN S, SHD Z DRI
2 25 FICH B HAENZ L & L72BgE, ERRE

FE, BRI 2 SR BN FE b & k& 2 2 DB SO RR T
Ho, FERICH > TR O X 0 s FEEE2EET
5 7012iE, BIEORNE MRS S 2 EMFET
b5,

EGRIEA, VEPERREAl, WO BRSO HIBREREE
M TRk Tl 29KRYITh b, Z0dIidEY
2L TR 2 AEWIRIAIC & 28050 L, #BEP CO,
DVEFRLE R O B 7 & OIS 2 W I3y Ly
k2R EXFT 208D 5, KEEOEKET —
b iiE, C:0:N:PhzilE L CEYHIRLIC X 5%
RERELL2 LWL 2D, CTDDICHRER
CRM it o w - 2R coREBRRE O NE
T = PNETH 5,

22. RE - FREIHEETORBOER

221. HEODE=R
KANSO 1% 1990 £ X & b JAMSTEC & WOCE #% 1%
Lo LT 29N E0MEREICEEb>TE R, ZD%HPT
FEHELE < MU 7 ADR L TH B KRR EF L 71
HEYVE D, WEHE, 5, BXOEEE R EPRL LT —
G RHEAREL T 5701, BRERARTHB L2
FkU7co L2 L7add s, 1990 4ER £ CHERHIEIC B W»
THKR— 2 DIEFEYVHE IR CH D, BITEICBT 5
REHOBMNRE RS HIRREOEEOLE 2R L T2
D, DHFEEICERT 25D TH 5 Dh% ko 5
LR IRRETH o e,
2.22. REBATHBKEEYE (KANSO-CRM) O
BEHEH LU E

1993 4F & b S ME Fig AR EYE 0T %2 10
Too BEHEMYE OBEE U CHEM L ZEEPRDEN D
2, ThoOEMAA T D TR, YIRS, K
KOWIETH 5, EYTEEOEIRICE, A—F2L—
Tk BEIRBEALIEE vz, BRSO TR
BWT, REEEHRBEICEDEC D, EiEEL
HAGREMS Lz, ZoOfE, NWHEMELZAT L
2GR (Fig. 1) 232 2 Lic kv iREZEEIZ
B EMHAREE e o7z (Ota, et al., 2006), %7z, it
FEAVEE 042 - BYEAZRP o, e, HH#EE
BERTHEEL, 2V =Yl —LHDZ ) — v RV FH
THKEBEMHAORSE (R 7L v 100mL) i
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Fig. 1. Photograph showing a giant autoclave and
stainless-steel reaction chamber—seawater is au-
toclaved twice at 120°C for 2 h.

DELZ, EHICZOREE TV IR ANMEZEE L,

KRD7FESZ EH YD 1070 LIz sl kickd,
B EREWEDPMRTE B X512k o7, 2000 £EIT 15
TR E KL HEY) S (Reference Materials for Nu-
trients in Seawater: RMNS) & U <L, AHG2BAL,
2004 £ 1T I AR 19 70 B R 25 58 B L 72 (Ota et al.,
2010), 78, KANSO Tix "TRMNS, #@s% & LT
AL TWS, TDX51C L CTHIFL IEEYE DR
&, ROMWYTH 5, (1) FEHZ 100 %KMK (AN
WieL), (2) | KORGCHRORERET R CEEH

(3) AR ED A CRIEE, ESICHATRE, (4) F
Bhg K DR A I & 0 R E 2 & SR £ ¢ 3G pg
(Ota, 2003), (5) 74ERTICH 7z b ¥ EM:, ZEMEDIRER,

DEMTH2, ThoDREIE, 3 CICEL 7 EIChH
FINTERLL O OREREEE DG /2 LT
o B2 TR LIEDDE RS T 5,

2.2.3. KANSO-CRM DOFREEH %

BB 5L 50, NMIJIcx LT, HARDHKER S 2
=7 4 CHRELEFEELZIEL, SI FL—Y TV RERE
WETEDLIHICHEHEL Tz, Z2O—F 7T, KANSO
DR 7 R E S B RIIC S FL—Y 7V TH B
CTENEF L, REZHCHIRIERM ORI S

— % O HEATRENE LB AT (P L —H eV T 1) &

JeH - JbR - ARy - Y -
AR -l -

AH - BE - BT -
TR - N - Hd - 310 - g

REFL, ORI DR T 5 & w5 EERI 2l
B L & T, KANSO % 2011 4E 12 13 Accreditation
System of National Institute of Technology and Evalua-
tion (ASNITE) & #9'5 4: # 4 78 7€ (International Or-
ganization for Standardization (ISO) Guide 34, ISO,
2009) #HufS L, EWNMZ ST b L =370 7% CRM & L
THEHGT 2 2 L & Lie, BIFEDERFATREMEIC DV T IEhE
B, HEREERME R X 00U v, FHEENL—YEY
7 4 #ill (Japan Calibration Service System: JCSS) #
L% 2T T BEEWR, 7 A BRRE T A ) A E AR HE R AR
7%t (National Institute of Standards and Technology:
NIST) »fa L Cw 2 EHEYHIC P L—H 7V TH S
Merck #L31 0 BEHERE 2 F W 72 (3 02019 4E 20 5 JAMS-
TEC & KANSO 233t[Acili L, NMIJ 23ER T U 72 $T
Lwr A REHERICAHEI LTV 3),

2015 42> 5 1FFRELE O PR E 7% 12> v T JAMSTEC
& KANSO i k3 THFEIFREES A7 L) 2#REEEL 72, W
B Zzh 2N 30 Kokt 2 BHEE L, HIE
U 7o i RAOSIEIRAE 2 S S &R E (k= 2) o#EiFNT—
T ELEFEME LT, &FT3 vy b OB O MIE
ERIFAUERE (k=1) o#EifETcd L T3 (Fig
2), HIEDOEMERHED 1%, MiBEREAYSEER H 2 13 SRk
%CC FORDODTHERLTHEG LTS, E5ICHIERIC

I LMUMER D20, NMIJ 2345 L T 2 3REEIE Y
%f:?o & O RMNS o BEERGEF v v F 2 HTHEIE L, HIEE

DSERAEAE DIRRAE D S OHPAIZ A > T 5 2 & 2R
LTw3 (Table 1), &8, ZITHVLLRTW %HE
HIREORETEE, MR L bME2I 227 1 Tl
HHe N TWw 3% (B, 2018) ko wTirbh T
W3, ZN6DOIEIRE I BT B —H# D X ISO
Guide 35 (ISO, 2006) Iz WTHEMELTH b, Zok

FIFEAE > 2 7 L OfgET, X DS ZEEEEY
Bobanc& sk tirolz,

2.2.4. RMNS O¥HEM

2000 FEICHLE L 72 lot K ITB W TSGR & 7 1 BRIE

O EM: GREEEERZOMXE) 5704% & b B %o
fehs, D VESRIC O WX EEN 1% E A 5D T
H otz 2004 LU T SRS LA OWRIC K D Y
VEEDEO THEMEN 04% Kb LUz, CofE L
DOWRIZIMZ T, BETHMEREED LIk b 02% &
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157 Nitrate (CF) _ Nitrate (CG) 163 Nitrate (CJ)
435 % 23.8 é 16.2 +

433 + 23.6 + 16.1 (%
43.1 234 16.0

161 Silicate (CF) _ Silicate (CG) 98.8 Silicate (CJ)
160 56.6 (% 38.6

160 56.3 + 38.4

159 56.0 38.2

3.09 Phosphate (CF) 198 Phosphate (CG) 121 Phosphate (CJ)
3.07 1.71 (? 1.20 (%
3.05 + # 1.69 é 1.19 +

3.03 1.67 1.18

@ KANSO Measured Value

O JAMSTEC Measured Value

Unit : y mol/kg

(30 bottles X 2 measurements uncertainty (k=1) )

Fig. 2. Comparison of measured concentrations of nitrate, silicate, and phosphate for three lots of CRMs (CF,

GG, and CJ) between KANSO and JAMSTEC

D BwikRaBoh s (Fig 3).
2.2.5. RMNS ORI

RMNS D #EEAZIZENAL & b B MERIcH b, 2017
O AT BIBOX EIN 37 BERY, B4t 32 #EY (12 » E)
Lo tz, BHTHAMTOWTIZ 2012 4FIC KT L, G HE
BAELAY A%, (A AR AT 6 5123 L 72, 2005 4F ~
2017 fE D REHIE AL IZ 32,103 AlE L 72 (Fig. 4),
2.26. RMNS O5#%

FAEZIZ LT 5 254, % OBREICH M
ETEE, FIAT7 VR I—%280 R 5h 58L&
W, OME ST, AR A RS E LI LD TER,
BIE, lay P& b oBEARBUL 2500 K LD, T
FT260vy P EERELEL 2, S8, REHEALT
W 72 WS O BB~ O G & BLEF I RMNS o F¥e Al /8
77— VBRI 2 BR L, SEOEES I Tl

EE N KPR E 7 — & O RBRHRET o L]
EMED & 57 5 H BICEBRL 720,

2.3. NMIJ (& (T 5K HEE CRM DEIF

231 BIZE

SIRIT BT B WK O M E 6 o LB AT REE O LR
W C, #EE CRM 0FEN G 53—/, BEFEOH
BEHAT R (SI) 12 b L —H 7L e 5583 CRM 12, NRC
IZ & o THIF &z MOOS 2V — X (Bif71d MOOS-3)
DHTH > 7z, MOOS ZALKPETENFAKD 1 KH#ED AT,
KV-PESE D SR IR T S W SIS I3 LT v e,
AR R PRI XG5 7201, NMIJ Itk -,
iR ORCPIERE) - e CRPEVERRE) - MR
B (HEVERE) OREE+ &6 T % 3IREK#ED ST +
L —H 7OV 7 s CRM (BT NMIJ CRM) 23pa%6 &
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Table 1.

M- Bl Fa - =50 8- W - JUE - 8 - b8 - A - RE - B -

A - W - N - RN - B

BAR - A - IFR - NE - E - 58I

figh

Nitrate concentrations for new three lots of nutrients CRM, lot CF, CG and C], measured by KASNO
and JAMSTEC together with nitrate concentrations of previous lots of CRM for validation of certification by
KANSO and JAMSTEC, respectively. Certified values of previous lots of CRM are also shown (unit; xmol/kg).

laboratory concentration

previous CRMs lot name

BY 7601-a CD 7602-a CC CB  7603-a BZ
lot CF certification
KANSO 43.36 0.039 0.038 5.479 15.49 30.91 35.75 44.14 43.38
JAMSTEC 43.45 0.046 0.042 5.494 15.49 30.85 35.84 4421 43.38
lot CG certification
KANSO 23.67 0.033 0.035 5.484 15.48 30.90 35.76 44.12 4331
JAMSTEC 23.71 0.002 -0.004 5.461 15.48 30.88 35.73 44.18 43.41
lot CJ certification
KANSO 16.19 0.031 0.036 5.494 15.55 31.01 35.93 44 35 43.55
JAMSTEC 16.14 0.045 0.059 5.483 15.48 30.88 35.77 44.20 43.40

certified value and uncertinity (k=2) of previous lots of CRMs

0.024* 0.021**
0.019*

5.498 1530  30.88
0.050 0.48 0.24

35.79
0.27

4450 4335
0.58 0.33

The values with * are below quantifiable detection limit (QDL), thus these values as not certified and just for reference.

The value with ** is not certified and for information.

Homogeneity (%)

1.2 ‘
® Nitrate K .
1.0 | = Phosphate |- e @9‘?589@9? ,,,,,,,, e ; ,,,,,,,
+ Silicic acid ut ol
08— .y L
0.6 Lo A
ICESI/C5 | BG |
0.4 _(France). . '_ ,,,,,,,,,,, BFE BL | ¢ |
. ‘ o s
0.2 e e
¢ ) ’
0.0

Electro-polished Stamlesﬁs Rea¢t10n Chamber

,,,,,,,,,,

ified by
STEC
(ANSO

Year

1994 1996 1998 2000 2002 2004 2006200820102012 ZWG

Fig. 3. Temporal changes in homogeneity for nitrate, phosphate, and silicate—ICES/C5 indicates the results of
the 5™ ICES intercomparison exercise for nutrients in seawater (Aminot and Kirkwood, 1995)—letters K, AH,
BC, BF, BI, BV, BW, BZ, CB, CF, and CJ show the lot of RMNS
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—Provided to JAPAN —Provided to Foriegn Countries
—O©— Number of Foreign Institutions - -& - Number of Foreign Countries
(right axis) (right axis)
5000 40
CRM SCOR-JAMSTEC

z
4500 =
. A Certified by 355
o
5 — an 30 eh
O 3500 P ool
B 252
= 3000 P5 | sl | 252
> aQ
& ] 1114 a
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Fig. 4. Temporal changes in the number of bottles of RMNS (bar graph: open bar for foreign countries and
meshed bar for within Japan), the number of foreign institutes (open circle), and the number of countries (solid

triangle)

N7z, RIETIX, NMIJ CRM OBFIFICERT 5, K4
By (HRHERE, BHERYE, U U ERE, A BB ofifS
J OB OV TIRR B,
2.3.2. NMIJ CRM O&LE

NMIJ CRM o #lii 132 KANSO 12 TfT o 72, JEURREK
i3 Millipore £ > 7L > 7 4 V& —=TAh#@L, *+—Fr72
L— 7 CHE L%, KU 7oL 8100 mL fEsm
(KANSO-CRM & [FAI£%) 149 100 mL 372 /N3 1T ffias
L, 7VIT 32— FRIZERLL, &2TOMEXEY
U= b= LNTITo 7z, ¥R CRM 3 7KHE D FURRE K
% Table 212, /N3 FiROIE % Fig. 51cmd, 0
fiffix, 212 TH TR 7ZBFEDER TR bz b DTH %,
2.33. KEBEEDEE

FRBRORE (HEDH) 2#EL 5 7201K1E, —
KEEHEREE (Richter, 1997) H U { X IEHE S L REE DS

MRS N7 2EBM Lo oirikic X 2R HERE S
%, NMIJ CRM O&SREH ORRAEIC Y72 b, SKEE I,
B2 50 E 7 I3 EIR 2 RED 2 DL E O HTRIC &
LEBEToTz, HOSNZ5D2DO0WHEICK 2 ERED
WA TICHRD, &, TEOBRICIE, THHEEBE, 0N
FRlE, U BRI w T NMI —REHER %, 7 1 Bk
22w TiE NIST SRM 3150 Silicon standard solution
2B AR E LCH W, 79 v 7 Iid AN TK (3
% NaCl 8 & O 1% A D MgSO,, NaHCO; % &rte, i#ifi
MR & 2 EER) F 72 3HK (2ot 5k
TOERK) 2w, A Fv2ru< b5 74— (IC)
(HEEaE B & CEERIE), 1IC-FERKE T I A~EHESD
Mg (IC-ICP-MS) (V v ), otk (7 A %
)2 <, 7o hoREEFEREHRLER v
ThHRIHBRLT (FHEEE, MEeE, v Vs, 7
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Table 2. The raw seawater materials of NMIJ] CRM.

Concentration
level of
nutrients

NMIJ

CRM No. Source of material

Extremely low 7601-a Seawater from the surface
layer in the Pacific Ocean

Middle 7602-a Blended seawater of (1) 690 m
depth one of the Arctic Sea, (2)
1500 m depth one of the
Atlantic Ocean, and (3) 397 m
depth one of the Suruga-wan
Bay

High 7603-a Seawater from the nutrient
maximum layer (3000 m
depth) in the Pacific Ocean

Ny

ML oRy 76032

MMy GRM 76027

: g
o, G d’:‘ﬁ,{ \ﬁ@;ﬂ;ﬂ!’ Y
'or Nutrents — MIZH o §\.l utrients — High & ¢

F R g REEE

Ay gl
e
. ‘:"ul';:;_“'; e oL

Mo St
e o

Fig. 5. Photograph of NMIJ] CRMs—left: NMI]J
CRM 7601-a (extremely low), center: NMIJ 7602-a
(middle), right: NMIJ 7603-a (high)

1 R omHRRIE 2 ZFh 02 umol/kg, 0.09 ymol/kg,
0.0004 mol/kg, 0004 ymol/kg) T&H -7z,
(a) et atrid (CFA)

EHE RN T EE (AACS-V (BLTEC)) % v
NIRRT & o T, REEARTOEREITo 72,
RS omtIciE, Rtao7 e EMAL 72
Griess fUt % Flv 7z, MR, fEko Cd A J LT
BIGL7cDb, HiiEgE & OAE% Griess RKIGTRD
T, HHREERIE %2 2 LB T TR D A DIRE %
B U7z (Cheong et al., 2020), V v &6, 7 A Bl

SN TSR - N - EH - 310 - g

oHiIciZEY 757 v 7L —iEE w7z (Hydes et al.,
2010; Cheong et al., 2014), E&EiiX, AL¥F/KT=
U ARy F U TR (R IR +5%)
IZ & BB ARARE R Wz, AN THEK & ERHEK
D= VI ADE N SAEL B EHIMUROMEE O
ek, PHEPSE L TRED - 72,
(b) IC

A 4 > e 5 4 (TonPac AS23 (Dionex/Ther-
mo Fisher Scientific) ¥ 7z (& IonPac AS10 (Dionex))
THREDZ DML 20b, BREEE F 23R
W& B EITo 7z, AERICEERMEZEH L, i
gt HRIEIRE S & OV VIR O E R E 1T - 72 (Hioki
et al., 2008),
(c) ABIHILI S — F U v VI & 25 A A v ERE

AL IC

Jelcii R 7z (b) IC EHE AN Z €, FEEEIE I
2%, OnGuard II Ag»#— btV v (Dionex) I
L0, WA A A v EERELCABETEAT 25
TOERESIT- 7 (Weiss, 2016), IC E#HEE A & 1X
DHESTED R B0, TITREEZHIEELT
o7z,
(d) 1A v #brrm~ b+ 2757 4— (IEC) KR+ A

Z LS

TABEOERD DI, IEC KA b J LB
J& k% Fvs 72 (Cheong et al., 2018), IEC # 5 4 (Ion-
Pac ICE-ASI (Dionex)) T% A gtz 5hE L 7z Db,
RAMAILITTEY T T v A T —E2#H L TH
tx, WOEHERBZIT o7z, ERICITEEERINE
ZERM L7,
(e) IC- AALHAAEHR -ICP-MS (IEC-ID-ICP-MS)

SR DA DI W7 A [l EE T
% 7z &1z, IEC-ID-ICP-MS % > 7z (Nonose et al.,
2014), IEC #1 7 & (IonPac ICE-ASL) T/ 1 g6 %
THEL 2B, B0 REE ICP E & 9 4T & (Element2
(Thermo)) 12T *Si & *Si FtHHE %2 WE L 72, &
fERE ICP H BTt~ D KIE D ELZ BT 5 /-
Wiz, 1IEC & Erfiae ICP EREAHrat okl i) b
BASVT 2, FABEO € — 2§50 A% ICP
BEANEHCEA L, ERIE, FAkRhicBEEEo
PSi HERAL R 2 I L, PSi & PSi oFHEeR O Hik
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W % AN ARAR AT 2 B L 7,
2.34. HEMSICREREN

CFA OHIEMED 6 BB & CHRELZEEZ RS -
720 MERIEEMEIC O W TE, ISO Guide 35 (ISO, 2006)
It > T CFA oMIEMEZ TE i L, XoRick-T
SR B MR HE AR 22 s B & ORI M I & 2 BEHER
T X upy 2R D7z,

MSamong — MSwithin ( 1 )
n

o MSyithin® 2
Uob 7/\/ n /\/VMSwithin ( 2 )

T T, MSamong (FHARTT-HI ST, MSwithin 139N (72)
SIS, n BN EEE L, VMSwitin 3N ZEI D H
HEZRT, sk BE L upp D35, INDPKREVSTZ
IREEEMEICHR T 2 EEEAE» S L L TERA L 72,

PR EMIC W T, ISO Guide 35 (ISO, 2006) i
fitw, LEWE=2 YV v IHER> - OfREHE L CFA
DRFEMEICOWTHR AN ZITo 72, WO - K
BILBLTHARIIAER TR, BEEE=2 V7%
L 72 4 I D » T, BRI S IBE O RLE
MIxR N o, REFEZERDOEEREDIIX, &
EME=4 Y v 7 OHEMBORK L R/NDIRD 5 D
i 6 D - 72,

2.35. FFHEEDRE

ERoaHTEIc k5T, JIREKAE - 4 KBRS, B
12IHHICO W T OERENIE 6Nz, EROFETER
A3 5 N7 HEE, BRHEE DD S OFIFHAT—
LTz, FrEfERE, &7 E RO RN T % %
ML, —HEoATERMEIELNZEBIZOWTIEZ
DEEMEEMAL 2, —fHlE LT, NMIJ CRM 7603-a
(BBE) o7 4B oW T, EoIEoTEM L &R
7 B fE % Fig. 6 1289,

NMIJ CRM i 81F 2 FiEfE D E#icId , RELE, 2%
HE L OSEERH 5, PRIl (certified value) 1,
— XA HEHE % (Richter, 1997) H L < I3 IEMES LR
DHER S N 2BEY Fo sk oMt & h, HWE
M, REWZETARHED S DS N FrEETH 5,
% {H (indicative value) &, fEMFIC 1 BB D HE

Sbb—

150
W 148
£
o
£ 146 - ®
3
~
wv 144 4
142 T T T
s > & &
< & M8
0 (% 6
Y & A
< < &
N &(J (JQ/

Fig. 6. Analytical results of dissolved silicate con-
centrations in NMI] CRM 7603-a—the error bars
indicate the extended uncertainty (U) associated
with the coverage factor (k) of 2 for the confidence
level of approximately 95%

L RHATE Do 5Fic kb, RIMEOEMZHL
TORWRMEETH 2, FER (information) 1%, 1
HODNEIC L B Z DR TOERMBETH 5, ki
P S HPREL, Ffa e LcofEEE2 TR
EHIWT L 72 (K CRM D& A HED S8 20% T, 7
D7 F v i B 2R K b H CFA HIEME A
INEWIGA) B, % CRM OfFFICE L EE 2R &
20 AREEIX, SEERE L TREEL w5, 1215
HOREMED > 5, EHEOFETERMEIE SN 61H
HZFRALE, — koA TERMEIE 6N 2IHEICD
WTIESEMEEMERMT 6N, & E, NMIJ CRM
7601-a (MUSIRED) OUEEREIE, THERIE, V VB, B &
" NMIJ CRM 7603-a (FiREE) omsfEE o 4 HH 14,
HIE S > & DM EMEICHKRT 2 R L S HPKRE
ot tz®, FiffE s LT OEEEZZE L TS5 M
EDPEMT Lo Tz,

Fri:faIc e S 2 Rl =1k, (1) F7%kICHkT 5
BHERTE D S (BEEROBERE,» S 2 &), (2) ik
M OGRS S, (3) MR E M I R T 2 A
»E, (4) RIZERICHR S 2ERHE» SO>S %
ERL, SIEERHED SO TR OFTRD 5 A A
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PEEREM U, HEECRM o4 12 THH o Filkfi 2
Table 312789, NMIJ] CRM 7603-a (F#E) <i, fil
BB, 7 A BT 1% R E QIR A Y S THRIHEH S
bz, —J, HEERIEE LY vEBEIcowTi, &
BIEEHIME 72 I CFA DA DS HTETOERELHE L
{, ZIEZEBEE I ESEHERICEE -7, NMIJ] T
&, &0 IEHED> OEREE CEBEEOEWREEOERIC
M C, BEER R & ORER AR OMIHE 2> 6 Mt % ik
LTwa, —fHle LT, BIRCFA TLI2ERNPTE
ol pph LRV YEIEOERICHITC, IC &
ICP-MS %3 L 72 Tk 0BT 2 T-> Tk b, 5K
SHOEE LCHIHTE 2 REED S 5,

236. £&EBD

NMIJ i B8\ Kz Hwi, ZE»DSI L —4

Table 3. Characteristic values of NMIJ] CRM.

Extremely low Middle High
(7601-a) (7602-a) (7603-a)
pmol/kg pmol/kg pmol/kg
. 0.41 £ 0.04
NO
2 0.035 (10 %) 0.026
. 15.19 = 0.44 44.27 £ 048
NO
3 0.021 (2.9 %) (1.1 %)
X 1.06 £ 0.05 3.03 £0.05
PO,3
: 0.021 (4.6 %) (1.7 %)
Dissolved 1.28 + 0.14 29.80 = 0.61 146.2 = 1.5
Si (12 %) (2.0 %) (1.0 %)

Black figure: Certified values; blue figure: indicative
values; red figure: information. The value following +
means an expanded uncertainty (U) with the cover-
age factor (k) of 2, for the level of confidence of ap-
proximately 95 %.

=3 - e - JER - R - oY - N - X - 80 -
SN TSR - N - EH - 310 - g

TV 7e 3IREEAKHEDSFEE CRM, NMIJ CRM % Bl L
7zo NMIJ CRM 13, IREE/KHEIC & b RIET 2 REIFEHIT
BIRoN 2D DD, KVHEREDBSRERRES S,
BIZIET T v 7TV 5 & 5 7, KEEIRE LR
ULEE DFRIEIK F T DS AR ESF R EEEIPH I NG L 7o 5
HMOREHCRM TH Y, HEEBNZ T D & LIHEHE
K DRFHRE DR EEHICHR TS 5,

24. SCOR-JAMSTEC CRM

24.1. FEAmDILHE

H A O i K EEHEYVE © & 5 S8 CRM % [FEFR I
ER S Loz, JAMSTEC i SCOR kL [HCHEE
CRM OjEfi#BMR LTz, Ty N 23872 272 CHE DX
45 CRM 1ZBEIC KANSO 2 5 RGeS T\ izdy, SF
ORI EEN R 2 BIEL, &b % oA Oms
BEBY, Frica—wy SEEETOE REHFL T, KEE
KEFIC U7 CRM b EEL LA 21T > 7, BULE,
KPGHEKER=RIC L7 CRM 2&®T5 vy +CHEfi
% 1T - T\ % 7 (http//www.jamstec.gojp/scor/ ),
SCOR-JAMSTEC To#Afi A& 7 L 724 H CRM @ 50k
WEK OFRE LR ER CRM 0 EfERFIcB L TRE %
MEL D5, ZOIFEONE LRI 75
HEIZOWTHRENT %,
24.2. FERLBKORF

SCOR-JAMSTEC i & % % CRM O A T, 5
2y FOCRM D56 3wy F2SRETFEK, 28y FHVK
PR ER=RIC L TEE I TS (Table 4), AV
FRkoFREOT v b (lot CG) 1220 TE, ZDRED
K2 D DGR ERIA LR ORE K 2 —P 7 L
DOIER CHETE 2720, HERNEG F#l%EiT5> 2L

Table 4. List of lots available for SCOR-JAMSTEC CRM

Name Lot Resource seawater Bottling Certification
Low in Atlantic CE NIOZ 29th Oct. 2015 17th Nov. 2016
Middle in Atlantic CI PML 27th Dec. 2017 27th Jul. 2018
Middle in Pacific CG JAMSTEC/Yaizu 21th Apr. 2016 24th May 2017
High in Pacific CF JAMSTEC 15th Dec. 2015 17th Nov. 2016
High in Atlantic CH PML 19th Jan. 2018 27th Jul. 2018
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BTER, LrL, KFEFEKOBREOR Y FOEE
(Lot. CF), Z @i AR @ 1,200 m F AF
I ULBEELTWARWED, WKEEE2ET M TH
5 Lanwv, 4hlid JAMSTEC o i i BRBF 72 i
a5y 2FHL, 2015410 Hicdbfk 458 B, H#%
1665 EE D /K% 1,188 m T#Y 1,000 L o 5K % FREL L,
h bR BRI AT 5 72, M E ORI L 72
#EKiE, KANSO OFHHIDHTATICHOR L, AR RE
R (22 B IR) 2520 % £ CICRBEOBEREMMET
LTLE>D%[i{7o0b DT, UVIHEDH L IXE
L (~80°C) #1795 b DTH %, Lot. CF o fEHIZ X
UV ISt 2 EE L 72, 728, UV IEE TIZHEEY SR
WX BEEPERINDY, Aushz UVENOH)
X100 W RBE T, GosmcEFEHeshTwED
O (QkWREE) XvinwboTthsd, 72, UVIHEHED
U BB o $21C Hiim FE LR (222 1H) 247- T8
b, WEKEREURE O M BT oflEfE L R, diiEEgE T
020 umol/kg RE O H 5, L Lads UV HE
BN TOERWIZE L, BRSO BT L
B2b0LHWIL TS,
KUGHAKER=RIC L IEREDO v M OfERICIZ,
F+ 5 v & OEHHENFT (Royal Netherlands Institute

for Sea Research: NIOZ) I ¥EH 2 (RHE L, FRELL 722
KEHRIZEHRELTD B o7, Fi, RKPEFEAKERICL
RRELERBEO T Yy ME TV <Y AR
(Plymouth Marine Laboratory: PML) < KPE i o -
RIETOMKENZKEL, i LTo—FRiaRE % iE
L7zDb, HAIERREL T 557z,
24.3. SHDFEE

RERISERREZHOREL L b Ty, ¥
AZVAELTEERLZTCRAERICESTHEEL
BB E BT D0, WETREELRNRIEE
(Essential Ocean Variables, EOVs) ®—2 & L T Global
Ocean Observing System (GOOS, https://www.
goosocean.org) IZ X > TIHEINTVWS, ZhIFEH%
C DRIEHBIDSIN L kL L 72 EI KD 5TV 5D
DTHY, Bz EBEOHEIETH > CHIRFEZFE T
HETH->TH, MAICHEATE ZHEMEICE > T
RN SR, ZOoICX, KEE CRM 27 EER
7o S 2 =7« CERL, MEFERYICEEH S Nl
5 ENATFRTH B, Fig T 6bh 5 &k 5L,
SCOR-JAMSTEC CRM FEIEEHICIAS s nsd &k 5
a2 T2, & &iFREN CRM 25fkiery i i Ui
FoNDd I EPRETH S, BAE JAMSTEC 23f1oTw

Ocean Data View

Fig. 7. Distribution of laboratories used for SCOR-JAMSTEC CRMs—the number of laboratories is 40 as of Sep-

tember 2019 (tentative)
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% SCOR-JAMSTEC CRM D#fAf 1%, 2022 4 3 HTK T
THFETH D, ZDBRIITAFDOHREE CRM (Hl 213
KANSO-CRM) 25| &k 2 FETH S, LHL, K
ERMEN D B, 20, A U CERREK & $RELT
575 TH 5, SCOR-JAMSTEC CRM Tl&, SCOR ® 7 —
¥ IONV=T M OMAEHTH B LS T LT,
JAMSTEC oifg b BRtZeM T4 5w 2HH L EERE
KO Z T, i L Tc—RaRELE T, T
CCEHEARI LR, Inp THRESH o—ERThok
EWwWH I EThD, MEEEITHRITNIE, ANEEO 7
T b 74— LR KRB ERSREETH 5,
NIOZ & PML i & 2 KK oS, SCOR © 7 —*
YT IN—=T 14T OFEB E LTCHEES N, £D—T
R O Ak DIGE O BN 5 2 % & HFZeiEE D%
#£35 CRM 26 LFET 5 2 LI BB H 0, LS
ric B it oftiaz RFcfToTwa k5, BRH
2t E Lo, REHE CRM OfF#, M %217
S DR L VO HTIREE L, 22T, W
HIRMEI St L LR CRM o g & ke 3 % 72
HDEELT, Fig 8D &5 HkfilzEx w5, JAM-
STEC 3Hla k72 o C, MBEBLHIZ T > T 2 HERE & 3t
FFZEEZ I IS a vy —o 7 o0 & 5 g ikl 2
RESEL, WKOBRIK O EcoffigRE% EiEL
KANSO ik % #2643 %5, JAMSTEC & KANSO o[
%, Zit/ BitEBOMGR TR ERETETHS S,

AT, MEKDOERES O 5 R I L 7B I 13,
fAspDA) Yy vEMTESBEDLD LNk,

CZWRLIZDIE—D2DETH 5728, HKEH CRM 2
MBI 2274 CHETHS I EFMEVRZVLDT,
T&E 2725 FEhufkil 25 2 720,

3. REIE CRM OFARIR

3.1. CRM Z#|AU /- REES T & D ITHER O

3Ll JERFTICHTBEBEEBITO CRM EH
[RITCIE, SEHENOEBO—>2 L L TRER O
EET->THED, HEH (in-house) HEHEIRW 2 A\ T
AT U728 2 85 LT w3, 2009 4R £ Cld, @
WK & ARBIEHERR O 2 MU & 2 1 KB CIRE
BHI L T & 728, 2010 4B DURE 3R B ICHRAF L 72 R
RN T 5720, 5RO BEREFEERREIN E A 7:
2RBERCEELZHEEL TS (79 v 213k il
o F72 2010 4FEEDARR L, Muafmhs & AR o b ] R
VAR T 222 HNE LT, H5EE CRM (2 B
B 2R THM LT Db, SHOZLLOMRE L
T, WS 2 B RUEEER CEAM T L 7R
5 CRM {2, S8 CRM FREEME O D> & D
FHANICEEND Z EEHERL TS, TRITMZ, i
MTlRBEM EoR ey b2k L THET 22 LT

[ L R e { Consortium
Research Institute
Supply of
seawater

Collection of raw seawater and simple
sterilization on board a ship by
research institutes

=
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Fig. 8. A framework for the distribution of nutrient CRMs
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Fig. 9. Vertical sections of N:P ratio based on (a) an inhouse standard and (b) CRM at depths below 1,000 m
along the 137°E section during July-August 2016; gray lines indicate boundaries of legs



NHE-Fil - Far-

=3 - e - JER - R - BT - KN - K - 80 -

168 TEA - g - NEE - RE)IL - A - AR - I - A - N - R - SN -

V VR OB DS, VNG A U HAZEITK S b
D51, MR EMHHNAEZEHEZRL, b OEHEK
FEE LR EGFISNE D TH D, OTAREMEL
LT, oSSt o—KklNELy F74—LF
hEThsd s, H20IEL Y F7 14— FHREFK
@D NO & PO DHFHEINICZL L TwB 2 EDH D X 525,
BHEBRCRHZHPRONEWI E2EET S L,
WREIR T -2 I R n AR, BAREE TR
$, AMEAEDORE SIKAET 2 RffamE L HW 2 D
DBELUTHA S,
314, BEBRIBONHEDLS

T, BREBRZOANHE,»SITOVT, IS &L
TREV, BHEBEOLZE ZMH» < A5 L, 2010 £
DT —2Th, DI 6+ 5 umol/kg FEIEDE
AR O6ND, BMEOALHEL S /S0 (08
120 umol/kg i xf L 05 ymol/kg (k = 2) ) 7z,
DEIMECERRZEL %5, L2L, TONHED
SEEBESIT OEREAEBR TH 5 KIO; EHEDETH b,
O, HHETIX R\, T0 0, OEH)L, KL EE2HEH
BROEND D, BREHOZHFEDH D Z LIZHEDP D,
B RS & O o AT st s iR S hTw iz v C
LI X B2 0WT O RIFHEANTGE LT 2 A IR EE T
Ew, Oy FEDRIED S CTIHMET 27201, AR
KRORITHEYE ORI F N D,
3.1.5. CRM BEEDREET —2NDER

I OW R 6 KEH R RN T -9 205 L,
WOCE 8l 2 S£1E L 72 1990 R 5 5, W OB S 5
mELTCEREDD D (Fig 10), 2000 £ BIETIE, %
BHOOHOIEMI RS sICAELTWS, ZhiE,
HIEOWRIN 2 EBOKE S, BHFHREORMNRZE
FHOREIWCEOVWTCELILEPOHLNLTH D, S5
12, S CRM CHIIE L 72 2010 SEEEDIE Tk, 2T
KEIE R A2 S DO#IPANT—HE L T b, NO®
PO 72 & DMERFF AT TH L, EHENTDERLT L
TABESL N:PHHTHEI LT L3, HETAE
Thb, oD Lid, Pl b ZoMEINT, ®
B Z OB ICEBERLAD 2h o1 2 L2 BK
LT, HEHYZHT O IERE S 23 B v 1990 ~ 2000 1%
DR & 2010 FEEDE L L <A B &, Hil
b & TRELENH 5L IICRAS, LaL, ¥

3 CRM & i L Ty 7Ze v 2009 46 DURG I el rT et s
BRI TRy, EBICBREOLEHTH L2, b
VI FITHBADOKE SITKFET 25D TH 2 HDXH|
FEEL W, REREIZEA IR E WERE D S HE T,
PACIFICA (Suzuki et al., 2013) $ GLODAP (Olsen et
al., 2016) £V LEBNLGHEET -2y b kI,
FIE I BREE PO LIKE L, ZORHZEE % DO
F 7%y b ERL LT RE2IE LSHME T hE, R
JE& 2 &g T ORIZABNIHER TR 7228, HIEZE & —
Ty MCT BT CIEC O FIRIGEATE R, X
5IC, TOHETIE, Ly F74 =)V FLLOFMS #EL
{7, HREHE CRM EHEOMEE H L, REDSHE
J@E T4 72y MEIESBEEL %5720 TR <, B
AIREME & IR AT REE SR S B ik, Ly F
7 4 =) RO BH 2 5 HMAS A I 72 B, B (W22 BT
GEFTHEL, Ly R 74—V R RRIcEE o %
AEDE B (NO 7% £ OMERTFRST) bEdnd
A EDTREEICIEMNT 2, 206 2tlAaBbE 4
W@ 24T5 S itk b, REM@ERICHT 2HKEHD
e, SOICRIEEENICET 2 H L BHMANE oD L
RKOICHIFFCE %,

3.2. KEBFARICHTZREEAEE CRM OFER

321, KEHR BHEBRBCHTIRBERET=-4Y
>y

MK, RRCRIE ORERRE & HBUINEY 7o v o
FUBTHOR Ty VEFHIITE 2720 T, HE
YA MBI 2T % (Glibert, 2016), 7z, #F
PEORBERFES L, 26BN KERRE L HE
5BRH B 5 (Ryther, 1969), ZDZ &h 5, MHTERE
DR R QR ZE MM 22 28 801%, KEEE RO 2B EEA
O—RNTH D D B720, KEBERRICBLTHZDE
=GV TPETH D,

IKEEWTSE - BUEHERE (DLBg, /KPEERERE) 11d, Mg
HAG 8 &, BXUHEM2EIEL, iz FIHL T
HAGT M % e, WEEIR L 2 08B L 723
HELTWVD, ZOREDOFT, KEERENTEHOR
BHE, HARRBE - thaBIc B 2 BB OB HEENNER %
HFMCRES T TV S, AT B T 2 EE RN
MR E Ui, AWME DOKERTRAT B X CSRAC KT



W KEEEYE O BUR &Rk R E

T
944w) .
5 .
E_ 40 . :.: _';_Q_s \'.. s -
2 LT R e v eev s
o 36 - - . . p
zZ 3 .
+ 32
S
—_ b
i &0()- : : :
2 .
— 28 - 0 [ ] ‘.- L] a -
DU IR DS bl o, ..
=26 1 .'.':-. “ .
- : ~ e v
Q 24 . . .
(c)
= 150 - - : —
2 145 ; 5
3 140 e 4m~
2 185 -
@ 130 &
d
?1m()
2 130 ;
2 120 o ~ -
g IR R Y
%110 el ,:.._." " .'__.?W:*m
O 100+ -

1970 1980 1990 2000 2010 2020
Year

169

@
S

[e2]

3D O

o o
|
’
'l
T

[\e]
o
.‘1,!. :
} ‘%

NO [umol kg™']
B B WU

£ o

o o

(f)

(o2}
o
o

PO [umol kg~']
[\]
o

o o o
& O
o o
l-'h‘ o
5 : o
[ -gg‘ .
E.

(9)

-
o
o

14.5
14.0 4+ -
13.5 -

N:P ratio

2.1 )

20 [ e
L 1-9 : I. :..."..
1.8 o
1.7

1970 1980 1990 2000 2010 2020
Year
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BEFEOMEZED D LTORITH D, KEHET
&, TvESYLER X CHEBREICO WL, EE
RPFERHENC BT 2 RZEEZEHICOVWTHRES LTS
b DD (Yasunaka et al., 2018), ZDHESH L&D
BRI S 2 0 EA TR, KT, TrvE=TLE
BINETENTOE=S Y v 7EEND L, BEE
BT R KEREOE =2 U v 2B ATE L, HHE
T - HIERIR O R B A 2B 4 — v DS AT HEIC
55,

KEEWRBECREBET =9V v 7O REED 51213,
Pl LD 200FEIEEIN TS, £T1%, CRM T
BHAEZFIE SN TOWREWT VEZ Y LEANDILARR,

RALI N T2 H O DIREHIFI ML ORI L B L <
PenHEEEIE o AHIFLIE, SRR R, 7 v
ZULEOE=Y Y v EBICHEATH D, I —DIF,
7R ERHEEOEATH S, Fiic, 7TVvE=D
LI OWTE, BEEFEHEES A TRV, i
FHIESNETH B, Kodama et al. (2015a) TiE, BN
Bxr oV —vVE2MALLTY vE=Y LFRE DM
Bt 7 o= FE2EI% L, O-line OERBNEM L 7223
it EossggatincE o LA CEKBT, £=4Y
YIREATORY, TOLIREEEEZDLL, LD
Py TV DITE B REETH D, FIzE, N
WA EFFTHO I ARE R AL 7 2 =L 7 5 = v %A
FH U 725056 (Holmes et al., 1999) 7 £ 2#ET L, FEH
DOHEEM A KD LD MADNIETH 5,

3.3. RMNS 2RV /-SfEEHA

331 [H5WV] (L& 2EFEESA

WFFEOYH - LS A =S DEIEE R T — 4 215
% 7= 91, 1980 2> 5 1990 £E R 20 1 T EIBR I 72 i
PRI ZE 70 29 L TH 5 WOCE s S iz, <
DORFICE LN EREE T — 2 280, 10FER 7 — VD E
DIFHERIE A % 51 % 72 12 WOCE B, WOCE T4,
i, Climate Variability and Predictability (CLIVAR)
-CO,, GO-SHIP fifiifg & Vo ISR EBRN 7 v 75 L5
MEFE L CEBINTE /e, (LT XA—FD—DTH S
KEEIL, Co—#HOBH s I LcBLTHlES N
Tw 3%, IPCC2007 L K — kTl Z @ I ag i o )X
Mo 7=, FERERED S RELE % AT 2 L2
#CTdh D LIEMSN TS (Bindoff ef al., 2007), Z®
728, JAMSTEC THEEL T3 T&H 5\ Tk 5 &k
FEEAIHE T, 2003 20 5 SR Y~ TV OHIE R I
A IC RMNS 2HIET 5 2 Lick b, LSS & OfiE
o7 — 2o Uit 2 iR+ 2 2 L 2 HIEL
T&M, TITI, MEMIRTTEM TA LV, OFERKBE
BRI © o RMNS o ff FH o 25 & 1 7E i o 5B 37
IZOWTHINT %,
3.3.2. RMNS OfFEH

2003 FE DAKE, TA 5w R EEBLHTE T W 7
RMNS % Table 5cmd, BUANESEIC, RERREH
FHE N —F 2 KRED 5 ERED RMNS 5 v v b 2&{f
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Table 5. List of RMNS used for WOCE-revisit cruises by R/V Mirai.
Cruise Year WOCE line RMNS
MRO03-K04 2003/2004 P06, A10, 103/104 T, AN, AK, AM, O, AH
MRO05-02 2005 P10 BA, AY, AX, AV, BC, AZ"
MRO05-05 2005/2006 P03 BA, AY, AX, AV, BC, AZ"
MRO07-04 2007 P01 BA, AY, AX, AV, BC", BF
MRO07-06 2007 P01, P14 BA, AY, AX, AV, BC", BF
MR09-01 2009 P21 AS, BJ, AX, AV*, BE, AZ
MR11-08 2011/2012 P10 BS, BU, BT, BD, BE", BF
MR12-05 2012/2013 S041, P14S BS, BU, BT, BD, BV", BF
MR 14-04 2014 P01 BY, BU, CA, BW, BV", BZ
MR15-05 2015/2016 110 BY, BU, CA, BW, BV", BZ
MR16-09 2017 PI17E BY, CD, CA, BW, CC", BZ
*: The RMNS was measured at every runs of nutrient measurement in each cruise to
monitor comparability.
FIL 72132, 4A1C 0 BT 2 #1555 7201, 10
b5 1 EH O RMNS % £fifiiE O 4~ T ORI ¢ e '
Lz, f5FE LT, &WidECE6 vy~ RMNS OflE
247572, 2003 22 5 2017 > 15 4E[EIC H 2 Bl T 1,
WROZ L enonuy FELEET ZHENPHTL 5, %2
DYy, MFHTICZEENHO RMNS £ HBlIET 228 &
&b, MiEE O LA RIESHERF T E 2 L S It T, g 1
2005 4 LUR# & RMNS 2 HERICEA T2 2 itk b, 3
Mz rTae o fERIC N 2 T, HEXEBERR 2 RS 5 =
HHERBCBEBS €/, 61, Risny o
RMNS ORIERRAS 5, BRI X b s S 2 D
b, FHET -2 L CAE» S ZMNE L7 (333H
). chickd, FHENEZEBORERITEL % - o —
726 0 50 100 150 200

2015 4E 72> 5 KANSO & @ RMNS #t: [FIFREE % Bfn L 72
(223 HZM), RMNS 237 GEWE (CRM) Liso7z 2 &
T, SIEALROBEHAREEEHER T 2 2 LS ARE L 72 o
7z 7z, RMNS O#liEfE%E CRM IZ 5. L7z NifED>
LWL, Wiiice=2 ) v 73232 Lick b lE
WE D e okdistz,

3.33. RMNSICLBAHELEDRESDY)

BMINEIC B 2 BEMEO R HED 1%, RMNS % Hw T

1T 7z, Fig. 151%, MRI15-05 i CHIE L 72 7 1 B2E

SiO2 umol/kg

Fig. 15. Estimate of the uncertainty of silicate con-

centrations measured during the cruise MR15-05
of R/V Mirai—the curve was obtained by fitting
the data of six RMNS (Tabie 5) to
y=a+bx(%)+cx( g) , where y and Cj; are
the uncertainséy and corfcentration of silicate, re-
spectively, and a, b, and ¢ are parameters deter-
mined using least squares
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OF—=2icrhic LT, fEhic RMNS 07 1 B o
(umol/kg), el E M DN L BEHER D> 5 Rk 72
M EELRTE»E (%) 270y FLzboTH 5, HiF
Hiikz 7 4 v 71 v sk shzilEz#Es b
T, % OREHREICH T 2 > S 2 AL 52 &
TREE 2oz, ZORDS, 7 A BEEED 20 umol/kg
L hECEE 0% A, HOWEENHE, S A BT
5 lnbhr b, OREEHBICNL TS FAKD 71y
FEERL, 7= OMEEEREZTHIRICE, ok
TELNEARMEI S E2HI, FT—2ORLEL Q¥ %
LTw3,

2005 2> 5 2015 £ TOfidE THIE L7 A BIED
AP Z %2 F LD D% Fig 16 1R T, &l cRE
FEORETHETETWA I EDMRTES, 71 BE
DO AN ZDRE N7 TH BV MRI1-08 i T

b, DY 1193 umol/kg DL E TR AHEDL» 25 1% LA
WCA->TEY, EEEDY Y TV THNS AP ST
HMETETCWDE I EDDD 5, BHERIC RMNS % HlE
LTERERTH S,

334. SHRDOEFE-E

2003 ELLKE, TA B TOEFEEBHNTETE, W
IZ RMNS 2 CREREOMEZ2 E L TE /e, 20k
R, Siltd TALw) THELEZT—2IZ20 Tk
Z D ATREE DR SN TE b, KEE T — 2 ici-o
MBPEBIR O R ZA AR P RE R B P I E CREEL T
%, ZTORMNS 23k b %< oI THASh LI Lick
ML, WBERIEBR A 7 — )V COHFEBREE AT U 5 2
THLIEDARRERDTHAH, ZDIzdITiE RMNS D
WREASHEDLD D,

100
MRO5-05Leg1 MR11-08
————— MRO05-05Leg2 MR12-05Leg2
MRO7-08 @~ MR12-05Leg3
MR14-04
MR15-05
MR09-01Leg1 O RMNS/CRM (2004-2015)
10 - - - - - MR09-01Leg2

Uncertainty (%)

0.01

100 150 200

Silicate (umol/kg)

Fig. 16. Estimate of the uncertainty of silicate concentrations during the 12 cruises of R/V Mirai
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4. 7k, BEEHS CRM

41. BEEEEY (KR, %R, U>) DK

4111, BEEERDEENEOLEMN

AR EHY (DOM) 34K Th B RE, £HK, Y
YOERICES b o Twd, WY T I v 7 v s
BT & 0 AEFE L R RAEEY o—HZ, Boick a4
Ja s Bt 2 E s < o i RE o GEhER © DOM &
L Tk it &3 (Nagata, 2000), DOM 13 235
BEE2ET2ELELEDICERZBICI VY 2EHFLC035,
B0 DOM o k3% (DOC) Eid K& H D CO, &I PUfH
T2 EABED 5N TWw3 (Hansell, 2005), £7z, £
(DON) 8 & 'Y v~ (DOP) F &R EHHH O £ &K Tk
R EE L2 LR 2 RECHEALET % (Karl et al,
2001), 51z, DOM ZAEWIN F 72 1 3IEEMINIC 3RS
naZ LTl @lRsE 7reov ol VUBEEE
KT 5, ZD&5IC DOM BHFEIC BT 3 ETLEOHF
B EFAEFREBROME TR E REEHE R LT3,

772 L, BT O DOM OllE I eI
AT ST w5, DOM OHIEIZIEE L D9 1% 2
T2 —ETH B, DOC IFERMEAL L 72k 2 RS L
TIRFREERRELRET A2 L CHBHET 22 L
A[RECTH %78, DON B & O DOP 1& 3 iR LFE % 1 T A
HFRREFKB LUV Y (TDNB LU TDP) 2HET 5 &
Lbic, el (e, HimiRE, 7 e=vLESs
FOY V) 2WE L CELSIEIC KL ) HENICRE
ZRDDHEDH B (NI, 2018),

DOM HIE o 7z & OFEXEY)E (RM) D BfF 1% DOC %
HDMZHED BTz, WEVE O R FRBIF R O R O EEM:
5, 1990 £z DOC @ RM 235d% & 417z (Sharp et al.,
2002a), FaMEAL L 727Kk % 10mL (2 0% 20mL) O
FAT YT VICE AL DTHD, D RMIZEHE
RpRE - EFRiE AV -ERREEEZ FaaRELTE
b, DOC & TDN e oW TR T SNz b DA~ A 7 2
K¥Hansel iF R FBIc kW EECHEABEINL TS
(Hansell, 2005), ##® DOC-RM & #rsto 4+ — ++
VT I—THATELRAI Y a—F ¥y TRHTAE
THfEE N T3, 2L, ZhETO DOC-RM 1:%

FRAEE CH HIEMEE, WHRE BXUOTrE=Y
LT O W TRER T ST vz, DON EHEY
ELTo®RENIFR LT, DON OSHic B W»Tix

TDN OilEIxd 6 A A, BREXREH O OE LE
LB DONED NS Y X 2EAMT T EXbroT05
(Sharp et al., 2002b), —7, DOP IcBd3 % RO
B REREINTE ST, Bl DOP-RM 2% &
NHTEDPEZ LW,

R TRINT &I, KEE RM I KBRS
REPVETESDE %L, RPICEELTWR I EnH,
DOP-RM & LCHFHTE 3 L#fraNn 3, £72, DOC
B XU DON-RM & L CTHFHAIEETH NIE, HKEHE
RM OEHEPKRELIAN S, 2T, KEHERM B
L C DOM-RM & U COMRERHTi % 1T > 72,

4.1.2. BEEOREE RM OFH T8N O

S RM @ DOM-RM & U T o fl Al HEM: & Sl §
2728, 2009 ER R T AFHIRETS o 72 S8R RM 0%
vy MZoWwT, DOC, DON, ¥ & DOP EE S HIE
XN Tw3 (Yoshimura and Sharp, 2010), Z4u5 Dl
ETIE, BHAK (Milli-Q 7K, 182MQ + cm MLE) 2875
YIRELTHERIN TV, ZOMEE, WihoHHE
CBWTDH, FEREA»rSBEShIBELLEL,
A—ray FOEBF VB TRELIES2L 2 L2D
Do Tw5b (Table 6), L7235 T, FRDOHEE RM
1Z DOM-RM & LCIZBE L TWwiWn I E23bro T,
4.1.3. DOM-RM D{ERK D &

SEEEHE RM 28 DOM IZiG & N v 2 R R 28 H R
DoDRHTH B LHEL, BYBRERHEEET D
72 DEMTHON TS (Yoshimura, 2013), 4 D
TIRFy 7BE XN T ABUEL (Table 7) 1%, i
FAOEG, b LIFT A VERFIE 1 NER TR
HLEboPEICHwsN, Thb ORI, L
022 um O H TRV T 4 VY — T AEIEE L 7= HRHEK
(e EE ofeg U 72 AV R IEK) 272 L T 25°C,
BEFTIC B W C—EHEREL, DOC B & O DOP #EA
HEZhTw3, 26 oflE T, ik (Mili-Q
K, 182MQ - ecm ML E) 2875 v o7KkE LTHEHENT
W3, ZofEE, DOCixig & A EoFEM <, DOP X
HDPE, LDPE, PAN T/HH9 % Z La%bh o7z, DOC
BXU DOPEE DI L 2o /cDIE T T AE &
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Table 6. Selected analytical results of dissolved organic carbon, nitrogen, and phosphorus with total dissolved nitro-
gen and phosphorus (TDN and TDP) in some lots of RMs for Nutrients reported in Yoshimura and Sharp (2010).

Lot No. of Mean Standard deviation Coefficient of variance
replication (umol L) (umol L) (%)
DOC BF 4 77.8 21.6 28
BG 3 89.4 133 15
DON BF 4 6.6 2.5 38
(TDN = 48.0) (TDN =2.5) (TDN =5.2)
BG 3 7.4 0.45 6
(TDN = 44.2) (TDN = 0.45) (TDN = 1.0)
DOP AU 6 0.07 0.05 70
(TDP =2.27) (TDP = 0.04) (TDP=2)
BD 9 0.10 0.03 26
(TDP = 2.30) (TDP = 0.05) (TDP =2)

Table 7. Plastic materials of sample bottle for
which stabilities of dissolved organic carbon and
phosphorus concentrations were examined in
Yoshimura (2013).

Bottle material Abbreviation
Fluorinated High-Density Polyethylene FLPE
High-Density Polyethylene HDPE
Low-Density Polyethylene LDPE
Polyacrylonitrile PAN
Polycarbonate PC
Polyethylene Terephthalate PET
Perfluoroalkoxy PFA
Polypropylene PP
Polyvinyl Chloride PVC
Polymethylpentene TPX

U'PFA OHE 57z,

CofER%E2#EIL, KANSO ICB W THREE RM & [H
U #liE TR DOM-RM OfEELZEAA S N Tw b (5,
KFHF), DOM-RM#1 £ L, PC, PFA, PP ® 3fiiod
REVEMAL, HEGEREKEIRREREAKEZ W
RM %2 ZnZnf9 80 AFfEL (2011 4E1 H), REHEER
£ O DOM B REEFICHIE S fe, &0 RM Bl

%3y HHlicow CORBERE I ZAE T, MEYIC X
DUERHFEO NG o7z, —T, DOCIETRTOR F
VT, DOP i PP &R ML CiHYess 64 L7 (Fig 17),
%Kiz, DOM-RM#2 & LT PET, PFA (N 2 #L%15),
PP, #’9 ZAD5FDOR MV 2MAL, HHEvirRiE Kz H
W7ZRM % 2 ZNH100 AR E L (201342 A4),
DOC % & ¢* DOP BRI HIE S iz (5N, &
%), ZOFER, DOCIEZTXToOR FLT, DOP I
PP R bV TO ARG FEAE L2 (Fig 18),
DOM-RM#1 B XV #2 D #ER %2 b TERX B L,
eI RM I ST w5 PP AR FLid DOM D53
RCdh s MRS NS, BFEDOHKER RM © DOM R
BEL, F—ay FoR VTS D FELR v
FEMDEDRETH B ERE S iz, PP AR FLLAE
b, DOM DL =75 Y% E T8 PILEMDP S
CHFEET A EPDD 5,
414. SHDEBZL
INETOWEFERL? S, DOCEB LU DOP % L 5
BERLAVEBEMIIR Do Ty, 7L,
DOC icBIL T, PFA 8L U4 J 2K bvic k% DOC 75
LI /NS Wi, Kbk T s LT, 15
Qrbflbd s e TcEsrdb ke, flziE ME
S JEHEE A OV H W 5w 3777 (Cutter et
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Fig. 17. Time courses of dissolved organic carbon
and phosphorus concentrations (mean + s.d., n = 3)
during the storage of DOM-RM#1

al., 2017) A2 Z LB T 65, 2L, BE»L
T, ¥y vy 7R2BLLEGSMHEDPLDHERTH % AHE
Mo H B0, BIZIEHNSAT v TV TOMRGEERL
WS 57 L O D NETH %,

—%, %L DFEM DX FILT DOP BE % Z5E M I
FCELZEDPbholz, DOPDAEY =7y MZT 5
DThhE, FROHRZ D LIz RM 0BG A HE
%, A, EEEOV CHIRESICE f%mw®ﬁd
DOFEIANEH N 2RI B » T (Karl and Bjérkman,
2015), DOP 7 —% o &EHEME > T\ %, DOP-RM
DEFEL BV DIl 7 RHHERSERI LT
DIEFRELPETH 5, KFwXTHD LIF7fERED &
I DOP-RM % BB L, WIEI%Ea s 2 =7 41cBWVT
RACERT 20805 %,
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DOM-RM#2

PET ©

o I
Q0.1 % o I—
0 L 1 L 1 L 1 L 1 L

0.
0 200 400 600 800 1000
Storage period (days)

Fig. 18. Time courses of dissolved organic carbon
and phosphorus concentrations (mean * s.d., n = 3)
during the storage of DOM-RM#2

42. RBRAFED:HD CRM

4.21. xE%CRMBHEOER

1980 FER 22 5 1990 FEARUC 21T C, DY EE
BRIC 1R 2 EERAT4E 71 275 L Joint Global Ocean Flux
Study (JGOFS) 23 ERE S vz, JGOFS TidifFrtrh o fi
FEBRMBABKRELHNDO—DTH - 208, Ykiz+o
B EEALZ I RETH-oTh, ALK THBICDH
b 5T CO BEDOHEMICKERENK LN, D
0, 7= oW RESEEE T v 2T L& EE
THICEARTDRRITH -7, TDORMAEBHT 57
& RM O EELp g LY T S 2 =7 4 O THER S R,
WERBR BN T 2HED Y b, &RBREL 2TV
HVEDRM 2MERlE Nz, 0o ixFE B cEEL
(Certified) 2347, JGOFS 721 Clid7e &, [EHI
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b7z WOCE T @ KR HMIE D 72 12 b Bifi &
Nic, BIFEIFCRM & LTI SN Tw b, AETIE,
FER KD DR FIHME S NEBW AREEI S 2 =7 4
THAE N T 2 KR CRM OFAR & BREIC S W» TR
ER-R

4.2.2. Dickson CRM

LRBAEE L 47 LAY Ed CRM 1Z, Scripps Insti-

tution of Oceanography (SIO) @ A. G. Dickson ##% @
IR TR, a3 Twd, 2070, BEREDMT
1%, Dickson CRM &HFEZN T3, 1990 41 Batch 1
DOHEAGHBHIR S N, WFTD N Y Fik Batch 177 L 755
TWwb, BUNIBEDOLEL BN Y FPR0LOPARE
N72H, BOETIHIFEAEALNKLR 2 o7z, CRM DJH
BREAKIE, ANT7 3V =7HOREHKTH D, ERE
Ty 7 —RTHAKEERSE 2 2 &T, L 2K
EFHEBEDOERL ORIT CO, 25Vt 222 kSl LTw
%, ZhiZ, ¥EK%E 500 mL @ Borosilicate D4 F AR k
WCFED T2, BRI AR H o7t LThH, %
OB YD R TBRDTH D, RENKT
HoH7D, KEFFEDON Yy FTOIFHICHOIRE L
o T BY, EYNEEIEIZ 5 7 OIS KR
WinEhTnwbd, £, FALEEMIIIMNZ 570, R
MV oo (H@EFE b TS24/30) i 2V — 2 (Apiezon L)
BEIhTwb, &k, ERBRELET VAV ER
f—R MV TRIESNTWwD, HHTE, Dickson CRM X
JGOFS ® WOCE 23# 7# b, AL HFHI N Tw %,
B, L bEMaERIC oW TE, Dickson (2010) 2%
HE iz,
423. SHDOFEE

SRMBBE L 27 VAV EEZ, CRMAFEET LWL
ST ERFTHEL, MEFRCOLTHER»LELE
NTw3, fERE LT, HEMDHEATREE D E R
PHERIN TS, L2 Lads, BEFEZH727% COy M
E LT, WA EFonsd koickosTw
3, REHD COy BHEICIET AL Z LIk D iEKD
pH 23 T30, MBEAEY~OFE (AL EE O A H
BEL 72 55%) BRRAINT WS, pHIZBEAZERIEHIC X
b A S ICMED TE, FHHEE T LD EEE
(# DR UKEEE) RBlEN B L 5T 5, LarL, pH
DREMEIZ, BERELET VA E LT 5L, B

R RTREME 232> 75 D {K > (Bockmon and Dickson,
2015), MEFEREIEIZREH O CO, B EE O FFE Tl
FAERROZ M E bIERT R TH b, pHHIEDER
AL KE RIREE 72> T\ %, BIE, EBRN 2R
BRAHEDT S 2 =7 4 TIERIGEM SN TV LIRPTH
% (https://www.us-och.org/ocean-carbonate-system-

intercomparison-forum/ ).
4.3. RIVFING A — 2 IBHEBK DB

43.1. HENE=

HBRIR A SRR S 2 E 0 22 SRl T — 2 5
S 210, WARKEEEYE ORI AR TH 5,
AREHEYPE X, FEREES (IAPSO KEH#EMEK), 4R -
27 )V H V)& (Dickson CRM), A& Z%E (Hansell
CRM) &35 6 ST\ % (National Research
Council of the National Academies, 2002), 4150
Z, AR, HARZEOSEEHE K EEYE (KAN-
SO-CRM: RMNS) %%, {HFMIcH KX L T &7 (Aoyama
et al., 2010b), —75, ERRFMHRHEL %> T 3EF
WEsEPEETEL O TEIE & 72 % pH TIIMEHEE KD TELE L 72
Wiz, HIEMO BRI O A HE L v (Stendar-
do et al., 2009; Velo et al., 2010), %7z, BEHFOEIHERK
IZOWTHMENERET 2, FlAIE, FERHEHEEE
WK DFBAMEIZ SL F L =P E U T 14 BPHERSNTES
$, REAMED NNy FHEIcA 7y FBEET L E VS IE
f73% % (Kawano et al., 2006; Uchida et al., 2020), %
FEDHEIE D B MEMLD ST b L—H U T 1 ZRERT
BHEED b 5D (Pawlowicz ef al., 2016), H 7 A6
D7 A FBIEIIC & O EHEK OB AR 2L 9 5 RRE
»% % (Uchida ef al, 2011), 51, ¥FKEEOHE
WH W SN BIRENEERNE, @E, 225 LMK TKIE
50, IREAE GO IR ORI & 0 BAKEE
DHRIEMICEREZ AL 2 et MER S T % (Uchi-
da et al., 2011), %7z, 28 - &7 VHh Y EHIEHE
HEMEAKITIE, RN D7z DAL KBRS T 3
&S [EDYH % (Murata, 2010),
43.2. FFDOERE

BEIVEE /1 (BR) 2> 5 KANSO ~ @ ZFEHTF %8 (2003 ~
2004 ), BX O, BHFEHEE (B) TEICE T 5K
% - REEZHIE O 72 OEREHEYE O wt5E) (2005
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~ 2008 £/%) 12 X b, RMNS o #IyEHEAff (KREEA —
7 V—T7IC X BEE) R, BELARE - REE
A E R K DBRFE AT b (lots Pre 1 ~11), 977
FEORRPLEMICT IV IE (7 SR Tk 2%
MT228T, 2RBEED 1 FREOREEZFHL
7z (Murata, 2010), % 0%, BAVEE /1 (#R) 2> 5 KAN-
SO ~DFEFERZE (2008 ~ 2009 FEFE) 1ok b, BAFEL
RMNS D A7 FIEHE N DR A S & 172 25 (lots
Pre 12~ 13), AEBFEIC OV I+ L E I3 EZE
T&E7X» -7 (Mitsuda et al., 2010), =T, KANSO,
JFE 7 Fxv 7y 7 (KR), 8L, JAMSTEC o3 FHF
7¢ THEMREBE L vV — L 2 ORIEIC L ERIAGFIRSE
T DBAFE ) (2010 ~ 2013 4EFE), B & f, T/IALA
FiEFE 2 v — O R LI IGRIEEYE o RIHZ E Mk
A (2014 4RF) 1o & b, IEGFRRREEYE 0 FEBIC
FBRFE skt X vz (lots Pre 14 ~18), 7V S{BICH
2 - REBEN) TS E TS AFy shte 2T 3
LT, TVIRICEDIBRUET B Lo 2K -
BHERZEOLEEIRE L WESI N (lot Pre 16), L
L, RERY > 7%236 (320L%2258L200L%21H)

HWEET A EICE D, TILIHBEAOTIEROY v 7 AE
DOZAIZ &k % b D & Bbn 2 IRHEEER O O E M O
TR 517 (lot Pre 18), %8, v H—Iic2» Tk
TINE7wv—7DO# ARO-PR, £ LTJFE7 Ky
Ty (R wwkvElRfshi, WTLC, (#R) <V
Yoo g—2 - Py ovk JAMSTEC o Fpfge Mgk
FEAEHEY)VE OBEFE ) (2011 ~ 2012 4FEE) 1o &k b, BEEH|
EFERENEK D 7= b DEFET 5 A F v 7 2 GURBELE
EROBE & 1To 72, WA, 500 mL 7V S{BIC 75
A Gy 22 L7 b O MK EEEEYE L LT
ROBLTCWE I LEMR L, ThIiTkD, 1 RofEHE
WK CRRME - 27 VA ) B - VAR SR - BT (Mo iEay) -
FEREDFEOEBONHTEBEICNIG U7, RIRWKZE
BLET2MBEOIF T A — S EEHEYRK E L THERNL
720 F£7z, JAMSTEC 75 NMIJ OZ&EEWI5E T K& E
ool e BT 2980 (2012 4E1) 12 & b, FEHEHEKD
R R EEREALR (SI) AD ML —HE U T 1 ZHERL
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Fig. 19. Temporal changes of dissolved oxygen concentrations of multiparametric standard seawater (lot Pre 16)
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Current situation and future perspective for
environmental standards of seawater: commencing with
Certified Reference Materials (CRMs) for nutrients

Akihiko Murata'*, Michio Aoyama'? Chikako Cheong® Tsutomu Miura?® Takeshi
Fujii*, Hitoshi Mitsuda®, Takashi Kitao*, Daisuke Sasano®, Toshiya Nakano ¢ Naoki
Nagai®, Taketoshi Kodama’, Hiromi Kasai® Yoko Kiyomoto® Takashi Setou’, Tsuneo
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Abstract

Seawater certified reference materials (CRMs) are indispensable for the accurate
quantification of long-term changes in the marine environment. Nutrient concentrations, for
instance, have been measured since the earliest days of scientific oceanographic observations
in the late 19th century. This long history of measurements implies that numerous nutrient
concentration datasets exist from many parts of oceans. Such datasets could greatly facilitate
studies of environmental changes in oceans. However, there have been few studies of
environmental changes based on nutrient concentrations in oceans because historical nutrient
concentration datasets have poor internal and external comparability; thus, it is difficult to
compare data analyzed by one laboratory with data from a similar part of the ocean analyzed
by another laboratory. Nutrient CRMs developed in Japan and distributed from the country
are beginning to be widely used by the global oceanographic community. This development
allows for the detection of long-term changes in the marine environment based on nutrient
concentration measurements. In Chapter 2 of this review, we describe the scientific
background of nutrient CRMs and the history of their development. We then describe the
methods by which nutrient CRMs are produced and distributed for use in oceanographic
observations. We also describe the development of nutrient CRMs traceable to SI units. In
addition, we describe the activity of the Scientific Committee on Oceanic Research (SCOR)
Working Group #147, the purpose of which is to facilitate the international distribution of
nutrient CRMs. In Chapter 3, we describe the application of nutrient CRMs for quality control
and assurance. The use of nutrient CRMs in monitoring climate change in oceans’ and
fisheries’ research is illustrated. We also describe the merits of using nutrient CRMs for
observations, which require high accuracy, such as the Global Ocean Ship-Based Hydrographic
Investigations Program (GO-SHIP). In Chapter 4, we describe the development of CRMs for
dissolved organic matter, which is likely to be needed in the future. Furthermore, we discuss
the development of multiparametric standard seawater in a single bottle in which multiple
properties (carbonate system parameters, concentrations of nutrients, dissolved oxygen,
fluorescent dissolved organic matter, and density (absolute salinity)) are certified. One purpose
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of distributing nutrient CRMs is to facilitate the elucidation of global-scale temporal changes in
the oceanic environment using nutrient data. Global-scale variations of oceanic inorganic
carbonate system properties have already been detected owing to the availability of the
Dickson CRM, which has been available and used worldwide since the 1990s. We discuss the
Dickson CRM because its availability and use provides motivation for the worldwide
distribution of nutrient CRMs. In the last chapter, we summarize issues related to seawater
environmental standards. The most important issue is how to maintain a system for
distributing CRMs. The maintenance of that system must address issues including the
collection of seawater as raw material for CRMs, the identification of certified distribution
centers, and the use of CRMs for commercial and research purposes.

Key words: Environmental standards in seawater, Nutrient CRMs, Comparability, Traceabili-
ty, Changes of the marine environment
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