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~ZEHE (PR), 2L TR — UL 23 YEBUG (CL) I & HIE 3% IPC-PR-CL ¥ A7 LOHESL A HED TE T, AP~
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1 mM RS AL, 2z Mill-Q K THIRT 52
TR 7, AP IE 1 M KER LT R DRIR (5 &
ST, Wako) &A% /— /L (LC-MS, Wako) ZFI L T
U7, FIRBEREL T, REET R A0 fE T RY
v 2 GRERKF %, Wako) & Vo, VS — LIEHRIE, v
=V (REARAR) LIREE T RID A, [REEKSE TR A

(GRUIEHF %, Wako) 2 WV CRRBIL 7=, E/9E K ORY
FRAA L, HAEEEA A OFRFEAEEYE L T KANSO
CRM Lot CP #F|H L7z,

FRIZRLHE OO RY, WEERIE 30 mM NaOH-MeOH
(98:2, v/v), VI /—/11% 0.05mM luminol in 0.5 M
Carbonate buffer (pH 10) ZFH L THEH L=,
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AW TR L7 1C(IPC)-PR-CL & OHERE X%
Fig. 1 |R§, A—Mo 7 F—nbiE ASHZi BN,
WHERIZXY, TV I NE—, H—RBT L, 5BENT A
EBEL, AT NDBESILVD, D%, AR EEIR
J O TR S IV L S ER IS E > T T A
TEARD IR SND, SRR IR A A,
HAEERA A L BV R FARNTANNAERL, L3/
— VIR EIR A S, EUTALF R F 3 M
BTLHZ DB L > TS, AL S Ee i,
ARG EL T 222 nm KrCl =%y ~—F0 7 (k-
TV =TV RS & o, ZONIRO BRE HE
210 cm x 5 cm CThHo7=72, 3D TV 2 —TEIN %
IS HF 22— 7 & [EE T 5B FE (Fig. 1a) Z1ERL, Ot
bFROSEREL TRIA LTz, S8BT 2 —7 L LT,
LAIFETY— (N 025 mm, S 325 mm, BAE
0.05 mm), FEP F=—7 (N££ 0.5 mm, &M% 1/16 inch,
HJE 0.54 mm), FEP =—7 (N8 0.15 mm, #}ME 1/32
inch, /& 0.32mm), 7712 AF2400 F=—7 (N£E
0.23 mm, %% 0.3 mm, KWJ/E 0.04 mm) Z 572,

(BRI, 2 SOWEIR (REER V) — v
W) HIRA LT, BRIEDOT = —7 TR SN2 %
e EZRY, EFHEAEE (PMT) ORNZIE G %
B ETREZRHL TS, TTIROILER R
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PTFE F=—7 (N£E 0.5mm, 485 1/16 inch, HJE
0.54 mm), PFA F=—7 (W% 0.5 mm, 5% 1/16 inch,
WIE 0.54 mm), PFA F=—7 (Nf& 1 mm, % 1/16
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AFEEETH =8I/ IC DT 5L LT, Dionex
Ion Pac AS19 (& 2 mm, £& 250 mm, Thermo Fisher
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& 50 mm) ZHAA DR OEERH U, IWHEK O
13 0.25 mL/min, /L3 /—/WIAR O & 0.125 mL/min &
L, sBHEARIL | mL &L7z, £72 PR-CL 5:FEL T, %
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1177,
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L% St.12 LLT- (Fig. 2), &#EIX37Y, 50, 100,
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Fig. 1 Schematic diagram of the nitrate and nitrite ion measurement system.
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Fig. 2 Survey locations in Kagoshima Bay.
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(St.2: presence of a hydrothermal vent; St.9: near a river mouth; St.12: reference site)

3. MIREREER
3.1 €33/0IC HBEHDRE

2023 AR OGO, fERLTz IPC A7 L TIRifEK
ABLOWE DR FERR TE e oz, 2T, £ AKRE
B ENATRE T o7z AS-19 AL WA T L (NE
4.0 mm, £ 250 mm, Thermo) DEIIZahT A (INEE
2.0 mm, X 250 mm) ZHW\C, BII/nKfETONR
b5 RO 2 36 L OMbB 7 36 e i H L o0 de i A b 1 E &
DT,

WD BB T1T7 LT, 737.&?\]75’{)!0}15(@{&@1‘?
WA — ST EARICF S BE R SN DT &I
7250 ZIVETOWNE 4 mm D IC BT LTI, IWEEHROTT
78 1.0 mL/min CHo7=ZEM0, I/ IC A7 ATl
0.25 mL/min &L7z, /o, WHEKRE N —VIEIROIRS
BEE—ELT D20, ZIET 0.5mL/min TH-o72L
J— VIR O e 1/4 @ 0.125 mL/min L7z,

3.2 EAEILBENHREL

BB B LON ) — VISR DT &R FIT R, Sk
FROGER B LB IR N AR DO B/ B B OEE RS
Flres, BERTIE, N2 1.0 mm @ PTFE =2—7 7 cm

EIHNE L ELTHO T (V@B FER 2.2 7)), L
L, WD 1/4 L7225 EI370 5404 Cl 4 (5O 23

INDHZ LTI D, FZ TR DR LA D T,

¥t DFEM (PTFE, PFA), N, ES&aZ2 kst
relEovEE (REHRER) 2 &E L7z, #R%
Table 1 (2L T, PTFE F=—7 T L7- /LA &N
H70% 3 Fhnn, BVEENRKEILDIHENE —T 5
SO LRI, L)L, EAREDEKITHEOE
—ZWERY, BREREA (NTP) 2ME T 322 &b iR
A7z, E72 PTFE (ZH~ZEHEE DSV PFA F2—7 % ]
WHE, RARETHo THE—7ESITN 2 fFER5Zen
RS, 72720, TRBERE N — IV DIRE D#HTH
B\ 77 REK (BG B) b LA Lizlzs, Bl
JE 2 33> TR,

B NVEREEHECT ZETERIKELNEDLN, 5
Bt oAL F RUG a7 E DA O RE I E —
DY EZFN T D2 N2 D728, BV AEILT
ELEF/NENHO (NR 1.0mm @ PFA Fa—7 S
1.5 cm) LU T, otz o8z,



Table 1 Properties (materials and volumes) of various CL cells and their measurement results.

Material PFA PTFE PTFE PTFE PFA

Length (cm) L5 L5 6.5 29 L5

Inner diameter (mm) 1.0 1.0 1.0 1.0 0.50

Cell volume (uL) 12 12 51 228 3.0

PMT level™ 100 100 10 10

Peak height (j1V) NOy 595268 313147 180041 509573 np™
NO;y 304405 166885 98494 299712 np

NTP NOy 5130 5182 4613 2690 np
NOy 6645 6649 6147 4066 np

BG(mV) 62 40 28 123 np

Sample: 10 pM NOy and NOy (1 pL injection volume). Average values (n=3)

PR reactor: Quartz capillary (0.25 mm i.d., 9 cm length)
*IThe signal output is redudced to about 10% when the PMT level is changed from 100 to 10.

*Inp: not performed

3. 3 HLERIGFEDREL

WA G #8 D FEAM D B bz #E D 7=, 222 nm

DIRINRE N R ILBR T HMERHLHT-0, A5, —i%
BT 7 v TEHRIMRG IR m eSS FEP, Rk
727 70T Teflon AF O 3 FEEEIC OV THREILZ

Table 2 |2 AL NSO T 22— 7 Fbt, HEhTF2—7
£ (R &, 205 Co 10 mM fifEERA 4 F K
OllBA A D —7 @S, HanBus JOEEO BG E
EFEEDTHLDETRT,

IR OFBRBD RS EVEM THLAFF v ETY—
EHNTZETA, SEAMIIRETIRER] 1.1 B Clied i\ A
A2, WA A DY — 2 MFH VT (SRR IR S 2
DOIRFHEDOEZN 10 cm THo72ZEMb, AdFrE 7Y
—HHTEXHHAE 9em THY, ZOHED REFIRRIN
1.1 Bo&7pd, Mt el SOl 2 k3528 C Sem,
2.5cm CTOFREREHTND), WTNbFrET)—DRES
IR THHT0, BRRBEUEIT AL T, I
FEP T2 —7 TRELIZEZ A, SRIMRIRH IR 2.4 B (FF
2 5 em) THRAROE—7@mInfGbi, 4.7 Tl —2
ST DTN MRSz, ZAUTLLRTOHAE T
MERSNT-HG T, IFIZ RIS KV B L 72~ 1
X FTANTANN G LT EEZbND, Fie,
Teflon AF F=—7 %\ \2L2 A, BG ENRETHET
— B ERIMRIBI BN EETHY, F-fthE b BG A

VRBETH -7, BG ED EFIE, F2—T7 oD bns
OWEDOVEH O AHEM, F7- Teflon AF 1340 AZEiE M
FWT 22— T, HARKTOIRANRE D E BG O
JFIREE 2 TS,

LHAMB RN FREZZDE, AT —,
TeflonAF, FEP DJIETEVVEESFHNLEE 2B, 5
BRI [RIFREE D FREIRE R (1 #0) TI, TRILZZRE REZe o7,
LML, AHRFrET7U—1%, Lo AEORE,
TeflonAF TIZE 72 BG HD FRBNEI 72280, A
WFFETIL, FEP F2—7 &b POt arDFME LT,

RIZFEP F2—7 W, &K, AzhE (MEFH]) &, 2
DGAERFOREEEA A, HEEEA A OY — 7 @S EHGm
B, BG % Table 3 (2777, N2 0.5 mm @ FEP F =
—7 % JHVTZES, Table2 L[FERIC 24 B CTRbmmVE—2
ESAVEDITE (Table 2 & 3 TRAKENRRD),

—J7, W& 0.15 mm OF =—7 % HHE 09~13 f
(20~30cm) THRbEWE—/EBEINELNT-, 21
FEP F 2—7 DREH SRR HZEITIY, i%ﬁ%ﬂ@iﬁ;‘nﬂ:
PO ST LlZEAbDEE 2 HID, F-NEE
M L7eZ e TR B O 17 B3RS VT, ZDOEBRT
12015 mm F=2—7 DO2E% 80 cm ELTEBRLZN, &
BT a—T ENRELIZTED, UBOERTIIEES
30 em (A4 E% 20 cm) I LU CEBRZIT-T,



Table 2 UV irradiation times and corresponding measurement results using various tubing in the PR reactor.

Material Quartz Quartz Quartz FEP FEP FEP Teflon AF

(Inner diameter) (0.25 mm) (0.25 mm) (0.25 mm) (0.50 mm) (0.50 mm) (0.50 mm) (0.23 mm)
Total length (cm) 9 9 9 10 10 10 10
Active length (cm) 25 5 9 2.5 5 10 10
Irradiation time (s) 0.3 0.6 1.1 1.2 2.4 4.7 1.0
NO; peak height (V) 108035 187142 348190 233545 364667 276894 259712
NOs™ peak height (V) 54226 98890 178968 155795 248355 187732 155594
NTP (NO;y) 5025 4977 5064 4215 4236 4644 5503
NTP (NOy) 6629 6511 6695 5836 5794 6273 7185
BG (mV) 12 23 48 23 44 34 70

Sample: 10 pyM NO3 and NOy (1 pL injection volume). Average values (n= 3), PMT level: 100.

CL cell: PFA (1.5 cm length. 1.0 mmi.d.)

Table 3 UV irradiation times and corresponding measurement results using various FEP tubing in the PR reactor

Material FEP FEP FEP FEP FEP FEP FEP
(Inner diameter) (0.50 mm) (0.50 mm) (0.50 mm) (0.15 mm) (0.15 mm) (0.15 mm) (0.15 mm)
Total length (cm) 10 10 10 83 83 83 83
Active length(cm) 2.5 5 10 10 20 30 50
Irradiation time(s) 1.2 2.4 4.7 0.42 0.85 1.3 2.12
NO;™ peak height (uV) 171252 232345 46891 112361 280161 263315 5730
NOs™ peak height (V) 108423 141268 34720 58881 93828 142049 3428
NTP (NO;) 4388 4519 5087 5244 5247 5213 5325
NTP (NOs) 6090 6210 6817 6852 6914 6843 6796
BG (mV) 16.46 23 4.92 13.02 20.32 29 2.39

Sample: 10 pM NO;™ and NOy (1 pL injection volume). Average values (n=3). PMT level: 100.

CL cell: PFA (1.5 cm length, 0.5 mmi.d.)
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IC-PR-CL $&E AL,

WK DFRAAEEY) G 2 E LT/ n~ 77 5% Fig. 3
\ORT, EEOR R, AHELF R RBHFELNLTE
DR CE T, BRI/ IC-PR-CL 3 {& |21, D7t
BEM O AT BZH A, EHR B LU0V — L &l
1/4 L7020, [RI RO TARE DR ERF# O MEER ) 7] fg
Tpotz,

F77, WEERZ 30 mM NaOH-MeOH (98:2, v/v) /b,
NaOH ALY ) — VEIGH B S Tolit e fei L7z,
#E % Fig. 4 (29, NaOH D b FATLEO dERSEE A
T BROREEEA A ORFFRF ALY, e —2
ESOIR T ARSI, RO TIX TS
FERTHLN, =7 @& NI LS D G473
BT Z LIZE Db D EB 2 BT, EERICHIEMED mu
ST, KBV R O — 7 maid m<e
HTELhREER LT,

FIAL )=V EINZ TR W EBERZ R 32 S8k
MAF L DY —I7INERITIDHZED RS- (Fig. 4a)
PR-CL JEZX DAL A4 D —213, b4z
BOMRRIRE S NDZ LT, DO LEwE MEHET
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Fig. 3 Typical chromatogram obtained using the semi-micro IC-PR-CL system.
Black line: 1 uM standard solution Red line: Seawater sample (CRM Lot CP)
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Fig. 4 Typical chromatograms obtained using the IC column with four different eluents.
Eluent: (a) 30 mM NaOH (b) 30 mM NaOH-methanol (90:10, v/v) (¢)50 mM NaOH (10% MeOH), (d) 100 mM NaOH (10% MeOH)
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Fig. 5 Typical chromatograms obtained using two different IPC columns functionalized with CTA* at

(a) 0.5 mM and (b) 5.0 mM.
Eluent: 30 mM NaOH-MeOH (98:2, v/v)
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Fig. 6 Typical chromatograms obtained with the IPC column (5 mM CTA") using two different eluents.
Eluent: (a) 5 mM Na2CO3 in 10 mM NaOH (b) 5 mM Na2SO4 in 10 mM NaOH
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Fig. 7 Seasonal variations in the vertical distribution of nitrite (top) and nitrate (bottom) ion concentrations in seawater from

Kagoshima Bay (December 2022 — August 2024)
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Summary

The concentrations of nitrate and nitrite ions in seawater are essential indicators for understanding the marine
environment. We have been developing an analytical system that separates these ions using a semimicro ion-pair
chromatography (IPC) technique, converts them into peroxynitrite via UV irradiation at 222 nm (PR: photochemical
reaction), and detects them through a luminol-based chemiluminescence reaction (CL). This combined system is
called IPC-PR-CL. As part of the 2023 fiscal year outcomes supported by this grant program, we developed an
IPC column by coating a graphite carbon narrow-bore column (2.1 mm id.,, 30 mm length) with
cetyltrimethylammonium.  This enabled the separation and quantification of nitrite and nitrate ions within
3 minutes. However, quantitative analysis of real seawater samples was not successfully achieved with this
configuration.

To overcome this challenge, the present study utilized a commercially available narrow-bore ion
chromatography (IC) column (2.0 mm i.d., 250 mm length) to ensure sufficient separation performance. And then,
we optimized the chemiluminescence detection cell and the photochemical reactor. As a result, an IC-PR-CL
system incorporating a 1.5 cm PFA tube (0.5 mm i.d.) for the CL detection cell and a 20 cm FEP tube (0.15 mm i.d.)
for the PR reactor—corresponding to approximately 1 second of UV exposure time—was established. Using an
eluent flow rate of 0.25 mL/min, this configuration successfully enabled the detection of nitrate and nitrite ions in
seawater samples. The analysis time per sample remained unchanged from the previous system at 8 minutes, but
the eluent consumption was reduced to one-fourth that of previous systems. Under these optimized PR-CL
detection conditions, we further explored the feasibility of converting the IC column to the IPC column and
modifying the eluent composition to facilitate rapid analysis of seawater samples. It was found that eluent
components such as carbonate ions significantly affect not only chromatographic separation but also the PR-CL
detection process.  Using the established semimicro IC-PR-CL system, we conducted measurements of nitrate and
nitrite ions in seawater from three locations in Kagoshima Bay. In particular, at a site known for active submarine
hydrothermal venting, higher concentrations of nitrite and a notable decrease in nitrate concentrations were observed
compared to other locations. These results suggest that hydrothermal fumarolic activity may be responsible for the

reduction of nitrate to nitrite.



