BhpE= 1013

FrETY—Y = B RIKENEIC L DMK TP R HR R R E S A DB

MR R F R AR R

B E [#3] BanThETITHILZFyET)— — BRIKENE (CZE) (XA BRBI/K h oo S HE () 1K
L FAKHO NH,', #EKH D NO, *NOy, PO E&EiEA IV FERNL TIEE T 572010, SOICERBRE LT DL E)
05, iz, ZNHERIEIL, NO, *NOy AR ERTEHMY, PO, HE 0 CRIFHIE R T HZ LT TERV, 2T,
AMFFETIL, CZE (2 XD O R ARIEHE B lka S AL 5L Lb12 KRB D RIRE BiE AL 7528 % H
mELT,

[F2Bx] MK D NO, -NO;y [FIREE kA mf S LT 572012, NaOH IRIZ L HF v 7 —3g . AL
WEARPKEN T O Br O, — R Rk B &R LA T A IR D 2 — LA A VA (600 mmol/l
R L) AR (280 51k, A AE A | TKENED pH(3.4, 3.6, 4.7) . KB T D SO DEEERFILT-.
@NO, ", NOy, PO 20 [RIF iE B AIHEME I DUV TR D722, BiA A R s A (FEXIR %1 (EOF) O iiz)
FRSE (BALA~FH AN (HDB), BALYRF I AF LT =75 (DDAB), it EFILRIAF LT o E=DT A
(CTACQ)) . VU LT B LT (PKENR) 25 (10-50 mmol/l) |, ki R . PKENR OARZIC SV TRETLT-,
[F59:E%542] ONaOH I CHXvYE TV —2 i, Br 25T A TifEkE i 4 5&, NO,, NOy OB —ZHFEDAH
KA 72 (RSD) 1X, ZNZ 1 1.0%, 0.80% LiES IV, IRICH —IF VA4 U 2 BRITE AL A NO;,
NOy OE—ZHFED RSD (I, £ € 2.5, 1.6% THY, HZEWGIIEZHWZI5E XV REE THY . 72 NO, ', NO5
DY —7 @S, EBRMENEO T ROR0m N -T2, SHIZ, pH 4.7 OUKENRIL, 3UERE ARFMAZHINL . @IEELT5
T=DICEFRTHoT=, 2, SOF B EFRWANTIFKREKENRE LIS G VAT LY =70 NELR0 #—3F b A A
A BA SV CELZ LN o7, 20.1 mmol/l DDAB T EOF & KH5L  IKENED pH 10 DA, T TO R
HiFE (NOy, NOy, PO, 7 A, NH,") Z [RIRHZ EHEOERR H (B & 190 nm) T&7z, F72, YKENRIRE )Y 50 mmol/l
Bty SO — 7 @S iTbobb @<l B =2, B2\, kiR O RSD 1db ot/ S0 RN,
1.4-3.7%. 1.8-4.7%. 0.022-0.60% T 7=, SHIZ, vkENEEL T, 3 mmol/l CTAC Z UL 7= 55 A T-#E7K (560 mmol/l
NaCl+0.1 g/l KBr+0.2 g/l NaHCO;+0.03 g/l H;BO;) Z 5, #E/K 100 NO,', NO5 [ZIEDE—72 (210 nm) &L T,
PO, IFADE—7 (195 nm) L CRIBHRH TE D2 L0 b7z,

1. BIREN SEIZBIL TR ENEREND, ZDTDITIE
BREEK (DK, TOK, MKEE) R oS i (Fmle, LMyl o Z L0 E EVEDBRE N EEND,
WHEE, 7o E=U L, VAT, 7AW ZE&THIE Foxlx, ZHNETIT, A ZAl g A7 B CFIH
1T, AIRERBHR R OBLENSEETHD, BUE, TNbH SR TWEFrE T — — R IKENE (CZE) I X5
FFH I, WSROV E MR R R T JIKRRL T AR OT = AT D, K O BRI -
HA—RNT FIAPFICIDERSN TS, UL, JIERS  WEEEAA D, VoA B BE Y 2HerLiz, UL,
BEFRBCL IR R EIIET720IIE, BT, Bl SO EREZ XV ERNR RS T H72010F, SbIC
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BRETILERD S, o, TNOERIET, HAY
fife - BB A A 2 RIFFICE B CTEDMN, T BT A4
RVBAT L ED TRIFFICERT DI LT TERY,
Blf, KRB FEIRE BILELC A4 ra~ b T7 ¢
—IZEDIIE SO PRESNT=, LPLINSDFFIETIE,
20D K 2 oD Hga AW TERY, [RIRE &iEE
I8 WEEK BIELEMECH D, BUED LA, e
DRIFFE BIEIBFE S TR,

ZZ T AW TIE, ZNETHAL CE v ETY —
Y — B SRIKENEIC LD BR K T D SRR I RUE SlE %
BT LB, RBHEIADFIRE &L AT
HZELEHMELT,

2. AR AE
2.1 FvES)—ERKEEDOHE

Fig. 1 [ZF v 7V —EXUKBEIEEE OBIE 2~ 7, £
TEA OVKENK (BGE) A s NP 50~100 pm D7 2—X
RV BB FY—IZ BGE Ziii7=7, W T, ARl
FrE T —ina R A TR AL, 211> BGE 5]
ZIEL, B A T —NIZR S35, sERE AL
ELTIE, A gR%2 /2 BGE 2850 — & HER <
B, BACEVE AT HE IECTE A 4 N AR & A ]
BGE N EME DN B A FIINL T B B4
ZE AT HELRMENENR DD, DNT, HHlOFvEZ
U—¥iZz 0N BGE A#sllRL., mEEERICEY, 4
® BGE ZEsH OB @& EEE N5, 3R %
AT, FYE TV —NTRAETHESRIREN (EOF) 8
FOEXKIKENZIDF Yy E TV —NEBEIL, EXKEE
B EOBFNC LS ToESIL, Wb g c Ko HE L
%, 1% BOF (X580 ORI A 2> TlidL, £ DRE
STBRIKEBEE LY KEW, KL, SreET)—W
233175 EOF O ENEIF L —CTH D=0, i\ ook
RBEAT 5, — . FYETV—NRPAEELRD720
TREEREE N5 TRV, a0, KR4 TA
VIRRREDN RSN TV,
2. 2 —BNERERIKENE

45 B Sk Eh (Isotachophoresis, 1TP) &1ELL F O LH72
BBEWN), £, FrETV—NIZBW T, BB ONT
NG BEIAA L KOS BENEDRERAA L (V—T 1
YTAF ) B L BRER (V—T 12 7 BIRR) NS A

/D\ Capillary (ID:S,O=~100 pm)
UV-Vis detector

I sample
\

high voltage

electrodes
BGE

Fig. 1. Basic schematic of capillary electrophoresis (CE)

instrument. BGE, background electrolyte.

F (B —IFNAT ) G LB (X — I VERRIR)
DN E E e A I BIEEEINT 5, 5047 B B9A A
VREN)—T 4 TAF AT B O —IF AF
BEZVIRWEA . O B A 3RS, @R
RBIZET DET R COAA NI E TIkEN 5, CZE (1
BT, BEBIAARTIC—REIIC TP REEZ/EDHHL Ty
B B A ZRIEL T O% Y —  BRUKENRIEIC R
ITUL B oHT BEIAA U & 53 B B 320 53— RERY 2%
JH B & Uk E) (transient isotachophoresis, tITP) T&H D,

tITP ZFI 4572 21308~ D BRI T LD B DS,
EHDORZE UMK P OFREEE ., B4 E RiEE
FCE . Fig. 2 ¥ ICHUTP DJFFA7R~7, £9°. EOF 2%
T B7-0ICF Y ETV—NIZRALD R T VLT AT LT
> E=0 L (DDAB) RS PREDIR (N LK) 25
7oLtk WAKEE (T B A4 S, S, DB EE,
Usi>Hs2) ZIEANT D, DUWT, Z—IF A3 (T) EL T
WERRA A Wil TE U TP IR BE AR 2§ b2 8 2 5
(X 2a)) . ZOWE PRENEF (Bow EEEH) Db
AF LI —=T 4 T AF (L) ELTHER 3%, IR
M$5L, %58 B A A ATt OB E 2B T
B EDNEIZAE Ve S HifES D (4 2b)) . TkENE O
WA A AL 3 F —IF VEMRIE FICEA LIRS Y —
MBS D E TP REEA RIS AL, G IR T2 (X
2¢)) o DWT, T _XTDOAA 13 CZE IREETHKEN 5 (1K
2d)) . ZOHA BEIEOKE: S 1% S, LB FE TPk
BB R S, KORIKENIT2DT S, Jvb 7 m—Re
E—7 LTINS,
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b)

)

d)

il

Fig. 2. Scheme of tITP stacking. c: concentration, x:
capillary length, BGE (L): background electrolyte (BGE)
containing leading ion (L), S;, S,: analytes (electrophoretic
mobility us;>us,), T: terminating ion. Reprinted from

Fukushi and Takeda”, with permission.

2. 3 BKIPXBIRERE

MNEATECE N PE BN A WFFT T s AN HERTF 2 5
Tl IR ED D E R E £C 3 MU E O K H S e
YEBH AT RL CH D, Table 112ZENSIEHER B O
I, mER VBB A A B ARIRE R T, ok
DILAATBAZE L7z CZE (2R DMK P O ifnig , gl A4
TEBIEORHRA (LOD) 1%, ZHZ4 0.19, 0.21 pg/kg
Tho72 2, 57T, Table 1 O XH727E B H 0D HLAN L,
HIBAA L 2 E BT D86 AIED LOD, FrZALiENE A
F D LOD ZAK 20303805,
2.4 £ E
2. 4.1 BHBRUVHEBR/AVEEZOSREL

RO — WO IR 8 A i 2 o —F L~ —
FyETV—ERIKENEERE 270A-HT 2L, $rEe'7
V=3P =Y A AT 20— KR 4 (N 75

Table 1. Candidate materials for NMIJ ® certified reference

materials for nutrients in seawater

Approximate concentration (umol/kg)

Low Middle High
NO, <0.1 0.4 <0.1
NO; <0.1 15 45
PO,* <0.1 1 3
Si 1 30 140

“National Metrology Institute of Japan.

um, ZM% 375 um, 2K 72 em, A%hE 50 cm) THD, T
—AALBLZ X, BB D-2500 Juv kAT L —H
(270A-HT D5 & v iz, pH BIEIZIX, I35 24
=—LAB pH A—%— F-22 Z#fHL7-,
2. 4.2 XBEBRBFORKEE

KRG E T T 7Y —EKUKENZERE CAPI 3200 % H
W, FrET)— 3V — oY A R T 2 — KR
J%E (NEE 75 um, 4% 375 um, 2K 62.35 cm, A4hE
50 cm) THAH,
2.5 & ¥
2.5. 1 EHEBRUER/IVEEEOEREL

AT TR L2 -, TR OB L
ToftKIE, PR WG220 UK RIERE B S IO
HAIUZRT 84 Simpli Lab B HKROEHEE 2 L0EHIZ
bDTHD, 72¥% . BGE, R IR ITAME M 3 2 A7
0.45 um DAL 7T T4 NA— (TR T 78 Tl
L7z,
2.5. 2 XBREORKEE

BGE LT 20 mM DUARYEEF N L (F AT A7 A7 H)
WA IV 1 mol/l KER{L TN A (FhT7 A7 A7 H)
WRIEC pH Z 3% 7=, EOF % ]Hind 572012, A4
FmEiEMEREL T, BIb~FY T AN (HDB, 7054
TAIE) | BALYRF UL AF LT =7 5 (DDAB,
FRULRREY) | (LT L RIAT LT =T A(CTAC,
FORAU R 2 Uz, SR AR MR T, HEAH R
FRITL(FATAT AR | HElER D L Fiotid) | U
fg —RFEHVD L) | b7 o 'e=0 L (Fid) |
AR AT N L (F I TAT A8 % VTR L 7=,
FIATP (BT DF—IFNAA U IRREL T, 2-(N-E
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JVIRY ) 25 2R UE (MES, T 7 AT A7) i Y N-
RIA(ERBF T AF)V) AF)V2-TI ) B A)VIR R
(TES, [R{=Ab5) 2 vz,
2. 6 TEBREERURELEH
2.6. 1 BHBRUVHEBR/AIVEEZOESREL

FLOFX 7Y — L, RN 1 mol/l /KERLF R
LSHE T 40 47 fKT 10 0B LU OEAEEICID
IHTEATST, £37, TEIREREA 30°C, M E4 210
nm R ELTZ, R TC, BGE &%+ 7 —(2 3 /[ Fe il
L7z, IEYERRELC, 0.1 mmol/l BEANER M OVRSERA A4
UM N THEK, 3 pmol/l HELANEE & TY 20 pmol/l fi
FBA A WML TZ N LKA -, AR B IR A B 22
W 511k (16.9 kPa) BV I EERE AIEIZEVIEALT,
tITP |[ZEARMEEITOL AT, S, #—3IF A3
R (600 mmol/l FERE T NU Y AIRHR) & B 22 W 5| ik
(vacuum injection) B¢\ ML B &Y A V5 (electrokinetic
injection, EKI) ([Z&0D7EA LT, IRUWNT, alBHE AR %2
FRELT 6 kV OFBEZFIINLT-, ERii/EEICESE 1
H Oy HTBHEARFIZE1T5 1 mol/l ZKER(LTFRIw VRIS
FoF TV —¥E. BGE O R AA 2 tITP ZF|
RALTA T RAERED 2 —IF )V A A 2 FE R (600
mmol/l FEEF R L)AL (B2 55, EXAREA
%) . BGEDpH (3.4, 3.6, 4.7) . BGE H DA 4> D
IOV THRRILT,
2.6. 2 XEREORKES

F9, TERAE IR 2 25°C [ZiE LT, IRV T, BGE %
Xy TV —I23 ST L7, BEHEEREL T, 0.05-0.12
mmol/l TEAEE2. 0.05-0.12 mmol/l fi%f&, 3-12 mmol/1 V>
B2 1-4 mmol/l 7> E=7AhAA> . 1 mmoll 7 A FKIRK
Z e, BEVERR IR A B 225 115 (50 kPa) IZXD 1 Bk
AL7-t4 ., sREHE AR A f2fRE L CEEZEIML, Eid
BRVEIRICH D& EOF &5 T 27 D5 A A S thild
P& OFEFE (HDB, DDAB, CTAC) M O\ —T (> 7,
BGE i £ (10-50 mmol/l) , 5 i £ (190-210 nm) | V)
HROFANZDWTRRE LTz, £o, A THEKEEHZ DWW
T, EZEW 1% Z—IF AT 8iliE 2-5 s WL,
tITP DX R HONTHIBEILT,

3. MIEMEREBE
3.1 BHBRUHEBATUEEZOSREL

3. 1.1 KEIEFRIDLBRICEDFYES)—iki%
BYES

BGE &L T, BAtW A4 %5 F/2\ 0 N 1K (pH 3.4)
ZHW=, AEHZ, 0.1 mmol/l HHEANEE I OVREEEA A %
WL N 1K CTHD, 1 B O BHIARH IR S 43,
1 mol/l KER{b TR BEEHR 10 47, ik 5 43l Tr e
T =T LT A L L o T2 A O TR EE . Ty EE A
FOE—VHEE, E— 7 @mE, PREREH O FE R R
7% (RSD) % Table 2 (27”7, Table 2 MHHIG2EH1Z,
VKENRER LIS O TR B T S,
3.1. 2 ANI@EKXEBRPDODRIEMAAL DEE

1 HOHBIAAREC 1 mol/l KERILT R AR s
MK TR YT —% e #% . BGE LU CRAL A A
Zaie N THEAKZAWTS. 1. 1EFEREDFZBRZIT-7-,
OO HRYER ., fHERA AL DY —JHfE, B — /S,
VKENIREH > RSD % Table 3 |Z773, Table 3 2>HH 5772
IO, 1 B O BRAAREC 1 mol/l /KER{E TR AR
THYET)—Z2 W%, BGE LLTRILM A4 2 Gt
N LKA W54 AEEE, A4 O — VT
. =@, vkER OB BME ORI S deE S v,
S5, MEBRAEIERLIZLZA, E—JHBE L O —7 5
SEANWEGEELEREO RV ORELNTE (=
0.9995-0.9998) ,
3. 1.3 A—SF A VBERENEL

tITP (BT DX —I T N AF U EREANEELT
vacuum EV M EKT Z2AWI=35E O diabiz ., ielig 4
DE—JEHE, B —7 &S, vkE)RFfH] D RSD % Table 4 (2
7’7, Table 4 MHHBDRESNC, X —IF N AF L EA
HEELT BKI ZHWRIZH S HEAEEE, A4 D —2
M, E—2 @S, kBN O BN B2 &2 00>
7o 728, ARIOEHETIX, EHHDH—IF A48
ANEE W56 TH, ISR, MR A4 O — /@S
ICRERET AL o7z,
3. 1. 4 kEN®® pH

Kk S BT 50121, RUBHE A B4R,
ZFAUS L TH =T A A A BB HEINT 503038
%o tITP Z W35G BRI 2704 B iRk Sy (R
WHEEA A ) L2 —IT N AF U EDORIC, B ORREE A
FATHKTHEDVAT LIRSS, T E
BRSO3 (IR B2, #—3F A+
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Table 2. Effect of rinsing the capillary with 1 mol/l NaOH before analysis on the reproducibilities

RSD (%)
Area Height Time
NO, NO5’ NO, NO5’ NOy NO5
With washing 7.6 5.1 52 6.6 3.6 0.50
Without washing 25 22 22 19 3.6 0.73

Electrophoretic conditions: capillary, Ly =72 cm, L4=50 cm, 75 um 1.D.x375 pum O.D.; BGE, artificial seawater without Br’

(pH 3.4); voltage, 6 kV with the sample inlet side as the cathode; wavelength for detection, 210 nm. Sample, artificial

seawater containing 0.1 mmol/l NO, and NO3’; vacuum injection period, 3 s (63 nl); four determinations.

Table 3. Effect of Br™ in the BGE on the reproducibilities

RSD (%)
Area Height Time
NOy NO5y NOy NO5 NOy NO5y
Washing with NaOH 1.0 0.80 1.1 1.0 0.30 0.50
Washing with water 3.7 2.9 2.2 1.5 1.5 1.5

Electrophoretic conditions and the sample are as in Table 2.

Table 4. Variation of the injection mode for the terminating ion (600 mmol/l acetate) on the reproducibilities

RSD (%)
Area Height Time
NO, NO; NO, NOy NO, NO;
EKI? 25 1.6 23 1.3 0.76 0.44
Vacuum injection ” 9.8 3.9 7.5 2.6 0.76 0.58

D10 kV for 48 s. 8 s. Other electrophoretic conditions and the sample are as in Table 2.

FEANTDUERDHLN, o —T & AT L — )
HRDRWERE FTULNY —I LA A BEIINT
72U, 0.1 mmol/l HEAKEE F OMHIEA A Z IR 7= A
T#EAKREIOHA . pH 3.4 D BGE T, #UEHE ARER] 3
Fb, H—IF NAA AR 48 B RAThH -7, pH
3.6 TlX, HAHIEAA L OBENE NS RL, dfEle A4
B— IV AT D= ED RN R e DT X —)
NAT B AR Z 70 FYHIINTX7-, #ZTC, pH 3.6
@ BGE ZMv, LT 3 pmol/l HEASEEA A& 20
umol/l FHEEA A ZUIMUTZ N THEKE ST LIZEZ A,
FUBHE A2 5 PETHIMT A28 T2, HihiEE,
HEA A A D RSD I3ENEH, B —Z1HfE 13%. 4.2%.
E—75E 10%, 3.0%. PKEIREH] 1.0, 0.55% Th-o7o, %

7o, MRS, ASEEA A D LOD X 0.080 pmol/l, 0.21
umol/l TV, LK, Fox ASHeNr L= 51 2 (LOD I3, i
THIEAA2 0.19 umol/l, il 0.21 umol/l) &3
He | WHBAAANZOWTIFRIERTH DN, EAEIEA A
WZDOWTIIK 1/2 Tho7z, #EH~L T 0-9 umol/l DHEAH
FA A2 B TN 0-60 pmol/l DREEEA A 2 UL 7= N T
KREFARL | RERAER LT, ZOREE., B — 7.
E— @30 EHEHE WIS THEHRED KV S
WEHIT, B — 7 (y) & W56 O IR A A4
K OHBEAA O &R (x: BE)IZZRZ I,
y=0.359x + 0.752 (r=0.9839) , y=2.64x107x + 2.94x107
(r=0.9997) . ' — 7 @& & AW 8 A 1%, y=0315x +
0.869 (r=0.9866) . y=2.49x107x + 6.19x107 (r=0.9987) T
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&7, pH 4.7 ® BGE Ti, HHEEA A O E) A3
KU, HREEEA A Ol 3 ERA A L R &, v
AT KE—7 LOFERENSHICRLRY X —IF v At
BN 2 99 FUIZIENNC& Tz, Ll dAHER, ElEA A
VO RSDITZEINEI, B — 7 1HiFE 18%. 2.0%, B —7 @S
17%. 1.4%. VKB 0.23%. 0.24% THY, pH 3.6 D
AL L, A A O — 7S, mSOFEMEN
e 22 Ay
3. 1. 5 BGE hDHEEAA > DEE

HAYER, FEERA A DY — Vg, B — @&, kB
1> RSD (Z%9% BGE H Dl A 7> D5 %% Table 5
R T, WA A A B FR O N LK% BGE &L72%;
B REERA A O —JEE, mSOBBRMELAUGET D

ZEMTE, B, VAT LAY — 0N/ hELRY #—3
AT AR A 155 s FTHINTE, 70 7t%
BRELIE—7@EST, @A AN DWW TR F
FEChHAST-M, BFEA A NN T B 1.3 (5 ThoT-,
Fig. 3 |2, Wife A %51 N LK% BGE LLT-86
RERAVT/ANe W EX=/ A NN 7
3.2 XEBRFORBEE BEFR)
3. 2.1 BAAVREEERIDIESE

BGE &L T, 0.001% HDB % & ¢ 20 mmol/l YRz
NID LEHR (pH 10) & FHV, 2T BRARRTICF v 7Y —IC
BGE # 15 3L, av T (i a=r T %17, IeBEm
BTk, BGE % 3 ZiiL7c, TOFER, MiRE TIZHDLH,
WANEE ., EER. U BR, 7B LA A DN ERE T

Table 5. Effect of SO4> in the BGE on the reproducibilities

RSD (%)
Area Height Time
NO, NO; NO, NO; NO, NO;
Y BGE without SO,* 5.4 2.0 4.5 3.1 0.34 0.37
Y BGE with SO,* 18 2.0 17 1.4 0.23 0.24

¥ Injection time for terminating electrolyte (600 mmol/l acetate), EKI with 10 kV for 99 s.

® Injection time for terminating electrolyte, EKI with 10 kV for 155 s. Electrophoretic conditions: BGE, artificial seawater

(pH 4.7). Sample, artificial seawater containing 3 pmol/l NO, and 20 pmol/l NO5’; vacuum injection period, 3 s (63 nl); four

determinations. Other electrophoretic conditions are as in Table 2.

Cr— c
A B
b

Absorbance
0.001 a.u

L 1 1 1 ] L 1 1 ]
10 12 14 16 18 10 12 14 16 18
Time, min Time, min

b Fig. 3. Electropherograms of artificial seawater containing nitrite and
nitrate using BGE without sulfate. (A) Sample, artificial seawater
containing 3 pumol/l NO, and 20 pmol/l NO5". (B) Sample, artificial
seawater. Identification of peaks: a, NO,; b, NO;s’; ¢, CH;COO'".

Electrophoretic conditions are as in Table 5 (a).
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=72 (BRI 190 nm) , B — 7V ifEE W55 O R s
IXENE AL, y=25.7x+0.361 (x: 0-0.12 mmol/l, r=0.9832) .
y=57.4x + 4x107 (x: 0-0.12 mmol/l, r=0.9998) . y=1.02x +
0.835 (x: 0-12 mmol/l, r=0.9970 ) . y=3.49x + 1.18
(r=0.9859) THY | LLELAYERIED B U B EHH
7o LOD (%, HifHEE 41 pg/l, AHIE 22 pg/l, U1 7.5 mg/l,
T U= LAV 1 mg/l THY KO LS 7B K
(T 57201lE, SR EALDRRE Th o7, i, 7
AL FIRFICRIHTEIZN, VAT AE—7 L EHRD, B —
IR D 0Tz, EZ T, A4 RmiG Al L L T
DDAB % MWW\ TCIRERD EBRZAT o7, /oA BHAGRTIC, £
T, ¥ ¥YEZU—IZ BGE % 15 Zril., 5l&Hix. 0.1
mmol/l DDAB % 5 43, SHIZ BGE % 1 439l /3 Hra- B
BAUT=, 550 HTHE, 0.1 mmol/l DDAB % 2 43, BGE % 1
IR LT, Fig. 40 HIABLN 2SI, TR CORFEEEE
[ HH T &7z, DDAB OBEEITIE, 7 AT AT A
— 7R TR 5 43TV, HDB D54
(8 47) KO HTREINEL /2D T o= A A DE—
IR bUEES V-, Zud, DDAB MV 2iZ957% EOF
DKL= B b,
3.2. 2 BGE &

A A FEiEPERI S L C DDAB % FV, AT EE T~
U LR E R LS, 3. 2. 1EARRIC SRR EREAR
B 8T Uic, TUARTEE T RID AJREEREWVIEE | &Rk
YD —I@ESIdEoTo, ZHUT, BN EVIEE BGE
LB D E RSB BN R | BBy DAL v
T ENTID ThHHEB 2 HD, 50 mmol/l DA 25k
SO —r@SiTbolt |l B, B R\,
VKENRER] O RSD 1Xb ot /ha<D, N E i,
1.4-3.7%. 1.8-4.7%. 0.022-0.60% Td-7=, £7=. LOD (%,
AFR AR 41 pg/l, HER 36 ug/l, V1 8.7 mg/l, 72 E=1
LAF 0.89 mg/l THY, HDB ZEHL7-H A LITIER
HThoTo,
3. 2. 3 DDAB Oa—T(>5 ik

DDAB Oa—7 7 EELT, LT 2 FEEE O LI
SWTHREILE 1 OO BREARTICF ¥ 7Y —% BGE
T 15 4WE#%. 0.1 mmol/l DDAB % 3 43l &5
BGE # 3 3L Zo#raBiba L7z, f5H7E, 0.1 mmol/l
DDAB % 3 /3t L7-%. BGE % 3 /3t L=, @/ HrBRbh
ATZF v 7Y —% BGE T 15 3. 0.1 mmol/l

0.02 T T T
a
:: 0.015 | !“Ibc d o f 1
g 001} o A N ]
E K fjmuwu \,]‘ IKW" -
£ 0.005 | N .
u
< 0r | 1
\J
-0.005 L L L
1 2 3 4 5
Time, min

Fig. 4. Electropherogram of the separation of nutrients.
Electrophoretic Li:=62.35 cm,
L4e=50 cm, 75 pm 1.D.x375 pm O.D., pre-rinsed with 0.1
mmol/l DDAB; BGE, 20 mmol/l sodium borate (pH 10);

conditions: capillary,

voltage, 20 kV with the sample inlet side as the cathode;
wavelength for detection, 190 nm. Sample, standarad
solution containing 0.05 mmol/l NO,", 0.05 mmol/l NO;’, 5
mmol/l PO,*, 1 mmol/l Si, and 1 mmol/l NH,"; vacuum
injection period, 1 s. Identification of peaks: a, Cl'; b, NO;;
¢, NOs; d, PO, e, Si; f, NH,".
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Fig. 5. Electropherograms of artificial seawater containing
nutrients. Electrophoretic conditions: BGE, 500 mmol/l
sodium chloride containing 3 mmol/l CTAC (pH 3.0);
voltage, 6 kV with the sample inlet side as the cathode;
wavelength for detection, 195 nm for PO,* and 210 nm for
NO, and NOj’; Sample, artificial seawater containing 0.1
mmol/l NO,, 0.1 mmol/l NO;, and 10 mmol/l PO43';
vacuum injection period, 1 s. (A) With tITP; terminating
ion solution, 500 mmol/l TES; vacuum injection period, 5 s.
(B) Without tITP. Identification of peaks: a, Br’; b, NOs; c,
NO,; d, PO,”; e, TES.
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Summary

We have developed capillary zone electrophoresis (CZE) procedure for the determination of nutrients in
environmental waters: NH," in river and sewage waters, NO,, NO5’, and PO,* in seawaters. However the
method cannot determine all nutrients (NO,", NOj', PO, Si, and NH,") simultaneously. Our current emphasis
purpose is to enhance the sensitivities for the simultaneous determination of NO, and NOj in seawater and
develop a CZE procedure for simultaneous determination of nutrients in seawater. (I) To improve the
reproducibility and enhance the sensitivity of the method for the determination of NO, and NOj’, several
conditions were examined: the effect of rinsing the capillary with 1 mol/l NaOH before analysis, the addition of
Br to the background electrolyte (BGE), variation of the injection mode (vacuum and electrokinetic injection
(EKI)) for the terminating ion (600 mmol/l acetate), the pH (3.4, 3.6, 4.7) of the BGE, and the effect of SO,” in the
BGE. (II) To examine the feasibility of simultaneous determination of all analytes, cationic surfactants
(hexadimethrine bromide (HDB), didodecyldimethylammonium bromide (DDAB), and cetyltrimethylammonium
chloride (CTACQ)) to reverse the electroosmotic flow (EOF), concentrations of the BGE (sodium borate, 10-50
mmol/l), detection wavelength, and BGE composition. The following results were obtained. (I) The
reproducibility was improved by rinsing the capillary and using the BGE containing Br’: the relative standard
deviation (RSD) of peak area obtained for NO,  and NO;™ were 1.0 and 0.80%, respectively. The reproducibility
was improved and the sensitivity was slightly enhanced using the EKI mode for the terminating ion. The sample
injection volume could be increased using the BGE (pH 4.7). Also it was expected to increase the injection
volume of the terminating ion using the BGE without SO,*.  (II) All nutrients were detected simultaneously using
the BGE (pH 10) with the reversed EOF (0.1 mmol/l DDAB) and direct UV detection (190 nm). When the BGE
concentration was 50 mmol/l, higher peak heights and lower RSDs (peak area: 1.4-3.7%, peak height: 1.8-4.7%,
migration time: 0.022-0.60%) were obtained. Using an artificial seawater containing 560 mmol/l NaCl, 0.1 g/l
KBr, 0.2 g/l NaHCOs, 0.03 g/l H;BOs, and 3 mmol/l CTAC as the BGE, NO,™ and NO;’ in seawater were detected

as positive peaks (210 nm) and PO,> as a negative peak (195 nm), simultaneously.
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