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(2] Fxit, FYETV—Y—UBSKEE (CZB) X2k TOELER, mik
A A OERERRERELHLT 27000, ATHK (pH7.9) 2K (BGE) & L,
RS ESIKE (TITP) 2RI Liod s 74 VEIEIC OV TRI LT S 72, 51,
FEOBREETD é L, TITP #3120 F BT 5 72 D DI DWW TEMIZBE Lz,

[E8] TITPEHRANCT &R L CHMEE, WA A ORHERE TF 57201,
AR U REOKEE AR, BEF— I FAA T DBECT DEATET OV TH
Nfz. Efe, F-ITAAFTVEBEBELGAVROY, ZRERRICAVSS
DHREBIOENHREDCEEIC OV THIRE L. ANEZEKTORBEENMTOT
HOREYERB} (National Research Council of Canada ¥ AT L7=MOQOS-1) HDOEMHE,
B ERICHA L. E7, pH 79D ATHIKKENR T, ERER L EE 4 DE
BEBESEEL TS0, SEOENORBEARZENT 5 2 LR TERNE,
ibﬁmﬁﬁﬁ@ﬁﬁﬁ%%wﬂﬁ,ﬁ%@%iy®£ﬁgagﬁﬁ9¢5t@J%ﬂ
HABOHMPIETE D, £ 2 CHUE, [EpHIEEO N DA E A TS OR
TEER, W AV ORENHEERLEIT OV THRAFTH2.

R L 22] 10BFR LREHT, H—F— I/ F2 L LTI50 mMEER 4,
BT F—IFAA A L LTI0 mMESRES A0 2T L2S SEAT B HENboL b
WEREDREBDL L TE. RECL2EMR, WA A ORHRME, ThEh
22 pgLB L0 pgL ThoTe. E-EREE, WEBA A 0v—smE E—r/5s, K
B OFEHEEREIZ TN ENLY, 1.9, Q1%L T Tho 7. REREER LI L 25,
=B I/ BESOLEERAVESA THERMED L bORBLAL. TIPIC
ARSI LY, MOOS-1HDERERA 4 B —7 2 RHTAZ LR TE, TIPEA
WA OREERA 4L DY — 7 B IITITP R BV R o e s & N THEE o, &
BT L AMOOS-1 H O HERER, A 4 OEEHEEL, Y—/EERLIUY—IESD
P EERVEEA TLERGEEN ThoR, B TR AV SR QBRI 4
EEREIL, TFESENE 2BV, pH 3.00 ATHEAKGKENRE BV TMO0S-1
EOWLIzE 25, EREER REER( AV L LRHER LOD) Arveh¥Esne L

PhoTE.
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TR A DR ERIEOBRFE
B Bt B (WEERAE  AERXPTIREER)
EFHEE  BR BE (BASTLFEMAFR)

1. HFRE®

EEaEr UL, BROEETERICR T 2RISR, AT SIER
HLTWELDOBNMERRL TS, EAIREFETE, RBIZRELLI 77T
F AAENEAGHROEEREICT AEICERNEE TN, ZhbiEEAR e LTEK
DEEEENETETHAZLERLTNS. Lo KFOREEEEZTEETD D
Lz EEEHEOEANLEETHS. Ui LEEKEOSSEEEN—oTh 2 HHR
BIURERA A OEETERE, SRERREEEIFLSN TV
%ﬁ,%ﬁ%&%%@%g%wﬁﬁmﬁm<ﬁ%énfwéﬁkE?U—%ﬁﬁ@%
(CE) 13, fEOSEESHIEITIZ A bR W ELBEEE R T 5723, MKREORF/RIITITE
EEEAIICEN STV, SR, OOBESTE L RIS, WKRICEENSS
EDESR CEICE > THEL 725 2 L B LUCE DBEREMENZ LITEETD.
Tk, CE DHETAZVHHCANGIEE— RThEF ¥ EF Y — — L ERHKE
¥ (CZE) OEASH~ORBICET AR TE TRy D, ATHEK @HT9) %
B (BGE) &Tud, ¥k X ) ICEREESHETL T 0EEZ R TICREY,
TR, TR A AR ERE TRREETE A I ERVELE Y DT, AT
ﬁm%ﬁﬁﬁkﬁécZEmkwfﬂﬁwﬁﬁméﬁ%%E%ﬁﬁ%(HW)%%%%%'
Hr 3 LT XY, B L ORERA 4 ORHERE TN TN I3 BIO23FETT
237 LERVNEL Y, WKEEEKRO I bA AV OERICGALE % TORR,
AR LV ERBARFELTAEDINL, BREMIIOVTELICRET OLERD D
Z BT

Z o CARRETIL, TP 23| B I T DICEE 2 Y —I T /VA T OBESHFRL
SR DR EEAGEICOWTHREN. £, F—I T AA T VIEEE-BELPAY
BV, TEERECRVEEDIHRIC OV TR L. REZEKRORE
EIEAHTO 7= D OAEXEREL (National Research Council of Canada & 9 A L7z MOOS-1)
D B RERSS  UTSEEA AVEEISA L, BE, RAEAEOENAGETE BE
m{ﬁﬁ@klﬁﬂ%@@%ﬁwt%@wﬁ%@ﬁi@%@%jy@%ﬁ%%ﬁ%%@
DN TREIFTH D.

-137-



13 I 15 3

2. WFFEHE 2\ capillary (ID=50~100 ymm)
2. 1 F+vE7Y—BREKBEORE U etector

Fig. 1 12% v E'F J —BXUKEEEED
BT, T PEEOREHIEE LN

9 D

Y7 U —IZikEE (BGE) &=, o sample o
WTEEIDS % BT U~ SRR | -
EAL, EROKEBRESNZREL, 1/
%§Q§F¥&qf§1y_¢wa&§r¢gh fmﬂ eh¢m¢{__‘~_;_J/'

DF ¥ ©F U —ik BONKERERCR BGE

L, mEEERICLY, EEDIEIRE  Fig.1. Basic schematic of an CE instrument
EFOBECEEELENT 5. sgp  BOE background elecirolyte

DEFE, FrETI-NTERTLIERESZM (BOF) KUOERWKHICLID X+ T
V—HNEBEIL, EREKSBHEOENCL > THEESh, TEERHSICLIVBRESH
%. #E, EOF 1B @ b M- Tith, TORE JIBEKKEBEEL D K&
73, FEREER K% ONEEA T DERIKEIEEIE X BRI E V2, AHFFE Cik EOF 23 EfE):
BEFRIZFDD & O ICFREE (BOF OXER) LT\ 3.

AVEE, Fr 7 ) —EmICRT AKENEOFDESITE—Th 5729, BV oREE
TS, —F, YTV —ABRBHKELRD0D, BEBRENSTRONEN) KA
BHD. ZOREERD 120, ALV T A VIEREEMERE ST QO B0, SEIFVZ TITP
HED—DOTHA.

2. 2 —HHEEEIIKE (TITP) IZL54 2 71 VB

PRENED D WITFHABHRICRARA 2 LY REREGBBELZF O (V-T2
AZ) RORBH AV LV NS REIBBELF A T (F—ITNAFY) PEE
NTNB &, CZE S BEDTINC TITP REESE S 1, BUBIARG Y — L S Sh 3. TITP 12
L BEBLA A DENEERR R Fig. 21057 T. DTRTLOIE, V—Fqr o134 L),
BB AV (9), F—IFAAFY (D 1, BB —1 LIERE (BGE) Y —V D8R
BBl TICEENICSEERNE (TP) RIESREL, B TV TBHSND.
ITPREERK TT B L NTRT CZEWTREY, ZhbA T TER - HETHEIL, e
A FUimEHE TREENS.

2. 3 BE

AT TR TEREEZOEE AN  Fusxi 7 a2 Fvln—2 (HPMC),
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UNIDRAFAT o E=7. (DDAB) 1) Sample injection

TR TN HE =, — _
%:itfﬁ/‘iﬂzﬁklmﬁ E%)\}T R TTL S BGE
B2, WA A4 IEVEREWE (0.02-1.0

mg/L) (L, 1000 mgL OBV T

A OMADE, KR B EMR S8

FRY DA GHIAFAY) Bl §E T
- e L e e e R VL
v MR (RN B WG220 B TP
KELEEE RS LU RAS U RT T

BMI-QI VAT ALV EBNZD 2) Preconcentration process

DRERLE. ATHKE, IS i

Dz SN TIEL 7. A THIAIER =§% ..............................

% Table | IR T BRI 22| | T (L

2%, FEARNC 045 um DALT T fé;% I e IR IO L — /A
VT A NE TR L. EKED BGE

Capillary length

REREBESTT O DZEERE

MOOS-1 % , National Research 3)CZE
Council of Canada (NRC, Ottawa,

Canada) &Y AFL7z. Zhix, g%

Canada, Nova Scotia/H, CapeBreton £ 5
BOME, 7KEE200 m 5 0.05 pm %é ____________ |
DT ANF—EBLTRERSR

(1996 %26 A 24 B) , & MUIZEE Capillary length

whiv (199647 A 11, 12°H) , v FigZ Schematic preooncentrahon process of transient
e ITP. T, terminating ion; L, leading ion; S, sample ion;
AR shiz (199647 A 16 H) BGE, backgropund electrolyte A apphed voltage; l,

capﬂlary length; solid line, concentration; dotted line,

bOTHS. electric field. Reproduced from Ref 3) with permission
of Dr. Hirokawa.
2. 4 EE
¥ ©F ) —BRKBIERIT, —F v mLv—it (Foster City, CA, USA) BEF/L

270A-HT 26/ L. ffp’%ttﬂ 2L LTSRS AV, xBTS U — (GL

A ZUR, FR) OREIZTS im TH Y, BRI 210 nm, EEEOREL 30 CITR

ELT=. KEWER, ©—/7EHE —/2& S, B GBR) ®EE7/L D2500 7u=< b

A F L= RVWTEE L. pHEERIE, =057 F VT4 AN AT DAY
(Cambridge, UK) #1PWo421 % pH *—&—% L7z,
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2. 5 #HfEE Table 1. Composition of artificial seawater
2. 5. 1 pH7I ODJ\_I?E*%%}J?& Component Concentration, g/L
FrET7V—LLTE&EI om, BHEEE NaCl 7454
ETOEE FEHE) 75 cm DbOEEH  MgClh6H0 11.10
Lo HLEY B ) —i3, ERamc 1m NazSOs 4.09
KER(EF 1 U & AT 40 min, FOKT 10 min EZ?Z éég
%@L,%@%,w%%%Smmﬁbk.‘N&m% 020
KENRE LT, R{k#pA ZI"/%fé'\ifib YA KBr 0.10
THE/KIZ BOF ZXE5T 572012, 3 mM  HsBO; 0.03
CTACHRML7=b D (pH7.9) ZEF L. SCh6H0 0.04
NaF 0.003

IE1d L7= MOOS-1 # 10 f5Z&FRL, #—
IT AL LTRREEA 42 150 mM, B3REEA 4 10 mM 28R Lz, 328k% 255 %
5/L (#93900L), BEZ LIKVEAI L. Bohizt— BEROY—/ B3 2 AN,
REH OB K OEER TV RESRD-. 2B, BREEOBWVERZEL DI, &
SHTRE, KE2miniiLTEF ¥ BT U —RNEERE LT,

2. 5. 2 {&pH NTHKIKENK

PH 3 FHE OWKENR % FiVUE, BEREERA 4 ORBENENS B L, FERSERA 2 & iR A
Ay DBEEZEPRE {25720, REEAZEOHEMAEIEEIND. BE KEOWERE
DN THESFICRFTR TH 203, LIFOEMET, MOOS-1 25 L7z, v ETV—&
LTER 2 om, BHEFETORS (FHHE) 50cm Db O 2R L. ka2 IRTans,
ECF &3 57292, 0.1 mM DDAB % 3 min i L7=. #EhkE LT, U UVBERONY v
B kFE—FT R UL (RREWOmM) TpH3.0 ISR LB WA T 28 ER0AT
Wk Ve, WKBhRE 3 min L 7o, JEIBL7ZMOOS-1%4s (#980nL), #—37F
A ELTE00mMEFRRT Y U A% 2555 L, BEL 8kVEILZ

3. ERERLEBE

3. 1 HBFERODE

ERICEED BCE OERGEE LV EOVEBZSBICEATSZ LIZXY, 140587
EQEICHRTIAZ vy XU IRRBIAZZERMbATNS. —F, REFIzF—3IF1
A F BT D%E, BEHIH IBEFREIND. TIT, TP ICHT 5 REEFROE
BIZOVWTRE LTz, 3BHE LT, 10 mg/L £ 4, 1.0 mg/L FRSEE( 42, 1.0mg/L
A A, 250 MM BBERERA T B E e ATk % 2.5 s SEEBICEA Lz, Fox IZLIET,
TITP Z AW EHRR L UMEEA 4 OEEIZBN T, F—I /A4 & LTHERRA
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FoREo & BB THAZEERNELTNS Y. Fi-, ERERR L OREEEA 42D
%ﬁ%ﬁ,ﬁ%@%iykﬁ§@4ﬁy,&5mﬁﬁ@4ﬁyaﬁ$@4ﬁvm&wx?
S UASEENER SNAZEMNICRWT, F¥ T U —TEASNDERRA 3V OENE
ME2iconTERLE 2. 2, ¥ 5 ) —ICEASNDIERBA TV ERZITN
FENEL TITP REBEEL RO LR TEL L THS Y0, L LSz —o
ST EET A EANS, TITP REEIFER SN2 IR B2, BEDZ &b, 22
T 250 mM BESREEA T % Z —IFNAF v & LTRWE. £, EEEEBE 10 571K
L, 25 sEAL. BONRERLY, BEFBA AV EEERVEBZANVZEEOEY
— I BRI A Y B EDkERD. REEFR LGS, B, BERER
(Fy, BERA AL DY— I BESHITENETN 10, 13, 24 TH D, HBEFHR LR
FEADEY—IEEH (FREN098, 13, 2.1) b RENoT. Lich>TU
TOEBRTIL, 10EZFRLUERABZANDZ L L LT

3. 2 ZEEOX—IFAATVOHNE 3.0
BE TIP #B| X2 37-0ITiE, —F8E
DE—IF A FUBANBNDS. Fx T
EEBITRNT, F—IFAAA VLY ED
\CERNBBE D/ NS I A A%, T
ERIBICZ— I F A v &8 AT REE 15 ¢
BRICRIMTE 22 L2 RWVEL, 4 —3F
WA T DB EBRRIEEZBZ TRMLT
EAITIL, MR AV L F—ITF ATl 0.5
DR—R 5 A BET R S TR0 T2 s,
TREERIMOEEITIE, XA T A VRS

25

h/he

Terminating ion

Niz. £, TITP IR HEZNSF—
F A Y DRI OVWTIES Lz, LATFD
SREEORPER TR L, DLz Rk
WA Z % 1.0 mgl, B Z % 0.1
mg/L, WA 4% 0.1 mg/L, HEERERA A4
% 25 mM ETe \THKZ 10 fEFRLICD
@ ; 25 mM HEFREBA A OO D I1Z 40 mM
BREA 4B ETREROREL ; 25 mM &
B A & 40 mM REBRA 4 22 TR

Fig. 3. Effect of additional terminating ion on
the peak height for bromide, nitrite, and nitrate.
Electrophoretic conditions: capillary, L =97
cm, Let = 75 cm, ID 75 pm; BGE, artificial
seawater without Br” contaming 3 mmM CTAC;
voltage, -11 kV; wavelength for detection, 210
nm. Sample, 10-times diluted artificial
seawater containing 1.0 mg/L Br, 0.1 mg/L
NO,, 0.1 mg/lL NO;', and terminating iom,
vacuum injection period, 25 s. h, peak height;
hy, peak height for the sample solution without
terminating ion; A, ClOs7; B, BrOs; a, Br; b,
NOZ-; C, NO3_.

BORE. ZIT, BRBAZVEE—F—ITNA GV Y, EHBBENERRA

TR VNS BRBA TV EE S

—IFNA TV EREILICTD. ERBRAAA VR
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EE25 mM I, FEERA AV CIERBA TV L RR—R T4 VHBECE ARKEETHD. [
RICERBAZ 40 mM &) DL, BRBAZ 2 LERBA IV ERRFEIAV oI
A, MBA LV EERBA TV ERR—R T A U HBECELREREETHD. BRY
Fig. 3 |7, EFEBA AV EE—F—I TN A2y, BRBAFVEEZZ—IF LA
Fob LiEs, EEBEBLIUMES A or—r&3E, F—I T35 —EE
BWiBEor—r &SRV RED o, FROSRITL, UTOXRICEWTHRES L
TW5. Kiivinkova B[11IE, “BEORAY v XV FFERGN)—T 4714 (b5D
WEF—F A Fy) LT, UTFORGERERZLTND25BIE, K08V ITP 2R 2
HFETEAZ 2B NTNA. up>u>usue DWW ucouse>upi>umy, T2 T ual, Uazs
Usny Uc, Upl, ULV —T AV TATY, HWTERIA L, BGEH@EA A4, #—I TV
A A DEEEBETHD. £iz Gebaver H[I12]1E, EF MIEDHITRAL B a—F—
V3ial—valilioT, BEZORET v I—ThIEMHA T DRRITONTEREL
7z, Fox OBEEIIHEIZ, Gebauver b DESIIRTE IS T 5.

3. 3 F—IFNATUOER 4.0
CZE 55 BEDFIEN TITP R 5 & =
FBITH, J—F 4 v I A F v e A—IF
A F o DNEBER S DV T BCGE FICEEN
TUWRITIUE R B2V, ATHEK BGE D
A1, BGE FOEMIA T B —T 4
VA F e LTE 2B HEESRD.
L7etd =T, #— F /A Z v 2 3RBEIR 5
AUNE BGE HFIZEN L2 U722 6720,
ASED X HITHEBIRRE 10 EHRT 256

h/hio

B C D

I, BB TICE — I LA A AR
THEREENR L. FHLITESETI, F—
STNAFERRC2BE, F#—IF0A
FrE LTHEERA T VB bo L bELT
HAHAZLERNELTHNS, L, ¥—3
FA F o OFESHEE TR BT 5 EA,

Terminating ion

Fig, 4. Effect of kind of terminating ion on the
peak height for bromide, nitn'tez, and nitrate. A,
ClOs; B, BrO;; C, SO5 D, 057
Electrophoretic conditions as in Fig. 3. Sample,
vacuum injection period and other symbols as

in Fig. 3.

B = FA F VBT, THERA A L HBECE ARREICE R TRITIUIZRL RN £ZT,
TITP % XV BB ER T H — I T A AV B RNWETDIL, ERBA T V28D
THEBEDRA AT ONW TR LTz, #ER% Fig. 4 1”7, ZibA 2 BES, U
TOEY THD FEEA A, 150mM ; FAFERA 4>, 10mM ; BRERA 4>, 25mM ;
RHEBRA 4, 200mM. Fig 4 DRERDOMEIL, FAFvDE—IEmS &I —IFTA7FV
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FEERVEAOE—JES DL THS. Fig. 4 OHEDPRE DT, HEHER, HERA
FUNTKH U TRERA T h o L bRIRIERZ—I FNA F 1 ThoTe. —HRIT, FER
B (RERZE EIERcL?) ke, EEE MBBLIUMORLA T DELDSEE
B (em®Vis) i, LUTO®Y Th5 : BRERA 4, T46x107 ; FEBRA A2, 74.1x107 ;
FaER A A, 82.9x107 ; FATERA Ay, 88.1x107 ; HEERA 4V, 67.0x10° ; REEA A
v 57.8x107. FRERA A DEZNBENEL, BRSEROEER A AV DEIBEIEL Y RE W
D, A AN — I T NAF U E LTHER LRV K S IcBbhd. L L Z0HATS,
TN AA T DEETERL N XY, A A DESEEBEMNED Liciow, B
FoRE—IFAAZ L E LUTHERTE LD EEBDND. T AREBA 4 OEDEEE
HEEOBEBICL VB LIzbDLEZI LS.

3. 4 BZE—IFNATURECEE

TITP (=) B E = F— I FAA TV BEOEEIC OV TR T 57201, Bt 4
% 10 mgl, FREEEA A% 0.1 mgl, BB A% 01lmgl, B—F—I /4L
LCHERA A% 150mM, E2F—IFNA F b LTRFEEA A% 020 mM &1 10
BERRATHEKEZST LS. BONEREREIY, §1 VDO EELRFRAA V%
SERVEADE—I BEDLEHE L. A4 DY ESHIE, BREBRAT VIR
EEL LT LI, 3. 2 COR~ERERA 4 L REBA 4V DS EDEOSE
LHESLT, BA—IFNA T ORITRE L fadyoT. BRERA FVRED 10mM
FUBVES, WAL A LR A L ORISR 2 07c DT, RKiERRRRA
FUEEL LTI0mM 2BATAIZEE L

3. 5 WER .

FaBRA A2 % 150 mM, 2EEEA 42 % 10 mM BT 10 AR A THEARE AV TR(EY,
ERLES, TEERA A4 DIEERRA TR, BMEREPER L. TORR Y—7EH E
— I EED L5 EAVEEASTHERED JNVBRERNELN. B/ ERZAVT
EADEY (x, 001 mgl) , FAYEE (x 0001 mglL) , FEEEA A (x,0-0.1mgL) @
BEEIT, v=1.79x10%4 (0.9998), y=2.15x10°%+85(0.9971), y=2.96x10°x+1130 (0.9997) T
D, P ESERAVESEAIT, =174x10°% (1.0000), y=6.49x10"+13 (0.9991),
y=1.17x10°x+458 (0.9996) T - 7. AIEDFEFHEERZE (RSD) L RHRA (LOD) % Table
zmﬁﬁzﬁﬁmiéﬁﬁﬁ,%@fﬁy@Lmni-%jyymvkﬁi74—<m)m
L AEES VLo TELN-LOD (EmEEA 4 12 pgl, FHERA A2 18 ugll) LI
EREETho7e. EHu b MIICITLY, BEE( A DO LOD & LT 012 gl ZH
UL, ATHAGREFCIZRIER VA, EEOUKSHT T, HEA 4w L R4
SIFN—R T A UHBESTLITRN,
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Table 2. Precision and detection limit of determination of bromide, nitrite and nitrate

RSD (%)
: LOD (pg/L, S/N=3
Area Height Time (bg/ )
Br 269 P 330 D 07 D 779 (759
NO; 19 97 17 34 011 0080 22 (6.8)
NOy 14 43 19 20 011 0078 1.0 (4.4)

a) Sample: 10-times dﬂuted artificial seawater containing 0.5 mg/L Br,, 0.05 mg/L NO;’, 0.05 mg/L
NO5’, 150 mm SO,”, and 10 my BrO, eight determinations
b) Sample 10-times dﬂuted artificial seawater containing 0.05 mg/L Br’, 0.005 mg/L NO;, 0.005

mg/L NOy’, 150 mM SO,”, and 10 mni BrO5~

¢) Sample: 10-times dlluted artificial seawater containing 0.1 mg/L Br, 0.01 mg/L NO5’, 0.01 mg/L

NO5', 150 mM 804 ,and 10 mM BrO5”

d) Sample 10-times diluted artificial seawater containing 0.2 mg/L Br’, 0.02 mg/L. NO,, and 0.02

mg/L NO;

) Electrophoretic conditions as in Fig, 3

3. 6 MOOS-1 D&Hr

AEIZ LY, MOOS-1 FOHEREEE, REELA
T EEE L. fER% Table3 \RT. BIE
[EER FUTONT 3 BT2To7. AEIC
K DEEMEERA 4 LA 4 DEEHEEIL,
EP—HEEBERBLIOE—7EIDEL A2 AN
e CTHIIREENThH o, E—
7%é#ﬁmt%A®ﬁ%@4ﬁy*Eﬁ%

, TRTOR MAZBW THERSGEEN TS

oT:f)l, v—J miE e BV TE AT, No. 1
& No. 2 R MUZOWTCIIFRFESN Th -
Tz, ZiUE MOOS-1 FOFHREERA A REM
AJED LOD ([T 2D TH D . MOOS-1 %4y
FrijzéEn=l s ha7=-nl7 A% Fig
S5ITRT. TITP I L DEMESIRICE Y, Rl
BAZT L DOE—T BBHT A LN TE.
£7, TITP 2 AV V=& OEERA T D —
715, L0, TOBE L TITP 2 AV 7ens
STEFE LT 4 FEhole. — R, B
BHEKOESE, FIIKEOCEEIC LY B
T5. £Z T, MOOS-1 Z&EL LT, Y
B2, MEEA AL D CIBNNTZA—F (Y—/&

.
—77,

W -5, WKEEHE) IS8T S OFEE .

€
a
a
(&) ®)
8= 83
-k -
EE EE
[Z2 R QO
Ne K} C
<] <‘ |
C
2N\ b
d
1 L ] | L A
9 10 11 10 11 12
Time, min Time, min

Fig. 5. Electropherograms of MOOS-1. (A)
Sample, 10-times diluted MCOS-1; vacuum
injection period, 25 s. (B) Sample, 10-times
diluted. MOOS-1 contaming 150 mm sulfate
and 10 mM bromate. a, Br; b, NO,; ¢, NOs;
d, SO4 ;e BrOs”. Electrophorehc conditions
asin Fig. 3.

/TD%; K/T‘VC _,I E’/
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IR ERboT. Lo TARETHE, E—J7@EH E—7msdh b DIBEER
% BT b SREROEM D0 DT KT OEME, R A VPEETE S,

Table 3. Analytical results for nitrite and nitrate in MOOS-1”

Bottle No. NO, (mg/L) NO; (mg/L) NO;+NO;5 (mg/L)

1 0.0496+0.0041° 0.283+0.0050 0.333+0.009
0.0419+0.0011% 0.282+0.0035 0.324+0.005

2 0.04000.0023 0269+0.0021 0.309+0.004
0.0397+0.0018 0.268+0.0017 0.308+0.004

3 0.0429+0.0105 0.276+0.0021 0.319+0.013
0.0407+0.0008 0.2724+0.0029 0.313+0.004

Assigned  tolerance 0.0386+0.0081 — 0.325+0.034

interval

f) MOOS-1, a proposed certified reference material for nutrients in seawater distributed

by NRC

) Upper and lower values were calculated by triplicate analyses using peak area and peak

height, respectively
h) Electrophoretic conditions as in Fig. 3

3. 7 (& pH ATHEAKENEIC LB
MOOS-1 DZHT

LOD 2 &EBIETT 572D bo L
LEFEREEIL, £ 02 OREBEEA
TAZELThHD. T TpH3.0 DATHE
KENE A VT, MOOS-1 41T L7z

(Fig. 6). Fig.5 LHET 5L, HHER,
WA v &b LOD e hiiEsh
TWAZ s, & pH ATHEKIK
A AV e B A OFBAITEREFIT OV
T, BIE, HEMIRETTHD.

4. SHOBME

KR OEERSES, WA Z U OfMET
BRE, BRERERELRITOC
LNTET. A%, EKFOI VLD
LAy, VA AV EDEEIERELE
B L THIEZED TNE TV, BB
T CEBEEE LMD AT
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Fig. 6. Electropherograms for the separation of
nitrite and nitrate. Electrophoretic - conditions:
capillary, Ly, = 72 cm, Lgee = 50 cm, ID 75 ym;
reversing the EOF, 0.1 mM DDAB for 3 min,
BGE, artificial seawater without Br” adjusted to pH
3.0 with phosphate buffer, voltage, -8 kV;
wavelength for detection, 210 nm. Sample,
artificial seawater containing 68 mg/L Br, 0.05
mg/L NO, and 0.5 mg/L NO5’, vacuum njection
period, 4 s. (A) Without TTTP and (B) with TITP;
terminating ion, 600 mM CH;COONa; vacuum
injection period, 25 s. a, Br’; b, NOy; ¢, NOsj o
unknown.
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Highly sensitive determination of nitrite and nitrate in seawater by capillary zone

electrophoresis

Keiichi Fukushi', Nobuhiro Ishio®
'Research Institute for Marine Cargo Transportation, Kobe University of Mercantile Marine

2 Collegé of Analytical Chemistry, Japan
Summary

We describe a combination of selected ions as a terminating ion which is useful for
transient isotachophoresis (ITP) in capillary zone electrophoresis (CZE) for the
determination of nitrite and nitrate in seawater. In addition to 150 mM sulfate as the
principal terminating ion, 10 mM bromate was added to a sainple solution as the additional
terminating ion. Artificial seawater containing 3 mM cetyltrimethylammonium chloride
(CTAC) was adopted as a background electrolyte (BGE, pH 7.9). The limits of detection
(LODs) for nitrite and nitrate were 2.2 and 1.0 pg/L (as nitrogen), respectively. The LODs
were obtained at a signal to noise ratio (S/N) of 3. The values of the relative standard
deviation (RSD) of peak area for these ions were 1.9 and 1.4%. The RSDs of peak height
were 1.7 and 1.9%. The RSDs of migration time 0.11%. The proposed method was applied
to the determination of nitrite and nitrate in a proposed certified reference material for
nutrients in seawater, MOOS-1, distributed by the National Research Councﬂ of Canada
(NRC). The results were almost agreed with the assigned tolerance interval.

The amount of sample injected into the CE apparatus is limited as the effective mobility
of nitrite was very close to that of nitrate using 2 BGE at pH 7.9. In order to further lower
the LOD for nitrite, it was found that by lowering the pH of the BGE, the difference
between the effective mobilities increased, hence permitting increased sample volumes to
be tolerated and nitrite LOD to decrease. Therefore, subsequent experiments investigated
the pH of the artificial seawater in the range 2.5-3.5 using phosphate buffer. For the purpose
of reversing or decreasing the electroosmotic flow (EOF), the effect of
dilauryldimethylammonium bromide (DDAB), CTAC and hydroxypropyl methylcellulose
(HPMC) was examined. Investigations are in progress to examine analytical conditions
including the applied voltage, the concentration of phosphate buffer, etc. After establishing
the optimum procedure, it will be applied to the analysis of real seawater and the results

will be compared to those obtained using the conventional spectrophotometric method.
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