BhpEs 1414

Y 0D T Ry O e e SR R IR S0 AT 5 0D B 5

MR R F R AR R

B E [ B Hh BRSO EREL BEIDSUEFIECIVERNCEBESNTOAR D, 27 —=0 279k, R
BRIEAKSC A K IHHEE LT, [FIRFE BIEFIRIIE RS HDHEE 2D, T2 T, MifE CRRER B4 FRE &
EHBAR T D201, FrET)— — U BRUKENEZ O, R 8T SOV TRET LT,

[ ER) Mk BREEER L (CCD) ; Fvt T — NEE 50 pm, 25 80 cm; 7k @G : (A) 9 mM L-EAF T+
15 mM Vo afE+2 mM 18-crown-6. (B) 25 mM 2-(N-EJLiRY ) X Z)VRE+25 mM L-EAF 20 +2 mM
18-crown-6, (DCCD % F2H{HIH 5 20 cm DALEIZFREL | B, BEAA AR GIEIRZ TR L, TkENIK (A) Z IV, FrEZ
U— Wi HERMEANEICIORE 2 AL, BEMEEZ RO | REROIEREZ R AT, @14 kS ED -
¥, CCD O EEEALSE Tz, @FaAAr B SA TV EL T, R } Oy BT — LB S 7 L E OBl B 7
DI, KBRS T MTE T LTz, @EZEW 5 [1EZ F O, VKN (A) . (B)IZ2WTHFL 72, ©@F%hE 60 cm &L,
VKENIR (B) & FAV N, ELZ20 8 VEIC LB, BaA A 2RI SHTL . FRERMEA SR | B aERR LT, @ BRI
(ZEVEAA L Z R, FEEEE R | EROVERZ R AT, OFE 60 cm &L, PkBYE (B) & V>, B2k 5|1k
(ZED, TR DA A o3 il T,

(HEREER] O, BAAVERIBCOBEHR I CE | BAA T OFBMII RN, B4 OFBMENEL | BRI
D BWBRERNIISONR D T2, @CCD OALEDFEREID 40 cm DA BBAA L OFHMENLHBES NI, BAA
Y OFBMENEL 2o T2, @QUKENRHA AT VN OSE . B4 OF SN g S, mIERAEAE T, F5
PEDSEEL | EARED BV EROIFO R o T2 T, BZEWR B 1EE V., B, A4 ORI E R AT, @Ca® &
Na* OUKBIRE O ZE1%, VKB (B) DIEH 73 (A) KO KREL O GHTIZITEL Td, O/, BEAA L &b FELIEIX R AT
T, B AERRIED B OREBAN GOSN, ©F ML R -7203, EAREO BOBRERIIELN R oT, Q%5
B 1 BTl Na't =213+ K&LL K Ca¥ B =213/ SO, R S, M2 ISz, 3 BT
I3, Na*, K'E' =213+ K& o728, Ca?' B — 2 N7 1 —RI2R0, Mg 13 SRR oT, 5% :BHE AL,
CCD DALE , YRENEHARL, HEABHR SR OGRS L | (8 C ek B 7 vh 2l sy A Ao D[RR i L5 AT
ADY//AN

1) B7H %#: Salt & Seawater Science Seminar 2014, " stk 515 0D 25518 L RFEY.

1. ARE M L BUE TR, B ENDAA RIS T, BRERE(CL

VT EE | JBHC KD E Rk sy A4 (Na¥, KY, Mg, Mg*, Ca*") , A4 7a~hrT7 14— (SO%) ., ICP %Y
Ca*, CI', SO4») IREMNM R/ DT-0 | EMRGE-RRDOBL 3ok Mg, Ca?') | ROLIEETE (KD I I Ennc
WD, ZNOIREZAONITHMERDHD U, WAE  EEISNLTCND, Fio, Hb T MU ARETFRICEDK
TIE 100 4ELL_ERTIC, HEEENIIEL L CHERBR H1ES DO TWS FEARETE), Ll S0 ®Es
FlESH, WO E R FICEBRLTEZ 2, ERSAA EFS00R7)—=071EELT, HHWLIE, JFEREK
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RMMAKGHTEEL T, ZhBEAA | fEA A DAl
EREERBTOILTEROLILEE XD, TR
FFETIL, FrE7)—BEXUKENE (CE) D4y BEE—R D
— O THLFYET)— —BRIKENE (CZE) KON
PR TR KRB R 28 (CCD) & AV, By A4
OFEER B B R E R A B T 22 L2 HIE LT,

2. AR AE
2.1 BHROERDMAVRE

Rk DA RIS SN QWA E A RE I, Fix
DI 0.1 g% 1 L OKITEIRLUTZ5G D ERR DA IR
ZEHEICIDROT=, ZEHEL T, 250 fHTARL 72K
HOERDAA L PRELELIZ Table 1 (ZFEEH7-, NaCl
PRSI, (0.1 g/L) MK (250 fi5AfR) & CIXIZIE[ARR
FETHDM, HEP O ERk oA A B, KK
D 1/40-1/9, Mg 1% 1/520-1/9, Ca®* 1% 1/180-1/7, SO4*-S
1 1/550-1/8 EM7R0RIRE CThD, El ORI
EZENRENENR DD,
2.2 XS ) —BERKEEDOHE

Fig. 1 [ZF v 7V —EXUKBEIEEE OMIE 2~ 7, £
FEA OUKEN K (BGE) A #rE A 50— 100 pum D7 2—R
R BB 7Y —|Z BGE Adilil=4, —#xICHWHF
FEZV—IZIL, AU T D7 DI S TS,
WNT, BB EFEANT B0, HROFrE T — i
ARBI AL T T D, REHEAEEL T, BB A &%
—ERFHE, —EOESITRE, BAZEEF AT 5E L,
B SRESCHMAID BGE iz 9~ 2t ik, 7

Table 1. Concentrations (mg/L) of principal components in salts’® and seawater

BIA#EMET2MEERHY  ZHBITET) 2L
(hydrodynamic injection, HDI) EFEIEALD, 512, 3k
I & SORHBEE AT 0D fiR 4 22 53 4 B B R 57 D Rtk & Sk
WWREL, EXWICEATHIERNEANIE
(electrokinetic injection, EKI) 2382, W\ 410D JFIEIC
FOREHEE AL AIMOF v 7Y — ik 1 O BGE 247
(\ZRL, mEEEIRICEY, 240 BGE A OEMRIC
mBEAEINT %, B OB IR, FrETV—NT
HAETDERIRSE T (EOF) X OVEXKENZ LT vES
U—WNEBEIL, EXUKEIBEIE O TS,
— AR RS IO S D, ZO05E Fy
B 7V — B & D — RO BRI 81T e L 2

(D)
7 \DJ
UV-Vis detector

|

capillary (ID=50—100 pm)

\

sample

high voltage

electrodes
BGE

Fig. 1. Basic schematic of capillary electrophoresis (CE)
instrument. BGE, background electrolyte

3,b)

Na' K* Mg?* Ca®* Cr S04*-S
Namien 38 0.16 0.08 0.06 59 0.01
Seiseien 39 0 0 0 61 0
Alpen salz 39 0.05 0.01 0.01 60 0.0067
Sesannnosio 35 0.18 0.55 0.27 54 0.46
Hakatanosio 37 0.04 0.1 0.1 58 0.15
Aoiumi 35 0.17 0.44 0.26 - -
Seawater 44 1.6 5.2 1.8 80 3.7

30.1 g salt was dissolved in 1 L water.

9250 fold diluted
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AR T TE DI O #EZ 13

TR DD, 272l AFIETITELUSE LRSS (2.

3ZH) M NTNDLDO T, ZDMETZR, 18 EOF
VXBEARD D BRI Z [ 5>> TliEAL, 2 D RESILEBRIKED
BB E L RX W, RIEZ, FETY)—WHIZEIT5
EOF DM EENIZITHE—ThD720, @ olties A 7 2.
— 07, XTIV —NEP IR L7 D720 | 1B R Y
T3 TIRND ZNEAEDI T | B FEA T A L PRAEIED
RSN TS,
2.3 3!5?%%5; '—:Vf:rs%r_ B

AWFFEIZ I D538 H B9RL 5y (Na*, K, Mg?, Ca*',
CI, SO4») I, c1-%fs%%-s\ HW A FFT 72\ T2h | ROk R
B CIRE M ) (EEEBOGIE) TERW, 2086
WA 3 DR RS A BT BGE WV, #TH
FIRR Sy SR A RO R Ay N EE DD T LIS R ek
W2 FFT= 72N 2B 0T H RS 2 BRI HH - 5 [
BEROGCIEN VSIS, UL, E#EROGEE kL, —
PRAZIREE DM, 22T ABFIE T, AA AR S C
HIUE, TRTHRI ATRER B R ARG R NS E VDD
LUz, FEBERRLE RS R g
Sensor Technologies % TraceDec) % Fig. 2

(CCD, Innovative
(R, FvE
TV —%Z2OOEIRO BB MBI B NTEY, /EHE
fii (actuator electrode) | ZAZWR LA T, FrETU—N
DR = JE W AP s 7 F Vv a RS2, oA
A MRSy 3 EIE T A BRI E A LD FOE T
77w 7 & (pick-up electtrode) CTHEJET 7T /LICE
faxi, EXUREEEL TResksinDd 9,
2. 4 BRUIGEERHFICET L
CCD IZBT 2B HBFEDOINNTImESNLTEY,
Kuban & Hauser? (2004) 1%, 1998 4£~2004 4E4)6 12 H
RSN SCHRE £ L0, UV fritig Ll M7 CCD I3,

=N
. '...\[ -

RS K O A A FLO A 72 s ThHZ LA AfaIT
L7-, Kuban & Hauser® (2004) %, CCD D FAHIEFE
b\féﬂ/\ aﬁ*‘ﬁ@p&%fwt TV —LEMEDR AL
[EEast: (ZBER7ZRNS, CCD DT A HilRE S,
BGE, F ¥t 7Y —{Zi U Tz i/ JE I AR 2 03 KU T
HZLEIRLTZ, &5 Kuban & Hauser” (2004) 13, JV1K
W RS (LOD) 2455729 121%, BRAREE O
BGE. @V Vb EEZ ., ﬂ{ﬁfziﬁz%ﬂf@fha‘é EM
HETHDHERER D72, Brito-Neto © ¥ (2005) 1, CCD
DERFPEIZOVW TR, X, BGE O3bG@A 4 KO
DB — AT MR O K OMLE, JER I LD
L&RLTZ, F72. Padarauskas” (2006) 1%, CE (ZJ A e
Je OBy 1 A A A B BIEIZ DWW T, B AT A
Wit A | BaAA 2w OER K OFRIR B, CCD Z 5 TR
HIESE DI H AR T iR T %, Kuban © 19 (2006)
ARy T B A AL, 4 BRSO CCD D%
BEZ b L | EEm B AL, ﬁfﬁu@ HAFI Ly (DN
b 2 M) K OFBIREIKIZIE R CH L3, Mg
(ZHEEZR D72y CCD D LOD(I.S pmol/L) [Zfho> CCD
@ LOD(0.1 pmol/L) &Eb#ZL | 15 fEmVZ&a LTz, &
D OFSFEL T, Kuban & Hauser') (2008) 1%, 2004 4
~2007 F=D LHRIZOVT CCD DOJFUEE, CE 7217 Tl Ath
DEHTE~D CCD DAL ED | A | FRAA
VL TRBREICET DS ABIER LTS, SHIT
Kubaii & Hauser'? (2009) (%, CCD 2MEHSN DI
STOHD 10 4[] (1998 H-~2008 ) (ZIWTHEFES AL
TG MDO G CCD A4 3 2BRICH FZe— eI iE iz
DUVTHEBLL T2, 513, HilT T, 2008 -~2010 4
3(2011) | 2010 4-~2012 4= ¥ (2013) | 2012 4>~2014
19 (2015) ICHIRS U SCHRICOWTEED TS,
Saiz 5 '9(2014) X, CE (ZXBB5A 4 R OREAA D

actuator pick-up
electrode electrode

=.h=ﬁ=

Fig. 2. Contactless conductivity detector (Model TraceDec)
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AR E B LT, FRICEUBHE AEIZ DUV CREL SRR
LT, flf, Mai 5 17 (2013) 1, ¥R O FEEITINE
7255 RBIOIE NI~ A7 A TSR T I
CCD IZLDR—FTNVEALT D CE MHEEEFE L,
Kobrin 5 '¥(2014) (%, CCD Z kgl 421 DR —%
TNHEAT CE EEZ R, BRI Y O W51 4
VR OEA A RN BEL T,
2.5 BAAVRUBA(FORBEE
2. 5. 1 WEHIEFROERH

Bichmann 5 ' (1992) i, vEZU—C s (6
B %2 2 b (BBAA 2 R OEAA 558 ) v,
eIk (oA A 5/ % BGE IZIRINL , #0%
FF70 0 o i 2 07 1) 12 K0 | HERERS A A e O
HERRF2 A A DIRIRFE 454772, Krokhin & 20 (1997)
%, HOENEDAJEAA L 4 - (2-pyridylazo) resorcinolato
(PAR) L D$ERZ BT D L2 LY ., BB EEICED
L BAF L EIEAF L DORIGEREEFERRE LT,
Kobayashi & 2D (1998) X . & @& 4 4 v %
ethylenediaminetetraacetic acid (EDTA) EE5T Ak SHCI2
AF LU MDA LEBIZRIREE &9 5 5155
FL IRTNTA—H—D IS AL, Kubal & 22
(1999) 1%, VOB KA IREIE 4 | FikEE, 4
JEAA L (EDTA (ZEDfEAA v LU TR ) ORI E &5
EIRTNY A —H— L OKEKRDHTISEH L7, Soga
& Ross? (1999) 1, MW RS K OETZ R A &L T
BeE %R 2,6 - pyridinedicarboxylic acid (PDC) % BGE
LU ERRRE A K OVE B A RO L & E A4
% PDC $H{RE L CHEEEW BRI C KV E BT 2 7 1Ea fe s
L7z, Xiong & Li*» (1998) 1. BhAA | BaA A4 F R
WA & e BGE & V), EOF (Z&0 A A 7% [t
RN BY S, BEREEE A A LB T O /NS BERE S A
F DRI E B2 FH L7z, Chvojka & 2 (2001) I,
A A% CCD, BEIE D/ NS7e kR A A 2k
AR IZ LB 9 D [RIREE EYEIC DWW Tl R TUD,
—J7. Johns & 29 (2004) X, RALTR TN ATF LT
£=7 A (DDAB) I[ZXVi#\ > EOF 234Xt A4 H
RS A 5 T BGE & WV, FrREHE AL (HDI)
(R EERERS A A R O @) B O R &7 B2 A A 0
[ VB A ST LT, 2B A A i@ s o[
BEWSEIE BAA LA A T e —T b E LSS

LTI, BAF T e — T R N 5) I KO
S, A A TR A A W EE (A LA
AT —T ORA T ENRBEERINDZEIZED, BA
T T =T RENECT D) ICEvEn D, Lk
DIFEZINT, FUEHI T =T HDI (2X0 Tl H¥r
EZV—NIZIEASILTN D,

Kuban & Karlberg?” (1998) 1%, K50 114 %R E
B9 57O OWAFEEHE AL (dual-opposite end injection)
IR, £7. FOXy T —imzilBh 147 v
VAR, — BRI, BOHIID BGE AT VX0 @RS,
HDI ([ZE0FE AT 2, SEHEA, [FERIC BGE %
HEIFEANT D, DWT, FRRIC, BOHAlOF v 7 — i
FORBIETEANT D, £D%, Fr TV —ili%a BGE (Z
TRAL., TkENZ B AA S 2, B0 A T R ONR2A A I ODIH]
BE RS A G T BGE & W, /KIEK, IIKH DR A
> R OEA A % 7E B L7=, Haumann 5 29 (2000) (%, [A]
FRICTEREEHE B LY BB o O SERERE A A
UEAF > Z RN CEIZ IV RIRFE &L, ENHOR5F
I B SEEROA A 7 a~v N 57— L AR R LF
FE—HTBIEE R LT, 7272, ERRICER T H7201213,
FUEHEAEEL TEKI LY HDI O N EE LN ETR T
%o L EDFFIEIZIBWT, 3BHEI T HDI (L5 ]
AEHEAEE H W, B F Y EZY—NITIEASIVT
W5,

Jandik & Jones® (1991) 1, BB BN D/NS72 A
T (BT NAF L, AT E AR ER) BRI T
EKI (ZX0aBt 1 E N3 28, 204 B AV 31X BGE oD
BENEORERAT (V=T T A, JabiE) s
—IFT A AF O MITEE N EHE X VKB
(isotachophoresis, ITP) IREEANE 2V | JRAHS AL, HERELE
A T ERE TR C&E DT AR LT, Bondoux & 30
(1992) 1%, ITP \ZXD¥ME4AFI A U7 IR, M
ERROBENE L O AT B B — 27 OFBMES B<,
B ppb LV O HIRAAEH L, 7 SIFEHT O —IR
R ORI EIK R O BERE 2 A A 3 AT I TE 528
Z7RLT2, Shi & 3D (1994) 1%, #EHEAEEL T EKI, #
HITEE U CRIER O IEE W, BEERINEIC XY, $io
HOL R TEENLERIGAA A EEL, 7L — AR
T IERT L — DR HIEIC LR R L TIE—ET
LAt R 4537, Padarauskas 5 3 (1998) 1%, BhA A4 &
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OfaA 7 OB OLRIEE 5T BGE ZHV, vt
FV— W bAoA Ak OfEA 7% EKI (XD RIFFIC
AL, Na*, K*, NHs*, Mg?*, Ca*', CI', SO, HCO5 D
SyYBEARER LT-, EKLICEW T, F¥ETV—ITIEASNDS
ISHT B IR Y Bl B OB BN EE i OB DA 4 i
FEIZE0 T2 ONAT R) D3, B EMIZOW T ES7<
METSL TR, ZD %%, Padarauskas & 3 (1998) 1%,
WRIE R EKT O B MEIC DUV TRRETL . 3BH PR ML
LT LiZMLCordaZ ek, B4 50
(ZED AT ADO R R I AGEAK T ORA A
VRREAF L ERL, ENLDOERIT, (AR

VNG T 4 —RONERD CZE N L ARE R —F LT~ &BIT,

Padarauskas © 3% (2001) I, [FIEROD FiEZ ., FIZKH
® NOy ., NOsZHE W GIE, NHy 2 IR GTAIZ LD R
ReE L, (ERIE THOME N EEIRIC LD R & B<—2
FTHZEE A LT, Durkin & Foley® (2000) (4. EOF %
PRI 7= B RIRIRE EKT 12X BA A 5 M O
OB DLIEA > Doy HEE R LTz, UL EOJFEIZB N
T, RBHI 9T BKI IZE0F v EZU—NICEASILT
[AYeS
2.5. 2 ERGEEERHFOERG

2. 5. 1Tk~ Iz, Wtk sz AW TEGA 4
K OEAA L ZRRFE & T H720101E, B—0RICE
UNTIRI R OVl & % 388 e K Cdnd 2 FREAD R
AEENRMETHS 39 (2002), £7=. 54T B IS DTKE)
JE AR HEROALE I LD, AU, BHEROMEIZLD,
Wi A A R OFEAF AT oF v E TV —F Rk
TEOMHTHD, SHIZ, WM HEROEE | Mg DAL
Ex HBICEZLNDIDNCTHOITE, FrET)—8
PR IREPHIIEIN T RERSY , FrET)—nR3 o7
2%, ZHIUTHL T, CCD 1%, A4 MR 72 b iE M H
AR THY, MMM EDHBRICETARETHD,
Unterholzner & 39 (2002) (%, HDI (249, £ A4 %
HEAL, RNTREAA 2 EANT D IFEHE AL L
CCD KU 100 cm OF v EZU—% U IRxT/V 74
—H— D IERERG A A K ONEA A & [RIRERR L7z,

LOD K UM & D EAE ORI B 32tk iLd 573,

FHEMICOWTELS TR0, Kuban 5 37 (2002)
1%, HDI{Z XA AIEEHE A—CCD #H O LOD 1, i
{BEBHEA-UV i HEO LOD X0 10 KW 2 82k~

K, FIZK, BEAK R O BERERE A A e A A &0
#L, THHORERIL, IC X° CE I[ZXAEBIE & RE R
<—E9HZLaRUTZ, &5I2 Kuban 5 3 (2002) (3,
BGE (ZDOWTHRETL, 22 FEEADO T VA1V J@, 7 v )+
HEJE, BEBeE., A, BEAA L ORI E RIELH
SEL, KIEZK, FRZK L K, HEKEE O T s LT,
F7-. Kubai 5 3 (2004) (X, 7u—A2 V= riar v AT
LEFIA LT B BmRIECEHE AEZ BT L . RIS %
AEHZIINT 2281280 RS A4 R OfEAF 1T
*9HE =7 IO R EERZE (RSD, %) &L T 0.09—
0.82% &) FRBLMED @ WS SR A #5372, Feng © 40 1
(2005) | HDI (2 XA MMEEHE AEIZLDKIE K, K
HOGAA Y e DA 7 % [AIRFE & L 7=, Flanigan & 4D
(2010) 1% . gradient
electrophoresis (GEMBE) &) 5{EIZ XD IxT 004 —
2 — DTG A A M O e & LTz, 2Ok
Tl KEVEEAFHIIIL7IRAE T, EOF 123 L THMAE
NEFEST DL BEVE DO REREEAF 2 R
TRENED/NSRIGAA BN ETY—ITHEAS L,
CCD (ZIVEXR S5, Kuban & *2 (2012) (%, HDI
IR A HAEEHE AL (IO A v ZiE AL, —ERF
M., EEZHME ., KHIZVEA A E2EAT D, HD
WNEEDHDITIE) & O S DB R LT 2EE TRV
HUU 72 B0 A H D SR R A A2 S DN A A 2[RI RE AE
B 1L72, May & Hauser® (2012) 1%, U IRk

elution moving boundary

multi-position valve %\ /= sequential injection analysis
(SIS) manifold & ON1-2d& 5\ X220 CCD & HV, i %
OFEHENE K OB HIEIZ DWW T LTS, Neaga
5% (2014) 13, ET AV OMIFYEZY—ZIEL Gk
EEAL, A OfEEZZI L TH Sy EZY—L0
PR AT 2 EHEUEHE A HDIOMEEEZE) 2 v,
FF AR O IERERG A A S DA & 53T, HH
5993, BE10 cm OF ¥ ETY— KN CCD Z Wy, By
ST BED T8 OB KUK EN FU B IS 3R 2 AN Uit 1
DB HE ATEZ TR R LT, TR OB
?® CI, SO, NOy', NOy', POS>, F/E &\Zi H Al Th
DO, A RUBHE AEIL, A A 58 O KRR
WL TERWIEA R LT, SHIZHFOIL, fealh
HENETIL, B AF v LA o 2[RRI E B TERW
D T EHE AL L TRy BT — FRIVEL B L
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7=(FME, BHES), ZOFIEZ gIOICFre7)—%
ABHAR Tl /=L Tl & BBARURE IR Has DL E %
B HZLITED | A A R OEAF > D[RR E &4 12
HoTeb D ThD, W HWHNLREHEAILE THS HDI
KO EKL(F S0 HEANT D556) Tk, A4 &
DVNIEA AL ONFT DL BRI TERW, Ll F
YETV—FRHE T, WA A4 ORI ATRESL 72D, Shiz
5 49 (2014) 1, 2 ADOFYET)—L250 CCD(ENZE
AUBGA A oo, BEAA 50T ) A R TR — 57 v
B AT D CE #i&, —FE¥EHD BGE & W, 1Bk 12 F
OB A A RO A A A E LTz, Kuban & 49
(2014) 1%, HDI (Z XD MHAECEHE AL (R HR0BHE
At il T BGE Z{EARE . FOHMAIGEEHTEN) I
O F RO EE RN — 8 OREE EET-H0) 2K
(IR LT3 D Nat, KF, CIE AR E R LIz, 2051k
FERMERRHEE D2 A ChoZ ez Rz, Uk
DIFEZBNT, BEHET T HDI ([ZEDEASH T
e

Tanyanyiwa © 47 (2002) (%, EOF Z#iflL , &kt
BGE Cii#ld 4L, EKI \ZX DM MECEHE A kLY,
FERGA A B OB A T D[RR IE Bedo D M FEL e E S
AHECHHZ AR LT, 12720, BB EREICD
WTIEfilIL TR, F72, Wan B 49 (2004) 13, REHE
AEELT EKL Z VY, BTG & OVR 0 RS A 4
K OEAF L HARBNCE &L, ENHORE R, WEkiE
IZEDREREIL—ET D LER Uz, BLEDHIKIZE
DT, BREHT TR T BKI ICEDFrETY—NIZIEASH
TWb, ZWORNEIZOWTIE, RKIFEE2Z(TT 5 ET
FEFIZBEATRNO T, 5. S % OFHH 2BV THELL
R4,
2.6 KE

JE{E X, K7 T (Otsuka Electronics, Osaka, Japan)
B v 7 ) — E UK BN SR CAPI-3300 %V Vz, FrE’
TV —ZP—=x YA A(GL Sciences, Tokyo, Japan)
T 2 — AR (NEE 50 um, A% 375 um, 2K 80
cm) ThD, I E ARG B HAR 13, Innovative
Sensor Technologies (Strasshof, Austria) #! TraceDec, 7 —
ZRLERIZIZ, H 37 (Hitachi, Tokyo, Japan) 4 D—2500 7=
~NMIT 2B L,
2.7 HE

FRIRIT T TR 2 O, IR OB L
7oKL, P~ B2 (Yamato Kagaku, Tokyo, Japan)
WG220 i 7k B 25 5 3 K ONAL 73U AR T (Merck
Millipore, Tokyo, Japan) # Simpli Lab #A#fi /K 14 & |2
FJOIEENTLDTHD, 7035, BGE, FEERIRILAE H
DHMNT 0.45 um OTR/37 7 (Advantec Toyo Kaisha,
Tokyo, Japan) A 757 4 V2 —CTiFE LTz,

2.8 ¥vEZ—EkEE

W EROGA . LWy E TV —DPEE I, 1
mol/L NaOH ¥k % 40 53 #li/K% 10 533l TIT- CT&ET2,
CCD D34, NaOH HI3ED Na RN BERESICL
Weh, Gregus HOF{E # (2015) 12255, 0.1 mol/L
NaOH % 30 47, #fi7k% 30 7. BGE % 10 733t L CT{ 7272,
LU, o B IR O 53 BER DN E ) o7, Sdiz & 4
(2014) X, 1 M NaOH % 10 47, #i7/k% 10 43, BGE % 1
REEVEL THIL W v E U —23iF L T\ D, £ T,
Fx 3. 1 mol/L NaOH % 30 473, #fi/k% 30 43, BGE % 10
SIRLTATHIZ LT LT, Fe, BERICEZRDITIX,
H O HTBRA 1 BEREIFREHTIZ CCD % on (2T 2B H3%
%o T, ZDIK 30 43 (Wik% 5 43iL7-#%) . BGE
EPET ZEC LT, D SCIRIZEBIT 2% v BT — Beifk
IZLL F O THD, Kuban & 3 (2002)13, HDI LA
ARBHEAVER O CHERERS A A ] OV A A %[RRI
BET2546 . o0RE, 1 mol/L HCl ¥&ik% 20 7, K%
60 . 40 pmol/L BALEBEF /LRI AF LT v E=07 L
(CTAB) I&#&% 40 ¥ (EOF % [ #ix9 57-%) . BGE % 180
FRL T, FXETV—Z B TS, Wan B 0 (2004)
1%, CCD MHIZEBW TR 25 um OF ¥ 70 —Z
L7223, HLWFvEZU—E, 1 mol/L NaOH % 8 4y, /K%
847, 1 mol/L HCl1% 8 53, /K% 8 Zrift L CHeifrL7=, F7=.
8 B Z0HTRIIZ, 0.1 mol/L NaOH & 0.1 mol/L HC1 12 LV
YE TV —E LT,

2.9 #BF&E

TEIRAER S 2 25°C ICRREL . FHUNEEIX 20 kV LT,
BGE LT, (A) 9 mmol/L L-EAF > (HIS) + 15
mmol/L V> A+ 2 mmol/L18-crown-6, (B) 25 mmol/L
2-(N-E/V7RY )= X AL R (MES) +25 mmol/L
HIS+ 2 mmol/L18-crown-6 @ _FfE¥EZ A\ /-, F£7-.
CCD 28T 5% EMHEIZL, Frequency: HIGH, Voltage: -6
dB. Gain: 50%&L7=, SHTOEIL, BGE 2% vEZU—I(C
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4 FHELTe, B ERIICIEAT 2 (BKD A1,
BIE 6 kV, AR 3 HH0V T, BIE 10 kV, AR
M 1 BhEL7z, B2 575 (HDI, 50 kPa) DAL 1 Y
(#9111 nL) HDWNE 3B (8933 nL) & L7z, 72720, tRICHE
RLIZEZA O E IRV TEZEW S E Tl b
AUTEIEARE (63 nL) LELERL T, 1/6—1/2 L0720/ 7%
W2 ENRbIoT,

2. 10 EBRRUHER

2.10. 1 EKI IZ&kZMEIEFEAE

WA A ZRIRE T 572012, CCD %k
FBARI735 20 em ONLTEIZEE L | FEAEARK (Na™=2 mg/L,
K", Ca*, Mg*=1 mg/L, Cl' =8.1 mg/L, SO*-S =1.4
mg/L) 2B L IKENIR(A)Z V., e ) — i)
5 EKI (CX0iEHE A LT, PRENFER], ©— 7 mfE, &
— 7 F SO HERER 72 (RSD) &3R8 | i &fR (A4
ATOWTIEL.0—10 mg/L, fEAA AT DN TIT 1.4—41
mg/L OFEFEEGEIR) OVERA TR T=,

ZORER, Fig. 31T I, B AA | a4 %[
BRI BERR HHC& 72, LosL, Table 2 (R X912, A
4> RSD 1%, PKEIFH] 0.36—0.44%, & —[HifE 0.46
—3.1%, E—7EE 026—0.67%CTHY, FHIMEIIRET
BT, BEAA D RSD AKENREH 1.0—1.1%, &—7
A 21—22%, B =27 @& 11— 13%EE) 7, 2,
FrE T —FhE GREANAT L OX T — DD
B ETOES) D, A4 AN TIE 60 cm THY,
ST RRESEALTOVDN, AT oW T
20 cm ST TED THDHEB 2 HLND, Tz, EAMED
BV ERIIEDNA -T2, ZORKEEL T, FEERTK
TREOFLPHN RS, 43T H BB R E 3 <72 D224
T, BRI D EXISEES m<RD  EORERES DR
IMFFEY oW1 B IR IEANENBD L7200 ThHDHE
EZHND,

2.10. 2 CCD DIE(F¥EZI—BHMR)

R AT R D faA A B BINELGE D72 . CCD DAL
EZ RS 40 cm LTz, bbb XTI —H%)
Rl BAA > R OBEAA 2D\ T 40 em E725,

ZOFER, VKEIREH, B — 2 hifE, B — 27 mSORSD I,
G A ANTONTIE, 0.34—0.37%. 5.4—19%., 11—16%
THY ., FEMEPYCESNDE A bz, —75 . BA
A ATDWTE, RSDIEZENZA, 0.14—0.55%, 14—65

Cr
SO42-
NH*
Nat*
K+ Caz*
o
| | ! ,
g |
~—__| f__}b
1 1 1 |
2 4 6 8

Time, min

Fig. 3. Electropherogram of the simultaneous separation of
inorganic cations and anions

Electrophoretic conditions: capillary, L=80 cm, 50 pum
I.D.x375 ym O.D.; BGE, (A) a mixture of 9 mmol/L
L-histidine, 15 mmol/L malic acid, and 2 mmol/L
18-crown-6; voltage, 20 kV with the sample (anions) inlet
side as the cathode; detection, CCD at 20 c¢cm from the
cathode. Sample, a standard solution containing 2 mg/L
Na+, 1 mg/L K, Mg?*, Ca*", NH4", 8.1 mg/L CI', and 1.4
mg/L SO+*; EKI, 6 kV for 3 s

Table 2. Precision of cations and anions

RSD (%)
Analyte
Time  Area Height

Na* 0.38 1.6 0.67
K* 0.44 1.2 0.52
Mg** 0.36 0.46 0.26
Ca* 0.40 3.1 0.47
Cr 1.1 21 11
SO4* 1.0 22 13

Electrophoretic conditions and a sample are identical to

those in Fig. 3
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%, 9.0—63%THY, FEMENEL o7, mEEHEA
EOLEIZIE, CCD DALENEE THLI LD MRS
77

2.10. 3 HHNIT7ILHA4X

2.10. 1% U2. 10. 2TiEfzA4 > HilBi A7 v e
LC. B AA AR AAT L (EE 31 mm, EENEE 6
mm) JONED/AS, BB O (FE 59 mm, EEHNEZE6
mm) & e, ZO%E | BREHEARE, 2R K& O e'7
=B AT VDL 58| BRI E v TY
—SE e DFERENZ L L, BRANTIEASNLL AT H T
oy ENEE T HAREMEN DD, £ T, EAIZLSEA
BEEZLT-OI, a4 e 17 L% BGE H
ANAT NV (FEE 55 mm, EEHANE 16 mm) IZZEHE L,
CCD DALE L, FEREAS 30 cm &LT-,

ZOfE R AT HOWT RSD 13, PKEIERH] 0.17—
0.19%, B — 7 0.66—1.5%, E"—7 S 0.46—0.76%
THY, FHMENUES I, B A Do B>
7oo LEDORERLIY, a4 HElE 17 v &L T BGE

AT VE R, F72. CCD DAL EZFERRM 20 cm &1,

A B+ 7 AR LT HZE T, A KDY
faAA L L BMED RWRERBI SO LZ WIS
T2o L2 T, TNEAT 2% BEROERZ R 2%
WERHHN, FEANEEZ OB R O R A4
CEAEBIIHTTHIET CCD ORMEA RS HZ LN E
PLEZ T, T T, ET | AT AEEET DI
HDI (B2 5 VE) (2 X DB 534, IRUNT, EKTZ KA
BT, e HDIIZ L DHERREI D 3 HTIZ DUV TRRGTL
77
2. 10. 4 BGE D&%

HDI(3 #) &My, (A), (B)?® BGE (22 THRFEIL
77

ZDOFER VKB (A) D56 B A DO UKEIIEF I
K*, Na*, Ca?", Mg CHY, K IO EGA A LB T
HEI 7203, Nat, Ca®', Mg DPKENREH O 7213/ Sho

72, (B) DA K', Ca*', Na', Mg? DJRITAR HS V7273,
Ca?*& Na'bDykBEhRFH D 2203 (A) LELER L TR E D) -T2,

BEREOLE . Ca®  MgZ DIREIT, ZHZH Na R
DFI1/130 KO 1/80 LARV Y, 1T, (B) D7 DG D 54T
IZIEEL TWDHEBXLNTZDT, LIk DO FERTIE, (B)
® BGE &\ e, 7272, B2 Nat& Mg? & D43 BfEIC DU

T, SHITHFTT 2R/ MDD D,
2. 10. 5 HDIIZ&KBBAA>, [BAA 2 DOEBISHT

AhE% 60 cm EL, HDI(3 F) IZIVEGAA | faAA4
CEEBNZATL . EMEE RS | MERE B LT,

ZORER, VKB, ©— 7 fifE, E—27 @S RSD
1%, B4 (0—1.0 mg/L) 122\ T, 0—0.31%, 0.20
—5.8%, 0.50—3.0% THY ., f214>(0—4.5 mg/L CI, 0
—0.56 mg/L SO4-S) 12OV TIE, 0.10—0.48%. 12—
4.5%. 1.5—2.5%THY, BIHMED BV RA GO,
BB LIZECA, B —VEBEOMEMRE « X, 5
AAANTONTIE, 1=0.9146—0.9984 (0—1.0 mg/L) . [&
AZATDNTE, 1=0.9970—0.9996 (0—4.5 mg/L CI, 0
—0.56 mg/L SO4*-S) THY | LLEAYEHRIED BVERN
Bohtz, 72% . LOD (S/N=3) 1%, 0.021 mg/L (Na*) .,
0.023 mg/L (K*) , 0.012 mg/L (Mg?*") , 0.018 mg/L (Ca**)
0.045 mg/L (CI). 0.009 mg/L(SO4-S) TH-o7-, Zih
LOD IE, Na" & O CHZ DWW TIE 50 Th D03, i
AT ONTIE, HIZE > TUIAR T THY,, SHITE K
AT 20BN DD,
2.10. 6 EKIZ&BIEAA DT

BRMEANE KV, 10 B ICXVzAA 25040,
BEMEZ RO | R OMER AR T, BA4 (0—4.5
mg/L CI', 0—0.56 mg/L SO4>-S) DyKBhIREH], & — 7 hifH,
B —ZEE® RSD 1%, 0.10—0.48%, 1.2—4.5%, 1.2—
9.6% CTHY, FHMED RWVFERNBHEOLNTZ, Lo, B
PRAAERLLTZEZ A, IR EIRREZRD | ERAED BV o
RSNtz ZORKELT, 2. 10, 1 THR~ZES
(2B B R IR BE 3 R <72 DI 2 T REHAIR D&
RARBES <Y, Z ORI EL ORI NITED ., /34T
H BRI EAEDNBD LT 72D ThHEB 2 HD,
2.10. 7 1EDOHH

HhE% 60 cm L, HDI(1, 3 #) 120, ¥ (Aoiumi
0.1 g/L) FDO/GA A2 53t 7l Tz, Fig. 4 (TR T XIIT,
B HER 1 P OA . Naf il OW T+ — 7@ &N
Boniz, K, Ca? 2 oW TIE, BE— 2@ &3/ &EVnas,
STHER IS 23 Mgl S 2n -T2, 3 O5E
Na', KNZOW I+ o — 7 &SR3 G561072208, Ca?t
DOE—71X7 v—RTHY, Mg IS 7eh -7z, Na*
& Mg LDy K DN K, Ca', M¥ DR Z ik FE9 D 4
LR D,
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(A)

K+

4 6
Time, min

Na*

(B)

K* Ca2+

4 6
Time, min

Fig. 4. Electropherogram of the separation of inorganic cations in a salt

BGE, (B) a mixture of 25 mmol/L 2-(N-morpholino)ethanesulfonic acid, 25 mmol/L L-histidine,

and 2 mmol/L

18-crown-6; CCD position, 60 cm from the anode; Sample, 0.1 g/L salt (Aoiumi); HDI (vacuum 50 kPa), (A) 3 s (33 nL) and
(B) 1 s (11 nL). Other electrophoretic conditions are identical to those in Fig. 3

3. &

WEAEFE DB AR Tl TESIITEAE (BKD (2 X050k
FrETV—milEAL ., SEER R THLIERUR
R s (CCD) & Y, RGO & (R IR
E & BTt E T CTE e, L, EH T,
NaCl &L | 2O R A 7 e BT I AR
THY ., L OPEENKEL BIEOLZA, +4372
BERDPFFHIL TR, AFEEITATRT IO, A
FCELD T CHRE S B I HLREN 72 ER % 1TV, CCD O
Rtz iR L7 | SUBHE AL KUY BGE 250
T, o 50 A A D i SR L [ g i B T e e
MLV,

AIFIEEATHICH TV R TEE LI A HIE Y
JUb e A T AR GE A [ K AR SEBRIZ 1 D TE T AR5
D W JE RS L BT ET,

4. SHEOEHE

2. 5. 2Cfi7=kH1Z, Wan 5 *9(2004) 1%, CCD %1
HgREL T, BNIE & OVR R O BERERS A 4 K OV A 4
VEARBNCE BT D IEARE LT, tE5I1E, ifE KON
R DZINOA A PR IE 2 SRR R IR A TR L7228,
ZNHOfEIE, Na'=35 mg/L, Mg?'=0.24 mg/L, Ca*=1.2
mg/L, CI"=42 mg/L, SO4*-S=4.8 mg/L Th o7z, ZIHD
fli% Table 1 D& LR HE Nat, CHI DWW TLIEIE[A
FEDPRIE T -7z, Ca?t, SO2-S ([ZOWTIL, HHRE
DIFHIDME (Aoiumi H Ca?'l3fY 1/5, Hakatanoshio
SOZ-S 1349 1/30) 73, Mg I DWW CIT & A EN S HHIC
DNWTLIFIZ R DR E TH o7, —J7, LOD X,
Na*=0.017 mg/L. K*=0.018 mg/L. Mg*=0.012 mg/L.
Ca2'=0.014 mg/L. CI'=0.020 mg/L, SO-S=0.025 mg/L
THY, AEEFRE Wan HOSHTHEE AVIUE, o
ST B Z AT BBA A VRN E & TELHDT
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Summary

We investigated a capillary zone electrophoresis (CZE) method with a contactless conductivity detector
(CCD) for the determination of major constituents, such as Na*, K*, Mg?", Ca?*, Cl, and SO4%", in salts. The total
capillary length was 80 cm and its inner diameter was 50 um. The position of the CCD was freely changeable.
Applied voltage was set at 20 kV with the sample inlet side as the anode for cations and the cathode for anions.
The following background electrolyte (BGE) was used: (A)a mixture of 9 mM L-histidine, 15 mM malic acid, and
2 mM 18-crown-6 and (B)a mixture of 25 mM 2-(N-morpholino)ethanesulfonic acid (MES), 25 mM L-histidine,
and 2 mM 18-crown-6. The difference between the migration time for Ca?* and that for Na* using the BGE (B)
was larger than that using the BGE (A). The BGE (B) is suitable for salts analysis. Linear calibration graphs
for peak area were obtained when the standard solutions of cations and anions were separately analyzed using the
BGE (B) and vacuum injection method (sample injection period 3 s (33 nL)); correlation coefficient, =0.9146 —
0.9984 for cations and 7=0.9970—0.9996 for anions. The limits of detection (LODs) were 0.012—0.023 mg/1
for cations and 0.009—0.045 mg/l for anions at a signal-to-noise ratio of three. The values of the relative
standard deviation (RSD, »=3, intra-day) of migration time, peak area, and peak height were, respectively,
0.0-0.31%, 0.20—5.8%, and 0.10—3.0% for cations (0— 1.0 mg/L) and 0.10-0.48%, 1.2—4.5%, and 1.5—2.5%
for anions (0—4.5 mg/L CI, 0—0.56 mg/l SO4>—S). The solution of commercially available salt (0.1 g/L) was
vacuum injected into the apparatus for 1 s and 3 s. When the injection period was 1 s, the high Na* peak and low
K" and Ca®" peaks were observed with base line separation but Mg?" was not detected. When the injection period
was 3 s, the higher Na” and K* peaks were observed but Ca?" peak became broad. Mg?" was not detected. When
the standard solutions were analyzed using electrokinetic injection (EKI), the RSDs were inferior to those for
vacuum injection. In addition, linear calibration graphs could not be obtained both for cations and anions using
EKI. We intend to examine sample injection procedure, CCD position, BGE component, salt concentration to

establish the sensitive CZE for the simultaneous determination of the principal components in salts.
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