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Fig. 1 Effects of pH of terminating ion solution and
of its injection period into the capillary on the peak
height for phosphate

O: pHS.5; &: pH4.0; [I: pH 4.5; v : pH 5.0.
Electrophoretic conditions: capillary, L = 72 cm,
Laee = 50 cm, 75 um 1D. X 375 um O.D.; BGE, 5 mmol/1
2,6-pyridinedicarboxylic acid (PDC) containing 0.01%
hydroxypropyl methylcellulose (HPMC) adjusted to
pH 3.5 with 1 mol/1 sodium hydroxide ; voltage, 10 kV
with the sample inlet side as the cathode; wavelength
for detection, 200 nm; terminating ion solution, 500
mmol/1 2-(N-morpholino)ethanesulfonic acid (MES)
adjusted to pH 3.5 ~ 5.0 with 1 mol/1 sodium hydrox-
ide; vacuum (5 in. Hg) injection period of the termi-
nating ion solution, 5~30s (ca. 105~ 630 nl).
Sample, artificial seawater containing 2.0 mg/1
PO, -P; vacuum injection period, 1 s (ca. 21 nl)
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Fig. 2 Concentration effect for phosphate using tran-
sient isotachophoresis (TTTP)

(A) Without TITP; (B) With TITP; terminating ion
solution, 500 mmol/1 MES (pH 4.0); vacuum injection
period, 30s (ca. 630 nl). Identification of peaks: a,
Cl™ and SO47; b, POS". Sample, artificial seawater
containing 0.4 mg/1 PO," -P; vacuum injection period,
1s (ca. 21 nl). Other electrophoretic conditions as in
Fig. 1 except for 15 kV as the applied voltage.

¥ —3IF VA F VWD pH % 3.5, 4.0, 4.5, 5.0 LZEAL
3, 33 LMW ERITo72. TOB, pHIPEDD
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Fig. 3 Effect of salinity of sample solutions on the
migration time for phosphate
Electrophoretic conditions and the PO,’"-P concentration
as in Fig. 2 (B) and Fig. 1, respectively.
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YESY—LEF VT4 TERLAZITP/CZEILL D,
WIIKRBPOEERA & 2 ERAF V28R Lz, T4
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BA 4 22T, LOD (§/N=3) 12 0.2ug/1 (PO, P,
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ZIEAL A A~ HY 2000 mg/1, BRERA A > 2% 1250 mg/1 LA
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Fig. 4 Effects of salinity of sample solutions on the
peak area and peak height for phosphate

A: peak area; [1: peak height. Electrophoretic
conditions and the PO,’"-P concentration as in Fig. 2
(B) and Fig. 1, respectively.

mg/l, BEEA 4 VBB 2790 mg/1 (FH S IMH) T
HD?, 2O ITP/CZE ZWAF DY VA F v OERIC
QT E R, &3P, ITP/CZE TiE, ITP & CZE % %
NENRFIA DX X T =TI 720, ZEFPERIIL S
A%, RO TITP/CZE TiX, M—OF ¥y ¥5 Y —TH
I8, BED CERBEMHTE S,

3:7 HPOESDH

RiECix, REFOEAHA F P TITPIZBITS ) —
FA Y TAF VLT B0, BREOESIEDLL L)
VBA T YO — 2K, ¥—2EE, KEEM LT
LI EBFHEENS., 22T, INEEIOLTDIC,
2.0mg/1 DY) YA F 2 &H, WHK68~34 DAL
WAGREZRBL, 5T L7. Fig. 3IRT LI, V¥
BRA A v kBRI, WMBOESMICZIBAL TR R
o7z, ThiE, REoA F VEESEVES, WEY -
DBEBOBEDHTH Y, FRCHALTY VEAF O
BEHEEIEL B olldTHEEBbRE., iz,
Fig. 4 ICRT X )2, RBOESPEL RBI1E-TY ¥
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Y— 7 mEILWS L., —RICITP T, V—rH ok
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Table 1 Analytical results for phosphate in seawater”
. .. b - PO:__P d) -1
Sampling site — - — MBS™/mg1
Added/mg1 Found/mg 1 Recovery, %

Port of Amagasaki 0 ND — 0.001
Nishinomiya harbor 0 0.041 — 0.038
Inside of the KU ® harbor 0 0.021 — 0.023
Inside of the KU harbor” 0 0.017 — —
Inside of the KU harbor” 0.1 0.120 103 , —
Inside of the KU harbor? 0.2 0.243 113 —
Inside of the KU harbor? 0.3 0.383 122 —
Outside of the KU harbor 0 ND — 0.024
Outside of the KU harbor” 0 ND — —
Outside of the KU harbor” 0.1 0.102 102 —
Outside of the KU harbor” 0.2 0.211 106 —_
Outside of the KU harbor” 0.3 0.333 111 —

a) Electrophoretic conditions as in Fig. 2 (B); b) Sampling date: March 27, 2006; c) Results using corrected peak area and working
curve ; d) Molybdenum blue spectrophotometry; e) Kobe University; f) 1.1-fold diluted

a ﬂ YOY¥— WL OMBRERTRNEE/.
A) ®)
A=-458-219%10% ¢+ 3.63 X 10*
(r = 0.9916) (3)

ZIT, ARV VEBAT O —JHETH A, FT,
EROHERREE ST L THE LN VERA F ¥ Ok
MER(2) WAL, ABolEsE2RD 2. K2, 55

g3 . NIHAEER(3) CRAL, 2OMAMIHLT 5 ¢

s \,\ -7 ERE RO, SR, BORESITET 5 20

b ‘I mg/l DY Y EAF Y OV — 2 FRICHYT 5. Hi, &

[ A (3) X0, #HH34CHBT220mg/10Y) VEEAF D

. . . . D ‘ L . ¥—smEzRH72Z. Tho o0 -2 HEEL BV

12 13 14 12 13 14 T, WARREESHLTRONY VBA 4 YO — 2T
Time / min Time / min

REEMIELZ. ZOMEME Y, 3:6 127 LIRER
X0 VA ViEEE RS, AMIERIE, £0EET
2H 55, MEHRECZIVAAFOY VEBAF V2RO
&, WAOBBERHET L —2OFETHLEELS.

Fig. 5 Electropherograms of surface seawater
(A) Sample, non-diluted surface seawater from the
inside of the harbor at Kobe University (KU). (B)
Sample, the same sample that was diluted 1.1-fold
adding 0.2 mg/1 PO,’ -P. Electrophoretic conditions
and identification of peaks as in Fig. 2 (B). 3.8 BAREOIF

AR & ) KRR ZRL, REROEY
TFUHEREEE (JISHE) XYY VBRAF Y EER

AEFO) VA VIBEERDLILERA. Thb L7, F7, L1BICHRL-EKREEZ01, 0.2, 0.3

b, Fig. 3 &V, RABOMEG &) VERA T ¥ OIKBEH &
DR ERTRAZHL.

t=—-110x10"%+1.12%x 107" ¢+ 11.59
(r = 0.9956) (2)

ZZT, 13V VEBRA A ORERR (7)), c 3ABD
HWoTHhs. 7z, Fig. 4 X0, ABOEH L) VBRA 4

mg/1 DY) YEEAF Y EFML, BEEEZRDZZ. chbd
D#GFR% Table 127, RFEBAEONM TRILL 72
AEROE L2 1.1 FICHRL, 02mg/10Y VBRA
FraRmLEABOTLLZ o727 5 A% Fig. 5
IZ/RF. Fig. b (A) IRT LI, REEABEONH O
B & AT L72BRICI1E, LODHED/NE ¥ — 7 H3@igk
Ehiz, EIERD 103~122% LA EO TH o IJHH &
LT, AED LOD B3+ R &Y VBRA 4 ¥
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WX BA, fat, MH, 7TH, BHE - EKBEHEEIE L2 TITP/CZE L 2 HKFOY VAL 4 v OER 633

BEEZRDLE, WLEEZHVTWLIIEREZLNS
A, SHROBRFEZET L. 72, YT TFUVHEROLERE
EOEMEZ BT TE RV, FEDWEAKRY Y BRA+ >~
EREE LTORHEI RS N,
RECBIFLILRICIIGEOHBEZHL20DIZ,
0.4mg/l1 (As & LC) ®OeHEEFML 2 ATH#EAKK
(JE534) #ERBL, RFRICLDOH L. FOR, £
NHIHLT -7 3BHE N o7z, 2T, 20
mg/l D FEEL ANTHKRABZHEL, TITP ZHHL
BOWTHN L7z, ZofKE, fivBRizeEdmlizshidro
7z. BeBOBMESH (pK.=9.22)* »5, Ko
BGE (pH35) Tid, Ee®MA + > & LTHELZWD
ThbEHEINL, —F, B (pKa =222, pKe=
6.98, pK.s=11.4)* 131 VB A & > L (Z1Z[ UikBhREH
s hiz, 72720, 20mg/IDeBEA L+ 2 &0 A
TSR E TITP K D LR E—2 & LT
Ml Ehedroiz, —F, ¥4FiZ, REKPTI
HiSiO, D THAET A I ENE VDS, B EH
(pKua = 9.70, pKa=11.70, pK.s=12, pK..=12, FH
SHME) NHEZ AL, HLBELFEMKIZ, AEDBGE
(pHS8.5) TiL, A+ v ROF I BELTHFEETLZI LI
ZWhoEEZSNE™. DEXYD, RETIIY VEAL
VORRIIH LT, WeBRIEST, CRRIEE QK
FIEEE (2.3 ug/D* TRIFEL RV LR h o7z,
2, FTARLZOWTHIREB I VWb L#HESI N,

4 #E =]

AP, HBENEIREDOY YA 4+ ¥ 2 UK
WHTEZZ 0ol 5%, LDVRVFYET) —
EHCCHBEARZHINL, AEOFmBRELIIOVTR
HTLFETHS.
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We developed capillary zone electrophoresis (CZE) with indirect UV detection for the deter-
mination of phosphate in seawater using transient isotachophoresis (TITP) as an on-line concen-
tration procedure. As a high-UV-absorbing compound in a background electrolyte (BGE), 2,6-
pyridinedicarboxylic acid (PDC) was used. Hydroxypropyl methylcellulose (HPMC) was added
to the BGE to suppress electroosmotic flow (EOF) and the dispersion of an analyte zone for the
purpose of maximizing the concentration effect by TITP. Several analytical conditions were
examined to separate low concentrations of phosphate from high concentrations of chloride
and sulfate in seawater and to detect phosphate with high sensitivity. The following optimum
conditions were established: BGE, 5 mmol/1 PDC containing 0.01% HPMC adjusted to pH 3.5
with 1 mol/1 sodium hydroxide ; wavelength for detection, 200 nm ; vacuum (5 in. Hg) injection
period of sample, 1 s (ca. 21 nl); terminating ion solution, 500 mmol/1 2-(N-morpholino)ethane-
sulfonic acid (MES) adjusted to pH 4.0 with 1 mol/] sodium hydroxide ; vacuum injection period
of the terminating ion solution, 30 s (ca. 630 nl); applied voltage, 15 kV with the sample inlet
side as the cathode. Phosphate in seawater samples was detected for approximately 15 min.
The limit of detection (LOD) for phosphate was 32 ug/1 (PO, -P) at a signal-to-noise ratio of
three. The respective values of the relative standard deviation (RSD) of the peak area, peak
height, and migration time for phosphate were 2.1, 2.3, and 0.81%. The proposed method
determined phosphate in surface seawater samples.

Keywords : seawater analysis; phosphate; capillary zone electrophoresis; transient isota-
' chophoresis; indirect detection.
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