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Scheme 1  Acid dissociation of boric acid.

Fig. 1  Schematic mechanism of desalination using RO
membrane?.
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BT D EEN DY | WAERAE, IS E ROEREIZ 30 /3%
W7z, 70F =TSR D TTINHT L~DOW ALK
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(AR ZFRRIL T, 7V —RERE S T D76 DIRBER
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8 IZFHIE) ThD, £z, BB AL ICIX 0.2 mol dm®
NaClO, (HEPES #& i itk 2 FHV N C pH 8 IZFHHE) & V=,
FEBIZ AW oKIZEAEK (Milli Q 7K, Millipore) Té
Do
2.1.2 % &

ERNIF T NTFT v —R 7 (SNK DMX-2000) .
BCIRBER O ANIX AN ST LT ek I
HPLC 4y Y66 EE R (Rt SPD-10AV-vp) | ST 45
B AELTIXRY— TSK IC-Anion-PW % v 7z,
2.1.3 A ¥

Fig. 2 \ZRL7Z(@)~(d)DOFNET, EBEBRIEEIT-T,
(@) 7ot —TBEAF L ra~v I T7 41— ket
R 7 KW AERAET 5, (b) pH 3 CRUERARE T
AT & R ORTBIZ T LND 7 aE R —T
FREUSLT L 2 $8ARLL TS NG, ZHUTIAA L2
BARAE DSENL T R FE D SRS % 52 205 ThY | K
pH S&IET 7 BN A3 5T 2 RICB W THEN Th D,
(c) pH % 812172 0.025 mol dm™ NaClO, i T, 7V —D
raeba—7EBET D, 2O TIESERITIEE R
HINZ T ETHD, (d) 0.2 mol dm® NaClO, % (pH 8) I
FDEPEIRIE T 1 2 $EARRLAE L, T O % E BRI
Ha,
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Fig. 2 Framework for the processes of concentration and
separation of the 1 : 2 complex with an anion-exchange column.
(@) Introduction of chromotropic acid solution (pH 3). (b)
Introduction of sample solution (pH 3). (c) Desorption of the free
reagent with 0.025 mol dm™ NaClO, (pH 8). (d) Desorption of the
1 : 2 complex with 0.2 mol dm™ NaClO, (pH 8).
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%o Flo, $EROE — @b m<7e o7, WIT, 11 2 iK%
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BEMENEAIZIE, 1 2 $5RICEDE —ZI3KRED -
7y, 7V —RIEOVEHEZ S DR IL R e o7, Zh
BN T 2 2OBREEEL T, 7V — KD A I
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Fig. 3  Chromatograms for boron determination using an

anion-exchange column.

(A) conventional elution

(B) back-flush elution

(C) Injection time for reagents and sample
(a) ligand; (b) sample; (c) 0.025 mol dm™ NaClO,; (d) 0.025
mol dm™ NaClO,
B concentration: 0.10 mg B dm™
Sample volume introduced: 2 cm?
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Fig. 4 Relationship between NaClO, concentration and the
amount of 1 : 2 complex retained in the column after stepwise
elution of the free ligand.
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EEDRTBEDEETE RS Z R L T& T, ZhH0
PR R A B £ 2 72 BT AWFE Tl R b iE
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(21T V4L pH A—4— HORIBA F-8,; & V=, 1A
D pH XY BAFEEIRIRICE > T 7.0 £ 0.1 (THERFL 7=,
TERNCIIRICE T A% 16 53 MR T 52 & ClafriaS
ZEREL . PIEHIXE R FHK N CHELIT 72, VW<
ONDOPEDEIRIKIL T, EEd 10 BT SHflES
1To77

P A7V I RNE AN — (CV) JIE T EAEE 100
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IO SRS % Scheme 2 1237 9, Z Ao (3 PERL AT
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(1), A Ot 7 abh FNFR Ui SRR B 52
THRYEE 241 1 0 1 §ERETEAT 5 (Scheme 2, eq.
(2)) . SHIT 1 1SRRI LA A s DK & OGS
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() 11 L $EATER M TIEFITH AN DITH L, 11 2 §f
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EIEFNT/NE N, ARG CTOFBRGAM D 1 1 2 $5ERD 4
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13.2x10° LOVE(LE3, 1: 2 85K 10 % AT 5ET
237 AL EMETHY, Lo TERPITFT 1 : 1884k
DRI TNDERIRE D, IRV BB LA D
BRFREEPS S USIZBE B L CDT2h | 10 1 85RO AL
FOSIE pH AR EIKAFET D, pH Fei b IZEROFER, pH
7.0 BARNE AN —ICL D5 pH ThHhHI LN G370
7=
3.2. 2 34O —RUBBERROERILFENZEE
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Fig. 5iZ¥# Ay —RUEEHR O CV Hhiffa R LTz, ARUEE
IXERLFIARIENE S 7 ThY | EBRVRT VL
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Scheme 2 Schematic diagram of Tiron acid dissociation and its complexation with boric acid.
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Fig. 5 CV curves for the Tiron-boric acid system.
Tiron: 10 mmol dm™®;  boric acid: 0~20 mg dm™®; pH 7.0.
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Fig. 6 DPV curves for the Tiron-boric acid system.
Tiron: 10 mmol dm®;  boric acid: 0~5 mg dm™; pH 7.0.
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Fig. 7 Relationship between boric acid concentration and the
peak current (Calibration curve of boric acid).

Tiron: 10 mmol dm™;  boric acid: 0~5 mg dm™®; pH 7.0.

m: experimental results; B: average for repeated measurements
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Summary

Desalination is an important and rapidly growing source of drinking water in the world originating from sea
water. One of the principal desalination technologies in use is reverse osmosis (RO). The mechanisms of salts
removal by RO membranes are not fully understood and some elements are not removed with high efficiency.
Boron is one of them. The boric acid concentration in sea water is 4.6 mg B dm™ and the tolerable upper
concentration in drinking water is limited up to 1.0 mg B dm™. Therefore a sensitive, practical boron analysis
method using low-cost instrumentation has been desired on a site-by-site basis. To develop novel analytical
methods for monitoring the concentration of boric acid in water produced by RO treatment of sea water, two Kinds
of methods using HPLC and voltammetry have been examined.

A novel method of on-line absorptiometric determination for trace amounts of boron was developed based on
the complexation with chromotropic acid presorbed on an anion-exchange column (TSK gel 1C-Anion-PW).
On-line reaction and separation were achieved by controlling pH conditions in solutions to accelerate the 1 : 2
complex formation. The stepwise backflush method for elution of the free ligand and the complex with NaClO,
solutions was effective to make the operation time shorter (for about 15 min a sample). The reproducibility of
measurements using 2 cm® sample solution containing 0.10 mg B dm™ was within 0.3 % RSD (n = 3).

Although boric acid is electrochemically inert, a boric acid-Tiron complex was found to be electrochemically
active. The oxidation potential was observed at 500 mV for free ligand and at 900 mV for the complex. On the
basis of the equilibrium and Kinetic consideration, the active chemical species at pH 7 was ascribed to the 1 : 1
complex. By using differetial pulse voltammetry in the range of 800 to 1,200 mV, the peak current for the 1: 1
complex oxidation was proportional to the boric acid concentration and the detection limit was 0.3 mg B dm’.

Thus, the newly developed two methods can be applicable to the monitoring ststem of boron at idividual RO
desalination plants.
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