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Highly sensitive determination of boron with 1,8-dihydroxynaphthalene-3,6-disulfonic

acid in ultrapurified water by fluorescence detection/flow-injection analysis
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Boron as boric acid was determined as a complex with chromotropic acid at pH 6.0 in an aque-
ous medium by fluorescence detection/flow-injection analysis. The complex was detected by
measuring the fluorescence intensities (Aex = 313 nm, Aewm = 360 nm). EDTA was used as a
buffer component with the role of a masking agent to metal ions. The background fluores-
cence of chromotropic acid could be decreased by mixing with 0.1 M ammonia water after com-
plex formation, resulting in a stable baseline. The calibration graph was rectilinear over 10”7~
10 ®*moldm * (M), and the detection limit was 5 X 10" "M (S/N =3). The reproducibility
was 3.61% (n = 10, with the peak height) at 6 X 10" ? M of boron and sample throughput was 40
h™ L Applications to river water, ion-exchanged water and distilled water could be achived with-
out any pretreatments. For the analysis of ultrapurified water, an evaporation/preconcentra-
tion procedure was carried out, because the concentration was under the LOD and no reference
water which could be used for the carrier solution or preparation of the reagent solutions.

Keywords : boron ; chromotropic acid ; ultrapurified water ; fluorescence /flow injection analysis.
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Sample (200 pl)

0.4 mm min-!

Fig. 1 Flow system for boron determination

RS: reagent solution: 2.0 X 10" * M chromotropic acid
+0.01 M EDTA + 0.1 M acetate buffer (pH 6.0); CS:
carrier solution : MilliQ) water; AS: ammonia (0.1 M);
RC;: reaction coil (2 m); RGy: reaction coil (1 m); P;:
pump (0.8 mm/min); P2: pump (0.4 mm/min); D:
detector; R: recorder
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Fig. 2 Effect of reaction pH
Boric acid: 4 X 10" M
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Fig. 3 Effect of chromotropic acid concentrations
Boric acid: 6 X 10™°M

Table 1 Conditions adopted for the determination
of boron

Carrier solution ultrapurified water

2.0 X 10" M chromotropic
acid + 0.0l M EDTA + 0.1 M
acetate buffer (pH 6.0)

Py, P;: 0.4 ml min "'

200 pl

RCi: 0.bmmid X 2m;
RCe: 0.5 mmid X 1m

Aex: 313 nm, Aem: 360 nm
107°~10"M

Reagent solution

Flow rate
Sample volume
Reaction coil

Wavelength
Linearity of the
calibration graph
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Fig. 4 Flow signals for calibration graphs of boric acid
A: 10 " Mlevel; B: 10 *Mlevel; C: 10~ M level
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Table 2 Contamination of boron from vessels

Boron found

Beaker”  Enrichment
No. ratio” Measured/ Insamples/ Average/
10°°M 10°°M  10'M

A 6.2 2.1 34 3.8
A 7.7 3.2 4.2
B 6.5 4.2 6.5 6.9
B 11.1 8.0 7.2
C 8.8 30.0 34.1 34.5
C 7.5 26.1 34.8
D 16.7 1300 778 730
D 15.4 1050 682

Ultrapurified water, 100.00 g, was evaporated to about 6~ 16
ml. a) A: transparent silica beaker; B: not transparent sili-
ca beaker; C: PTFE beaker; D: glass beaker. b) Residual
water was weighed by a chemical balance, and the enrichment
ratio was calculated.

2=, Kk, AK 7 0¥ bu—7HRE RS REEEOUHRIN/FIA EIC & 2B O R 7 EoEs

349

MR ZIRT. R L FIALOWEM AP HEHREL T
MR 7R EE D B RO - IINER L, 13& AL 100% fiF
LETHY, MBI X 25 R LRI EETE S 2
LD o Tz RITIBMAIRIEDOME D 3B L FEBRIZ O VTR
L7z, KiR% Table 4 1I/R"9. 5 MDY K LFEBICL S
ALK O R 7 FIRE O 3.55(+0.34) X 10 "M
THY, HFEHERFAE (RSD) 1X81% Thor. ZOFE
RE0H b, R X 2 ZEFERMLETIE, FEBREDP S O
T REOFRRHEIIIMETED LE XTI,

3.7 BRIKPOEHEFRTREENDICH

BB X I IZF X ) v —& LTHW MK &R URE
MORYEZEBRERTAHILIITERY., T2 TARET
1236 OB EZHT LI 2L, BRAKT R
vHEEER L. POBMAKREREE (HAIYR7H,
Elix10/MilliQ Element) % i\ THIDAKEAK D 5 Bk L
72BHK 100 ml ZBEWHAPEY — 7 — 2B, # 30 fEiRiE
L, FIAEIZ X DS NGRS MAT O Y FE
KOG R % Table 51273, W UEMEL 5 HHRDEL
THIE L7228 503 1.02(£0.06) X 10 "M TH 0, AL
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Table 3 Determination of boron in ultrapurified water by standard addition method

Boron Residual Enri Boron found
nrichment 9
adflfd/ sample/ ratio Measured/ In samples/ Average/ Recovery, %
10" M 8 10°M 10°°M 10°°M
0.0 3.74 26.7 0.80 = 0.08 0.30 0.31
0.0 4.93 20.3 0.65 = 0.05 0.32
0.1 4.98 20.1 1.01 £0.04 0.50 0.48 117
0.1 5.71 175 0.79 = 0.02 0.45
0.5 3.97 25.2 2.32 £0.10 0.92 0.90 111
0.5 6.62 15.1 1.33 £0.05 0.88
1.0 6.10 16.4 2.20 = 0.06 1.34 1.32 101
1.0 8.93 11.2 1.45 % 0.05 1.29
2.0 6.62 15.1 3.53 £0.04 2.34 2.23 97
2.0 8.33 12.0 2.68 = 0.04 2.23
4.0 9.80 10.2 4.43 £0.02 4.34 4.38 102
4.0 6.17 16.2 7.12=0.08 4.42
Ultrapurified water taken was 100.00 g.
Table 4 Reproducibility of boron measurement with enrichment by vaporization on a hot plate
Sample Residual Enrichment Boron
No. sample/ ratio Measured/ Found/
g 10°M 10°'M
1 6.29 15.9 5.10 3.21
2 4.41 22.7 8.67 3.82
3 6.67 15.0 5.00 3.33
4 6.21 16.1 5.67 3.52
5 6.10 16.4 6.33 3.86

Mean 3.55 = 0.34
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Table 5 Determination of boron in ultrapurified water

Method Pretreatment g(iir:)cemranon Boqiﬁfﬁ?d/ Afg{%gi\i/
FIA Evaporation/Concentration 34.13 1.03 £ 0.08 1.02 = 0.06
42.20 1.02 £ 0.06
61.35 1.05 = 0.04
33.44 0.98 £ 0.05
50.76 1.02 £ 0.05
1CP-MS None 0.99

a) Mean value of triplicate measurements, with the deviation from each mean value

Table 6 Determination of boron in waters

Sample Pretreatment Boron found/M
Asahi River A None 1.3%x10°°
B None 5.7%107
Deionized A None 55 %1077
water B None 2.5%10 7
C None 3.4%x10°°
Deionized/ A None 1.9x10°°
Distilled B None 3.0x107°
water C None 3.0x10°
Ultrapurified” A Evaporation/ 3.2x10°"
water Concentration (E/C)
B (E/C) 3.5%x10 "
C (E/C) 3.3%x10° "

a) Used as a carrier
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