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Abstract

A new type of a reactor column, a crushed Ba3$€actor column used for the flow injection spectrophotometric determination of sulfate
ion using the exchange reaction of sulfate ion and barium-dimethylsulfonazo 11l is proposed. The column is very simple and economical. It
can be continuously used for 8 h before washing with water for repeated usage of at least 1 month. The procedure is sensitive. Application to
various water samples was demonstrated.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction to accelerate the efficiency of the solid—liquid reactib].
However, the sensitivity was for ppm levels of sulfate.
Sulfate ion, one of the major components in natural  Recently, some reactor columns promoting the efficiency
waters, often associates in monitoring natural waters. The of the solid-liquid reaction have been developed. Ueno et al.
determination of sulfate ion is also of interest with respect proposed an on-line reactor column packed with spherical
to the problems of acid rain and water pollution. Several beads of regenerated cellulose mixed with barium chlorani-
methods have been reported so far for the determinationlate particles for the flow injection determination of sulfate
of sulfate ion; for example, ion chromatograpiy2], flow [17]. Sakuragawa et al. proposed an on-line reactor col-
injection analysis (FIA]3-8], and sequential injection anal- umn packed with solid barium chromaf#8]: sulfate ion
ysis (SIA)[9-11]. Conventional methods for the determina- at the concentration range of 0.5-5 mg in water samples
tion of sulfate ion in water samples are commonly based on was determined. The detection limit, however, was about
formation of a barium sulfate suspensidr2] and an anion ~ 0.5mg?, which was not sensitive enough for trace analy-
exchange/spectrophotometry with either barium chromate ses.
[13,14] or barium chloranilatd15] as a solid reagent. A Toei and co-workers reported the sensitive determination
reaction unit was introduced into a flow injection method method for sulfate ion by FIA using the barium chelate of
sulfonazo 11l and dimethylsulfonazo 11l (DMS 111)19]. In
this system, high sensitivity was achieved. Later, the detec-
* Paper presented at the 12th International Conference on flow injection tion limit, as low as 0.2 mg1!, was improved by Toei and
analysis, Venezuela, 7-13 December 2003. co-workers by using the barium-DMS Il chelate (Ba-DMS
;‘;\‘;Ireas(fdor&g? f‘b“:?;’;h;‘i'gyg 3502C501m7(8£6/§3r:s’::m1)910' 1) method which required the carrier solution being sat-
X : ‘ ' urated with BaS@ [20]. However, the addition of BaS0O
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1 Co-corresponding author. to the carrier solution resulted in the negative peaks, which
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limited the limit of detection of sulfate ion by the FIA P
method, when sulfate ion presents at low concentrations V. CEC b
of less than 1 mgi! of sulfate ion. Furthermore, several ¢ o M:
line filters must be installed in the flow line to prevent the oo aa el
precipitate of BaS@entering into the flow cell.
Various kinds of on-line reactor columns have been pro-
posed for improving the efficiency of the exchange reaction. ‘MUL|
They include a polytetrafluoroethylene (PTFE) tubing with- —N

out packing material, a glass column packed with glass beads
or with BaSQ-immobilized glass bead1]. By using the

FIA monitor

BaSQ-immobilized column, the sensitivity was enhanced F'9: 1 FI system using a crushed BaSt@actor column for the deter-
mination of sulfate ion: C, carrier solution; R, reagent solution; P, double

and the reprodumblllty was greatly |mproved. However, the plunger micro pump; V, sample injection valve; CEC, cation exchange
procedure is rather complicate and time consuming. column; RC, crushed BaSQeactor column; D, detector; W, waste.
In this work, a very simple reactor column, packed with

crushed BaS@ for determination of sulfate ion was de- i .

veloped. The detection method was similar to the previous |[R124T, Amberlite). The stream merges with the stream of
reports[12,21,22]based on the exchange reaction between réagent solution containing Ba-DMS |1 before entering the
sulfate ion and Ba-DMS |l resulting in decreasing in ab- Ccrushed BaS@reactor column. The exchange reaction be-
sorbance (662 nm). The proposed reactor column was foundfween sulfate ion and Ba-DMS Il proceeds during flowing

to be economical and very effective for improving the limit in the reactor column. Absorbance (at 662nm) is continu-
of detection. ously monitored by a spectrophotometer (UV-8010, Tosoh,

Japan) connecting to a signal recording FIA monitor/data
processing apparatus (FIA Instruments, Japan). Change (de-

2. Experimental crease) in the absorbance is used for the indirect determi-
nation of sulfate ion by plotting a calibration graph of peak
2.1. Chemicals and reagents height versus sulfate concentration.

All the reagents used in this work were of an analytical
reagent grade. Water purified with a Milli-Q system (Elix 3. Results and discussion
3/Milli-Q Element, Nihon Millipore) was used throughout
the experiments. A stock solution (1000 mg) of sulfate Investigation on the FI system using the crushed BaSO
ion was prepared by dissolving 1.815 g of potassium sulfate reactor column was made by injecting the sulfate standard
in water and diluting to the mark of a 1000-ml volumetric solutions into the Fl system, shownkig. 1, without CEC.
flask with water. Working standards were freshly prepared by By using the stock reagent solution as described above
appropriate dilution of the stock solution. The stock reagent (and in [21,22]), (4.5 x 10~°moll~1 DMS III, 3.15 x
solution was prepared similar to that of Yang et[al,22] 10~°moll~1 BaCh, 5 x 10-3moll~1 KNO3, 80% (v/v)
as follows: 4.5 ml of a 10 mol I=1 DMS IlI solution (DMS ethanol, and 2x 10-3moll~1 chloroacetate buffer pH
1I: Tokyo Kasei, TCI-Ace grade; Tokyo), 5 ml of a 1 mot} 2.9), air bubbles were observed in the flow system. This
potassium nitrate, 3.2 ml of a 1®moll~* barium chloride could be due to that the high ethanol content (80%, v/v) in
solution, 5ml of a 0.1 moH? chloroacetate buffer (pH 2.9)  the reagent solution stream may produce heat when merg-
and 800 ml of ethanol were transferred into a 1-I volumetric ing with the other stream (water carrier). As a result, the
flask and mixed, and the solution was diluted to the mark reagent solution was diluted with water. It was found that
with water. Before use, the reagent solution was filtered there was no air bubble when the ratio of the stock reagent

through a 0.45-pm membrane filter. solution:water was 3:1. This dilute reagent solution would
The crushed BaSfreactor column was prepared by pack- also offer economical benefit.
ing crushed BaS@(particle size: about 9@m) into a glass The stability of the reactor column was tested by repeated
column (2mm i.d.x 15cm). injection of 1mgt?! sulfate solution with the frequency
of 40 injections T, After about 12 h (or 488 injections),
2.2. Flow injection system change in the baseline level was observed f§ge?2). The
relative standard deviation (R.S.D.%) of the peak heights
Fig. 1 depicts the FI manifold with a cruched Bap - before the baseline change was found to be 1.4%. This indi-

actor column. A standard/sample solution containing sulfate cates that stability of the column was within 12 h. The col-
ion is injected via an injection valve (SNK, Japan) (200 umn was cleaned by passing water through the column for
injection volume) into the carrier stream (water) and then 1h. The baseline absorbance was back to the same level as
passed a cation exchange column, made of glass tube (2 mnstarted. The column was then continued for the test with the
i.d. x 15cm), packed with cation exchange resin tNsipe same procedure. The recovered column was observed to be
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Fig. 2. Stability study by repeated injections of 1 m§ISO,2~ (a—c), the first 12-h run (488 injections): see the drift baseline (d—f). The other 10-h run
(374 injections) after cleaning the column, after the first 12-h run.

stable for about other 10 h operation (or 374 injections, with the presence of most common ions do not interfere with the
the R.S.D. of the peak heights of 1.7%). The crushed BaSO determination of sulfate ion in water samples. However, cal-
column might associate with saturation of BaS@lthough cium ion interferes severely with the determination of sul-
the flow passes the column in very short period. The mecha-fate ion. Usually, in natural waters, relatively large amounts
nism might involve in solubilization or just a powder release: of metal ions, such as alkali and alkaline earth metal ions
this would be of interest for further investigation. From the are present, and some of them can interfere with the deter-
study, it is then recommended that for practical use, such amination of sulfate ion because the metal ions can react with
reactor column can be used for 8 h before cleaning with wa- DMS Il to form chelates. Therefore, Nakashima et[a0]

ter. It was found that the column could be used for at least installed a cation exchange (Hydrogen (H)-type, 8-15cm
1 month with the unchanged sensitivity and reproducibility length) column just after a sample injection valve. It was

if such the above procedure is treated. reported that for 10 mgt sulfate ion, 20 mgt! of C&t,
The analytical characteristics of the proposed reac- 30 mgtt of Mg2t and NH*, 50 mg -1 of Na, 80mg 1
tor column (the crushed BaSOcolumn) were investi-  of K, and 100 mgt! of commonly existing anions did not

gated together with the latest developed reactor column,interfere with the determination. However, some of natural
BaSQ-immobilized glass beadg1]. The results are sum-  waters like river and lake waters contain®aand Mg+
marized inTable 1. It can be seen that the FI system with ions of larger amounts than those examined by Nakashima
crushed BaS@column offers better sensitivity. The reagent et al. In the present work, two kinds of cation exchanger
solution used in the system composed of a mixture with column (CEC) were examined; one is the H-type, the other
lower concentrations of reagents. the Na-type CEC. It is found clearly that larger amounts of
By using the proposed FI system with the crushed RaSO Ca&t, Mg?t, and other metal ions did not interfere with the
reactor column, the effect of various ions commonly found determination when the Na-type CEC was used. By using
in water samples was examined. The studied foreign ionsthe system with Na-type CEC, the better suppressive effect
are Kt, Naf, NHs+, C&t, Mg+, AI%t, ClI-, NOs;, was obtained for calcium ion. For the determinations of
CO3%~, PO;®~, and SiQ?. A foreign ion is considered to  sulfate ion in real samples, Na-type CEC was then installed.
interfere with the determination of sulfate ion, when it gives ~ Application of the proposed FI system with crushed
a relative error of more than 5%. The results indicate that BaSQ, column to the tap, river, and mineral drinking water

Table 1

Selected conditions and analytical characteristics for sulfate determination by using FI systems

Parameters BaSQ-immobilized glass bead reactor column Crushed BaS@reactor column (the present work)
(followed the[21]

Reagent solution 4.5 x 10~°mol =1 DMS Il + 3.15 x 103 mol |-t 3 x 10°moll~! DMS Ill + 2.36 x 10-°mol |1
BaChk x 5moll~* KNO3 + 80% ethanoH- 2 x BaCh + 3.75mol It KNO3 + 60% ethanol- 1.5
10-3mol =1 chloroacetate buffer (pH 2.8) x 1073 mol =1 chloroacetate buffer (pH 2.8)

Carrier sample volume total flow rate  Water 20Qul 1.5mlmin~! 662 nm (8ul, 10 mm path

detection linear range (mg}) length) 0.,S-2.0
LOD? (pngl™1) 50 30
Precision (n= 20, RSD%) 0.57 (2mgt?! sO27) 1.12 (1.2mgt! SO%)

a Three times of standard deviation of the blgag].
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Table 2

Analysis of real water samples for sulfate by the proposed procedure with crushed BaB®n

Sample Dilution SOs%~ added S042~ found Recovery SOs%~ found in

factor (mgl1) (mg 1) (%) sample (mgt?l)

Tap water 1 10 0 0.80 - 8.04
0.50 1.30 100
1.00 181 101

Tap water 2 10 0 0.80 — 8.02
0.50 1.30 100
1.00 1.83 103

Tap water 3 10 0 0.79 - 7.94
0.50 1.27 96
1.00 1.80 101

Mineral drinking water 1 20 0 0.43 - 8.64
0.50 0.91 96
1.00 1.44 101

Mineral drinking water 2 16 0 0.76 - 12.22
0.50 1.29 106
1.00 1.80 104

River water 16 0 0.46 - 7.44
0.50 0.96 98
1.00 1.44 97
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