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Fig. 1 Effect of concentration of LiCl in eluent con-
taining 0.05 mM sulfuric acid and 0.1 mM Li-DS on
retention times of H' and monovalent cations

Separation column : TSKgel ODS-100Z (4.6 mm I.D.

%X 150 mm); Column temperature : 35C : Flow rate :
1.5 mL/min ; Injected sample : A mixture of 0.5 mM
H,SO,, 2.5 mM NaCl, NH,Cl, and KCI ; Injection vol-
ume: 30puL;<: Na’',[J: NH,",2: K", O: H"
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Fig. 2 Effect of pH of eluent containing 40 mM LiCl
and 0.1 mM Li-DS on detector response of H"

The other conditions are the same as in Fig. 1.
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Fig. 3 Ion chromatographic separation of monova-

lent cations and H' by elution with a mixture of 40
mM LiCl, 0.05 mM H,SO, and 0.1 mM Li-DS at pH 4.0

Injected samples : 2.5 mM NaCl, NH,Cl, KCI and 0.5
mM H,SO, ; Peaks: 1 = Na+, 2= NH4+, 3= K+, 4=
H" ; The chromatographic conditions are the same as
in Fig. 2.
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Fig. 4 Ion chromatographic separation of monova-
lent cations and alkalinity (HCO; ) by elution with a
mixture of 40 mM LiCl, 0.05 mM H,SO, and 0.1 mM
Li-DS at pH 4.0

Injected samples : 2.5 mM NaCl, NH,Cl, KCI and 0.5
mM NaHCO;; Peaks: 1 =Na', 2=NH,",3=K", 5
= Alkalinity (HCO; ); The chromatographic condi-
tions are the same as in Fig. 2.
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Fig. 5 Calibration graphs of H" (A) and alkalinity
(B) obtained using optimized chromatographic condi-
tions

(A) Concentration of free hydrogen ion, O : Sulfuric
acid, Hydrochloric acid ; (B) Alkalinity, 4 : KOH,
M : NaHCOs; ; The chromatographic conditions are
the same as in Fig. 4.
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Fig. 6 Ion chromatograms of several practical samples obtained using optimized chromatographic conditions

A: Acidic rain water taken in Hiroshima university campus ; B : Acidic snow water taken in Hiroshima univer-
sity campus ; C: Acidic hot spring water taken in volcano of Gunma prefecture (10-hold dilution); D : Acidic
river water taken in Gunma prefecture (10-hold dilution); E : Alkaline hot spring water taken Hiroshima pre-
fecture ; F : Alkaline hot spring water taken in Ehime prefecture (2-hold dilution); G : Tap water taken in
Hiroshima university campus ; H : Natural mineral drinking water in Kagoshima prefecture ; Peaks: 1 =Na",
2=NH,",83=K",4=H",5 = Alkalinity ; The chromatographic conditions are the same as in Fig. 4.
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Fig. 7 Comparison of analytical results between proposed IC method
and official methods using potentiometry for H' and titration method

for alkalinity

A: H' concentration determined with 9 acidic practical samples consist-
ing of 6 acidic rain waters, 2 acidic river waters, and an acidic hot spring
water samples ; B : Alkalinity determined with 7 alkaline practical sam-
ples consisting of 3 alkaline hot spring waters, a tap water, and 3 natural
mineral drinking water samples ; The chromatographic conditions are

the same as in Fig. 4.
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Both H" and alkalinity are important key parameters for evaluating environmental water qual-
ity. In this study, unified cation-exchange chromatography with conductimetric detection on an
ODS-silica column (TSKgel ODS-100Z) modified with lithium dodecylsulfate was developed to
simultaneously determine monovalent cations (Na+, NH4+ and K+) and H+/alkalinity. As a
result, the simultaneous determination of H" as a positive peak and monovalent cations was
achieved based on the cation-exchange mechanism. On the other hand, the alkalinity (OH /
HCO; /CO4” ") was also detected as a negative peak in a vacant peak of the acidity, where alka-
line species were neutralized by hydrogen ions in the eluent, while the peaks of monovalent cat-
ions and alkalinity were separated. Using the optimized eluent conditions (40 mM LiCl/0.1
mM Li-DS/0.05 mM H,SO, with pH 4.0 ; flow rate, 1.5 mL/min), the simultaneous separation of
monovalent cations and H " /alkalinity was achieved in ca. 15 min. Analytical performances tests
including a calibration curve, the detection limit, reproducibility and recovery tests were carried
out for monovalent cations and acidity/alkalinity under the optimized chromatographic condi-
tions. The present method was practically applied to several acidic and basic environmental
water samples (rain, hot spring and river waters) and mineral drinking water samples. Since
there was a good agreement between the analytical results obtained by the present method and
the conventional potentiometry for the acidity and titration method for the alkalinity in these
practical samples, the usefulness of the present method was demonstrated experimentally.

Keywords : cation-exchange chromatography ; acid-base neutralization reaction ; monovalent
cations and H* / alkalinity ; ODS-silica column ; environmental water.



