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Fig. Separation of inorganic ions in 500-folds diluted seawater
acidic
cation-exchange resin column; and 5.5 mM tartaric acid / 3 mM

samples using a polymethacrylate-based weakly

18-crown-6.
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Fig. 1 High speed separation of inorganic anions and cations on
conventional ion-exclusion/CEC.
1=S04,2=Cl",3=N0;", 4=dip, 5=Na’, 6=NH,", 7=K",
8 =Mg”", 9=Ca*"
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Table 1 Properties of cation-exchange resin packed to columns

Column Base* Cation-exchange capacity (meq./ml)
I PS-DVB 0.10
1 PM 0.20
i PM 0.15
v PM 0.10
\Y PM 0.04

* PM = polymethacrylate; PS-DVS = polystyrene-divinylbenzene.
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Fig. 2 Separation of inorganic ions on various cation-exchange
resin columns. Conditions: eluent, 5.5 mM tartaric acid / 3 mM
18-crown-6; flow rate, 0.6 mL/min

Peaks, 1 =S0,%~,2=Cl",3=NO; ", 4=dip, 5=Na", 6 = NH,',
7=K",8=Mg*, 9=_Ca*"
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Fig. 3 Separation of inorganic ions in artificial secawater samples
diluted to 500-fold with water. 0.15
meq./ml-capacity).
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Table 2 Concentrations of common inorganic anions and cations in real seawater samples determined by the proposed method.

Concentration (mM)

Sample LBY
H™ SO,* cr Na* K* Mg* Ca*t HCO,™
Tokoname (Aichi) 3x107° 36.8 557 458 12.0 51.0 21.7 291 1.03
Hateruma (Okinawa) 3 X 10° 42.1 644 538 16.8 582 23.6 3.66 1.02
Ishigaki (Okinawa) 5X10° 41.0 628 519 13.8 572 243 3.13 1.05

% Concentration of H' was estimated by pH meter.

® Concentration of HCO;™ was determined according to reference [9].

© Jon balance of seawater was estimated according to reference [2]
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Table 3 Concentrations of inorganic ions in real seawater and commercialized salt samples

Concentration (mM)

sample SO,” Cr Na* K" Mg* Ca®*

1 (seawater) 0.04 1.75 1.67 0.007 0.006 0.017
2 (seawater) 0.06 1.46 1.34 0.012 0.046 0.026
3 (seawater) 0.05 1.62 1.52 0.008 0.019 0.020
4 (rock salt) 0.04 1.76 1.68 N.D. 0.003 0.015
5 (rock salt) 0.04 1.73 1.66 N.D. 0.002 0.015
6 (rock salt) 0.04 1.74 1.67 N.D. N.D. 0.016

3 N.D. = not detected

® Concentrations of ions were when table salt samples were dissolved to 100 mg/l with water.
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Fig. 4 Separation of inorganic ions in human saliva sample on
ion-exclusion/CEC by elution with 5.5 mM tartaric acid, 7 mM
18-crown-6 and 1 mM CHAPS. Column: column IV (0.1
meq./ml-capacity). Saliva sample: (A) 1 (non-smoker) and (B) 3
(smoker) (see Table 3)
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Table 4 Concentrations of inorganic ions in real human saliva samples

Concentration (mM)

Sample
SO* NOy SCN Na* NH, K* Mg** Ca**
1 Non-smoker 0.26 1.22 0.17 26.6 7.2 10.9 0.09 2.1
2 Non-smoker 0.28 0.83 0.37 15.7 7.8 11.5 0.06 2.24
3 Smoker 0.23 0.52 1.64 6.7 10.4 19.9 0.12 2.18
4 Smoker 0.21 0.82 0.69 10.9 6.5 13.5 0.09 1.85
* Sample 5-before was saliva “before smoking” and 5-after was “after smoking”.
(A) (B) ©)
'.g 'Tg _g
4 4 4
5 [ —vi,— 3 e E e
R e s
6
10 15 10 15 10 15
Time / min Time / min Time / min

Fig. 5 Ton chromatograms of anions and cations in (A) brown sugar, (B) red wine and (C) rice vinegar.

Sample preparations: A was

dissolved to 5 g/l with water; and B and C were diluted to 10- and 25-fold with water, respectively. Eluent: 5.5 mM tartaric acid/3 mM

18-crown-6. Column: column IV (0.10 meq./ml-capacity).
Mg?, and 8 = Ca®".
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Development of Simultaneous Analytical Method of Common Inorganic Species
in Saline Water Samples
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Summary

We developed simultaneous determination method of common inorganic anions and cations in various
matrix-containing samples such as saline water or biological samples. The method is based on penetration for
anions and cation-exchange for cations to a weakly acidic cation-exchange resin in a single column with weak acid
as eluent. This has been called ion-exclusion/cation-exchange chromatography (ion-exclusion / CEC). In this
project, we must consider either ion-exchange resin or eluent conditions corresponding to ion analysis of saline
and biological samples, in terms of resolution of anions and cations, proteins or lipid adsorption to the resin, etc.
Through this study, an optimum column conditions was a polymethacrylate-based weakly acidic cation-exchange
column with 3 pm-particle and 0.1 meq./ml-capacity, in terms of peak resolutions. It was possible to successfully
determine SO,*, K, Mg”" and Ca®" from high concentration of Cl" and Na in saline water. In contrast, ion
analysis in biological samples such as saliva was required to suppress adsorptions of large organic matrices, e.g.,
proteins or lipids, to the resin phase. The reproducible separations of anions and cations were obtained by
addition of bile salt-type zwitterionic surfactant, CHAPS, into the elution with 5.5 mM tartaric acid / 3 mM
18-crown-6. Consequently, the combination of the resin and the eluent optimized was useful for the direct

determination of common ions not only in human’s mixed saliva but also in several food samples.
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