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Abstract 

A practical ion chromatography (IC) method has been developed for the analysis of sulfur 
species (S2−, SO3

2−, and S2O3
2−) contained in natural geothermal water samples. All 

species were separated by the combination of 6.0 mM dipotassium hydrogen phosphate as 
the mobile phase and TSKgel IC-Anion-PW column as the stationary phase at a flow rate 
of 1.0 mL/min. The UV detection instrument was set at 210 nm to analyze the standard 
and all the real samples. The chromatograms show the sulfur species were completely 
analyzed in less than 10 min. The detection limits at S/N=3 were 0.045, 0.386, and 0.049 
µM for S2−, SO3

2−, and S2O3
2−, respectively, whereas the repeatability values were below 

2.34%, 4.21%, and 3.74% for retention time, peak height, and peak area, respectively. 
The practical method was successfully applied to the determination of sulfur species 
concentration in natural geothermal waters obtained from Jailolo, North Maluku 
Province, Indonesia. To evaluate the performance of method, the all samples were then 
collected in two main sample points: close to- and a little far from- the beach. 
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1. Introduction 
 
     The development of ion chromatography (IC) techniques in analyzing qualitatively and 
quantitatively a number of anions and cations in various types of water samples have been 
developed [1]–[7]. As generally known, river water, pond water, lake water, and including 
geothermal water are examples of various types the surface waters. The various types of 
anions and cations in geothermal water samples have become a deep concern for scientists 
in revealing their content and its health benefit to human’s life [8], [9]. 
     Geothermal is a source of heat energy contains hot water, vapour, and rocks with 
associated minerals and other gases which are all inseparable in a geothermal system 
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[10]–[14]. Geothermal products can include energy, steam and hot water, and mineral 
content. Over centuries, geothermal water has been well known can be used directly such 
as for goals of heating, tourism, bathing and treatment. In many countries in the world, 
geothermal water therapy has become a part of routine medical treatments, and even as 
well as treatment as a prevention of diseases [15], [16]. 
     Sulfur is the major components contained in geothermal waters that has potential as a 
medium for the treatment of skin diseases, relaxation, freshness [17]–[19]. Sulfur species 
such as sulfide, sulfite, and thiosulfate have been widely identified as forms of inorganic 
compounds containing sulfur. By determining these compounds means that the total of 
sulfur in the sample can be estimated, so that it can be maximally utilized for this purpose. 
A number of developed analytical methods are available for the determination of sulfur 
species, including spectroscopy-based analytical techniques [20], high performance liquid 
chromatography [21], and IC [22]–[24]. However, the mentioned IC methods sacrifice 
extra time and required additional pre-treatments until the sulfur species signals are 
obtained. This paper describes a practical ion chromatographic method to analysis sulfur 
species anions in natural geothermal water samples. This method was based on direct UV 
detection and without any additional pre-treatment in their procedures, except filtering 
prior injection to the IC system. 
 
2. Experimental 
 
2.1. Materials and Methods 
 
     The pure reagent-grade salts employed were purchased from Nacalai Tesque (Kyoto, 
Japan). The standard solution of sulfur anions was prepared by dissolving sodium sulfide 
(Na2S), sodium sulphite (Na2SO3), and sodium thiosulfate (Na2S2O3) with deionized 
Milli-Q water (18.2 MΩ/cm) and kept for about 15 min in ultrasonic bath. The standards 
were prepared at concentration in 1.0 mM for each sulfur anion. The prepared standards 
were then stored in polyethylene containers and kept under refrigeration at 4oC.  
     The ion chromatograph was performed on a 880-PU HPLC pump (Jasco, Tokyo, 
Japan), a Rheodyne 5095 injector equipped with a 20-µL sample loop (Cotati, CA, USA), 
a UV-1570 detector (Jasco, Tokyo, Japan), and a CDS plus Ver 5.0 chromatography data 
system (Tokyo, Japan). The analytical column as stationary phase employed for sulfur 
anion separation was a Tosoh TSKgel IC-Anion-PW (50 mm×4.6 mm I.D.) column. 
 
2.2. Mobile Phase 
 
     The mobile phase used for analysing sulfur species was 6.0 mM dipotassium hydrogen 
phosphate. In order to optimize the performance of the mobile phase, it was prepared just 
before using with deionized Milli-Q water (18.2 MΩ/cm) and homogenized at ultrasonic 
bath for about 15 min. 
 
2.3. Natural Geothermal Water Collection 
 
     The samples were collected from some points located in Jailolo district, a source of 
geothermal water in North Maluku Province. Table 1 shows the coordinates and positions 
of geothermal waters were determined by using Global Positioning System (GPS). For 
comparisons, the samples were collected by 2 categorizes: close to the beach and a little 
far from the beach points. All collected samples in the fields were acidified with 5 mM 
nitric acid until pH 3 to avoid any loss of anions and kept at a cool box. The samples were 
then stored in a refrigerator at 4oC and filtered all the samples with a 0.45-µm membrane 
filters (Merck) prior injection to the chromatographic system. 
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Table 1. The Latitude, Longitude, and Temperature of Study Areas 
 
 

 
 
 
 
3. Results and Discussion 
 
3.1. Selection of Mobile Phases 
 
     In this study, the number of inorganic compounds such as carbonates, phosphates, and 
salts were examined as the mobile phase for the analysis of sulfur species (S2−, SO3

2−, and 
S2O3

2−). The mobile phases were sodium hydrogen carbonate, ammonium hydrogen 
carbonate, disodium carbonate, potassium hydrogen phosphate, dipotassium hydrogen 
phosphate, sodium hydrogen phosphate, sodium chloride, and potassium chloride.           
     The performances of these inorganic mobile phases were compared in terms of the 
retention times, selectivity, and peak shapes of sulfur species anions. Among the 
examined mobile phases, it was found that only dipotassium hydrogen phosphate 
(K2HPO4) provided complete separation of the three sulfur anions. Moreover, K2HPO4 

mobile phase gave better peak shapes including SO3
2- and good selectivity for all sulfur 

anions. 

 
Figure 1. The differences of chromatographic profiles on retention time for sulfur anions 

by the variation of mobile phase concentration. Mobile phase: 1.0-6.0 mM K2HPO4. 
Column: TSKgel IC-Anion-PW (50 mmx4.6 mm I.D.). Mobile phase flow rate: 1.0 

mL/min. Column temperature: 35oC. Injection volume: 20-µL. Sulfur anions: 1=Sulfide, 
S2−; 2=Sulfite, SO3

2−; 3=Thiosulfate, S2O3
2−. 

 

Locations Latitude (N) Longitude (E) Temperature (ºC) 

Arugasi 
Bobo 
Payo 

01o03.289’ 
01o03.360’ 
01o03.700’ 

127o23.571’ 
127o24.367’ 
127o25.611’ 

76 
46 
50 
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3.2. Effects of Dipotassium Hydrogen Phosphate Mobile Phase 
 
     In order to evaluate the optimum concentration of the mobile phase, various 
concentrations containing K2HPO4 was used to check the effect of analyzing sulfur anions 
(S2−, SO3

2−, and S2O3
2−) on retention time. The concentration of mobile phase was in the 

range of 1.0-6.0 mM.   
     Figure 1 shows the chromatograms of the three sulfur anions of interest at different 
mobile phase concentrations. The mobile phase concentration increased as retention time 
values of sulfur anions decreased. In addition, higher mobile phase concentration than 6.0 
mM (i.e., 7.0 mM) was done to check the performances of S2− and SO3

2− particularly in 
term of selectivity, and it seems overlapped due the time, and worried when these two 
ions contained much more in real samples.  
     In this study, a TSKgel IC-Anion-PW (50 mm×4.6 mm I.D.) was selected as the 
polymer-based anion-exchange column. It showed that the retention behaviour of analysis 
was also influenced by hydrophobic absorption of the anion-exchange resins and the pH 
of mobile phase. The mobile phase’s pH gradually increases with increasing K2HPO4 

mobile phase concentration, and the pH at 6.0 mM mobile phase was 8.23. The order of 
these sulfur anions was occurred by different of their ion charge and interaction with 
anion-exchange as the stationary phase, therefore the elution order was S2−< SO3

2−< 
S2O3

2−. Considering of the above results, 6.0 mM of the mobile phase concentration was 
recommended in subsequent analysis. 
 

 
Figure 2. Comparison of two chromatograms of sulfur anions using (A) un-fresh and (B) 
freshly mobile phases. Mobile phase: 4.0 mM K2HPO4. Anions (concentration in 1.0 mM 

of each): 1=S2−, 2=SO3
2−, and 3= S2O3

2−. Other operating conditions, as in Figure 1. 
 
     Figure 2 shows a comparison of two chromatograms of sulfur anions using un-fresh 
and freshly mobile phases. Broke peak of SO3

2− was obtained when using un-fresh mobile 
phase. SO3

2− known is very unstable compounds along other sulfur anions. The analysis 
of SO3

2− was disturbed by the presence of un-fresh phosphate of mobile phase resulting 
decreased analytical precision of SO3

2− is another possible reason. Hence, it is suggested 
that the preparation of K2HPO4 mobile phase just before using.  
     Figure 3 reports the linear relationship between the logarithm of retention factor of 
sulfur anions and the logarithm of K2HPO4 mobile phase concentrations. The slope value 
obtained by the ratio of analyte and mobile phase ionic valances. Therefore, the slopes for 
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these sulfur anions were −0.502, −1.146, and −1.150 for S2−, SO3
2−, and S2O3

2−, 
respectively. As shown in Figure 3 assumed that the retention time for S2− and SO3

2− ions 
were overlapped due the time, whereas SO3

2− and S2O3
2− were almost constant. 

 
Figure 3. The logarithm of the retention factor versus the logarithm of K2HPO4 

concentration of sulfur anions. Mobile phase: 1.0-6.0 mM K2HPO4. Plot lines: 1=S2−; 
2=SO3

2−; 3= S2O3
2−. Other operating conditions, as in Figure 1. 

 
3.3. Analysis of Sulfur Anions using Standard Samples 
 
     In the chromatogram in Figure 4, the three sulfur species anions (S2−, SO3

2−, and 
S2O3

2−) completely eluted within 10 min. All peaks were nicely analysed and symmetrical. 
Although, the SO3

2− peak gave lower peak in height compared to other but could give 
good quantitative analysis.  
 
 

 
Figure 4. Chromatogram of sulfur anions using standard sample. Mobile phase: 6.0 mM 

K2HPO4.  Sulfur anions (concentration in 1.0 mM of each): 1=S2−, 2=SO3
2−, and 3=S2O3

2−. 
Other operating conditions, as in Figure 1. 

 
3.4. Validation of the Method  
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     The limit of detection (LOD) of the method were determined by injecting 20-µL 
volume of the sample standard solution and were calculated at S/N=3. The results are 
shown in Table 2. The LOD obtained by the method were 1.446-30.877 ppb. Sub-ppb 
level of analysis will be feasible using this method for the analysis of sulfur anions in the 
samples. 
     Table 2 shows the linear relationships between the signal response of peak heights and 
the anions concentrations were found for all sulfur species anions. The calibration curve 
of sulfur anions showed good linear correlations. From the Table, the coefficient of 
correlation, r2>0.999 proved good linearity of the method. 

 
Table 2. The Detection Limits, Correlation Coefficients, and Retention Times of 
Sulfur Anions using 6.0 mM Dipotassium Hydrogen Phosphate Mobile Phase 

 

LOD (S/N=3) 
Sulfur anion 

µM   ppb 
Correlation 
coefficient (r2) 

Retention 
times (tR)/min 

S2 0.045       1.446 0.9998 2.58 

SO3
2− 0.386   30.877 0.9993 4.54 

S2O3
2− 0.049     5.538 0.9992 8.09 

 
 
Table 3 shows the reproducibility of the signals (retention time, peak height, and peak 
area) for seven replicate measurements under the optimum chromatographic conditions, 
as in Figure 4. The reproducibility values were below 2.34%, 4.21%, and 3.74% for 
retention time, peak height, and peak area, respectively. 
 

Table 3. The Reproducibility of Sulfur Anions Using 6.0 mM Dipotassium 
Hydrogen Phosphate Mobile Phase 

 

RSD (%), n=7a 
Sulfur anion 

Retention time Peak height Peak area  

S2− 1.88 2.37 2.49 

SO3
2− 2.34 4.21 3.25 

S2O3
2− 2.05 3.95 3.74 

    an=number of measurements  
 
3.5. Application to Natural Geothermal Water Samples  
 
     The method was applied to the analysis of sulfur anions natural geothermal water 
samples. The samples were collected from Jailolo, a district in the province of North 
Maluku, Indonesia. Figure 5 shows the points of samples collection were classified for 
comparison, close to the beach and a little far from the beach sample points. In avoiding 
an accidental contamination of the samples, all the samples were stored in a refrigerator at 
4oC and filtered with a 0.45-µm membrane filter prior injection to the chromatographic 
system. 
     Good chromatograms for sulfur anions in natural geothermal water samples were 
achieved, as in Figure 6. All sulfur anions showed with good separation, although SO3

2− 
was not satisfactory in samples obtained from close to the beach sample. It is assumed 
that this may be caused by interference ions contained in sea water. The concentrations of 
S2−, SO3

2−, and S2O3
2− in all collected samples were analyzed to be 0.016-0.279 mM, 

0.079-1.207 mM, and 0.119-0.190 mM, respectively, as summarized in Table 4.  
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Figure 5. Map of Jailolo, North Maluku showing the 3 sampling points: (   ) Arugasi;  
(   ) Bobo; (   ) Payo 

      
 

      
Figure 6. Chromatograms of sulfur species anions in natural geothermal water with the 

type of samples: (A) close to the beach and (B and C) a little far from the beach. Anions: 
1=S2−, 2=SO3

2−, 3= S2O3
2−, and 4= unknown peak. Other chromatographic conditions, as 

in Figure 4. 
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Table 4. Analysis Results for Sulfur Species in Natural Geothermal Waters 

 
4. Conclusions 
 
     The method using UV detection mode was achieved by the combination of 6.0 mM 
dipotassium hydrogen phosphate as the mobile phase and TSKgel IC-Anion-PW column 
as the stationary phase. In UV detection, it was possible to analysis the three target anions 
of sulfur species on the polymer-based anion-exchange column. It should be noted that 
this method potentially to be use for routine analysis, especially samples which contained 
higher concentration of sulfur species. However, the method should be improved in order 
to analysis another sulfur anions interests such as sulfate (SO4

2−) and polythionates 
(S4O6

2−) and to increase the selectivity and sensitivity particularly for close to the beach 
sample.  
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