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Abstract 

The determination of tin (Sn) ion at trace levels using integrated gas-liquid separator with hydride 
generation-quartz furnace atomic absorption spectrophotometer (HG-QFAAS) has been done. This 
modified gas-liquid separator at various sizes was able to increase sensitivity in the determination of 
Sn in solution. The acid reagent mixing techniques, sample and reductant optimally occurs in a coil 
reaction before they are going to the gas-liquid separators. The optimum conditions of parameter 
measurement in the determination of Sn ion with HG method are influenced by type and concentration 
of acid, and the concentration of reductant has been evaluated. These optimum parameters can 
increase of analytical performance simultanly, which is shown by detection limit 3.74 µg L-1 for 100 
µL injection volume (3.74 pg Sn). The accuracy of measurement shown by the percentage of recovery 
of the Sn determination in natural water sample at >95 %, indicate this technique is good to be applied 
for tin analysis at picogram level. 
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1. Introduction 
Tin (Stannum, Sn) is one of the elements having biological, environmental and 

technological importance. Tin commonly found in nature as SnO
2
. Tin is a soft metal, and 

also corrosion resistant. Tin is widely used as food wrapper and drinks in food industry 
because of these physical properties. Tin is also used in metal alloy. Tin can make covalent 
bond with one or more carbon atom to form an organometallic which commonly called 
organotin [1,2]. One of the most useful organotins is tributyltin (TBT). This compound is 
widely used as anti fouling agent because of its biocide property [3]. Hence, the developing of 
an easy, sensitive, precise method is desired for the determination of trace tin. 

In recent years, several analytical techniques and methods have been used to determine 
total tin in environmental and biological samples. Some more sensitive detectors have been 
used to enhance the tin detection, they are ICP-MS [4], ICP-AES [5,6], ETAAS [7,8], and 
GFAAS [9,10]. The sensitivity of ICP-MS is the highest, however, ICP-MS is not an option 
method in the determination of trace amounts of tin in complex matrices, because it would 
most likely suffer from severe matrix interferences [11]. Many researchers prefer atomic 
absorption spectrometry, owing to its simpler and less expensive instrumentation. Despite the 
sensitivity and accuracy inherent in AAS, many analysts have found tin determinations to be 
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troublesome. In the case of tin determination by GFAAS, the direct determination has been 
fraught with problems, such as volatilization loss, interaction with the graphite tube, and 
vapor phase interference [9]. 

As one of the few high sensitivity determination techniques, hydride generation atomic 
absorption spectrometry (HG-AAS) has become a popular method for the determination of 
As, Bi, Ge, Pb, Sb, Sn, Hg, Te and Se [11,12], since the analyte is separated from the matrix 
elements in solution. The fundamental principle of this method is the formation of metal-
hydride by reductant NaBH

4 
or NaBEt

4 
in gas-liquid separator placed in hydride generator 

system. The metal-hydride formed will then going to a quartz cell placed on either the AAS 
flame or heating mantle. The atomization occured in the quartz cell is caused by the light 
from hollow cathode that passes it through. The advantage of HG-QFAAS method is that the 
detection limit and sensitiveness can be enhanced because the metals have been separated 
from each other in their hydride forms. That is why the atomization can be done at 
temperature 1000 

0
C [13,14]. Through this process the loss of the atomization can be 

minimalized, and the most important is that this process can be done in laboratories with 
limited equipment and low cost. 

Tin in natural waters is generally present at very low concentrations. Quantitative 
analysis of trace tin requires a method that either has extremely lower detection limit or 
involves a preconcentration step. Derivative measurement technique coupling with hydride 
generation AAS had been developed for the direct determination of selenium, tellurium and 
lead with very higher sensitivity and lower detection limit without preconcentration [15]. 

The aim of this work is to establish a new method for the direct determination of trace tin 
in water samples by HG-QFAAS coupling with derivative signal processing without pre-
concentration. The proposed method was applied to the determination of trace tin in water 
samples. 
2.Experimental 

2.1. Instrumentation and Reagents 
A set of construction hydride generator equipment by peristaltic pump and gas-liquid 

separator, atomic Absorption Spectrometer double beam GBC-Avanta 6506 equipment with 
quartz furnace (EHG-3000), recorder system, and data analyzer Origin™ 7.0., was used for 
all measurements. 

All reagents were of analytical-reagent grade. A stock 1000 µg mL-1 of Sn (II) was 
prepared by dissolving 1.9008 g of SnCl2.2H2O (Merck) in aquabidest (HPLC grade, 18 MΩ) 
and was diluted to 1000 mL. CH3COOH, H2SO4, NH4OH, HCl, NaBH4 0.4 % (disolved in 
NaOH 0.05 %, v/v) (Merck). 
2.2. Procedures 

2.2.1. Gas-liquid separator construction in hydride generator system  
The gas-liquid separator is host to the metal hydride formation process prior continuation 

to AAS flame. The geometric of the gas-liquid separator was regulated by variating the length 
and diameter of the cylinder at 9.0 x 3.0 cm; 7.5 x 2.5 cm and 6.0 x 2.0 cm respectively. The 
diameter of the sample insection tube, acid and reductant was 0.5 mm, as seen in Fig. 1. The 
sample and reductant where inserted into the separator through a peristaltic pump with flow 
injection analysis (FIA) system [16].  
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Fig. 1. Gas-liquid Separator hydride generator 

2.2.2. Optimation of gas-liquid separator integrated into HG-AAS system  

The previously made gas-liquid separator was integrated as in Fig. 2. The resulting hydride 
formation occuring in the gas-liquid separator flowed into the quartz cell tube placed on top 
on the AAS flame with ultra-pure nitrogen gas. The absorbance was recorder with a computer 
integrated system and then processed with a converter analysis data analyzer Origin™ 7.0. 
The analytical condition of AAS parameters at time of measures can be seen below in Table 
1. 

 
 

Fig.2. Equipment of the HG-QFAAS system 

In effect to determine the optimum geometric form on the gas-liquid separator, the 
absorption of the 100 ppb Sn(II) standard was measured, with concentrations of 0,5 M HCl 
and 0,6 % NaBH4, with a acid and reductant flow rate made constant for each gas-liquid 
separator geometric. The geometric form resulting in the largest absorbance was used in 
further experimentation.  
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Table 1. The analytical condition of AAS parameters at time measures 

AAS GBC® - Avanta 6506 

Hollow cathode lamp  Sn 

Wavelength 224.6 nm 

SBW 0.7 nm 

Lamp current 6 mA 

Rate of flow acetylene 2 L/menit 

Rate of flow oxygen  7 L/menit 

Rate of flow nitrogen 5 L/menit 

2.2.3. Determination of optimum conditions for Sn(II) measurement with HG-AAS 
method  

Optimalization of Sn(II) ion determination was preformed using hydride generator 
equipment connected quartz cell tube placed above the AAS flame (as in the Fig. 2). In this 
experiment was preformed with a variety of parameters such as the sample volume injection, 
type and concentration of the acid HCl, HNO3, H2SO4, and CH3COOH, and NaBH4 of 
concentration as a reductant.  
Analytical Performance of the HG-AAS for determination of Sn(II) concentration  

The analytical performance determination encompassed of the linearity of area 
(calibration curve), detection limit, reproducibility and application of these method in 
determining Sn(II) concentrations in natural water samples, utilizing the optimal conditions 
attained in previous procedure. 

3. Results And Discussion  
To enhance the detection limit of Sn (II) measurement using AAS, the hydride generation 
method can be used. Sn (II) was firstly derivatized into hydride form then atomized in the 
AAS flame [12] according to reactions below; 

 
2 BH4

-   +   2 H+                   ®   B2H6   +   2 H2 (g) 1) 

Sn(II)[aq]   +   H2(g)          ®   SnH2(g)  2) 
SnH2(g)                            ®   Sn0

(g) + H2(g) 3) 

The hydride generation occurred in the hydride generator (HG) separator. The optimal 
geometric of the separator had to be found to get the optimum measurement.  

3.1. Optimation of Gas-Liquid Separator Geometric Size  
In this optimation process, the absorbance of 100 ppb Sn(II)  solution was measured 

by using several sizes of the home made gas-liquid separator. In this process the concentration 
of acetic acid and reductant are constant variables. There were two ways to mix the reactant; 
mixing in the coil before going to gas-liquid separator and mixing in the gas-liquid separator.  
3.1.1. Mixing in the coil before going to gas-liquid separator  

In this technique, the interactions between sample, acid, and reductant take place in the 
coil. The hydride formed would then go to gas-liquid separator and introduced into the quartz 
cell in AAS. The result showed that the bigger the geometric size of the gas-liquid separator 
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the bigger the absorbance read. It happened because the bigger the geometric size of the gas-
liquid separator the bigger the volume expansion, thus the separation of gas and liquid aerosol 
can occur perfectly in the separator. Therefore, the population of the hydride formed would be 
higher, as shown in the Fig. 3.  

 
Fig. 3. Absorbance curve of Sn(II) standard at mixing system in reaction coil 

3.1.2. Mixing in the gas-liquid separator  
This study showed that the smaller the geometric size, the bigger the absorbance 

yielded. This is because the bigger the separator tube, the slower the transfer into AAS, thus 
the signal yielded would be smaller and wider. This result is shown by the Fig. 4. 

 

 
Fig. 4. Absorbance curve of Sn(II) standard at mixing system in gas-liquid separator 

From the two methods above, we can conclude that the mixing in the coil before 
introduced to the separator is better than the mixing in the separator. This is proved by the 
bigger absorbance yielded and the good shape of the peak.  
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3.2. Optimation of the acid used  

In this step the type of acid is variated while the concentration is a constant variable. 
The purpose is to find the acid which produces the optimum hydride. The result is shown by 
this Fig. 5.  

In the determination of Sn ions with HG-QFAAS methods, the use of H2SO4 and 
HNO3 as the acid atmosphere maker was not optimal. This is because both these acids are 
oxidizing, which can interfere with the process of oxidation-reduction reactions in metal-
hydride formation in the gas-liquid separator. At the same concentration, H2SO4 and HNO3 
pH lower than CH3COOH. This shows the process of oxidation-reduction reactions in the gas-
liquid separator is strongly influenced by the pH of the solution. At lower pH, the quality-
metal hydride produced will decrease. From Fig. 5, can be known, CH3COOH gives a better 
signal than the other types of acid. For further work these acids are used in the process of 
hydride formation. 

 
Fig. 5. Effect of acid type towards Sn(II) determination with HG-QFAAS method 

3.3. Optimation of acetic acid concentration  
The acid concentration uses an important rule in the hydride generation. In this 

research, the acetic acid concentration is variated while the concentration of tin standard and 
reductant are settled to be constant. The result is shown by the Fig.6. 

The optimum concentration of CH3COOH is 0.3 M. In the acid concentration is too 
large, there will be dilution of the reaction, because the ratio between the amounts of H2 gas 
produced the amount of Sn atoms are too large (there is an excess H2 gas). The dilution of this 
product may cause reduced signal intensity. Other assumptions show the acid concentrations 
higher gas produces more CO2. CO2 gas that is formed will interfere with the process of 
formation-metal hydride, so the formation of hydride-Sn population was not optimal [11,17]. 
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Fig. 6. Effect of CH

3
COOH concentration in Sn(II) determination with HG-QFAAS method 

3.4. Influence of NaBH4 concentration  

To find out the influence or NaBH4 concentration to the hydride generation, an 
experiment by variated of the NaBH4 concentration was held, while the concentration of acid 
and tin standard are settled to be constant. The result is shown by Fig.7.  

From Fig. 7, NaBH4 concentration indicated that the optimum in this study was 0.4%. 
Increasing concentration of the NaBH4 

would cause the over production of H2 gas is formed, 
so as to reduce the population metal-hydride formed. In this case the reaction would go too 
fast, so there are a number of participating water vapor into the flame AAS, which can 
interfere atomization process. 

 
 

Fig. 7. Effect of NaBH4 
concentration in Sn(II) determination with HG-QFAAS method 

3.5. Analytical Performance of HG-QFAAS Method in Determination of Sn (II) 
Concentration  

Based on the optimations which have been done before, the analytical performance of 
the HG-QFAAS method for Sn(II) analysis can be stated as below. 

3.5.1. Determination of Calibration Curve  
Measurement of variant concentration of Sn(II) was done at the optimum condition. 

The result is shown by Fig. 8. The concentrations of Sn(II) standards are in range 10-200 ppb. 
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The linear regression equation is Y = 0.0001X + 0.0031, R = 0.9963. This result proved that 
the method is good to be used in Sn(II) analysis.  

 

 
Fig. 8. Calibration curve Sn(II) for determination with HG-QFAAS method 

3.5.2. Determination of Detection Limit  
The detection limit is determined by measuring the smallest absorbance of sample that 

can be distinguished from the blank signal in a few measurements. The detection limit is 
shown as the ratio of standard signal (S) against the blank signal (B) or S/N = 3.  

The result showed that the detection limit of Sn(II) determination with HG-QFAAS 
method is 3.74 µg/L for sample injection volume 100 µL (mass minimum of detected is 3.74 
pg Sn). When compared with the ion measurements Sn(II) directly by FAAS and HG-FAAS 
method, shown in Table 2. From Table 2 shown the HG-QFAAS technique integrated to gas-
liquid separator modified was developed to increase the sensitivity of measurement is 1200 
times better than compared to direct measurement with FAAS. This shows that the method 
developed very well used in the analysis of Sn(II) ion in a trace of concentration.  

Table 2. Comparison of detection limit of Sn(II) determination at various methods 
Method Limit of detection 

(µg/L) 
Mass minimum detected 

(pg Sn) 
Direct of AAS 4650  4650  

HG-FAAS 71.06  71.06  

HG-QFAAS integrated 3.74  3.74 

3.5.3. Determination of Measurement Reproducibility  
The reproducibility is determined by measuring the absorbance of Sn(II) standard 

solution 100 ppb for several times under the optimum condition. The reproducibility is shown 
as percentage of CV (coefficient of variance). From the result of experiment, the % CV of 
Sn(II) determination with HG-QFAAS method is 1.12 %. These results show a good 
performance for the analysis of Sn(II) at traces of concentration.  

3.5.4. Signal of Enrichment 
Signal of enrichment is done by comparing the absorbance produced by the gas-liquid 

reactor-separator modified with a gas-liquid reactor-separator commercially available (from 

y = 0.0001x + 0.0031
R2 = 0.9963
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the factory-made, EHG 3000 GBC) at concentrations of Sn(II) standard of 50 and 100 ppb. 
Measurement results as shown in Fig. 10. From the results of this research data showed that 
the reactor-gas-liquid separator is integrated to give the signal for an increase to 1.55 times for 
50 ppb and 1.51 times for 100 ppb Sn(II) standard. Increased occurrence of significant signal 
was partly due to the effective function of the gas-liquid reactor-separator integrated which 
has developed. 
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Fig. 9. Analytical signal profile for 100 ppb Sn(II) reproducibility at various measurement 

 
Fig. 10. Comparison of gas-liquid separator integrated and commercial separator 

3.6. Application of HG-QFAAS in Measuring the Natural Water Sample  

The gas-liquid separator that has been made and evaluated was then used in analysis of 
Sn(II) concentration in water samples from the nature. Spike method was used to see the 
matrix influence to the measurement. The percentage of recovery was >95 %, as shown in 
Table 3.  

Table 3. Results of determination of Sn(II) in water samples. 
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Samples 

Sn(II), µg L-1  
Recovery % Added Found 

 
Bottled drinking water 

0 nd* - 
50 49.24±0.12 98.48±0.03 

 
Ground water 

0 nd* - 
50 47.73±1.85 95.73±0.19 

 
River water  

0 nd* - 
50 48.56±0.41 97.11±0.50 

 
Sea water  

0 41.44±1.67 - 
50 87.89±2.06 96.11±1.87 

Sediment 0 271.44±2.31 - 
50 311.12±3.76 96.78±3.07 

* nd: not detected 

 

Conclusion  
The modified gas-liquid reactor-separator integrated to HG-QFAAS method has been 

proven to enhance the sensitivity of tin determination in liquid samples. The analytical 
performance in this method is good, indicate this technique is good to be applied for tin 
analysis at picogram level. 
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