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Abstract - Silver is a valuable metal with antibacterial properties. The industry has a widespread use; It is mostly used in 
water purification and medicinal products. For this reason, the quantity of silver is important for industrial applications. 
Flame Atomic Absorption Spectrometer (FAAS) is a widely used technique for the determination of elements. However, due 
to the low sensitivity and the relatively short duration of the analyte atoms remaining in the measurement zone, FAAS is 
inadequate for some situations to determine elements. To overcome this sensitivity problem, some atom traps have been 
developed in recent years. In this study; in order to increase sensitivity of FAAS technique, a slotted quartz tube (SQT) have 
been used. SQT is a sensitive, easy and economical way to determine silver in any real samples.  The aim of this study is to 
develop a sensitive, easy and economical technique with the help of SQT for silver determination. In addition, using this 
sensitive technique, the determination of the silver concentration in soil and clay samples taken from Burdur region has been 
performed. LOD values for silver determination were obtained as 0.07 mg/L and 0.03 mg/L for AAS and SQT-AAS 
techniques, respectively.  Using SQT device, sensitivity of the system was increased about 2.33 times for Ag determination. 
 
 
I. INTRODUCTİON 
 
Silver (Ag) is a white, bright and precious metallic 
element. The atomic number is 47 and the atomic 
weight is 107.87 grams. The melting and boiling 
points of it is in turn 961.9 °C and 1950 °C and the 
specific gravity is 10.5 g/mL. The oxidation state of 
its compound is generally as +1. The symbol of Ag 
comes from the Latin word argentum. Ag is rarely 
found in the nature. It can be turned into transparent 
leaves with a thickness of several micrometers. The 
pure Ag is soft as far as it can be drawn with a nail. It 
is at the forefront of all metals in terms of thermal 
and electrical conductivity. It is the whitest of all 
metals. When fully polished, a perfect reflective 
surface is obtained and is therefore used in optical 
mirrors. It maintains a stable structure in fresh air and 
water. On the other hand, it becomes dark when 
encountered with ozone, hydrogen sulphide or sulfur. 
It is evident that some foods like cabbages or eggs 
darken silver spoons. Even encountered with the 
some amount of hydrogen sulfide in the air, the air 
becomes dull and slowly decays. If silver is melted in 
contact with air, it absorbs large quantities of oxygen. 
At hot, it is compounded with sulfur and halogens. It 
dissolves in the cold nitric acid and reacts with 
concentrated and hot sulfuric acid. There is 40% of 
silver in the electrum which is a natural gold and 
silver alloy. As silver is a very soft mineral, it is used 
with some amount of copper. It can be hammered 
while it is cold due to its softness. For this reason, the 
usage in jewelry is quite common [1]. Silver, metallic 
silver, silver nitrate and silver sulfadiazine forms 
have been used for many years in the treatment of 
burns, wounds and numerous bacterial infections. 
Silver is causing the argyria disease resulting in grey-

blue colour on eyes. Concentration of silver in the 
range of 0.4-1.0 mg/L cause pathological changes in 
the kidneys, liver and spleen and is usually found in 
water in the range of 0-2.0 mg/L. Animals can adsorb 
about 10% of the silver taken by digestion. In various 
organs, metalic silver has been found especially in the 
liver and spleen. 16 days after human received silver, 
more than 50% of the silver was detected in the liver. 
The silver element prevents bacterial cell activity that 
creates chemical bonds to survive. These links are the 
physical structure of the cell. Because of this, the 
bacteria are fully degraded when encountered with 
silver. Silver bandages are of particular interest. 
Silver bandages prevent bacterial proliferation and 
reduce the healing time. Therefore, it is especially 
preferred in the cases of burns and injuries. Silver has 
been proven in the literature that it promotes the 
proliferation of new cells, thus accelerating the 
healing of wounds. Silver against other metals with 
anti-microbial properties does not have a harmful 
effect on humans. Silver is also used as killer drugs 
for harmful microorganisms in hospitals and health 
institutions [2]. 
 
Atomic absorption spectroscopy (AAS) developed 
after 1955, is based on the absorption of 
electromagnetic radiation by the gaseous element 
atoms at high temperatures. Absorbed 
electromagnetic radiation is usually ultraviolet and 
visible region rays [3]. 
The main principle of AAS is based on measuring the 
intensity of incoming and outgoing light by 
transmitting a beam of wavelengths that can absorb 
on the atoms of the base element. The atomic 
absorption spectrophotometers have; A beam source 
that radiates in the wavelength of the absorption of 
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the analysis element, An atomizer, which converts the 
analysis element in the sample solution into an atomic 
gas vapor cloud,A monochromator separating the 
working wavelength from other wavelengths, A 
detector that measures the intensity of the beam, It 
consists of an electronic circuit and a display that 
gives various results [4].In general, AAS technique is 
the time consuming to carry out an analysis because it 
is necessary to adjust the instrumental conditions to a 
separate beam source for each element and each time. 
These are the major disadvantages of the AAS 
technique. Today, there are AAS devices with 
continuous beam sources. Thus, multiple elements 
can be achieved very quickly and in series without 
the need for different beam sources [4].The slotted 
quartz tube (SQT) is a commonly used method to 
improve sensitivity of AAS in recent times. This 
method was first used by Watling to increase 
analytical sensitivity in atomic absorption analysis. 
The sensitivity of elements such as Cd, Pb, Co, Zn, 
Ag, Mn, Bi, Hg, As, Se, Sb and Te was increased by 
2-5 times with this method depending on target 
elements. In this method, the SQT is placed over the 
flame so that the light beam emerging from the 
hollow cathode lamp passes through the SQT. 
The SQT device has two wings. The flame enters the 
tube from the large slot and leaves the tube from the 
small slot. The angle between these slots may be 120o 
or 180o.In this method, the increase in sensitivity is 
obtained by increasing the intensity of the analyte 
atoms in the beam path in direct proportion to the 
retention times of the analyte atoms. It is also a 

cheaper and easier technique compared to other flame 
methods [5-6]. 
II. EXPERİMENT 
 
In this study, ATI UNICAM 939 Atomic Absorption 
Spectrometer (Current: 4mA, Wavelength: 328.1 nm, 
Bandwidth: 0.5 nm) is used to determine silver. AAS 
was used in the first stage of experiment, SQT-AAS 
was used in the second stage of the experiment, and 
finally Ag determination was performed in the real 
samples (soil and clay) using SQT-AAS technique. In 
order to obtain higher sensitivity, some experimetal 
parameters have been optimized. Optimization 
studies have been carried out both AAS and SQT-
AAS techniques, separately. At first, the effect of the 
acidity of the solutions on the absorbance values of 
silver was studied. Fort his reason, absorbance values 
for 50 mg/L Ag solutions containing 1.0 mol/L HNO3 
and 1 mol/L HCl were compared, respectively. HNO3 
solution was preferred because the HNO3-containing 
solution gave higher absorbance for Ag 
determination. 
The different Ag standard solutions were prepared 
from an Ag stock solution of 1000 mg/L from the 
AgNO3 salt for the calibration plot of both AAS and 
SQT-AAS techniques. 
 
Analytical Figures of Merit 
In the AAS technique, Ag standards were prepared at 
concentrations of 0.2 mg/L, 0.5 mg/L, 1.0 mg/L, 2.0 
mg/L, 5.0 mg/L and 10.0 mg/L. By using optimum 
experimental conditions for AAS technique, 
calibration plot has been drawn as shown in Figure 1. 

 
 

Figure 1. Calibration plot for Ag determination using AAS technique 
The LOD value obtained with the AAS technique is 0.07 mg/L while the LOQ value was found to be 0.22 mg/L. 

 
In the second stage of study, the distance between the flame head and the SQT device was optimized in the 
SQT-AAS method and Ag standards were prepared at concentrations of 0.2 mg/L, 0.5 mg/L, 1.0 mg/L, 2.0 
mg/L, 5.0 mg/L and 10.0 mg/L for calibration plot for SQT-AAS technique. By using optimum experimental 
conditions for SQT-AAS technique, calibration plot has been drawn as shown in Figure 2.  
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Figure 2. Calibration plot for Ag determination using SQT-AAS technique 
The LOD value obtained by the SQT-AAS method is 0.03 mg/L while the LOQ value is 0.08 mg/L.

 
In the third stage of study, Ag determination was performed in the real samples (soil and clay). When this 
determination was made, Ag standard solutions of 0.1 mg/L, 0.2 mg/L, 0.5 mg/L, 1.0 mg/L and 5.0 mg/L were 
prepared. Using these standard solutions, the calibration plot shown in Figure 3 is redrawn by the SQT-AAS 
technique. Then, 1.0 g of soil and 1.0 g of clay samples from Burdur region were taken and 3 mL of HNO3, 3 
mL of HCl, 2 mL of HF and 1 mL of H2O were added and dissolved using a microwave digestion system. The 
digested samples were analyzed in SQT-AAS technique. 
 

Figure 3. Calibration plot for Ag determination in real samples using SQT-AAS technique 
 

RESULTS 
 
Since the LOD value obtained with the AAS technique was 0.07 mg/L and the LOD value obtained with the 
YKT-AAS method was 0.03 mg/L, a sensitivity increase of about 2.33 times for Ag determination was obtained 
using SQT device. The method was successfully applied to clay and soil samples. Using the calibration plot 
shown in Figure 3, 0.6 mg/kg Ag and 0.5 mg/kg Ag were determined in soil and clay samples, respectively. 
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