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ABSTRACT 
 
In general, selenium that is determined by most spectroscopic techniques usually results in total selenium (Se). 
Relatively few analytical methods have been applied for the selective determination of the different selenium species 
present in various sample matrices. This review aims to propose the method development of Se under catalytic 
activation of silver nanoparticles in association with flow injection-hydride generation atomic absorption 
spectrometry (FI-HGAAS). In this aspect, colloidal silver is an alternative choice as the reducing agent, and of 
particular interest due to a lot of distinctive properties such as good conductivity, chemical stability, and catalytic 
and antibacterial activity. Silver nanoparticles were freshly prepared and calibrated by visible absorption spectrum. 
This will demonstrate the catalytic activation of Se speciation by using Ag nanoparticles in comparison with 
borohydride solution indicating certainly increase in its sensitivity for selenium analysis. 
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INTRODUCTION 
 

Water, which is odorless, tasteless, transparent liquid, is almost colorless in nature, in fact, with ultra-trace amounts 
of chemicals but exhibits a bluish tinge in large quantities such as deep sea water or water vapor in the sky. Most of 
the living tissue of a human being is made up of water; it constitutes about 92% of blood plasma, about 80% of 
muscle tissue, about 60% of red blood cells, and over half of most other tissues. It is also an important component of 
the tissues of most other living things [1]. The presence of nutritive and toxic elements in water samples depends on 
type of water, the accumulation of metals varies greatly both between species and cultivars [2]. Elemental water 
composition data are important to both consumers and health professionals, and recent water labeling legislation has 
highlighted this importance. 
 
For human body selenium is essential element playing important role in body antioxidation system; it is considered 
individual antioxidant that can cooperate with other antioxidants, such as C and E vitamins and in processes 
protecting the cells from free radicals. In such manner selenium protects a body from development of cancer, 
cardiovascular diseases and masculine sterility [3]. Selenium participates in thyroid hormone metabolism and 
immune system, inhibits virulence, and slows down the development of AIDS through reducing the speed of HIV 
development. Furthermore, it can reduce the risk of spontaneous abortions as well [4]. Balanced content of selenium 
in human food helps in the case of complications connected with diabetes and also affects the prevention of asthma. 
Through free radicals inhibition selenium moderates harmful effects of radiation [5]. Selenium is important for 
proper function of cerebral neurotransmitters and reduces epileptic waves at children. Selenium deficiency is 
connected with acceleration of senility and development of Alzheimer´s disease. It also affects in a positive manner 
human mind and mental wellness [6]. 
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However, the levels of selenium in water are highly variable, depending on the location. In toxicology it has long 
been known that great differences in toxic properties occur among the various species of an element, because they 
follow different metabolic pathways. In particular, selenium absorption, retention and distribution within the body, 
and the amounts, forms and routes of excretion vary with the chemical forms and amounts of the element ingested 
[7]. It can be found naturally in four valence states including selenide, Se    (-II), elemental Se(0), selenite, Se(IV) 
and selenate, Se(VI). Although precise feeding comparisons of the relative toxicity or nutritional activities of the 
different selenium compounds have not yet been made, it is known that selenite is more toxic than selenate [8]. 
Thus, the study of the selenium species in water would provide a better understanding of the requirements of this 
element in the living system. 
 
Most methods for selenium determination were reported in total selenium [9]. However, relatively few analytical 
methods have been applied for the selective determination of the different selenium species present in various 
matrixes. Chromatographic techniques coupled with different detector systems have been extensively used for the 
separation and determination of all selenium species. This approach minimizes interferences from the matrix. 
However, errors may arise from a lack of efficiency in the separation, e.g. due to incomplete retention on the 
column, decomposition of the species, incomplete recovery of the eluate or peak overlap [10]. There are few 
electrochemical methods that can be applied for selenium speciation in biological fluids, or electrochemical methods 
that can be applied for selenium speciation in biological fluids and environmental samples [9,11,12]. However, the 
complete mineralization or conversion of Se(VI) to Se(IV) (the electro active form) makes sample  preparation more 
complex and increases the risk of sample contamination and of losses of selenium. Spectrofluorimetric methods 
have been also used for the determination of the different inorganic species of selenium [9,11]. Although very 
sensitive, an initial acid digestion step is required for this technique and the analytical figures of merit may be 
markedly influenced by an extractant, temperature and the hydrogen ion concentration. The detection of methyl 
selenide species is carried out after gas chromatographic (GC) separation on the basis of their different retention 
times with a wide variety of the detection methods such as electrothermal atomic absorption spectrometry (ETAAS) 
[13] and microwave-induced helium plasma detection [14]. The most commonly applied technique for inorganic 
selenium species determination is based on hydride generation (HG) with atomic absorption spectrometry (AAS) 
[11]. In all of these techniques, Se(IV) is determined directly after derivatization process, whereas Se(VI) is 
determined by difference after reduction, and the organic selenium content is also determined by difference after 
destroying organic compounds by oxidation. These techniques are highly sensitive and yield detection limits in the 
ngL-1 and are not subject to major interferences or high background noise levels [15]. The severe and systematic 
imprecision reported for this technique are almost due to the use of improper sample decomposition [9]. The 
tolerance limits for other hydride-forming elements in the determination of selenium could be improved by one or 
two orders of magnitude by using a flow injection (FI) instead of a batch system and optimizing the analytical 
conditions systematically [16]. According to the literature on total selenium determination in biological and 
environmental materials, the combination of FI techniques with HGAAS is an accepted method [17-22]. To our 
knowledge, only one paper has described the FI closed system with thermal heating at 140°C for the determination 
of Se(IV) and Se(VI) by HGAAS with on-line pre-reduction of Se(VI) to Se(IV) [23]. No losses of selenium occur 
and the method has been successfully applied to the speciation of both inorganic species. 
 
Even, FI-HGAAS can be used to determine Se(IV) only from the mixture of Se(IV) and Se(VI) solution, and the 
concentration of Se(VI) can be calculated by the difference between total inorganic Se and Se(IV). In the present 
study, for its reducing reason the prevention of the back-oxidation of Se(IV) to Se(VI) is introduced. Only Se(IV) 
forms its hydride compound, and so Se(VI) must be completely pre-reduced to Se(IV), if total selenium is needed to 
be determined. When NaBH4 is used as a common reducing agent for the determination of selenium by HGAAS, 
only SeH2 is formed. The Se(IV) redox state is determined directly. Total inorganic Se is determined after 
quantitative reduction of selenate to selenite. Considering that HGAFS cannot detect Se(VI) directly, Se(VI) has to 
be certainly reduced to Se(IV) first. Thus, the pre-reducing step to convert Se(VI) to Se(IV) is still necessary. 
 
Pre-reducing agent is normally achieved using HCl with various concentrations and heating temperatures. For 
instance, the reduction with HCl solution in a closed system at room temperature takes almost a week [24]. If its 
reduction step works at elevated temperature (90-100°C), it is faster [25,26]. The reaction time usually varies from 
20 to 45 min [25,27]. However, too long heating can lead to the appearance of elemental Se [24,28]. The pre-
reduction can also be using a warm co-reducing agents i.e. KBr and HBr [29] or a mixture of KBr and HCl [29,30], 
thiourea with the addition of HCl [31] and a 20%(w/v) KI solution with HCl and thiourea. The later system restricts 
the interference of some transition metals [27]. 
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Table (1): Literature reviews for speciation analysis 
 

Sample Analyst Technique LOD 
Pre-reducing 

agent 
Recovery 

(%) 
Ref. 

water and garlic Se species 
on-line ionic liquid dispersive microextraction coupled to electrothermal atomic 
absorption spectrometry (ETAAS) 

15 ng L−1 
HCl 5 mL, 

100◦C, 20 min 
Se(IV) 96.0 
Se(VI) 104 

41 

garlic 
total Sb, Se, Te 
and Bi 

HGAFS 1.0 ng g−1 
HCl and KBr, 
70-75°C, 30 

min 

Se(IV) 94.3 
Se(VI) 94.0 

42 

natural water Se species graphite furnace atomic absorption spectrometry (GFAAS) 0.03 µg L−1 - 
Se(IV) 99.0 
Se(VI) 96.0 

43 

agricultural drainage 
water 

Se species ion chromatography-HGAAS 
Se(IV) 0.68 mg L-1 Se(VI) 

0.55 mg L-1 
HCl 130 °C 

Se(IV) 93.1 
Se(VI) 108 

44 

vegetable, pulse and 
cereal 

As, Sb, Se, Te 
and Bi 

HGAFS 0.7 ng g-1 
HCl and KBr, 
70-75°C, 30 

min 
95.4 - 97.0 45 

       
Table (2): Literature reviews for speciation analysis of inorganic selenium by HGAAS 

 

Sample Condition for HG Pre-reducing agent Digestion method LOD Ref. 
water and 
orange juice 

0.75% (w/v) NaBH4/0.5 mol L-1NaOH 
carrier, 10.0% (v/v) HCl 

10%(v/v) HCl/HBr 
microwave (MW),  
prereduction 

Se(IV) 0.25 mg L1 

Se(VI) 0.30 mg L-1 
46 

beef, milk, fish, chicken, rice, wheat flour and egg 
0.1%(w/v) NaBH4/0.025%(w/v) NaOH 
carrier,1.2 mol L-1 HCl 

6 mol L-1HCl 15 mL 
at 90°C, 30 min 
( heat block) 

heat block, 
soak overnight in HNO3 at 90 °C, 2 h 
add 5 mL HNO3/H2O2 

2.0-7.0 µg kg-1 47 

tomato 
0.6%(w/v) NaBH4/0.5%(w/v) NaOH 
carrier, 10 mol L-1 HCl 

7 mol l-1HCl 4 ml 
at 80 °C, 30 min 
( heat block) 

autoclaves: 140 °C, 120 min add HNO3/H2O2 0.00049 mg L-1 48 

lemon juice and geothermal water 
0.5%(w/v) NaBH4/0.5%(w/v) NaOH 
carrier, 1%(v/v) HCl 

Se(VI),12 molL-1 HCl 
Se(IV), 4 molL-1 HCl 

microwave (MW) 
Se(IV) 1.0 µg L-1 
Se(VI)1.5 µg L-1 

49 

urine 
0.3%(w/v) NaBH4/0.05%(w/v) NaOH 
carrier, 1 mol L-1 HCl 

32%(v/v) HCl 3 mL microwave (MW) 3 µg L-1 50 
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Speciation analysis of inorganic Se 
Speciation is the identification and quantitative determination of different forms or phases in which a given element 
occurs in a given substance, established in so-called speciation analysis [32]. In the context of the study of water, the 
form or phase of occurrence of a given element can be defined according to different criteria [33,34]: (i) a certain 
compound or degree of oxidation of a given element, their identification and determination is the subject of 
individual or detailed speciation, (ii) certain functional groups or forms of particular biochemical or 
hydrogeochemical functions: bioavailable, mobile, exchangeable forms and others, (iii) according to analytical 
procedures used for their identification and determination: reagents, instrumental procedures, etc. (iv) according to 
the physical distribution of substances: suspended and dissolved forms (similarly, according to cytological presence 
of elements - the forms of the elements as they occur in different cellular organs), and (v) combining compounds of 
similar properties, or a similar form, e.g. combining compounds with a given element at the same oxidation degree, 
e.g. the speciation analysis of Se(IV)/Se(VI); this is a pragmatic approach when it is impossible or too difficult to 
perform individual speciation analysis. 
 
The significance of the determination is not only the total content of a given element but its speciation follows from 
different toxicological effects of different speciation forms of a given element on the ecosystem. For example the 
inorganic compounds of selenium are a few hundred times more toxic than the methylated forms. The speciation 
analysis of selenium using atomic absorption spectrometry with generation of hydrides is based on the established 
different kinetics of the reaction of hydride generation by elements at different degrees of oxidation, depending on 
the pH of the reaction environment. 
 
Nevertheless, few analytical methods for the selective determination of the Se species include inductively coupled 
plasma-mass spectrometry (ICP-MS), chromatographic techniques coupled with different detectors, or flow 
injection-hydride generation atomic absorption spectrometry (FI-HGAAS). However, ICP-MS approaches 
interferences between the dominant isotope of Se and the argon dimer (both mass 80) [35]. Chromatographic 
techniques rather give any decomposition of species and peak overlapping problems [36]. 
 
Hydride generation is a chemical derivatization technique in which some elements of the periodic table mentioned 
above form their volatile hydrides as indicated in the following reactions[37]when they react with sodium 
borohydride, NaBH4, as a strong reducing agent and hydrochloric acid, HCl, as a carrier solution. 
 
 
NaBH4 + 3H2O + HCl   → H3BO3 + NaCl + 8H+ 
8H+ + Mm+MHn  +H2(excess)  → Mm+ : Se, As, Sb…. 
 
Here, M is the desired metal, m is the oxidation state of the metal and does not necessarily equal to nMHn which is 
the volatile metal hydride. In this technique, elements are separated from other accompanying materials in the form 
of gaseous hydrides and are introduced to the sample cell for atomization leaving the sample matrix in the liquid 
waste. Thus, spectral and chemical interferences can be eliminated. Therefore, the significant increase in sensitivity, 
by 10-100 folds, over commonly used liquid sample introduction techniques has been reported [38-40]. 
 
However, relatively few analytical methods have been applied for the selective determination of selenium species 
present in water and food samples. In further study, higher sensitivity of Se analysis is a main subject to develop 
under other catalytic activation of any reactive nanoparticles in association with modern atomic spectrometry. 
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