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Abstract 

This paper shows speciation analysis of arsenic, antimony and selenium using hydride generation atomic 
absorption spectrometry. Determining different forms of given elements (forms on different oxidation 
stages: As(III)/As(V), Sb(III)/Sb(V), Se(IV)/Se(VI) and forms bound with organic matter) is based on 
different kinetics of hydride generation for forms on different oxidation degrees. This paper shows steps for 
speciation analysis as described in literature, the main procedures and reagent used in different studies. 
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Introduction 
Speciation is the identification and quantitative deter-

mination of different forms or phases in which a given 
element occurs in a given substance, established in so-
called speciation analysis [1]. In the context of the 
study of water environment, the form or phase of occur-
rence of a given element can be defined according to 
different criteria [2, 3]: 
- as  a certain  compound  or degree  of oxidation  of 

a given element, their identification and determination 
is the subject of individual or detailed speciation, 

- as certain functional groups or forms of particular bio 
chemical or hydrogeochemical functions: bioavailable, 
mobile, exchangeable forms and others, 
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- according  to   analytical   procedures  used  for  their 
identification and determination: reagents, instrumen 
tal procedures, etc. 

- according   to   the  physical   distribution  of  substan 
ces: suspended and dissolved forms (similarly, accord 
ing to cytological presence of elements - the forms 
of the elements as they occur in different cellular or 
gans), 

- combining compounds of similar properties, or a simi 
lar form, e.g. combining compounds with a given el 
ement at the same oxidation degree, e.g. the speciation 
analysis of As (III)/As(V); this is a pragmatic approach 
when it is impossible or too difficult to perform individ 
ual speciation analysis. 

The significance of determination of not only the total 



 

 

content of a given element but its speciation forms fol-
lows 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, a similar situation takes place for arsenic, while 
the compounds containing antimony (III) are more toxic 
than those containing antimony (V). The speciation 
analysis of arsenic, antimony and selenium by the method 
of atomic absorption spectrometry with generation of hy-
drides 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 reac-
tion environment. 

Speciation of Arsenic and Antimony 

In the environment of weak organic acid (citric acid 
[4-8], acetic acid [4-7, 9], tartaric acid [4, 7]) or a buffer 
system of a relatively high pH (or in an alkaline medium 
at pH = 9 [10]), the appropriate hydrides are formed al-
most exclusively from the inorganic compounds with 
a given element at the 3rd degree of oxidation, whereas 
the compounds with a given element at the 5th degree of 
oxidation do not react. The reaction of hydride gener-
ation in the presence of a low concentration of hydro-
chloric acid (0.02 mmol/mL) is similar [6]. In the environ-
ment of a strong reducing acid (HC1) at pH < 1, the 
hydrides are formed with the element bonded in both 
inorganic and organic (monomethyloarsenic acid 
MMAA and dimethyloarsenic acid DMAA) compounds, 
irrespective of the oxidation degree of a given element, 
however, the compounds containing a given element at 
the fifth degree of oxidation react slower and in a smaller 
amount. The hydrides are formed as a result of reduction 
of arsenate (III), arsenate (V) and methyl derivatives of 
arsenic (MMAA, DMAA) [7, 11] and no other arsenic-
organic compounds [12]. At a high concentration of HC1, 
reduction of methyl and dimethyl derivatives of arsenic 
also practically do not take place [4]. The generation of 
hydrides with the compound of As (V) is 10% less 
effective than with those of As (III). A two-stage 
mechanism of the reaction of the former has been sug-
gested, including a reduction of As (V) to As (III) and 
then generation of hydrides [13]. The course of the reac-
tion depends on the pH value of the environment of the 
reaction. The first stage of the reduction of As (V) to As 
(III) is much slower than the generation of hydrides at 
pH > 5, the reduction of As (V) requires a pH value close 
to 1. At this pH also a reduction of MMAA and DMAA 
takes place [13], and with increasing concentration of 
HC1 the yield of the reduction of the methyl derivatives 
decreases, reaching practically zero above the HC1 con-
centration of 5 mmol/mL [4]. The reduction of the 
methyl derivatives of arsenic gives [14]: 

MMAA -> CH3AsH2; DMAA -> (CH3)2AsH 

characterised by the melting points of 2°C and 35.6°C [7]. 

Methyl derivatives of antimony react in the same way and 
give [15]: 

CH3SbH2 and (CH3)2SbH 

A differentiation between the inorganic forms Sb (III) 
and Sb (V) is based on the selective reduction of anti-
mony compounds, dependent on pH. The reduction of 
Sb (V) practically does nor occur at pH 6-7, in general at 
pH above 2, but in these conditions Sb (III) undergoes 
reduction [10]. An environment favourable for selective 
reduction of Sb (III) in the presence of Sb (V) is that of 
citric acid [16-18], tartaric acid [16,19] or boric or acetate 
buffer [16]. Moreover, the citric acid complex with Sb (V) 
does not undergo reduction and does not form hydrides 
[10]. Speciation determination of antimony has also been 
performed with the sequential use of three inorganic hy-
drochloric acids, phosphoric (V) acids and sulphuric (VI) 
acids [14]. In order to determine the total amount of 
antimony in a given sample a preliminary reduction of 
Sb(V) to Sb(III) is necessary. This is performed in the off 
and online systems by different reducing reagents tin (II) 
chloride [20], hydrochloric acid, potassium iodide, ascor-
bic acid, L-cysteine and their mixtures (Table 1). The 
content of Sb (V) is then found from the difference be-
tween the total content of antimony and the content of 
antimony compounds with Sb (III). 

The reaction of arsenic compounds with cysteine can 
be described as follows [21]: 

1. reduction of As (V) prior to the reaction with 
borohydride: 

2 Cys-SH + RnAsO(OH)3-n -» Cys-S-S-Cys + 
+ RnAs(OH)3-n + H2O 

2. the reaction of As (III) with cysteine leading to 
cysteine complexes: 

RnAs(OH)3-n + (3-n)Cys-SH -» RnAs(-SCys)3-n + 
+ (3-n)H2O 

The arsenic compound reaction with potassium iodide 
occurs according to the scheme: 

2KI + Na3AsO4 + 4 HC1 -> I2 + NaAsO2 + NaCl + 
+ KC1 + 2H2O 

and with hydrochloric acid according to: 

2HC1 + Na3AsO4 -> Cl2 + Na3AsO3 + H2O 

Speciation of Selenium 

The compounds containing selenium at the 6th degree 
of oxidation do not undergo reduction in the environ-
ment of a strong reducing acid (HC1) at pH < 1 and the 
hydrides are formed almost exclusively from the inor-
ganic compounds containing Se(IV). The 60% reduction 
of Se (VI) to Se (VI) in the environment of HC1 (4-7 
mol/L) at room temperature takes 7 days [22], while at 
elevated temperature (90-100°C) it is faster [23, 24]. The 
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course of the reduction of Se (VI) to Se (IV) can be 
described as [25]: 

HSeO4- + 3H+ + 2Cl- -» H2SeO3 + Cl2 (aq) + H2O 

The time of the reaction usually varies from 20 to 45 
minutes [23,26]. Considering the possibility of the forma-
tion of volatile chlorides, it is recommended to conduct 
the reduction of selenium (VI) compounds by HC1 in 
a closed system, at temperatures of about 140°C; how-
ever, too long heating can lead to the appearance of el-
emental selenium [22, 27]. The use of a closed system 
heated with microwave radiation in this process of reduc-
tion decreases the possibility of analyte loss [28, 29]. 

The reduction of Se (VI) to Se (IV) can also be 
realised with the use of hydrobromic acid [30, 31], a sol-
ution of potassium bromide and hydrobromic acid [30] or 
a 20% solution of potassium iodide KI with HC1 and 
thiourea (the latter system restricts the interference of 
transition metals - Ag, Au, Fe, Ni, Co, Pt, Pd, Os) [26]. 

In order to determine the total content of selenium 
a preliminary reduction of Se(VI) to Se(IV) is needed 
(Table 1). The reduction can be performed in the off and 
online systems with the help of HC1. The content of the 
compounds with Se (VI) is found from the difference 
between the total content of selenium and the content of 
selenium compounds with Se(IV) [10, 23]. 

Table 1. The reagents used for reduction of compounds of ar-
senic, antimony and selenium. 

Determining Forms Bound to Organic 
Matter 

Determining the content of the elements bound to 
organic matter requires a preliminary mineralisation of 
the sample in order to release a given element from the 

 

Fig. 1. A scheme of speciation analysis by HGAAS. 
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organic compounds. The mineralisation should always 
precede the determination of a given element by the 
method of hydride generation atomic absorption spec-
trometry (HGAAS). Different methods of mineralisation 
of water samples have been proposed: heating with 
oxidising reagents (nitric acid (V) [32], sulphuric acid 
(VI) [16, 33, 34, 35], aqua regia [36], persulphates [4, 36, 
37, 38], permanganates [36]) in open systems under re-
flux [33, 34] or in closed systems (Teflon bombs [26]) 
often heated by microwave radiation [4, 23, 32, 35, 
38-40], mineralisation with the use of UV radiation and 
oxidising reagents [23, 27, 35, 41, 42]. An important prob-
lem related to mineralisation of organic compounds is 
elimination of interference due to the oxidising reagent. 
The use of nitric acid (V) or hydrochloric acid and nitric 
(V) acid together can lead to a decomposition of ar 
senates (III) by the formed nitrogen oxides or nitrosil 
chloride  [43].  Moreover,  the  presence  of a  strongly 
oxidising reagent disturbs the preliminary reduction of 
As (V), Sb (V) and Se (VI). 

Conclusion 

The general cycle of operations needed to perform 
a speciation analysis by the method of atomic absorption 
spectrometry with generation of hydrides can be de-
scribed by the scheme presented in Fig. 1, (the differenti-
ation between the suspended and dissolved fractions in 
the physical speciation analysis has been disregarded): 

1. Determination of the content of As (III), Sb (III) 
and Se (IV) in as-collected samples, without any prelimi 
nary treatment, 

2. Determination of the contents of As, Sb and Se in 
the samples subjected to preliminary reduction by differ 
ent methods, determination of the total content of Sb 
and Se in inorganic compounds, determination of the 
total contents of As in inorganic compounds and in 
MMAA and DMAA, depending on the conditions of de 
termination, 

3. Determination of the total content of As, Sb and Se 
in samples after mineralisation of organic compounds 
and reduction, 

4. Calculation of the contents of As (V), Sb (V), Se 
(VI) and elements in the organic matter [10]. 

The above scheme of the speciation analysis refers to 
the groups of the fractions under determination. It does 
not allow a determination of particular chemical com-
pounds but the contents of a given element at a certain 
degree of oxidation As(III), As(V), Sb(III), Sb(V), 
Se(IV), Se(VI). The application of different processes 
(mineralisation, reduction) for separation of the deter-
mined fractions means that the procedure can be treated 
as operational speciation analysis. The results of speci-
ation analysis give more information than the results of 
determination of an element's total concentration [2, 64]. 

References 

1. LOBINSKI  R,  Elemental  speciation  and  coupled tech 
niques, Applied Spectrosc, 51(7), 260A-278A, 1997. 

2. HULANICKI A., Speciation in waters and sediments, edd. J. 

Siepak, Speciation analysis of metals, in Polish 7-18, Wyd. 
UAM, Poznan 1998. 

3. BERNHARD M., BRINCKMAN F.E., SADLER P.J, The 
Importance of Chemical "Speciation" in Environmental Pro 
cesses, Springer-Verlag, 1986. 

4. RUDE T.R, PUCHELT H, Development of an automated 
technique for the speciation of arsenic using flow injection 
hydride    generation    atomic    absorption    spectrometry 
(FI-HGAAS), "Fresenius" J Anal Chem, 350, 44, 1994. 

5. DRIEHAUS W, JEKEL M., Determination of As(III) and 
total inorganic arsenic by on-line pretreatment in hydride 
generation  atomic  absorption  spectrometry,   "Fresenius" 
J Anal Chem 343, 343, 1992. 

6. NIELSEN S., HANSEN E.H, Determination of As(III) and 
As(V) by flow injection-hydride generation-atomic absorp 
tion spectrometry via on-line reduction of As( V) by KI, Anal 
Chim Acta 343, 5, 1997. 

7. BURGUERA J.L., BURGUERA M., RIVAS C, CAR- 
RERO P, On-line cryogenic trapping with microwave heat 
ing for the determination and speciation of arsenic by flow 
injection/hydride     generation/atomic     absorption     spec 
trometry, Talanta 45, 531, 1998. 

8. LOPEZ A., TORRALBA R, PALACIOS M.A., CAMARA 
C, Generation of AsH3 from As(V) in the absence of KI As 
prereducing agent: speciation of inorganic arsenic, Talanta, 
39, 1343, 1992. 

9. HOWARD  A.G,   COMBER  S.D.W,   Hydride-Trapping 
Techniques for the Speciation of Arsenic, Mikrochim Acta, 
109, 27, 1992. 

 

10. MacCARTHY P., KLUSMAN R.W, Water analysis, Anal 
Chem, 65, 244R-292R, 1993. 

11. LE X.-C, CULLEN W.R, REIMER K.J, Effect of cysteine 
on the speciation of arsenic by using hydride generation 
atomic absorption spectrometry, Anal Chim Acta, 285, 277, 
1994. 

12. CHATTERJEE A,  DAS  D,  MANDAL B.K,  CHOW- 
DHURY T.R, SAMANTA G, CHAKRABORTI D, Ar 
senic in ground water in six districts of West Bengal, India: 
the biggest arsenic calamity in the world. Part I. Arsenic 
species in drinking water and urine of the affected people, 
Analyst, 120(3), 643, 1995. 

13. SOBESTO J, STOVER T, Arsenic removal from potable 
water by means of flocculation filtration, International con 
ference "Municipal and rural water supply and water qual 
ity" Poznan, 1998. 

14. SMICHOWSKJ P., MADRID Y, CAMARA C, Analytical 
methods for antimony speciation in waters at trace and ultra- 
trace levels. A review, Fresenius J Anal Chem, 360, 623, 
1998. 

15. SZPUNAR-LOBINSKA  J,   WITTE  C,   LOBINSKI   R, 
ADAMS F. C, Separation techniques in speciation analysis 
for organometallic species, Fresenius J Anal Chem, 351, 
351, 1995. 

16. RONDON  C,   BURGUERA  J.L,   BRUNETTO   M.R, 
GALLIGNANI M, PETIT DE PENA Y, BURGUERA 
M, Selective determination of antimony(V) in liver tissue by 
microwave-assisted mineralization and hydride generation 
atomic absorption spectrometry, Fresenius J Anal Chem, 
353, 133, 1995 

17. GUNTINAS    M.B.    DE   LA    CALLE,    MADRID    Y, 
CAMARA C, Flow-injection and continuous-flow systems 
to determine antimony(III) and antimony(V) by hydride 
generation  atomic  absorption  spectrometry,   Anal   Chim 
Acta, 252, 161, 1991. 

Niedzielski P. et al.222 



 

 

18. GUNTINAS   M.B.    DE   LA   CALLE,    MADRID   Y., 
CAMARA C, Determination of Total Available Antimony 
in Marine Sediments by Slurry Formation-Hydride Gener 
ation Atomic Absorption Spectrometry. Applicability to the 
Selective      Determination      of      Antimony(IH)      and 
Antimony(V), Analyst, 116(10), 866, 1991. 

19. DONALDSON E.M., Determination of antimony in ores 
and  related  materials  by  continuous  hydride-generation 
atomic-absorption spectrometry after separation by xanthate 
extraction, Talanta, 37, 955, 1990. 

20. BURGUERA M., BURGUERA J.L, BRUNETTO M.R., 
Flow-injection atomic spectrometric determination of inor 
ganic arsenic (III) and arsenic (V) species by use of an alu 
minium-column arsine generator and cold-trapping arsine 
collection, Anal Chim Acta, 261, 105, 1991. 

21. HOWARD A.G., SALOU C, Cysteine enhancement of the 
cryogenic trap hydride AAS determination of dissolved ar 
senic species, Anal Chim Acta, 333, 89, 1996. 

22. PYRZYNSKA K., Speciation of selenium in natural waters, 
edd. J.  Siepak,  Spetiation  analysis of metals,  in Polish, 
29-37,Wyd. UAM, Poznan 1998. 

23. OLIVAS    R.O.,    DONARD    O.F.X.,    CAMARA    C, 
QUEVAUVILLER P., Analytical techniques applied to the 
speciation  of selenium  in  environmental  matrices,  Anal 
Chim Acta, 286, 357, 1994. 

24. COBO M.G., PALACIOS M.A., CAMARA C, REIS F., 
QUEVAUVILLEA   P.,   Effect   of   physicochemical   par 
ameters on trace inorganic selenium stability, Anal Chim 
Acta, 286, 371, 1994. 

25. PETTERSSON J, OLIN A., The rate of reduction of sele- 
nium(VI) to selenium(IV) in hydrochloric acid, Talanta, 38, 
413, 1991. 

26. D'ULIVIO A., Determination of selenium and tellurium in 
environmental samples, Analyst, 122(12), 117R-144R, 1997. 

27. PYRZYNSKA K., Speciation analysis of selenium, IV Inter 
national Symposium, Warsaw, 1998. 

28. BRUNORI    C,    CALLE-GUNTINAS    M.B.,  DE    LA, 
MORABITO R., Optimization of the reduction of Se(VI) to 
Se(IV) in a microwave oven, Fresenius J Anal Chem 360, 26, 
1998. 

29. OLIVAS R.M., DONARD O.F.X., Microwave assisted re 
duction    of    SeVI    to    SelV    and    determination    by 
HG/FI-ICP/MS for inorganic selenium speciation, Talanta, 
45, 1023, 1998. 

 

30. BRINDLE I.D, LUGOWSKA E., Investigations into mild 
conditions for reduction of Se(VI) to Se(IV) and for hydride 
generation in determination of selenium by direct current 
plasma atomic emission spectrometry, Spectrochim Acta, 
52B, 163, 1997. 

31. MAGNUSON M.L., CREED J.T., BROCKHOFF C.A., 
Speciation of Selenium and Arsenic Compounds by Capil 
lary Electrophoresis With Hydrodynamically Modified Elec- 
troosmotic Flow and On-line Reduction of Selenium(VI) to 
Selenium(IV)    With    Hydride    Generation    Inductively 
Coupled Plasma Mass Spectrometric Detection, Analyst, 
122(10), 1057, 1997. 

32. WELZ B., HE Y, SPERLING M., Flow injection on-line 
acid digestion and pre-reduction of arsenic for hydride gen 
eration atomic absorption spectrometry-a feasibility study, 
Talanta, 40(12), 1917, 1993. 

33. Water quality - Determination of selenium - Atomic absorp 
tion spectrometric method (hydride technique), ISO 9965, 
1993. 

 

34. Water quality - Determination of arsenic - Atomic absorp 
tion spectrometric method (hydride technique), ISO 11969, 
1994. 

35. FANG Z., Flow Injection Atomic Absorption Spectrometry, 
Wiley, 1995. 

36. ORNEMARK U, PETTERSSON J., OLIN A, Determina 
tion of total selenium in water by atomic-absorption spec 
trometry after hydride generation and preconcentration in 
a cold trap system, Talanta 39, 1089, 1992. 

37. DE-QIANG Z., HAN-WEN S., LI-LI Y, Determination of 
trace inorganic selenium in organoselenium (selenosugar) 
oral nutrition liquids by graphite furnace atomic absorption 
spectrometry with hydride generation, Fresenius J Anal 
Chem 359, 492, 1997. 

38. COBO-FERNANDEZ M.G., PALACIOS M.A.,  CHAK- 
RABORTI D., QUEVAUVILLER P., CAMARA C, On 
line speciation of Se(VI), Se(IV), and trimethylselenium by 
HPLC-microwave oven-hydride generation-atomic absorp 
tion spectrometry, Fresenius J Anal Chem 351, 438, 1995. 

39. SZABLEWSKI L., JASTRZEBSKA A., BUSZEWSKI B., 
Microwave methods of sample preparation for the purposes 
of environmental analysis, Polish J of Environ Stud 6, 13, 
1997. 

40. MINGORANCE     M.D,     PEREZ-VAZQUEZ     M.L., 
LACHICA M., Microwave digestion methods for the atomic 
spectrometric determination of some elements in biological 
samples, JAAS, 8(9), 853, 1993. 

41. SCHAUMLOFFEL D., NEIDHART B., A FIA-system for 
As(III) / As(V)-determination with electrochemical hydride 
generation and AAS-detection, "Fresenius" J Anal Chem, 
354, 866, 1996. 

42. GOLIMOWSKI J., GOLIMOWSKA K, UV-photooxida- 
tion as pretreatment step in inorganic analysis of environ 
mental samples, Anal Chim Acta, 325, 111, 1996. 

43. DAMKROGER G., GROTE M., JAN6EN E., Comparison 
of sample digestion procedures for the determination of ar 
senic in certfied marine samples using the FI-HG-AAS-tech- 
nique, "Fresenius" J Anal Chem, 357, 817, 1997. 

 

44. LAMBLE K.J., HILL S.J., Arsenic speciation in biological 
samples by on-line high performance liquid chromatogra- 
phy-microwave digestion-hydride generation-atomic absorp 
tion spectrometry, Anal Chim Acta 334, 261, 1996. 

45. GUO T., BAASNER J., TSALEV D.L., Fast automated de 
termination of toxicologically relevant arsenic in urine by 
flow injection-hydride generation atomic absorption spec 
trometry, Anal Chim Acta, 349, 313, 1997. 

46. WELZ B., SUCMANOVA M., 1-Cysteine as a reducing and 
releasing agent for the determination of antimony and ar 
senic using flow injection hydride generation atomic absorp 
tion spectrometry Part 1, Analyst, 118(11), 1417, 1993. 

47. YIN X., HOFFMAN E., LUDKE C, Differential determi 
nation of arsenic (III) and total arsenic with L-cysteine as 
prereductant using a flow injection non-dispersive atomic 
absorption device, Fresenius J Anal Chem, 355, 324, 1996. 

48. NIELSEN S., SLOTH J.J., HANSEN E.H., Determination 
of ultra-trace amounts of arsenic(III) by flow-injection hy 
dride   generation   atomic   absorption   spectrometry   with 
on-line preconcentration by coprecipitation with lanthanum 
hydroxide or hafnium hydroxide, Talanta, 43, 867, 1996. 

49. MIERZWA J., ADELOJU S.B, DHINDSA H.S., Slurry 
Sampling for Hydride Generation Atomic Absorption Spet- 
rometric Determination of Arsenic in Cigarette Tobaccos, 
Analyst, 122, 539, 1997. 

Determination of Different ... 223



 

 

50. BRINDLE ID., ALARABI H., KARSHMAN S., LE X.C., 
ZHENG S., Combined Generator/Separator for Continuous 
Hydride Generation: Application to On-line Pre-reduction 
of Arsenic(V) and Determination of Arsenic in Water by 
Atomic Emission Spectrometry, Analyst, 117(3), 407, 1992. 

51. HAUG H.O., LIAO Y.P., Investigation of the automated 
determination of As, Sb and Bi by flow-injection hydride 
generation using in-situ trapping on stable coatings in graph 
ite  furnace   atomic   absorption   spectrometry,   Fresenius 
J Anal Chem, 356, 435, 1996. 

52. Water quality - Determination of arsenic - Atomic absorp 
tion spectrometric method  (hydride  technique), PN-ISO 
11969, 1996. 

53. YBANEZ N, CERVERA M.L., MONTORO R, Determi 
nation of arsenic in dry ashed seafood products by hydride 
generation atomic absorption spectrometry and a critical 
comparative study with  platform furnace  Zeeman-effect 
atomic absorption spectrometry and  inductively coupled 
plasma atomic emission spectrometry, Anal Chim Acta, 258, 
61, 1992. 

54. HERSHEY J.W., OOSTYK T.S, KELIHER P.N., Determi 
nation of arsenic and selenium in environmental and agricul 
tural samples by hydride generation atomic absorption spec 
trometry, J Assoc Anal Chem, 71, 1090, 1988. 

55. DONALDSON E.M., LEAVER M.E., Determination of ar 
senic in ores, concentrates and related materials by continu 
ous   hydride-generation   atomic-absorption   spectrometry 
after separation by xanthate extraction, Talanta, 35(4), 297, 
1988. 

56. SARASWATI R., VETTER T.W., WAITERS R.L., Com 
parison of reflux and microwave oven digestion for the de 
termination of arsenic and selenium in sludge reference ma 
terial using flow injection hydride generation and atomic ab 
sorption spectrometry, Analyst, 120(1), 95, 1995. 

 

57. ELTEREN J.T, HASELAGER N.G., DAS H.A., Determi 
nation of arsenate in aqueous samples by precipitation of the 
arsenic (V) - molybdate complex with tetraphenylphos- 
phonium chloride and neutron activation analysis or hydride 
generation atomic  absorption  spectrometry,  Anal  Chim 
Acta, 252, 89, 1991. 

58. KULDVERE A., Extraction of geological materials with 
mineral acids for the determination of arsenic, antimony, 
bismuth and selenium by hydride generation atomic absorp 
tion spectrometry, Analyst, 114(2), 125, 1989. 

59. VEBER M, CUJES K, GOMISCEK S., Determination of 
selenium and arsenic in mineral waters with hydride gener 
ation atomic absorption spectrometry, JAAS, 9(3), 285, 
1994. 

60. VIJAN P.N., LEUNG D., Reduction of chemical interfer 
ence and speciation studies in the hydride generation-atomic 
absorption method for selenium, Anal Chim Acta, 120, 141, 
1980. 

61. MIERZWA J., ADELOJU S.B., DHINDSA H.S., Slurry 
Sampling for Hydride Generation Atomic Absorption Spec 
trometric Determination of Arsenic in Cigarette Tobaccos, 
Analyst, 122, 539, 1997. 

62. PEREZ-CORONA T., MADRID Y., CAMARA C, Evalu 
ation of selective uptake of selenium (Se(IV) and Se(VI)) 
and antimony (Sb(III) and Sb(V)) species by bakers yeast 
cells (Saccharomyces cerevisiae), Anal Chim Acta, 345, 249, 
1997. 

63. HAO D.Q., XIE G.H, ZHANG Y.M., TIAN G.J., Determi 
nation  of serum  selenium by  hydride  generation  flame 
atomic absorption spectrometry, Talanta 43, 595, 1996. 

64. KOT A., NAMIESNIK J., The role of speciation in analyti 
cal chemistry, Trends in Analytical Chemistry, 19 (2-3), 69, 
2000. 

224 Niedzielski P. et al.


