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Abstract

The chemical interferences of Hg**, Sn*, Pb** | Fe’, Bi**, and Te* in the hydride generation atomic
absorption spectrometry (HG-AAS) determination of selenium have been studied but interference from
the glassware commonly used in these analyses has not been systematically determined. When a glass
test tube, which was employed to prepare selenium samples in the required Se(IV) oxidation state for
HG-AAS, was used without proper pretreatment it caused a large negative interference in selenium
analysis (10-90%). In this study, we have quantitatively determined the magnitude of interferences
caused by borosilicate glassware in HG-AAS selenium analysis. A series of glass pretreatments were
also evaluated to remove or minimize those interferences. We found that treating glass test tubes with
concentrated nitric acid prior to the sample preparation, resulted in the highest recovery of selenium
compared to separate pretreatments of either distilled water, a commercial laboratory detergent, aqua
regia, chromic acid, or concentrated hydrochloric or sulfuric acids. Surprisingly, HCI pretreatment

resulted in the lowest average recovery rate of all the methods of pretreatment examined.
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INTRODUCTION

Atomic absorption spectrometry with hydride generation (HG-AAS) is a commonly used method to
analyze selenium due to the method’s high sensitivity and selectivity [1-4]. There are numerous studies
that discuss different types of interference in the determination of selenium by this technique. Workers
have determined the permissible concentrations of foreign ions for the analysis of selenium(IV) [5,6],
and AKkl et al. have proposed means of precipitating and separating interfering ions using a chelation
reagent [7] to increase Se recoveries. More recently masking agents —such as thiourea and EDTA —to
reduce interferences have also been used [8]. Dedina and Tselav’s book-length review of HG-AAS has
also categorized matrix interferences in common Se analytical methods [9]; however, almost no
previous work directly addresses the role that glass surfaces in sample containers play in the analysis of
selenium by HG-AAS. In 1980 Raptis and coworkers describe the advantages of using quartz over glass
[10]; however, in our work with biological samples harvested from a bioreactor whose bacterial culture
has been amended with various metalloids, we require the analysis of approximately 25 individual screw
capped test tubes per bioreactor run. The availability and cost of quartz containers —or even more
specialized PTFE lined containers—has led us to use the more commonly available borosilicate glass
test tubes for routine HG-AAS analyses. While the literature often suggests soaking vessels in acidic
solutions before trace metal analysis [11-13], a useful evaluation or quantification of the benefit of this
process has not been discussed in the literature for Se analysis via HG-AAS or what we considered to be
reasonable accounting of alternate glass pretreatment methods. We have focussed here only on
quantifying a type of interference/sample loss in analysis of selenium(IV) which is due to glassware
used in this process, and we also report investigation of pretreatment methods aimed at increasing Se
recovery.

To analyze selenium using HG-AAS, all the sample's selenium ions are converted to selenium

(IV) since this is the oxidation state in HG-AAS required to form the volatile hydride. Most commonly
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50% HCl is used as the reducing agent [8,14,15], though SnCl, can also be used [16]. In our work with

biological samples containing metalloids for analysis, we use either inductively coupled plasma
spectrometry [17] or HG-AAS [18]. For our HG-AAS work the process of Se reduction is carried out in
a borosilicate glass test tube. In our experiments, we observed that this container has caused poor
recoveries of Se in our samples analyzed by HG-AAS. In the past, we have also discussed this problem
with a commercial laboratory which carries out Se determinations with this method and which was also
having difficulty with Se recoveries in biological samples [19]. Moreover low recovery rates in Se AAS
analyses have also been reported by others [20-22]. Further studies in our lab have shown that when a
(borosilicate) glass tube was used without any pretreatment, it could cause (10-90%) negative
interference in selenium analysis. The aim of this study was to determine the magnitude of the
interference of glassware and also to provide a chemical pretreatment to maximize the recovery rates in

determination of selenium in HG-AAS.
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MATERIALS AND METHODS

Reagents
All the chemicals used in this research were analytical grade chemicals and were used as received.

Selenium dioxide (SeQ,), selenium standard solution for HG-AAS and concentrated hydrochloric acid
(HCI) were purchased from Fisher Scientific (Houston, TX, USA). Nitric acid (HNO,) was ordered from
Aldrich Chemicals (Milwaukee, WI, USA). Sulfuric acid was purchased from J. T. Baker Inc.
(Phillipsburg, NJ, USA) and Extran®, commercial detergent, was ordered from EM Science (Darmstadt,
Germany). Selenium atomic absorption calibration standards were prepared from 1000 ppm standard

solutions in 50% v/v HCI, which was also used as the sample matrix.

Tube preparation for sample analysis
Borosilicate glass test tubes (Corning Inc., Corning, NY, USA) used for Se reduction (screw cap; 16 mm

x 125 mm) were purchased from VWR Scientific (Sugarland, TX, USA). The test tube glass
composition was Si0O,, B,0;, Na,0, Al,O; and K,O 80.6%, 13.0%, 4.0%, 2.3%, and 0.1% respectively
as determined by the manufacturer (type I, class A borosilicate glass; DD-G-54; ASTM E-438)
(Corning.com site). In these experiments, new glass tubes were used for each analysis. Tubes were
treated with different chemical acids or commercially available detergents followed by washing with DI
water before being used in the Se sample preparation. The following solutions were used to treat test
tubes:

1. untreated —directly from shipping container

2. deionized water

3. concentrated HCI [23]

4. concentrated H,SO,

5.0.2% Extran® solution in deionized water [24,25]

6. 2% Extran soaked for 12+ hrs.
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7. aqua regia (3 HClL:1 HNO, v/v) [26,27]

8. chromic acid (2.5g of Na,Cr,0, dissolved in 250 Con. H,SO,) [28]

9. concentrated HNO,

First, test tubes were rinsed with the above solutions followed by rinsing with distilled water thoroughly
and then air-dried before use; the untreated tubes were used as received from the manufacturer without
any washing whatsoever. All rinsing except the overnight Extran soaking involved soaking tubes for 15

minutes in the specified reagent, followed by rinsing in deionized water.

Sample preparation in tubes
Standard selenium-containing solutions prepared for instrument calibration (in 50% HCI) were used as

samples in this analysis. Those samples were heated in a water bath (30 min) in capped, treated or

untreated test tubes then analyzed by HG-AAS using the procedure below.

HG-AAS analysis
Samples prepared in test tubes as described above were analyzed by HG-AAS [1,29,30]. A Varian FS

220 AAS with a hydride generation module was used, and instrumental parameters were set according to
the user manual guidelines: 196.0 nm Se line, 0.2 nm slit width, air/acetylene flame to heat the quartz
tube atomizer, and N, as carrier gas [31].

Ten molar HCI and 0.6% NaBH, (prepared in 0.5% NaOH) were used as hydride generation
reagents. Sample, acid and borohydride solution flow rates were maintained respectively at 8§ mL, 1.2
mL and 1.2 mL min™. Recalibration (reslope) was carried after every fifth sample to minimize
instrumental drift. Sample blanks were 50% HCI. The working range was up to 20 ppb Se and R* values

for calibrations were routinely > 0.99.
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RESULT AND DISCUSSION

When glass test tubes were used in our selenium analysis without any kind of pretreatment, that is,
straight out of the manufacturer’s shipping container, a large experimental error ocurred. Samples were
reduced in test tubes without washing to determine the magnitude of this interference (see Table I
below). All tabulated values are an average of 3 replicate samples with standard deviation in parenthesis,
and although the three Se standard samples analyzed in untreated tube showed a relatively well-grouped
recovery (30.3-37.0 %) the overall recovery was clearly unacceptable without pretreatment. Distilled
water rinsing also produced poor recoveries.

Next we tried to treat our test tubes with a commercially available detergent, Extran, which is a
powder, forms a mildly basic solution in water, and has been used for cleaning glassware in metalloid
analysis [20,24,25,32]. Different concentrations of Extran solutions were evaluated: tube were rinsed
with 0.2% Extran or 2.0% Extran and tubes were soaked in 2.0% Extran for 24 hr and then rinsed with
deionized water. The Table's data show that this reagent was not capable of substantially reducing the
negative interference in selenium analysis and indeed the recovery rate for the 15 ppb Se samples for
both Extran concentrations were less than 8%.

Aqua regia (3 HCI:1 HNO; v/v) is a plausible choice to treat glass tubes due to its highly
oxidative and metal dissolving ability [6,33-35] and these results display some kind of improvement in
results with the percent recovery approaching 100% except in the 15 ppb samples (Table I). For low
concentration Se samples this might be an alternative or there is a possibility that much longer
pretreatment times might solve the problem; however, we did not extend the 15 min time to experiment
with this.

Similar to aqua regia, chromic acid solution is also a strong oxidant and therefore possibly a
useful means of cleaning glass surfaces for these sorts of analysis [28]. H,CrO, was evaluated to see

whether it could remove the problematic glass effects, but data from those experiments also show that it
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was not capable of removing glass interference; results showed both positive and negative errors.
Although this is the only pretreatment method we evaluated that introduced metal atoms in the
pretreated reagent, there has been no report of significant interference of Cr in Se HG-AAS analysis [9].

Hydrochloric acid is widely used for glass/container pretreatment in metalloid/metal analysis.
Literature methods suggest that HCI alone [36,37] or HCI mixed with other acids [13,16,35] can be used
to treat sample containers or to stabilize Se sample for AAS. Among all the acid pretreatments utilized
in this study, samples prepared in HCl treated tubes showed the lowest % Se recovery (average recovery
11.7%, see Table 1). Average sulfuric acid recoveries were much better but the spread between the
H,SO, sample recoveries was larger.

According to data in Table 1, nitric acid is capable of removing glass interference in selenium
determination in HG-AAS with reasonable effectiveness. The percent recovery range for nitric acid-
treated tubes was the highest of the nine treatments studied (103—121%), with an average recovery rate
of 111%. Similar recovery rates for Se in AAS and atomic fluorescence spectrometry have been reported
by others for samples in the same concentration range, that is, close to the detection limit [20,38,39].
Our 5 ppb Se samples showed the highest recovery (121% recovery for three replicates) for the HNO,
treatment. This can be rationalized by the larger standard deviation at this, the lowest concentration
studied which was only at about 3 times the detection limit (2 ppb at 3S/N), and, again reasonable, the
standard deviations for the replicate nitric acid pretreatment samples decreased as sample concentration
increased (Table 1). This suggests that recoveries even closer to 100% might be expected for methods
with better sensitivity.

Even though the composition of the glass in the test tubes used in these experiments is known
(see above), it is not apparent what elements in the glass makeup would interfere with selenium analysis
given the interfering ions reported in the literature [9,40]. The chemical interferences of Hg2+, Sn*", Pb*,
Fe’*, Bi**, and Te* (among others) in HG-AAS determination of selenium [9] and Cu, Ag, and Au in

hydride generation atomic fluorescence spectrometry [6] have been studied; however, none of these
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interferants is a major component in the borosilicate glass used in these studies. And possibly most
important, the concentrations of interfering ions that are known to cause Se in HG-AAS as reported in
the literature are very probably orders of magnitude lower in our tubes' solutions than would be present
from their dissolution out/off of the glass surfaces were they present as surface contaminants [9]. Instead
the poor recovery rates (almost always low) suggest adsorption of Se to the glass instead of dissolution
and contribution of interfering ions to sample solution during the analysis.

According to the glass treatment data reported here, rinsing borosilicate test tubes with
concentrated nitric acid for 15 min, followed by rinsing with deionized water, is most successful at
reducing the poor recovery rates for Se determination using HG-AAS. From average recovery rates of
34% for untreated tubes, surfaces treated with concentrated HNO, averaged 111%. It is still not clear
why other oxidants like chromic acid or aqua regia did not work effectively for this, but this suggests
that an oxidizing acid wash of the surface is, in a simple way, not the mechanism that eliminates
interference. Furthermore simply filling empty chemical sites in the glass surface with anions also does
not appear a reasonable answer because high H* or Cl" or HSO, (or SO,*) or Cr,0,> (or HCr,0,) in
other pretreatments we tried doesn't solve the low recovery problem either. Indeed earlier workers have
reported poor recovery rates for selenite in the presence of chloride [36]; however, all our samples had a
final matrix of 50% HCI going into the hydride generation step.

Shendrikar and West [41] and others [35] have reported that storing selenium samples in nitric
acid prevented sample loss; however, they did not systematically address pretreatment issues and since
HNO,; is itself an interferant/unwanted oxidant in the hydride generation process that we and many
others use, this is not an alternative final matrix for HG-AAS analysis; although apparently a useful
pretreatment reagent, nitric acid must be washed away with deionized water or decomposed before the
HCI reduction step common to almost all Se hydride generation analyses. Gomez-Ariza et al. [12] do
suggest rinsing glassware with 0.08 M nitric acid; however, our use of 30% nitric acid solution (aqua

regia) while successful in the 5 and 10 ppb samples did not reduce recoveries successfully for the higher
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15 ppb range. Only the concentrated HNO; pretreatment results in the highest overall yield. (We did not

try other concentrations of HNO; besides concentrated and aqua regia.) GOmez Ariza et al. in other work
[42] have determined storage of inorganic Se species in borosilicate to be more stable than storage in

quartz. While we have not worked with quartz test tubes this makes us even less inclined to do so.

ACKNOWLEDGEMENTS

This work was supported by a departmental grant (X-011) of the Robert A. Welch Foundation.

Poor Recovery in Se HG-AAS Analysis



10
REFERENCES

[1] Hegedus, O.; A. Hegedusova; S. Simkova; V. Pavlik; and K. Jomova. Evaluation of the ET-AAS and
HG-AAS methods of selenium determination in vegetables; J. Biochem. Biophys. Meth. 2008, 70,
1287-1291.

[2] Bohrer, D.; E. Becker; P. Cicero do Nascimento; M. Dessuy; and L.M. de Carvalho. Comparison of
graphite furnace and hydride generation atomic absorption spectrometry for the determination of
selenium status in chicken meat; Food Chem., 2007, 104, 868-875.

[3] Khajeh, M.; Y. Yamini; E. Ghasemi; J. Fasihi; and M. Shamsipur. Imprinted polymer particles for
selenium uptake: Synthesis, characterization and analytical applications; Anal. Chim. Acta 2007,
581, 208-213.

[4] Lim, T.-T. and K.-H. Goh. Selenium extractability from a contaminated fine soil fraction:
implication on soil cleanup; Chemosphere, 2005, 58, 91-101.

[5] Naraski H. and M. Ikeda. Automated determination of arsenic and selenium by atomic absorption
spectrometry with hydride generation; Anal. Chem., 1984; 56, 2059-2063.

[6] D'Ulivo, A.; L. Lampugnani; and R. Zamboni. Interference of copper, silver and gold in the
determination of selenium by hydride generation atomic fluorescence spectrometry: an approach to
the studies of transition metal interferences; J. Anal. At. Spectrom., 1991, 6, 565-671.

[7] Akl, M.A.; D.S. Ismael; and A.A. El-Asmy. Precipitate flotation-separation, speciation and hydride
generation atomic absorption spectrometric determination of selenium(IV) in food stuffs;
Microchem. J., 2006, 83, 61-69.

[8] Zhang, Y. and S.B. Adeloju. Flow injection-hydride generation atomic absorption spectrometric
determination of selenium, arsenic and bismuth; Talanta, in press.

[9] Dedina, J. and D.L. Tsalev. Chemical Analysis, Wiley, New York, 1995, vol. 130.

Poor Recovery in Se HG-AAS Analysis



11
[10] Raptis, S.; G. Knapp; A. Meyer; and G. Tolg. Systematic errors in the determination of selenium in

the ng/g-range in biological matrices by the hydride-AAS method; Fresenius Z. Anal. Chem.,
1980, 300, 18-21.
[11] Dulski, T. R. Trace Elemental Analysis of Metals: Methods and Techniques, Marcel Dekker, New

York, 1999, p. 39.

[12] Gomez-Ariza, J.L.; J. A. Pozas; 1. Giraldez; and E. Morales. Speciation of volatile forms of
selenium and inorganic selenium in sediments by gas chromatography—mass spectrometry; J.
Chromatogr. A, 1998, 823, 259-277.

[13] Test Methods for Evaluating Solid Waste, SW-846, U.S. EPA, 1996.

URL: www.epa.gov/epaoswer/hazwaste/test/main.htm. Accessed July 14, 2008.

[14] Zhang, Y.-Q.; W.T. Frankenberger Jr.; and J.N. Moore. Measurement of selenite in sediment
extracts by using hydride generation atomic absorption spectrometry; Sci. Total Environ., 1999,
229, 183-193.

[15] Martens, D.A. and D.L. Saurez. Selenium speciation of soil/sediment determined with sequential
extractions and hydride generation atomic absorption spectrophotometry; Environ. Sci. Techol.
1997, 31, 133-139.

[16] US. EPA Method 7741a: Selenium Atomic Absorption Gaseous Hydride; 1994.

URL:.www.epa.gov/epaoswer/hazwaste/test/pdfs/7741a.pdf; Accessed July 14, 2008.

[17] Hapuarachchi, S.; and T.G. Chasteen. Determination of elemental and precipitated selenium
production by a facultative anaerobe grown under sequential anaerobic/aerobic conditions; Process
Biochem. 2004, 39, 1607-1613.

[18] Basnayake, R.S.T.; J.H. Bius, O.M. Akpolat; and T.G. Chasteen. Production of dimethyl telluride
and elemental tellurium by bacteria amended with tellurite or tellurate; Appl. Organometal. Chem.,
2001, 15, 499-510.

[19] Tompkins, T. Institut Rosell-Lallemand Inc., Montréal, Canada, personal communication, 2001.

Poor Recovery in Se HG-AAS Analysis



12

[20] Leblanc, A. Urine selenium determination by electrothermal atomic absorption spectrometry;
Influence of urinary phosphates on the trimethylselenonium ion signal; J. Anal. At. Spectrom.
1996, 11, 1093-1098.

[21] de Oliveira, A.P.; J. Neto; J.A. Nobregap; and P.V. Oliveira. Internal standardization in graphite
furnace atomic absorption spectrometry: Comparative use of As and Ge to minimize matrix effects
on Se determination in milk; Spectrochim. Acta B, 2005, 60, 681-686.

[22] Oliveira, A.P.; J. Neto; J.A. Nobrega; and P.V. Oliveira. Use of the internal standardization for
difficult sampling by graphite furnace atomic absorption spectrometry; Talanta, 2004, 64, 334-
337.

[23] Harris, D.C. Quantitative Chemistry, W. H. Freeman and Company, New York, 7" ed., 2007. p. 27

[24] Granchinho, S.; E. Polishchuk; W. R. Cullen; and K.J. Reimer. Biomethylation and
bioaccumulation of arsenic(V) by marine alga Fucus gardneri; Appl. Organomet. Chem. 2001, 15,
553-560.

[25] Wake B.D.; E.C. Butler; A.M. Featherstone; P. Virtue; B. Averty; and P. Michel. Determination of
inorganic selenium species in marine waters by hydride generation—AFS; Aust. J. Chem., 2004, 57,
937-943.

[26] Corning Incorporated web site. URL: www.corning.com. Accessed July 14, 2008.

[27] Bachman, M. Cleaning procedures for glass substrates. 1999, US Integrated Nanosystems
Research Facility Application Note.; University of California, Irvine, USA. URL:
www.nanofab.ubc.ca/sop/glass-cleaning.pdf. Accessed July 14, 2008.

[28] Christian, G.D. Analytical Chemistry, Wiley, New York, 5" ed., 1994; p. 682.

[29] US. EPA Method 7742: Selenium Atomic Absorption Borohydride Reduction; 1994;

URL: www.epa.gov/epaoswer/hazwaste/test/pdfs/7742.pdf; Accessed July 14, 2008.

Poor Recovery in Se HG-AAS Analysis



13
[30] Clescerti, L.S.; A.E. Greenberg; and R. Rhodes Trussell (eds.). Standard Methods for the

Examination of Water and Waste Water, American Publication Health Association, Washington,
7" ed., 1998, pp. 3:128-3:140.

[31] Varian Operation manual, Vapor Generation Accessory VGA-77, Publication NO.8510104700,
Varian Australia pty Ltd., Mulgrave VIC, Australia, 1997.

[32] Lai, V.; W.R. Cullen; and S. Ray. Arsenic speciation in scallops; Mar. Chem., 1999, 66, 81-89.

[33] Cotton F.A. and G. Wilkinson. Advanced Inorganic Chemistry A Comprehensive Text, Wiley
Interscience, New York, 3" ed., 1972, p. 179.

[34] Harris, D.C. Exploring Chemical Analysis, W. H. Freeman and Company, New York, 1997, p. 33.

[35] Wiedmeyer, R.H. and T.W. May. Storage characteristics of three selenium species in water; Arch.
Environ. Toxicol., 1993, 25, 65-71.

[36] Heninger, 1.; M. Potin-Gautier; I. de Gregory; and H. Pinochet. Storage of aqueous solutions of
selenium for speciation at trace level; Fresenius’ J. Anal. Chem. 1997, 357, 600-610.

[37] Doyle, G.A; W.B. Lyons; G.C. Miller; and S.G. Donaldson. Oxyanion concentrations in eastern
Sierra Nevada rivers— 1. Selenium; Appl. Geochem., 1995, 10, 553-564.

[38] Wei, L.; P. Gupta; R. Hernandez; F. Farhat. Determination of ultratrace selenium and arsenic at
parts-per-trillion levels in environmental and biological samples by atomic fluorescence
spectrometry with flow injection hydride generation technique; Microchem. J. 1999, 62, 83-98.

[39] Vale, G.; S. Pereira; A. Mota; L. Fonseca; and J.L.. Capelo. Enzymatic probe sonication as a tool for
solid-liquid extraction for total selenium determination by electrothermal-atomic absorption
spectrometry; Talanta 2007, 74, 198-205.

[40] Maher, W.A. Determination of selenium in marine organisms using hydride generation and
electrothermal atomic absorption spectroscopy; Anal. Lett., 1983, 16, 801-810.

[41] Shendrikar A.D. and P.W. West. The rate of loss of selenium from aqueous solution stored in

various containers; Anal. Chim. Acta, 1975, 74, 189-191.
Poor Recovery in Se HG-AAS Analysis



14
[42] Gomez-Ariza, J.L.; E. Morales; D. Sanchez-Rodas; and I. Giraldez. Stability of chemical species in

environmental matrices; TrAC Trends Anal. Chem., 2000, 19, 200-208.

Poor Recovery in Se HG-AAS Analysis



15

Table 1. Percent recoveries for different borosilicate glass test tube treatments

gretreatment Expected Se ppb Determined Se ppb % Recovery
eagent (SD, n =3)
Untreated 5 1.85(x1.73) 37.0
10 3.47(x4.77) 34.7
15 4.54(x6.03) 30.3
Average 34 %
Distilled water | 5 2.76(x2.48) 55.2
10 3.17(x4.62) 31.0
15 5.35(x6.02) 35.7
Average 40.6 %
0.2 % Extran 5 4.18(x2.04) 83.6
10 1.94(x1.34) 18.4
15 1.10(z0.45) 7.3
Average 36.4%
2 % Extran 5 5.16(0.32) 103.2
(24 hours) 10 6.65(x4.64) 66.5
15 1.06(+0.66) 7.1
Average 58.9 %
Aqua regia 5 5.52(%1.32) 110.5
10 10.17(x0.48) 101.7
15 10.82(x6.32) 72.1
Average 94.8 %
Chromic acid 5 6.84(x0.91) 136.8
10 6.20(x3.18) 62.0
15 9.52(%3.3) 63.5
Average 87.4%
HC1 5 0.51(x0.09) 10.1
10 0.83(x1.36) 8.3
15 2.53(=1.88) 16.7
Average 11.7 %
H,SO, 5 3.01(x2.68) 60.2
10 9.93(+0.18) 99.3
15 3.64(+3.85) 24.2
Average 61.2%
Nitric acid 5 6.06(x0.90) 121
10 10.99(x0.46) 109
15 15.49(x0.36) 103
Average 111%
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