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ABSTRACT

Direct and simultaneous determinations of Bi, Shd &1 in different biological samples using a milément
electrothermal atomic absorption spectrometer (Rei&mer SIMAA 6000) are described. Two kinds offifiers;
Pd(NG;), + Mg(NOs), mixture modifier and Ir-permanent modifier werstesl. The electrothermal behaviour of the
elements in single-element and multi-element madh @nd without modifiers) was studied. The pys@Eyand
atomization temperatures for the simultaneous deiteation using the mixture modifier were 800 an@®€ and
using permanent modifier were 400 and 1%®00The detection limits were 0.82-1.80 ftgfdr Bi, 0.86-1.90 pgi

for Sh,and 1.25-12.00 pgtifor TI. The Characteristic masses were 62.9-11@0or Bi, 41.9-73.3 pg for Shnd
55.0-440.0 pg for Tl. A standard reference matef@dronorm Trace Elements Urine) was used to fieddptimal
temperature program. The reliability of the entipeocedure was confirmed by analysis of certifieference
materials as Trace Elements Urine Sample (from 18srm 05115459), Bovine Liver (from NIST 1577b), Pig
Kidney (from BCR 186), and Tea sample (from GBWsB5® standard additions method was used to detexrBi,
Sh, and Tl in the samples simultaneously. Restiltalysis of standard reference materials weragneement
with certified values.

Keywords. Simultaneous multi-element, Graphite Furnace AASiTRIth, Antimony, Thallium

INTRODUCTION

Graphite furnace-atomic absorption spectrometry AGE) is a powerful analytical technique that hasirfd
universal application for the determination of trametals.

Furnace atomization provides efficient volatilioatfatomization and a relatively long residence t{c@mpared to
techniques using pneumatic nebulizers) which rgsualtexcellent sensitivities and detection limits.addition,

furnace atomization offers small sample size remménts, low cost of operation, simple spectra, @nditu

chemical and thermal pre-treatment of samples.oHcstlly, the biggest disadvantage of GF-AAS hasrbthe
sample analysis rate: a result of the single elémature of AAS and the slow repetition rate (aondkzation every
2 to 3 min) of furnace atomization. There has bamtinued interest in the development of a muktireént.

GF-AAS instrument that would increase the analytiate but retain the excellent sensitivities aetledtion limits
of single element operation [1-8].
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The availability of simultaneous electrothermalnaio absorption spectrometry (SIMAAS), which analygeto six
elements simultaneously, improved the analyticaljfiency of ETAAS, reducing costs related to instmim
maintenance, sample and high purity reagent consomjf®-12].

In spite of saving time and costs, multi-elementedainations carried out by SIMAAS require the atitop of
compromised conditions for instrumental and experital parameters, which can cause loss of semgitavid
damage the precision of analytical results. Theegfohemical modifier selection and the optimizatas pyrolysis
and atomization temperatures are critical to evalaareliable method; they must be carefully choshite taking
into account all analytes to be determined simelbasly.

The most frequently used chemical modifiers in tetebermal atomic absorption spectrometry (ETAA$g a
solutions of palladium nitrate or magnesium nitratenixtures of both [13-18]. It is claimed as wisal chemical
modifier due to the thermal stability improvement £1 elements [19]. These modifiers are able wntally
stabilize a number of elements, allowing a highopygis temperature without loss of the analytesesehmodifiers
and others may be previously mixed with the samapld with the analytical solutions or separatelgdtgd into the
graphite tube, either before or after the sampkh@=@nalytical solution.

Alternatively, the modifier can be present in tlephite tube as a metal coating, formed by atomittsring or by
pipetting its solution into the tube or on a L'vplatform or by soaking the tube or platform withe tmodifier
solution and subjecting the tube to a thermal mneat. Tubes coated with Pd, Ir, and Rh were usethén
determination by ETAAS of Cd, Mn, Pb, V, and Se][28d also determination of As and Sb [21]. Gooslits
were obtained for As, Se, and Pb using Ir-coatbe@gtin electrothermal vaporization—inductively cedpplasma
mass spectrometry [22]. The metal-coated tubesbeacleanedn situ by heating, diminishing the contamination,
and the same tube can be used for several detdionisavithout recoating. The use of permanent cbhami
modifiers allows increase the graphite tube lifetjraliminate volatile impurities during the therncahting process,
decrease the detection limits, reduce the totaliifgeacycle time, and minimize the high purity chesii
consumption [23].

The evaluation of a fast and reliable analyticatirod for the simultaneous determination of ultecé bismuth,
antimony, and thallium in biological samples by SIAS is the aim of this work. The effectiveness af+Rig
mixture modifier and Ir as a permanent modifier @vasidered to minimize the matrix interference amulease the
sensitivity.

MATERIALSAND METHODS

Apparatus

Measurements were performed with a SIMAA 6000 sys{&imultaneous Multi-element Atomic Absorption
Spectrometer) equipped with a longitudinal Zeemff@ee background correction, an AS-72 autosampder,
Echelle optical arrangement, and a Solid-statectimt¢Perkin-Elmer GmbH, Bodenseewerk, D-88647 Uibgen).

A transversely heated graphite atomizer (THGA) tulséh an integrated platform were used througltioist work.
The whole system was controlled by means of AA \ahH{ control software running under Microsoft WinddWs
High-purity argon (99.998 %, Air Liquid Deutschla@mbH) was used as the purge gas. The rate of dfotue
inert gas was 250 ml.min This flow was stopped during atomization. The pamised were EDLs (for Bi and Sb)
and HCLs (for Tl) from Perkin-Elmer and the wavejtrs for each lamp were: Bi 223.1 nm, Sb 217.6 in2,76.8
nm. The integrated absorbance of the atomic alisargignal was used for the determination. Thegraed
absorbance of the atomic absorption signal was fssdtie determination.

Reagents and Solutions

All solutions were prepared with high purity de-imed water (18.2 @) obtained from a Milli-Q water purification
system (Millipore GmbH, Schwalbach, Deutschlandhaktical reagent-grade HN®65% (KMF Laborchemie
Handels GmbH, Lohmer, Deutschland) was purifiedsbp-boiling distillation. High purity standard redece
solutions (1.000 g% from Bernd Kraft GmbH, Duisburg-Deutschland, wersed to prepare the analytical stock
solutions which are kept in a refrigerator. Theerefce solutions for calibration and determinati@re prepared
daily by appropriate dilution of the stock solutiaith 0.2% HNQ.
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The chemical modifier solutions used were Pd{NCMg(NG;),, and Ir. In each measurement, @0sample or
standard solution, pl 1.000 g.I* Pd solution, and 8l 1.000 g.I* Mg(NOs), solution were injected into the graphite
tube at 26C. In the case of the multi-element determinatigmusing a permanent modifier, the tubes were pespar
by pipetting 20ul of a 1.000 g:f of Ir, as chloride, and submitting the tube to tbmperature program shown in
Table 1 [24]. The entire procedure, that is, theefiing and heating, was repeated 25 times.

All glassware, micropipette tips, autosampler ci@rg] polypropylene containers were acid washed W& (v/v)
HNO; for 24 hr. and thoroughly rinsed five times witistdled water before use. All solutions and sarspheere
daily prepared in 0.2% (v/v) HNO

Table 1. Temperature Program for the M etal Coating [24]

Step| Temperatur8§) | Ramp (s)] Hold (s] Ar flow rate (ml.mi
1 90 5 30 250
2 140 5 30 250
3 1000 10 10 250
4 2000 0 5 0
5 20 1 10 250

Certified Reference Materials
The accuracy of the methods was confirmed by amalydifferent certified reference materials. Thetified
reference materials were shown in Table 2.

Table 2. Certified Reference Materials

Certified Material LOT Source
Trace Element Urine Sample 0511545 Seronorm
Bovine Liver NIST-SRM 15778 National Institute aiaBdards and Technology
Pig Kidney BCR-CRM 186 Institute for Reference Matls and Measurements
Tea GBW 08505 National Research Centre for CeditiReference Material

Trace Elements Urine Sample (Seronorm 0511545)

Exactly 5 ml de-ionized water was added to the darapd let it stand for 30 min, and then transfeo ia plastic
tube. The sample was then kept in a refrigerateR@C for later use. Before use, the sample was dil@itédwith
0.2% HNQ.

Bovine Liver and Pig Kidney

The samples were digested as described by Ronalilel}25]. Firstly, the samples were dried at@6r 4 hr. and
stored in desiccators before use. 0.5218 g (BCR-URK), and 0.5129 g (NIST-SRM 1577b) dried samplese
allowed to digest in 5 ml concentrated distilled GiNfor a period of 72 hr. at room temperature. The
digested/acidified samples were transferred intorB0Ovolumetric flask and diluted to the mark witle-tbnized
water. Before use, each sample was diluted asrestjui

Tea Sample

The sample was digested as described by Yin MiBj [Phe sample firstly was dried at“@Dfor 4 hr. in a clean
oven and stored in desiccators before use. A sapwtéon of 1.0217 g was weighed into a beaker moistened

with pure water. 10 ml HN9and 2 ml HCIQ were added in sequence. After standing overnipletsample was
evaporated to nearly dry on a hotplate at®200he resulting residue was treated with 0.5 nmicemtrated HN@

and some water, and then heated gently for 5 mflithe solution turned clear. This solution wassed into a 50 ml
volumetric flask and diluted to the mark with devimed water. The sample was diluted as requiredrbafse.

RESULTSAND DISCUSSION

Optimization Using Aqueous Solutions

The optimization conditions were studied using ppd aqueous solution for each element in 0.2% kiN{Thout
modifier, in the presence of 5 ug Pd+ 3 pg Mg asaodifier and in the presence of 500 pg iridium esmanent
moadifier (which was thermally deposited on the ¢iitgtube platform).
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Pyrolysis and atomization curves were carried aubrider to define the compromise conditions forutemeous
determination of Bi, Sb, and TI, since in simultang detection the heating program of the atomi¢he same or
all analytes. The pyrolysis temperature is limitgdthe most volatile element, but should ideallyasehigh as
possible in order to assurance the matrix elimimatiOn the other hand, the atomization temperaghould be
lower as possible to avoid faster graphite tuberi@ation, but it is limited by the more refragt@lement.

Without modifier, the highest pyrolysis temperagurehich can be used for these elements were'GAfd) Bi and
Tl and 900C for Sh. On the other hand, the lowest atomizaténperatures were: 13 for Bi, 1400C for T,

and 1708C for Sh. For Bismuth, bismuth oxide,Bk (which is formed after the drying step) is reduted volatile
suboxide at active sites on the graphite surfacietwis further reduced to metallic Bi upon collidinvith the
surface again. The volatile suboxide is respondiflemetal losses during pyrolysis step [27]. Afso Thallium,

Hahn et al. [28] investigated the effect of oxy@genthe reactions of Thallium and they found thes loETlI is due to
the formation of volatile Thallium suboxide, whighformed during the reduction of thallium trioxitg carbon in
the graphite furnace. For Antimony, L. Pszonicld][8uggested that antimony present in the soliutiaghe form of
antimonous acid and decomposed during the dryidigeanly pyrolysis stages to oxide and successisglyced to
elemental antimony that sublimes at temperatureseab00C.

The mixture of palladium and magnesium nitrate Heeen widely used for simultaneous multi-element
determinations by SIMAA 6000. It is claimed as wamsal chemical modifier due to thermal stabilitypimvement
for 21 elements [19]. The pyrolysis temperaturesheke elements (Bi, Sb, and TI) were 350°65higher in the
presence of Pd+Mg modifier than those obtained nitmodifier (808C for TI, 1106C for Bi, and 1308C for Sb).
The stabilizing effect of this modifier on theserakents, which results from the formation of a cheih¢ompound

or of an inter-metallic phase and/or from an imbeddeffect, is not limited to the pyrolysis stept lalso increases
the atomization temperature (18Q0for Tl, 1800C for Bi, and 1908C for Sb). At higher atomization temperatures,
the diffusion losses of these elements are highénat lower integrated absorbances are obtained.

The use of permanent chemical modifiers allowsdase the graphite tube lifetime, eliminate volaitigurities
during the thermal coating process, decrease tteetiten limits, reduce the total heating cycle tiraad minimize
the high purity chemical consumption. Higher pysidytemperatures; compared to that with Pd+Mg nerdi€an

be used (100@ for TI, 1206C for Bi, and 1508C for Sb) . Also, higher atomization temperatuesspecially for
Sh, are required (1600 for TI, 1900C for Bi, and 2108C for Sh) and this means more stabilization effeth this
modifier will be obtained. Broad absorbance, coragawvith Pd+Mg modifier, for Sb has been observedth&
same time, there are decreases in the sensitority&se elements which can be a result from tileehiatomization
temperature that have been used with this moddanparing with the other modifier (Pd+Mg modifiefjhe
optimum pyrolysis and atomization temperatures hbgen used to determine the characteristic massgs a
detection limits and the results are shown in T&ble

Table 3. The Characteristic mass and Detection Limitswith different M odifiers

LOD (ug.I) Characteristic mass (pg)
Element | Single-Element] Multi- Element  Single- Element  Mullement

Pd+Mg]| Ir | Pd+Mg | Ir” [ Pd+Mg Ir | Pd+Mg | Ir”
Bi 046 [ 050] 075 | 1.50 67.7 733 73.3 73.3
Sb 029 | 063] 071 | 1.04 41.9] 463 41.9 51.8
Tl 0.86 | 0.43 1.40 | 1.2§ 62.9 629 67.7 73.3

" At 800C pyrolysis and 190C atomization temperatures
“ At 1000C pyrolysis and 200C atomization temperatures

Study the Effect of Urine Sample on the Multi-Eleni@etermination

In our work, we have used standard reference saneple from Seronorm (LOT 0511545) to study theatfbf the
matrix on the pyrolysis and atomization curvesha simultaneous multi-element determination of ehelements.
Since the concentrations of most elements in tfexelrce material were high, we have diluted it \,1which has
also reduced the concentration of the interfereribies resulting temperature program has been wsedaluate the
concentrations of the elements in different typleeference materials.
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Fig. 1. Pyrolysisand atomization curves of Bi, Sb, and Tl in diluted urine sample with Pd+M g modifier

With Pd+Mg Modifier

The diluted reference material (1:4) has been siiti¢h 80 ppb Bi, 80 ppb Sb, and 80 ppb TI. 20 itdd spiked
reference material has been injected wiily d + 319 Mg(NGs), as a modifier into the atomizer each time during
this study. The dependence of Bi, Sb, and Tl alzsarb on the pyrolysis temperature and atomizagoperature
was studied and shown in Fig 1. Pyrolysis tempeeatvas tested between 400 and 1500 °C with a aunsta
atomization temperature of 1900 °C.

For Tl and Bi, the atomic signal was almost cornstiin800°C and 1108C, respectively, then started gradually to
decrease. For Sb, the atomic absorption remainedsalconstant until 126G and then gradually decreased. In
order to determine all three elements simultangpB0CFC was chosen as an optimum pyrolysis temperature.
Atomization temperatures were studied from 1100960 °C at a constant pyrolysis of 830 For Bi, had its
maximum at atomization temperature between 1500@°TB&nd then started to decrease gradually. Tl atomic
absorption signal had its maximum between 1400-3506or Sb, the atomic absorption signal increasét w
increasing atomization temperature and had its maxi at 1908C. By taking into account the atomic signal,
1900°C was chosen as an optimum atomization temperfduthe simultaneous determination of the elemeTitg.
absorption peaks of the elements at the optimumlysis and atomization temperatures are showngargi2.
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Fig. 2. Peak signals for multi-element deter mination in diluted urine sample with Pd+M g modifier

With Ir-Permanent Modifier

The 500ug iridium was thermally deposited on thapbite tube platform and used as permanent modifiee
diluted reference material (1:4) has been spikett 80 ppb Bi, 80 ppb Sb, and 80 ppb TI. 20 ul eiduspiked
reference material has been injected into the a®ngach time during this study. The dependen&, @b, and Tl
absorbance on the pyrolysis temperature and attionizeéemperature was studied and shown in Fig 3olipsis
temperature was tested between 250 and 1400 °Giweitinstant atomization temperature of 1900 °CTFand Bi,
the atomic signal was almost constant till 4D@&nd 808C, respectively, then started gradually to decreaseSb,
the atomic absorption remained almost constant LBGXFC and then gradually decreased. In order to determl
three elements simultaneously, 400vas chosen as an optimum pyrolysis temperatui@miation temperatures
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were studied from 1000 to 1900 °C at a constanblpsis of 406C. For Bi, had its maximum at atomization
temperature between 1400-1800and then started to decrease gradually. Tl atabiorption signal had its
maximum between 1300-15W. For Sb, the atomic absorption signal increasitth imcreasing atomization
temperature and had its maximum at P8y taking into account the atomic signal, 18D@vas chosen as an
optimum atomization temperature for the simultarsedetermination of the elements. The absorptiokpeéthe
elements at the optimum pyrolysis and atomizatongeratures are shown in Figure 4.
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Fig. 3. Pyrolysisand atomization curves of Bi, Sb, and Tl in diluted urine samplewith Ir modifier

Bi

04

Fig. 4. Peak signalsfor multi-element determination in diluted urine sample with Ir modifier

Analysis of Certified Reference Materials

Number of certified reference materials was useggbthe simultaneous determination methodoldtiaswe have
developed. The optimum pyrolysis and atomizationgeratures that have been developed using urineéxmatre
used to analyze the reference materials. The staradtglition curves were used to analyze the referematerials.
The peak area of the atomic absorption signal veasl dior the determination and each experimentaleved the
average of five determinations. Detection limitgevealculated as three times the standard deviafiten replicate
measurements of the blank.

Trace Element Urine Sample from Seronorm (0511545)

We have used two types of modifiers; the mixturePdf and Mg and Ir as a permanent modifier, in thatim
element determination of bismuth, Lead, and thailin the urine sample from Seronorm. The sample dilated
(1:4, vIv) with 0.2% HNQ and 20u! of the sample was injected for each nreasent. 5pl of 1.00 g'lPd and 3l
1.00 g.I* Mg(NQ;), were injected also with the sample into the griphibe. In the case of the permanent modifier,
the Ir was deposited into the graphite tube inpaeste step.

With Pd+Mg modifier

The standard addition curves with good linearity €R0.9994, 0.9996, and 0.9991 for Bi, Sh, and @pectively)
were used to evaluate the concentration of the exsnin the sample. The results are summarizeccanghared
with the certified concentrations in Table 4. Tixperimentally determined concentrations were incgagreement
with the certified values. The analyzed values warthe range of 101.5, 95.5, and 111.2 % for Bi, &d TI,
respectively. The detection limits (LOD) and theucitteristic mass were determined and given ineT4bl
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With Ir permanent modifier

The standard addition curves with good linearity €R0.9998, 0.9994, and 0.9998 for Bi, Sh, and @pectively)
were used to evaluate the concentration of the exsnin the sample. The results are summarizeccanghared
with the certified concentrations in Table 4. Tixperimentally determined concentrations were incgagreement
with the certified values. The analyzed values waerthe range of 109.5, 110.1, and 122.0 % for3®i, and T,
respectively. The detection limits (LOD) and theucitteristic mass were determined and given ineT4bl

Bovine Liver from National | nstitute of Standards and Technology (NI ST-SRM 1577b)

The sample was diluted (1:100, v/v) with 0.2% HNGor each measurement, 20 pl of the diluted sangpjd of
1.00 g.I' PA(NQ), and 3 ul of 1.00 g Mg(NO,); modifier solution were injected into the graptitke at 26C.
No certified value for bismuth and thallium and #maount of antimony was below the detection lintiterefore,
the sample has been spiked with them before dilutio

The standard addition curves with good linearity €R0.9996, 0.9998, and 0.9999 for Bi, Sh, and @pectively)
were used to evaluate the concentration of the essnin the sample. The results are summarizeccanghared
with the certified values in Table 4. The experitadiy determined concentrations were in good agergmwith the
certified values. The analyzed values were in #mge of 100.9, 100.0, and 103.1 % for Bi, Sb, ahdeBpectively.
The detection limits (LOD) and the characterist@ssiwere determined and given in Table 4.

Table4. Theresults of smultaneous deter mination of Bi, Sb, and Tl in different certified materials

Sample Bi Sb TI
Con. Found (ug" 20.4 95.4 10.3
Seronorm Con. Certified (ug) 20.1 99.9 9.26
With Pd+Mg DL (ug ") 1.07 1.25 1.31
modifier CM (pg) 62.9 733 55
% RSO’ 8.2 36 9.3
Con. Found (ug¥ 22.0 110.0 11.3
Seronorm Con. Certified (ug) 20.1 99.9 9.26
With Ir DL (ug M 1.8 1.9 1.25
modifier CM (pg) 88 62.9 73.3
% RSD’ 14.4 9.1 14.9
Con. Found (ug¥ 50.5 50.0 51.5
Con. Certified (ug) 50 50 50
ﬁ?g‘%?';g DL (ug ) 0.82 0.86 1.62
CM (pg) 80 41.9 67.7
% RSD’ 55 2.6 4.3
Con. Found (ug¥ 14.57 14.54 14.22
Con. Certified (ug) 14.50 14.50 14.50
gié]'l?(;%réy DL (ug ) 0.82 1.00 175
CM (pg) 80 48.9 73.3
% RSD" 45 3.4 8.8
Con. Found (ug¥ 2.66 2.40 2.50
Con. Certified (ug) 2.50 2.50 2.50
cTs%aw gsos _DL(gH 1.50 1.50 12.00
CM (pg) 110.0 62.9 440
% RSO’ 10.60 13.10 68.20
~ Added

™ For five replicates
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Pig Kidney from I nstitute for Reference Materials and Measurements (BCR-CRM 186)

The sample was diluted (1:30, v/v) with 0.2% HN®or each measurement, 20 pl of the diluted sgnpld of
1.00 g.I' PA(NQ), and 3 ul of 1.00 g1 Mg(NO,); modifier solution were injected into the graptitke at 26C.
No certified values for bismuth, antimony, and linah; therefore, the sample has been spiked wigmthbefore
dilution.

The standard addition curves with good linearity €R0.9997, 0.9998, and 0.9996 for Bi, Sb, and &pectively)
were used to evaluate the concentration of the exsnin the sample. The results are summarizeccanghared
with the certified values in Table 4. The experitadliy determined concentrations were in good agergmwith the
certified values. The analyzed values were in #mgye of 100.5, 100.3, and 98.0 % for Bi, Sh, andédpectively.
The detection limits (LOD) and the characteristasswere determined and given in Table 4.

Tea sample from National Research Centre for Certified Reference Materials (GBW 08505)

The sample was diluted (about 1:5, v/v) with 0.2%®4. For each measurement, 20 ul of the diluted sanspld
of 1.00 g.I' Pd(NQ), and 3 pl of 1.00 gt Mg(NO,); modifier solution were injected into the graphitee at 26C.

No certified values for bismuth, antimony, and lkinah; therefore, the sample has been spiked wigmthbefore
dilution.

The standard addition curves with good linearity €R0.9999, 0.9994, and 0.9995 for Bi, Sh, and @pectively)
were used to evaluate the concentration of the esisnin the sample. The results are summarizeccangared
with the certified concentrations in Table 4. Thk@erimentally determined concentrations were indgyagreement
with the certified values. The analyzed values warthe range of 102.6, 95.8, and 100.0 % for Bi, &d TI,
respectively. The detection limits (LOD) and theucitteristic mass were determined and given ineT4bl

CONCLUSION

Simultaneous Multi-Element Atomic Absorption Speateter (SIMAA 6000) can be used to determine grafps
elements (up to six) simultaneously, by using 2rafieg and 4-operating modes, if the temperatuogigam has
been carefully optimized taking into account alhigtes to be determined. A universal powerful nxammodifier
should be used in order to increase the stabilitthe elements (especially the volatile elementd).tested
chemical modifiers increased the thermal stabdityhe elements. The Pd+Mg mixture modifier stale#i the high
and mid volatile elements. Ir coating of the tubglatform extend significantly the tube lifetim&lso, Ir coating is
not time-consuming and so the proposed methodakgyuseful analytical tool for routine analysisieTdetection
limits values of the multi-element determinationrev@igher than those of the single-element whicmasnly as a
result of decreasing the lamp intensities in thédtirelement mode compared to the single-elementenddhother
effect which could cause the higher detection Bnstthe use of higher atomization temperature.
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