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ABSTRACT

Direct and simultaneous determinations of Bi, Sfid &b in different biological samples using a malément
electrothermal atomic absorption spectrometer (Rei&mer SIMAA 6000) are described. Two kinds oflifiers;
Pd(NGy), + Mg(NGs), mixture modifier and Ir-permanent modifier werstéal. The electrothermal behaviour of the
elements in single-element and multi-element madth @nd without modifiers) was studied. The pys@Eyand
atomization temperatures for the simultaneous deiteaition using the mixture modifier were 1000 a80®C and
using permanent modifier were 700 and 1®00The detection limits were 0.75-1.71 jtddr Bi, 0.86-1.85 pgi
for Sh,and 0.50-0.82 pg for Pb. The Characteristic masses were 67.7-19§.Tor Bi, 46.3-67.7 pg for Sand
48.9-80.0 pg for Pb. A standard reference matei&dronorm Trace Elements Urine) was used to firdobtimal
temperature program. The reliability of the entipeocedure was confirmed by analysis of certifieference
materials as Trace Elements Urine Sample (from 1@@ra 05115459), Bovine Liver (from NIST 1577b), Pig
Kidney (from BCR 186), and Pork Liver (from GBW BBp A standard additions method was used to déterBi,
Sh, and Pb in the samples simultaneously. Restilialysis of standard reference materials weragneement
with certified values.

Keywords: Simultaneous multi-element, Graphite Furnace ABiSmuth, Antimony, Lead.

INTRODUCTION

Among the instrumental techniques available focdrand ultra-trace element determinations, atorgoigtion
spectrometry (AAS) occupies an outstanding positae to its high specificity, selectivity, and séimgy, low
spectral interference, and ease of operation. Begbithese attributes, its conventional mono-elgnoperation
mode restrains the analytical frequency and cazobsidered as the main drawback of this technidjts.[

Multi-element atomic absorption researches havessm interest since the first AAS stage in ordecdnceive a
spectrometer able to determine several elementdtsineously. As a result of these efforts, the siameous atomic
absorption spectrometry (SIMAAS) technique was pemgl [6-8] and commercially introduced. SIMAAS adgal
the multi-element capability for atomic absorptispectrometry, reducing time and costs associated thie
analysis. Indeed, expressive advantages are obtamen when the spectrometer is operated in 2-eieme
simultaneous mode: the sample and high purity rgageuirements, and residue generation are alredsiced in
50 %, while the analytical frequency and the anedytresults obtained with the same graphite tutsee admost
duplicated. SIMAAS has been used for various neléiment determinations with acceptable performdez?],
keeping the main features of ETAAS

727
Pelagia Research Library



Khaled Muftah Elsherif et al Der Chemica Sinica, 2012, 3(3):727-736

The mixture palladium and magnesium nitrate has lvédely used for multi-element determinations hiI8AS
[9-15,19,21,22] It is claimed as universal chemioaddifier due to the thermal stability improveméot 21
elements [23]. Although this mixture seems to be mhost suitable choice, other alternatives as thodiased
chemical modifiers can also be explored for mukirgent determinations. The use of permanent chémicdifiers
allows increase the graphite tube lifetime, elingneolatile impurities during the thermal coatinggess, decrease
the detection limits, reduce the total heating eythe, and minimize the high purity chemical canption [24].

The development and evaluation of; a fast, reliadhel comparable (in terms of detection limits aadsitivity) to
the single-element analytical methodology for timaudtaneous multi-element determination of Bi, @bd Pb in
biological samples by SIMAA 6000 instrument is Him of this work.

MATERIALS AND METHODS

Measurements were performed with a SIMAA 6000 sys{&imultaneous Multi-element Atomic Absorption
Spectrometer) equipped with a longitudinal Zeemfé@ce background correction, an AS-72 autosampdar,
Echelle optical arrangement, and a Solid-statecttatéPerkin-Elmer GmbH, Bodenseewerk, D-88647 lilgen).

A transversely heated graphite atomizer (THGA) sulvih an integrated platform were used througltloigt work.
The whole system was controlled by means of AA AbRf control software running under Microsoft Windd¥s
High-purity argon (99.998 %, Air Liquid Deutschla@nbH) was used as the purge gas. The rate of dfothe
inert gas was 250 ml.min This flow was stopped during atomization. The ganused were EDLs from Perkin-
Elmer for Bi and Sb and HCLs from Perkin-Elmer Rly and the wavelengths for each lamp were: Bi 2861,1Sb
217.6 nm, Pb 283.3 nm. The integrated absorbantteaftomic absorption signal was used for therdeétation.

All solutions were prepared with high purity de-imed water (18.2 I®) obtained from a Milli-Q water purification
system (Millipore GmbH, Schwalbach, Deutschlandhaljtical reagent-grade HNGB5% (KMF Laborchemie
Handels GmbH, Lohmer, Deutschland) was purifiedship-boiling distillation. High purity standard reéace
solutions (1.000 g) from Bernd Kraft GmbH, Duisburg-Deutschland, weised to prepare the analytical stock
solutions which are kept in a refrigerator. Thesrehce solutions for calibration and determinati@re prepared
daily by appropriate dilution of the stock solutiaith 0.2% HNQ. The chemical modifier solutions used were
Pd(NQ),, Mg(NOs),, and Ir. In each measurement, j#Gsample or standard solutionu61.000 g.I* Pd solution,
and 3ul 1.000 g.I' Mg(NO), solution were injected into the graphite tube G2 In the case of the multi-element
determination by using a permanent modifier, tHeesuwere prepared by pipetting 20of a 1.000 gt of Ir, as
chloride, and submitting the tube to the tempespmogram shown in Table 1 [25]. The entire procedthat is,
the pipetting and heating, was repeated 25 times.

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

Table 1. Temperature Program for the Metal Coating

Step | Temperaturé@) | Ramp (s)] Hold (s) Ar flow rate (ml.mh
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

The accuracy of the methods was confirmed by amaydifferent certified reference materials. Saraple
preparation is a very important step in GFAAS [2Bgrefore it has been discussed for each certifiatérial.

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 transffdo ia plastic
tube. The sample was then kept in a refrigerate2@C for later use. Before use, the sample was dilGitddwith
0.2% HNQG.

Lyphocheck Urine Metals Control-Level 1 from BIO-RA(69061)
The same procedure was applied as Seronorm sargaptehat, 25 ml de-ionized water was added aagdmple
was diluted 1:1 before use.
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Bovine Liver, Pig Kidney, and Pork Liver

The samples were digested as described by Ronalile€lj27]. Firstly, the samples were dried at@€or 4 hr. and
stored in desiccators before use. 0.5069 g (GBWsDBH.5218 g (BCR-CRM 186), and 0.5129 g (NIST-SRM
1577b) dried samples were allowed to digest in Scomicentrated distilled HNOfor a period of 72 hr. at room
temperature. The digested/acidified samples wamsterred into 50 ml volumetric flask and dilutedthe mark
with de-ionized water. Before use, each sampledilated as required.

Tea Sample

The sample was digested as described by Yin Migf [Ehe sample firstly was dried at®@for 4 hr. in a clean
oven and stored in desiccators before use. A sapwgtion of 1.0217 g was weighed into a beaker moistened

with pure water. 10 ml HN®and 2 ml HCIQ were added in sequence. After standing overnipbkt,sample was
evaporated to nearly dry on a hotplate at®@0 he resulting residue was treated with 0.5 nnicentrated HNQ

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

RESULTS AND DISCUSSION

Single-Element Mode

Without modifier

The highest pyrolysis temperatures which can be fsethis group were as follows: 450, 550, and@0fbr Bi,
Pb, and Sb respectively. For Bi, bismuth oxidgCBi(which is formed after the drying step) is redutea volatile
suboxide at active sites on the graphite surfacelwts further reduced to metallic Bi upon collidirwith the
surface again. The volatile suboxide is respongdrlenetal losses during pyrolysis step [29].

Lead is also a volatile element. After the dryirtgps PbO is formed as a decomposition of the laadta or
hydrolysis of the chloride. Pb atoms are formednfrthe reduction of PbO which is favourable at 164(B0].
Double peak has been observed for Pb. Double geakh and other relatively volatile metals, sushCal and Zn,
have been reported for a variety of sample typessaomizer designs [31-35]. Several researchers kdied the
Pb system and have offered some theoretical mdolethe production of double peaks. McLaren and MfefB2]
proposed that the two peaks observed for Pb ré&sutt the formation of the massicot and litharge aliphic of
PbO on the atomizer surface. It is assumed thaethgo dimorphic forms of PbO can be formed onsiinéace of
the atomizer during the pyrolysis step and tha thithe cause of the double peaks that occurfoBBth Fuller
[36] and Regan and Warren [33] have reported thetcondition of the graphite surface has an affecthe extent
to which interferences are observed. The implicaifothat two distinct release mechanisms leadhd¢otwo peaks
observed for Pb and that the condition of the gtepurface, i.e., whether the furnace is new dr détermines the
extent to which either mechanism occurs. Holcontla.§35] have concluded that the presence oinGa graphite
atomizer can have a profound effect on the atonsaeface, which in turn changes the release mestmafar Pb. It
has been suggested that the formation of atomiowagf the analyte is often preceded by the redunatif the metal
oxide by the graphite surface. Two major types aive sites on graphite provide different mechasidor PbO
reduction and Pb vaporization. Deactivation of ¢hagtes by the chemisorptions of, @auses a shift to the
secondary release mechanism. The two release nisgtgmraccount for the double peaks and appearance
temperature shifts which are observed for Pb.

Sh is thermally stable up to 5@and above this temperature the absorption sijads to decrease gradually with
increasing temperature. L. Pszonicki [37] suggetitat antimony present in the solution in the fafantimonous
acid and decomposed during the drying and earlglpsis stages to oxide and successively reducedetnental
antimony that sublimes at temperatures abové&00

The lowest atomization temperatures were: 13000,140d 170%C for Bi, Pb, and Sb respectively

Table 2. Pyrolysis and atomization temperatures ithe single-element determinations

Pyrolysis TemperaturéQq) | Atomization TemperaturéQ)

Element yinout | Pa+Mg| Ir | Without| Pd+Mg|  Ir
Bi 450 | 1100 | 12000 1300 | 1800 1900
PD 550 | 1000 1200 1400] 1900, 1940
Sb 900 | 1300 1500 1700|1900, 2140

With modifier
As the difference in the thermal stability is ingsed, as the difficulty to find compromised corut between these
elements is increased. The use of matrix modificatncreases the stability of the volatile elem&htch permits
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the use of higher pyrolysis and atomization temipees. This will lead to a common temperature paogifor a
wide variety of elements.

With Pd(NQ), + Mg(NGs), Modifier

A comparison was made between the maximum pyrobgsigeratures for thermal pre-treatment withous lok
elements in the absence of chemical modifier ehénpresence of Pd-Mg (& Pd + 3ug Mg) modifier. The results
are given in Table 2.

The pyrolysis temperature of the volatile elemditsPb, and Sb were 400-6%D higher in the presence of Pd+Mg
modifier than those obtained with no modifier whare similar to those reported by Welz et al. [38je stabilizing
effect of this modifier on these elements, whictutts from the formation of a chemical compoundban inter-
metallic phase and/or from an imbedding effectaslimited to the pyrolysis step but also increabesatomization
temperature. At higher atomization temperatures, diffusion losses of these elements are highethablower
integrated absorbances are obtained [37]

The optimized pyrolysis and atomization temperatunethe presence of this modifier have been usetktermine
the characteristic masses and detection limitsHerelements. The results are shown in the Tableh&.detection
limits were calculated as three times the standaxiation of ten replicate measurements of eaatkbla

Table 3. The Characteristic mass and Detection Lins with different Modifiers

LOD (ug.r) Characteristic mass (pg)
Element Single Multi Single Multi
Pd+Mg Ir Pd+Mg Ir Pd+Mg Ir Pd+Mdg Ir
Bi 0.46 0.50 0.82 1.2 67.7 733 80 73.3
Sb 0.29 0.63 0.75 0.94 41.9 463 44. 55.0
Pb 0.32 0.17 0.50 0.58 46.3 489 48.9 5[.8

With Ir-permanent Modifier

Iridium is rather a refractory element with highltimg (2410C) and boiling (452%C) points. These temperatures
are significantly higher than the correspondinguffes for palladium usually employed as universatnaical
modifier (1552 and 292T) [38]. Tsalev et al. [40] have found that dursngimulated clean-out step, Ir losses start
at temperatures higher than 2200 Therefore, Ir absorbance signals were much nstnengly depressed on
pyrolytically coated platforms than were those df Phis means that Ir is better retained on thelgta surface,
making it a promising permanent modifier.

In this work, the tube was coated with 508 Ir by pipetting 20ul of a 1.000 g:t solution of Ir, as chloride, and
submitting the tube to the temperature program shiovirable 1. The entire procedure was repeateths.

The optimum pyrolysis and atomization temperatwbtined from pyrolysis and atomization curves ttugse
elements are listed in Table 2. For, Bi, Pb, anchigiher pyrolysis temperatures; compared to thah Wwid+Mg

modifier, can be used. Also, higher atomizationgematures, especially for Sb, are required andrtidans more
stabilization effect with this modifier will be adihed. Broad absorbance, compared with Pd+Mg nexdifor Sb

has been observed. At the same time, there areat®ms in the sensitivity for these elements whachle a result
from the higher atomization temperature that hasenbused with this modifier comparing with the otimedifier

(Pd+Mg modifier). At higher atomization temperasyraliffusion losses of elements are higher so thater

integrated absorbances are obtained; hence, $valoes are higher than those obtained with Thevdmodifier.

The optimum pyrolysis and atomization temperaturage been used to determine the characteristicemassl
detection limits and the results are shown in T&ble

Multi-Element Determinations

As in any multi-element technique, SIMAAS requigsmpromised conditions, e.g., chemical modifiemopysis
and atomization temperatures, which can lead taifgignt sensitivity deterioration. In spite of tnsmental
advancements and the use of STPF conditions, theritgeof the multi-element methods performed byM3IAS
are limited for few elements due to the difficudtieo find out a more universal set of adjustmemts the
experimental and instrumental parameters. Everios@-element operating mode, the time, reagerd, sample
consumption are significantly reduced.

With Pd+Mg Modifier
The dependence of Bi, Sb, and Cd absorbance opytysis temperature at 19 atomization temperature was
studied. The pyrolysis and atomization curves waaele using the following concentrations: 100 ppp1B0 ppb

730
Pelagia Research Library



Khaled Muftah Elsherif et al Der Chemica Sinica, 2012, 3(3):727-736

Sh and 40 ppb Pb in 0.2% HN@® the presence ofug Pd and Bg Mg as a maodifier. In order to determine all three
elements simultaneously, 100 was chosen as an optimum pyrolysis temperatuirilagly, the effects of
atomization temperature on the atomic absorbaneestdied. The effect of the atomization tempeeatwas
studied at the pyrolysis of 108D. 1900C has been chosen as the optimum atomization teoperfor all three
elements. This optimized temperature program has lbsed to determine the characteristic massesletedtion
limits for these elements in the multi-element motleese values are compared with those in the esigigiment
mode and shown in Table 3.

With Ir Permanent Modifier

The thermal behaviour of the elements was evaluaded pyrolysis and atomization curves of 100 BptL00 ppb
Sh, and 40 ppb Pb obtained in the presence of 5dgigm which is thermally deposited on the graphiube
platform. The pyrolysis and atomization curves oted for each element are presented. The effegyadlysis
temperature on the atomic absorption was studiedoaization temperature of 20 A pyrolysis temperature of
1200°C was selected for the simultaneous determinatfa®i,oSb, and Pb. The effect of atomization tempae
was studied at pyrolysis temperature of 1ZD0An atomization of 200C was chosen as the optimum for the
simultaneous determination of these elements. Bhees of characteristic masses and detection limitlke multi-
element mode compared with single-element moderasented in Table 3.

The Effect of the Urine Matrix on the Multi-Element Determination
In our work, we have used standard reference wameple from Seronorm (LOT 0511545) to study theafof the
matrix on the pyrolysis and atomization curvestef simultaneous multi-element determination of elements.
Since the concentrations of most elements in tfererce material were high, we have diluted it \lwhich has
also reduced the concentration of the interferentles resulting temperature program has been wsedaluate the
concentrations of the elements in different typeeference materials.

With 5ug Pd + 3ug Mg modifier

The diluted reference material (1:4) has been sipiki¢h 80 ppb Bi, 80 ppb Sb, and 40 ppb Pb. 20iluted spiked
reference material has been injected wiiy d + 3i)g Mg(NGs), as a modifier into the atomizer each time during
this study. The dependence of Bi, Sh, and Pb absogbon the pyrolysis temperature at f@d@tomization
temperature was studied and shown in Figure 1.afbmic signal for Pb and Bi remained approximataigstant

till the pyrolysis temperature reached 18D&nd then started to decrease. For Sb, the atsignal was almost
constant till 1308C then started gradually to decrease. In ordereterchine all three elements simultaneously,
1000°C was chosen as an optimum pyrolysis temperatunala®y, the effects of atomization temperature tha
atomic absorbance are studied and shown in Figufénd effect of the atomization temperature wasdistiat the
pyrolysis of 1008C. For Bi, the atomic absorption signal increaseith vincreasing the temperature as the
atomization temperature varied from 1100-1%D0and then started to decrease gradually due teedsed
diffusional losses of analyte atoms under high @&ation temperatures. For Pb, the atomic absorpsignal
increased with increasing atomization temperatackttad its maximum at atomization temperature betmit00-
1600C and then started to decrease. Sb atomic absorpigmal had its maximum at approximately 1900
atomization temperature. By taking into accountdt@mic signal, 190 was chosen as an optimum atomization
temperature for the simultaneous determinationhef ¢lements. The absorption peaks of the elementaea
optimum pyrolysis and atomization temperaturessamvn in Figure 2.

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 spiketthi @0 ppb Bi, 80 ppb Sh, and 40 ppb Pb. 20 ul edupiked
reference material has been injected into the atmn@ach time during this study. The dependen&s, @b, and Pb
absorbance on the pyrolysis temperature at A@@fomization temperature was studied and shovifigiare 3. The
atomic signal for Pb remained approximately cortstidhthe pyrolysis temperature reached 70and then
decreased rapidly. For Bi and Sb, the atomic sigral almost constant till 880 and 1208C, respectively, then
started gradually to decrease. A decreased inyhaygis temperature comparing with the determoraf these
elements in the aqueous solution (1200, 1200 aff’@C5for Pb, Bi, and Sbh, respectively) can be seenGC.
Magalhdes et al. [41] found that with iridium aggliin solution together with the urine sample, likst pyrolysis
temperature was 900 but the sensitivity was analogous with that ot®eiusing Pd+Mg modifier. They [41] found
also that with Ir+Rh permanent modifier that thestbgyrolysis temperature was 900 Using W+Rh permanent
modifier, Oliveira et al. [42] reported 48D as the best pyrolysis temperature for the detextioin of Cd in urine
sample. E. Bulska et al. [43] determined Sb indgalal samples using different types of modifiensl dond that
iridium stabilized antimony to higher temperaturben compared with palladium, but significant desesén
absorbance value of 23% was observed. In ordeet@rmiine all three elements simultaneously,’C0@as chosen
as an optimum pyrolysis temperature. The effecthef atomization temperature was studied at thelysigof
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700°C. For Bi, the analytical atomic absorption washhaf 1300C and the signal peak was too broad. Above
1300°C the signal peak start to become sharper anchtegrated absorbance value to decrease gradualyPIf;

the atomic absorption signal increased with indrepatomization temperature and had its maximuat@mization
temperature between 1500-1700and then started to decrease. Sb atomic absorgiimal had its maximum at
approximately 180 atomization temperature. For the simultaneousrdenhation of the elements, 18@was
chosen as an optimum atomization temperature. Tdwalsabsorption peaks at the optimum pyrolysis and
atomization temperatures are shown in Figure 4.

Figure 1. Pyrolysis and atomization curves for muitelement determinations using Pd + Mg modifier in
spiked diluted urine sample
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Figure 2. Absorbance signals of diluted spiked uria sample at 1008 pyrolysis and 1906C atomization with
Pd + Mg modifier in multi-element determinations
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Analysis of Certified Reference Materials

Number of certified reference materials was useggbthe simultaneous determination methodolatiaswe have
developed. The optimum pyrolysis and atomizationpgeratures that have been developed using urinexmegre
used to analyze the reference materials. The staratition curves were used to analyze the referenaterials.
The peak area of the atomic absorption signal veasl dor the determination and each experimentalevd the
average of five determinations. Detection limitgevealculated as three times the standard deviafitan 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 thdtim
element determination of bismuth, Lead, and antyriarthe urine sample from Seronorm. The sample dilased
(1:4, vIv) with 0.2% HN@and 20ul of the sample was injected for each nreazent. 5ul of 1.00 g'lPd and 3l
1.00 g.I* Mg(NOs), were injected also with the sample into the grphibe. In the case of the permanent modifier,
the Ir was deposited into the graphite tube inpmsse step.
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Figure 3. Pyrolysis and atomization curves for multelement determinations using Ir permanent modifie in
spiked diluted urine sample
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Figure 4. Absorbance signals of diluted spiked unie sample at 708C pyrolysis and 1806C atomization with
Ir permanent modifier in multi-element determinations
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With Pd+Mg modifier

The standard addition curves with good linearity £90.9977, 0.9989, and 0.9998 for Bi, Sh, and Bspectively)
were used to evaluate the concentration of the exsnin the sample. The results are summarizeccangbared
with the certified concentrations in Table 4. Th@erimentally determined concentrations were indgagreement
with the certified values. The analyzed values waréhe range of 98.6, 104.4, and 103.7 % for Bi, &d Pb,
respectively. The detection limits (LOD) and thalcteristic mass were determined and given ineT4bl

With Ir permanent modifier

The standard addition curves with good linearity £90.9999, 0.9997, and 0.9996 for Bi, Sb, and Bspectively)
were used to evaluate the concentration of the eadsnin the sample. The results are summarizeccangbared
with the certified concentrations in Table 4. Tixparimentally determined concentrations were indgagreement
with the certified values. The analyzed values waréhe range of 110.4, 101.3, and 99.3 % for Bi, &d Pb,
respectively. The detection limits (LOD) and thaulcteristic mass were determined and given ine€T4bl

Lyphocheck Urine Metals Control-Level 1 from BIO-RAD (69061)

The sample was diluted (1:1, v/v) with 0.2% HN®or each measurement, 20 pl of the diluted sarbple of 1.00
g.I" PA(NQ), and 3 pl of 1.00 gl Mg(NO,); modifier solution were injected into the graphisbe at 26C. No
certified value for bismuth; therefore, the sans spiked with bismuth before the dilution.

The standard addition curves with good linearity £90.9999, 0.9999, and 0.9999 for Bi, Sb, and Bspectively)
were used to evaluate the concentration of the eadsnin the sample. The results are summarizeccangbared
with the certified concentrations in Table 4. Tixparimentally determined concentrations were indgagreement
with the certified values. The analyzed values warthe range of 101.7, 100.0, and 100.7 % for3®i, and Pb,
respectively. The detection limits (LOD) and thaulcteristic mass were determined and given ine€T4bl
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Bovine Liver from National Institute of Standards and Technology (NIST-SRM 1577b)

The sample was used without dilution. For each oremsent, 20 pl of the diluted sample, 5 pl of 1D
Pd(NQy), and 3 pl of 1.00 g1 Mg(NO,); modifier solution were injected into the graphitbe at 26C. No certified
value for bismuth and the amount of antimony wéewehe detection limits; therefore, the sample besn spiked
with them before dilution.

The standard addition curves with good linearity £790.9996, 0.9998, and 0.9997 for Bi, Sh, and Bspectively)
were used to evaluate the concentration of the exisnin the sample. The results are summarizeccangbared
with the certified values in Table 4. The experitadliy determined concentrations were in good agergmwith the
certified values. The analyzed values were in taege of 106.0, 102.0, and 113.6 % for Bi, Sb, abd P
respectively. The detection limits (LOD) and theuctteristic mass were determined and given ineTébl

Pig Kidney from Institute for Reference Materials and Measurements (BCR-CRM 186)

The sample was used without dilution. For each oremsent, 20 pl of the diluted sample, 5 pl of 1D
Pd(NQy), and 3 pl of 1.00 g1 Mg(NO,); modifier solution were injected into the graphitbe at 26C. No certified
values for bismuth and antimony; therefore, thearhas been spiked with them before dilution.

The standard addition curves with good linearity £70.9996, 0.9998, and 0.9998 for Bi, Sh, and Bspectively)
were used to evaluate the concentration of the exsnin the sample. The results are summarizedccangbared
with the certified values in Table 4. The experitadliy determined concentrations were in good agergmwith the
certified values. The analyzed values were in taege of 103.0, 101.3, and 113.2 % for Bi, Sb, abd P
respectively. The detection limits (LOD) and thalcteristic mass were determined and given ine€T4bl

Pork Liver from National Research Centre for Certified Reference Materials (GBW 08551)

The sample was diluted (about 1:4, v/v) with 0.2%®4. For each measurement, 20 ul of the diluted sanBpld
of 1.00 g.I* Pd(NQ), and 3 pl of 1.00 gliMg(NO,); modifier solution were injected into the graphiibe at 26C.
No certified values for bismuth and antimony; ttiere, the sample has been spiked with them befiturgiash.

The standard addition curves with good linearity £90.9997, 0.9999, and 0.9998 for Bi, Sh, and Bspectively)
were used to determine the concentration of theetés in the sample. The results are summarizecampared
with the certified concentrations in Table 4. Thperimentally determined concentrations were indgagreement
with the certified values. The analyzed values warthe range of 102.8, 103.8, and 101.6 % for3®i, and Pb,
respectively. The detection limits (LOD) and thaulcteristic mass were determined and given ine€T4bl

Tea sample from National Research Centre for Certiéd 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 sanBpld
of 1.00 g.I* Pd(NQ), and 3 pl of 1.00 gliMg(NO,); modifier solution were injected into the graphiibe at 26C.
No certified values for bismuth and antimony; ttiere, the sample has been spiked with them befiturgiash.

The standard addition curves with good linearity £790.9996, 0.9994, and 0.9999 for Bi, Sh, and Bspectively)
were used to evaluate the concentration of the exsnin the sample. The results are summarizedccangbared
with the certified concentrations in Table 4. Th@erimentally determined concentrations were indgagreement
with the certified values. The analyzed values waréhe range of 101.4, 98.4, and 94.6 % for Bi, &hbd Se,
respectively. The detection limits (LOD) and thaulcteristic 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 2ratieg and 4-operating modes, if the temperatucgmam has
been carefully optimized taking into account alalgtes to be determined. A universal powerful nxatmodifier
should be used in order to increase the stabilitghe elements (especially the volatile elemen#d).tested
chemical modifiers increased the thermal stabdityhe elements. The Pd+Mg mixture modifier staleii the high
and mid volatile elements. Ir coating of the tulbglatform extend significantly the tube lifetim&lso, Ir coating is
not time-consuming and so the proposed methoddkgyuseful analytical tool for routine analysif©ieTdetection
limits values of the multi-element determinationrevdigher than those of the single-element whicimasnly as a
result of decreasing the lamp intensities in thdtirelement mode compared to the single-elementendahother
effect which could cause the higher detection Bristthe use of higher atomization temperature.
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Table 4. The results of simultaneous determinatioof Bi, Sb, and Pb in different certified materials

Sample Bi Sb Pb
Con. Found (ug?) 20.8 104.3 41.8
Seronorm Con. Certified (ugt) 20.1 99.9 40.3
Wwith Pd+Mg | DL (ug I) 0.92 1.07 0.53
modifier =\ pg) 67.7 62.9 51.8
% RSO’ 13.3 45 21
Con. Found (ug) 222 101.2 40.0
Seronorm Con. Certified (ugt) 20.1 99.9 40.3
With Ir DL (ug 1.33 1.85 0.67
modifier I\ 0g) 97.8 67.7 48.9
% RSD" 17.9 6.4 8.7
Con. Found (ug?) 12.2 16.4 14.5
Con. Certified (ug¥) 12 16.4 14.4
Bio-Rad DL (ug 0.75 0.86 0.60
CM (pg) 73.3 62.9 58.7
% RSD 6.7 4.1 2.6
Con. Found (ug?) 10.6 10.2 1.5
Con. Certified (ugt) 10 10 1.32
?\ﬁg?el';?"% DL (ug 1) 1.00 1.26 0.50
CM (pg) 73.3 46.3 48.9
% RSD" 10.3 3.4 8.9
Con. Found (ug?) 10.30 10.13 3.60
Con. Certified (ug¥) 10 10 3.18
?ggifgé DL (ug I 1.00 1.40 0.56
CM (pg) 73.3 58.7 55
% RSD" 6.3 2.1 5.2
Con. Found (ug") 41.1 41.5 5.56
Con. Certified (ugt) 40 40 5.47
gcg\l/(vl_zi;\é%rl DL (ug 1) 1.09 1.13 0.50
CM (pg) 80 55 48.9
% RSO’ 6.3 22 6.8
Con. Found (ug) 50.7 49.2 20.5
Con. Certified (ug?) 50 50 21.66
GBJVGZ505 DL (ug I 1.71 1.17 0.82
CM (pg) 125.7 48.9 80
% RSD" 12.5 10.0 8.0
 Added

" For five replicates
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