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ABSTRACT

The Electrothermal Atomic Absorption Spectrophotometer (ETAAS) is one of the most important analytical
techniques in the field of elemental determination owing to its high sensitivity. The graphite atomizer is a commonly
used reactor where the sample undergoes various processes, leading to formation of free atoms of the anlayte.
Ashing and Atomization behavior of cadmium from the pyrolytical graphite tube ( conventional ETAAS) and from
a new construction graphite tube mounted with spiral tungsten filaments were described, compared, discussed and
applied for its determination in bovine liver. The heating program was carried out by employing a heating cycle in
four steps. dry, ashing, atomization and clean. The best results were achieved by using spiral tungsten filaments-
ETAAS. The new method approved by using certified standard No.1577 bovine liver. Certified standard reference
materials were analyzed for the assessment of accuracy of proposed method. Calibration plots for the cadmium for
both methods were achieved, as well as, the standard addition method. The calibration plot was liner from 1.0 to
13.0 ppb for the spiral tungsten filaments-ETAAS. Correlation coefficients found were at least 0.999 for direct
calibration.

Keywords. Graphite furnace atomic absorption spectrometagr@ium standard solution; spiral tungsten filament.

INTRODUCTION

The graphite atomizer is a commonly used reactcaravtthe sample undergoes various processes, letalitng
formation of free atoms of the analyte of interesgaseous phase. Thus atomic absorption of thedadd atoms
could be measured. This process is called atoroizaind depends strongly on the composition of Hrapse
introduced into the atomizer. In graphite furnaites sample is gradually heated according to theiqusly set
temperature/time program so that various comporaritse sample could evaporate. The best condifimnatomic
absorption measurements could be achieved whematix components evaporate before analyte atompeaapn
the gaseous phase. The better the separation afviq@oration of matrix from the evaporation of gtel less
interference occurs during the measurement. Itlésrcthat the efficiency of the separation depeodsthe
volatilities of both matrix and analyte compoun@®nerally speaking, the main aim of the modifisrsoi provoke
intended chemical reaction in order to enhance dtygaration of matrix and analyte, thus ensuring the
atomization process is free from interferences. @omly, an excess of reagent—modifier—is added tidaally

to the sample or atomizer. Its aim is to transfer analyte into the less-volatile compounds antt/dransfer the
matrix compounds to more-volatile compounds. Moegpproperly designed modification could also flsyrole
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in the interaction of the sample with graphite acef and/or unify the atomization process of andigieg present
in various species [1&2].

Although the most common atomizer in ETAAS in grié@hube, the limitations such as need for a higiver
supply and difficulties in the determination of mlents that form refractory oxides and carbides,ehied to
development of many metal atomizer [3-6]. Amongtietal atomizer, tungsten has been the predomatantizer.
In the recent years, tungsten coils or tubes haenhused an alterative atomizer to the graphite fabthe
determination of elements by ETAAS [7-10]. Theiedshas been extended to use as combination fmrizer
samples into inductively coupled plasma[11-16]eThngsten devices used in atomic spectrometryomsizers or
vaporizers are summarized in recent review [17]

Tungsten coil have been used as atomizers in perthattery powered atomic absorption spectroméi&ls The
low cost and low power requirements of these devinake them ideal candidates for field applicafi$j. Metals
atomizer, such as molybdenum and tungsten tublesseommon in atomic absorption spectrometry. @lievices
usually require the addition of hydrogen to argonge gas to protect the metal from oxidation . Turggsten coil,
an open metal atomizer, has been used with soncessias an electrothermal vaporizer [20].

M. Masrounia [21] determined cadmium in environnaénsample by electrochemical hydride generation
electrothermal atomic absorption with situ trappinggraphite tube atomizer. A. Nezhadali [22] uggdphite
furnace atomic absorption spectrometry to deterchiceedmium after preconcetration and extraction ilyizbne.
X.wen et.al.[23] determined cadmium in rice and ewatising tungsten coil elctrothermal atomic adsornpt
spectrometry after cloud point extraction. G. Dwomrdal.[24] measured cadmium in urine by cloudraotion-
tungsten coil atomic absorption spectromtry.A. &aland B. Jones [25] developed tungsten coil at@nicssion
spectrometry for determination Sr in soil.

The main problem in the determination of cadmium BTAAS are tendency of these elements to formtilela
compounds that can be easily lost during the ashimg) atomization steps and the possible interaatiothe
elements with graphite furnace wall forming carkid€he use of pyrolytic graphite tube with L'Vovafform and
chemical modifier that stabilizes the volatile etts until higher temperatures can avoid theskl@nas [26].

In the present work a tungsten filaments in thepkite furnace tube for the flameless atomic absmmpt
spectrometry is contracted and described for tindysof Cadmium. This system employ a two tungsieaments
as a combination between them form a concave vplb§orm . The tungsten filament is extracted frarf60 Watts,
220 Volt commercial light bulb. A simple laboratocpnstructed was done by easily mounted of the stiemg
filaments in the medial of the graphite tube ani itlose not need to realignment the optical pathHe hallow
cathode Lampe. The new mounting used for the détetion of trace Cd in the ppb range. The behawfathis
element were studied. The optimization of thermp@dgram was carried out, such as ashing and attionza
temperatures and parameters of the sampling suttfea&ind of the acid and the concentration wertnazed in
order to obtain high sensitivities. The comparasuedy was performed using the conventional ETAAS spiral
tungsten filaments ETAAS the new technique. Theultesshowed from these studies  when appropriate
electrothermal program are used, the direct detetioin of Cd can be successfully performed . lram of our
work was to develop direct, quick and accurate oetfor determination of Cd in samples without usimgtrix
modifier in inexpensive system.

MATERIALSAND METHODS

2.1. Apparatus

A Shimadzu, AA 680, Atomic Absorption Spectrophotder equipped with Shimadzu GFA-4B Graphite furnace
Atomizer, Shimadzu Autosample Changer ASG-60G ahiin&zu PR-5 Graphic printer. Argon was used to
provide an inert gas atmosphere within the graghiteace at a flow rate 1.5 I/min.. Pyrolyticallgaghite tubes was
used. Argon gas used as sheat gas; the inteomalrflthe graphite tube was interrupted duringatenization step.
Cadmium hollow cathode lamps were used as the rgpeatiation sources. The wavelengths, spectrdthsi and
current were set to 228.8 nm, 0.3 nm for cadmiuch 40 mA. Deuterium background correction was waskthe
operation time. Peak height absorbance values meesured. The spiral tungsten filaments 1.5 cmgthleand 0.10
cm diameter extracted from commercial light bull® 28It and 100 watts.
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2.2. Reagents

Reagent of analytical grad or higher quality wesedifrom (Fluka. Riedel-de Haen AG-Fixanal, Marokl 8HD)
while No. 1577 bovin liver certified standard IAEAIl solution were prepared using deionized watédl glass
and plastic ware were immersed in 2 M nitric acdd 24h followed by rinsing with deionized water.vEel
aqueous standards were used to obtained the ¢aibraurves and the standard additions were alsdema@he
concentrations of solution used in the calibratianged from 1 to 13 ppb of Cd. The calibration vesrwere liner
in the concretions ranges of these standards. Thking solution were prepared daily from their gt@olution (
1000 mg/L, Riedel-de Haen AG-Fixanal) with distldeionized water.

2.3. Procedure

The analysis of certified bovine liver 1577 sampteparation was carried out by weight accuradeidO gram of
the sample in PTFE beaker. The sample was digestedding of 1:1 (v/v) nitric acid. The sample heshto 86C
using water bath. After digestion the sample wisréd and transferred into 10 ml volumetric flasid the volume
make up to 10 ml by 0.05 M HNOThe further dilution was carry out in the direelibration by taken 1 ml and
completed the volume to 10 ml. The standard additiethod was used following the protocol of thisttme for
preparation the standard solution. The effect afrbghloric acid and nitric acid concentration wetedied from
0.05 to 0.7 M. The graphite furnace without/withFS@ptimized for the determination of cadmium in testified
bovine liver No.1577.

2.4. Developed method and optimization

Fig. 1. & 2. lllustrated the laboratory set up the mounted of spiral tungsten filaments into ghaphite furnace
and showed the concave valley between the twoldpingsten filaments that can support the alicgaohple easily
and steady. A 10 ul aliquot of solution was injdicectly onto the spiral filaments. In this deigivegprivilege to
the volatile elements to heat indirectly by thethesmme from the wall as in the L’ Vov plat form agll as the
sample rise from the base of the wall of the graphirnace. The diameter of the spiral tungstimfents is to
small that make the method to easy to handle andpsét don't need to re-optimize the light palindugh the tube
radiate from the hollow cathode lamp.

Graphite tube
/ Aliguot sample
r
[ i

EECLGLUEE (L CECTLOE RGO g DO e

+
< ) C%

Two spiral tungsten filaments
mounted in graphite tube

Fig. 1. Schematic diagrams of two spiral tungsten filaments mounted in graphite tube support the aliquot sample

2171
www.scholar sresear chlibrary.com



Mahmood Salman Der Pharma Chemica, 2012, 4 (6):2169-2177

B

— | |

Lraes %

: 1 |

Lg—— : _ ; . fro |

e e i

Hollow !-— |
Spectropnotometer

cathode lamp

Fig. 2. Schematic diagram of spiral tungsten filaments electrother mal atomic absor ption spectrometry
RESULTSAND DISCUSSION

3.1 Cadmium behavior without/with spiral tungsten filaments ETAAS.

With respect to the small concentration of Cd inwgethe instrument conditions, the aqueous swiubif Cd were
injected duo to lower matrix load into the graphitbe, so for the starting study the aqueous swiutias used. The
heating program was carried out by employ a heatyde in four steps: drying, ashing, atomizatiom @leaning.
The drying and cleaning steps has been fixed 36r°C ramp 30 sec., and 148G / 3 sec, respectively for all the
experiments. The temperature curves for ashingdedoby varying ashing temperature between D@ 800°C
each step 108C, while keeping atomization temperature on 1200 Then the temperature curve for atomization
were recorded by varying the atomization tempeeab@tween 700 to 150, while fixed the ashing temperature
on 300°C. Figure 3 presented the ashing and atomizatiorestfor the conventional ETAAS.

0.40 -

Atomization

Ashmg curve

curve

Peak height absorbance
o
(]
<o

0.05 -

0,00 T T 1 T T T 1
0 200 400 600 800 1000 1200 1400 1600

Temperture Centigrade

Fig. 3. Ashing and atomization temperature curvesfor 10 ppb Cd in aqueous solution without spiral tungsten filaments ETAAS.

Figure 4 showed the ashing and atomization cuswd® ppb with spiral tungsten filament ETAAS impiented in
the same manner as above. . Figure 3&4 showedlberbce signal of Cd without/ with spiral tungstiéaments
which indicted that the ashing temperature witira$ptungsten increased from 3D to 800C which is give
privilege to this new technique a more chanceidoof all the organic compounds might present ia gample
which reduce the factor of interferences, so fershmples you could applied 880 without loss the analyte which
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is high enough to remove most of the matrix congods. The results obtained were is good agreemiintour
expectation.
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Fig. 4. Ashing and atomization temperature curvesfor 10 ppb Cd in aqueous solution with spiral tungsten filamentsETAAS

3.2. Effect the concentrations and acid type om thadmium absorbance signal without/with spiralgsien
filaments ETAAS.
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HCI
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Concentration of acid Molarity

Fig. 5. Effect of different concentration of nitric acid and hydrochloric acid on the 10 ppb Cd absor bance signal without spiral tungsten
filamentsETAAS

It was noted that the absorbance signal for Cditbemso the acid type and concentration. Hydrocial acid and
nitric are among the most acids used in digestfotihe samples. Figure 5 showed the differenteantration of
nitric acid and hydrochloric acid (0.05-0.7 M) weested. As shown for the figures both acid preddower Cd
absorbance signal as well as the signal with Ig®k much lower absorbance signal for Cd. The shemavior of
Cd with spiral tungsten filaments ETAAS but thersity was higher as shown in figure 6. It was fotirat the Cd
signals decrease by increasing the concentratidgheofcid under study. There are a steady lewaldsn 0.05 to
0.3 M for the HNQ. The use of HN@was found to be effective in lowering the absodeasignal as well as HCI
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with both technique ( without /with spiral tungstilaments), but with spiral tungsten filamentdess effective (
lowering the absorbance signal) as seen fromigiueef 5 and 6. To get similarity in our study araiidy of 0.05 of
both acid were take as working concentration fothier study.

HNO3

peak height absorbance
F—’
(=]
[¥y]

3,00 T T T T T T T 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Concentration of acid molarity

Fig. 5. Effect of different concentration of nitric acid and hydrochloric acid on the 10 ppb Cb absorbance signal with spiral tungsten
filamentsETAAS.
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Fig. 7. Ashing and atomization temperatur e curvesfor 10 ppb Cd in 0.05M nitric and hydrochloric acid without spiral tungsten
filamentsETAAS.

3.3. Ashing and atomization temperature cureesld ppb Cd in HCL and HNO3 without/with spirahgsten
filaments acid type ETAAS.

Figures 7 and 8 showed the ashing and atomizatiores for the 10 ppb Cd without/ with spiral teten filament
ETAAS respectively in 0.05 M HNQand HCI. The results shows for all the experimethts absorbance signal for
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Cd with spiral tungsten filaments give higher resges than the conventional ETAAS which improved in
sensitivity. The ashing temperature in HCI incezhfor 200°C to 700°C without /with STF respectively. Under
ashing study for Cd in the 0.05 M HNO3 the ashiemyterature increases form 500 OC to 8G0which overcome
the volatile elements could be loss thought theéngshtage (minimizing volatile analyte losses).dtemization
temperature measurement stay on between 1kD01200°C give chance to better generation of free atom as
you can seen for absorbance signal. Table 1 suiredathe optimum conditions heating program forBeppb Cd
thought the study.
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Fig. 8. Ashing and atomization temper ature curvesfor 10 ppb Cd in 0.05M nitric and hydrochloric acid with spiral tungsten filaments

ETAAS.
Table 1. Optimum conditions heating programsfor 10 ppb Cadmium without/with spiral tungsten filaments ETAAS and in different
acid media.
tomization surface Interferences
Graphite furnace Graphite furnace  Without spira With spira
without spiral with spiral HNO; HCI HNO; HCI
Condition 0.05M | 0.05M | 0.05M | 0.05M

Sample aliquot (ul) 10 10 10 10 10 10
Wavelength (nm) 228.8 228.8 228.8 228/8 228.8 22B.8
Slit band width (mA) 4.0 4.0 4.0 4.0 4.0 4.0
Back ground corrector ON ON ON ON ON ON
Drying step°C/sec, ramp 150/30 150/30 150/30 150430 150/30 3060/
Ashing step®C/sec 200/20 700/20 400/20 100/20 700{20  700/20
Atomization step®C/sec 1200/3 1100/3 120043 120Q/3 1200/3  12Q0/3
Cleaning step®C/sec 1400/3 1300/3 140043 1400/3 1400/3 14Q0/3

3.4. Calibration plots for Cd without/with spitaingsten filaments ETAAS

Figure 9 and 10 showed the calibration plot for ¢aemium in aqueous solution of nitric acid. Thalibration
ranges of 3 ppb-11 ppb and 1 ppb-13 ppb for Clawit/ with STF respectively. Correlation coeffididounded
0.999 for the both methods, three replicates weeel fior measurements. It was found that lineéoityCd without /
with STF deteriorated above 11 and 13 respectiv€blibration was performed with the standard catibn
technique using aqueous standard.

2175
www.scholar sresear chlibrary.com



Mahmood Salman Der Pharma Chemica, 2012, 4 (6):2169-2177

0.40 ~

0.35 y =0.036x-0.057
R?=0.99

0.30 +

0.25

0.20
0.15 +

0.10 - ///’//
0.05 - 0/

OyOO T T T T T 1
0] 2 4 6 8 10 12

Peak height absorbance

Concentration of cadmium ppb

Fig. 9. Calibration plot of cadmium without spiral tungsten filaments ETAAS
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Fig.10. Calibration plot of cadmium with spiral tungsten filementseETAAS

3.5. Method validation and sample analysis

The precision of the methods were examined by fggicate measurements of 10 ppb Cd in aqueouslsaitipe
relative standard deviation found out was 3.20 %otlfie direct calibration and 3.35 % for the staddaddition
methods. The accuracy of the proposed method waskeld by analyzing the NA577 Bovine liver IAEA
certificated reference material with heating cyglprogram Drying: 156C/20 sec ramp, ashing: 78C/20 sec ,
atomization: 1100°C/3 sec and cleaning: 2201C/3 sec and the results were in excellent accoavith both
certificated and informed values ( recovery betiwn 99 %).Standard addition were applied for the samples
direct calibration using the previous programwiéts noted that there is not slope differenceshosvn for direct
method and for the standards addition method ferdétermination of the Cd in the certificated dtmd. The
accuracy were 99.63% and 99.26% for the direcbtion and the standard addition methods respegti.
Taking into account the sample dilution during fineparation step.

CONCLUSION

The new construction of the two spiral tungstelanfients provides a simple way for the determimatibcadmium
in aqueous solution as well as in the No. 1577 mm\iver IAEA certified reference standard materialith a
simplicity, low cost, optimize a fast and reliabéxcellent accuracy and precision. They were indgagreement
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with the results obtain by direct ETAAS calibratimeasurements and the standard addition methothapdvere
in the same slope. Simple apparatus and minimurohefmical materials are the main advantages of gexpo
technique. Additional studies are in progress caluating the performance of spiral tungsten filateetechnique
for the determination of another volatile elensenThe proposed method is suitable for routineateeghonitoring
in sampleslt can be observed that spiral tungsten filamegite privilege to the volatile element to heatiredtly
by the wall of the furnace as in the L’ Vov platfowithout losing in the interest elements and til@dhe materials
which is ceasing the interferences. Our recomméntdas the use of spiral tungsten filaments aseadf@m for
atomization for the volatile compound. The nextject will continue to cover the anther volatileraent.

An increase in the life time of the tube due to timection of the sample not injected on the vedithe graphite
furnace. The device would not required to re-cleating level of the graphite furnace because tamelier of the
filament is to marrow that not disturbed the paitie.| The results encouraging the author to extbigdstudy and
technique for study father elements.
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