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ABSTRACT

A sensitive and selective solid phase extractiatedure for the determination of traces of Cd@p(Il) and Ag(l)
ions has been developed. An alumina-sodium dodrtdfdte (SDS) coated on with 2,3 Di Hydro 2,3 palsd
Qinazoline (1 H)- 4 one (DPTQO). The influenceshaf analytical parameters including pH and sampiumne
were investigated. Common coexisting ions did mtgriere on the separation and determination oflyges under
study. The adsorbed analytes were desorbed by ésitigof 4 mol [* nitric acid. The responses are linear 0.02—
0.85 ug mt* for Cof* ion0.01-0.90 pg mtfor Zrf*and0.02-0.92pg mifor Ag" detection limit for Cd(Il), Zn(ll)
and Ag(l) ions were found to be 1.4, 1.3 and1.12tmg), respectively. It was found that the recovery Gaf*,
Zr**and Ad ions were 97.7, 98.2 and 98.0 with RSD of 1.9,ah@® 1.7. It was also observed that recovery for
repeated recovery on the same solid phase not ssamiere than 3%. The presented procedure was suduoligss
applied for determination of analytes in radiologgstewater, amalgam, natural water and blood sasiple

Keywords: Surfactant coated on alumina; Solid phase extmactDetermination; recovery; Atomic absorption
spectrometry.

INTRODUCTION

Trace metals are widely spread in environment aag enter the food chain from the environment. Straee
metals are essential elements and play an importdatin human metabolism. On the other hand, ghéni
concentrations all of the metals are recognizegaisntially toxic [1, 2]. Therefore determinatiohteace heavy
metals in different environmental samples is ofgiaterest to analytical chemists. Recently, sphdse extraction
has been successfully utilized for the preconcéntraand separation of trace metal ions [3, 4].sEhdifficulties
and limitations can be overcome with doing a prelary separation and/or preconcentration step abdegjuent
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measurement by FAAS to decrease the matrix intemter (by its simplification) or improve in the dgien
limit[5,6].Variousreconcentrationseparation methddsluding solid-phase extraction, membrane filtnat and
electroanalytical techniques have been used ferghipose [7-10]. Solid phase extraction (SPE) cseg of two
distinct stages; a) selective and reversible bigdihanalytes to a solid support (modified); andH®Bir subsequent
elution with a small volume of solvent that makesgble simultaneous simplified matrices and enhance
sensitivity. Among various sorbents, silica gel mieally bonded with various organic compounds heceived
great attention due to its goodmechanical and takestability, less susceptibility to swelling andsking [11-15].
The SPE can easily be adapted for FAASto improeedibtection limit and selectivity of determinatiotsour
laboratory using various types of sorbents inclgdactivatedcarbon [16], SDS-coated alumina [17]difired
chromosorb [18],and modified polyvinyl chloride [18eparation and/or preconcentrationofmetal ions been
gaining popularity because of its highconcentratihgity and simple operation.Among the variousiGg@hases,
those obtained by immobilizationof chelating agent support viz. alumina and silica gel havegaineachm
attention with high repeatability and large lifeimihe design of a stable and selective solid plkaseents for
separationand preconcentration of a targetmetatiepends on differentfactors such as the natuselaf support,
its surface area andactivity [20]. Among these dusats, alumina is an important place in the splidse extraction
studies of heavy metal ions [21]. A new modificatimode for the alumina to use in solid phase etitnaavorks
was introduced by Hiraide et al. [22]. The orgareagent is incorporated in the cores of admicedfesodium
dodecyl sulfate attached to alumina surfaces. Nga&roc reagents are immobilized on surfactant ecbatealumina
for separation and enrichment of different metaki§23,24], and recently polyaromatic hydrocarbemall [25].
The purpose of this work is to investigate the italty of absorption of these ions including Cg(lZn(ll) and
Ag(l) ions on SDS coated on alumina modified witB Bi Hydro 2,3 paratolylQinazoline (1 H)- 4 oreRTQO).
The parameters including pH of sample, amountg#rd and solid phase, type of eluting agent and mdflow
rate were optimized.

MATERIALS AND METHODS

Instruments

All the determinations of the analytes were carred using a Sens AA GBC double beam atomic absorpt
spectrometer (AAS) equipped with deuterium backgtboorrector. Hollow cathode lamps were used amtiad
sources and the operational conditions of the eqeit were established according to the manufacsurer
recommendations for each element. An adjustabl#lagpnebulizer and supplies of acetylene andnadre used for
the generation of aerosols and atomizations. ThA/id\spectra were obtained from a Perkin-Elmer, edddmbda

2 spectrophotometer. A Genway model 3510 pH/lonemetith a combined glass electrode was used for pH
measurements. Laboratory glassware was kept overimd 0% nitric acid solution. Before use, thesghaare was
rinsed with distilled deionized water and driechitaminar flux cabinet.

Reagents

Doubly distilled deionized water was used throughtheexperimental work. Stock solutions of all urstiedy
elementswere prepared by dissolving appropriate uamof ultrapure saltobtained from Merck (Darmstadt
Germany) in 4M HN@ Workingstandard solutions were obtained by appate dilution ofthe stock standard
solution. The pH was adjusted by addition of0.1indi nitric acid or 0.1mol [* potassium hydroxide. The A,
and sodium dodecyl sulfate (SDS) were purchasedNterck. The SDS solution was prepared by dissolifilgg

of surfactantin 200mL volumetric flask while stirg. The ligand 2,3 Di Hydro 2,3 paratolylQinazolifieH)- 4 one
(DPTQO) was synthesized according to literaturg.[26

Preparation of 2,3 Di Hydro 2,3 paratolylQinazolire (1 H)- 4 one (DPTQO).

A mixture of isatoic anhydride (1 mmol), para méllgnzaldehyde (2mmol), and ammonium acetate orgrsim
amine (1.1 mmol) in ethanol (5 mL) was added sibioaded N-propylsulfamic acid (0.1 g) and heate8 in an
oil bath. After completion of the reaction, as icatied by TLC, the reaction mixture was filtered aathaining
washed with warm ethanol (2-5 mL). After coolingetcorresponding 2,3-dihydroquinazolinone prodwatse
obtained which purified by recrystallization fronothethanol. The recovered catalyst was dried andec for
subsequent runs. The product was purified by colahmomatography on silica gel [eluent: EtOAc/n-hexd1:3)]
to give pure 2,3 Di Hydro 2,3 paratolylQinazolifleH)- 4 one (DPTQO) in 90% vyield, figure 1, wasthesized
according to literature[26].

Mp: 243-245 °C

174
www.scholarsresearchlibrary.com



Farveh Raoufiet al Der Pharma Chemica, 2015, 7 (5):173-182

'H NMR (DMSO-ds, 400 MHz)3: 2.22 (s, 3H), 2.26 (s, 3H), 6.18 (d, 1H, J= 28,H6.68-6.75 (m, 2H), 7.09-7.15
(m, 6H), 7.23-7.28 (m, 3H), 7.55 (d, 1H, J= 2.5 HZ¥2 (dd, 1H, ¥ 7.8 Hz, J= 1.5 Hz).

*C NMR (DMSOds, 100 MHz): 20.6, 72.6, 114.7, 115.4, 117.4, 12625.4, 127.8, 128.9, 129.0, 133.6, 135.2,
137.5, 137.9, 138.3, 146.5, 162.2.

IR (KBr) (cm*): 3265, 3078, 1640, 1614, 1516, 1475, 1383, 12582, 1112, 1010, 818, 765, 752, 51

a CHO 0 /@/ME
SBNPSA
/g}’f + HHOAC
N0 H
H Me "
e

Figure 1: The structure of ligand2,3 Di Hydro 2,3paratolylQinazoline (1 H)- 4 one (DPTQO)

Preparation of solid phase

A 10mL of sodium dodecyl sulfate (SDS)— DPTQOsalutivasadded to 30mL of water solution containirgy df
the ALOsparticles.While shaking the suspension with aetjithe pH wasadjusted to 2 with 2maf hydrochloric
acid to form DPTQOimpregnatedad micelles on alunpagicles. After mixing forl5 min, the supernatantution
was discarded and the remainingwas used as modifiatiphase. The solid phase was purifiedby pgsénL of 4
mol L™ HNO;and neutralized with0.1mol L KOH. The sorbent in refrigerator is stable foteststone month. The
SDS concentrationwas fixed belowthe CMC of SDS(8%1iol L™) to avoid formation of micelles in the
agueoussolution.

Application to Real Samples

Real samples including blood samples were treaeatbsacribed previously [27]. Then the Test Procedescribed
above was applied. For the application of the prepeocedure to amalgam alloy, an accurately welghd g
portion of each amalgam alloy sample was digessedeacribed previously [28,29]. and dissolved i $mallest
volume of water, and the solution was transfered t100 mL volumetric flask by adjustment of the pHthe
solution to the desired value; then the Test Proeedescribed above was carried out. The wast@geajphic
samples were prepared for the measurement of ¢adimium, zinc and silver ions content as follows.2D mL
sample were added about 10 mL 4M nitric acid andnlOwater. The solution was boiled until its volumas
reduced to20 mL. The resulting solution was neiziedl with NaOH solution to the desired pH value #itidred.
The filtrate and washings were diluted to 50 mlaimolumetric flask, and then the Test Procedureriesd above
was applied.

RESULTS AND DISCUSSION

The adsorption of SDS on alumina is highly depehdenthesolution pH. Negatively charged SDS wasemor
effectively andnearly quantitatively retained (ab®9% even in 2mol T* nitricacid) on the positively charged
alumina surfaces at pH 1-4. Therefore,retentioorgénic compounds on SDS-coated alumina[30-32]rscdihis
phenomenon greatly increases by decreasingthe pHalthe higher charge density on the mineralosigiéace
[30,31]. The anionic surfactant SDS is effectivetgined on positively charged alumina surfacesfaimationof
self-aggregates [32] over a wide pH range (1-6)ereas verylittle amount of SDS could be retainedirmnt
surface of alumina. Therefore, alumina is esserftinlthe preparationof surfactant-coated sorbeltitsvas also
confirmed that, whilesolid phase of alumina or alancoated with SDS show lowtendency for retentbmetal
ions, the solid phase of immobilizedSchiff basesanfactant-coated alumina was capable ofretairtiege metal
ions from the sample solution quantitatively.Theref it was chosen as the sorbent for subsequektwor

Investigation of complexation of ligand with metalions

The 2,3 Di Hydro 2,3 paratolylQinazoline (1- H)-ode (DPTQO),withone oxygen, two nitrogen inwatenatitral
pH. It is known that the Schiff bases ligands foemy stable complexes with transition metal ions.eTh
resultingcomplexes have attracted increasing adtengenerally due totheir reactivity mainly in theea of binding
small molecules. Consequently,we study the comfilexafCd’*, Zn’*and Adiions inmethanol. Typical spectra and
moleratio plot were depicted in Figure2, for *km.As it were observed, significant apparent clesn the
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spectrumof ligand, on addition of metal ions intkcthat, the ligandhas strong interaction with rietas and is an
efficient sorbentfor trace metal enrichment.Furtaealyzing the absorbance atmaximum wavelengthgusinfit
program the stoichiometry andstability constantDRTQO complexeswith understudymetal ions.The stgbil
constant for complexation of this ligand with thesgal ions is as following.For ML the stability dant is
4.0+0.01 for C8"ion,5.8+0.04 for Zfi ion and 5.8+0.01 forAgon, which lead to following order Gtkzn*<Ag"
ion.He cumulative stability constant forMis 9.9+0.04 for Ag ion,7.0+0.04 for Ctf ion and 10.7+0.07 for Zh
ion. This natureseems to be not originated fronir tbackbone structure of ligandsbut mainly from e of
ligand-N-donors on the complexation[33,34].The weignature of Schiff base-N-donor is enhanced by the
existenceof widely spread conjugation system.Theaetton mechanism corresponds to a cation exchangéich

a complex of stoichiometric formula (ML or/and Mlisformed and liberating at the same time 2 mbid#s into
solution.The results of the present investigatitiovs that the reagent ,Hcan be successfully used for the
guantitative extraction of heavymetals ions. Thé¢hars decided to use DPTQO as a suitable modifiettie
selective concentration and extraction of some yagay transition metal ions on SDS-coated alumina.

Absorbance

280 380 480 580 680 780
wavelenght (nm)

Absorbance

o

o ()AQ ‘I l‘S :_‘ xS 3 3.5
MV/IL]
Figure2:UV-visible spectra for titration of L (7.41x10° mol L™) with Ag+ (1.00x10%mol L™) in MeOH (T=25° and | = 0.05 mol L'%). (a)
The molar ratio plot inAmax = 545 nm. (b) The corresponding computer-fitteaturve of absorbance vs. [AGL]

Effect of pH on metal ion recovery
pH is one of the important factors which affect thfficiency of retention/elution metal ions by sblphase

extraction [35—37]. The effect of pH was studiedvlyying pH in the range of 5.5-12. It can be seem Figure 3.
that the adsorption amounts of mixed hemimicellgstesns decreased obviously with the increasing téf p
Especially, when pH was above the potential of zdrarge (PZC) of alumina (about 10.0), the adsonpédmount
of SDS-coated alumina had a sharp decrease. Witharing the pH, the positive charge of aluminéaserreduced
gradually and became negative charged when the ggialove its PZC. As a result, the SDS moleculssried
from alumina surface gradually and begin to de@e@s the other hand the progressive decrease iretantion of
these metal ions at a low pH is due to the conipetitf the hydrogen ion with the metal ions for gdexation and
binding to Schiff base. The decrease in absorptopH >9.5 is probably due to the precipitatiorCef*, Zr’*and
Agions as insoluble M(OH)r M(OH)". To achieve high efficiency and good selectivitypH of 9.5 was selected
for subsequent work.
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Figure 3:Effect of pH on recovery of metal ionsK= 3), Conditions: 250mL of sample at various pH, eknt, 8mL of 4.0 mol L* HNOs,
solid phase, 1.0 g AD3, 60mg SDS and 30mg ligand

Effect of amount of ligand on metal ion recovery

In order to investigate the optimum amount of ligdar the quantitative extraction of the metal idnsthe SDS-
coated alumina, the extraction was conducted byingrthe amount of ligand from 0 to 60mg. Therefaselid

phase comprises of various amount of ligand coatedonstant amount of alumina were prepared aridhenent

experiment was carried out, results are shown gurei 4. As can be seen, with increasing amournigahtl up to
30mg an increase in recoveries can be achieveduatiebr increase does not enhance the efficienbg. Various
amount of solid phase has been used for the prentmation of understudy €Y zn** and Ad ions and results

display that up to 1.0 g of solid phase, the eximas efficiency was increase and further additias not significant
effect on recoveries.

Rezovery (%)

i) 15 20 30 40 50 0

Amount ot hgand (mg)

Figure 4:Effect of amount of DPTQO on recovery of metal ions (N= 3), Conditions: 250mL of sample at pH 9.5, eluen8mL of 4.0 mol
L~* HNO3, solid phase, 1.0 g ADs, 60mg SDS and different amount of ligand

Amount of SDS

The influence of SDS amount on the percentage ofptexed ions ad-solubilized was investigated bykiita
250mL of a solution containing 50pg of eactf Ca&n**and Adions with solid phase containing various amounts of
SDS, 1 gy- Al,0; and 10 mg DPTQO at pH 9.5 for 90min with stirrmage 300 rpm. In the absence of SDS, metal
ions retained on DPTQOalumina with 60% lower efficy for all ions. The retention of metal ions centi-
micelles, which have a hydrophobic surface, waarblalependent on analyte complex polarity. Thersfaddition

of SDS is necessary. The formation of minute amouwitad-micelles was essential to achieve compmete
solubilization of chelates of these ions. At sutdiat concentrations higher than about 60 mg/g alaméa decrease
in the retention percentage of ions was observead, i@esult of the formation of micelles (Figurebe adsorption
amount began to decrease when the SDS added edog@udg for 1.0 g of alumina. It can be explainedHhsy fact
that with more SDS added, its molecules began tm foicelles in the bulk aqueous solution; moreovbe
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micelles make the DPTQO distribute into the bullugon again. In this region the slope of alumirds@rption
curve is flat, which indicated that the interaciometween DPTQO and SDS-coated alumina were stid@
result, it was more difficult for SDS-coated alumito desorb DPTQO into agueous solution.

Recovery (%)

0 20 40 50 80
Amount of SDS (mg)

Figure5:Effect of amount of SDS on recovery of metdons (N= 3), Conditions: 250mL of sample at PH=9.5, eluenémL of 4.0 mol L*
HNOg, solid phase, 1.0 g ADs, various amount of SDS and 30mg ligand

Eluent types and eluent volume

In order to choose the most effective eluent faodeing the Ctf,Zn**and Ad ions from the sorbent surface, a
series of eluents (different acids) were used oteoto find a selective eluent for desorbing ergitlions from
sorbent surfaces. A total of 6ml of 4.0 M of the@ad-mentioned eluents were used for desorbingdkerhed ions.
The results (Table 1) showed that the recoverg# twhen nitric acid solution was used as the ¢ldére influence
of the concentration of nitric acid on the desanptof these ions was studied. For desorbing 40fjigns, already
adsorbed on 1.0 g of adsorbent, different conctotraof the eluent (nitric acid) have been usedc@centrations
more than 4 M the extraction efficiency reached imann.

Table 1:.Effect of type and concentration of elutig agent on recovery of analytes

Recovery (%)
Eluent cd 7n Ag
8mL 4mol LT H;PQ, 28.7| 31.8] 26.4
8mL 4mol LU H,SO, 12.4| 16.2] 145
8mL 4mol T HCL 53.6| 58.6] 54.2
8mL 4mol LT CH;COOH | 29.6] 32.4] 30.1
8mL 2mol Lt HNO; 64.5| 68.0| 66.7
8mL 3mol Lt HNO; 70.6 | 73.2] 71.2
8mL 4mol L HNO; 98.0| 98.5| 98.1
8mL 5mol LT HNO; 84.0] 86.1] 81.2
4mL 4mol Lt HNO;, 90.0| 92.1] 89.2
6mL 4mol Lt HNO; 98.0| 98.5| 98.1
9mL 4mol L HNO; 98.0| 98.5| 98.1
10mL 4mol LT HNO; 98.0| 985] 98.1

Effect of time and rate of shaking

The efficiencies of the analyte deposition depemthe contact time and stirring rate of sample whth solid phase.
It is necessary to require the preconcentrate aélni@ns in short time. In this regard, a replicsite set of analyte
and adsorbents were prepared and stirring at diffdime intervals (20-120 min) with stirring rate100—400 rpm.
It was observed that 90 minmixing at 300rpm stigriate to optimum recoveries of £dzn’* and Ad ions. On the
other hand, a set of similar solid phase extractiere carried out at 300rpm while keeping the teraijpee at 25—
60°C for 90min. Later on, the residual concentratiors watermined where the metal ion uptake was estindthe
DPTQO adsorption amounts of SDS-coated alumin@sysidecreased with increasing temperature. Theaksel
adsorption amounts suggested that the two-adsarpyistems were exothermic. With the increasingofterature
the adsorbate—adsorbent bonds were weakened anQ@Pad desorption trend from the solid phase totisol
phase. It can also be proved by the changes of&i38rption amounts. With the temperature increasirgbond
between alumina and SDS became weak and partiah&ules began to desorb from alumina surface.
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Investigation of method performances

Added 250 mL of solution of metal ions in the rarafed.01-1.00 gm[* with coated adsorbents at the optimum
conditions, to obtain the calibration curves, regleiity and reproducibility. The responses areén0.02-0.85u9g
mL™ for Cd* ion, 0.01-0.90 ug mitfor Zn* ion, 0.02-0.92 pg mt for Ag* ion. The sensitivity of developed
method was reproduced by detecting the limit oécidn (LOD), defined as the lowest concentratibmetal ions
below which quantitative sorption of the metal imnbasic alumina is not perceptibly seen. The Broit detection
(LOD) of the present work were calculated underinogk experimental conditions after application dfet
preconcentration procedure to blank solutions (@uthsamples or standards). The limits of detectioased on
three times the standard deviations of the blawkg, LOD=Xb+3s, where LOD is the limits of detection ait is
the blank value) for G4, Zn**and Adions to be 1.4, 1.3 and1.2 (ng ML respectively. were found that the
recovery for C&', Zn**and Ad ions were 97.7, 98.2, 98.0 and 95.0 with RSD 6f 1.8 and 1.7.( Table 2). It was
also observed that recovery for repeated recovarthe same solid phase not varies more than 3%efdre,
understudy solid phase can be repeatedly use witlimsiderable loss of uptake capacity[38].

Table 2: Specification of Method at Optimum Conditons for Each element According

parameters Value for each ions
Cd Zn Ag
Linear Range (ug mb) 0.02-0.85| 0.01-0.90 0.02-0.92
Detection Limit (ng mt%) 1.4 1.3 1.2
Loading Capacity (mg 0.45 0.46 0.61
RSD % 1.9 1.8 17
Recovery % 97.7 98.2 98.0

Effect of foreign ions

To assess the possible applications of the proeetle effect of foreign ions or/and often acconypamalyte ions
in various real samples, which are interfere with tetermination of G Zr?* and Ad ions, was examined at
optimized conditions. The results are given in €Bl A fixed amount of understudy analytes wererakith
different amounts of foreign ions and proposed pdoce was followed. The recoveries of analytes \magleer than
95%. Tolerable limit was defined as the highest amoof foreign ions that produced an error whichns
exceeding 5%, in the determination of investigatedlyte ions by the combination of the SDS-coatethima solid
phase extraction procedure followed by the flanoenit absorption spectrometry. It was observed thast of the
ion tested, have no significant effect on the recims of analyte ion. G Zn?* and Ad ions were quantitatively
recovered in the presence of optimum mount of alkalearth alkaline, transition and heavy metakias well as
some anions.

Table 3: Effects of the matrix ions on the recovées of the examined metal iondN=3)

Tolerance Limit lon mg mt

lon Added As Cd 7n AQ
Na" NaC, 3000 500( 300C
K* KCl 2500 2500 2500
ca’ CaC} 2500 2500 2500
Cl- NaCl 2500 2500 2500
SOz (NH,),SQ, | 2500 2500 2500
Mg** MgCl, 75C 100¢ 80C
HCGs NaHCG; 80C 100( 80C
PQ* NasPQ, 2500 2500 2500
CU, Cd, HE", Ni#*, AI¥*, CP* B&", | Nitrate salt 500 600 500

Real samples — evaluation of method

The proposed method was applied for the deternsinatif Cd*, Zn** and Ag ions by the standard addition
technique in radiology wastewater, amalgam, natueger and blood samples. including well radiolegstewater
and amalgam samples (Table 4). The results oftiwralawater and blood samples.as mentioned in ¥pefEmental
section are summarized in (Table 5). Notably, tiexdnination of Ctf, Zn** and Ad ions in radiology wastewater,
amalgam, natural water and blood samples. is reabéyrkaccurate by the proposed method. The restiltheo
determination of Cd, Zn** and Ad ions in the in radiology wastewater, amalgam, retwater and blood samples.
as mentioned in the experimental section are listddhble 5.
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Comparison with literature

A comparison of the proposed system with other gameentration procedures using several sorbentsvéngn
Table 6 [39-42], the proposed method shows compmicdpacity level, lower detection limit, and widerear
range and is a convenient, safe, simple, rapidimexpensive method for the determination of tragantities of
these cations in radiology wastewater, amalganyraktvater and blood samples with satisfactory ItesThe
proposed preconcentration system shows goodpregwatien factors with reasonable preconcentratiore tover
other preconcentration methods [43-45]. As seem fi@ble 6, the detection limit for the proposed et was
comparable to those given by the many methods.

Table 4: Recovery of trace elements from radiologwastewater and amalgam samples after application gfresented flotation
procedure(N=3)

lon | Added, ug ! | Found, pg | RSD % | Recovery %
Radiology wastewater

cd 0 0.17 1.6
0.5 0.66 1.2 98.4

7n 0 6.6 15
0.E 8.€ 1.C 102.2

Ag 0 1.6 14
0.5 2.1 1.0 101.1

Amalgam

cd 0 0.06 14
0.5 0.51 1.1 103.6

7n 0 1.3 1.3
0.5 1.9 1.2 101.6

Ag 0 0.4 1.2
0.E 0.€ 0.€ 102.]

Table 5: Recovery of trace elements from natural war and blood samples after application of presentkflotation procedure(N=3)

lon | Added, ug ! | Found, pg | RSD % | Recovery %

Blood

0 0.7 15
Cd 10 1.8 1.2 103.0
o 0 2.0 14

10 3£ 1. 103.2

0 0.02 12
Ag 10 013 0.9 100.6

Natural water

0 05 12
Cd 10 1.4 1.1 101.2
n 0 3.4 1.4

10 6.8 1.2 100.3
A 0 0.04 15

9 10 0.07 1.2 99.(

Table 6: Comparative data from recent papers on preoncentration studies

ytes Methodand apparatys EF DiglL) | R.S.D. (%) 5
Cu, Cd, Pb, Zn, Ni, C SPE/FAAS 80.C 0.16-0.6C 1-17 [39]
Cd(ll), Pb(ll) SPE/FAAS 288.( | 0.07%0.0¢ 1.2-2.1 [40]
Cd(lr) SPE/FAAS 75.0 0.6 <3.7 [41]
Cd(ll), Zn(I1), Ni(ll) SPE/FAAS 80.0 2.1-2.3 1.2331L [42]
Cd(l1), Zn(1l), Ag(l) SPE/FAAS 80.0| 1.4,13,1p 3% Present work

#EF:enrichmentfactor,DL:detectionlimit,R.S.D.:rekatistandard deviation; SPE: solid phaseextraction.
CONCLUSION

The DPTQO loaded on SDS-coated alumina is sensitivbaccurate adsorbent for determination of teameunts

of Cd*, Zn’* and Ad ions. The results presented in this paper havéroted the applicability of the separation and
preconcentration of metals. This method is simplé there is no necessity for elaborating a clegropedure, but
the retained metals were simply eluted with 6mi ofiol L™ HNO; and were analyzed by FAAS. Each solid phase
can be usedfor at least 10 successive analysesuvitbnsiderable change in €dzr?* and Ad ions recovery. As

a result it can be concluded that the proposedegire can be satisfactorily considered as an ali@mapplication
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for preconcentration and separation of traces dof,&h** and Ad ions from aqueous solute. The performance
characteristics of the proposed method and othlecteel SPE/FAAS systems for comparative purposethen
literature are given in Table 5. The proposed place shows good detection limits and precision wéhsonable
eluent volume, flow rate and preconcentration faot@r other SPE off-line preconcentration methidés-51]. The
method is simple, accurate can be applied for gterthination of Ctf, Zr** and Ad ions inradiology wastewater,
amalgam, natural water and blood samples[52].
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