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ABSTRACT

A simple, rapid and inexpensive method for sepanatind pre-concentration of some traces of hazasddements

is presented prior to their flame atomic absorptgpectrometric determinations. At pH 9.040.1; cadm(ll) and
zinc(ll) were separated simultaneously with 2-(4ef@ho Phenyl) —2,3 Di Hydro Qinazoline (1- H) — 4e
(CPHQO) as a new complexing agent and floated aftieling sodium dodecyl sulfate (SDS) as a foamsagent.

The floated layer was then eluted by concentratiédc recid in methanol and introduced to the flaratomic
absorption spectrometer (FAAS). These ions caniecequantitatively with 0.5 ml1.0M HN@ methanol. The
linear range of the determination is between 0.08g mL* for Cd* and 0.02-1.7ug mL* for Zrf* with a
detection limits for Cd and Zi* were 0.9 ng mt and 1.2 ng mt, respectively. The method has been successfully
applied for determination of those heavy metalsdlored human hair and dryer agents of paint sasiple

Keyword: Trace; flotation; separation; Flame atomic absompspectrophotometry (FAAS) ; dryer agent; cotbre
hair.

INTRODUCTION

The determination of trace metals in the environmlesamples including natural waters have beenimmoodsly
performed in order to designate the level of p@hutas the number of ecological and health problessociated
[1-3]. The importance of heavy metals and their glem roles in biological systems come from theivedse
functions and low level of existence. For instarsmme of the trace heavy metals are essentidletavtiile others
are toxic even at very low concentrations. Howeseme of these heavy metals are of particular corteecause of
their toxicities to humans [4-7], These problems ba overcome by replacement of filtration or céngation by
flotation. The major advantages of the flotatioe-poncentration method are the rapidity in additiorexcellent
recoveries of investigated trace elements. Thepaogmts necessary for flotation pre-concentratiensimple and
inexpensive. The small amount of a surfactant ddtiny air bubbles require to perform the progetafion
prevent serious contamination risks, which couldvamifested by the high blank value. one of thetrnroportant
advantages of the flotation method is the abilithalyze a large volume of sample solution anabtain a greater
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pre-concentration factor. on the other hand, bexrdhe physical and chemical properties of aragoaifeeous
solution are similar to those of the natural wateith higher water hardness, a method of flotatoapplied as the
second way to eliminate the calcium matrix eff§@<1]. Flotation has been used for the recoveryaifiable

substances from ores and minerals in the miningistigd since this century began [13]. Step by step, this
technique has found applications in different fietif chemical engineering as well as analyticahuktry[14]. lon

flotation, as a flotation subgroup, is a pre-corniion technique known since the early 1960s[1i5 a simple

and inexpensive method for effective removal oficospecies from dilute aqueous solution{fl18]. The major
advantages of this method are the rapidity and hégloveries of the trace elements investigated[B8)eral

methods have been developed for the flotation dfntam and zinc ions as trace elements [19-21].

The purpose of this work is pre-concentration myaflion of C4* and Zi* using CPHQO ( figure 1) [22]. The
influences of the some analytical parameters inoly@H and sample volume on the quantitative redeseof the
analytes were investigated.

Mp: 206-208 °C (Lit. 198-200 °C)'H NMR (DMSO-ds, 400 MHz)5 : 5.77 (s, 1H), 6.68 (dt, 1H;97.4 Hz, J=
0.5 Hz), 6.75 (d, 1H, J= 8.1 Hz), 7.15 (s, 1H)57(@t, 1H, 3= 7.8 Hz, &= 1.5 Hz), 7.46 (d, 2H,3 8.6 Hz), 7.51 (d,
2H, J= 8.8 Hz), 7.61 (dd, 1H;x)7.8 Hz, J= 1.7 Hz), 8.34 (s, 1H).”*C NMR (DMSO4d,, 100 MHz): 65.7, 114.4,
114.9, 117.3, 127.3, 128.3, 128.7, 132.9, 133.9,6814147.6, 163.5. ; IR (KBr) (ch): 3270, 3125, 1650, 1600,
1505, 1485, 1427, 1378, 1485, 1147, 1094, 1008, B26, 750, 662, 500.

Figurel: ligand 2-(4-Choloro Phenyl) — 2,3 Di HydraQinazoline (1- H) — 4 one (CPHQO)
MATERIALS AND METHODS

2. Experimental

2.1. Instruments

All the determinations of the analytes were carred using a Sens AA GBC double beam atomic absaorpt
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 adjustablélagpnebulizer and supplies of acetylene andiaire used for
the generation of aerosols and atomizations. Tha/id\sépectra were obtained from a Perkin-Elmer, edddmbda

2 spectrophotometer. A Genway model 3510 pH/lonemetith a combined glass electrode was used for pH
measurements.

2.2. Reagents

Acids and bases were of the highest purity avaldbdm Merck and were used as received. Doublyilldidt
deionized water was used throughout. Nitrate sdltsadmium, zinc, mercury, cobalt, iron, nickelpper, Lead,
silver, magnesium, calcium, strontium, barium, sadiand potassium (all from Merck) were of the highgurity
available and used without any further purificatidhe pH adjustment was done by addition of dihitéc acid or
sodium hydroxide to phosphate solution for premaiiine desired pH buffer solution. The ligand 2-@e®ro
Phenyl) — 2,3 Di Hydro Qinazoline (1- H) — 4 ondP(@Q0O) was synthesized according to literature [22].

2.3. Spectrophotometric titrations

Standard stock solutions of CPHQO T1M) and the metal ions (3.0 x TOM) were prepared by dissolving
appropriate and exactly weighed (accuracy of + @10§) amounts of pure solid compounds in pre-calédd 25.0
mL volumetric flasks, and diluting to the mark wiMeOH. Working solutions were prepared by apprdpria
dilution of the stock solutions. Titration of 2.6.mf CPHQO 3.5 x 10 M solution was carried out by the addition
of micro-liter amounts of a concentrated standatdt®n of the metal ion (1.0-7.5 x TGM) using a pre-calibrated
micro-syringe, at 25.8C, with the spectrum subsequently recorded.
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2.4. Flotation-separation procedure

A separation funnel with sidelong tube was usedffiiation-separation. The separation funnels aparsolution
containing 0.20 pg nit.of each ion, 0.5 mL 1.0 M of HNGsolution. 0.25 mL of 0.5% (w/w) solution of SDSdan
0.35mL of 10 M of CPHQO were added, the pH of medium was céyefudjusted to 9.0+0.1 with nitric acid or
sodium hydroxide solution . The mixture was dilutedLO mL and after stirring for 20 min. then an stream (10
mL min™) was kept flowing for 2-4 min to raise the foanydato the water surface. A foamy layer was thus
obtained and the aqueous solution in the cell beagear. Then the aqueous solution in the cell iecelear was
ousted of separation funnel and the foam layer @issolved in 0.5 mL 1.0 M HNQin methanol and then the
metal ions content was readily evaluated by FAAS.

2.5. Application to real samples

Two kinds of naphthenates, cadmium naphthenatezgwdnaphthenate, were selected among the vanpes tof
dryer agents. These kinds of paint additives ameespesistant soap prepared from naphthenic acdytaof acid
which is found naturally in raw oil, and they wiglehre used in the paint technology as the catalipstirying
process of the paint film[23]. Analysis of the ba@imples was performed as the following: A sampléne dryer
containing 5 mg of the metal was piped into a 100bmaker and 2 mL concentrated nitric acid was dddée
mixture was boiled for about 3 minutes on a hoteplaith rapid stirring. When the hydrolysis was gbeted, the
naphthenic acids along with the solvent presenarsépd as a clear light yellow layer. The conterftthe beaker
were cooled and transferred to a separating fuanél10 mL of ethyl acetate was added to it. Theeloaqueous
layer containing the metal was drawn off into a 280 beaker. The organic layer was then washed twite 10
mL DDW and the washing was added to the beaker &@aw{24]. The medium was diluted to 250 mL. After
adjustment of pH to desired value, 1mL of the Sotutvas used for flotation procedure given in secR.4.

The determination of cadmium and zinc in colorent fBamples of human was performed as the followpr@r to
analysis, each individual hair sample was cut etsize less than 1cm and mixed tomake a representsir
sample. After washing, the sample was dried inv@nat 50 °C for 5 minutes. 100 mg of the sampls lagated in
the presence of 10 mL concentrated nitric acid dmo@plate for about 20 minutes. After a clear sofu was
formed, 1 mL of HO, 30% was added and again heated to one-fourth \&®5h Then its pH was adjusted and the
procedure in section 2.4 was repeated.

RESULTS AND DISCUSSION

The aim of this work was to develop a simple, dersiand available method for the pre-concentratiowl
determination of trace amounts of ®Cénd ZA* ions in various real samples using flame atomisogition
spectrometry coupled with Flotation. In this regatie influence of various effective parameterduding, pH,
surfactant and CPHQO concentrations, heating tintetemperature, centrifuge time and rate, as veetha effect
of electrolyte on absorbance, were optimized. Tomplexation study yields important information abdle
interaction between the ligand and metal ions. Riéiygewe have used the spectrophotometric methodtHis
purposg26], before using CPHQO for the flotation of thetal ions.

3.1. Spectrophotometric investigation

The spectra of CPHQO with the addition of?Cahd zri* ions, corresponding mole ratio plot and curvenfiftat
wavelengths of 498 or 495 nm, are depicted in g and 3, respectively. complexation occurs gjindainding
of Cf* and Z&" ions to nitrogen atoms, leading to the ML, or MML, models. Formation constants and
stoichiometries of complexes were calculated uttiegKinfit program [27,28] and results are showT able 1.
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Figure 2. U.V- Visible spectra for titration of CPHQO (3.5 x 1Pmol/L) with Zn?*(5.0 x 1°mol/L) in MeOH (T =25°) and | = 0.05 M
) (@) and molar ratio plot at 495 nm (b)
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Figure 3. U.V- Visible spectra for titration of CPHQO (3.5 x 10’mol/L) with Cd?*(5.0 x 10°mol/L) in MeOH ( T = 25°¢) and | = 0.05 M)
(a) and molar ratio plot at 495 nm (b)

Table 1. Stepwise stability constsnts of complexati between metal ions and CPHQO in MeOH

Metal ion Log K Log K M/L
Zn* 4.46 +0.33 _ 1:1
Cd* 570+ 0.23 1.24 +0.3p 1:1,1:2

3.2. Influence of pH

The formation of the metal-chelate and its chenstability are two important factors influencingttétion. The pH
plays a unique role in metal-chelate formation anbdsequent extraction, proving to be the main patanfor
flotation. extraction yield depends on the pH aticwkhcomplex formation is carried out. Thus, a sksimilar
experiments in the pH range 2.0-12.0 was condueimmbrding to the described procedure describedchén
experimental section with respective results iHastd in Figure 4. The maximum sensitivity by floda was
obtained at pH 9.0£0.1; In more acidic solutionstedioration of the signal occurs due to protomatid CPHQO,
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while at pH > 9.0+0.1, the signal decreases andvazy is reduced due to precipitation ofCand Z* ions in the
form of hydroxides or ternary complexes. ConseduepH = 9.0£0.1; was selected for the subsequiemniias.

PH

Figure4. Effect of pH on ions recoveries

3.3. Influence of CPHQO concentration

The evaluation of the concentration of complexiggrg on the recoveries of the analytes in the dibdayer was
performed in the range of 1.0 x 46 3.5 x 1Gmol/L of CPHQO. At pH = 9.0+0.1;, 25 mL of a sampiaution
containing 3.5 x 1® mol/L of each of the metal ions and 4 mLthe perfietation separation of the metal ions was
achieved at CPHQO concentration greater than 3®%mol/L Figure 5. Thus, the solution of CPHQO with
concentration of 3.5 x 10mol/L was used for subsequent experiments. Sineeséeparation efficiency remained
constant in the presence of excess amounts of CRH@®©ligand could easily be used for investigataf the
samples containing unknown amounts of the analytes.
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Figure 4. Effect of CPHQO on ions recoveries

3.4. Selection of surfactant

To select the most effective tenside among seetibnic, anionic and non-ionic surfactants, a nemtf tests
under previously optimized conditions were carioetl and respective results are presented in Tablbe flotation
by use of TX-100 and TX-114 was also ineffectiveeTanionic surfactants were more effective. The itotation
recoveries obtained by SDS within the optimal pliHge 9.0£0.1; were greater than 98.2 — 98.8%. Thenan
surfactant SDS was chosen because of its commeaegilability in a high purified homogeneous forfow

toxicological properties and cost.

Table2. Effect of type of surfactant on sensitivitfor 0.2 pg mL™of interest ion, pH 9.0£0.1, CPHQO(3.5 x 1fmol/L) and 0.5 % (w/v) of
each surfactant

Surfactant t Cd% ZnY
Triton X-114 | 48.7 53.7
SDS 98.2 98.8
Triton X-100 | 56.7 49.8
No surfactant| 25.9 30.4

The flotation efficiency was evaluated using SD®amntrations ranging from 0.05% to 1.0% (w/v). Ttighest
cadmium and zinc ions recovery was obtained wifi#0(w/v) SDS. By decreasing the surfactant conedintr to
0.5% (w/v) the recovery was reduced. The cadmiumh Zinc ions recovery also decreased for a higheg SD
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concentration (0.5% wi/v). This result might be tethto the presence of the high amount of surfactasulting in
an increase in the volume of the surfactant-riclasgh In addition, the viscosity of the surfactacit-rphase
increases, leading to poor sensitivity [29-31]léwer SDS concentrations (below 0.5% wi/v), the goaeentration
efficiency of the complex was very low, probablyedo assemblies that were inadequate to quangtgténtrap the
hydrophobic complex and float the complex [32,3hce, 0.5% (w/v) of SDS showed the highest cadméunch
zinc ions recovery; a surfactant concentration &8 (w/v) was selected as a compromise betweernrethdts
obtained (in terms of sensitivity) and the surfatt@ncentration.

3.5. Effect of ionic strength

It is known that ionic strength of the solutionase of the effective factors in flotation. In thi@rk, the effect of
KNO; salt as an electrolyte in the range 0.01-0.5 mdldn the process was investigated. It is observed th
increasing concentration of salt to 0.1 M exertefiect on the process, but higher concentratiensed a decrease
in absorbance of extracted surfactant-rich phabé @ffect might be explained by the additionalfsce charge
when the salt concentration is very high.

3.6. Calibration, precision and detection limits

Calibration graphs were obtained by pre-concemtnatif 25 mL of several solutions under optimum c¢tods,

containing various concentrations of each analyith the process performed according to the Germatedure
section where the absorbance of the final soluti@s measured by FAAS. A linear relationship betwéen
measured absorbance and concentration 6f &dd Zrf*ions in the Linear Range 0.03-1.5pg ™Miand 0.02-1.7pug
mL™ was obtained(Table 3). shows the calibration patars for the proposed flotation method including linear
ranges, the relative standard deviation obtainedti@ analyte samples subjected to the completeephare,
volume ratio and the limit of detection. Also, dilseation graph was obtained without pre-conceidrain order to
calculate the enrichment factor. The enrichmentofawas calculated as the ratio of the slopes efdalibration
curve with and without pre-concentration, and Deeclimit for Cof * and Zi#* ions were 0.9 (ng mt) and 1.2
(ng mL?), respectively.

Table 3. Specification of presented method at optium conditions for each element

Parametel Cd Zn
Linear Range (ug mb 0.03-1.5| 0.02-1.7
Detection Limit (ng mt?) 0.9 1.2
RSD % 1.4 1.7
Recovery% 98.5 99.4

3.7. Flotation mechanism

There are in fact two main types of interactionsolded in the process of flotation, namely physieaid
electrostatic interactions [34,35]. The predomiman the electrostatic mechanism is mainly goverhgdsuch
important factors as the size and charge of iopécies involved, the presence of electronegativmsitcapable of
forming hydrogen bonds in the ligand structure, enarged sites on the solid species and precipitBi@sed on the
existence and observation of some experimentabifadh the present work, it seems reasonable tonssshe
redominance of an electrostatic mechanism for tiopgsed flotation system. which possess high tecide for
forming H-bonds with the surfactant; the inability SDS as a ionic surfactant for flotation of thetad ions
complexes involved.

3.8. Interference study

With a view to obtaining high selectivity by the A& method, the interferences were studied. Thesefémences
constitute special ions which are related to theqamcentration step.e. those that may react with CPHQO and
decrease the pre-concentration and extractioniefifiy (Table 4). The study of possible interferenceas
conducted for Li, K*, Na', Ni**, PE*, Cd’*, B&", C&", Mg®*, CU*, Mn*", F€*, Cr*, AI*", NO, ~, SQ?, CIO,~, CI

and Cd" or Zrf* ions under the experimental conditions (at a figedcentration of 66.7 or 133.3 pg bf Cd*or
Zn?*, respectively). There was no significant interfere at a 1:1000 ratio of €dr Zr*with Li*, K*, Na', Ni**,
P, cd’, B&", C&*, Mg®*, CP", NO;5, ClO,, CI and SG¥ ions, and also for the same condition at a ratio of
1:500 Zrf*or Cd* with CU™*, Mn**, F€”, AI**, and Cd" or Zrt* ions.
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Table 4. Effects of the matrix ions on the recovégs of the examined metal ions (N=5)

Analyte lons Interference/ analyte ratio(§ ). | Recovery (%)
Li*, K¥, Na, NO;, Cr 1000 101.2
ca&', Mg**, B&* 1000 100.3
Zn?*, Cu*, Mn** 500 99.1
Cdo* Fe¥, A" 500 99.3
cr 1000 98.9
Ni%*, PB*,CO?* 1000 100.2
SO2Z, CLOy 1000 99.8
Li*, K*, Na', NOs, CI 1000 100.1
ca', Mg*, B&* 1000 101.0
cd, cuvt, Mn** 500 99.8
Fe, Al 500 99.4
zn* * 1000 100.1
Ni?*, PE*,CO?* 1000 100.4
SOZ, CLOy 1000 99.7

3.9. Real samples — evaluation of method

The proposed procedure was applied to dryer agerdscolored human hair samples for the cadmium zamal

determination. Two usual kinds of dryers, cadmiurd ainc naphthenates containing known amountsadfimgum

and zinc metals, were treated by the flotatiorerathe digestion procedure. The accuracy of thehotets

confirmed by making a comparison between the éedtiand found data given in (Table 5). On the otieerd, due
to the lack of a certified reference material talaate the recoveries of the analytes, the metfisthadard addition
(simple spiking/ recovery tests) was used for th&lysis of the hair sample and the results areepted in (Table
6). The relative standard deviations for five reple measurements of the sample in each investigatll below
2%, revealed that the precision and the reproditgiloif the technique are acceptable.

Table 5. Determinations of cadmium and zinc in ceified dryer agent samples submitted to the flotatia procedure

Sample Analyte| Foundug/g)a | Certified 4g/g)
Cadmium naphthenate Cd 0.262 + 0.003 0.267
Zinc naphthenate Zn 0.262 + 0.004 0.267

Table 6. Determinations of cadmium and zinc in femia human colored hair submitted to the flotation pocedure

Analyte | Addedfg/g) | Foundgg/g) | RSD %| Recovery 9

0 0.87 14

Cd 10 11.10 1.0 102.3
20 21.23 0.8 101.8
0 17.64 1.9

Zn 10 27.42 1.7 97.8
20 37.11 14 97.4

CONCLUSION

The proposed flotation of cadmium and zinc ionshw@PHQO as a stable and fairly selective complegiggnt
offers a simple, rapid, inexpensive and environmiénbenign method to pre-concentrate and sepadté and
Zn** in aqueous solutions. This method has a very Imit bf detection (LOQ), good relative standard id¢on
(RSD) and was applied to determine trace amount€dif and Zf* ions in various real samples. In a full
comparison of the results presented in this pap#r those using similar methods reported in literaf36-38],
revealed that, on key measurements, the proposttbchproved comparable or superior to the reparethods.
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