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A new separation and pre-concentration method was pre-
senled D this study forr fwo trace heawy welal lons. Tead
(P67 and cadminm (G ) from aguecus solutions. based
on gt canier element free co-precipiiaiion (CEFC) method
nsing a triczole derivele, 3-(d4-tevi-bulylphenyl—5-pheryl-4-
{2-hyelroxy-S-methoxybenzyianwine)— 4H- 1,2, 4-triazole as an
organic co-precipiteting agent. The method was optimized
with some analytical paramelers which affect the quantita-
Hoe vecoveries of study melals. According o the resulls, opti-
maane pH o of solution, quaniity of co-precipitaiing agent,
centrifugation and  incubation Hme, and saomple volume
were dofermined as 6.0, 1.5 mg, 10 min, and 10 min, and
100 nl, respectively. In additfon. o sigidficant wmatrix inler-
Serences were abwerved over the recovery of the melal o,
For analytical fignre of merit, RSE valies of the method were
Jound as 5.7 and 4.8 for PEY and Ce*t | respectively, LOD
pabues were abo calculaied as 2.0 wg L7 for PEFY and 0.2
ug L7 for G The wccuracy of method was cheched with
spikeddrecovery lests and analysis of a stondard reference
material. The developed method was finally applicd 10 the
recl liguid/isolid  sainples wider  the optimuwm  condiiions.
& 2016 American Institute of Chemical Engineers Environ Prog, 35
1709-1715, 2016

Kevwords:  separation  and  precomceniralion,  carrier
elemeni-free coprecipilation. cadminm, lead, triazole, FAAS

INTRODUCTION

Heavy metals in environmental sources such as nuiural
waters and foods are a great concern due to thedr wxidity for
living organisms HL Lead, which is one of the heavy metals,
is toxic at even very low exposure levels and causes acute
anel chronic effects on human and of course other living
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organisms. It is a serious oxicant thar alfects several organs
andd can cause hematological, gastrointestinad, cardiovasculur,
renal, and reproductive effects. Another toxicant for living
cells is cadmium, 1t is nonesseniial and affecrs adversely kid-
ney and skeleton of human body, [t s also known us a car-
cinogen by inhalation [21.

Therefore, the determipation of heavy metals and other
trace elements in water and food samples is a4 very significant
issue in Analytical Chemistry. The precise and accurate deter-
minations of metals require the advanced analytical measure-
ment techniques such as atomic absorplion spectrometry
{AAR), inductively coupled plasma—atomic emission spec-
rometry (ICP-ALS) and inductively coupled plasma—mass
specirometry JCP-MSY, although these techniques have refa-
tively lower LOD values than other techniques, unforunately
they cannot overcome the matrix interferences enough [31
Hence, a separation/preconcentration siep s usually required
prior 1o measurements, Many novel methods developed
recently for this purpose have been reporied in the literature,
such as solid-phase microextraction [4-6], dispersive lquid-
liquid microextraction [7-10], single drop micreexiraction
(11131, cloud poing extraciion, [14-16), coprecipitation
microsample injection 7], and carrier element-free co-pre-
cipitation {18-20], ete.

Recently,  carrier  element-free  coprecipitation  (CEFC)
method has been developed for quantilative separation/pre-
concentration of metad jons from interfering complex envi-
ronmental and biological matrices. A water-insoluble organic
ligand is used as a coprecipitating agent in CEFC method in
erder o precipitre the metal jons from aqueous solutions
without needing any cursier element. CEFC method has «
greal advantage of nol requiting use of any carrier element
which causes a possible interference effect over quantitative
separation/preconcentration  of metal jons from aqueous
solution {18,191 A carrier element in large quantities must be
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Figure 1. Synthesis of the ligand, used as a coprecipitating agent in this study.

used in conventional coprecipitation methods in order (©
form a precipitate which collecrs the metal ions on iis own
from agueous solution. Therefore, the occurrence of interfer-
ence is inevitable during the measurement of metal lons
becanse of large quantities of a carrler element in the medi-
um {18,19,21,221.

In this work, a separation/preconcenuation method
which is o simple, rapid and very scnsnwc §1ds been devel-
oped o determine the levels of Ph*" and Gt i enviton-
mental samples. The present procedure s based on a
combination of carter element-free coprecipitation (CEFC)
method and flame atomic absorption spectrometric (FAAS)
determination. An organic waler-insoluble ligand (coprecipi-
tating agent), 3-Cé-tert-hutylphenyD—3-phenyk-4-(2-hydroxy-
S-methoxybenzylamino) —48H-1,2, 4-triazole was used without
adding any carrier element to co-precipitate the metal ions.
The optimum conditions for the coprecipitation process
were investigated on several commonly tested experimental
parameters, such as pH of the solution, amount of coprecipi-
mring agent, sample volume, incubation time, cenwrifugation
rate, and time. The influences of some anions, cations, and
ransition metals on the recoveries of analyte jons were also
investigared.

MATERIAL AND METHCD

Instrumentation

A Perkin-Elmer (USA) model Adnalyst 400 flame atomic
absorplicm spectrometer (FAAS) with single element-hallow
cathode lamp and ain/acetylene-burner l]Cdd was used m
order m measure the concentration of twe metal ions, PHY
and Cd**, from aqueous solutions. Melting poiats of the syn-
thesized compounds (coprecipitating agent) were deler-
mined in capil arics on Blichi B-450 melting point apparatus
(Swnfealand) Ihe IR spectra are recorded on a Perkin £ lmez
1600 FI-IR specrrophotometer (USA) using KBr pellets, H
and *C NMR specira were recorded on a Vardan Mercury
200 MHz spectrometer in DMSO-d, (USA). The elemental
analyses were performed on Costech ECS 4010 instrument
(LISA),

A Hanna-21% model deskiop pM-meter with giass elec-
trode was used for adjusting the pH of the working solu-
tions. MSE  Mistrai-2000 model centrifuge  device  was
operated for setiing the precipitate at the bottom of centrifu-
gation iubes. A Milestone Ethos D with closed vessel
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migrowave irradiation system, providing 1500 psi and 300°C
of maximum pressure and temperatire, respectively, was run
for obtaining Impid solutions of the solid samples.

Reagents and Solutions

Analytical reagert grade chemicals (Merck, Darmstady’
Germany) and distilled/deionized water were prelened at
every stage of the work, The 1000 mg 171 stock soludons of
each metal jon from Merck Company (Darmstadt/Germany)
were used all experiments after diluting the stock solutions
with desired proportions.

To prepare 25 mL of G.1% (m/) coprecipitaling agent,
0.025 g of copreciplialing agent was weighed ino a heaker
and dissolved in 5 mL of DMSO and 20 mL of ethyl alcohol
(1:4) mixture.

Synthesis of the Organic Ligand, Coprecipitating Agent

The ligand, an organic coprecipiiating agent was synthe-
sized by the reaction given in Figure 1. The mmai compaound
1 was synthesized by the methods reported earlier in the lit-
erature {231

$ynthesis of Compound 2, 3-(4-tert-butylphenyl)—
5-phenyl-4-(2-hydroxy-4-methoxybenzylidenamino)—
4H-1,2,4-triazole

The 2-hiydroxy-S-methoxybenzaldehyde (003 mole) was
added 1o a solution of compound 1 {0.03) in 20 mL of glacial
acetic acid and the mixture was refluxed for 4 h. Alter cool-
ing, the mixture was poured inte a beaker containing
100 mb of ice-water, The precipitate that formed was Altered.
After ¢lrying in vacuum, the product was recrystailized from
ethanol-water (1:1) to viekd 87%, mup. 178-179°C, IR (KIir)
em ™ 1600, 1592 (Ve wn). 821, 769, 695 (Vamuing)i  NMR
(DMSO-de) B 1.30 (s, UH, CICTL), 3.76 G, 3F, OCHL, Ar
H: 1685687 (m, 1H), 7.09-7.12 (m, 1H), 7.40-7.56 (m, OH),
T81-7.84 (m, SHD], 8.67 (s, TH, N=CH), .98 (s, 1H, O}
BCONMR (DMSO-s) B 3139 (CICH ), 35.06 (CICH;) .,
53.90 (QCHL, Ar-C: [110.2, 2, 126.2

118.0, 1184, 1230, 124.2,
(2C), 127.0, 128.4 (20), 128.8 (20), 128.8 (2D, 130.2, 1527,
153.0, 154.0], 150.4 (riazole C-3), 150.6 (iazole C-3), 1667
(N =CH);, Anal. Caicd. for (CpeMzN,O5): G 73.2, H: 6.1,
N:13.1, Found: C: 73.4, F: 6.1, N: 13.0.
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Figure 2. Effect of pH over the recovery vield (N: 3, quanti-
ty of analyte jons: 5.0 pg P and 0.5 pg Ca™*, sample vol-
ume: 50 mlL, quantity of coprecipitating agent: 1.5 mg, final
volume: 3.0 mi.

Synthesis of the Final Product; Compound 3
{coprecipitating agent), 3-(4-tert-butylphenyl}—
5.phenyl-4-(2-hydroxy-5-methoxybenzylamino)—
4H-1,2,4-triazole

Compound (2) (0.05 mole) was dissolved in 100 mL of
dried methanol, and NaBH; (0.03) was added in small por-
tions to this solution. The mixtare was refluxed for 30 min
and then allowed o cool. After evaporation under reduced
pressure, the solid residue was washed with cold water. After
drying in vacuum, the solid product was recrystallized from
ethanol-water (1:1) w vield 92%, m.p. 178-179°C, IR (KBt
em™T: 1600, 1392 (vowp), 821, 769, 7 (Vamnrines H NMR
(DMSO-ds) 3 1.33 (8, 9H, CICH1)5), 372 (s, 3H, OCHy), 3.82
(& 2H. NHCH,, J= 350 Hz), 7.45 €1, 1H, NH-CH,, ] = 3.50
Hrs, Ar-H: [6.7 {m, 1HD, 6.9 {3, 28D, 7 (d, 1H, ] = 8.40 Ha,
75 {m, 4H). 7.8 (m, 4L 10,0 (s, 1H, OF) HEONM
(DMSO-de) B 31.4 (CICH3)p), 35.0 (CICHL5), 47.8 (NB-CIH,)L
53.9 (OCHS), Ar-C: 1108, 1187, 1191, 122.6, 124.2, 126.2
C2C), 1268, 128.4(2C), 128.8 {20, 1288 (20), 130.3, 152.7,
152.9, 132.6, 133.6 (wizzole C-5), 153.7 (miazole C-3) Anal.
Caled, for (CuHaaMNiO): G 729, 1H: 6.6, N:13.1, Found: C:
731, F: 6.6, th 13.0,

Application of Developed CEFC Method

Before analysis of the real samples, the performance of
the developed CEFC method was tested by using the model
solutions: At first, pH of a solution (50 mL) containing 5.0 ug
Ph*Y and 0.5 pg CEFF ions was adjusted 1o 6.0 After 1.5 mlL
of 0.1% (m4) coprecipitating agent (1.3 mg) was added 1o
the solution, the mixture was standed lor 5 min w form a
precipitate, and then the mixture was centrifuged =
2500 rpm for 10 min. After decantation procedure, the pre-
cipltate which formed in the aguecus medivm was dissolved
with 0.5 mlL of concHNOs, And then the final volume was
made up 2.0 mi with distilled/deionized water, Tinally, the
solution was analyzed by FAAS in order 10 determine the lev-
els of Ph** and Cd*" ions.

Application of the CEFC Method to Real Samples

The novel CEFC method developed in this study was
finally applied to the some real solid-liquid samples afier
optimization procedures. As the liquid samples, stream water
was wken from Magka district of Trabzon city (Turkey) and
sea warer from Trabzon city center. As the solid samples.
tobacco and black tea samples were ken from local mar-
kets in Trabzon city ¢enter. The method was also applied w0
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Figure 3. Effect of ligand quantity over the recovery yield
(N 3, quantity of analyte ions: 5.0 pg PH*F and 0.5 ug Ca*t,
pH: 6.0, sample volume: 50 mL, final volume: 5.0 ml).

a certified reference material, CRM-SA-C Sandy Soil C, in
order (o verify it

The novel CEFC method was applied 1o 50 mi of the
water samples after they were filirated through a 0.45-um
pore sized nirocellulose membrane, On the other hand, the
method was applied 10 50 mb of the limpid solutions which
were obtained from the solid samples after digested with
microwave irradiaion. For this, 0.75 g tobacco and black tea,
and 0.1 g CRM were weighed into Teflon beakers separately,
4.5 mL HCE, 1.5 mL conc. NG5, 1.0 mL cone. HF and 2.0 mL
H20, for CRM, 6.0 mL HNO; and 2.0 mL H;O; for tobacco
and black tea were added o the beakers. The beakers were
placed in a high pressure microwave oven and the mixtures
were digested with the aid of microwave irradiation in order
to obtain lmpid solutions. After the digested samples were
evaporated 0 near dryness, they were diluted 1o 50 mL with
distilled/deionized water, and the method was finally applied
to them.

RESULTS AND DISCUSSION

Effect of pH over the Recovery Yield

Effect of solution pH over the recovery yiekl is probably
the most important experimental parameter in the separs-
tlon/preconcentration procecdures. Change of pH of the solu-
tion affects directly the sorption behavior of analytes on the
solid phase. Different types of melecular memallic specles
with neutral, anionic or cationic character occur as a result
of the increase in pH of the selution. These hydrelysis prod-
ucts which ure formed in the solution help in choosing the
best suitable pH value anddor determining the  optinwim
waorking pH range {24,23],

In this study, the eflect of pH over the recovery vield of
PR®T and G ions was studied in the pH range between 2
and 10, The perceni tecoveries of PL*Y and Cd™" as a fune-
tion of sohition pH are depicted in Figure 2. The recoveries
for both metal fons increased sharply within the pH values
between 2 and 4, indicating that the coprecipitation proce-
dure was highly pH depended in these range. At low pH val-
ues, the funciional groups of the ligand (coprecipitating
agenl) are more hydrogenated when compared o high pH
values. Hence, the overull surface charge on the Hgand
becomes positve. In additfon, the metal ions ™ and
CA*TY show also a very strongly positive character within
this pld range. Therefore, the convergences and inleractions
between metal cations and the ligand Tunctional groups
decrease due 0 the elecrostatic repulsion, and thereby the
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Figure 5. Effect of sample volume over the recovery vield
(N: 3, quantity of analyte jons: 3.0 pg Ph** and 0.5 pg Ca*",
pH: 6.0, quantty of coprecipitating agent: 1.5 mg, sample
volume: 25-1000 mi, final volume: 2.0 mL).

recovery percent drops. The interactions will increase with
increasing pH because the overall negative charge on the
ligand surface unul the relevant functional groups are depro-
tonated completely, and so the recovery yields of the metl
ions rise (Figure 2). As can be seen from the Figure 2, the
recovery percentages reach to the quantitative values of 95%
approximately among the pH 5-7 for each metal. Therefore,
optimum pH value was selected as 6.0 for all other working
parmeters of this stucly.

Effect of Coprecipitating Agent Quantity over the
Recovery Yield ‘

Another parameter used in the optimization of coprecipita-
ton methods is the determinaiion of the Hgand guantity as a
coprecipitating agent. In this stucly, effect of ligand quantity on
the recovery yvield was examined from 0 10 3.0 mg. The recov-
eries of Ph* and CGEY were 353 and 68.3%, respectively,
without adding the coprecipicating agent at optimum pH 6.0
for each analyte, When the ligand quantity was increased, the
percent recoveries also increased as seen Figure 3. Hence, the
minimum coprecipitating agent quantity of 1.0 mg is sufficient
for the quantitative recovery of both metals, 1.5 mg coprecipi-
tating agenl guantity were used as an optimized amount.

Effect of Incubation Time, Centrifugation Time, and
Centrifugation Rate on the Recovery of Analytes

To complete the precipitate formation after adding the
coprecipitating agent to the working solution containing the
heavy metals, Pb?t and Cd*"', the miaure should be kept
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for a while. Therefore, elfect of incubation time was
observed over the recovery vields of metal lons from work-
Ing solution containing 1.5 myg coprecipitating agent at pif
6.0 in this study. The results showed thar ~3.0 min was suffi-
cient for the optimum incubation period (Figure 4a).

Centrifugation time is an oprimization parameter that was
studied after maturing the precipitate, and i's required 1o
determine how much time the precipitate will be quantit-
tively settled towards to bottom of a centsifugation tebe since
the precipitate and the supernatant can be easily separated
from each othesr. For this purpose, centrifugation time was
studied in the range of ime 0-30 min, and then 10 min cen-
rifugation time was decided as optimized value (Figure 40).

Centrifugation rate is also an important parameter in order
o sewle the precipitate to centrifuganion fube bottom
completely, Centrifugation rate was tested in the range of
10003300 rpm. Quantitative secovery for both metals was
obtained after 2750 rpm, and then the optimum value was
evaluated as 3000 rpm (Figure o),

Effect of Sample Volume over the Recovery Yield

Large sample volume is highly important in separation/
precencentration studies 1o have higher preconcentration
factor and lower detection limit. On the other hand, large
sample volume is not practical in amalysis of real samples
though it provides high preconcentration factor. Therefore,
an optmization is required.

Sample volume was investigated in the range of 25—
1000 mL by employing the model working solutions contain-
ing fixed quantity of the analyte lons in optimum conditions.
The system was not resistant to the increased sample volume
since the quantilative recoveries for both metals were up 10
only 100 mlL. Therefore, this volume was selected for the
analysis of the real water samples (Figwre 5).

During the analysis of ren} water samples, the fnal sample
volume was 2.0 mlL at the end of the developed coprecipita-
tion procedure while the initial volume s 100 ynk. Because
the analyte was concentrated 50-fold, preconcentration factor
wgs 50, This factor can be considered satisfactory when com-
paring to the other methods in the lierature [17,19.211

Effect of Matrix Yons Over the Recovery Yield

Real samples contain varous matrix compoenents besides
heavy metals. These components may cause interfering effecs
over the analyte recoverios, Therefore, Effect of matrix interfer-
ence was examined by using the working solutions containing
fixed quantity of P¥7 and C& fons and known concentsas
ions of different interfering {ons given in Table 1. 1t can be
condluded as shown in Table 1 that no significant interferences
were observed over the recovery of both metal ions.

Environmental Progress & Sustainable Energy (Vol 35, No.6) DOL 10.1002/ep



Table 1. influences of some foreign ions on the recoveries of analyte ions (N: 3, quantity of analyte fons: 5.0 ug PH*F and
0.5 pg Cd**, pH: 6.0, sample volume: 50 mL, quantity of coprecipitating zgent: 1.5 mg, final volure: 5.0 ml).

Recovery, % (& = §)

Concentration

Ions Added as (mg L™ PHFT cd*t

Nat NaCl 10,000 934 0.8 93.8% 3.6
R* K¢l 1000 V5.5 %28 G718 4.7
Ca?" Catll, 1000 D65+ 4.2 93,5118
Mgt Me(NOwk 1000 93738 08,433
NHY NN 350 98,3 %535 97.6% 4.8
NOy NaNO, 5000 95.4 % 3.8 99,3 %29
ar NaCl 15,600 953+ 0.7 938+ 3.4
(;05‘" NayCOy 750 977 +2.8 043+ 1.8
807 NélgSO4 750 929+ 2.4 9()4 +4.8
PO NayPOy 750 941 % 4.6 1024 +58
I8 _ NaT 250 9364 1.7 OR7E 2.7
Fe-“‘,_zm“, ot 30 92.1 % 3.2 935108

ZnTT Mt v
Mixed® 030k 4.7 95,8 2.6

VI added as V05, other jons added as their nitrate salis. ) N ) ] '
*10,000 mg L' Na’, 15,000 mg L7 €17, 5000 mg L™' NO;, 250 mg L7 K™, Ca®7 Mg? ", COJ7, S04, PO, 50 mg L7
NH}, 10 mg Lo Fe®, AR T zad T, Mot v

Table 2. Spiked/recovery test results for the real water samples (N 3, pH: 6.0, sample volume: 50 ml, quantity of coprecipiuat-
ing agent: 1.5 mg, final volume: 5.0 roL).

Stream water Sea water

Analyte Added {ug) Found (ug) Recovery (%) Found (ug) Recovery (%o}
PRt i B3I - BDL —

3.00 4.82 £0.32 096.4 3,08 1 0.38 101.6

7.50 758072 101.1 7.53% £0.49 1004
G 0 BDL - B -

0.50 0.33 2 0.03 106.0 0.52 = 0.01 104.0

0.75 0.78 £0.02 104.0 076 = 0.04 1013

“Below the detection fimit, & number of repetitions.

Table 3. Spiked/recovery test resulis for the real solid samples (N: 3, pih 6.0, quantity of coprecipitating agent: 1.5 mg, sample
quaniities: 0.75 g and final volume: 2.0 mL).

Tobacco Black tea
Element Added (ug) Found {(ug) Recovery (%) Found {(ug) Recovery (%)
phi’ 0 0.62 £ .12 o BLL —
5.00 5750037 101.9 511 £ 0.36 102.2
7.50 820 £ 0.84 1022 7.56 £ 0.42 1008
Ccdt & 0.14% 0.01 — 0,08 = 0.02 —
0.50 0.67 £0.02 104.6 059 £0.03 1017
G.75 0,92 =148 103.4 0.85 2 0.04 102.4
Analytical Figure of Merit the obtained results Gecovery values for each metal), the
After optimization, the method was validated by the stancard deviations and mean values were calculated, a_nci
parameters, relative standard deviation (RSD), limit of detec- the RSD values were determiined for each metal by the fol-

tion (LOD), limit of quantification (LOQ), spikedsrecovery  lowing formula;
testing and analysis of certified reference materials (CRM).
The precision of a method Is generally defined as R3D%, s
The developed method was tepeated ten times through the RS = o X 100 (1
model working solutions in the optimum condiions. From *

Environmental Progress & Sustainable Energy (Vol.33, No.6) DO 10.1002/ep November 2016 1713



Table 4. Application of the present method o the certified
reference material (N: 3, quantity of CRM-8A-C Sandy Soil G
0.1 g and final volume: 5.0 ral).

CRM-SA-C sandy soil C

Certified Found
valne value
Analyte (hgg™ (rg g™ Recovery (%)
P 120.0 £ 8O 1164 = 7.2 097.0x4.1
T 109.0 = 8.0 1055 % 5.1 U968 % 3.4

Tabie 5. Analyte levels in real solid/liquid real samples after
Leing applied the presented coprecipitation procedure (N: 3,
sample volumes: 100 ml., sample quantities: 0.75 g and final
volume: 2,0 mi,

Concentration (ug L")

Sample bt cd®
Sea Water, Trabzon BDL BIDL
Stream water, Magka/Trabzon BDL BDI
Conccmmuon (ng g~ )
ph* catt
Tobacco 0.83 = 0.05 0,19+ 0.01
Black tea BDL .31 £ 0.01

\\'/hua s represents standard deviation, and X is mean vajue.
zcmg,} ¥ the resulis, percentage values of RSD wese found as

*and 1.8 for P and CdPT| respectively,

LOD defined as the lowest analyte concentration was
evaluated in this work as three-fold the standard deviation of
20 replicate measurements of the blank sample, On the other
hand, 1L.OQ: perhaps more wseful than LOD, was considered
10-fold of the standard deviaton for each analyte. For this,
rwenty blank solutions were prepared, and the method was
applied 1o these blank solutions under the optimum condi-
tions. After then, the standard deviations were caleuluted for
each analyte. The foflowing formulas were used for deter-
mining the LOD and LOGQ values:

LOD = ~oa )
I
1

Lon= 5 (3)
1l

where m represents slop 0( the calibration graph. LOD val-
ues of thc method for PH* and CI*Y were found as 2.0 and
0.2 pg L7, espcunaly In addmon LOQ values were also
caleulated as 6.0 and 0.6 pg 1.7

By wsing solid-liquid ma] samples, the system was
checked with another verification parameter which s
spiked/recovery testing. There were the quantitative relations
herween added and found values (Tables 2 and 3).

Accuracy of 1he method was tested by using a certiﬁtd
reference material (CRM), CRM-5A-C Sandy Soil C. The CRM
was solubilized by microwave irradiation. Then 1!1@ general
procedure was applied. The results obtained after meusuring
with FAAS are given m Table 4. It was concluded that the
satsfactory resulis with the quantiative tecovery values for
each unalyte were reached.

Application of the Method to the Real Samples

Afier the method was optimized with some analytical
parameters and validated with the statistical parameters, it
was applied 1o the solid-liquid real samples; tobacco, black
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ten, stream water and sea water. The results from the real

samples are given in Table 5.

CONCLUSION

The CEFC-hased novel coprecipitation niethod which was
developed in this study, showed 4 good p::r[ommnc e for the
guantitagive determinaton of Ph™ and Cd° ** jons at trace
levels among the various solid-liquid environmenial samples,
and validliled with the analytical parameters. Only sbout 30-
min of period was sufficient for the implementation of the
method. This method does not require the use of any carrier
clement. Thus, any interference may come from a carrier ele-
ment is not a question during FAAS measurement, particular-
. Only a suimble water-insoluble organic ligand as a
coprecipitating agent is sufficient in order to form a precipi-
rate which collects the metal fons on its own from aqueous
solutions in the CEFC method.

The results demonstrated that the novel CEFC method
which was developed and validated in this study is 4 strong
alernative to other separation and preconcentration methaods
reported in the lilerature.
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