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A simultaneous preconcentration procedure for thierghination of Cd(ll), Ni(ll), Co(ll) and Cu(ll)by atomic absorption
spectrometry is described. The method is basealihghase extraction of the metal ions on dithezémaded on naphthalene in
a mini-column, elution with nitric acid and determation by flame atomic absorption spectrometry. Sbeption conditions
including NaOH concentration, sample volume and dheount of dithizone were optimized in order toaettthe highest
sensitivity. The calibration graph was linear ie tlange of 0.5-75.0 ng thfor Cd(ll), 1.0-150.0 ng rifl for Ni(ll), 1.0-150.0 ng
ml™ for Co(ll) and 1.0-125.0 ng mifor Cu(ll) in the initial solution. The limit ofetection based on 3%as 0.13, 0.32, 0.33 and
0.43 ng mt for Cd(ll), Ni(ll), Co(ll) and Cu(ll), respectively. The relative standard deviations (B)Sor ten replicate
measurements of 20 ng Tof Cd(ll), 100 ng mf of Ni(ll), Co(ll) and 75 ng mt of Cu(ll) were 3.46, 2.43, 2.45 and 3.26%,
respectively. The method was applied to the deteation of Cd(ll), Ni(ll), Co(ll) and Cu(ll)n black tea, tap and river water

samples.
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INTRODUCTION

The determination of heavy metals at trace levals
environmental samples is one of the targets of ytinal
chemists. Some of these are essential elementgplagdan
important role in human metabolism. However, athkig
concentrations, all metals are recognized as gatntoxic.
Therefore, accurate determination of trace metafs
environment is very important [1]. Flame atomic @aipsion

interference from the sample matrix and high desactimit.

Therefore, direct determination at trace conceioindevels is

not possible by this technique. These problems ban

overcome by applying a preconcentration procedarentich
the metal ion concentration and remove the andigi® the

sample matrix.
Different techniques such as liquid-liquid extiawt [2],

icloud point extraction [3,4], coprecipitation [5,6hd solid

phase extraction (SPE) [7-9] are available for pneentration

spectrometry (FAAS) is one of the most widely usedof metal ions. Solid phase extraction is an afivacteparation

techniques for the determination of heavy metalsabse it
has the advantages of low cost of operation, higimpse
throughput, high precision and specificity. Howevéehis
technique suffers from some drawbacks sush chemical
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preconcentration technique for heavy metal ionsh vgibme
important advantages such as simplicity, flexipind high
enrichment factors. Various solid phase extractiwaterials
have been successfully used for the preconceniradiod
separation of metal ions at trace levels. Thesdudiec
Chromosorb 108 [10],Diaion SP-850 resin [11], cellulose
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functionalized with 8-hydroxyquinoline [12], cheralty
modified silica gel with aminothioamidoanthraquieofl3]
and polyurethane foam functionalized with a-naphflid].
Naphthalene coprecipitated with methyl trioctyl aomum
chloride [15] or tetraoctyl ammonium bromide [16],
naphthalene loaded with different ligands such &sb#(N-
phenyl carbamoyl) pyridine [17], 1-(2-pyridylazo)raphthol
(PAN) [18], N,N-(4-methyl-1,2-phenylene)diquinoli2e
carboxamide [19] and dithizone [20,21] have alserbased as
solid phase extractors for determination of traegamions.

In this paper, a simultaneous solid-phase extracdtiethod
for the determination of Cd(ll), Ni(ll), Co(ll) an€u(ll) is
described. These metal ions are retained by ditleizoaded
on naphthalene in a mini-column, eluted by nitd@asolution
and determined by FAAS.

EXPERIMENTAL

I nstrumentation

100 ml in volumetric flasks. The working solutiongere
prepared by appropriate dilution of these stockitsmhs. The
stock solutions were standardized by EDTA titratja@]. A
0.10 M solution of NaOH was prepared by dissolv2a@ g of
sodium hydroxide (Merck) in water and diluting t@tml in a
volumetric flask.

Sorbent Preparation

Dithizone was loaded on microcrystalline naphthaland
used as a sorbent for preconcentration of metas.idro
prepare this sorbent, 0.04 g of dithizone and 20ofg
naphthalene were dissolved in 60 ml of acetoneleaded on
a hot-plate stirrer at 40 °C. This solution wasnsferred
to1000 ml of water while stirring the solution abom
temperature. It was stirred for 2 h on a stirrenisTsorbent
slurry was stored in a dark bottle for further use.

Sample Prepar ations
0.1 g of dry black tea sample was precisely waighéo a

A Chemtech Analytical Instrument model CTA-3000 100 ml beaker; 4.0 ml of 1:1 (v/v) nitric acid sttin was

atomic absorption spectrometer (Bedford, Englargl)ipped
with cadmium, nickel, cobalt and copper hollow caté
lamps and air-acetylene flame was used for analysils
instrumental settings were those recommended by
manufacturer. The selected wavelengths for therm@tation
of cadmium, nickel, cobalt and copper were 228.382.@,
240.7 and 324.7 nm, respectively. Lamp currentevierd, 4
and 3 mA for cadmium, nickel,
respectively. The selected band widths were 0.4arrmopper
and 0.2 nm for cadmium, nickel and cobalt. Otherditions
such as air-acetylene flow rates and burner heigbte
adjusted by the instrument for each element. A etaun
background correction was also used for Cd, Ni@ad

A digital pH-Meter model 632, Metrohm (Herisau,
Switzerland) with a combined glass electrode wasl dsr pH
adjustments. A Tebazma vacuum pump (Iran) was tsed
pumping the solutions.

Reagents

Analytical reagent-grade chemicals were used. 40§0
ml? stock solutions of Co(ll), Cu(ll) Cd(ll) and Nil{lwere
prepared by dissolving appropriate amounts of @68}0
(Merck), CuSQ.5H,0 (Merck), 3CdSQ8H,0O (Merck) and
NiSO,.7H,O (Merck), respectively in water and dilutitag
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cobalt and copper,

added and gently heated at 150 °C. A number ofssuples
were also spiked with a known amount of each aeakter
cooling at room temperature, the residue was dissloin

theater and the pH of the final digest was adjustedidtable

addition of 10% (w/v) sodium hydroxide solution. i§h
solution was transferred to a 250 ml volumetricsklaand
subjected to the general procedure.

Tap and river water samples were acidified witmb5of
nitric acid and stored in polyethylene bottles megbt in the
refrigerator before use and filtered prior to atiel
procedure.

Recommended Procedure

A glass tube (10 cm length and 7 mm i.d) with ey\fene
bore was used as a preconcentration column. Itfilked with
the sorbent to a height of about 7 cm and slighthssed in
the column with a flat glass rod. 250 ml soluti@mtaining
0.5-75.0 ng mt of Cd(ll), 1.0-150.0 ng mf of Ni(ll), 1.0-
150.0 ng mit of Co(ll), 1.0-125.0 ng rifl of Cu(ll) and 1.0x
10° M of NaOH were passed through the column packeid wi
dithizone-naphthalene sorbent at a flow rate ofr@l0min™.
The sorbed metal ions were eluted with 3.0 ml & [ of
nitric acid. The metal content of the eluent watednined by
FAAS. A blank solution was also run andthe same
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analytical conditions without adding any Cd(ll),(Mi, Co(ll)
and Cu(ll).

120

RESUL TS AND DISCUSSION g 100

5 sol N

Dithizone(dipheylthiocarbazone) forms chelate complexes g
with a number of heavy metal ions in neutral oraitie x 60T
solutions. Due to the differences in the stab#itef chelate 40 . 1 . 1 .
complexes formed, the separation and determinatibn 0.0 1.0 2.0 3.0
various metal_ ions is possible [23]. Thereforehidibne was Concentration of NaOH x 10° (M)
chosen as a ligand and was loaded on naphthaleaesinyple
procedure and used as a sorbent in a mini-columm fo
simultaneous preconcentration of Cd(ll), Ni(ll), @p and Fig. 1. Effect of NaOH concentration on the recovery 20 ng
Cu(ll). The retained analytes were then eluted icnacid mf* of Cd(ll) and 100 ng riflof Ni(ll), Co(ll) and
solution and determined by FAAS. Cu(ll). Conditions: Flow rate 8.0 ml mifn Column
height 7 cm and 3 ml of 2.0 M dtrin acid as

Effect of NaOH Concentration eluent:«) Cd, () Ni, (a) Co, @) Cu.

The sorption of metal ions was performed in batidia
and alkaline media. The preliminary investigatibwwed that
the metal ions were retained by the sorbent inatkaline
solution. Thus, the effect of sodium hydroxide cemtcation also investigated and quantitative recoveries \wbtained for
was studied. As presented in Fig. 1, the highesbveries 3-5 ml of the eluent. The optimum eluent volume was
were obtained for all metal ions at sodium hydrexid SPecified as 3 mlfor the subsequent studies.
concentration of % 10° M. Therefore, this concentration was
selected for further investigations. Since thetfimmation Effect of the Amounts of Dithizone Loaded on
constants for the hydroxide complexes of these Inietes  Naphthalene
were high (pK values were 6.38, 6.66, 2.8 and 3.08 for The quantity of ligand loaded on the sorbent is an
Cd(OH)', Cu(OH)Y, Co(OH} and Ni(OH}Y, respectively), important chemical variable affecting the precomiion of

they were probably in these forms in alkaline media the examined analytes. Therefore, the effect ofatineunt of
dithizone loaded on naphthalene was investigatatiémange
Choice of Eluent of 0.02-0.08 g at optimum conditions. The resulitsvged that

A satisfactory eluent should quantitatively eltlie sorbed the recovery was constant above 0.04 g. When trouainof
analytes with small volume, which is needed for ighh dithizone was less than 0.04 g, there were not ginsites to
enrichment factor. For this reason, various sohgtiguch as capture the ions. Therefore, 0.04 g of dithizorslkxl on 20 g
nitric acid, hydrochloric acid and thiourea wereedisto  of naphthalene (2 mgywas chosen for further work.
identify the best eluent for the sorbed metals & t
naphthalene-dithizone sorbent. Among the eluentslied, Effect of Column Height
nitric acid provided higher recoveries comparedthtimurea 100 ml solutions containing 20 ng Tof Cd(l1) and100 ng
and hydrochloric acid. Therefore, the effect ofriitacid  ml™ of Ni(ll), Co(ll) and Cu(ll) was passed through the
concentration was studied. The results indicateat the column packed with heights of 3 to 7 cm. The recgve
highest recoveries were obtained when nitric acidncreased up to a height of 6 cm which was consabioie
concentration was above 1.5 M. Thus, 2.0 M of oiicid was  that value. A column height of above 7 cm was chase a
chosen as the eluent. The effect of volumeitdtracid was  suitable height for this purpose.
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Effect of the Sample Volume on the Recoveries
For samples containing very low concentrationsnetal

ions, the maximum applicable sample volume must be

established. For this purpose, Cd(ll), Ni(ll), Gp@nd Cu(ll)
were preconcentrated from sample volumes of 50, 160,
200, 250 and 500 ml containing equal amounts ofalriehs
(5 pg of cadmium and 2%ug each of nickel, cobalt and

copper), and applying the recommended procedure Th

recovery of Cd(ll), Ni(ll), Co(ll) and Cu(ll) wasuantitative
for the sample volumes up to 250 ml. Thus, in grigcedure,
by using 3 ml of elution solution, a preconcnetnafactor of
83.3 was obtained.

Effect of Sample Flow Rates

The sorption of the metal ions on the sorbent was

investigated at various flow rates. This was donpglmping
250 ml of the solution containing Cd(ll), Ni(ll),a@l) and
Cu(ll) at flow rates in the range of 2.0-12.5 minth As
shown in Fig. 2, above 8.5 ml minthe analytical signal
decreased because the metal ions could not eaquidibr
properly with the sorbent due to the increase ewvlocity of
the ions. At low flow rates, sample throughput wasreased
and the time of analysis was increased. In furéxgeriments,
the flow rate was kept constant at 8.0 ml ™in order to
increase sample throughput.

Sor ption Capacity

The sorption capacity of solid phase extractor staslied
using batch method. 1.0 g of dry sorbent was adaldd®0 ml
solutions containing different amounts of the métals and
sodium hydroxide (& 10° M). After shaking the solutions for
2 h, the mixture was filtered and the remainingah&ins in

100

80 |

Recovery (%)

70 i 1 i 1 i 1 i 1 i 1 i 1

0 2 4 6 8 10 12 14

Sample flow rate (ml min ™)

Fig. 2. Effect of sample flow rate on the recovery26f ng
mit of Cd(ll) and 100 ng rlof Ni(ll), Co(ll)
and Cu(ll)Conditions: Column height 7 cm, 3 ml
of 2.0 M of nitric acid as ehteand NaOH
concentration; 1 10° M.

150.0 ng mt for Co(ll) and 1.0-125.0 ng mifor Cu(ll) in the
initial solution. The equations of the lines areA.26x 10°C
+0.068, A = 6.30x 10°C + 0.041, A = 6.1 10°C + 0.033
and A = 7.40x 10°C + 0.068 for Cd(ll), Ni(ll), Co(ll) and
Cu(ll), respectively, where A is the absorbance and Ces th
concentration of metal ions in ng Tl The regression
coefficients for the lines are 0.9993, 0.9997, 0®%nd
0.9995 for Cd(ll), Ni(ll), Co(ll) and Cu(ll)respectively. The
limit of detection based on g%vas 0.13, 0.32, 0.33 and 0.43
ng mi* for Cd(ll), Ni(ll), Co(ll) and Cu(ll),respectively. The
relative standard deviations (R.S.D) for ten regikc
measurements of 20 ng Tbf Cd(ll), 100 ng mt of Ni(ll),
Co(ll) and 75 ng mt of Cu(ll) were 3.46, 2.43, 2.45 and
3.26%, respectively.

the aqueous phase were determined by flame atomEffect of Foreign lons

absorption spectrometry. The amount of metal ioasléd on
the sorbent phase was calculated by mass balaheereSults
showed that one gram of naphthalene-dithizone sbrivas
able to retain up to 10g of Cd(Il) and 50ug of Ni(ll), 50 ug

of Co(ll), and 5Qug of Cu(ll).

Analytical Performance

Linear calibration graphs were obtained in thegeamf
0.5-75.0 ng mt for Cd(ll), 1.0-150.0 ng ritifor Ni(ll), 1.0-

968

The effect of foreign ions on the recovery of cadm
nickel, cobalt and copper was tested. Different am® of
common ions were added to the test solution coimigi20 ng
ml™ of Cd(11) and 100 ng mfiof Ni(ll), Co(ll), and Cu(ll) and

the developed procedure was applied. The tolerdintits
were determined for a maximum error of +5%. Theultss

presented in Table 1 demonstrate that the commeristiong
ions did not have any significant effect on theasapion and
determination of cadmium, nickel, cobalt and cofpes.
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Table 1. Effect of Foreign lons on the Determination2d Table 2. Determination of Cd(ll), Ni(ll), Co(ll) and Cu(ll)
ng mi of Cd(Il) and 100 ng ritlof Ni(ll), Co(ll) in Black Tea, Tap and Rivertéfs&S8amples
and Cu(ll)

Sample Added Found Recovery

Interfering ion Tolerance limit (ng mM)  (ng miY)? (%)
(mg I") Co - 13:0.1 -

sSQ7, c&*, Mg™, Br, F, CI, I', N&, K* 100 River 25 36+0.1 94

Mn*", Zn’*, Cr**, NO3 50 water 50  6.2+01 98
PE*, COs™ 20 Ni - 1.2+0.1 -

NH,", HPGQ* 10 25 3.7+01 100

Hg™", Bi*", Fe” 1 5.0 63+01 102
Cu - 22.4+0.3 -

25 25.0+0.3 104

APPLICATION 50  27.6+03 104

Cd - 9.2+0.2

The solid phase extraction procedure presented for 1.0 10.3+0.2 110

cadmium, nickel, cobalt and copper ions was appleblack 20 11.3+0.2 105
tea, tap and river water samples. The resultsigemgn Table Tap Co - NDP -

2. In order to estimate the accuracy of the proadhe river water 25 25+0.1 100

water sample was also analyzed by graphite fur@sacmic 50 52+0.1 104
absorption spectrometry (GFAAS). A comparison o€ th Ni ) ND i}

results, presented in Table 3, indicated that theas a good 25 26+0.1 104

agreement between the two methods and there was no 50 52+01 104

significant difference between the results obtainby
performing t-test at 95% confidence limit. Diffeteeimounts
of the investigated metal ions were also spikeavaber, and
tea samples for recovery measurements. In moss,cgeed

Cu - 19.7+0.3 -
2.5 22.0+0.3 92
5.0 246+0.3 98

agreement was obtained between the added and tmaiygte Cd - ND -
content using the recommended procedure. The regcove 1.0 1.0£0.1 100
values were quantitative and show that the predemethod 2.0 2101 105

could be applied to the preconcentration of cadminitkel, Black  Co - 11+£01 -
cobalt and copper ions in black tea, tap and riweter tea 2.5 36£0.1 100
samples. 5.0 6.2+0.1 102

Ni - 15+0.1 -
CONCLUSIONS 2.5 41+0.1 104
5.0 6.5+0.1 100

The results of this work demonstrate the postybitif Cu - 11.9+0.2 -
using dithizone loaded on naphthalene as a sorf@nt 2.5 146+0.2 108
simultaneous preconcentration of Cd(ll), Ni(ll), @p and 5.0 16.7+02 96

Cu(ll) with an enrichment factor of 83.3 fold. Tipeoposed Cd - ND -
sorbent is very economical and easy to preparenfétaod is 1.0 10+0.1 100
highly sensitive and selective for the determinataf trace 2.0 20+0.1 100

amounts of Cd(ll), Ni(ll), Co(ll) and Cu(ll) byldme atomic *X ts /+/1 at 95% confidence (n = SiNot detected.
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Table 3. Comparison of the Results for the DeterminatiorGaf(Il), Ni(ll), Co(ll) and Cu(ll) in River
Water withaphite Furnace Atomic Absorption Spectrometry (BSA

lon Proposed method GFAAS lon Proposed method GFAAS method
(ng mr)? (ng mr)? (ng mr)? (ng mr*)?

co? 1.3+0.1 1.36 +0.2 ci 22.4+0.3 21.6+0.5

Ni%* 1.2+0.1 1.15+0.1 (5| 9.2+0.2 9.5+0.4

%+ ts /+/n at 95% confidence (n=5).

Table 4. Comparison of the Proposed Method with some oMbthods Reported in Literature

Preconcentration DL (ng mlY) Ref.
factor

System Cd Ni Co Cu
Chromosorb 108 80.0 0.24 044 0.25 0.16 [10]
Diaion SP-850 resin 50.0 0.47 - 0.73 0.30 [11]
Cellulose functionalized 90.0 259 161 1.09 0.79 [12]
with 8-hydroxyquinoline
Modified silica gel with 50.0 1.10 290 0.95 1.00 [13]
aminothioamidoanthraquinone
Dithizone loaded on naphthalene 83.3 0.13 032 0.33 0.43 This work

absorption spectrometry. The limits of detectiond an 1388). We also express our sincere gratitude too@chf
preconcentration factors attained for cadmium, elickobalt Pharmacy, Jundishapur Medical University, Ahvazr fo
and copper ions were more favorable than thosertexpdy  allowing us to use their AAS instrument.

Spinola Costaet al. [20] using dithizone loaded on

naphthalene in a batch mode. They reported linfitetection REFERENCES

values of 44, 11, 30, 47 and 11 ng'rfor Zn, Ni, Cd, Pb and

Cu which are higher than those obtained by thiote(0.13, [1] S. Baytak, A. Rehber Turker, Talanta 65 (20053.

0.32, 0.33 and 0.43 ng thifor Cd, Ni, Co and Cu [2] A. Oliva, A. Molinari, F. Zuniga, P. Ponce, Mikrdahn

respectively). A comparison with some of the presiovorks Acta 140 (2002) 201.
is also given in Table 4. The analytical parametegether [3] V.A. Lemos, R. Silva da Franca, B.O. Moreira, Sep.
with the values obtained in the analyzed samplesvstine Purif. Technol. 54 (2007) 349.
usefulness of the method for measuring Cd(ll), INiCo(ll) [4] F. Shakerian, S. Dadfarnia, A.M. Haji Shabanirdnl
and Cu(ll) in black tea, tap and river water sammple Chem. Soc. 6 (2009) 594.

[5] L. Elci, M. Soylak, B. Ozcan, Anal. Lett. 36 ( 2003
ACKNOWLEDGEMENTS 987.

[6] G. Doner, A. Ege, Anal. Chim. Acta 547 (2005) 14.
The authors wish to thank Shahid Chamran Uniwersit[7] X. Zhu, H. Liang, S. Zhao, H. Yan, D. Han, Intdr.
Research Council for financial support of thverk (Grant Environ. Anal. Chem. 88 (2008) 689.

970

WWW.SID.ir


www.SID.ir
www.SID.ir

(8]

[9]

[10]

[15]

Flame Atomic Absorption Spectrometric Determination

G. Khayatian, S. Pouzesh Iran. Chem. Soc. 4 (2007) [16]
490.

V.A. Lemos, A.S. Passos, G.S. Novaes, D.A. Santandl7]
A.L. Carvalho, D.G. Silva, React. Function. Poly. 6

(2007) 573. [18]
M. Tuzen, M. Soylak, M. Elci, L. Anal. Chim. Act8
(2005) 101. [19]

M. Soylak, M. Tuzen, J. Hazard. Mater. B 137 (2006)

1496. [20]
V. Gurnani, A.K. Singh, B. Venkataramani, B. Anal.
Chim. Acta485 (2003) 221. [21]
W. Ngeontae, W. Aeungmaitrepirom, T. Tuntulani,
Talanta 71 (2007) 1075. [22]

E.A. Moawed, M.F. El-Shahat, M.F. React, Funct.
Polym. 66 (2006) 720.
N. Pourreza, H. Barisami, Chem. Ana2 (2007) 597.

(23]

N. Pourreza, H. Zavvar Mousavi, Talanta 64 (2004)
264.

B. Rezaei, S. Meghdadi, N. Majidi,
Acta Part A 67 (2007) 92.

A.P. dos Anjos, L. Cornejo-Ponce, S. Cadore, N.
Baccan, Talanta 71 (2007) 1252.

B. Rezaei, E. Sadeghi, S. Meghdadi, J. Hazard. iMate
168 (2007) 787.

A.M.H. Shabani, S. Dadfarnia, N. Nasirizach, M.R.
Shishebore, J. Anal. Chem. 62 (2007) 46.

A.C. Spinola Costa, L. Lopes, M.D.G.A. Korn, J.G.
Portela, J. Brazil. Chem. Soc. 13 (2002) 674.

A. Vogel, A Textbook of Quantitative Inorganic

Analysis 3 ed., Longman, London, 1975, p. 415.

K. Burger, Organic Reagents in Metal Analysis,
Pergamon Press, Toronto, Canada, 1973, p. 119.

Spectiatha

971

WWW.SID.ir


www.SID.ir
www.SID.ir

