Journal of
Hazardous

Materials

www.elsevier.com/locate/jhazmat

ELSEVIER Journal of Hazardous Materials B129 (2006) 130—136

Determination of lead and nickel in environmental samples by flame
atomic absorption spectrometry after column solid-phase
extraction on Ambersorb-572 with EDTA

Sitki Baytal, A. Rehber Tirker*

@ Department of Chemistry, Faculty of Science and Arts, Harran University, 63100 Sanlwrfa, Turkey
b Department of Chemistry, Faculty of Science and Arts, Gazi University, 06500 Ankara, Turkey

Received 30 June 2005; received in revised form 17 August 2005; accepted 19 August 2005
Available online 28 September 2005

Abstract

Lead and nickel were preconcentrated as their ethylenediaminetetraacedic acid (EDTA) complexes from aqueous sample solutions using
column containing Ambersorb-572 and determined by flame atomic absorption spectrometry (FAAS). pH values, amount of solid phase, elutior
solution and flow rate of sample solution have been optimized in order to obtain quantitative recovery of the analytes. The effect of interfering ions
on the recovery of the analytes has also been investigated. The recoveries of Pb and Ni under the optimum conditiogs2nemd 9%- 3%,
respectively, at 95% confidence level. Seventy-five-fold (using 750 mL of sample solution and 10 mL of eluent) and 50-fold (using 500 mL of
sample solution and 10 mL of eluent) preconcentration was obtained for Pb and Ni, respectively. Time of analysis is about 4.5 h (for obtaining
enrichment factor of 75). By applying these enrichment factors, the analytical detection limits of Pb and Ni were found as 3.65 and 142 ng mL
respectively. The capacity of the sorbent was found as 0.17 and 0.21 mhiot db and Ni, respectively. The interferences of some cations, such
as Mrt*, Co*, Fe, AI3*, Zr?*, CB*, Ca*, Mg?*, K* and N4 usually present in water samples were also studied. This procedure was applied to
the determination of lead and nickel in parsley, green onion, sea water and waste water samples. The accuracy of the procedure was checked
determining Pb and Ni in standard reference tea leaves sample (GBW-07605). The results demonstrated good agreement with the certified valu
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction presents cumulative effect and if people maintain contact with
lead for a long time, it could cause hazard for health even if
Since 1980s, mainly because of the decreasing use of leadéds in small concentrations. Lead contamination of foodstuffs
gasoline, exposure to lead has decreased dramatjthlfiow-  and waters caused harmful effects on human health. The plants
ever, in several countries lead exposure remains a considezan absorb lead from the sall, fertilizers and air accumulating
able public health problem. Exposure to lead mainly occurst in the tissue, thus it can reach the food chain of human. It
orally through food and water. Additional exposure may occurdecreased enzymatic activities and kidney functions and also
via contamination from soldered tin cans, lead-glazed glass arauses neuromuscular difficulti€?]. There are legal restric-
lead-painted glassware. In some countries, there may be cotiens concerning lead releasing to on the environmental samples
siderable exposure through drinking water by contaminationgn many countries. When vegetables and fruits were produced
from lead pipe$l]. Lead enters surface water from atmosphericaround industrial zone or when intensive use of fertilizers was
fallout, run-off or wastewater. Most of the lead contaminationemployed to improve productivity, the monitoring of lead con-
taminations become important.
Nickel is widely used in electroplating, in the manufacture
- , _of Ni-Cd batteries, in rods for arc welding, in pigments for
* A part of this work was presented at the 4th Agean Analytical Chemistry __. . . . . . .
Days, 29 September—3 October 2004, Kds, Turkey. paints, in ceramics, insurgical and dentgl prostheses, in mag_nenc
* Corresponding author. Fax: +90 312 2122279. tapes and computer components and in nickel catalysts. Nickel
E-mail address: aturker@gazi.edu.tr (A.R.{Fker). enters waters from dissolution of rocks and soils, from biological
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cycles, from atmospheric fallout, especially from industrial pro-solid-phase extractor for the separation and preconcentration
cesses and waste dispodg!l Nickel was thought be essential to of Pb and Ni was investigated. The results showed that the ana-
plants and some domestic animi@@§ but not considered to be a lytes were easily retained in the form of metal-EDTA complexes
metal of biological importance until 1975, when Zerner discov-on Ambersorb-572 resin from acidic aqueous solution. The pro-
ered that urease was a nickel enzyish®]. Nickel is essential posed method was successfully applied to the analysis of various
constituentin plant urea$g]. Urease-rich legumes such as jack water and biological samples.

beans and soybeans generally contain high nickel concentrations

[1]. Compared with other transition metals, nickel is a mod-2. Experimental

erately toxic element. However, it is known that inhalation of

nickel and its compounds can lead to serious problems, includ-1- Apparatus

ing cancer of the respiratory systd6]. Moreover, nickel can
cause a skin disorder known as nickel-eczdifja Therefore,

it is necessary and important to develop sensitive methods f
determining nickel in environmental, biological and food sam-
ples.

A Varian GTA—97 Spectra AA 250 Plus atomic absorption
Sgpectrometer equipped with deuterium lamp background correc-
tor was used for the analysis under the conditions suggested by
the manufacturer. The instrumental parameters were as follows:

To assure that foods quality concerning trace metal contam¥@velength, 217.0 ar.1d 232.0nm; bandpass, 1.0and 0.2 nm; lamp
ination, food samples should be periodically analyzed. WhefU'Tent, 5 and 4mA; fuel flow rate, 2 and 2 L mih for lead

vegetables and fruits were produced around industrial zone @1d nickel, respectively. All pH measurements were performed

when intensive use of fertilizers was employed to improve proWith @ CRISON 20 model digital pH meter.

ductivity the monitoring of trace metal contamination become 2 R
important. Therefore, it is of importance to develop sensitive’> Reagents

me.thods for determining trace metals in environmental and bio- Doubly distilled deionized water and analytical reagent grade
logical Samplg$8]. : . . . chemicals were used unless otherwise specified. The labora-

Lead and nickel could be determined directly in various Samiory glassware was kept overnight in a 5% nitric acid. After
ples by inductively coupled plasma atomic emission spectromet-hat it was rinsed thoroughly with water and dried. Lead and
try (ICP-AES) or electrothermal atomic absorption Spedmmet%ickel stock solutions (1000 mgt) were prepared by dis-
(ETAAS), which usually have a sufficiently low detection limit. olving the appropriate amounts of Pb()® (Merck) and
Flame atomic absorption spectrometry (FAAS) available in mos i(NO3)2-6H20 (Merck), respectively. Working solutions of the
laboratories relatively simple, cheap and normally less subje% ' i

. etal ions were prepared by suitable dilution of the stock solu-
to |nterferer_1ce§ than ICP-AES or ETAAS’ can also be used fo{ions. 0.01 mol ! ethylenediaminetetraacedic acid disodium
the determination of Pb and Ni. But, it requires the use of

&alt dihydrad (EDTA) (GoH14N2NapOg-2H,0) solution was

enrichment and/or separation step in order to improve detecﬁrepared by dissolving 0.9306 g of EDTA in 250 mL of water.
tion limit and selectivity. For this purpose, many enrichmentOne mole per liter HN@, 2 mol L2 HNO3, 1 mol L~ HCl and

methods have been proposed and used to separate and PreCO ol L-1 HCl solutions were prepared by dilution from concen-

centrate trace elements, according to nature of the sampleﬁate solutions. Ambersorb-572 (Aldrich Chem., 1100gnt)
the concentration of the analytes and the measurement tecW—as used after washing in methanol, 1 moHHCI, 1 mol L

niques[9]. Coprecipitatior{10], liquid-liquid extraction/11], HNOs3 and water, respectively. After that, it was dried about 4 h
cloud-point extractionf12], ion-changg13], flotation[14] and at 60°C in an ovén '

solid-phase extraction (SPHE)p] are well-known procedures for

the preconcentration and separation. SPE is the most effective; 1. preparation

multi-element preconcentration method because of its simplic-

ity, rapidity and ability to attain a high enrichment factors. p glass column (150 mm length and 8 mm i.d.) with a glass-
Therefore, the use of solid-phase extraction for the preconcefgoo| over its stopcock was used as a mini column. A total
tration and separation of trace metals from various matrices haw§f 300 mg of Ambersob-572 resin was slurried in water and
recently increased. For this purpose, silicg{§6], activated car-  then placed into the column. A small amount of glass-wool was
bon[17], Amberlite XAD resins[18-20] Chromosorb resins placed on top to avoid disturbance the adsorbent during sam-
[21] and Ambersorb-57222,23] have been used as a solid- ple passage. The column was preconditioned by passing a blank
phase materials. However, in general, these materials have pog#|ution having same pH with the sample solution prior to use.
selectivity and sensitivity without using complexing agent or after each use, the resin in the column was washed with dilute

without modifying their surfaces with an appropriate ligand. If | and with water, respectively, and stored in water for the next
a complexing agent was used before extraction, high sensitivxperiment.

ity and selectivity maybe obtained. Keimler and Tirker used
EDTA for Fe, 1,10-phenanthroline for Zn and Mn and 1-nitroso-2.4. General procedure for the sorption of lead and nickel
2-naphthol-3,6-disulphonic acid for Cu and Cd as a complexingy the column
agent{22-24]

In the present study, EDTA was used as a complexing The performance of the column preconcentration method
agent and the feasibility of using Ambersorb-572 resin as avas investigated with the synthetic sample solution before its
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application to the real samples. A total of 100 mL synthetic sam3. Results and discussion
ple solution containing 3Qg of Pb and 3Q.g of Ni was taken
and 1mL of 0.01 molE! EDTA was added. The pH of the 3.1. Optimization of the column conditions
solution was adjusted to the optimum value determined experi-
mentally (pH 2) with hydrochloric acid. The resulting solution  The optimum sorption and desorption properties of
was passed through the preconditioned column by a flow ratAmbersorp-572 resin for Pb and Niwere found by using the col-
adjusted to the optimum value determined experimentally (caumn technique. Because quantitative recovery was not obtained
3mLmin~1). The retained metal ions were then eluted fromfor the analytes without using a chelating agent in our prelim-
the solid phase with 10 mL of 1 moH! HNOs solution. This  inary experiments (<50%), EDTA was used as chelating agent
solution was aspirated into an air—acetylene flame for the deteby taking into the results obtained by Rf2] for subsequent
mination of Pb and Ni by FAAS. The Ambersorb-572 was usedexperiments. First, the effect of sample pH, amount of adsor-
repeatedly (up to 50) after washing with 1 molLsolution and  bent, type and volume of elution solution, flow rate of sample
distilled water, respectively. solution, and volume of sample solution on the recovery of the
analytes have been investigated.
2.5. Preparation of samples
3.1.1. Effect of pH
In order to check the accuracy of the proposed method certi- The effect of sample pH on the recovery of the analytes has
fied reference material, tea leaves (GBW-07605), was used. Aseen investigated. For that purpose, the pH values of synthetic
real samples, water (sea water and waste water) and vegetalsi@mple solutions (Secti¢h4) were adjusted to a range of 2-10
(parsley and green onion) samples have been collected. Certifiggith HCl or NHs. As can be seen frofig. 1, quantitative recov-
reference material and samples have been prepared as followsry (>95%) was found in the pH range of 2—6 for both analytes.
Since a wide range of pH is suitable for the preconcentration
2.5.1. Dissolution of tea leaves of the analytes, the use of buffer solutions were avoided. This
A portion (0.4 g) of standard reference tea leaves (GBWminimizes a possible reduction in analytical sensitivity and inter-
07605) was taken in a 250 mL PTFE beaker. The sample wagrences due to the buffer species.
dissolved according to the method described in the previous
study[25]. For dissolution, a minimal volume of 0.05mott  3.7.2. Effect of the amount of adsorbent
nitric acid was added to moisten the sample thoroughly, followed The effect of amount of adsorbent on the recovery of the
by 10 mL of concentrated nitric acid. The beaker was heated oanalytes was investigated in the range of 50-500 mg by using
a hot plate at about 13810°C for 3 h. After cooling to room  synthetic sample solution (Secti@m). It was found that above
temperature, 3 mL hydrogen peroxide was added drop wise. Tr&0 mg of adsorbent the recovery of analytes was gradually
beaker was heated until complete decomposition of the samplgcreased, but about 300 mg of adsorbent reached a plateau.
The resulting solution was transferred into 100 mL volumetricTherefore, 300 mg of adsorbent was found to be optimum of
flask by washing the interior of the beaker with small portionsall preconcentration purposes.
of 0.05 mol L= nitric acid, and the solution was diluted to the

mark with 0.05 mol -* nitric acid. 3.1.3. Effect of the type and volume of elution solutions

The effect of the kind and concentration of the eluent for
2.5.2. Dissolution of vegetable (parsley and green onion) elution of the analytes from Ambersorb-572 column was studied.
samples

Parsley and green onion samples were collected in gar- 100 -
den from S@nliurfa. Firstly, the samples were cleaned with tap

water and double distilled water, respectively. Then, the samples 90
were dried at 110C. Vegetable samples (0.4 g) were dissolved
according to the procedure given above for tea leaves. 80
o\“: —+—TPb
2.5.3. Preparation of water (sea water and sewage water) o 70 e
samples —
The surface sea water samples were taken from Mediter- 60 1

ranean Sealskenderun, Turkey. Waste water samples were
collected from the sewage ira8liurfa, Turkey. The water sam-
ples were filter first through the ordinary filter paper in order

to separate coarse particles and suspended matter. Then, they
were immediately filtered through a Millipore cellulose nitrate pH

membrane (pore size 0.48n), acidified to pH 2 with HN@and _ _

. . . ig. 1. The effect of pH on the recovery of Pb and Ni (amount of adsorbent:
stored in polyethylene bottles previously cleaned with detergengoo mg, volume of sample solution: 100 mL, amount of Ni and Plx@@helat-
tap water, double distilled water, and dilute nitric acid, respecing agent: 1 mL of 0.01 mol t* EDTA, eluent: 10 mL of 1 mol £ HNO3, flow
tively, for further use. rate: 3mL min%).

50 4

40 T T T T 1
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Table 1 3.1.5. Effect of the volume of sample solutions
The effect of the type and volume of elution solutions on the recovery of analytes  |n order to obtain higher preconcentration factor, the ratio of
Element  Typeofeluion Volume  Concentration  Recovery sample to eluent volumes should be increased by lowering the

solution (mL) (molL~1) (%) eluent volume and/or increasing the sample volume. Therefore,
Pb HCl 5 1 76 the maximum applicable sample solution was investigated by
10 1 88 using increasing volume of metal ion solution and keeping the
HNOs 5 1 82 total amount of metal ions constant at8g. Fifty, 100, 250,

10 1 99 500, 750 and 1000 mL of sample solutions containing 0.1, 0.30,

Ni Hel 5 1 73 0.12, 0.06, 0.04 and 0.&ymL~! of both ions, respectively,
10 1 87 were passed through the column. It was found that the dilution
HNO 5 1 28 effect was not significant for the sample volumes up to 750 mL

: 10 1 97 for Pb and 500 mL for NiFig. 2). At higher sample volumes,

the recoveries decreased gradually with increasing volume of
sample solution. Because of the elution volume was 10mL, a

preconcentration factor was obtained 75 for Pb and 50 for Ni by
Lead and nickel retained on the adsorbent were eluted usingssuming 100% recovery.

various acid solutions. For this purpose, 5and 10 mL of HCl and
HNO3 were examined as eluents. As can be seenfrable 1 3 7.6 Effect of interfering ions
10mL of 1 mol L~ HNO3 was found to be satisfactory for Pb | order to investigate the effect of the interfering ions,

a8 Mean of three determinations.

and Ni (recovery > 95%). alkaline and alkaline earth elements were added to the syn-
thetic sample containing analytes. The interfering elements were
3.1.4. Effect of flow rate of sample solutions added to the solution as their nitrate or chloride salts. The

The retention of analytes on an adsorbent depends upon tiwencentration of Pb and Ni is fixed at u8 mL~ and the con-
flow rate of sample solution was examined under optimum coneentration of interfering metal ions were adjusted in a range
ditions (pH, eluent type, etc.) by using synthetic sample solutiorf 0.5-15,00G.g mL~L. The results were given ifiable 2 As
(Section2.4). The solution was passed through the column withcan be seen in the table, no effect on the recovery of the inves-
the flow rates adjusted in a range of 1-6 mL minThe opti-  tigated metal ions was found from N&10,000ug mL~1), K*
mum flow rate was found as 3mL mififor Pband 4 mLmin!  and M¢* (500ng mL™1), C&* (100g mL~1) and AR*, Zn?*,
for Ni. The flow rate of elution solution used was 3mLmin ~ Co?*, Mn?* and Cd* (50.g mL™1).

Table 2
The effect of some ions on the recovery of Pb and Ni (pH 2; eluent, 10 mL of 1 mMaHNO3; flow rate of sample, 3 mL mint; sample volume, 100 mL; amount
of Pb and Ni, 3Gug)

Interfering ions Concentration (mgi) R (%)? Interfering ions Concentration (mgit) R (%)?
Pb Ni Pb Ni
Na* - 99 97 K - 99 97
10 99 97 5 99 97
100 99 97 10 99 97
1000 98 96 50 98 96
10000 97 96 500 98 96
Mg?* - 99 97 ca* - 99 97
10 99 97 10 99 97
100 98 97 50 98 96
500 97 96 100 97 96
AIZ* - 99 97 Fé* - 99 98
5 99 97 5 99 99
10 99 96 10 97 98
50 98 96 50 96 97
zn?* - 99 97 cé* - 99 97
5 98 97 5 99 97
10 97 96 10 98 96
50 97 96 50 98 95
Mn2* - 99 97 cd* - 99 97
5 98 97 5 99 97
10 98 97 10 98 96
50 97 96 50 97 96

2 Mean of three determinations.
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100 Table 3
Precision of the meth@dpH 2; eluent, 10 mL of 1 mol £ HNOs; flow rate of

il ) .
95 sample, 3mL min-~; sample volume, 100 mL; amount of Pb and Ni,3f)

Element R+ ts//N (%) R.S.D. (%)

90
Pb 9942 2

Ni 97+3 2

85 1

—=h a Mean of five determinations at 95% confidence level.

R, %

80 1
precision of the method is satisfactory. The relative standard

75 1 deviation of recovery was about 2% € 5).
The limit of detection (LOD) was also studied. Fifty
70 1 milliliters of blank solution (absorbance below 0.001) was
passed through the column under the optimum conditions deter-
65 . w : w mined and retained lead and nickel was eluted by again 50 mL of
H 20 2t LS Loy 1 mol L~ HNOg. This solution was used for the determination
VBl oH Satigle ED B0 A of LOD. The instrumental detection limit based on three times
Fig. 2. Effect of sample volume on the recovery. the standard deviation of the blank signal (LGLBo/m, N = 20,
wherem is the slope of calibration curve ands the number of
3.2. Sorption capacity of the resin replicates) was 274g L~ for lead and 7Jug L2 for nickel.
The analytical detection limits were calculated by dividing the
The maximum amount of the elements retained on the columimstrumental detection limits by the enrichment factor (in this
was determined by passing growing concentration of the anastudy 75 for Pb and 50 for N[R7]. It may be concluded that by
lytes through the column. The capacity study used was adaptegpplying an enrichment factor of 75 and 50, the analytical detec-
from that recommended by Maquieira et j@16]. Twenty-five  tion limits were 3.65 and 1.42g L~ for lead and for nickel can
milliliters of solution containing lead and nickel at concentra-be obtained.
tions in the range of 5-80 mgl! was treated by using general
column preconcentration procedure under optimum conditions.4. Validation of the method
determined before. But, 25 mL of elution solution was used in
these capacity studies. The amount of lead and nickel adsorbed Certified reference material (tea leaves GBW-07605) were
at each concentration level was determined from the followingused for the validation of the proposed method. The results were

equation: compared with the certified values usirtgst at 95% confidence
eV level (Table 4. Good agreement was obtained between the esti-
C= ; mated content found by the proposed method and the certified

values for Pb and Ni. The difference between the certified values
i and found values are less than the uncertainty resulted in random
grams per gram of sorbewtthe concentration of analyte eluted, oqq at 9504 confidence level. The results also indicate that the
in micrograms per milliliter of eluenty’ the volume of solu- developed preconcentration method for Pb and Ni is not affected

tion, in milliliters, andm is the mass of sorbent, in grams. y,, ytential interferences from the major matrix elements of the
The breakthrough curve was obtained by plotting the lead angnalyzed plant and alloy samples

nickel concentrationy(g mL~1) in solution versus the amount
of lead and nickel adsorbed per gram of sorb@mi@1). The 3.5. Application
breakthrough capacity of lead and nickel evaluated from the
breakthrough plot was 0.17 and 0.21 mmbotgrespectively.

whereC is the amount of adsorbed lead and nickel, in micro-

The proposed method was applied to the analysis of water
samples collected from Mediterranean Sskenderun, Turkey,
waste water samples collected from the sewageanli8rfa,
Turkey, and vegetable samples collected framligurfa, Turkey.

The analytical performances Of, .the propqsed method WE%he concentration of the analytes in the samples was below the
evaluated under the optimum conditions mentioned above (pH 2,

chelating agent: 1 mL of 0.01 mol! EDTA, elution solution: T

21 ) . able 4
10mL of 1molL™* HNO;, flow rate of sample: 3mLmin',  petermination of lead and nickel in tea leaves (GBW 07605)
volume of sample: 100 mL). For determining the precision of
the method, the general procedure was performed successivel
by using synthetic sample solution (Sectidd) and lead and
nickel were determined in the elution solution by FAAS. The
mean recovery for five determinations at the 95% confidenc&BW 07605  Pb 4402  4.2£02 -6
level was 99t 2 and 97+ 3%, respectively. As can be seen from Ni 46+£03  44+£04 -2
Table 3 the recoveries of the analytes are about 97-99% and the* Mean of five determinations at 95% confidence level.

3.3. Analytical parameters

9mple Element Concentrationg g—1) Relative
error (%)

Certified Found, x + ts/v/N
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Table 5
Determination of Pb and Ni in parsley and green onion
Sample Element Added Found (ngg1), Relative
(ngg™b) x+1s//N error (%)
Parsley Pb - 4% 1 -
50 89+ 2 -3
Ni - 11.0+ 05 -
10 20+ 1 -5
Green onion Pb - 13.2 0.7 -
10 22+ 2 -5
Ni - 524+ 0.3 -
10 14.6+ 0.9 —4
2 Mean of five determinations at 95% confidence level.
Table 6
Determination of Pb and Ni in waste water and sea water
Sample Element Added Found (pgL™1), Relative
(ngL™h x+1s/v/N error (%)
Waste water Pb - 261 -
20 44+ 2 -4
Ni - 14+ 1 -
20 33+ 2 -3
Sea water Pb - 8.6 0.2 -
20 272+ 05 -5
Ni - 444 0.3 -
20 23.84+ 0.7 -3

2 Mean of five determinations at 95% confidence level.

detection limit of the method, as there was no spiking in the
samples, the metallic ions could not be detected. In order to

pH range (2-6), no buffer is required to control the pH values
precisely, which minimizes contamination. The preconcentra-
tion technique used in this work is not only convenient, but
also simple and the duration of preconcentration step is about
40 min including regeneration of sorbent for 100 mL of sample
solution.

This method could be combined with other methods of anal-
ysis, such as ICP-AES, ICP-MS and electroanalytical methods,
and used as an on-line preconcentration system.
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