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ABSTRACT 

Multi-Walled carbon nanotubes are used as preconcentrating probes for the quantitative determination of trace cadmium, 
copper and lead in environmental and biological sample using graphite Furnace Atomic Absorption Spectrometry and 
inductively coupled Plasma Optical Emission spectrometry. The method is based on the electrostatic interactions of 
positively charged Cd+, Cu+ and Pb+ with the negatively charged multi-walled carbon nanotubes (MWCNTs) for the 
preconcentration and isolation of analytes from sample solutions. Effective preconcentration of trace cadmium, copper 
and lead was achieved in a pH range of 5 - 7, 5 - 7 and 4 - 7, respectively. The retained cadmium, copper and lead were 
efficiently eluted with 0.3 mol·L−1 HCl for graphite Furnace Atomic Absorption Spectrometry determination. The 
multi-walled carbon nanotubes packed micro-column exhibited fairly fast kinetics for the adsorption of cadmium, cop- 
per and lead, permitting the use of high sample flow rates up to at least 3 mL·min−1 for the flow injection on mi- 
cro-column preconcentration without the loss of the retention efficiency. The detection limits (3σ) were 0.03, 0.01 and 
0.5 ng·mL−1 for Cd, Cu and Pb, respectively. The relative standard deviation under optimum condition is less than 2.9% 
(n = 10). The developed method was successfully applied to the determination of trace Cd, Cu and Pb in a variety of 
environmental and biological samples. 
 
Keywords: Multi-Walled Carbon Nanotubes; Graphite Furnace Atomic Absorption Spectrometry; Inductively Coupled 

Plasma Optical Emission Spectrometry 

1. Introduction 

Graphite furnace atomic absorption spectrometry (GF- 
AAS) still continues to be one of most attractive ap- 
proaches for trace element analysis in most laboratories 
due to its relatively low operational and instrumental 
costs, easy operation, and low sample throughput. How- 
ever, direct GF-AAS determination of trace amounts of 
elements is usually difficult owing to its insufficient de- 
tection power. For this reason, the preliminary separation 
and preconcentration of trace elements from matrix is 
often required [1]. The majority of works published on 
flow injection (FI) on-line preconcentration for graphite 
furnace atomic absorption spectrometry (GF-AAS) has 
been executed with packed columns either by ion ex- 
change or by adsorption [2]. Although CNTs have been 
proved to possess great potential applications in envi- 
ronmental protection by some investigators; the studies 
on the adsorption of trace pollutants with CNTs are still  

limited in the literature. The purpose of the present work 
is to assess the feasibility of the use of multi-walled car- 
bon nanotubes as an adsorbent for determination of the 
trace elements Cd, Cu and Pb in environmental and bio- 
logical samples with GF-AAS. 

Multi-Walled carbon nanotubes have great potential as 
effective solid phase adsorbent for chelates, metal ions, 
organic compounds and organometallic compounds. This 
can be divided into single-walled carbon nanotubes 
(SWCNTs) and multi-walled carbon nanotubes (MWCNTs) 
according to the carbon atom layers in the wall of the 
nanotubes. Recently, functionalized carbon nanotubes 
have attracted more and more attention because of their 
interesting capabilities in different applications. When 
these materials are treated with the mixture of acids 
H2SO4 and HNO3, some of their physical properties can 
be changed, owing to the carboxyl group is partially in- 
duced at the sidewall of CNT, where the presence of oxy- 
genated functional groups is the starting point for binding  
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with a positive species [3-8].  
Atomic Emission Spectroscopy (ICP-AES) [9] is one 

of several techniques available in analytical atomic spec- 
troscopy [10]. ICP-AES utilizes plasma as the atomiza- 
tion and excitation source [10]. A plasma is an electri- 
cally neutral, highly ionized gas that consists of ions, 
electrons, and atoms [10]. ICP-OES has additional [11] 
advantages over the other techniques in terms of detec- 
tion limits as well as speed of analysis. In ICP-OES sam- 
ple experiences temperatures estimated to be in the vicin- 
ity of 10,000 K. This results in atomization and excita- 
tion of even most refractory elements with high effi- 
ciency so that detection limits for these elements with 
ICP-OES can be well over and order of magnitude better 
than the corresponding values of other techniques. The 
limit of quantitation values of most of the elements in 
ICP-OES in parts per million and even parts per billion. 
In number of analytical applications speed can be an im- 
portant factor. Those advocating simultaneous ICP-OES 
regard it as the only method worth considering for this 
task because so much analyses sample in minutes is only 
fast enough if the sample preparation time takes only a 
few minutes [12,13]. 

Inductively Coupled Plasma-Atomic Emission Spec- 
trometry (ICP-AES) is one of the most common tech- 
niques for elemental analysis. Its high specificity, multi- 
element capability and good detection limits result in the 
use of the technique in a large variety of applications 
[14]. All kinds of dissolved samples can be analyzed, 
varying from solutions containing high salt concentra- 
tions to diluted acids [14]. 

2. Experimental 

2.1. Instrumentation 

The measurements are performed using graphite furnace 
atomic absorption spectrometry (VARIO6, Analytik Jena). 
Hollow cathode lamps were used as the radiation sources 
and the operating parameters for GF-AAS are summa- 
rized in Table 1. A microwave digestion system was 
employed to digest the samples used for the validation of 
the developed method.  

2.2. Reagents 

All reagents were analytical grade. All metal solutions 
(1000 mg·L−1) were purchased from MERCK for Certi- 
fied Reference Materials. The working solutions were 
prepared by series dilution of stock solutions immedi- 
ately prior to their use. Doubly de-ionized water (DDW, 
18 MΩ·cm−1) obtained from a Millipore system was used 
throughout the experiments. Multi-wall carbon nanotubes 
were used as sorbent: main range of diameter, 20 - 40 nm; 

Table 1. The instrumental operating conditions of GF-AAS. 

Parameters Cd Cu Pb 

Drying (˚C) 90 (30 s) 120 (30 s) 190 (20 s)

Ashing (˚C) 600 (30 s) 600 (30 s) 600 (20 s)

Atomization (˚C) 2200 (4 s) 2700 (10 s) 2300 (5 s)

Cleaning (˚C) 2300 (4 s) 2800 (3 s) 2400 (5 s)

Light source HCL HCL HCL 

Wavelength (nm) 228.8 324.8 217 

Lamp current (mA) 4 3 8 

Slit width (nm) 0.8 0.8 0.5 

 
length, 1 - 2 μm; special surface area, 40 - 300 m2·g−1.  

2.3. Column Procedure 

The preconcentration micro-column was made from a 
PTFE tube with effective length of 2 cm and inner di- 
ameter 3 mm. Next, 50 mg of multi-walled carbon nano- 
tubes were packed into the micro-column. The mi- 
cro-column plugged with a small portion of glass wool at 
both ends. Before use, 0.5 mol−1 HCL and doubly dis- 
tilled deionized water successively passed through the 
micro-column in order to equilibrate, clean and neutral- 
ize it. A suitable aliquot of the sample solution contain- 
ing 1.0 μg·mL−1 of Cd (II), Cu (II) and Pb (II) in a vol- 
ume of 50 ml was passed through the column after ad- 
justing its pH to 6.0, at a flow rate of 3.0 ml·min−1 con- 
trolled with a peristaltic pump. The bound metal ions 
were stripped off from the column with 0.1 mol HCl. The 
concentration of the metal ions in the elute was deter- 
mined by GF-AAS. 

2.4. Sample Preparation 

River Nile water samples were collected and filtered 
through a 0.45 μm PTFE Millipore filter and acidified to 
a pH of about 1 with concentrated HCL prior to storage 
for use. The sediment samples from the River Nile were 
dissolved by adding HF, HNO3 and HClO4 to 1 g sample 
in closed vessel microwave system. The following certi- 
fied reference materials were analyzed to check the ac- 
curacy of the developed method: Bovine liver 15776, 
Rice flour 1568a, GBW 07601 (human hair) and Fresh 
water SRM 1643d. The standard reference material was 
dissolved by adding HNO3 to 1 g sample in closed vessel 
microwave system (Myleston Mega 1200). 

3. Results and Discussion 

The adsorption of trace metals on MWCNTs depend on  
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some parameters as, which must be adjusted before the 
analysis. These parameters are: 

3.1. Effect of pH  

The pH value plays an important role with respect to the 
adsorption of different ions on MWCNTs. The effect of 
the pH of the sample solution was evaluated using 10 
μg·L−1 Cd (II), 10 μg·L−1 Cu (II) and 10 μg·L−1 Pb (II) in 
a pH range of 1 - 10. The results are shown in Figure 1. 
The optimum pH of the sample solution was in the range 
from 5 to 7. Therefore an average of a pH of 6 was se-
lected in further experiments.  

3.2. Effect of Shaking Time 

Different shaking time (rang from 10 - 60 min) was stud-
ied for the percentage extraction of Cd (II), Cu (II) and 
Pb (II) by MWCNTs. The results showed that it took 
only 15, 18 and 20 min for Cd (II), Cu (II) and Pb (II) to 
reach maximum recovery (>90%), respectively, which 
indicated that, the equilibrium process is very fast. 

3.3. Effect of Flow Rate 

The flow rate of the sample solution affects the retention 
of cations on the adsorbent and the duration of complete 
analysis. Therefore, the effect of the flow rate of sample 
solution was examined under the optimum conditions 
(pH, eluent, etc.) by passing 50 ml of sample solution 
through the micro-column with a peristaltic pump. The 
flow rates were adjusted in rang of 1 - 5 ml·min−1. It was 
found that the retention of the studied ions was practi-
cally not changed up to 3 ml·min−1 flow rate. The recov-
eries of analytes decrease slightly when the flow rate is 
over 3 ml·min−1. Thus, a flow rate of 3 ml·min−1 is em-
ployed in this work. 
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Figure 1. Effect of pH on adsorption of 10 μg·L−1 Cd (II), 
Cu (II) and Pb (II) on MWCNTs (shaking time 20 min, tem-
perature 27˚C). 

3.4. Effect of Eluent Concentration, Maximum 
Sample Volume and Enrichment Factor 

The eluent concentration was studied by using various 
concentrations and volumes HCl for adsorptions of re- 
tained Cd (II), Cu (II) and Pb (II). The obtained results 
are shown in Table 2. It was found that 2 ml of 0.3 
mol·L−1 HCl was sufficient for complete elution for these 
ions. Therefore, 2 ml of 0.3 mol·L−1 HCl was used as 
eluent in further experiments. 

In order to explore the possibility of enriching low 
concentrations of analytes from large volume of solution, 
the effect of sample volume on the retention of metal 
ions was also investigated. For this purpose, 50, 100, 150, 
200, 250 and 300 ml of sample solutions containing 1 
μg·ml−1 of Cd (II), Cu (II) and Pb (II) were passed 
through the micro-column at the optimum flow rate. 
Quantitative recovery (>98%) of Cd (II), Cu (II) and Pb 
(II) was obtained for sample volume of 150 ml and at 
higher volume percent of recovery decreased. Therefore, 
150 ml of sample solution was adopted for the precon- 
centration of analytes from sample solutions. The ad- 
sorbed metal ions could be eluted with 2 ml 0.3 mol·L−1 
HCl, so the enrichment factor achieved by this method 
was 150. 

3.5. Effects of Coexisting Ions  

The effects of common coexisting ions on the absorp- 
tion of Cd (II), Cu (II) and Pb (II) on MWCNTs were 
investigated. In these experiments, solutions of 1 μg·L−1 
of Cd (II), Cu (II) and Pb (II) containing the added inter- 
fering ions were treated according to the recommended 
procedure. The tolerance limit was set as the amount of 
ions causing recoveries of the examined elements to be 
less than 90%. The results showed that in excess of 1000- 
fold K (I), Na (I), Ca (II), 50-fold Fe (III), Co (II), Cr (III) 
and 30-fold Mn (II), Ni (II), Zn (II), Hg (II) ions had no 
significant interferences in the determination of the ana-
lytes. This is due to the low adsorbing capacity or rates 
for interfering ions. It can be seen that the presence of 
major cations has no obvious influences on the deter- 
mination of traces of Cd (II), Cu (II) and Pb (II) in the 

 
Table 2. Eluent data (%) for Cd (II), Cu (II) and Pb (II) ad- 
sorbed on MWCNTs (Eluent volume 2 ml). 

Eluent  
(HCl mol·L−1)

0.1 0.2 0.3 0.4 0.5 1 

Cd 82.85 95.98 99.35 99.48 98.64 98.11

Cu 89.28 94.87 99.16 98.65 98.76 98.35

Pb 86.17 95.69 99.42 98.51 98.75 101.52
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environmental and biological studied samples.  

3.6. Analytical Precision and Detection Limits 

Under the selected conditions, the standard solutions 
were enriched and analyzed following the general pro- 
cedure. The detection limits (3σ) were found to be 0.03, 
0.01, 0.5 ng·ml−1 for Cd (II), Cu (II) and Pb (II), respec- 
tively. The relative standard deviation (RSD) of the eight 
replicate determinations were lower by 1.9%, which in- 
dicated that the method had good precision for the analy- 
sis of trace Cd (II), Cu (II) and Pb (II) in solution sam- 
ples. 

3.7. Application of the Method 

The proposed method has been applied to the determina- 
tion of trace Cd (II), Cu (II) and Pb (II) in standard ref- 
erence material (Bovine liver 1577b, Organics in Freeze- 
Dried Mussel Tissue (Mytilus edulis) 2974, Human hair 
GBW07601, Rice flour 1568a, Fresh water 1643d and 
Lake sediment IAEA-SL-1) and River Nile water, sedi- 
ment samples. The results were listed in Tables 3-5. The 
analytical results for the standard reference material were 
in good agreement with the certified values. For the 
analysis of natural River Nile water and sediment the 
GF-AAS and ICP-OES were used for the determination 
of traces Cd (II), Cu (II) and Pb (II). According to the 
results which are shown in Tables 5 and 6, the results 
showed an agreement between GF-AAS and ICP-OES.  

 
Table 3. Analysis results for determination of Cd (II), Cu 
(II) and Pb (II) in biological standard reference material 
(SRM). 

Element 
Measured 

value (μg·g−1) 
Certified value 

(μg·g−1) 

Bovine liver 1577b   

Cd (II) 0.48 ± 0.02 0.50 ± 0.03 

Cu (II) 159 ± 6.8 160 ± 8 

Pb (II) 0.127 ± 0.001 0.129 ± 0.004 

Mussel Tissue 2974   

Cd (II) 1.25 ± 0. 1 1.23 ± 0.09 

Cu (II) 10.5 ± 1.2 10.2 ± 1.0 

Pb (II) 12.0 ± 0.9 12.1 ± 1.4 

Human hair 
GBW07601 

  

Cd (II) 0.105 ± 0.003 0.11 ± 0.02 

Cu (II) 10.4 ± 0.4 10.6 ± 0.7 

Pb (II) 8.7 ± 0.2 8.8 ± 0.9 

Table 4. Analysis results for determination of Cd (II), Cu 
(II) and Pb (II) in environmental standard reference mate-
rial (SRM). 

Element Measured value Certified value

SRM 1643d (μg·L−1)   

Cd (II) 6.49 ± 0.26 6.47 ± 0.37 

Cu (II) 20.4 ± 2.7 20.5 ± 3.8 

Pb (II) 18.21 ± 0.0.35 18.15 ± 0.64 

IAEA-SL-1 (μg·g−1)   

Cd (II) 0.28 ± 0.01 0.26 

Cu (II) 30.4 ± 1.1 30 

Pb (II) 38.2 ± 2.5 37.7 

Rice flour 1568a   

Cd (II) 0.021 ± 0.001 0.022 ± 0.002 

Cu (II) 2.5 ± 0.1 2.4 ± 0.3 

Pb (II) 0.008 ± 0.0001 <0.010 

 
Table 5. Analysis results for determination of Cd (II), Cu 
(II) and Pb (II) in River Nile water. 

Element GF-AAS ICP-OES 

Sample 1 (μg·L−1)   

Cd (II) 6.5 ± 1.1 6.7 ± 1.4 

Cu (II) 290 ± 10.5 295 ± 14.1 

Pb (II) 22 ± 0.5 23 ± 0.6 

Sample 2 (μg·L−1)   

Cd (II) 6.6 ± 10.2 6.5 ± 1.1 

Cu (II) 310 ± 11.7 314 ± 18.2 

Pb (II) 27 ± 0.4 26.5 ± 0.5 

Sample 3 (μg·L−1)   

Cd (II) 7.1 ± 1.5 6.9 ± 1.3 

Cu (II) 350 ± 15.6 346 ± 20.5 

Pb (II) 23 ± 0.3 22.8 ± 0.2 

Sample 4 (μg·L−1)   

Cd (II) 5.9 ± 0.9 6.1 ± 1.1 

Cu (II) 330 ± 12.1 332 ± 16.5 

Pb (II) 25 ± 0.6 26 ± 0.5 
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Table 6. Analysis results for determination of Cd (II), Cu 
(II) and Pb (II) in River Nile sediment. 

Element GF-AAS ICP-OES 

Sample 1 (μg·g−1)   

Cd (II) 0.17 ± 0.01 0.17 ± 0.03 

Cu (II) 27.1 ± 0.4 27.8 ± 0.7 

Pb (II) 37.5 ± 0.3 38 ± 0.6 

Sample 2 (μg·g−1)   

Cd (II) 0.18 ± 0.01 0.19 ± 0.02 

Cu (II) 35.6 ± 0.6 36.1 ± 0.9 

Pb (II) 30.2 ± 0.4 31 ± 0.7 

Sample 3 (μg·g−1)   

Cd (II) 0.21 ± 0.02 0.20 ± 0.03 

Cu (II) 35.9 ± 0.5 36.2 ± 1.1 

Pb (II) 31.8 ± 0.5 31.5 ± 0.8 

Sample 4 (μg·g−1)   

Cd (II) 0.16 ± 0.01 0.17 ± 0.02 

Cu (II) 31.2 ± 0.3 30.9 ± 0.8 

Pb (II) 36.9 ± 0.5 37.3 ± 1.2 

 
These results indicated the suitability of MWCNTs for 
selective solid-phase extraction and determination of 
traces Cd (II), Cu (II) and Pb (II) in biological and envi- 
ronmental samples. 

4. Conclusion 

In this study, a simple, rapid, selective, accurate and re- 
liable method for the determination of trace levels of Cd 
(II), Cu (II) and Pb (II) was developed using Multi- 
Walled carbon nanotubes (MWCNTs) as a solid-phase 
extractant. The most important characteristic of MWCNTs 
is its faster sorption and desorption for studied ions over 
other sorbents. This new developed method has been 
successfully applied to analyze traces Cd (II), Cu (II) and 
Pb (II) in biological and environmental samples. The 
precision and accuracy of the method are satisfied. 
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