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a b s t r a c t

A dispersive micro solid phase extraction (DMSPE) method for the selective preconcentration of trace
lead ions on oxidized multiwalled carbon nanotubes (ox-MWCNTs) with complexing reagent 1,10-
phenanthroline is presented. Flame and electrothermal atomic absorption spectrometry (F-AAS, ET-
AAS) were used for detection. The influence of several parameters such as pH, amount of sorbent and
1,10-phenanthroline, stirring time, concentration and volume of eluent, sample flow rate and sample vol-
ume was examined using batch procedures. Moreover, effects of inorganic matrix on recovery of the
determined elements were studied. The experiment shows that foreign ions did not influence on recovery
of the determined element. The method characterized by high selectivity toward Pb(II) ions. Lead ions can
be quantitatively retained at pH 7 from sample volume up to 400 mL and then eluent completely with
2 mL of 0.5 mol L�1 HNO3. The detection limits of Pb was 0.26 lg L�1 for F-AAS and 6.4 ng L�1 for ET-
AAS. The recovery of the method for the determined lead was better than 97% with relative standard
deviation lower than 3.0%. The preconcentration factor was 200 for F-AAS and 100 for ET-AAS. The max-
imum adsorption capacity of the adsorbent was found to be about 350 mg g�1. The method was applied
for determination of Pb in fish samples with good results. Accuracy of the method was verified using cer-
tified reference material DOLT-3 and ERM-BB186.

� 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Various instrumental techniques like flame atomic absorption
spectrometry (F-AAS) (Nabida et al., 2012; Ruijun et al., 2011),
electrothermal atomic absorption spectrometry (ET-AAS) (Alvarez
Mendez, Barciela Garcia, Garcia Martin, Peña Crecente, & Herrero
Latorre, 2015; Yang et al., 2011), inductively coupled plasma-
optical emission spectrometry (ICP-OES) (He et al., 2010;
Vellaichamy & Palanivelu, 2011), inductively coupled plasma-
mass spectrometry (ICP-MS) (Kosanovic, Adem, Jokanovic, &
Abdulrazzaq, 2008) are widely and continuously applied for deter-
mination of trace amounts of heavy metal ions. ETAAS appears to
be a good alternative for the determination of trace lead in envi-
ronmental samples due to its low detection limits, high sensitivity
and low cost. However, the direct determination of trace of these
ions in biological materials is limited and difficult because of the
complex matrix and the usually low concentration levels. There-
fore, a chemical separation and preconcentration step is often
required prior to analysis.

Dispersive micro-solid phase extraction (DMSPE) is used com-
monly for preconcentration of different metal ions. Activated car-
bon, carbon nanotubes, graphene oxide, silica gel and aluminum
oxide are the most frequently applied solid adsorbents. In this
work oxidized multi-walled carbon nanotubes (ox-MWCNTs) were
proposed as a solid phase.

Carbon nanotubes (CNTs) have been recently applied in a labo-
ratory as effective sorbents for the preconcentration of trace ele-
ments using SPE. The large sorbing surface area as well as the
strong interactions with other molecules make multiwalled carbon
nanotubes (MWCNTs) an excellent solid sorbent for the preconcen-
tration of traces including metals. MWCNTs have been particularly
widely used in solid phase (micro)extraction (SPE) (Duran, Tuzen,
& Soylak, 2009; Zawisza, Skorek, Stankiewicz, & Sitko, 2012). Raw
CNTs are insoluble and hard to disperse in solvents, due to strong
van der Waals interaction that hamper sorption of metal ions.
Proper surface treatment of CNTs enhance dispersibility and
improve metal sorption and selectivity. Modified CNTs can be pre-
pared trough loading with chemical modifier or through chemical
functionalization (Sitko, Zawisza, & Malicka, 2012). In the first case,
CNTs are loaded with chelating agent (inert chelates), that is not
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chemically bonded to the CNTs surface – sorption mechanism
(Mohammadi, Afzali, & Pourtalebi, 2010; Sitko, Gliwinska,
Zawisza, & Feist, 2013; Vellaichamy & Palanivelu, 2011). In the sec-
ond case, chemical groups, which can form complexes with metal
ions, are chemically bonded to the CNTs surface (Hu, Cui, Liu, Yuan,
& Gao, 2012; Parodi, Savio, Martinez, Gil, & Smichowski, 2011;
Zang, Hu, Li, He, & Chang, 2009). Application of chelating agents
requires often the use of organic solvents for the elution step or
ultrasound assistance.

1,10-Phenanthroline is one of the effective chelating reagents
for some metal ions. It has been used as a complexing agent for
preconcentration metal ions on activated carbon (AC) (Mikula &
Puzio, 2007), silica gel (SG) (Mikula, Puzio, & Feist, 2009a), car-
boxylic acid (COOH) bonded to silica gel (Mikula et al., 2009a;
Mikula, Puzio, & Feist, 2009b) and alumina (Shabani, Dadfarnia, &
Dehghani, 2009). Abovementioned techniques are not selective.
The use of ox-CNTs and 1,10-phenantroline enabled the selective
determination of Pb(II) in the presence of coexisting ions. The
key novelty in the study is the adsorption of cationic metal chelates
with 1,10-phenantroline on the surface of ox-MWCNTs. Until now
methods based on the adsorption of metal ions on the surface of
oxidized carbon nanotubes (ox-CNTs) by chelating complexes
(inner chelates) have been presented. No information was found
about application of ionic complexes, i.e. cationic complexes for
metal ions preconcentration on the surface of the CTNs. The appli-
cation of chelating agent is one of the method that can be used for
the enhancement of the method selectivity.

The aim of the work is to show the possibility of the usage of ox-
MWCNTs for the dispersive micro solid phase extraction of traces
and ultratrace lead(II) as 1,10-phenanthroline chelates and to
application of the presented preconcentration procedure prior to
their F-AAS and ET-AAS determination of food samples (fish).

In conventional SPE, the liquid sample is passed through a col-
umn containing an adsorbent that retains the metal ions. However,
the practical application of the CNTs in SPE can be hampered. Small
particles of CNTs can cause high pressure in the SPE system. For
these reason, CNTs was applied in dispersive micro-solid phase
extraction (DMSPE) rather than in conventional SPE. In this case,
the suspension of nanomaterial is injected into the analyzed aque-
ous sample. DMSPE promotes immediate interaction between the
metal chelates and MWCNTs and shortens time of sample prepara-
tion in comparison with classical solid-phase extraction. In addi-
tion, there is a high dispersibility of the CNTs which increases
the contact area of the CNTs with sample.

2. Experimental

2.1. Apparatus

A flame and electrothermal atomic absorption spectrometer
Solaar M6, (TJA Solutions, Cambridge, UK) equipped with a hollow
cathode lamp (HCL) was used for determination of Pb. The wave-
length was 217.0 nm. The F-AAS was equipped with a deuterium
arc background correction and an air-acetylene burner. The ET-
AAS was equipped with a Zeeman background corrector, an elec-
trothermal atomizer and an autosampler. The furnace temperature
program was applied: drying – 100 �C, pyrolisis – 800 �C, atomiza-
tion – 1200 �C and cleaning – 2500 �C. Aliquots of 20 lL were
injected directly into the graphite tube pyrolytically coated
(Schunk Kohlenstofftechnik, Germany). The analysis was
performed using 5 lL of Mg(NO3)2 as chemical modifier. All instru-
mental parameters were adjusted according to the recommenda-
tions of manufacturer.

A UniClever microwave mineralizer (Plazmatronika BM-1z,
Poland) was used for dissolution of the food samples.

2.2. Reagents and solutions

All chemicals were of analytical reagent grade. The reagents
were dissolved and diluted with high purity water obtained from
a Milli-Q system (Millipore, Molsheim, France). The following
reagents were used in the experiment: 1,10-phenanthroline, nitric
acid, hydrochloric acid, sodium hydroxide, ammonia, nitrates(V) of
sodium, potassium, magnesium, calcium, strontium, barium, alu-
minum, iron(III), manganese, cadmium, cobalt, copper, nickel,
and zinc (all from POCh, Gliwice, Poland), nitric acid Suprapure
(Merck, Darmstadt, Germany), stock standard solution of lead with
concentration of 1000 mg L�1 (Merck, Darmstadt, Germany), mul-
tiwalled carbon nanotubes with diameters 6–9 nm and lengths of
ca. 5 lm (Sigma-Aldrich, Steinheim, Germany). Borate buffer solu-
tion was prepared by adding an appropriate amount of boric acid
to disodium tetraborate solution until pH 7 was obtained. The
accuracy of the method was assessed by analyzing the certified ref-
erence material (CRM): DOLT-3 (Dogfish Liver) supplied by the
National Research Council of Canada (NRCC), Ottawa, Canada,
and ERM-BB186 (Pig Kidney) supplied by the Joint Research Centre,
Institute for Reference Materials and Measurements, Geel,
Belgium.

2.3. Procedures

2.3.1. Synthesis of oxidized multiwalled carbon nanotubes (ox-
MWCNTs) and preparation of them suspension

2 g of multiwalled carbon nanotubes MWCNTs were suspended
in 100 mL of concentrated HNO3 and refluxed for 6 h at 100 �C.
Finally, the mixture was filtered and washed with deionized water
until pH of filtrate was 7. The filtered solid was dried in an oven at
60 �C. The suspension of ox-MWCNTs (5 mg mL�1) was prepared
using high purity water. Before the use, the ox-MWCNTs suspen-
sion was sonicated for 30 min to obtain a homogeneous dispersion.

2.3.2. Preconcentration of Pb(II) by a dispersive solid phase extraction
procedure

5 mL of 0.01 mol L�1 solutions of 1,10-phenanthroline and
0.2 mL of 5 mg mL�1 suspension of ox-MWCNTs were added to
100 mL of analyzed solution. The pH value of the solution was
adjusted to 7 using the borate buffer. Next, the mixture was stirred
with a magnetic stirrer for 10 min to facilitate adsorption of the
metal ions onto the sorbent. After that, the sample was filtered
through a paper filter. The adsorbed Pb(II) was eluted with 2 mL
of 0.5 mol L�1 HNO3, at a flow rate of 2 mL min�1. The Pb(II) ions
in the eluent were determined by F-AAS or ET-AAS. Every experi-
ment was repeated at three times.

2.3.3. Preparation of real samples
2.3.3.1. Certified reference material. 0.5 g of the certified reference
material DOLT-3 (Dogfish liver) and 0.25 g of Pig Kidney (ERM-
BB186) were digested in 6 mL of concentrated nitric acid using a
microwave mineralizer (time: 10 min, power: 100%, max. pressure
45 atm). Microwave-assisted digestion of the sample was per-
formed in closed 100 mL vessels. After cooling, the obtained solu-
tion was diluted to a volume of about 50 mL. Next, the sample
was prepared using the preconcentration procedure. The same pro-
cedure was used for the blank solutions.

2.3.3.2. Fish samples. The fish were bought from local supermarket
in Poland. The fish stored at �20 �C prior analysis. Then the muscle
fishes were separated and freeze-dried. For lead analysis 0.5 g of
the samples was digested in 6 mL of concentrated nitric acid using
a microwave mineralizer (time: 10 min, power: 100%, max. pres-
sure 45 atm). Next, the digested samples were diluted to a final
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